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Preface
Initial navigation and reference sections. Please use 
the coloured tabs that can be seen on the right-hand 
edge of the book to navigate to and from these sections 
as necessary.

Chapter 1: Introduction
Introduces the terms ‘information graphics’ and ‘health 
technology assessment’. This chapter also sets the 
research questions for the rest of the thesis.

Chapter 2: Methodology
A discussion of the methods used in the research domain of the thesis.

Chapter 3: Context
Examines the current use of, and needs for, information graphics in HTA.

Chapter 4: Design
Shows practical examples of the specification and development 
of information graphics, for use in HTA.

Chapter 5: Prototype
An empirical study to evaluate GOfER, a systematic review 
overview graphic, specified in Chapter 4.

test 1 (GOfER)

Chapter 6: Prototype
A second graphic, SOC, for time-based overview of a Markov model, 
is evaluated using similar research methods to those in Chapter 5.

test 2 (SOC)

Chapter 7: Discussion
Ties together results of preceding chapters, offering conclusions 
drawn from combined findings of all studies in the thesis.

Chapter 8: Appendices
Supporting material such as interview scripts and transcripts, as 
well as multiple-page information graphics which would disrupt 
the flow of the text. A methodological study is also recorded 
here, which informed the development of this thesis, but the 
results of which are not essential to understand the arguments 
herein.
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This thesis addresses the question of the design, production and use 
of information graphics in health technology assessment (hta). Drawing 
on previous research in both information design and health policy, 
it describes a comprehensive design process for creating new visual 
presentations that can inform health policy-makers.

The thesis begins by introducing, and functionally defining the terms 
‘information graphics’ and ‘health technology assessment’ in Chapter 
1. It then offers a methodological discussion of how research can be 
performed at the intersection between these two diverse fields. This 
discussion forms Chapter 2 of the thesis.

The context of use is surveyed in two studies, which are presented in 
Chapter 3. These assess the current use of information graphics in hta, 
and the information needs of health policy decision-making bodies. This 
enables a needs-based approach to the design of 10 information graphics, 
that could be used in hta. These are shown in Chapter 4.

Finally, two of these information graphics are empirically tested with 
two further research studies, forming Chapter 5 and Chapter 6.

The thesis is aimed at giving practical advice to those wanting to 
produce graphical presentations of information in hta, and to provide 
the foundation for further original research in information design and 
hta. Chapter 7 draws together the research from the rest of the thesis, 
to make recommendations in light of the combined findings.
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The six original research studies presented this thesis, in Chapters 3.1, 3.2, 4, 5 
6, and Appendix A, are all my own work. Two studies have been published as 
joint works, which require a statement of my involvement in the research:

Pitt, M., Stahl-Timmins, W., Anderson, R., & Stein, K. 2009, Using 
information graphics in health technology assessment: Toward a structured 
approach, International Journal of Technology Assessment in Health Care, vol. 
25, no. 04, pp. 555–563.

The content analysis research for this study was performed by myself at an 
early stage of my PhD. All data collection, analysis and visual presentation of 
data were performed by me. The idea for the study was, however, that of my 
Director of Studies, Dr Martin Pitt. He also produced the original draft of the 
paper, using sections from a report on the study written by myself. The other 
two authors and myself each made comments on the draft before submission.

Stahl-Timmins, W., Pitt, M., Peters, J., Stein, K. & Anderson, R. 2010, 
Graphical presentation of data for health policy decisions: An exploratory online 
decision task experiment to measure effectiveness, Information Design Journal, 
vol. 18, no. 3.

The research study was designed, programmed and analysed entirely by myself.
Statistical work and graphical presentation of results were also carried out 
by me. I also drafted the paper, which the other authors were kind enough to 
comment on and edit. Dr Peters checked the statistical work, but did not make 
any major revisions.
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Appraisal Committee (nice) – The meeting at which guidance on the use of 
a health technology in the uk’s national health service is discussed.

Arm – This term is used both in relation to mathematical modelling and 
clinical trials. The arms of a Markov model are different simulations which are 
run so that they can be compared with each other. The arms of a clinical trial 
relate to different groups of participants, who would usually be given different 
interventions, so that they can be compared.

Confounder – A factor that influences the results of a trial, and potentially 
introduces bias, such as having flawed randomisation.

Confidence interval – A statistical measure, giving a range of values and a 
stated degree of certainty. Commonly, this range represents an area within 
which there is 95% probability that the true population mean may be found, as 
estimated from a sample of this population (Field, 2005).

Cycle – The unit of time into which a Markov model is separated, commonly a 
week or a month in hta.

Discrete event simulation – A way of producing a mathematical model, in 
which simulated patients are represented individually.

evpi (expected value of perfect information) analysis – A calculation of 
the amount you would be willing to pay for perfect information (if that were 
possible).

Forest plot – A graphical presentation specifically developed for presenting 
meta-analyses. These charts give a summary of the weight and direction of 
scientific evidence (see Chapter 4.2.8.1).

Hazard ratio – A statistical measure of the hazard, or risk of an event, with 
reference to an explanatory variable – such as the risk of death with reference 
to which of two interventions was received.

Current use

0.6 Definitions

 — 17  —

Process model

Prototype test 1 (GOfER)

Methodological study

NICE interview data

GOfER graphic

GOfER test script

GOfER test transcript

GOfER test data

SOC graphic

SOC test script

SOC test transcript



Overview0.1
Contents0.2
Abstract0.3
Thanks0.4
Author’s declaration0.5
Definitions0.6
Abbreviations0.7
Introduction1
Information graphics1.1
hta1.2
Potential functions1.3
Problem domain1.4
Research question1.5
Methodology2
Discussion2.1

2.2
Context3

3.1
Information needs3.2
Design4
Elements4.1
Specification4.2
Development4.3

5
Introduction5.1
Methods5.2
Quantitative results5.3
Qualitative results5.4
Conclusions5.5
Prototype test 2 (SOC)6
Introduction6.1
Methods6.2
Quantitative results6.3
Qualitative results6.4
Conclusions6.5
Discussion7
Summary7.1 
Conclusions7.2
Future research7.3
Appendices8

A
B
C
D
E
F
G
H
I

References9

Health technology – “The drugs, devices, and medical and surgical 
procedures used in medical care, and the organizational and supportive 
systems within which such care is provided.” (Office of Technology 
Assessment 1978)

Intervention – A health intervention can be a drug, device, surgical 
procedure, screening programme, public health campaign or organisational 
change.

Markov model – A mathematical modelling technique commonly used in 
hta. In this technique, cohorts of people are simulated, allowing transitions 
between health states to be represented by flows between states.

Model (modelling, modeller) – In hta, a mathematical model is a simulation 
of a cohort of imagined people, used to extend the length of trials.

Parallel coordinates – A way of showing data with many attributes on a single 
set of axes. See Chapter 4.2.3: Graphic 3 – Parallel coordinates for probabilistic 
sensitivity analysis.

Scalability – In information visualisation literature, this term refers to whether 
a visual presentation would be suitable for a much larger or more complex data 
set than the example with which it is presented.

State – A state in a Markov model is a grouping of units that fulfil particular 
criteria. In hta, simulated people commonly move between states when 
experiencing different health events, such as undergoing surgery, disease 
progression or death.

Systematic review – A way of giving an overview of an area of research, 
by systematically searching databases of published scientific evidence. See 
Chapter 1.2.1 – A brief history of hta.

Technology (as in context of ‘health technology assessment’) – See Health 
technology.

Vector-based files – Vector-based files, such as pdfs, can be enlarged and 
resized, as they are recorded as a series of mathematical functions, rather than 
on a pixel-by-pixel basis, as in bitmap (or raster) file formats such as jpeg and 
tiff).
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ebm – Evidence–based medicine

gofer – Graphical Overview for Evidence Reviews

hta – Health technology assessment

inahta – International Network of Agencies for Health Technology 
Assessment

ispor – International Society for Pharmacoeconomics and Outcomes 
Research

mcv – Multiple Coordinated View (a method of linking interactive displays  
together and presenting them on the same screen)

nhs – National Health Service (uk)

nice – National Institute for Health and Clinical Excellence (uk)

tar – Technology assessment report (uk hta)

ota – Office of Technology Assessment (usa)

psa – Probabilistic Sensitivity Analysis

soc – State Occupancy Chart

uk – United Kingdom (of Great Britain and Northern Ireland)
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Chapter 1: 
Introduction
This thesis describes an approach to the use of 
information graphics in the scientific discipline of health 
technology assessment. As such, it is a work that brings 
together the diverse disciplines of information design and 
a particular area of evidence-based health research. It 
is hoped that the methodological discussion and original 
research detailed here might provide useful and practical 
advice for those working in either information design or 
HTA. However, its particular aim is to show how the two 
disciplines can both be strengthened by learning from 
each other. 

This introduction is intended to provide background 
on ‘information graphics’ and ‘health technology 
assessment’. This leads to a working definition of these 
terms for the purposes of this research project. The 
chapter then describes the relevant domain of enquiry 
for the research. The last part of the chapter sets out the 
research question, to be addressed by the rest of the 
volume.
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1.1 Information graphics

1.1.1   A brief history

A complete history of information graphics is beyond the scope of this 
introductory chapter. However, a brief summary of some important works  
that have contributed to the development of the field are provided by way  
of introduction to visual information presentation.

The desire to represent our understanding of the world in a visual manner 
has been with us for a great length of time. The ancient human and animal 
representations in the caves of Lascaux (Figure 1.1 – 1), for instance, suggest  
a need for visual communication. They have been envisaged in popular culture 
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Figure 1.1 – 1 
Cave painting at Lascaux 

Source: http://astronomy.nmsu.edu/tharriso/ast110/cavepaint.jpg 
Accessed: 10th Nov 2010
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as instructional aids to depict successful hunting strategies. However, as 
evidence for the intentions of these ancient artists is lacking, our introduction 
to the use of visual methods to inform must begin at a later date.

Early calendars such as the Aztec stone carving depicted in Figure 1.1 – 2 also 
seem to show a desire to show information visually, in whatever material is 
available to do so.

Many early languages make use of the visual 
representation of objects to communicate information. 
The hieroglyphics in Figure 1.1 – 3 represent objects in a 
clear, obvious manner. There are languages that still use 
these ideas of visual representation today. The Chinese/
Japanese character that represents the word ‘tree’ looks 
like this: 木. The character for ‘wood’ (in the sense of 
a small forest) is two trees together: 林. The ‘forest’ 
character is three trees: 森. Likewise, the character for 
‘root’ indicates the bottom part of the tree character: 本. 
The abstract, Roman letterforms used in English also have 
representative visual origins in many cases. The capital A, 

Figure 1.1 – 2 
Aztec calendar 

Source: http://luna.shu.ac.uk/luna/ 
Accessed: 11th Nov 2010

Figure 1.1 – 3 
Egyptian Hieroglyphs
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for example, is supposed to have been derived from an ox’s head and turned 
upside down over the years (World Book Inc. 1992). Turned over, it can still 
be recognised, with its two horns and pointed nose:    . Despite individual 
characters’ pictorial origins, the characters are now used in English in a 
completely abstract way, with no link to real objects. However, these abstract 
forms have sometimes been accompanied with more visual methods of 
communicating information over the years.

Maps have long been used to show a visual overview of information on the 
terrain and objects in the world. For example, the Mappa Mundi, created 
around 1300, is an example of an early ‘world map’ (Figure 1.1 – 4). It is a 
positional map, which could be used for explaining the locations of stories in 

A
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Figure 1.1 – 4
Mappa Mundi
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the Bible. It makes use of illustration, depicting famous people and events, 
which would make the map usable for the mostly illiterate audience of the 
time (Moir 1979). The concentric rings around the map show information 
about the 12 winds, showing which were supposed to bring storms, which were 
best for drying, and so on. 

Edward Tufte, however, claims that, while mapping landscape is an ancient 
idea (Figure 1.1 – 5), the addition of data beyond positional is more recent 
(Tufte 2001). The map in Figure 1.1 – 6, from Japan, shows the number of 
passengers carried from place to place with the widths of the lines linking 
them. Such data maps can show relationships between observed data and the 
physical positions in which it is observed.
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Figure 1.1 – 5 
Japanese Map
 
Source: 
http://luna.shu.ac.uk/luna/
 
Accessed: 
11th Nov 2010

Figure 1.1 – 6 
Japanese flight path map 

Source: 
Herdeg, W. 1974. 
Graphis Diagrams. 
Zurich, Switzerland: 
The Graphis Press
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When the ability to read and write was less common, visual presentations were 
sometimes used to transmit information and ideas. The woodcut in Figure 1.1 
– 7 is an example of the use of an information graphic to show relationships in 
theological teachings (De Novo 2010). 

An important development in the history of graphical presentation of 
information was Cartesian geometry, proposed by Descartes in the 17th 
century (Hartley 1960). The now widely used system of using the two (or 
more) Cartesian axes to represent space, enables points, lines and shapes to 
be described using mathematical equations. Therefore, it also offers a way 
of transforming numerical quantities into spatial positions, giving a visual 
presentation of numerical data.

William Playfair, a Scottish economist, was a great proponent of the visual 
display of numerical data (Tilling 1975). His work on displaying the relative 
value of imports and exports with early bar and time series charts has led to his 
accreditation as the originator of these kinds of graphics (see Figure 1.1 – 8).
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Figure 1.1 – 7 
Medieval woodcut (16th century)
 
Source: 
http://blog.davidgolightly.net/?p=11 

Accessed: 
27th Dec 2010
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There are also prominent historical examples of information graphics that have 
been used to present health data. A famous graphic, for example, was created 
by John Snow, to show data from the London cholera epidemic in 1854. He 
was sceptical of the dominant ‘miasma’ theory of cholera transmission, and 
used a data map (see Figure 1.1 – 9) to show how cholera cases centred around 
the Broad Street water pump (Newsom 2006). This information would be 
difficult to interpret as a long list of addresses, even if distances from the 
different water pumps were provided. The information graphic allows the 
viewer to quickly get a sense of the clustering of reported cholera cases and 
their relationship to the Broad Street water pump in the centre of the map.
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Figure 1.1 – 8 
Bar Chart – William Playfair

Figure 1.1 – 9 
John Snow’s cholera map
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Only a few years later, Florence Nightingale also made use of information 
graphics to present her theories on the importance of hygiene for military 
hospitals. Returning to Britain, after nursing soldiers in the Crimean War 
(1853–1856), she made recommendations on improving the poor sanitary 
conditions of the military hospitals in which she had worked. Her advice 
was initially not acted upon, until she produced her famous ‘rose diagrams’ 
(Brasseur 2005) (see Figure 1.1 – 10). This is an example of information 
graphics being used to persuade, as her intention was to convey a particular 
message. It seems clear in this instance that the information graphic was more 
persuasive than written, textual communication (Brasseur 2005). It may be 
that the viewer feels they can trust data that they can see for themselves, rather 
than relying on verbal rhetoric, or simply that the graphic 
has more impact in this instance.

Another famous information graphic was designed by 
Charles Joseph Minard, and published in 1869. This 
describes the disastrous loss of life through Napoleon’s 
march to Moscow in 1812–1813 (see Figure 1.1 – 11). He 
uses a central bar to represent the journey of the army, 
gold showing the route to Moscow, and black the retreat. The central premise 
is that the thickness of this line is proportional to the number of remaining 
men in Napoleon’s army. In this way, the graphic is able to show the army’s 
position, size, and direction of travel simultaneously. He also shows the rapidly 
declining temperatures on the return journey with a time series graph running 
from right to left below the main graphic. He is supposed to have said that 
these visual presentations were intended “less to express statistical results, 
better done by numbers, than to convey promptly to the eye the relation not 
given quickly by numbers requiring mental calculation” ( Joyce 2008).
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Figure 1.1 – 10 
Florence Nightingale  

– Rose diagram

Figure 1.1 – 11 
Minard – Napoleon’s 

march



Introduction1
Information graphics1.1
hta1.2
Potential functions1.3
Problem domain1.4
Research question1.5

This technique of using bars with thickness proportional to a numerical 
quantity to show both flow and magnitude was also favoured by an engineer 
from Ireland, called Captain Matthew Henry Phineas Riall Sankey (1853–1925) 
(sankey-diagrams.com 2010). After retiring from his military engineering 
career, he worked on the efficiency of steam engines. In 1898, he sketched the 
energy efficiency of a steam engine in comparison to an ideal steam engine 
with no energy losses, using a proportional thickness technique similar 
to Minard’s. In Sankey’s application, the lines became arrows, and their 
thickness represents the energy flows of the steam engine (Figure 1.1 – 12) 

(Schmidt 2006). Diagrams such as this are sometimes now referred to as 
Sankey diagrams in his honour. They are still used in engineering, and also in 
manufacturing to show resource flows (Figure 1.1 – 13).
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Figure 1.1 – 12 
Diagram by Captain Matthew Henry Phineas Riall 

Sankey, showing the energy flows in a steam engine
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Information graphics are not always aimed at expert users. The Isotype 
Foundation, established by Otto and Marie Neurath, aimed to use visual 
presentation techniques for educational purposes (Neurath 1936). The work 
of the Neuraths and the other members of the foundation, from the 1920s to 
the 1960s, commonly used graphical presentation techniques to clearly explain 
simple statistical data. One such technique was to show numerical values using 
different quantities of simple symbols. In the Isotype diagram in Figure 1.1 – 
14, each car symbol represents a certain number of cars produced in that year. 
The symbols used show what is being counted, making the graphic suitable for 
illiterate audiences, or those that speak a different language from the designer. 
The factories at the top of the diagram are not simply a decoration, but serve 

to give context to the viewer (Burke 2009). Many of the symbols themselves 
were designed by a talented symbol designer called Gerd Arntz (Annink & 
van Uitert 2008). These could explain to an illiterate audience, with minimal 
outside influence, what was represented by the different quantities (see Figure 
1.1 – 15). Marie Neurath also produced leaflets with a health focus, aimed at 
preventing the spread of malaria in Nigeria (see Figure 1.1 – 16). 
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Figure 1.1 – 16 
Marie Neurath – Malaria 
information leaflet.

Courtesy of Otto and 
Marie Neurath Isotype 
Collection, Department 
of Typography & Graphic 
Communication, 
University of Reading

Figure 1.1 – 14 
Otto Neurath – Car 
manufacture Isotype 
diagram.

Courtesy of 
Otto and Marie 
Neurath Isotype 
Collection, 
Department 
of Typography 
& Graphic 
Communication, 
University of  
Reading

Figure 1.1 – 15
Gerd Arntz’s symbols 

Source: 
http://www.gerdarntz.org/ 

Accessed: 
5th Dec 2010
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A very famous information graphic, designed to be used by the general public, 
was the London Underground map, first drawn by Harry Beck in 1931 (Garland 
1994) (Figure 1.1 – 17). Beck realised that the passengers on the underground 
railway system did not need to know where stations were physically located. 
For them, the connections and order of stations was the only information that 
was required, which greatly simplified the maps. This technique is now used 
for underground rail systems around the world (Figure 1.1 – 18).
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Figure 1.1 – 18 
Underground Railway 
map, Tokyo, Japan. 

Source: 
http://www.tokyometro.
jp/station/index.html 

Accessed: 
03rd Dec 2010

Figure 1.1 – 17
Harry Beck – London 
Underground map
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This same kind of knowledge of the audience for a piece of information design 
was demonstrated by the German graphic designer, Otl Aicher, in 1972. He 
and his team were commissioned to produce signage for the Olympic Games, 
in the stadium at Munich (Crabtree 2004). The challenge the team faced was 
that the audience for the Games came from around the world, understanding 
a wide range of different (verbal) languages. However, Aicher made use of the 
one common visual language he knew that they would all understand – the 
physical positioning of the athletes performing their events. The symbols 
that they designed to give wayfinding information to this international 
audience (Figure 1.1 – 19) were so successful that they have passed into public 
consciousness long after their intended period of use (アイデア (Idea) 2005).

A standard technique for the visual presentation of numerical data, easily 
recognised by statisticians to this day, was developed by John Tukey in the 
1970s (Tukey 1977). He was interested in the presentation of sets of data, 
and recommended the use of ‘box-and-whisker’ diagrams, which show the 
minimum, lower quartile, median, upper quartile, and maximum value 
in a very recognisable form (see Figure 1.1 – 20). This has become a visual 
convention, used to present statistical data, which often needs no explanation 
for the intended audience (Cleveland 1988).

In recent decades, the development of computers 
has greatly expanded the scope for those wishing 
to present information in a visual form. The 
development and range of information graphics 
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Figure 1.1 – 19 
Otl Aicher – symbols 
representing events at 
the Munich Olympic 
Games, 1972.

maximum
value

minimum
value

upper
quartile

median

lower
quartile

Figure 1.1 – 20 
John Tukey’s box-and-

whisker diagrams 
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and visualisation has been revolutionised. It is now the work of a moment, for 
example, to use software like Open Office, Microsoft Excel or Apple Numbers 
to convert spreadsheet data into standard charts, not dissimilar to Playfair’s bar 
charts and time series graphs. The Google Charts API can be used to embed 
such charts in websites, based on dynamically generated data (Google 2010). 
It has become common to see these visual presentations in research articles, 
annual business reports and websites.

The computer has also enabled the creation of more complex visual 
presentations. A visit to the Information Visualisation conference in Europe 
(iv2011 2010), or VisWeek in the usa (VisWeek 2010), reveals hundreds of 
complex methods for showing many dimensions of data in visual forms. 
Websites like www.visualcomplexity.com and www.infosthetics.com catalogue 
hundreds of information graphics (see Figure 1.1 – 21). 
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Figure 1.1 – 21 
Examples of some 
of the information 
graphics shown on 
www.visualcomplexity.com
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One such complex, multi-dimensional graphical presentation is known 
as Gapminder (see Figure 1.1 – 22), which is similar to the ‘bubble charts’ 
available in many spreadsheet and statistics packages, but with the use of 
animation to see change over time. The Gapminder display has been 
made popular by Hans Rosling’s entertaining presentations (Figure 1.1 
– 23). In one of these, he explains the complex relationships between 
gdp per capita and life expectancy in different countries, represented 
by the horizontal and vertical position of the circles. The size of the 
countries is shown by the size of the circles, and the region of the 
world using colours. With change over time shown using animation, this 
gives a total of five dimensions of data (gapminder.org 2010). 

There are many software applications that have been developed to enable 
the creation of information graphics, sometimes referred to as ‘toolkits’. 
An example is ‘gav’ (GeoAnalytics Visualization Framework) ( Jern 2010a). 
Like many other visualisation toolkits, it enables several visual presentation 
techniques to be linked together, with changes in one affecting the others 
(known as a ‘multiple coordinated views’ or mcv technique) (Maciel et al. 
2008). Several examples of the gav framework in use are shown in Figure 
1.1 – 24. This toolkit can be used to produce 2d maps, parallel coordinates, 
scatter plots, pseudo-3d maps, bubble charts, or time series graphs. One 
example of the gav framework in use is the visper shipping data application 
described in Lundblad, Jern, & Forsell 2008. This uses a positional map 
‘view’ to show shipping routes on a world map. A second ‘view’, called ‘list 
boxes’, shows categorical variables. Finally, a set of ‘parallel coordinates’ below 
shows several variables which may affect shipping times and cargo. This last 
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‘view’ represents each voyage as a line, which touches a series of vertical 
axes, each corresponding to a specific variable (as shown in the top-left ‘gav 
components’ example in Figure 1.1 – 24). The three ‘views’ used in the visper 
application are linked, so it is possible to limit the data shown in various ways. 
For example, the map ‘view’ can be used to show only the data for one voyage, 
or a few selected voyages. The parallel coordinates view can be used to restrict 
the data shown to those shipments that were more than a day late, or between 
one and two days. In this way, data can be explored in a dynamic manner. This 
is just one application of the gav framework, with others found in areas such 
as market research, radio network management, disaster management, or 
geovisual analytics ( Jern 2010b). 

Not all information graphics created with computers are so complex. The 
work of Nigel Holmes, for example, makes use of the power of computers 
to produce animated information graphics. 
However, these are very much aimed at a general 
public audience. He focuses on the use of wit, and 
entertaining delivery, to communicate his message 
(Holmes 2009) (see Figure 1.1 – 25).

Another currently practising information graphic 
designer is David McCandless, founder of the 
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Figure 1.1 – 24 
Examples of the GAV toolkit

Source: http://vita.itn.liu.se/gav?l=en
Accessed: 3rd Dec 2010

Figure 1.1 – 25 
Nigel Holmes – 

Explaining the US 
national debt 

Source: Holmes, N. 
A short film about 

the place for humour 
and wit in information 

graphics. 
DD4D conference, 

Paris, 18–20th Jun 2008.
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Information is Beautiful website (McCandless, 2011), and author of the book 
of the same title (McCandless, 2010). While his background is in journalism, 
he has moved into creating information graphics. He often uses these to tell 
a visual ‘story’, aiming to help the viewer make sense of numerical data (see 
Figure 1.1 – 26). 
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Figure 1.1 – 26
The Billion Dollar-o-Gram by David McCandless 

Source: http://www.informationisbeautiful.net/2010/the-billion-dollar-o-gram-2009/
Accessed: 9th Sep 2011
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David McCandless’ information graphics are aimed at a general public 
audience. Another example of this kind of use of an information graphic to 
engage attention and provide an entertaining way of understanding data is 
provided by a designer called Max Gadney (see Figure 1.1 – 27). 

Many information graphics have only a few pieces of numerical data, but 
some require many thousands. To facilitate the creation of more complex 
data-driven and interactive information graphics, the Processing language 
was developed at mit by Ben Fry and Casey Reas in 2001 (Fry & Reas 2010). 
This programming language has been specifically developed to construct 
information graphics from numerical data. Its existence points to a need for 
the means to quickly and easily create new automated information graphic 
systems (Fry 2008).

The short history given above can only begin to show the enormous range 
of different possibilities for the visual presentation of information. It 
does, however, demonstrate how many different people, from all kinds of 
background, have been interested in the graphical presentation of information. 
Their ideas and creative talents have provided us with many possible ways of 
displaying data, giving visual information for different purposes and different 
audiences.
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Figure 1.1 – 27
Fighter Planes Get Faster and Deadlier by Max Gadney 

Source: http://www.maxgadney.com/2008/10/wwii-fighter-plane-armament.html
Accessed: 9th Sep 2011
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1.1.2   Approaches to understanding

Many writers, such as Chen (1999), Hammer (1995) and Spence (2007), 
begin from a starting point of assuming that graphical presentation of data is 
self-evidently important. They argue that, because information graphics are 
widely used, they must be valuable. Looking at some of the above figures, 
it is tempting to agree. They seem to have a way of explaining data that is 
very natural, and often appealing. In a scientific field like health technology 
assessment, however, we need to go somewhat further, and explore the specific 
purposes and qualities of information graphics, to be certain about the reasons 
for their use. 

There is a recognition in some information graphics writing that it is only 
suitable to present some information visually. However, there is disagreement. 
Some say it is better to present complex data graphically (Hammer 1995; 
Remus 1987; Tufte 2001). Some say it is better to present numbers in 
tables when data is complex (Bertin 1981). Such disagreements about the 
appropriateness of information graphics may stem from their great variability 
in terms of the number of possible techniques, and the large number of 
different possible applications and audiences. As Tufte tells us, different 
graphics have different purposes (Tufte 2001). The function of the Neuraths’ 
Isotype diagrams was communication of statistical information to the illiterate 
masses (Neurath 1936). Sankey’s diagrams seem to be aimed more at expert 
users, with knowledge of the intricacies of steam power. Different graphics 
are aimed at different audiences, supporting different tasks, using different 
techniques. Thus, overarching statements on whether ‘information graphics’, 
‘visualisations’ or ‘visual presentations’, as a whole, are more or less suitable 
for complex information, tend to oversimplify. Much depends on who the 
intended audience is, and what information is to be communicated.

With such great variability in purpose and techniques used for visual 
information display, it is difficult to make general propositions about where, 
when and why they should be used. What is clear, from the profusion of 
information graphics that have been produced over the years, is that there is an 
enduring attraction for the visual presentation of information, and a sense that 
it has a valuable role to play in communication and creating understanding. 
Literature in many different fields can offer explanations of why this is the case. 
These are not necessarily mutually exclusive, and can together be used to form 
an idea of the power of visual presentation of information.
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1.1.2.1   Approach 1: Physiological

Some writers that offer work that is relevant to understanding information 
graphics take a physiological approach. Colin Ware’s books, for example, 
feature commentary on human visual capability and suggest ways that the 
designers of information graphics could respond to this (Ware, 2004). The 
writers Thomas and Cook draw on the physiological descriptions given by 
Resnikoff (Thomas & Cook 2005; Resnikoff 1989). Resnikoff has suggested 
that the human visual processing system is computationally powerful. He 
highlights the capabilities of the perceptual system, which is able to selectively 
process the large number of impulses recorded by the eye before information 
even reaches our brains. This idea of ‘visual pre-processing’ fits with the idea 
that graphical information presentation is able to make it easier to see patterns 
in complex data. 

However, it is difficult to understand exactly how the brain interprets the 
electrical impulses that it receives through the visual system. Spoehr and 
Lehmkuhle suggest several different models that could be used to explain the 
brain’s interpretation of these impulses (Spoehr & Lehmkuhle 1982). They 
outline how visual processing can be understood in terms of ‘templates’, where 
the brain tries to match visual inputs to a store of previously experienced 
objects. They then suggest that the brain might instead class objects according 
to perceptual traits, recognising ‘prototypes’ for objects. This would mean that 
different levels of understanding were stored and matched, such as ‘blue’, ‘blue 
book’, ‘blue hardback book’. However, they then move on to an alternative 
view, called ‘feature models’, in which the brain interprets ‘elements’ of 
perception, making decisions based on which particular ‘demons’ are excited 
by visual stimulus. 

When discussion of the physiological understanding of human visual 
processing reaches the level of the brain interpreting signals, there seem to be 
many possibilities and little conclusive evidence. While offering a potentially 
valuable line of enquiry, a physiological approach does not currently seem to 
offer enough certainty to be able to give conclusive recommendations on how 
information graphics should be used in particular application areas.

1.1.2.2   Approach 2: Learning theory

As the aim of information graphics is to inform, the process of using one to 
gain understanding can be thought of as learning. Therefore, learning theory 
offers an alternative approach. Several writers have different theories about 
‘learning preferences’ (also known as ‘learning styles’). Kolb, for instance, 
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distinguishes between convergent, divergent, assimilating and accommodative 
learners, who each favour different parts of his ‘learning cycle’ (Kolb 1984). It 
is possible that people with different learning preferences might benefit more 
from graphical presentation than numerical or textual, but it is quite difficult to 
know which of these styles will benefit most. Interactive, screen-based graphics 
might allow the ‘active experimentation’ stage of the learning process to be 
strengthened, which might be expected to particularly benefit convergent and 
accommodative learners. 

Other writers have suggested alternative theories to explain the different 
ways that people learn. Honey and Mumford distinguish between activists, 
reflectors, theorists and pragmatists (Honey & Mumford 1982). Entwhistle and 
Ramsden suggest four alternative styles (which they simply refer to as styles 
1 to 4) (Entwhistle & Ramsden 1983). Butler has another four styles (styles 
a to d) (Butler 1987). It might be suggested that more active or independent 
styles could prefer the direct access to data provided by an information graphic 
over written summarisations. For some styles, the non-sequential quality of 
an information graphic might prove to be an advantage over the linearity of 
prose, allowing the viewer to reflect and explore. However, specific hypothesis 
generation is challenging, as these different possible categorisations of learning 
styles do not relate specifically to modes of information presentation, but 
rather to the activities engaged in by learners. 

One learning preference categorisation that might provide a subgroup that 
would benefit more than others from information graphics is provided by 
the vark website (Fleming 2010). The categorisation here is visual, audio, 
read-write and kinesthetic learning preferences. If some people prefer to learn 
in a ‘visual’ manner, they might favour information graphics over alternative 
presentations. This theory could be tested through empirical research.

1.1.2.3   Approach 3: Philosophical

There are also philosophical approaches to understanding information 
graphics. Rudolph Arnheim talks of there being no separation between visual 
perception and cognition (Arnheim 1969). This idea of “thinking with the 
eyes” seems to fit well with the way that information graphics generally work, 
enabling the viewer to see certain information more quickly and/or easily.

Merleau-Ponty’s Phenomenology of Perception provides a sophisticated 
philosophical view of experiential awareness (Merleau-Ponty 1962). However, 
like many philosophical writers, to understand much of his work a substantial 
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knowledge of the history of philosophical thought is required. 

Philosophical understandings of information graphics might provide a rich 
discussion of the fundamental way they are perceived, but not offer the kind of 
practical advice that is aimed at in this thesis, for those interested in the design 
or use of information graphics in hta.

1.1.2.4   Approach 4: Linguistic

Bertin takes a linguistic approach, and describes the use of ‘visual language’ 
(Bertin 1981). In a sense, in creating an information graphic, the designer is 
creating a temporary visual language, agreed with the viewer. The designer sets 
out which elements represent different kinds of data, often communicating 
this information in a key. They also make use of visual language conventions, 
such as the horizontal axis representing time, or box-and-whisker diagrams 
representing median, range, and quartiles of a data set. 

This linguistic approach might link to Roman Jakobson’s (verbal) 
communication model, with the metalingual function (establishing whether 
the code being used is working) representing the information graphic’s key, 
for example ( Jakobson 1980). Through this, an exploration of the semiotics of 
visual communication might be argued for as a useful approach.

1.1.2.5   Approach 5: Theoretical

Various theoretical views of visual perception are discussed at length 
in Gordon (2004). Such models often attempt to explain human visual 
processing through theories which account for optical illusions. These also 
have a bearing on information graphics, and can usefully give warnings for 
information designers. 

However, the aim of this thesis is to directly inform the visual presentation of 
information in a particular scientific setting. Many of the above approaches 
to understanding information graphics could be used to inform information 
design activity. This might lead to strong and potentially useful information 
graphics. However, such investigations would say little about how information 
graphics can be used in the practice of health technology assessment. As the 
aim of this thesis is to have direct practical outputs, it focusses on how the 
functions of information graphics can be shown to contribute to the aims of 
health technology assessment, rather than attempting to formulate any kind of 
rules on how to understand them from a theoretical perspective. 
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1.1.2.6   Approach 6: Categorisation of techniques

On a more practical basis, other writers have focussed on the categorisation 
of different techniques, as standard tools that can be applied in different 
situations (Bertin 1981; Harris 1999; Lockwood 1969). Bertin, for example, 
describes four different specific ways of visually presenting data, that can be 
used for different kinds of decision-making. Harris describes many different 
kinds of graph, listing these alphabetically as a reference work for anyone that 
knows the name of a particular technique, and wants to see how to construct 
one. However, these texts do not provide the reader with any way of knowing 
how effective different presentation methods may be in a real context of use. 
This approach therefore seems at odds with those that argue that engaging the 
audience, by whatever means, is a primary concern (Holmes, 2009) and that 
measuring the information transmitted by a presentation is highly important 
(Sless, 2008). Also, it seems obvious from the many new media and platforms 
for information graphics being developed that while such categorisations 
of entire techniques may be a useful resource, they can never hope to be a 
complete record of all possibilities for information graphics.

1.1.2.7   Approach 7: Elements of design

Bertin also mentions that different information graphics can be created by 
combining visual ‘elements’, such as position, colour size, and others. These 
are used in place of, or in addition to, numerical values. Other writers have 
suggested a similar method, but each seems to have a different ‘list of elements’ 
on which to draw for creating their information graphics (Bertin 1981; Few 
2006; Fisher 1982; Ware 2004). This also links to the foundations of the 
Isotype movement, in ‘transforming’ data into graphics (Macdonald-Ross & 
Waller 2000). 

Looking at such subtly different lists of visual elements, it seems that designers 
have different ideas about the elements that can be used to create information 
graphics, which might start to explain why different designers produce 
different designs for the same brief (specification) (Brath 2008). This idea of 
creating information graphics from a set of visual communication elements 
will be returned to, in more detail, in Chapter 4.1 – Elements of information 
graphics.

The range of alternative sets of elements, that can all be used to design 
information graphics (as advocated by different writers), show the breadth 
of ideas on how to present information visually. With so many differing 
approaches to the design of information graphics, we might also expect 
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a number of different ways that people understand information graphics. 
However, there is some commonality between different people’s perception 
that we can draw on to communicate information visually. Two people shown 
a blue book are likely to both be able to agree on its fundamental visual 
properties. All sighted people have eyes that pick up light using similar (if not 
identical) bodily organs.

A designer can use an understanding of visual communication (whether 
philosophical, practical, physiological, or a combination of these) to make 
a set of assumptions, which are used to transmit information in graphical 
form. While professional design skills and tacit understanding should not 
be demeaned, this thesis largely deals with how these visual communication 
assumptions can be treated as testable hypotheses in a scientific context of 
use. In a field like health technology assessment, which will be introduced in 
Chapter 1.2, empirical research is a well-understood foundation of knowledge. 
Therefore the empirical effectiveness of information graphics might be 
expected to lead to acceptance and use of new techniques in the field.

1.1.3   Working definition for information graphics

This section works towards a definition of the term ‘information graphics’, 
which is provided towards the end of the section. Other terms might be used 
to describe the visual presentation of information. Terms such as ‘diagram’ 
or ‘chart’ are limiting, in that many of the information graphics presented in 
Chapter 1.1.1 would not fall within their remit. Likewise ‘data maps’ generally 
deal with describing something about physical space. Visual information 
presentations might be called ‘visualisations’, but as discussed later in this 
section, the term can be confusing when used in health research.

There are many different understandings of the term ‘information graphics’. 
Visual designers often have a different view to people with a background in 
computing, or television design, for example Wildbur (1989). For some, it is 
very much a science, with prescriptive rules governing what is ‘good’ and ‘bad’ 
presentation of information (Tufte 2001; Wilkinson 1999). For others it is 
more like an art, with the communication of a message the key, and personal 
approaches are important (Brath 2008; Fry 2008). A working definition will 
be used as a starting point for investigation of information graphics in health 
technology assessment. 

It is tempting to consider information graphics as purely ways of displaying 
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numerical data using visual elements. However, this definition is problematic.

The information graphic shown at the right of Figure 1.1 – 28 uses only 
photographs as the data source (shown to the left of the figure). While there is 
no numerical data involved, the graphic presents information on the use of the 
space over time. As it is a graphical information presentation, it might be called 
an information graphic. 

Conversely, a table of numbers and text in a hta report uses non-text, non-
number objects such as grid lines to separate the data that is contained within. 
However, it would not be referred to as an information graphic, as it does not 
use any visual technique to provide information.

It is in some ways easier to discuss what is not an information graphic than 
what is. The alternative modes of communication in health technology 
assessment are through textual (in written reports), numerical (in data tables), 
and verbal communication (at committee meetings, for example). However, 
information graphics frequently contain both text and numbers, often for keys 
and labels, and also to directly present data. For example, a numerical value 
might be used to show what value area-based circles represent, thus giving an 
idea of scale relative to other diagrams.

Many information graphics transform numerical values into visual elements, 
such as the position or size of objects. However, a hta ‘state transition 
diagram’, showing the possible treatment pathways of people in a treatment 
model, might contain no numerical data at all, but could be thought of as an 
information graphic. 
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Figure 1.1 – 28 
Information graphic created from non-numerical data

Source: Von B und C (Hahn & Zimmerman, 2008)
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In the exhibition shown in Figure 1.1 – 29, the smaller of the two piles has one 
grain of rice for each person that suffers from the hiv virus in the uk. The 
larger pile has one grain for each person living with hiv in sub-Saharan Africa 
(Stan’s Cafe 2010). This exhibit represents numerical data with the size (or 
rather count) of objects, but would not be called an information graphic. The 
word ‘graphic’ is strongly linked to ‘graph’, and as such suggests the virtual 
space of Cartesian geometry. It is also used in the term ‘graphic design’ to mean 
“a system of combining typography, photography, page layout and illustration 
to communicate information” (Livingston & Livingston 2003). Therefore, 
‘graphic’ suggests reproducibility, in the virtual space of ink on page or pixels 
on screen, rather than one-off, real-world objects. 

Under the working definition used in this thesis, information graphics in the 
context of health technology assessment are: 

Reproducible presentations of information, which use graphical elements  
(e.g. position, colour, size, etc.) to present research data. 
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Figure 1.1 – 29
Exhibition using rice grains to represent statistical data, 
Truro Cathedral, 2008: Of All the People in All the World. 

See: http://www.stanscafe.co.uk/
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These graphical elements can be listed, but different designers of information 
graphics are likely to have different lists. These elements will be discussed in 
more detail in Chapter 4.1 – Elements of information graphics. 

Information graphics are not like data tables, which present raw data, and 
do so using numerical values. They can, however, include textual, numerical, 
and even verbal elements. In Hans Rosling’s presentations for example, his 
verbal input is key to understanding the data presented. For a graphic to give 
information, the communication aspect is crucial. Data is not information 
until it informs someone – or potentially informs them, as an information 
designer cannot always control how their work is in fact interpreted, and 
readers come with different levels of experience and ability. This use of 
graphical elements, aimed at providing understanding, is a defining aspect of 
an information graphic.

The term ‘information design’ has already been used for at least 30 years at 
the time of writing. In 1978, the famous London design agency Pentagram 
separated information design into: systems (a kind of design style guide), 
posters (for advertising), packaging, promotion (such as leaflets, calendars 
and annual reports) and exhibitions (Crosby et al. 1978), none of which would 
correspond with our working definition of information graphics. Their use of 
the term in fact covered all of graphic design. At the same time, the Information 
Design Journal was founded, which expanded the term ‘information design’ to 
cover the use of language as well as graphical information (Information Design 
Association, 2011).

Information graphics could be described within the area talked of by Easterby 
and Zwaga in their book Information Design (Easterby & Zwaga 1984). 
However, they mention that “it [information display] is ... a comprehensively 
difficult topic to grasp in its entirety”. Their use of the term ‘information 
design’ also encompasses signage and wayfinding/wayshowing, and 
instructional materials, as well as the kind of visual presentation of data that is 
of interest to us here. 

The Thames and Hudson Dictionary of Graphic Design and Designers defines 
‘information graphic design’ as:

Generic term applied to those graphic design projects required to 
communicate complex data to a specific range of audiences. The 
detailed analysis of user needs that underpins successful information 
graphic design differs from the more subjective approach applied to 
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projects aimed at selling a product. (Livingstone & Livingstone 2003)

They also mention that such projects might include “major signage schemes, 
health and safety issues, public services and technical manuals”, which largely 
fall outside the definition of information graphics used here.

The meaning of ‘information design’ used here is that of the Information Design 
Journal (Information Design Association, 2011), which focusses the term on 
functional communications only, effectively excluding persuasive motives. 

While information graphics can be thought of as the products of information 
design, they could instead equally be defined within the field of ‘information 
visualisation’. This field is familiar with the idea of communicating the message 
revealed by data (Firebaugh 1993). In the field of health, however, the term 
‘visualisation’ is often used to refer to virtual representations of the body for 
medical training and imaging of health conditions, which are not included 
in the working definition of the term ‘information graphics’ used here. 
Information visualisation also encompasses visual data mining and clustering 
algorithms, which are not necessarily information graphics in that they do not 
inform themselves. Although a clustering algorithm might be used to group 
objects which do communicate information using graphical elements, the 
algorithm itself is not an information graphic, while it is the visualisation of 
numerical data. 

The special case of ‘state transition diagrams’,* which are often used in 
health technology assessment reports, could be described as the products 
of information design and as information graphics, but not information 
visualisation, as they do not present numerical data. Information graphics 
are therefore found within information design, but not all of them would be 
called information visualisation. Many information graphics would also be 
considered information visualisation, as they visually present numerical data 
(see Figure 1.1 – 30).

It should be noted that there may, or may not be, products of information 
design that are also information visualisations, but not information graphics 
(the light purple area on the diagram). As these would be outside the working 
definition of information graphics used in the thesis, they are not important to 
the discussion here.
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Whether or not information design and information visualisation should be 
separate, they represent different traditions. Information visualisation is an 
inherent and central part of many sciences, but is often performed without 
reference to the skills and traditions of professional graphic designers. 
Information design, on the other hand, tends to focus on emotional impact 
and attracting attention, rather than the degree of precision that is essential in a 
scientific context. The research detailed in this thesis is an attempt to combine 
the skills of design professionals with the scientific rigour necessary for the use 
of information graphics in the field of health technology assessment.
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1.2.1   A brief history

A comprehensive history of health technology assessment (hta) is beyond 
the scope of this thesis. Excellent and detailed histories can be found in 
Banta (2003), O’Donnell et al. (2009) and Szczepura & Kankaanpää (1996). 
However, as this thesis may be relevant to those working principally in 
information design, a brief history of health technology assessment is provided 
by way of introduction to those unfamiliar with the field.

The origins of the word medicine are in the Latin ‘ars medicina’, or ‘art of 
healing’. However, Tore Scherstén writes in his foreword to Assessment of 
Health Care Technologies (Szczepura & Kankaanpää 1996) that the ‘art of 
medicine’ has become more like a ‘science of medicine’. Over the years, it has 
developed to the point at which providing empirical evidence of the benefits 
of medicine is key (Sackett 1996). 

For a drug, medical device, or surgical procedure to be licensed for use in the 
uk, it must be approved by the Medicines and Healthcare products Regulatory 
Authority (mhra 2010) or the European Medicines Agency (ema 2010). 
In either case, empirical evidence of the efficacy of the drug must be given 
before it can be used by health professionals in the uk health system. Like 
many other health systems around the world (Fricke & Dauben 2009), this 
process provides a legal framework, which indicates which drugs, devices and 
procedures are safe to use. However, proving efficacy (the performance of the 
health technology in the idealised situation of experimental conditions) is only 
the first part of the process.

The idea of using scientific evidence to determine which treatments can 
be used owes much to the development of ‘evidence-based medicine’. The 
movement’s “Philosophical origins extend back to mid-19th century Paris 
and earlier” (Sackett 1996). Evidence-based medicine aims to make the best 
possible use of empirical studies to inform medical practice, in terms of 
individual patient decisions (Banta 2003).

Health research is performed to provide evidence on the efficacy or 
effectiveness of many different ways of improving health. These can be 
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curative ‘treatments’ such as drugs and surgical procedures, but also screening 
programmes and public health interventions, designed to detect or prevent 
health problems. For this reason, the word ‘intervention’ is often preferred to 
the term ‘treatment’ when talking about the objects of health research.

In clinical trials, the ‘gold standard’ of empirical study is the randomised 
controlled trial (rct) (Schulz 1997). The essential idea of the rct is to give 
different interventions to different groups of people. In this kind of study, 
people from an overall set of recruited participants are randomly assigned 
to groups. Randomisation is vital, as it can not only account for known 
confounders,* but also unknown ones (Schulz 1997). Once different groups 
have been randomly generated, statistical techniques can then be used to 
determine the relative efficacy of the different interventions. In many rcts, 
particularly those dealing with drugs, such interventions are often tested 
against an indistinguishable, but inert ‘placebo’. This is vitally important as the 
psychological effects of taking a placebo intervention can lead to observable 
differences from those that are given no medical attention at all. 

However, with the increasing numbers of interventions licensed, it can be 
difficult for health professionals to keep abreast of the volume of published 
empirical evidence. In 1996, Sackett reports that a general practitioner 
would have to read 19 articles a day, 365 days a year, to keep their knowledge 
completely up to date (Sackett 1996). That rate may have increased 
substantially since then. An important step towards addressing this problem 
was the creation of an organisation called the Cochrane Collaboration, which 
opened its first ‘Cochrane Centre’ in 1992 (The Cochrane Collaboration 2010). 
The organisation aims to “assemble an updated register of all randomised 
controlled trials” (Banta 2003). This allows rcts and reviews of multiple rcts 
to be brought together, and searched in a systematic manner.

The Cochrane Collaboration, and other such databases of scientific evidence, 
have enabled the development of a technique called ‘systematic review’ (Egger, 
Smith, & Altman 2001). This technique involves searching databases for 
relevant evidence, with predefined criteria for which papers will be included 
and excluded from the review. The resulting papers can then be collectively 
analysed to provide an overview of what that pool of evidence generally shows. 
This is one of the fundamental parts of health technology assessment in the uk 
(Banta 2003).

The phrase ‘health technology assessment’ became used in the 1970s, by the 
Office of Technology Assessment in the usa (Szczepura & Kankaanpää 1996). 
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Advances in technology had led to very expensive equipment being used, such 
as the ct scanner (computed tomography scanner). The first health-related 
report produced by the Office of Technology Assessment “examined the 
effects of public and private policies on the development, diffusion, use, and 
reimbursement of ct scanners” (Office of Technology Assessment 1978) (see 

Figure 1.2 – 1). It seems that some idea of how 
these technologies were being used in practice 
(how ‘effective’ they were) was needed, as 
opposed to just how well they worked in 
experimental conditions (‘efficacy’).

It should be noted that the word ‘technology’ 
in the term ‘health technology assessment’ 
refers to a broad category of interventions 
(not just medical equipment and devices). The 
definition of a ‘health technology’ includes: 

“The drugs, devices, and medical and surgical procedures used in medical 
care, and the organizational and supportive systems within which such care is 
provided” (Office of Technology Assessment 1978).

The Office of Technology Assessment continued its work for 23 years, but was 
eventually closed in 1995, because of “controversy over the content of several 
of its reports and political pressure from the commercial health technology 
industries” (Sullivan et al. 2010). Publicly funded health technology 
assessment work in the usa is now carried out to a limited degree by various 
different organisations, but is largely held as a commercial asset by health 
reimbursement agencies (Sullivan et al. 2010).

However, even after the closure of the ota, hta activity continued to grow 
around the world, particularly in countries with ‘universal’ health care such 
as Canada (Menon & Stafinski 2009), Australia (Bulfone, Younie, & Carter 
2009) and many European countries (Drummond & Sorenson 2009; Fricke 
& Dauben 2009). It began to take on the functions of not only discussing 
the efficacy, effectiveness, and social and ethical acceptability of health 
interventions, but also looking at their costs (both financial and societal), and 
their cost-effectiveness (Eddy 2009).

Fundamentally, hta assesses not just the effectiveness of health interventions 
in practice, but also the costs and cost-effectiveness of long-term use in a 
particular health system (Szczepura & Kankaanpää 1996). Proponents of hta 
methods say that this allows limited health resources to be distributed fairly 
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across a health service, with only the better value for money interventions 
being approved for use.

To do so, uncertainty within the evidence must be considered. Often, for 
instance, an intervention might be expected to give benefits for a longer 
period of time than that covered by the trial data available. For this reason, 
sophisticated mathematical modelling techniques are commonly used to 
predict what the costs and benefits of adopting an intervention would be over 
the lifetime of people receiving that intervention.

The inahta organisation (International Network of Agencies for Health 
Technology Assessment) was established in 1993, to coordinate the limited 
resources for hta work internationally (inahta 2010).

At a similar time, a project was set up to begin to draw European hta activity 
together, leading to the eur-assess report, published in 1997 (Banta 1997). 
This report was a joint work of hta producers throughout the region, written 
in response to rising health care costs in Europe from the 1960s onward. 
The report gave recommendations for giving timely information on health 
technologies, in a form useful to the intended audience. It took some of the 
recommendations of the ota, and showed how they could be used in Europe. 
The echta/ecahi project between 1999–2001 was then able to begin the 
process of coordinating hta activities in Europe (Institute of Technology 
Assessment (Germany) 2001).

hta now has its own international society called htai (Health Technology 
Assessment international). This society boasts members in 59 countries and 
six continents, and organises annual international conferences. Relevant 
hta research is published in its official journal, the International Journal of 
Technology Assessment in Health Care (htai 2010).

The work of htai is supported by the International Society for 
Pharmacoeconomics and Outcomes Research (ispor), which publishes the 
Value in Health and ispor Connections journals. These offer methodological and 
technical articles that support the work of hta around the world.

More recently, the eunethta project, running from 2006 to 2008, helped to 
develop further hta collaboration in Europe (eunethta 2010). This has led 
to the formation of the eunethta Collaboration, which aims to support hta 
work in eu countries.
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1.2.2   Focus: nice appraisals

hta work around the world can vary as much as health systems of the 
countries in which it is performed (Banta 2003). This thesis uses the work of 
nice, the National Institute for Health and Clinical Excellence in the uk as 
a focus. This organisation is an established example of the interface between 
hta and health policy, and is considered a well-developed health technology 
assessment system (Eddy 2009). 

nice was established in 1999, to use the results of htas to provide guidance 
for the nhs on the use of the technologies assessed (Drummond & Sorenson 
2009). The nice process is described in Health Technology Assessment  in 
England: Assessment and Appraisal (Walley 2007). In summary, the process 
begins with hta topics, provided by the uk’s Secretary of State for health in 
association with the nice secretariat. These are fed to a group called the hta 
programme, based at Southampton University. This group commissions a 
document called a ‘technology assessment report’ (tar), which is produced 
by one of several university-based technology assessment centres, often in 
consultation with clinicians and nhs managers. The reports are advisory 
in nature, and do not explicitly make a recommendation to nice (Stevens 
& Milne 2004). The evidence from this report is considered at an appraisal 
committee meeting, alongside evidence submitted by the technology’s 
manufacturers, patient groups and other interested parties (Drummond & 
Sorenson 2009). 

The volume of evidence submitted can be very large, and decision-makers have 
limited time to consider it. A participant in a study in Chapter 6 of this thesis 
mentioned that they had recently been given 1,200 pages of evidence to read in 
one week before an appraisal, on top of their regular working commitments.

One defining aspect of the hta system in the uk is that a distinction has 
developed between supposedly objective, scientific ‘assessment’ of evidence, 
and ‘appraisal’, “which is value based judgement … consider[ing the] ethical, 
organisational, political and social impact of technologies” (Gabbay & Walley 
2006). Other countries incorporate these value-based judgements into 
assessment work, but in the uk this is the explicit role of nice (Woods 2002). 

Currently, the nice guidance which results from this process determines 
which technologies are recommended for patient treatment within the uk’s 
National Health Service (nhs). However, at the time of writing in 2010, due 
to a new government’s election, a move is being made to ‘value-based pricing’. 
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In such a system, the results of appraisals like these are supposed to affect how 
much the nhs is willing to pay for a technology, according to the benefits it 
delivers (Claxton et al. 2008).

1.2.3    Stakeholders

Many different groups of people are affected by the decisions made by nice. 
Patients that can or cannot receive an intervention due to the decision 
made are an obvious and important stakeholder group. Manufacturers of a 
technology involved in an appraisal are also affected, in financial terms. nhs 
managers also have a stake in the decision, as it is they that will have to decide 
what other costs to cut within their limited budgets for each new technology 
approved by nice. As the general public have an interest in the decisions, so 
too do news providers and other media organisations. Researchers at other 
institutions around the world can use nice hta reports, which are available 
freely both on the nice website (National Institute for Health and Clinical 
Excellence 2009) and that of the uk’s National Institute for Health Research 
(nihr) hta Programme (nihr Health Technology Assessment Programme 
2010).

Any and all of these interested parties could potentially benefit from the 
understanding provided by graphical information presentations. Indeed, one 
purpose of the hta Programme in the uk is to communicate such research to a 
wide audience (Gabbay et al. 2001). However, it has been noted that “the chief 
audience for tars – as for other hta reports – is ... decision-makers” (Milne, 
Clegg, & Stevens 2003). Many of the other stakeholders, while interested 
in the data presented, are ultimately affected by the committee members’ 
decisions. For this reason, the nice committee members, and those that work 
to inform their decisions, are the main focus of the research detailed in this 
thesis.

Frønsdal writes that:  “…it is essential to identify the key decision-makers 
at the outset of an hta, consider what evidence they need to inform their 
decisions, [and] in what form that evidence should be provided...” (Frønsdal 
2010). As the form in which the presentation of evidence is shown to 
decision-makers is an essential consideration, research on effective graphical 
presentation of this evidence could potentially be greatly beneficial to the 
process.
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1.2.4   Working definition of hta

Health technology assessment activities differ greatly throughout the world. As 
each health system is part of the historical and cultural traditions of a country 
(Banta 2003), the needs and purposes of hta can vary. In some countries, such 
as the uk, hta activities have a strong emphasis on assessing effectiveness, 
costs and cost-effectiveness of interventions (Drummond & Sorenson 2009). 

htai defines hta as “…a scientifically based and multidisciplinary means of 
informing decision-making regarding the introduction of effective innovations 
and the efficient use of resources in health care” (htai 2010). Informing the 
decision-making process is a key aspect of this definition. The summarisation 
and communication of evidence can be a useful way of thinking about hta, 
from the point of view of research into the use of information graphics in the 
field.

hta, then, is functionally defined for the thesis as: 

The use of scientific evidence to inform health policy-making in terms  
of recommendations for the adoption of specific health interventions.

This scientific evidence might be formally conducted rcts, registers of patient 
data from health providers, or knowledge elicitation from experts (which can 
be essential if published evidence is lacking). The key aspect is that this (often 
uncertain) evidence must be assembled together, and presented to inform 
policy decisions. The thesis focusses on the potential use of information 
graphics in technology assessment reports (tars) produced to inform the 
nice appraisal process in the uk. The data presented in these reports are used 
as they can be shown to directly affect policy decisions, and therefore meet the 
definition of hta used here.

The relationship of hta to ebm can be a useful way of explaining this 
definition. Evidence-based medicine can be envisaged as the use of scientific 
evidence to inform the use of medical interventions for the treatment of 
individual patients. This might be using published studies to help decide which 
of a number of different drugs to prescribe for a person, or whether to opt for 
a surgical intervention. hta is the use of this same pool of available evidence 
to inform health policy. In the case of nice, this decision is at a national level, 
although larger countries such as Canada take many decisions at a provincial 
or regional level (Menon & Stafinski 2009). These policies (national, system-
wide decisions) describe the area in which ebm (individual patient decisions) 
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can operate, after excluding interventions that are not cost-effective or not 
sufficiently well-proven to be used. 

This description of hta in relation to ebm is shown in Figure 1.2 – 2.
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There are many potential functions for information graphics, presented in 
a diverse range of literature. Card talks of their usefulness in ‘amplifying 
cognition’ with ‘increased resources’, ‘reduced search’, ‘enhanced recognition 
of patterns’, ‘perceptual inference’, ‘perceptual monitoring’ and providing a 
‘manipulable medium’ (Card, Mackinlay, & Shneiderman 1999). The Card text 
is very much situated in the data visualisation field, and many of these potential 
functions relate to complex data presentations, which can be automatically 
generated by computers. 

In the context of hta, where printed reports are the principal mode of delivery 
for information graphics, a different list of potential functions is appropriate. 
These will be used to focus many of the research studies in the rest of the 
thesis:

1) Presenting complex data (Remus, 1984; Remus, 1987)

2) Condensing data into a small space (Tufte 2001)

3) Comparison and overview of multivariate data (Spence 2007)

4) Enabling faster information processing (Resnikoff, 1989)

5) Selective focussing (Thomas, 2005)

These functions are used to support the search for user needs in hta, and as 
the basis for the design of new information graphics in the field. While there 
may be other useful functions that information graphics may perform, such 
as attracting attention, the use of a small list provides a way of managing the 
needs assessment. However, care has been taken in all studies not to ignore 
other possible functions of information graphics.

1.3.1   Potential function 1: Presenting complex data

Two companion papers by Remus (Remus 1984; Remus 1987) show that the 
complexity of the decision environment can affect the effectiveness of different 
presentation methods. Remus’ graphical presentation did not perform well 
in the decision environment in his initial 1984 paper. However, when he 
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incorporated a more complex decision environment in his 1987 experiment, 
the graphical presentation method was much more effective. Therefore, if there 
is an area of hta which is perceived to involve complex numerical data, it may 
be beneficial to attempt to present it using a graphical technique.

1.3.2   Potential function 2: Condensing data into 
              a small space

Edward Tufte’s The Visual Display of  Quantitative Information (Tufte 2001) 
explains at length how graphical information presentations can display a large 
amount of data in a relatively small space (see particularly Chapter 8: ‘Data 
density and small multiples’). He explains that in some (but not all) cases, 
graphical techniques can be economical in terms of space, presenting more 
information than numerical or textual displays in a given area of a page or 
screen.

1.3.3   Potential function 3: Overview and  
               comparison of multivariate data

Spence’s (2007) Information Visualization details how graphical methods 
can be used to assist in decision-making, particularly for problems involving 
multivariate data. There are many possible ways of presenting such data, 
but where comparisons need to be drawn between two or more pieces of 
information to assist in decision-making, information graphics may play a 
useful role.

1.3.4   Potential function 4: Enabling faster  
               information processing

Resnikoff ’s (1989) The Illusion of Reality suggests that the link from our eyes to 
our brain allows large amounts of data to be communicated to us in an efficient 
manner. Much information is ‘preprocessed’ without us having to provide 
conscious input. Judging distances and relative sizes is something that we 
spend great effort on throughout our early lives (Merleau-Ponty 1962). If there 
are situations in the hta process where information must be absorbed in a 
time-limited situation, a graphical display may be appropriate.
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1.3.5   Potential function 5: Selective focussing

One of the advantages of presenting information in interactive displays is that 
the user can select which information they see (Thomas, 2005). This is not 
unique to graphical presentations, as textual lists can be hidden or expanded 
on-screen without the use of visual elements. However, visual display 
techniques allow, for example, certain information in a display to be picked out 
in a certain colour. Even without colour, grouping elements together, or linking 
them can allow for selective focussing. 

The use of information graphics, therefore, allows more sophisticated selective 
focussing, even when an interactive presentation is not available. In cases 
where data is overwhelmingly complex, this may be very useful. If there is 
information in reports that is presented in amalgamated form, it might prove 
useful to decision-makers to see only small parts of it at a time. Research is 
necessary to determine whether this is the case.
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Information graphics are used in many different fields, and there are some 
kinds of graphic that may be more or less appropriate in hta than other areas. 
This section aims to clarify which aspects of the use of information graphics in 
hta the thesis addresses.

There is very little guidance on the use of information graphics available to 
those that author technology assessment reports in the uk. The most up-to-
date nice guidance document on producing these reports recommends the 
use of two specific graphical presentation techniques (forest plots and cost-
effectiveness acceptability curves – see Chapter 3.1 for more information) 
(National Institute for Clinical Excellence 2004). However, it does not make 
any other recommendations on how to present data, and where and when 
other graphical methods would be appropriate.

Some writers, in other fields, can begin their discussion with the assumption 
that, since graphical information presentation is quite common, information 
graphics must therefore be useful (Chen 1999; Hammer 1995; Spence 2007). 
There is evidence that, in general: “We are visual creatures, and are good at 
noting relative differences in sizes, lengths, orientations, and other visually 
perceptible properties” (Hill & Milner 2003). As such, it might be argued 
that presenting information visually might be a useful way of providing 
information in health research. However, the designers at Pentagram note 
that “Diagrammatic pictures can often convey information more rapidly and 
precisely than verbal instruction. They can also be more imaginative, or at least 
prettier, than is perhaps altogether necessary for practical purposes.” (Crosby, 
Fletcher, Forbes, Grange, Herron, Kurlansky, & McConnell 1978). In the 
politically charged environment of hta, decisions are potentially life-changing 
for some stakeholders. As such, we need to explicitly show why and when they 
are useful.

As an example, one of the potential functions of information graphics, that 
is highly valuable in commercial and news media, is to engage attention. As 
Otto Neurath said, “to remember simplified pictures is better than to forget 
accurate figures” (Burke 2009). In hta, however, the decision-maker is 
already motivated to understand information. It has been suggested that, in 
pharmacoeconomic modelling in general, “we should give absolute priority 
to accuracy [over transparency]” (Eddy 2006). The accurate and clear 
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presentation of information is the aim, rather than the engaging, witty graphics 
produced by Holmes, McCandless or Gadney (See Chapter 1.1). These would 
be suitable in news media, where attracting attention is an essential part of 
the graphic’s function. However, as informing policy is the central goal of hta 
activity, information must be presented in a form that is helpful and useful to 
a policy decision-maker. The aim is to improve accessibility without affecting 
accuracy in any way.

There are several questions that must be addressed by research before we can 
know how to work with information graphics in hta.

1.4.1   Defining information needs

The aim of this thesis is to work towards graphical presentations that assist 
hta’s function of informing health policy decisions. To do this, the first 
research requirement is to establish what visual information presentation 
methods are currently used. This will show which information is and is not 
currently presented using information graphics, and therefore which hta data 
could be most suitable for research into alternative presentations. 

Information graphics can have a number of different functions. Bertin notes 
that: “cartography with several factors depends a) on the level of information 
being sought and b) on the point in processing: research or communication” 
(Bertin 1981). He argues that different graphics are suitable for different uses. 
This suggests that a clear idea of what is needed will be essential to be able 
to make the most important design decisions when creating an information 
graphic.

It is therefore useful to know more about what information hta decision-
makers need, and if there are any data that they currently have difficulty in 
interpreting. Research which establishes information needs might also suggest 
whether interactive graphics might be useful, in which the decision-maker 
plays some part in manipulating the data shown.

Information graphics have potential disadvantages as well as advantages. 
For example, displaying two very similar values in a bar chart might make it 
difficult to see which of the two is greater. In some applications, this might 
actually be beneficial, as it would emphasise how close the two values are. In 
other areas even minute differences might be important. Research into user 
needs will also be able to show how important accuracy is to a decision-maker 
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for different data and information used in the hta process.

hta work can produce a very large amount of information. Care will have 
to be taken that information graphics are used that can alleviate, rather than 
compound the sense of “information overload” that was a problem in hta in 
1997 (Banta 1997). Due to the increasing numbers of clinical trials published 
in the intervening time (Sackett 1996), this problem is likely to be even more 
acute at the time of writing. Information needs assessment research might be a 
good opportunity to discover which parts of hta data are very complex. This 
will enable the design of information graphics to take account of information 
overload. 

1.4.2   Design and production

There are several different ways in which information graphics could be 
produced in hta. While it might be argued that the availability of existing 
tools should not constrain the presentation of information, the existing 
production processes and distribution methods in the field may also be able 
to convey some information quite effectively. It is also likely that different 
production methods will be more appropriate for the various different kinds of 
data that are presented in hta reports.

One approach would be to use standard tools to present data visually, such as 
the bar charts and line graphs produced by Open Office, Microsoft Excel and 
Apple Numbers. These have the advantage of being quick and easy to produce 
as well as readily understood. However, this approach might not lead to the 
most useful graphics from the decision-maker’s point of view. As Ben Fry 
observes, “Any bar chart or scatter plot made with Excel will look like a bar 
chart or scatter plot made with Excel” (Fry 2008). The visualisation techniques 
available in such software is of course limited in what it can produce. While 
they may be suitable for producing some of Playfair’s bar charts, or applying 
Descartes’ ideas on the Cartesian axes, they cannot at the time of writing be 
used to create a complex Sankey diagram or data map.

As an alternative to these standard tools, specialist software is used in hta to 
produce specialist graphical displays such as forest plots (see Chapter 4.2.8.1). 
New software might be designed that can turn commonly used hta data into 
specific visual representations. If the necessary resources for developing these 
tools could be found, they might provide a way for research teams to provide 
specific information graphics on a regular basis. However, if some hta data 
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by nature has complexities that are specific to individual interventions, this 
approach might not be worth the investment in creating such tools.

If hta data has intervention-specific complexities and patterns, it might be 
more appropriate to design information graphics on an individual basis. An 
information designer, employed either by the teams producing reports, or 
based centrally at a commissioning body, would be able to react to situations 
arising on a case-by-case basis. While this approach might be desirable in 
situations of great individual variation between interventions, it has the 
disadvantage (over a specialist software approach) of requiring a longer 
production time, and depends on the availability of specialist visual layout 
skills and software. Also, if a one-off presentation technique was used that 
was unfamiliar to the reader, they might have to spend some time learning to 
interpret the graphic. Some visual conventions used in information graphics 
(such as the appearance of a box-and-whisker diagram) may already be 
understood by an audience. Others will have to be explained by the graphic’s 
designer, or be shared by other users of the graphics. This is another reason 
for the importance of empirical evaluation of information graphics – to better 
understand the knowledge and capabilities of the audience for an information 
graphic.

1.4.3   Evaluation

Testing is an integral part of designing information graphics. Bertin tells is 
that “Whenever several characteristics are to be superimposed, the least bad 
representation depends above all on the distribution of the characteristics. 
There is only one solution: undertake several trials” (Bertin 1981). His meaning 
of ‘trial’ is in the sense of ‘trial and error’ – he is encouraging the designer 
to create several versions of a display to find out which one they feel works 
best. He argues that good visual representations can only be created through 
personal experimentation. 

This kind of self-evaluation is essential, and will be a familiar process 
to information designers. In hta, however, providing understanding of 
information to decision-makers is an integral part of the process. Where 
information graphic techniques and principles are to be used routinely in 
hta to support this goal, they can be tested in terms of what information 
they impart to their audience, and whether they impart it more accurately or 
more quickly than other methods. However, the evaluation of information 
graphics can be challenging. Similar graphical techniques can be more or less 
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useful in different contexts (Remus 1987). Graphics that are condemned by 
participants in an evaluation can perform quantitatively better than seemingly 
more favoured alternatives (Elting et al. 1999). Also, it may be that different 
people respond more to graphical presentation than others, or that taste plays 
a role in whether an information graphic is rated favourably or not. Therefore 
evaluation studies must be careful to ask “What does it mean?” rather than “Do 
you like it?”

Evaluation studies of information graphics performed in information design 
frequently use small samples of people, and are quite informal (Frascara & 
Ruecker 2007; Jackson et al. 2003; Tekušová & Schreck 2008). Some financial 
and medical information graphics are tested with large-scale quantitative 
tests (Feldman-Stewart, Brundage, & Zotov 2007; Frownfelter-Lohrke 1998). 
There are some studies that fall between these two kinds in size, which use 
both quantitative and qualitative methods (Sless 2009; Wright, Belt, & John 
2003). Care should be taken that appropriate experimental designs are used 
to evaluate information graphics in hta. Only then will it be possible to 
show that information graphics can be used, in practice, to effectively give 
understanding to decision-makers. This will be discussed at greater length in 
Chapter 2 – Methodology.

1.4.4   Media

Information graphics can be distributed in a number of ways. The presentation 
media used necessarily affect the possibilities in terms of display resolution, 
quality, the use of interactivity and animation, and so on. 

Information graphics could be included in hta reports, which are frequently 
distributed in printed and electronic form. When printed, hta reports are 
usually limited to black ink on white paper, which might limit the techniques 
that can be used. Coloured graphics would have to be demonstrably more 
useful than black ink only to justify higher printing costs. This is not such 
an issue with electronically distributed documents. However, the standard 
Microsoft Word and Adobe pdf formats that tend to be used for electronic 
distribution limit the possibilities for information graphics in terms of 
interaction and animation. hta information graphics might, however, be 
presented online, which would mean that interactive or time-based graphics 
could be used.

While information graphics can be used to present numerical data, they 
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would not replace numerical presentation in reports entirely. It is important 
for future research to be able to use data reported by systematic reviews 
and mathematical models. However, they may be able to replace numerical 
presentation of data in the main body of reports, if it can be shown that they 
can offer things that numerical presentation cannot. The literature is unclear on 
which kinds of data should be presented in numerical format. Bertin suggests 
that numerical presentation is better in complex situations (Bertin 1981), while 
Tufte maintains that the reverse is true (Tufte 2001). Individual testing may 
provide evidence for the most appropriate forms of data representation in the 
specific context of hta reports.

As mentioned in Chapter 1.2.2, technology assessment (objective presentation 
of data) is separated from appraisal (value-based judement) in the uk health 
system (Gabbay & Walley 2006). Information graphics used in tar reports 
should therefore inform the nice appraisal process,  but must be used to show 
objectively what messages exist in data, rather than to persuade. This is a 
difficult balance to strike. While the temptation when producing an hta report 
may be to include all data, to avoid any kind of bias, raw data is problematic to 
interpret without careful arrangement by an analyst (Ehrenberg, 1975). Thus, 
the role of choosing the data to present most prominently, to enable the reader 
to understand it, is an important and responsible one – as is choosing the 
most appropriate methods of presenting it visually.  This person is referred to 
in Otto and Marie Neurath’s Isotype system as a “transformer” (McDonald-
Ross, 2000). In HTA, the transformer may be the same researcher preparing 
technology assessment reports, an analyst presenting these to the decision-
makers, or (potentially) a visual communication specialist.
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The central research question, to be addressed by the rest of this volume is as 
follows:

How should information graphics be designed, produced and used in health 
technology assessment?

The three parts of this question take on board many of the problems 
mentioned in Chapter 1.4, and aim to provide a useful basis for understanding 
the structure of this research: 

Design: Firstly, the successful design of information graphics involves 
establishing information needs, developing prototype tools, and evaluating 
their effectiveness. This process is shown by example, beginning in Chapter 
3. This chapter details two studies, used to establish the current use of 
information graphics and information needs in hta. Chapter 4 describes 
an approach to the design and development of information graphics that 
embodies these needs. Chapters 5 and 6 show how such information graphics 
can be evaluated and how this evaluation can inform the design process. 
Together, these chapters give an account of each stage in the choice and design 
of two information graphics for use in hta. 

Production: The second part of this question deals with how such prototypes 
could be produced in practice. This depends on the lessons learned through 
the research studies, particularly on how much the volume and complexity of 
information in different technology assessments. The information needs study 
(in Chapter 3.2 – Information needs) is particularly important to this, but the 
results of Chapters 5 and 6 (Prototype tests 1 and 2) also have a bearing on the 
question. The concluding chapter, 7 – Discussion, responds to these findings, 
detailing the different ways that information graphics can be produced for 
inclusion in future reports, as a part of the authoring process. 

Use: The last part of the question is to address how information graphics 
perform in practice. The research study in Chapter 3.1 details some of 
the techniques used, but as these tend to be limited to standard graphing 
techniques, which have already been discussed in some detail elsewhere 
(Cleveland 1984). For the somewhat more elaborate techniques detailed in 
this thesis, information on how they will be used must currently be inferred 
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from the experimental studies in Chapters 5 and 6. These have limitations 
in terms of addressing the actual use of information graphics in decision-
making. Additionally, some anecdotal evidence of the use of one of the new 
information graphics is provided in Chapter 7 – Discussion, which also 
describes the effectiveness of information graphics in real use rather than 
experimental conditions. This might be addressed in future research studies.
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Chapter 2: 
Methodology
This chapter examines the established methodological 
traditions of research in the two fields of health 
technology assessment and information design. It also 
suggests how research can be performed in an area that 
might be expected to draw on both of these traditions. 
The aim is to show how the research studies detailed in 
this thesis fit within a broader context of research and 
methodological discussion.
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2.1 Methodological discussion

2.1.1   Health technology assessment

Returning to the history of hta provided in Chapter 1.2, we can see that its 
origins can be traced back to the ideas that form the basis of evidence-based 
medicine (Banta 2003). While ebm uses scientific evidence to inform medical 
practice, hta provides empirical evidence to inform policy decisions about 
the adoption of new health technologies by health systems (Szczepura & 
Kankaanpää 1996) (see Figure 2.1 – 1). This empirical evidence comes in 
many forms, mainly quantitative but also qualitative. Most hta that informs 
decision-making is secondary research, in that it brings together the results 
of different primary research studies, to provide a more 
manageable account of the effectiveness, costs, and cost-
effectiveness of a health intervention (Eddy 2009). However, 
a discussion of hta methodologies should perhaps include 
the methods used in both the secondary research of hta and 
those used in the primary research on which it draws. 

As discussed in Chapter 1.2, the primary research used as 
the basis for hta work can include formally conducted trials 
(giving efficacy in ideal situations), effectiveness studies, 
data from patient registers, expert opinion, cost data from 
manufacturers, and other sources. The ‘gold standard’ for 
gauging the efficacy of an intervention is the randomised 
controlled trial (rct) (Banta 2003). However, in some 
cases, studies of this type are not available (or possible). 
For example, where a large and immediate benefit becomes 
obvious in a randomised trial, it would be considered 
unethical to continue to withhold the more efficacious 
treatment from one group. Thus, the primary research on 
which hta draws employs many different study designs, 
as different methods are appropriate for analysing the effects of 
different interventions.

Trials that measure the efficacy of an intervention generally report numerical 
data on one or more ‘outcome measures’, using standard scales. These 
measures are usually previously developed to be able to measure participants’ 
functional abilities, pain levels, quality of life, etc. Advanced statistical 
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techniques are commonly used to show the relative efficacy of different 
treatments, often in comparison to a placebo in the case of drug trials.

However, by the time that an hta is performed to inform a policy decision, 
new health technologies are likely to have been the subject of more than one 
trial already. Therefore, most health technology assessment work is secondary 
research, using the published reports of a number of trials to show an overview 
of the efficacy and/or effectiveness of an intervention (Egger, Smith, & Altman 
2001).

The principal method used for summarising and synthesising a number of 
studies is the ‘systematic review’. In this method, papers reporting on trials 
are obtained from database searching. Particular data is then extracted from 
each of these these, often by more than one reviewer to prevent biases. The 
review team then use standard methods for quality assessment of the included 
trials, often favouring rigorously conducted, large, double-blinded randomised 
controlled trials (where these are available). Statistical methods are sometimes 
used for meta-analysis of these extracted numerical results, showing a pooled 
estimate of the efficacy of an intervention (Egger, Smith, & Phillips 1997).

Even in the (rare) situations where a large pool of good quality evidence on 
efficacy is available, the effects of adopting a health intervention in a particular 
health system often take place over a longer time than even the longest of 
the trials available. For this reason, mathematical modelling is often used 
to extend the results of these trials, and look at the medium and long-term 
impacts of interventions. These techniques simulate what might happen to a 
group of patients over a long period of time. While there is always a degree of 
uncertainty in such simulations, the mathematical models can help to show 
how certain or uncertain the currently available evidence is. 

The efficacy of an intervention in trials does not always equate to its 
effectiveness in the less controlled environment of clinical practice in a specific 
health system. For this reason, comparing the results of meta-analysis with 
patient data from registers or eliciting clinical experience and beliefs is often 
necessary. These data can also be incorporated into simulation models to 
suggest how interventions might be expected to perform in the long term.

As well the effectiveness of interventions, the costs of adopting it are frequently 
of interest to policy-makers. Some more developed health technology 
assessments relate the effectiveness of a treatment to its costs (which can be 
both financial and social costs) (Eddy 2009). This means that health resources 
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can be channelled to the interventions that have the highest cost-effectiveness. 
In the hta performed to inform the nice appraisal process in the uk, this 
is generally presented in terms of the effectiveness gains of an intervention, 
versus its additional financial costs. 

In health care, the metric commonly used to represent effectiveness indicates 
how much longer a person will live, at a given quality of life. Quality of life is 
represented by a ‘utility’ value, generally between 1 (a practically unattainable 
state of perfect health) and 0 (dead). The effectiveness of a treatment is 
presented with a metric called the ‘quality-adjusted life year’ (qaly). This is 
nominally the amount of time that a treatment extends a person’s life at perfect 
health. For example if a health intervention was expected to give a gain of one 
qaly, this could be extending someone’s life for two years at a utility of 0.5, 
or for ten years at a lower utility of 0.1. In the uk, nice is generally thought to 
support health service expenditure of between £20,000 and £30,000 for one 
qaly (Devlin & Parkin, 2004).

The methods used in hta to show the costs, effectiveness and cost-
effectiveness of interventions are based on specialist statistical, mathematical 
and economic techniques. These can produce significant quantities of 
numerical data, which can be difficult to interpret and apply to practical 
decision-making tasks.

2.1.2   Information design

Similarly, information design is a collaborative and multidisciplinary field 
(Easterby and Zwaga 1984). It draws on principles of graphic design, statistical 
analysis, typography, computer software design and applied psychology, 
amongst others. 

In many other design disciplines, such as graphic design, practitioners work 
within a consumerist model of success and failure. The success of the product, 
advertisement or corporate identity is ultimately judged on its effect on the 
financial success or failure of the associated product or brand. The financial 
results, in a sense, justify the design. There is often a degree of risk in this 
model, which can be accepted in a way in which it wouldn’t be in health 
technology assessment, where people’s health is at stake.

Books produced by graphic designers such as Alan Fletcher (Fletcher 2002) 
make extensive use of anecdotal evidence. This can be a powerful and engaging 
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tool when speaking to a designer. If the designer has noticed something about 
the world, and this strikes a chord with the reader also, it is quite likely that it 
affects others as well. A common way of approaching design is to make such 
an observation, and then test it by designing. This is known as practice-based 
research (Gray & Malins 2004).

While not solely interested in information design, the Design Council gives 
an overview of design process, gained from interviewing designers from 
eleven design companies (Design Council 2007). They found that designers 
often start by considering the scope of the problem that they seek to address. 
This enables a design specification document to be produced, forming an 
agreement between designer and client. Testing is an essential part of this 
design process, in which a designer produces series of prototypes to be tested, 
refined, and tested again (iterative design). This generic design process model 
is shown in Figure 2.1 – 2.

The Design Council’s designer/client model may not be applicable in hta, 
where the designer of information graphics requires a specialist knowledge of 
health research. However, it does suggest a general model that may be adapted 
to use in hta.

Information design, however, has a rather different function than an 
advertisement or corporate identity – design products that fall within the 
model used by the Design Council. While there may be an element of 
attracting attention in an information graphic, its primary function is to explain 
data or information. There may be different attitudes to the value of aesthetics, 
possibly dependent on the context of use. Research in information design 
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tends to focus more on the communication and explanation of data (providing 
information) (Sless 2008) than on the design’s reception and marketability. 

Research in information design tends to be with small samples of users, 
and a focus on qualitative data on how people gain understanding from an 
information presentation. This can provide feedback to a designer on how to 
refine their designs, but doesn’t necessarily show how effective the design is in 
relation to alternative presentations. Much information design research takes 
the form of observational studies, using one-on-one interviews with potential 
users. These are often referred to as ‘usability studies’ (Dumas & Redish 1999), 
particularly by researchers with a computing background. 

Using the terminology of education theory, ‘formative evaluation’ (Biggs 
& Tang 2007), in which research is performed to refine and adapt designs, 
tends to dominate in information design. In health technology assessment,  
‘summative evaluation’ is perhaps more common, in which research 
demonstrates effectiveness or ineffectiveness of an existing product.

Some studies of information displays tend to make sweeping generalisations 
based on their findings. For example, So & Smith, working in studies of 
decision-making in finance, suggest that “graphics are useful when complexity 
is low” and that “females prefer colour” (So & Smith 2002). However, such 
findings do not apply to different graphical presentations used in different 
situations. For example, Remus (working in a management context) tells us 
that “tabular aids outperform the graphical aids in environments with low 
complexity” and “In intermediate complexity environments, the graphical 
aids outperform the tabular aids” (Remus 1987). It has been suggested that 
it is challenging to link the practical outputs of information design with any 
kind of theoretical basis, even in applied psychology (Waller 1979). This has 
meant that studies of information displays have lacked a theoretical basis for 
findings, inhibiting generalisation (Wright, 1978). It is therefore likely that 
individual information graphics will be shown to be more or less applicable in 
different situations, having advantages as well as disadvantages in comparison 
to numerical and textual presentation.

One study of different algorithms for creating ‘tag clouds’,* (Seifert et al. 2008) 
concluded that different information presentations are likely to be suitable 
for use in different situations – specifically where aesthetic considerations 
were likely to be more or less important. Research must be performed within 
the context of hta to assess what is appropriate, given the requirements this 
unique area of applied policy research.
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Using an example of government information leaflets, David Sless describes 
three stages of information design at which research can (and should) take 
place (Sless 2008). Firstly, he recommends a process of ‘benchmarking’ to 
find the performance of the currently used information presentation method. 
Secondly, he suggests (in agreement with the Design Council model) that 
iterative testing should take place during the design process, with prototype 
designs. Thirdly, he suggests that designs should be evaluated at regular 
intervals once they have been deployed (Stages 2, 5 and 7 in Figure 2.1 – 3). 
This suggestion is in response to an observation that research in information 
design is often conducted without measuring the effectiveness of the original 
information presentation which is to be replaced. In health technology 
assessment, this might be seen as akin to performing research with no 
comparator.

In fact, there seem to be at least some in the information design community 
that are averse to research that compares two designs, sometimes referred to 
as ‘a/b testing’. In a recent discussion thread on the ‘Info-design café’ email list 
(InfoDesign Cafe 2010), participants stated that: 

“Personally, as a designer, I have never ever seen any empirical research 
results that didn’t either:

1. Merely state the obvious.

2. Indicate preference for a design direction that any half decent 
designer could have directed you to in five minutes.

3. Create results that are essentially useless or at worst completely 
misleading.”

 —Participant known only as ‘Randall’

And also that:
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“The results [of a/b testing] tend to be pieces that are remarkably ugly 
but effective.”

 —Caroline Jarrett

This is not a universally accepted view, as there were also comments in favour 
of this kind of empirical research in this discussion. Similar debates are 
common at conferences with an information design theme. There does seem to 
be a fear in at least parts of this community of the research methods being used 
as a substitute for creative designs, which may stem from the fairly obvious fact 
that designers themselves are not often also trained researchers. 

The empirical research that is conducted on information design outputs 
tends to be spread out through many subject-specific journals, depending on 
the nature of the information being presented. Some research with general 
methodological interest to information design is published in the Information 
Design Journal (Information Design Journal 2010). However, unlike hta, 
empirical research in information design has much less of a standard form 
of reporting. There are no standard ‘outcome measures’ which can give a 
numerical scale of the effectiveness of an information graphic, like those that 
are commonly used to measure the effectiveness of health interventions. Thus 
it is difficult to find an objective measure with which to compare different 
graphical techniques. This may perhaps be due to the fact that individual 
designs can vary so much in terms of style, purpose and information presented. 

Research in information design remains focussed on improving individual 
designs, rather than showing their benefits in relation to other techniques. This 
kind of empirical evaluation of the functions and abilities is needed for them to 
be accepted in scientific fields such as hta.

2.1.3   Existing studies of information displays in 
health research

Empirical, controlled studies of the effectiveness of information graphics are 
widely distributed through the research literature, and spread across many 
fields of application (such as health, management, business, finance, design, 
and engineering, amongst others.) A systematic literature review in this area is 
therefore challenging. Table 2.1 – 1 shows details of some empirical studies of 
information graphics. These have been sourced from bibliographic searches as 
well as a request for information made through the phd-design email list on 
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jiscmail (phd-design on jiscmail, 2009). They address visual information 
presentations in management (3 papers),  health (2 papers) and finance (1 
paper). These papers cover quite a wide period of time, which potentially 
causes difficulties with outdated technologies being used to create and 
distribute information graphics. However, since many static, black and white, 
printed graphics are currently used in printed health technology assessment 
reports, the research methods used to test them are still likely to be relevant.

The two studies based in a health context (Elting, 1999; Feldman-Stewart, 
Brundage & Zotov, 2007) focus on clinician and patient decisions respectively, 
rather than a health policy-making audience, although the methods used could 
be applied to decision-makers in hta. However, the displays tested in all of 
these studies would seem primitive to an information designer. For example, 
in the Feldman-Stewart et al. Graphics (shown in Figure 2.1 – 4) the horizontal 
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positioning of the numbers on the scale for the ‘horizontal bars’ display are 
potentially confusing (it is difficult to quickly see which mark corresponds to 
60). In the ‘random ovals’ display, the scales are essentially meaningless and 
almost certainly confusing.

For the Elting et al. display (see Figure 2.1 – 5), the green and red colour 
scheme tested would be impossible to use for around 5% of the male 
population with red/green colour blindness. Also, the pie chart seems to 
be mislabeled, as the ‘investigational treatment’ is shown as having higher 
response rates in all other displays. The labelling for good and poor prognosis 
in the pie chart is also rather ambiguous, and could apply to a single segment 
of the display, although it is intended to encompass two segments.

While the displays themselves are unsophisticated, the research methods 
used in these papers may be adapted to evaluate information design outcomes. 
As shown in Table 2.1 – 1, there are three commonly used measurements in 
these empirical studies:

Response time: how long it takes for a participant to make a decision, or take 
some other action, based on information presented in different formats. 

Accuracy: how close a participant’s response is to an already established ‘best 
answer’ (or correct answer).
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Preference: each participant chooses between multiple information 
presentations (such as numerical vs. graphical format, or between different 
graphical presentations). 

These variables can then be analysed with a range of different statistical 
techniques, including anova (analysis of variance), t-tests, and regression 
analysis, among others.

One study (Benbasat & Dexter, 1985) also recorded qualitative data, in the 
form of participants’ comments, about the different information presentations 
given. Although these comments were referred to in the discussion section, no 
formal qualitative analysis was included in the paper. 

2.1.4   Researching information graphics in hta

The foundations of hta lie partly in the development of evidence-based 
medicine (Banta 2003), using scientific evidence to inform policy decisions. 
Given the degree of highly technical and specialist knowledge required to 
perform hta research, it is likely that there are few people with specialist 
training in visual communication working in the field. Due to the evidence-
based roots of hta, the use of empirical testing might effectively be used to 
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show which new graphical techniques might have benefits in the field. This 
would provide a way of showing where it is and is not appropriate to use 
information graphics. This would provide a way of showing the advantages 
and disadvantages of visual information presentation through the language of 
empirical research, which should be widely understood in hta.

However, as described in the previous section, what testing there is in the 
field of information design tends to be with small samples, and qualitative 
in nature. This kind of research is less familiar in hta, in which the standard 
evidence base is large, quantitative trials. Qualitative data is rarely incorporated 
in hta work, as it is difficult to synthesise (Leys 2003). Methods for scientific 
evaluation of information graphics are underdeveloped, and not widely 
perceived as necessary (Daru 1989).

There are fundamental differences between research in information design 
and hta. Compromises must be reached in order to address these through the 
methods adopted by the research in this thesis. The research clearly needs to 
be regarded as methodologically acceptable in hta for the graphics to be used 
at all. Results must be sound, so as to reach defensible, rational conclusions. 
The research also must stand in the field of information design so that the 
designs can be discussed, and improved by those with a background in visual 
communication. This is the only way of ensuring continuing innovation in the 
graphical presentation of hta data.

The distrust of quantitative data in much information design outside web 
design must be allayed by including at least some qualitative research in all 
studies. This should address the need of the information design community 
to understand the audience and context for a display. Conversely, it would 
be sensible to include at least some quantitative measures in all studies to 
provide a solid foundation that those working in hta, and therefore used to 
seeing numerical measures, can quickly and easily interpret. This naturally 
points toward the use of a triangulation strategy (Gray & Malins 2004), where 
quantitative and qualitative results are used together to explore the use of 
information graphics in hta. For example, measuring task completion time 
can show where a presentation method reduces search time, and what the 
people performing the task are saying and doing can suggest why this is, and 
how to change the design in response.

Information design is often a creative and individual process. It allows 
particular quantities and kinds of data to be presented, taking into account the 
use to which the design will be put. A designer might argue that an entirely 
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* For example, Bertin 
suggests that a map of 

property prices might be 
used by one analyst to see 

which areas of a country 
they should invest in. 

Another person might 
want to look up the prices 

in a specific area. For the 
first use, a data map would 

be most useful. For the 
second, an alphabetical 

list would be preferable. 
The same data can be 

presented in different ways 
to facilitate different tasks 

(Bertin 1981).
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different presentation technique would be more appropriate for the same data 
if the hierarchy of importance of different dimensions within that data was 
changed (say, for a different audience or purpose)*. A different design might be 
more effective for presenting a set of variables when a large number of samples 
is collected than with a small number (Thomas & Cook 2005). A different 
design might even fit better within one person’s cognitive model of the world 
than another’s, meaning that one person would make better use of it than 
another. 

hta work, likewise, tends to be very specific. Different health conditions 
require very different health interventions. The quality and quantity of 
evidence varies greatly. The process of collecting and assimilating all the 
necessary information requires a good deal of intellect and diverse knowledge 
and skills. However, it has to be a systematic process to reduce bias (Egger, 
Smith, & Altman 2001). Methods must be explicitly stated, and searches 
performed according to specified rules.

This produces a potential conflict in that, if data is collected in a systematic 
manner, and information design is creative and individual, could the 
presentation process itself introduce bias? Tufte tells us that visual presentation 
can be used to deceive, but only as much as verbal, or numerical presentation 
of information if that is the intention of the author (Tufte 2001). However, 
empirical evidence of the effects of graphical presentation may serve to address 
this possible conflict.

The process of randomising participants is something that is often regarded as 
a ‘gold standard’ in hta (dependent on the question being asked). However, 
it is rarely seen outside web design in the field of information design. A 
rigorous scientific experimental design like this could easily be imported 
into information design studies. However, unlike a health intervention, 
which might take months or years to show a result, the ‘delivery’ of an 
information graphic takes seconds or minutes. This means that a participant 
in an information graphic evaluation can be shown multiple information 
presentations and given the opportunity to discuss their preferences and the 
relative strengths and weaknesses of the two. For this reason, the studies in 
this thesis use a randomised, crossover design where possible, so that each 
participant receives both presentations, but in a random order.

There are some complementary aspects of hta and information design, 
however. It is possible to think of both information graphics and hta reports 
as the presentation and documentation of data. Both fields are familiar with 
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research on the documentation (outputs) of the work in the field.

Also, the disciplines’ common goals of providing clear information to those 
that need it align well. Therefore, a focus on the needs of users will be a starting 
point for the research in the thesis. The information graphics produced should 
address the information needs of the expert users of hta through the provision 
of information in a graphical form. The research will focus on the successful 
communication of hta research data.

Methodology2
Discussion2.1
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This thesis adopts a design process similar to that defined by the design 
council (Design Council 2007), in terms of identifying user needs, surveying 
the currently used materials, agreeing specifications, developing information 
graphics, and then testing these. However, it also attempts to incorporate 
testing at multiple stages, as suggested by David Sless (Sless, 2008). Also, the 
process of development and use of information graphics in the scientific field 
of hta requires many parts of these processes to be adapted and formalised. In 
this new hta information graphics design process model, scientific methods 
are used for needs evaluation and surveying currently used techniques. 
Prototype techniques are subjected to rigorous task-based evaluation. 
However, it is hoped that a creative and experimental approach to design 
practice is retained. The thesis demonstrates something that is, in essence, 
a design process model, but one that is supported and augmented by some 
scientific research methods, as appropriate to the area of application in health 
technology assessment (see Figure 2.2 – 1).
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This process model begins with establishing potential information needs. This 
phase involves careful study of existing information presentation methods, 
observation of working patterns and information flow, and consultation with 
key stakeholders. It shares much with the Design Council’s initial ‘discover’ 
phase. It requires creative thought, and a consideration of a broad number 
of sources – so much so that it is somewhat hard to define the boundaries 
of the activity. An idea for improving information presentation may come 
from a formally-conducted needs research study, based on documentation 
or interviewing stakeholders, but it may equally come from a remark from a 
colleague or a conference delegate, perhaps noting that they find difficulty in 
presenting or interpreting a particular kind of data. It is likely that a realisation 
that an information presentation need exists may emerge from a consideration 
of multiple of these sources. This information needs assessment also 
corresponds somewhat with David Sless’ information design process model, 
which begins with a phase which he calls ‘scoping’. However, the new hta 
model at this stage includes scientific study, while it also acknowledges the part 
that can be played by less formal discussions. Two examples of formal research 
studies that could be conducted at this stage are provided in Chapter 3.

After this point, the hta information design process model diverges from 
Sless’. He moves next to ‘benchmarking’, or evaluating the performance of 
an existing display that is to be improved. However, in research studies for 
medical interventions, testing in isolation without randomised comparison 
to a new intervention would not be considered good practice. For this reason, 
testing of existing presentations is carried out later, when there is a new 
prototype to be tested in comparison. The hta model moves instead to a stage 
more akin to the Design Council’s second ‘define’ phase – when identified 
information needs are brought together to form a more formal specification 
of a particular problem area. The goal in this specification phase is to produce 
documents that detail the scope of the proposed design work and the 
information need(s) to be addressed. It may be appropriate to show a range of 
techniques that others have used in the past when attempting to present similar 
information, or techniques used outside hta that could be used. Hand-drawn 
or rough computer-built design sketches and ideas could also be included to 
give an idea of what would be possible, although these will probably not use 
real data, beyond perhaps finding the range of values that will probably be 
displayed. This stage should, where possible, be a collaborative experience, 
drawing together hta producers, potential users and information design 
professionals. Ten examples of this stage are shown in Chapter 4.2. 

Once a broad agreement has been reached, the next phase is the production 
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of a prototype (or multiple prototypes). Again, this is an inherently creative 
task, and involves using real data to create ‘one-off ’ designs. Depending on 
the volume of data to be presented, this may involve a variable amount of 
computer processing. In many cases, a single design can be produced by 
hand, even if this will take many days of data entry into a design and layout 
program such as Adobe Illustrator. The idea is to produce an accurate, usable 
display, that could be used at the appropriate part of the hta process. For 
this thesis, most of the displays developed during this stage were static, 
multi-page documents created in Illustrator or InDesign, that could be used 
in hta reports. However, if interactive, screen-based presentations are being 
developed, these need to be fully functional at this stage. The design of these 
prototypes can be usefully refined during this phase by showing designs at 
various stages of development to colleagues in an informal way, which will 
feel natural for many design professionals. It may even be useful to present 
techniques at meetings and conferences to gather informal suggestions and 
refinements. This phase is very similar to David Sless’ ‘prototyping’ stage, and 
the Design Council’s ‘develop’ stage. However, this informal testing that is a 
key part of prototype development may also incorporate some of what David 
Sless refers to as the ‘testing’ and ‘refining’ loop. This is included in the Design 
Council’s ‘develop’ phase as iterative design loops, in which a design is tested 
and refined many times. Five examples of the ‘prototype development’ phase 
are shown in Chapter 4.3.

In the new hta process model, a distinction is made between the informal 
testing of the prototype phase, which will be quite natural to most information 
designers, and the next phase of the process model: comparative or individual 
studies. The idea is to test the new prototype technique in a formal way, with 
some kind of experimental evaluation. The main aim of this is to extend the 
prototype testing, in refining the designs. However, it is also an opportunity to 
give both designer and potential users of the technique some idea of how the 
display is performing. If the display is replacing an existing technique (such as 
a numerical table in a report) it may be appropriate to perform a comparative 
evaluation. This phase incorporates both of David Sless’ ‘benchmarking’ phase 
and his ‘refining’ phase, in a way which will be methodologically acceptable to 
the hta audience: using randomised experiments with potential users. A third 
potential benefit of such studies, alongside refining the displays, and showing 
whether improvements are being made in comparison to existing practice, 
is that such studies can potentially be published. This may lead to increased 
awareness of the display technique in a scientific field such as hta, making later 
stages of deploying and monitoring easier. Some techniques developed for this 
thesis, however, presented data that was not commonly included in reports, 
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and as such no comparator was available. In this situation, an evaluation study 
can still be performed at this stage, but the focus shifts more to showing that 
the displays are understood as intended by their audience, and to discover how 
to refine the display. Studies of both kinds have the potential to uncover other 
information needs or adaptations that are significant enough to be thought of 
as new prototypes, so the model includes possible feedback loops at this stage. 
An example of a comparative study is shown in Chapter 5, and an individual 
study is shown in Chapter 6.

After testing, the model includes a phase called ‘deploy’. This corresponds to 
Sless’ ‘implimenting’ and the Design Council’s ‘deliver’ phases. At this stage, 
decisions have to be made about how a technique should best be produced in 
a scale useful to the hta process. It may be that the technique can reasonably 
be produced by hta researchers using standard statistical analysis software. 
Alternatively, specialist display software may have to be constructed. In 
some cases, it may only be appropriate for the displays to be produced by 
professionally trained information design specialists, using graphic design 
software alongside systems that can automate some of the process, such as 
the Processing language. This thesis shows one example of a display being 
deployed in Chapter 7, using the individual design approach. It is hoped that 
software can be developed in future for producing such displays. However, this 
would require time and skills not available for this PhD research project, so 
this is not included here.

The last phase is the ‘monitor’ phase suggested by David Sless. This involves 
testing the new display in a context of real use. This is important because 
an experimental test can never replicate the real conditions of use. A report 
may be read on a busy train rather than a quiet office. Lighting conditions 
might not be ideal, or the report could be printed on a poor quality printer, 
or low resolution display such as a notebook or tablet computer. Such factors 
are challenging to capture in a research study, but this could take the form 
of testing decision-makers use of information graphics after an appraisal, or 
interviewing them on usefulness and/or difficulties encountered while using 
displays. Also, such studies might capture how displays are used after they 
have become more common, reducing the learning overheads of unfamiliar 
displays. It is hoped that such studies might shed new light on information 
needs, prototypes, or existing deployed designs, so feedback loops are included 
in the model at this point also. However, as such monitoring studies will be 
most useful after information graphic techniques become widely used, it was 
not appropriate to include an example in this thesis.
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Chapter 3: 
Context
This chapter examines the context of interest for the 
thesis: hta research. 

The first section of this chapter, 3.1, is a systematic study 
of the information graphics currently used in ‘technology 
assessment reports’ (TARs) that inform health policy 
decisions in the uk. Through counting the techniques 
used, the study is intended to provide an understanding 
of the visual communication skills and capabilities 
available to health technology assessment authoring 
groups in the uk.

The second part of the chapter, 3.2, is a second research 
study. This explores the information needs of those 
working in hta, with a focus on policy-makers. Its aim is 
to establish where the potential functions of information 
graphics discussed in Chapter 1.3 might be useful to the 
process of making health policy decisions.
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This chapter shows examples of the kind of studies that might be used in the 
first part of the suggested design process for information graphics in hta (See 
Figure 3.0 - 1). The quantitative content analysis and qualitative telephone 
interviews formed and important part of the information needs collection that 
was the basis for the information graphics designed, which will be detailed 
in Chapter 4. However, informal conversations and consideration of visual 
material also contributed significantly to the development of these information 
graphics. Therefore, the two studies detailed here might represent the two 
larger circles feeding into the area of information needs, which is also informed 
by other elements (the smaller circles), and has a somewhat indefinable 
boundary. This is partly because future studies are also likely to reveal 
information needs, resulting in feedback loops.
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Showing the part of the proposed design 
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3.1 Current use
Note: the research detailed in Chapter 3.1 has been published in: Pitt, M.;  
Stahl-Timmins, W.; Anderson, R. and Stein, K. 2009. Using information 
graphics in health technology assessment: Toward a structured approach. 
International Journal of Technology Assessment in Health Care. 25 (04):  
555–563.

3.1.1   Introduction

3.1.1.1   Information graphics in hta

Visual presentation techniques are used frequently in health technology 
assessment. This is not surprising, given the challenges inherent in assimilating 
large volumes of information and effectively presenting this to decision-
making bodies and other interested parties, in light of what has been suggested 
about the role of information graphics in the introduction to this thesis. 
Almost all ‘Technology Assessment Reports’ (tars) produced in the uk to 
inform the decision-making process at nice (the National Institute for Health 
and Clinical Excellence) feature at least one graph or chart. However, the 
techniques used are limited to black and white, printed graphical presentations.

It has been over ten years since eur-assess detailed the available presentation 
methods for hta in Europe (Banta 1997). Since that time, the internet has 
become an increasingly media-rich platform, capable of delivering animation, 
sound, and interactive graphics to the majority of internet users in the uk. 
Computers have become faster and cheaper, and more possibilities for visual 
communication now exist than ever before (Thomas & Cook 2005). While 
the benefits of visual data presentation have been embraced in business 
management (Shostack & Eddy 1971) and finance (Wattenberg 2008), very 
little subject-specific guidance on visual presentation is currently available to 
those producing hta reports in the uk (Pitt et al. 2009).

3.1.1.2   Examples of information graphics used in hta

Three examples of information graphics are presented here, all taken from 
published hta reports.  They are all typical of the kind of standard graph 
techiques commonly used in hta.  (Brazzelli M et al. 2006; ; ). 
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As is conventional, the 
bar chart in Figure 3.1 – 
1, (from Brazzelli  et al. 
2006), uses the height 
of the bars to represent 
a numerical quantity 
(in this case percentage 
of children with dental 
cavities). The horizontal 
position of the bars is used to represent a categorical 
variable (age). This particular chart also uses greyscale 
shading and grouping to show another categorical 
variable (year). It would have been possible for the author to have presented 
this data using a table, with nine boxes in a 3x3 matrix for age and year, and 
the percentages displayed in numerical form. The numerical presentation 
would have taken less space, and would have enabled another researcher to 
use the values for further analysis at a later date*. However, the human eye is 
trained from an early age to measure different sized objects (Resnikoff 1989), 
and visual representations such as this can be a very quick and effective way 
of allowing the reader to judge the relative differences between the quantities 
represented (Spence 2007). Whatever the reason, the author for this part of 
the report must have decided that a bar chart was the best method available to 
them to convey the data to its intended audience.

The Flow diagram in 
Figure 3.1 – 2 (from 
Fox et al. 2007) uses 
titled boxes to represent 
different ‘health states’. 
This way of showing 
the different stages 
in a disease process 
is commonly used 
in health technology 
assessment. Directional 
linking (arrows) show 
the possible events 
within the system, 
representing the possible transition of units (in this case 
people) in a mathematical model of this disease and 
treatment. The system is evidently very complex, and 
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Figure 3.1 – 1
Bar chart showing the number of children of 

different ages with tooth cavities over time 
(from Brazelli et al. 2006).

* Systematic reviewers 
are sometimes forced to 

use a ruler to measure the 
height of bars in bar charts 

in the published reports 
of trials, to obtain data for 

evidence synthesis.

Figure 3.1 – 2
Flow diagram showing the pathways for 

simulated patients in a mathematical 
simulation of cardiac resynchronisation  

(from Fox et al. 2007).



the author has chosen to give a visual overview at this point, to explain what 
can happen to people that undergo the procedure in question. The procedure 
could conceivably have been described textually instead, but the graphical 
presentation here probably saves space and can be more quickly understood. 
However, it is not without its flaws. Double-headed arrows are not explained 
in the key, and the large grey boxes are not labelled. Some simple typographic 
techniques could give more structure to the diagram – in its current form it is 
hard to get an overall sense of the diagram without reading each word. Despite 
its unsophisticated design, the visual representation affords the possibility that 
the viewer can choose which part of the system they look at, thus allowing 
them to choose their own sequence in which to understand the system. A 
narrative description would be more prescriptive, leading the reader through 
the system in one particular way. Whatever their reason, the author(s) again 
chose to represent the information in graphical form.

The time series graph in Figure 3.1 – 3 (from Hill et al. 2004) shows two 
dimensions of information using the familiar Cartesian axes. Following 
convention, time is 
shown on the x-axis 
(horizontal postion), 
with the mean waiting 
time of patients is shown 
on the y-axis (vertical). 
The mean waiting time 
against time is shown 
for two different health 
interventions, which 
are distinguished from 
each other using both 
greyscale shading and 
the shape of the points along the two lines. The 
data used is quite similar to that presented with a 
bar chart by Brazzeli et al. (shown in Figure 3.1 – 
1). However, they seem to have chosen a different 
graphical presentation method. The author(s) of this section of the report 
could, again, have chosen to show this information in numerical, tabulated 
form. This would have the advantage that, again, the information could 
be further analysed in future without having to measure the points on the 
graph. Also, it has been suggested (Cleveland & McGill 1984) that two-line 
comparative line graphs which curve in the same direction at different levels 
are misleading. This probably affects the section of the time series between Q3 
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Figure 3.1 – 3
Time series graph showing the mean waiting time 

for those recieving cardio-thoracic surgery and 
Cardiology over time (from Hill et al. 2004).



2001 and Q1 2002, causing the viewer to believe that the lines are closer than 
they actually are. The author(s) may not have been aware of this difficulty with 
their chosen presentation method, or they may have decided that the benefits 
of using this information graphic outweighed its disadvantages. It may be that 
it takes less cognitive effort to see the general shape of the two interventions’ 
waiting times gradually becoming closer together and then eventually crossing 
in this form than it would be in tabulated form. Whatever the reason, a choice 
was again made to use an information graphic rather than tabulated numerical 
data.

While the time and skills needed to create visual displays may be limited in 
hta, there is at least some use of visual techniques. This study seeks to explore 
the extent of the current use of information graphics in hta documentation.

3.1.1.3   Systematic tar review

In order to determine the current use of information graphics, this chapter 
presents the results of a systematic review of their appearance within hta 
reports in the uk. An information graphic is defined here as any method 
of presenting data that uses visual elements, rather than purely numerical 
(tabulated) or textual display. The review detailed in the rest of this chapter is 
intended to provide a clearer understanding of current practice in hta in the 
uk, highlighting any variability and suggesting possible reasons for this. By 
investigating which graphical presentation techniques are currently accepted 
and widely used in hta, opportunities for further development in the methods 
used for graphical presentation of hta outputs can be revealed.

The review focuses on the information graphics used in Technology 
Assessment Reports. These reports are used by the National Institute for 
Health and Clinical Excellence (nice) to assist the process of decision-making 
on the adoption of health interventions by the National Health Service in 
England and Wales. These are produced by research groups at seven university-
based research centres throughout the uk (referred to hereafter as ‘technology 
assessment groups’).

3.1.2.1   Research questions 

While the overall aim of reviewing hta reports is to understand the patterns of 
use for information graphics in the field, several research questions are used to 
focus the analysis.
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Q1) How extensively are information graphics used in hta reports?

The most simple test of how information graphics are used is how frequently 
they appear. Answering this question will suggest to what extent they are 
currently relied upon by the reports’ authors.

Q2) Are tables more or less prevalent than information graphics?

Any numerical data can be presented in graphical form. Even tables with text 
content can often be presented in graphical form. The answer to this question 
will show how much additional information in the technology assessment 
reports could be presented in graphical form.

Q3) Which information graphic techniques are used?

Knowing which techniques are currently used allows the design and 
development of new techniques to be focussed on innovative areas. A large 
range of techniques used might indicate that reports have very individual 
complexities or presentation challenges. Alternatively, it might be a reflection 
of a lack of guidance on the use of information graphics for hta report 
authors. A small selection of techniques used could indicate little innovation 
or development of graphical presentation techniques, or that only a few 
techniques are appropriate.

Q4) Which sections of the reports do these information graphics appear in?

This question, with reference to the previous one, will help to show how much 
of a pattern has already been established for the use of information graphics in 
health technology assessment. 

Q5) Do different technology assessment groups use different types or quantities of 
information graphics?

This question is used to show the degree of variation that is found between 
groups. This may help to show how much guidance is available to hta authors 
in the uk on the graphical presentation of data.
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3.1.2   Methods

To assess the use of information graphics in hta reports, a systematic content 
analysis was performed. Content analysis is a technique which produces 
quantitative data through counting appearances of words or figures. It is 
normally applied to textual data, but can be applied to graphical techniques, 
although this is not usual (Carney 1972).

This kind of quantitative technique might be expected to be well understood in 
hta, which also focuses largely on extracting data from published materials. To 
count the appearance of different kinds of information graphics, categorisation 
is necessary. Categorisation of graphical presentation techniques is already 
established practice (Bertin 1981; Harris 1999). 

3.1.2.1   Population Sampled: 50 most recent TARs

As of July 2008, when this review was performed, 98 Technology Assessment 
Reports had been published to inform the decision-making process at nice. 
These reports are included in the hta monograph series (nihr Health 
Technology Assessment programme 2010). These reports provide a substantial 
body of work, which might be expected to be representative of other 
technology assessment documentation around the world.

3.1.2.2   Sample size

The review was restricted to the 50 most recently published as monographs 
in the series at the time of writing. These monographs were dated between 
October 2003 and November 2007. This sample provides enough material to 
enable a discussion of comparative results, whilst being recent enough to give 
an overview of current practice.

The reports were produced by seven different technology assessment groups at 
universities in the uk. Some centres were more active than others, but care has 
been taken to normalise results where possible, so that they are expressed in 
terms of how many reports each team has produced in this period of time.

3.1.2.3   Procedures 

Content analysis was used to perform a systematic review of the current use of 
information graphics in hta reports in the uk. Content Analysis is primarily 
a quantitative research method, used most often to classify and record 
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occurrences of words or phrases through counting. This survey recorded the 
appearance of graphic techniques in a similar way. Since some of these can be 
hard to classify, the graphics were also described textually, noting which visual 
elements were used to present information. As in much research with a visual 
basis, such qualitative information is valuable, to provide a richer method of 
recording the use of unusual and innovative techniques ( Jensen 2002).

3.1.2.4   Outcomes: Typology of information graphics

The graphics in the reports surveyed were counted, and grouped into several 
categories. To develop an appropriate typology, an initial ‘scoping review’ was 
carried out. Ten reports, from 2006 and 2007 were surveyed. This led to the 
development of a typology with two dimensions: 1) The graphic’s position 
within the report, and 2) the type of information graphic used. 

1) Position Within Report

Inroduction / Background•	
Systematic Review (Methods)•	
Systematic Review (Results)•	
Economic Review and Model Critique•	
Economic Analysis (Methods)•	
Economic Analysis (Results)•	
Conclusion•	
Appendices•	

 
To describe the information graphic techniques used, the review used both 
types and subtypes. This gave two possible levels of information from which 
to draw conclusions. The more general types were useful for recording widely 
used techniques, such as line graphs with two axes, that did not fit into a 
specific subtype. 

2) Information Graphic Technique Used
Line•	

Time Series -
Cost—Effectiveness Acceptability Curve -
Threshold Diagram -
Other -

Flow•	
State Transition -
Decision Tree -
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Other -
Area/Position•	

Bar Chart/Histogram -
Scatter Plot -
Other -

Other•	
Forest Plot -
Other -

 
The number of tables used (containing numerical or textual data) was also 
recorded, as a comparator, as this is the main alternative method of displaying 
data that might instead be used for information graphics in hta reports.

A textual description of each graphic was included, noting any graphical 
elements used to display the information, as suggested by Colin Ware (Ware 
2004). For example: 

“CEAC: Use of shaped points, greyscale shading for distinction 
1x comparative, 3 line  -
1x comparative, 2 line”   -

or :

“area/position>other: Summary of study designs. Arrow length indicates 
length of studies. Greyscale shading. Use of line pattern.” 

This kind of textual record gives more information than numerical results 
alone. It was recorded to give an idea of the intentions behind the graphics, 
and the graphical elements that were used for constructing information 
graphic techniques. Also, in the case of any graphics which were somewhat 
hard to classify, or fell outside the typology, this space for textual description 
gives a more meaningful way of recording the graphic than simply marking it 
as belonging to the ‘other’ category. This information can be used to test the 
typology.

A more general notes column was included for the researcher to record 
qualitative observations on each report. As in other areas of visual research 
and evaluation, such information can be more valuable than quantitative 
results alone (Gray & Malins 2004) if it is obtained in a reliable and systematic 
manner (Robson 1993).
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3.1.2.5   Analysis method

All figures in the reports were categorised according to the typology. This 
allowed for quantitative comparisons of the numbers of graphics used in 
reports, against the number of tables used, between different kinds of graphics, 
the section of reports in which they were used, and comparisons of the number 
and type of graphics used between the different research centres producing the 
reports.

3.1.3   Results

3.1.3.1   Frequency of information graphics

Research question 1: How extensively are information graphics used in hta reports?

A total of 965 graphics were used in the fifty reports surveyed (excluding those 
found in appendices). In total, this is approximately one graphic for every 
five pages of report reviewed. This is an average of 0.20 graphics per page 
(calculated as the mean of each report’s frequency of graphics per page, to 
reduce the effect of disproportionate use of repeated graphic techniques).

Almost every report surveyed used some kind of information graphic, with 
the exception of Bryant, J. et al. (2005). This was also the shortest hta report 
included, at only 38 pages, comparing a drug-based intervention with a 
device. In this report, there was a small pool of identified research, which was 
presented in tabular form. The review included no economic model, instead 
reviewing existing economic evaluations and applying findings from these, 
presenting results in one small table.

3.1.3.2   Use of tables

Research question 2: Are tables more or less prevalent than information graphics?

Tables are used, on average, nearly three times more than graphics in the 
reports surveyed (mean frequency of graphics per page in each report 0.2, 
sd 0.160, and mean frequency of tables per page 0.58, sd 0.163). Median 
frequencies were similar to the means, with 0.17 for graphics (iqr 0.1–0.28; 
range 0–0.97.) and 0.57 for tables (iqr 0.48–0.64; range 0.28–1.03.) It should 
be noted that the maximum value for graphics is rather high due to a very large 
systematic review with many Forest plots (Bridle C et al. 2004). Discounting 
this review, the next value would be 0.54.  Figure 3.1 – 4 summarises these 
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results in a box-and-whisker plot, which are widely used for displaying such 
information.

Only one report used more graphics than tables (Bridle C et al. 2004). This 

2004 review, carried out by the York technology assessment group, included 
93 forest plots. Only two other graphics were used in the report. This probably 
reflects the large pool of existing research in the area covered by the report, 
which has led to the repeated use of a well established graphic technique for 
summarising this data.

3.1.3.3   Graphical techniques

Research question 3: Which information graphic techniques are used?

97.7% of the graphics used fitted within the defined typology of techniques, 
as shown in Figure 3.1 – 5. Of the 353 graphics in the ‘other’ category, 331 were 
forest plots, leaving only 22 graphics that could not be classified. This should 
probably have been a main category, but the pilot study used to inform the 
category building did not pick this up, and several weeks of effort had been 
invested before it was clear that there would be a very large number of forest 
plots. 
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Of the 22 other graphics recorded as ‘other’ graphics, many (around 35%) were 
medical illustrations or photographs, used to expain the technology being 
assessed.  Others were often conceptual diagrams, which were hard to classify, 
as they did not present numerical data in graphical form.

3.1.3.4   Distribution of graphics in reports by section (Q4)

Research question 4: Which sections of the reports do these information graphics 
appear in?

Graphics were distributed widely throughout 
the reports. Figure 3.1 – 6 shows the raw counts. 
The two main report sections have fairly equal 
graphics use, with 456 in the clinical effectiveness 
sections and 440 in the economic analysis sections. 
Graphics were used predominantly to display 
results rather than methods used. 

Some graphics appeared in report appendices, but 
these can run to hundreds of pages, sometimes 
becoming longer than the actual report that 
they accompany. In the appendices, the mean 
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Types of graphics used in reports surveyed.



/P
OS

IT
IO

N

LI
NE

FL
OW

OT
HE

R

EEEEEEEE WOOWWWWWWWWWWWWWWW EEEAAEAAAAAAAAAA OOONNONNNN HHHEEEEEEEE
REERRRRRRRRRR

TI
M

E
 S

E
R

IE
S

C
E

A
C

TH
R

E
S

H
O

LD

O
TH

E
R

S
TA

TE
 T

R
A

N
S

IT
IO

N

D
E

C
IS

IO
N

 T
R

E
E

O
TH

E
R

B
A

R
 C

H
A

R
T

S
C

AT
TE

R
 P

LO
T

O
TH

E
R

FO
R

E
S

T 
P

LO
T

O
TH

E
R

IN
TR

O/
BA

CK
G.

SY
ST

EM
.

RE
VI

EW
M

ET
HO

DS

SY
ST

EM
.

RE
VI

EW
RE

SU
LT

S

M
OD

EL
RE

VI
EW

S
M

OD
EL

M
ET

HO
DS

M
OD

EL
RE

SU
LT

S
CO

NC
.

AP
PE
N-

DI
CE

S

10 10

3

3 3

5

6

6

1

1

1 5

8

5

8

8 31

1
1

1
1

1 1
1 1

1
4

4

2

20

25

2

2

2
2

2

2 2

2

10

30

8

10 164

4 4
1

1

9

2

2 2

1

1

2 14 7

50
40

30
20

10

A
LL

 C
A

LC
U

LA
TI

O
N

S
 F

O
R

 C
IR

C
LE

 S
IZ

E
S

 A
R

E
 A

R
E

A
-B

A
S

E
D

. S
O

, 

A
 C

IR
C

LE
 R

E
P

R
E

S
E

N
TI

N
G

 5
0 

R
E

P
O

R
TS

 H
A

S
 A

 D
IA

M
E

TE
R

 O
F 

10
m

m
, 

A
N

D
 A

N
 A

R
E

A
 O

F 
7.

9m
m

2 .
 A

 C
IR

C
LE

 R
E

P
R

E
S

E
N

TI
N

G
 2

5 
R

E
P

O
R

TS
 

H
A

S
 A

N
 A

R
E

A
 O

F 
3.

9m
m

2  
A

N
D

 A
 D

IA
M

E
TE

R
 O

F 
7.

1m
m

. 

A 
TY

PO
LO

GY
 O

F 
IN

FO
RM

AT
IO

N 
GR

AP
HI

CS
U

S
E

D
 IN

 N
IC

E
-C

O
M

M
IS

S
IO

N
E

D
 T

E
C

H
N

O
LO

G
Y

 A
S

S
E

S
S

M
E

N
T 

R
E

P
O

R
TS

, 2
00

3-
20

07

C
IR

C
LE

S
 R

E
P

R
E

S
E

N
T 

TH
E

 N
U

M
B

E
R

 O
F 

R
E

P
O

R
TS

 T
H

AT
 U

S
E

D
 A

 T
Y

P
E

 O
F 

G
R

A
P

H
IC

 A
T 

LE
A

S
T 

O
N

C
E

, B
Y

 R
E

P
O

R
T 

S
E

C
TI

O
N

Fi
gu

re
 3

.1 
– 

7
N

um
be

r o
f r

ep
or

ts
 u

si
ng

 a
 ty

pe
 o

f g
ra

ph
ic

 
 a

t l
ea

st
 o

nc
e,

 b
y 

re
po

rt 
se

ct
io

n.



frequency is 0.065 graphics per page. Compared to a mean frequency of 0.2 
graphics per page in the main section of the reports, this shows that relatively 
few graphics appear in the appendices.

The raw data on the use of graphics can, however, be misleading. Some reports 
compared as many as 16 different treatments, and would therefore tend to use 
similar graphics repeatedly, having significant impact on raw counts. Also, 
certain graphics appeared almost exclusively in only one section of the reports. 
Figure 3.1 – 7 therefore shows how many of the fifty reports studied used a 
type of graphic at least once. These are displayed by report section, to give 
an overview of the pattern of use. This figure uses the area of circles to show 
the number of reports using a technique. While these diagrams can be hard 
to compare (Waller, 2011), they have the advantage of being comparable both 
horizontally and vertically (or, indeed, from any angle), and can therefore be 
used to give an approximate comparison.

Certain established graphic techniques stand out clearly in the diagram. 
Many reports included ‘study selection’ tree diagrams in the systematic review 
section, as required by the quorom guidelines (Moher et al. 1999). Also, forest 
plots were often used in this section to display results of meta-analyses. 

In the economic modelling section, there was frequently a state transition 
diagram, usually depicting the structure of a Markov model. The results of 
the modelling were often presented as a ‘cost-effectiveness acceptability 
curve’ (ceac), at least in cases where a probabilistic sensitivity analysis was 
conducted. Bar charts were sometimes used to display the results of one-way 
sensitivity analyses, and scatter plots to display probabilistic ones.

Overall, even the most common forms of graphic were only used in just over 
half of the reports (state transition in 60% of the model methods sections, and 
ceacs in 62% of the model results sections). However, this count data does not 
enable us to know whether there were missed opportunities for information 
graphics. However, considering the large amount of tabulated data, it seems 
likely that more could usefully be included.

3.1.3.5   Graphics used, by technology assessment group

Research question 5: Do different technology assessment groups use different types or 
quantities of information graphics?

Results are presented here for each of the seven hta report-producing research 
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Figure 3.1 – 8
Types of graphic used by the technology assessment groups surveyed
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Figure 3.1 – 9
Types of graphic used by the technology assessment groups surveyed (continued)
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groups in the uk. Due to the variability in the number of reports submitted 
by each technology assessment group in the time period surveyed, results are 
presented as the number of graphics used per report submitted. Numerical 
results are presented in Table 3.1 – 1, and ‘Radar’ diagrams have been used to 
give a profile for each technology assessment group in Figures 3.1 – 8 and 3.1 – 
9. 

The small number of reports per group limits the generalisability of these 
findings. For this reason, they are presented in summary, rather than 
performing statistical tests on the results.

In general, forest plots, ceac graphs and bar charts were used frequently 
by most of the research centres. State transition diagrams were also used 
consistently at just over one per report in all cases except for Birmingham, who 
appear to use decision trees instead. This suggests they tend to use decision 
tree models instead of Markov models in their economic analyses.

The radar charts do suggest some clear overall similarities between groups. 
York and Sheffield, for example, seem to have similar use of flow diagrams such 
as Markov model structure diagrams and study selection charts. This is shared 
by Exeter, and to some extent by the other research centres. This may indicate 
that it is becoming established practice to use these techniques in similar 
quantities in the reports produced. Many technology assessment groups 
also seem to use forest plots often, with Aberdeen the only group using this 
technique less frequently than another.

However, there are also many differences revealed between the patterns of 
use of graphic techniques in the different technology assessment groups. For 
example, ceac graphs (Cost—Effectiveness Acceptability Curves) are used 
frequently by the groups based in Exeter, Sheffield and York, with three or 
more in every report on average. This technique is used around once or less 
per report by the Aberdeen, Birmingham and Southampton groups. Threshold 
diagrams, which show the effects of changing various input parameters on 
cost-effectiveness estimates, are rarely used by any technology assessment 
group apart from the one based in Exeter, where they are used, on average, 
nearly five times per report. Similarly, the use of scatter plots ranges from very 
high in Exeter, through medium use in Birmingham and Sheffield, to very low 
use in Southampton, where only one appears in the seven reports produced.
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3.1.4   Conclusion

3.1.4.1   Statement of findings

Summaries are presented by research question, giving a summary of findings, 
attempting to give them some context and offering a degree of interpretation.

Q1) Are information graphics used in all reports?

Information graphics are obviously valued by the authors of hta reports, with 
an average of one graphic used per five pages of report surveyed. This content 
analysis study cannot give us all of the reasons for this. However, there is 
little specific guidance for the authors of nice appraisal documents on how 
graphical techniques should be used (National Institute for Clinical Excellence 
2004). Therefore, in every case of an information graphic being used, the 
researcher must have weighed the benefits of alternative presentations and 
decided that a graphical presentation was most appropriate. 

The one report that used no graphical techniques had a very small amount of 
numerical data, presented in small tables. This might please Edward Tufte, who 
claims that visual display techniques are not always beneficial when presenting 
small data sets (Tufte 2001). However, Bertin claims the reverse (Bertin 1981), 
so it is quite hard to know for certain if this is appropriate or not.

Q2) Are tables more or less prevalent than information graphics?

Data tables were used nearly three times more frequently than information 
graphics, showing an overall preference for presentation of numerical or 
textual data. This may be due to a lack of visual communication training on 
the part of the researchers, and/or because it is more appropriate to present 
numerical data for further analysis than to explain this data in a graphical form 
in hta reports.

There does, however, seem to be a desire to provide visual alternatives, to aid 
understanding of the complex information that must be presented. There may 
be opportunities that have not yet been explored for presenting some of the 
numerical, tabulated data that does appear in the reports.

Q3) Which information graphic techniques are used?

Of the graphics used, a large number do fit within the typology, with very few 
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appearing in the ‘other’ subtypes, and only 2.3% entirely uncategorised. This 
is perhaps surprising since the typology is small, containing only eight rather 
specific kinds of diagram. Even the graphics which fall outside these eight 
specific techniques are mostly other kinds of line graphs or bar charts. This 
suggests that the current palette of information graphics used in hta in the 
uk is quite limited compared to the number of different techniques that could 
be used: There are no area-based charts apart from bar charts – no pie charts, 
bubble charts, mosaic charts or radar diagrams. These could be useful for 
displaying the frequently multi-dimensional data in both systematic reviewing 
and modelling sections. In terms of flow diagrams, no Sankey diagrams or 
other data-rich flow techniques are used, which could be very valuable for 
showing patient flows. No link diagrams appear in any report, and diagrams 
rarely, if ever, combine techniques to enable comparisons beyond two or 
three dimensions of data. All diagrams were limited to black ink on white 
background. The printed / pdf distribution formats allow no animation or user 
input beyond choosing where to direct the gaze. 

It could be argued from these results that a small set of specific techniques 
could be all that is necessary in the field. However, the variability in the other 
analyses and the limited guidance available on the graphic presentation of 
information in hta (National Institute for Health and Clinical Excellence 
2008) tends to suggest that the alternative information graphic techniques 
available have not been fully explored. 

There may be a time constraint on designing more elaborate graphical 
techniques, or a lack of visual communication skills available to report 
authoring teams. Alternatively the systematic nature of the evidence synthesis 
methods used in hta might mean that standard techniques are all that can be 
used. This might mean that innovation in terms of data presentation has been 
discouraged in the field. It is quite likely that a combination of such factors has 
led to the limited palette of techniques used in the reports surveyed.

Q4) Which sections of the reports do these information graphics appear in?

Relatively few graphics appear in the appendices, especially considering 
how long these sections can be. The appendices tend to contain information 
that would interrupt the flow of the report, especially very large amounts of 
technical data that may be of limited use to many readers. This suggests that 
graphics are used more often for key data, that must be explained concisely 
to a wide range of readers. This may indicate that the primary function of an 
information graphic as a kind of rhetorical device. While they may include raw 
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data, they are used to set it out to show something to the reader that raw data 
would not display so clearly.

Information graphics were used throughout the main body of the reports. They 
were used to explain the intervention being considered, to show the results 
of systematic reviews and meta-analyses, explain the structure of simulation 
models, and to present the results of cost-effectiveness analyses.

This does not suggest a particular area of hta as a focus for information 
graphics. They are used both to display numerical data and explain structural 
relationships throughout the reports.

Q5) Do different technology assessment groups use different types or quantities of 
information graphics?

Technology assessment groups in the uk have established uses for certain 
information graphics within the country’s health technology process. 
Many of these, such as forest plots in meta-analysis and Cost-Effectiveness 
Acceptability Curves (ceacs) for the display of economic model outputs, 
have become common within technology assessment reports, but none are 
ubiquitous. As the volume of available trial data continues to increase, and the 
numbers of alternative interventions for comparison increase, researchers may 
be challenged to find new ways of communicating their findings. 

Although nice does provide guidance on the production of technology 
assessment reports (National Institute for Health and Clinical Excellence 
2008), they mention only ceac graphs and forest plots. However, the different 
kinds and quantities of graphics used by the different authoring centres seems 
to suggest some uncertainty as to the best methods for presenting data in 
health technology assessment. 

3.1.4.2   Discussion

While those working within hta may be highly skilled in mathematical 
modelling, have a clear understanding of the clinical context of an 
intervention, or advanced skills in critically appraising and synthesising clinical 
studies, it is likely that few have received training in visual communication and 
graphical presentation methods. This study suggests that the tools available 
for presenting complex results are limited to software designed for word 
processing or spreadsheets in most cases (and follow precedent). 
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There are also certain constraints inherent in the current media available for 
presenting research. hta reports are currently produced in black and white, 
in printed reports. It has been suggested that screen-based interactive display 
methods can have benefits in terms of understanding complex multivariate 
data (Spence 2007). Colour has also been shown to have a positive effect on 
making decisions based on multivariate data (So & Smith 2002). 

hta reports are currently available to the general public on the internet, and are 
produced on modern computers at academic institutions that already possess 
the necessary technology to host files online. Howver, the use of presentation 
media seems to still be limited to that suggested in the eur-assess report in 1997 
(Banta 1997), which discussed the possibilities offered by the internet, including 
email, in one short paragraph. This report also suggested that television, radio 
and newspapers might be good ways of disseminating hta work to the general 
public, but this review can not comment on how widely this has been taken up.

There may be possibilities for improved use of information graphics, especially 
if the media for presentation can include screen-based, or colour reproduction. 
Even within the limitations of static, black and white, printed graphics, it may 
be possible to develop effective new presentation methods, in response to the 
needs of the decision-maker, and the data to be presented.

3.1.4.3   Strengths and limitations of methods

This content analysis study has shown a detailed overview of the information 
graphics used in hta documentation used to support health policy decisions in 
the uk. While it is likely that this is largely replicated in other documentation 
around the world, more might perhaps be said about the inevitable differences 
between health technology assessment documentation in the different health 
systems of different countries.

Also, other kinds of documentation could be reviewed. Surveying television, 
radio and/or newspaper reports might suggest whether information graphics 
are used differently there, to convey hta research data to the general public. 
The use of hta by general practitioners might be compared to the information 
graphics used in medical journals, or the nice guidance that is disseminated to 
them.

The quantitative method of content analysis can hardly begin to suggest 
what the benefits of visual communication might be, compared to those of 
numerical or textual presentation. Each information graphic has strengths 
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and weaknesses for displaying different kinds of information, and to different 
audiences. Further research might be able to show whether some degree of 
replication of information may also be desirable, or even necessary, which 
would support the use of multiple methods of displaying the same data in hta 
documentation. 

3.1.4.4   Implications of findings

This review has defined the scope of the remainder of this thesis. It has 
shown that information graphics are already established as essential methods 
of communicating the complex numerical data found in hta reports in 
the uk. However, the number of different techniques used is limited, and 
improvements might be made. 

The next stage will be to give a clear idea of who the end-users of hta reports 
are. Research is needed that establishes their needs, and the tasks they seek 
to accomplish using hta documents. This will show whether new visual 
communication techniques are needed.
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3.2 Information needs

3.2.1   Introduction

3.2.1.1   Information Needs

An understanding of user needs is very important for design.  
In Donald Norman’s often quoted volume The Design of Everyday  
Things (Norman 1998), he tells us that: 

“The point of [this book] is to advocate a user-centered design,  
a philosophy based on the needs and interests of the user, with  
an emphasis on making products usable and understandable.” 

This functional approach can be a useful one in the design of information 
graphics for a scientific field such as hta. 

The introduction to information graphics in Chapter 1.1 
gives us examples of the value of understanding something 
about the people that will be using a graphic. Otl Aicher’s 
pictograms for the 1972 Munich Olympic Games (see 
Figure 3.2 – 1) seem to demonstrate a understanding of 
the knowledge and abilities of an international audience. 
It might be assumed that, whatever verbal language this 
audience spoke, they might recognise the body language 
and positioning of the athletes in their chosen events 
(Aicher 1994). Likewise, Otto and Marie Neurath’s understanding of the 
needs and abilities of their intended audience allowed them to communicate 
statistical information to largely uneducated, and even illiterate, people 
(Neurath 1936).

To demonstrate an understanding of the needs and abilities of the audience 
with which we intend to communicate in health technology assessment, 
empirical research is necessary. hta is itself a sub-domain of evidence-based 
policy (Banta 2003). Empirical evidence of the needs of decision-makers may 
provide a strong basis for developing graphical presentation tools in health 
technology assessment.

There are many ways of providing empirical evidence of perceived needs - 
established research methods, such as questionnaires, interviews and focus 
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Ticket from 1972 Olympic Games, featuring 

Otl Aicher’s symbols for the events



groups. For a given situation, the most appropriate methods depend on several 
factors. These might include the nature of the user or audience whose needs 
you are interested in, the time available to research them, the level of detail 
required, and the resources (human and equipment) available for the research. 

In hta, a single ‘user’ is somewhat difficult to define. The assessment reports 
produced for nice to support their health technology appraisals process are 
used by policy-makers. These policy-makers – the appraisal committees that 
consider the evidence and decide what technologies will be provided under 
the nhs – are themselves a diverse group of people. They can be academics 
(such as statisticians or economists), doctors (such as gps or hospital 
consultants), nhs managers and service commissioners. Each of these groups 
will have different qualifications, knowledge and interests, and therefore 
different abilities and needs. 

However, the assessment reports are also public documents, and can have 
great impact on many people’s lives. The material contained within them can 
be of interest to patients and prospective patients suffering from the licensed 
indication that the technology addresses. If substantial numbers of the public 
are interested, then the news media often have an interest as well. However, 
these are not considered core users for this research. 

The majority of the uk’s hta output is not written with the general public in 
mind. One example is the technology assessment reports (tars) that inform 
the production of guidance by the uks National Institute for Health and 
Clinical Excellence (nice). These reports are highly technical in nature, and 
are intended to be used by decision-makers, who have a reasonable (but not 
exhaustive) knowledge of health economics, clinical practice, and/or statistical 
analysis. Nevertheless, highly specialised knowledge of the intricacies of 
systematic reviewing and mathematical modelling is not likely to be possessed 
by all policy-makers:

“The chief audience for tars – as for other hta reports – is not 
researchers but decision-makers. Reports therefore need to be clear, 
especially when presenting complex methodological issues.”

(Milne, Clegg, & Stevens 2003)

For our purposes here, of producing meaningful and useful information 
graphics which address user needs in health technology assessment, the 
policy-makers can be considered our key audience, or ‘user’, to use Norman’s 
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terminology.

3.2.1.2   Information in the appraisal process

Before decision-makers can reach an informed decision, they need to have at 
least an overview-level understanding of some complex information. Policy-
makers at nice in the uk need to consider comprehensive assessments of the 
effectiveness, cost-effectiveness and other impacts of health interventions. 
During the appraisal process, the information presented to the decision-
makers is derived from published scientific evidence, informed by expert 
clinical advice, and often synthesised using statistical methods or simulation 
modelling methods (Gabbay et al. 2001). For more information on the 
appraisal process, see Chapter 1.2.2 – Focus: nice appraisals.

At nice appraisal committees, a complex and detailed set of information 
needs to be considered. Apart from the often lengthy and technically 
demanding documents produced by the technology assessment groups, the 
decision-makers might have to consider analyses submitted by the technology 
manufacturer and, for the larger ‘multiple technology appraisals’ (mtas), from 
relevant professional bodies, patient user groups, and selected clinical experts.

The decision-makers appointed by nice must consider all of this information, 
before making a decision on whether to recommend the adoption of the 
technology, and in what circumstances. To assist them in this process, the nice 
technical lead also summarises the submitted evidence, and gives a summary 
document to the decision-makers.

The task addressed by this chapter is how to find some of the needs of the 
decision-makers, which might be addressed by producing information 
graphics using some of this research data. This will support the design of 
information graphics for this thesis, and provide a description of decision-
makers’ needs in health technology assessment for future research.

3.2.1.3   Research question

The aim of the research presented in this chapter is to identify non-graphical 
(ie, numerical or textual) information or data, in the uk hta process, that 
could be usefully presented in graphical form. The aim is not to assess the 
usefulness of current graphical techniques that could be improved, as most of 
these already have a literature surrounding them. Forest plots, for example, are 
discussed in some detail elsewhere (Lewis & Clarke 2001), as are ceac graphs 
(Fenwick, Claxton, & Sculpher 2001;Fenwick, O’Brien, & Briggs 2004) and 
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Kaplan-Meier curves (Kaplan & Meier 1958). Rather, this chapter details a way 
of finding certain commonly used types of data, in the hta process, that could 
be usefully presented in a graphical form.

The research question addressed by this study can be phrased:

Is there numerical data in hta reports that might benefit from graphical 
presentation?

To do so, the study focuses on the five potential uses of graphical presentation 
of information identified in Chapter 1.3 – Potentials:

Where data is complex (Remus 1984; Remus 1987).1. 

Where more data must be displayed in a smaller space (Tufte 2001).2. 

For overview and comparison of multivariate data (Spence 2007).3. 

To enable faster data processing by using the ‘high bandwidth’ of visual 4. 
perception (Resnikoff, 1989).

Where data must be simplified or organised through abstraction and 5. 
selective omission (Thomas, 2005).

For example, addressing potential use 1: if there is an area of hta which is 
perceived to involve complex numerical data, it may be beneficial to attempt to 
present it using a graphical technique. Likewise, in the case of potential use 5: 
if there is information in reports that is presented in amalgamated form, it may 
prove useful to decision-makers to see only small parts of it at a time.

3.2.2   Methods

3.2.2.1   Population sampled

Decision-makers at nice appraisal committees are the obvious hta report 
users to sample in this study. However, even if nice were able to give out 
their contact details, a low response rate would be expected. They are a time-
pressured audience, with many commitments. They already give their time to 
sit on nice appraisal committees with no financial reward. They may, however, 
also not be the best placed to answer questions about their needs. The most 
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specialist among them may not have a overview of the whole situation, only 
sitting on a few particular appraisals in their field. They may also be unwilling 
to discuss their difficulties with understanding the information presented 
in appraisals, even in an anonymous survey, for fear of undermining their 
authority to make potentially life-changing decisions at the committees - 
although there is no evidence of this. This may be true even if their difficulties 
stem from no inadequacies on their part, but from sub-optimal presentation of 
the inherently complex data involved in health technology assessment. 

Following discussion with the phd supervision team, who are familiar with 
the nice appraisal process, a decision was taken to sample nice Technical 
Advisors instead. These people are employees of nice, who coordinate 
the appraisals. Part of their role is to first read and understand the reports 
submitted, and then to summarise the evidence contained within them, and 
to arrange its distribution and presentation it to the decision-makers involved. 
They therefore might be expected to have a good overview of the needs of the 
committee as a whole. 

3.2.2.2   Sample size

As there were seven technical advisors in the technology appraisal team at 
nice at the time of conducting the research, this allowed a realistic attempt  
at a census interview survey.

3.2.2.3   Setting

A semi-structured interview format was used, to ask technical advisors from 
nice about where they thought that the kinds of research data mentioned 
in Chapter 3.2.1.3 might appear. The decision was made to use remote voice 
interviews rather than travelling to the nice headquarters in London and 
Manchester. A major disadvantage with telephone interviewing is that it is 
difficult to provide visual displays ( Jensen 2002). However, in this situation, 
they were not necessary. In fact, not showing interviewees examples of 
information graphics was an advantage, as it prevented them from becoming 
preoccupied with the current use of graphics, and allowed them to talk more 
about areas in which presentation of data was problematic. 

3.2.2.4   Procedures

The interview questions were based on the areas in which information graphics 
might be used, presented in Chapter 3.2.1.3 (see Appendix B – 1: nice interview 
script).
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3.2.2.5   Outcomes

The only initial categories in the thematic framework related to the 
opportunities for information graphics identified from the information design 
/ visualisation literature:

Complexity / overwhelming volume of data1. 

Condensing / summarising / one page only2. 

Comparison3. 

Limited time4. 

Selective focussing5. 

The thematic framework developed greatly during the analysis, however. The 
resulting categories for the analysis are therefore detailed with the results, in 
Chapter 3.2.3.

3.2.2.6   Analysis method

The Framework Approach was used to analyse the transcripts of the audio 
recorded interviews (Ritchie 1994). This method was designed specifically for 
applied research, and offers a structured, but relatively quick, way of drawing 
together qualitative data to form conclusions. As in much qualitative research, 
it relies on constructing categories, or themes (referred to in this case as a 
thematic framework). This allows themes to be addressed across interviews, 
and similar ideas that are mentioned in different parts of the interviews can 
also be brought together.

A more in-depth grounded theory (Glaser & Strauss 1968) analysis would 
not be appropriate here as there is only a single set of results from which to 
draw. Also, from a practical perspective, there were constraints in using a more 
resource-intensive method such as multiple-researcher coding. As this is only 
a small part of the process of designing information graphics within health 
technology assessment, it would be unlikely that time and resources would be 
available for more in-depth analysis.
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3.2.3   Results

Five of the seven nice technical advisors were interviewed, between the 3rd and  
the 10th of July, 2009. Of the remaining two, one was away on maternity leave, 
and one did not respond to the invitation to participate. The 20-30 minute 
telephone interviews were recorded, and transcribed by the researcher. This 
meant that a verbatim transcript was not required, as the researcher could 
assess what was necessary to understand what the participant was saying. 
Therefore sub-lingual vocalisations such as ‘um’ and ‘er’ were not recorded. 
Also, false starts, where a participant rephrases due to an error, were removed 
where it was felt that the initial form did not provide any useful information. A 
sample transcript is available in Appendix B – 2.

The initial thematic framework for the analysis was developed from the 
questioning strategy, based on the potential uses of information graphics 
in hta, described in Chapter 3.2.1.3: complexity, condensing, comparison, 
limited time and selective focussing. The framework was allowed to develop 
over time as the responses of the five interviewees were being analysed. 
The thematic framework had three overarching categories, as well as several 
sub-categories within these. The three main categories were: the uk hta 
process; opportunities for information graphics; and data/information types 
mentioned (see Table 3.2 – 1).

The analysis of the interview transcripts produced a very interlinked set of 
results (ie double- or triple-coded based on the same section of an interview). 
The data and information types identified were often linked, to a greater or 
lesser degree, with the different potential functions of graphics from which the 
questioning strategy was developed. These data and information types were 
often referred to using technical terms. More information on the 36 technical 
terms identified as data and information types appearing in hta reports is 
provided in Appendix B – 3, which may be relevant to those unfamiliar with 
the methods used for nice appraisals. 

The complex linkages within the interviews can be seen in Figure 3.2 – 2. 
Each interview is given a different colour, so that they can be distinguished. 
The width of the links is proportional to the number of times that a person 
mentions that link within their interview. The lines are slightly ‘transparent’, so 
a darker coloured link is likely to be something that was mentioned by more 
than one person.

The central aim of the study is to assess what kinds of data might be displayed 
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Category Code Theme
1 Process 1.01 technical leads

1.02 technical advisors
1.03 committee members
1.04 lead team
1.05 scoping
1.06 evidence submission
1.07 pre-meeting briefing / overview
1.08 slide presentation / committee meetings

2 Potential functions 2.01 complexity / overwhelming volume of data
2.02 condensing / summarising / one page only
2.03 comparison
2.04 limited time
2.05 disaggregation / selective focussing
2.06 other uses

3 information types 3.01 background of condition
3.02 clinical effectiveness (general)
3.03 survival
3.04 quality of life / utilities
3.05 multiple outcomes
3.06 subgroup analysis
3.07 costs
3.08 economic analysis / cost-effectiveness (general)
3.09 model / model structure
3.10 sensitivity analysis (one-way SA)
3.11 probabilistic sensitivity analysis (PSA)
3.12 cost-effectiveness acceptability curve (CEAC)
3.13 incremental cost-effectiveness ratio (ICER)
3.14 multiple comparisons / comparators
3.15 sequential treatments
3.16 absent information
3.17 changing assumptions at committee
3.18 how informed are decision-makers?
3.19 methodology
3.20 base case assumptions
3.21 uncertainty
3.22 belief / trust
3.23 current use of graphics
3.24 multiple vs single technology assessments
3.25 different backgrounds of committee members
3.26 face validity of results
3.27 scenario analysis
3.28 quality of evidence
3.29 interim analysis
3.30 discrete event simulation (DES)
3.31 pair-wise comparisons
3.32 large volume of trials
3.33 quality-adjusted life years (QALYs)
3.34 mixed treatment comparisons
3.35 probability in decision-making
3.36 licensing
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Figure 3.2 – 2
Link diagram showing the greatly interlinked 
nature of the categories from the interviews



using information graphics. Therefore, the categories representing the five 
identified opportunities of complexity, comparison, condensing, limited time 
and selective focussing are highlighted in detail in the following sections.

3.2.3.1   Complexity / overwhelming volume of data 

See Figure 3.2 – 3 on the next page.

Complexity was mentioned in relation to a number of different kinds of data, 
from clinical effectiveness reviews, to economic analysis, model structure 
and sensitivity/scenario analysis. Complex numerical data is probably found 
throughout the reports. It was thought that the area of greatest complexity 
would largely depend on the qualities of the individual assessment. One 
participant said: “It’s difficult [to give a general area of complexity in the 
reports], because it depends on the individual appraisal.”

Complexity was related to clinical effectiveness by three of the five 
interviewees. The data presented in systematic reviews of clinical effectiveness 
was reported to be quite problematic to present. This is likely to be the case 
particularly where there are different subgroups of people that are of interest 
in the analysis, or where the trials reviewed used a large number of different 
outcome measures.  

An economic analysis may be very complex if a sensitivity analysis is 
performed which has many different variables. Also, a simulation model which 
has many different disease states through which a person might progress might 
lead to very complex data which needs to be presented.

In general, reports which have multiple outcome measures, many subgroups, 
sequential treatments or mixed treatment comparisons were mentioned 
as having the most complex data. If any of these factors are combined, the 
amount of information produced is multiplied rapidly. 
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Links to the ‘complexity’ function



3.2.3.2   Condensing / summarising / fitting information onto a single page 

See Figure 3.2 – 4 on the next page.

The interviewees most often recalled that clinical effectiveness data had been 
difficult to fit onto a single page or slide (four of five interviewees mentioned 
this as a difficulty they had had).  One participant said: “In terms of quantity 
of information, then the problem is usually with the clincal effectiveness, and 
summarising that.” 

The interviewees again thought that this problem could be compounded in any 
reviews with large numbers of trials, subgroup analyses, or large numbers of 
outcome measures. Normal practice was to split data over many pages or slides. 
This was not seen as a very great problem by at least two of the interviewees, 
but this may be due to the fact that graphical alternatives that could condense 
this data into a smaller space have not yet been fully demonstrated to them.

Problems with condensing information onto a single page or slide were 
also mentioned several times in relation to presenting sensitivity analysis of 
an economic model. Economic analyses can also generally be problematic 
to present in a concise way where more than two interventions are being 
compared.
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3.2.3.3   Comparing two or more kinds of data or information

See Figure 3.2 – 5 on the next page.

The most commonly mentioned type of data that needed to be compared 
to another was the icer, the overall measure of the cost-effectiveness of an 
intervention. Two people mentioned that changing something about the 
model, and seeing the magnitude of the effect on the icer would be important. 
This is known as one-way, or deterministic sensitivity analysis. Techniques 
such as ‘tornado charts’ (a kind of bar chart) and data tables are frequently 
used to present this information, but alternatives could perhaps be valuable.

One interviewee mentioned that they had noticed that it was frequently 
necessary in committee meetings to “flip backwards and forwards” through 
slides when questions were asked about the certainty of evidence. This 
information suggests that it might be beneficial to develop graphical 
presentations that link the quality of trials to the inputs of economic models, 
or relate a sensitivity analysis performed on a certain value to information on 
the evidence on which it is based.

Another interviewee said that comparison of data was important for model 
validation – comparing the results of a model to what actually happens in a real 
health system.

The last interviewee talked about comparing information on different models, 
showing the differences between manufacturers’ and review groups’ models, 
for example.

In general, it seems that comparing and checking the results of mathematical 
models was highly valued, particularly showing the reasons for changes in the 
icer in response to changes (sensitivity analysis), but also linking this to the 
results of systematic reviewing and meta-analysis.
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3.2.3.4   Time limitations

See Figure 3.2 – 6 on next page.

While this figure seems to show few linkages between time limitations and 
specific kinds of data and information, this is because time was thought to be 
universally limited throughout the appraisal process. When asked if time was 
limited (in any part of the appraisal process?), interviewees responded: “Time 
is always limited” or “Yes, is the short answer!” All five interviewees stated that 
time was always limited for decision-makers to familiarise themselves with the 
necessary information before an appraisal committee. It is apparently quite 
common for the committee members to be given many hundreds of pages of 
report to go through over the weekend before an appraisal. They are not paid 
for appearing on a committee beyond covering their expenses, so must fit this 
in around other work commitments. 

Time was also said to be limited for technical leads to prepare pre-meeting 
briefings. Also, one interviewee mentioned that if new analyses were produced 
by manufacturers or review groups after an initial decision had been reached, 
that time for decision-makers to understand this was likely to be even more 
limited than normal.

If the time taken to absorb information from technology assessment reports is 
so limited, this may be an opportunity for information graphics. If a graphical 
method can transmit the same information as clearly, but more quickly, that 
might be enough to recommend its use. Particular emphasis might be given 
to ways of presenting model data that could be used when alternative models 
are provided at later stages of the decision process, although care would have 
to be taken that the time needed to produce the information graphic did not 
outweigh its benefits.
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3.2.3.5   Selective focussing

See Figure 3.2 – 7 on the next page.

When asked if certain information should be picked out for certain people, 
most interviewees were uncomfortable about the idea. They felt that all 
information should be presented to all decision-makers, even though several of 
them mentioned at other times that the committee members all had different 
specialisms and interests. Denying data to certain people was not the intention 
behind the use of selective focussing. This may indicate that the construction 
of this question was poor, and therefore this study may not have fully explored 
the potential for selective focussing in hta.

One person did mention that it might be useful to pick certain scenarios out of 
a set of data, such as highlighting a manufacturer’s ‘base case’*. 

The only link that was made by more than one person was to complexity. 
It may be that selective focussing is just a powerful way of dealing with 
overwhelming quantities of data rather than a separate function of information 
graphics.
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3.2.3.5   Responses to ‘other difficulties’ question

There were two other difficulties highlighted by the interviewees when asked. 

Firstly, it was thought that the committee members needed to see how the 
icer value had been calculated, giving more detail than just the numerical 
cost-effectiveness value that had been calculated. This could perhaps be 
achieved by providing an information graphic that showed detail of how 
quality of life or costs changed (by state or over time) for the simulated people 
in the model. This could then be compared visually with which model states 
people were in, or at what time costs were incurred. 

Secondly, the interpretation of probabilistic sensitivity analysis by committee 
members was thought to be problematic. This method shows a number of 
possible situations, based on randomised sampling across all values that are 
used to construct the model (based on how uncertain these values were in the 
systematic review and discussion of costs). These are often presented using 
line graphs called a ‘cost-effectiveness acceptability curves’ (ceac). These 
show how many of the resulting samples would be considered cost-effective at 
different levels of ‘willingness to pay’. The interviewees thought that this was 
both a difficult concept for decision-makers to understand, but also difficult 
to know how this should affect the decision, even if it was understood. For 
example, if a drug was 50% likely to be cost-effective at the current willingness 
to pay threshold, they thought that a decision-maker would find it challenging 
to decide whether it should it be approved or not.

3.2.4   Conclusion

3.2.4.1   Statement of findings

The research question asked: Is there numerical data in hta reports that might 
benefit from graphical presentation? These telephone interviews have suggested 
that a number of potential functions of information graphics could be relevant 
to the nice appraisal process in the uk.

Participants mentioned that clinical effectiveness data can be very complex, 
especially in reviews that they described as including many trials. They 
also mentioned that reviews that had what they considered to be a large 
number of outcome measures could be problematic, as were those where 
subgroup analysis is required, or where several different comparators are 
being considered, possibly in combination (referred to as ‘mixed treatment 
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comparisons). When several of these complicating factors are combined, the 
data can be very difficult to present in a small space, and may be difficult for 
decision-makers to get to grips with in the short space of time available to 
them.

Another problem is linking the effectiveness review data with the different 
economic analyses presented by manufacturers or the review group. All 
models are uncertain, but the decision-makers need to bear in mind the way in 
which the evidence from a systematic review and / or meta-analysis supports 
the economic models presented.

These models themselves can be complex, both methodologically and in terms 
of the volume of data presented. In particular, deterministic sensitivity analysis 
of complex models can be difficult to present concisely, as many individual 
changes may be possible, and each affect the model in multiple ways. Also, 
probabilistic sensitivity analysis can be difficult to understand and implement. 
The participants described decision-makers finding it difficult to know exactly 
what level of uncertainty was acceptable.

The interviews suggested that employees at nice and the decision-makers 
on appraisal committees have a very limited time to familiarise themselves 
with this complex and interlinked set of data before the final decision must be 
made. This qualitative study shows a number of opportunities for information 
graphics to assist in this process.

3.2.4.2   Discussion

These interviews show several different needs that might be met by producing 
new kinds of information graphic.

One of the most obvious applications is to show an overview of systematic 
review data. This can be difficult to condense into a small space, and is 
generally split up over several pages of reports or slides of a presentation. 
This information is important for decision-makers to consider at all stages of 
making their decision, and may frequently be referred back to. Therefore a 
graphical summary of the information that could be glanced at quickly might 
be very valuable.

An information graphic might also be used to link the results of systematic 
reviewing to a model’s sensitivity analysis. In this way, it would be possible to 
show why a modeller felt that the value might be uncertain, and therefore how 
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realistic it might be that this alteration would more accurately represent reality. 
It might also be possible to use a similar graphical technique to link systematic 
reviewing results to model inputs, which might suggest why they were varied 
in a probabilistic sensitivity analysis.

A graphical way of showing more information on how an icer value is 
calculated might be valuable. For example, an information graphic could be 
used to show the quality of life gains and cost differences between model arms 
over time or by model state.

A graphic might be used for model validation, showing how accurately 
the model represents reality. It might be desirable for the graphic to show 
alternative scenarios, and show how much these represent the situation in 
observed data.

It might also be useful to use a graphical technique to compare different 
models, for example highlighting the differences between manufacturer’s own 
models and those produced by the independent review group for the nice 
appraisal.

However, several of the interviewees noted that the complexities in the 
reports tended to change from appraisal to appraisal. A large number of 
outcome measures used by the trials in the systematic review might make the 
clinical effectiveness section more complex. A large sensitivity analysis with 
many variables might lead to a complex economic evaluation section. If the 
complicating factors of reports vary so much, different information graphic 
techniques might be more or less appropriate in different appraisals.

There are also difficulties faced in the appraisal process that are less suited 
to the use of information graphics. The understanding of health economics 
methodologies, for example, will probably not be addressed by the use of an 
information graphic. 

Whatever information graphics are developed in response to these needs, a key 
consideration seems to be the limited time available to both nice analysts and 
committee members to understand the data with which they are presented. 
It may be enough to recommend an information graphic for use if it can be 
shown that it can transmit the same information as clearly, but more quickly.

 — 132  —

Context3
3.1

Information needs3.2
Current use



3.2.4.3   Strengths and limitations of methods

The method of telephone interviewing was able to show information needs 
that could be addressed by the development of information graphics. 
Withholding the fact that the research was interested in graphical presentation 
until the very end of the interviews was effective in forcing the interviewees to 
focus on data that is not currently presented in graphical form. The interviews 
delivered by telephone were detailed enough to be of use, although the 
transcription and analysis process took several weeks.

There are some factors that might limit the value of the results. Very few 
specific reports or appraisals were mentioned by more than one interviewee, 
which probably indicates that the nice technical advisors remember only the 
reports that they’ve dealt with themselves. There may therefore be recall bias 
in the study. However, as the aim of the research is to find commonly occurring 
information needs that might be addressed, the fact that each technical advisor 
can only remember those reports that they have been deeply involved with 
themselves does not invalidate the results in any way. As different people 
mentioned the same difficulties, and they only recall their own appraisals, the 
difficulties can be said to be commonly occurring.

It was hoped that the nice technical advisors interviewed would be able 
to give a general view of the percieved needs of the decision-makers. In 
making this assumption, the research depends to some extent on how good 
the feedback is between decision-makers and the nice technical advisors. If 
poor, they would be reporting only what they find difficult, rather than what 
the decision-makers find difficult. This study can recommend areas that are 
perceived to be needs by nice technical analysts. However, the true value of 
any information graphics developed in response to these perceived needs must 
be tested to show actual benefits in practice. 

3.2.4.4 Relevance to previous research

The findings of this study suggest that Thomas’ view of selective focussing 
as a possible function of information graphics (Thomas & Cook 2005) may 
be a way of dealing with complex data. Therefore, ideas of using information 
graphics to explain complex data (Remus 1987a) might be an overarching 
category, with more specific ways of doing this being techniques such as 
selective focussing. There may also be other ways of presenting very complex 
data, such as gradually increasing the amount shown, or breaking it into 
component parts. However, given the results of the methodological study 
presented in Appendix A, information graphics may not be universally suited 
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to presenting complex data, and this should be tested on a case-by-case basis. 

This also links to the question of whether information graphics should be 
used in hta to present primary data, or an interpretation of this. This may 
depend on the point in the hta process at which the information graphic 
is constructed. If a graphic is included in technology assessment reports 
presented to nice, the report would be considered objective ‘assessment’ 
rather than value-based judgement (‘appraisal’) (Gabbay & Walley 2006). In 
this case, it might have been expected that techniques which can be used to 
display entire data sets, with the viewer choosing what to view in most detail, 
might me more useful than the interviewees realised. This may be a result of 
their unfamiliarity with such visual display techniques.

Several of the interviewees thought that the complexities of reports are 
appraisal-specific. This might explain why the review of nice appraisal report 
graphics in Chapter 3.1 showed that graphical techniques were not used in all 
cases (Pitt et al. 2009). It may be that different techniques are applicable in 
different appraisals, depending on what specific complicating factors apply 
(many subgroups, large number of outcome measures, etc.)

3.2.4.5 Implications of findings

This study showed perceived needs of decision-makers, using nice technical 
advisors as a proxy. Several of these needs might be addressed by the design 
of new information graphics. After these are created, future research could 
be conducted on a sample of hta report authors and/or nice Appraisal 
Committee members to validate the findings.

Other hta commissioning bodies around the world may have similar 
needs, but those that do not use cost-effectiveness analysis may have more 
limited needs. Further research could be performed, focussing on other hta 
commissioning bodies.

One interviewee mentioned that giving an idea of the magnitude of numerical 
data was important, in this case how much altering costs affected the icer. 
Conveying a sense of relative magnitude is another potential function of 
information graphics that has been used successfully in the past (Holmes 
2009). This function was not addressed by the questioning strategy used in this 
study. There may also be other potential functions that were not incorporated 
here, such as building up complexity slowly and breaking complex data into 
manageable parts. Future research could base their questioning strategies on a 
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more comprehensive selection of possible functions of information graphics.

This study’s focus on user needs is widely supported in information design 
(Martin, Gregor, & Rice 2008), but this is debated. Some writers in the field 
suggest a task focus (Pettersson 2001), process focus (Frascara & Ruecker 
2007) or system focus (Knoflacher 2009) may be more appropriate. Future 
research on these alternative (and potentially complimentary) methods of 
informing the design of information graphics might be usefully performed in 
health technology assessment.
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Chapter 4: 
Design
The two studies in the previous chapter reveal 
opportunities for the use of information graphics in 
hta. This chapter aims to show a selection of different 
information graphics that could be used to effectively 
present data to health policy decision-makers.

The transition from identifying a need to specifying 
a graphic that will address it is an intensely creative 
process. The first part of the chapter, 4.1, examines 
how information graphics work, and suggests a way of 
approaching the design of such visual presentations.

The second section, 4.2, provides ‘specifications’ for ten 
hta information graphics. These give a quick overview 
of the information needs that they seek to address, a 
design sketch, and a brief description of the way in which 
the information graphic is intended to work. As time for 
developing such information graphics was limited, a panel 
of hta experts was used to critique these specifications, 
and focus on the most promising among them.

The third section of this chapter, 4.3, provides a more 
detailed description of the five information graphics 
that were thought to be the most promising from their 
specifications. These have been designed ‘iteratively’, by 
showing rough drafts to researchers, and incorporating 
feedback into successive versions of the graphic. Real 
data from past reports has been used, so that the graphic 
is as close as possible to what would be used in practice.

These developed information graphics provide material 
for empirical research in the next two chapters, 5 and 
6. These two chapters each test one of the developed 
graphics in detail, reported in a scientific manner.
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4.1 Elements
4.1.1   Introduction

Information graphics often transform numerical data into visual elements 
(Macdonald-Ross & Waller 2000), such as the position of a mark or object 
(Bertin 1981) or the count of objects appearing (Neurath 1936). Some 
designers use multiple elements together to present information in a visual 
manner. The representation or transformation choices are often given to the 
viewer through a key, forming a temporarily agreed visual language between 
the designer and viewer. However, they can also rely on visual convention, 
such as using an arrow to suggest a direction of movement.

Few’s term ‘elements’ (Few 2006) is used here for these methods of 
representing information visually, although other writers have used other 
terms such as visual ‘grammar’ (Ware 2004) or ‘transformations’ (Macdonald-
Ross & Waller 2000; Neurath 1936). As mentioned in Chapter 1.1.2, several 
different design writers have suggested different lists of these elements, 
each providing their own palette of methods that can be used to represent 
information in visual form. 

Bertin, who tends to focus on data maps, writes of 
x-position and y-position being two separate elements. 
He states that these two elements are always used, and 
provides six others which can show a third dimension 
of data (see Figure 4.1 – 1). 

Ware has a more comprehensive list of elements, and 
dispenses with rules about which can be combined. He 
uses both categories and subcategories (Ware 2004): 

Form
Line orientation
Line length
Line width
Line collinearity
Size
Curvature
Spatial grouping
Blur
Added marks
Numerosity
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x-position
and

y-position

size

value

texture

colour

orientation

shape

Figure 4.1 – 1
Bertin’s list of elements (from Bertin 1981)



Color
Hue
Intensity

Motion
Flicker
Direction of motion

Spatial position
2D position
Stereoscopic depth
Convex/concave shape from shading

Stephen Few, who focusses on interactive information graphic ‘dashboards’, 
finds that he needs to adapt this list somewhat, reducing the number of 
categories, and removing the two-level heirarchy (see Figure 4.1 – 3). 

These different designers have different lists of elements, which are useful for 
their particular information graphics – in Bertin’s case, data maps, and in Few’s 
case, information dashboards. These differences in the elements used might 
also be explained by the fact that designers have personal styles and ways of 
working, often producing different responses to the same brief (Brath 2008). It 
might be useful for the designers of information graphics to produce their own 
lists that fit their own personal ways of working and thinking, and perhaps also 
the context of their work.

4.1.2   Personal listing strategy

For the design of hta information graphics, a personal list of elements for 
the design of information graphics was constructed. Information graphics 
produced by other designers were collected, and an attempt was made to 
categorise the elements that they had used to present information. 

While a systematic search for information graphics to include in this collection 
could be attempted, the tar review detailed in chapter 3.1 revealed that 
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Figure 4.1 – 3
Few’s list of elements (from Few 2006)



the current use of information graphics in hta is too limited to produce a 
comprehensive list of elements. Therefore the information graphics used to 
construct the element list were from a wide range of disciplines and areas. 
These were collected from numerous sources, including books, newspapers, 
journals, conferences, lectures and websites.

For example, the information graphic in Figure 4.1 – 4 (Senseable City Lab 
2011) uses several graphical elements. These could be categorised in many 
different ways. Bertin might suggest that the graphic uses:

 •	 x-position to show the longitudinal position of each area of New York
 •	 y-position to show the latitudinal positions
 •	 colour as his ‘third dimension’ to show which countries had been 
connected to 

 
However, this categorisation does not account for the amount of calls to each 
country, which is shown on the graphic using the vertical sizing of the bars 
within each square.
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Figure 4.1 – 4
New York Talk Exchange – Senseable City Lab, MIT



Few might categorise the graphic as using: 

 •	 position for the areas of New York 
 •	 hue for the different countries connected to 
 •	 size for the amount of calls to each country 
 •	 enclosure for the currently selected square 

 
From the list of elements used in this thesis, the New York Talk Exchange 
graphic might instead be categorised as using:

 •	 2d position for the areas of New York 
 •	 colour (for distinction) for the different countries connected to
 •	 1d size for the amount of calls to each country
 •	 highlighting for the currently selected square

 
It should also perhaps be acknowledged that the designer of the New York Talk 
Exchange graphic has chosen to present textual and numerical data alongside 
the graphical elements. As these are not just for the purpose of providing a key 
to the visual elements, but actually form an integral part of the data presented, 
the graphic can be said to incorporate further elements:

 •	 numerals to show the exact percentage figure for the calls
 •	 text to show which cities are connected to in the selected square

 
The designer has also made use of some other typical graphic design elements 
to aid the user in navigating the visual space of the graphic. Therefore, the 
graphic could also be said to employ:

 •	 font weight to visually separate the textual descriptions of the cities 
connected to from the percentage values of calls
 •	 grouping as proximity is used to link the names of the different areas in 
New York to their corresponding locations
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In the information graphic in Figure 4.1 – 5, the designer has included 
individual photographs to make a powerful and striking visual presentation. 
It shows each of the British soldiers killed in the second Iraq war from 2003 
onwards. The graphic was categorised for the thesis as using:

 •	 count for a number of objects appearing, in this case photographs
 •	 physical representation for the use of photographs of the people being 
counted
 •	 grouping as these photographs are grouped by year
 •	 numerals as the total number of deaths each year is presented numerically

 
While text is used in the graphic, it is for the purpose of giving a scale (the 
years) and titles. Therefore it would not be included as an information graphic 
element in this case. 

4.1.3   Elements

The following tables provide a list of elements that was used as a basis for 
designing the information graphics in Chapters 4.2 and 4.3. Table 4.1 – 1 gives 
a detailed list of static elements that could be used in a printed document. 
Table 4.1 – 2 shows some non-graphical elements that can be incorporated 
into information graphics. Table 4.1 – 3 gives a brief list of active elements that 
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Figure 4.1 – 5
BBC news graphic – casualties in second Iraq war, by year



could be used for screen-based information displays, but these are not the 
main focus of the research here.

The list is considerably longer than those used by Bertin, Ware and Few. As 
already mentioned, this can be explained, at least in reference to Bertin and 
Few, by their more specific remits – data maps and information dashboards. In 
Ware’s case, the smaller number of possible elements used could also be due 
to the limited range of information graphics and applications with which he 
is interested. However, for all three writers, it could also be that the lists stem 
from their individual theoretical discussions (and in Few’s case, from Ware’s 
theory on which it is based), rather than from the challenges faced by designers 
in a real-world context of practice. The list here is based instead on a taxonomic 
approach, looking at which techniques exist and are used by a very broad range 
of designers.

It is of interest to note that many of the elements mentioned in Bertin, Few 
and Ware’s lists were found ‘in the wild’, and are therefore included in this new 
taxonomic list. However, there are some alterations. For example: 

Ware’s ‘line orientation’ and ‘line colinearity’ are combined in a single 
element – orientation. 

Several elements that Ware applies only to ‘lines’ were used in the surveyed 
works on other objects, and therefore ‘line length’, ‘line width’ and ‘size’ are 
combined (and, indeed extended) in ‘1d size’, ‘2d size’ and ‘3d size’. 

‘Curvature’ and ‘added marks’ are included within ‘shape’. 

‘Spatial grouping’ is included simply as ‘grouping’, since other techniques 
(such as enclosure) are often used.

‘Blur’ was not used in any examples found, so its value has not been 
sufficiently demonstrated for inclusion in this list. 

This list has proved sufficient for creating some information graphics within 
the context of hta, and it is hoped that it could be applied (and expanded) in 
other contexts of use.
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Element Description Example

Colour 
(distinction)

When colour is used for distinction only 
– to distinguish between sets, for example

Colour 
(data)

When numerical values are represented with colour, 
on some kind of scale (graded or continuous) or 
colours are recorded

Greyscale 
(distinction)

When shading is used for distinction only 
– to distinguish between sets, for example

Greyscale 
(data)

When numerical values are represented with 
greyscale shading

Pattern 
(distinction) Use of hatched areas or dashed lines

Pattern 
(data)

use of pattern to suggest scale (common in laser 
printed documents – known as ‘rosing’)

Size 1D One-dimensional sizing of objects 
(as in bar graphs)

Size 2D
Two-dimensional sizing of objects 
(including bubble charts and pie charts, 
which rely on area)

Size 3D Three-dimensional sizing of objects. Can be clumsy 
or confusing to represent on paper or screen.

Position 1D

Objects placed on a single axis. Data represented 
by position on a line, circle or other shape, from 
one point (often representing 0) to another. Can be:
nominal (a list with no numerical significance, often 
alpabetical) 
ordinal (list from highest to lowest for example) 
interval (position represents numerical value) 
ratio (interval scale, must begin at a 0 value 
meaning nothing)
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Table 4.1 – 1
List of static elements produced for thesis



Element Description Example

Position 2D Data represented using 2 axes, like a scatter plot, 
line graph or points on a map

Position 3D Data represented using 3 axes. Can be clumsy or 
confusing to represent on paper or screen

Font weight

A graphic design technique that is applicable 
to information graphics. Numerical data can be 
represented by using a more or less bold weight of 
typefaces. This is particularly effective when used 
with a typeface such as Univers that has many 
different font weights

Orientation Use of rotated objects. Often used for showing 
flows on maps, particularly in meteorology

Count Where the number of objects that appears is 
significant, as in the Neurath’s Isotype diagrams

Shape
Representation of different things using shape. 
This might include the repeated use of logotypes or 
pictograms that must be learned

Symbol Representation using an assumed convention, such 
as arrows for direction

Grouping grouping elements, for example using an outline or 
enclosure

Highlighting The use of border etc to highlight element/elements

Linking Physical joining of elements using a line, etc.

 — 144  —

Design4
Elements4.1
Specification4.2
Development4.3

Table 4.1 – 1
List of static elements produced for thesis (continued)

UltraLight
Light
Regular
Medium
Bold



Element Description Example

Physical 
representation photographs and illustrations

Homunculus proportional distortion

Element Description

Numerals Data is displayed in numbers, excluding scales and titles.

Numeral scale Numbers are included to explain a scale.

Text Graphic includes textual data (excluding titles and scales)

Text scale Text appears on a scale, including axis labels
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Table 4.1 – 1
List of static elements produced for thesis (continued)

Table 4.1 – 2
List of non-graphical elements produced for thesis



Element Description

Mouse position mouse position affects the display

Object motion 
1D

Data is represented by the motion of objects over time, in a single 
dimension

Object motion 
2D The motion of objects in two dimensions

Object motion 
3D

The motion of objects in three dimensions (this can be clumsy or 
confusing to represent on a two-dimensional screen)

Motion attention Calls attention using motion or quick resizing

Linear time The use of linear time, such as a video playing at a constant speed

User time The user can control the speed or direction of video playing, or 
skip to a certain part of the video

User 
parameters The user can control what input data are used

User parameter 
selection The user selects inputs from a list

User scale The user can control the scale of the graphic

User sort Data can be reordered by the user

User position 
1D The user can control the position of the data in a single dimension

User position 
2D The user can control the position of the data in two dimensions

User position 
3D The user can control the position of the data in three dimensions

User highlight The user can select an element or elements, or the results of a 
query are highlighted

User search The user can type text or numbers to search for them

User detail The user controls the level of detail

User~ Many other static elements could be controlled by the user.

Hyperlink A web link to other sites or different parts of a site

Sound Not strictly a graphical quality, but can be used to present data or 
call attention to certain conditions being reached.
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Table 4.1 – 2
List of active elements produced for thesis



Such lists can never be exhaustive, particularly as technological advances 
continually provide new ways of displaying data. However, they serve as a 
useful focus for a designer, helping them to consider the possibilities of visual 
information presentation from a personal perspective. The elements detailed 
here have been used to develop the new information graphics described in the 
rest of this chapter.
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4.2 Specification

The next phase in the proposed design process for information graphics in hta 
is called ‘specification’ (see Figure 4.2 – 1). If the ‘information needs’ phase 
maps roughly onto the ‘discover’ phase in the Design Council’s generic design 
process model, the ‘specification’ phase maps roughly to their ‘define’ phase. 
The objective is to find a specific information need and document this, but 
also to explain a way of addressing this need with an information graphic. This 
process was performed 10 times, which resulted in 10 different specification 
documents, detailing a particular technique that could be used to address an 
information need. These documents provide a basis for discussions between 
the ‘expert communicator’ (the information graphic designer) and the ‘content 
experts’ (hta researchers).

It should be noted that in this case, an individual designer (the phd candidate) 
performed all the design work. If a larger design team, or a design agency 
external to the hta team was used, this step could be broken down into further 
stages – such as producing a ‘brief ’ that outlines the problems to be addressed, 
and more concept sketches and rough designs that might address this brief, 
before the final specification is produced. In this model of the design process in 
hta, these activities are assumed to be incorporated in the ‘initial design work’ 
arrow, that links information needs with the specification. The next major node 
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Figure 4.2 – 1
The phase of the proposed design process detailed in Chapter 4.2



on the diagram is this specification stage, as it is the next major interface point 
between the ‘expert communicators’ and the ‘content experts’.

Each of the 10 specification documents produced at this stage in the phd 
included a textual description of the problem addressed, a rough design 
sketch and textual description of the information graphic – including notes 
on different versions that could be produced, depending on media used (such 
as if colour or interactive versions were possible). A summary of each of these 
specified information graphics is given in this section. These show the origin of 
the problem(s) that they address, and provide initial ideas about existing data 
that could be used to make a prototype information graphic. Each specification 
then goes on to explain how the information graphic will present this data, 
showing the individual design elements, using rough design specification 
sketches. 

Each of the specifications was subject to an informal critique by the 
supervisory team for the phd. These discussions included the phd candidate, 
who has training in graphic design, acting as the ‘expert communicator’ 
and three academic experts in the field of hta, acting as ‘context experts’: 
a health economist, a mathematical modeller, and a review group director. 
In this situation, the three experts can be regarded a proxy for the ‘client’ 
that would usually be called upon to agree the design specification. One of 
the three hta experts also sits on a nice appraisal committee, so can offer a 
‘user’ perspective, but all three have familiarity with the users and their needs 
through their work. Summaries of these informal critiques are presented after 
the individual design specifications.

4.2.1   Graphic 1 – Small multiple techniques 
including Sankey diagrams for overview of studies  
in a systematic review

4.2.1.1   Background

Systematic reviews in technology assessment reports often include many trials. 
In nice appraisals that consider several subgroups or interventions, a review 
may use 50 or more trials to provide evidence of clinical effectiveness. This data 
is usually presented in very large tables, often combining text and numbers.

As the interviews presented in Chapter 3.2 suggested, decision-makers have 
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limited time to look at the reports. A graphical overview which would enable 
the reader to understand such a large volume of information more quickly 
may be helpful for the larger systematic reviews in nice technology appraisal 
reports.

4.2.1.2   Description

This information graphic uses several visual presentation techniques to reduce 
the page space needed to display the data. It then presents each of the studies 
in a subgroup in one row of a tabular display, enabling the viewer to see some 
information on each included study. In this case, the following information is 
included: 

Main author•	
Date of publication•	
Mean age and/or age range of participants•	
Location of the trial •	
Sample size and basic study design •	
Length of follow-up •	
Outcome measures used, and whether these were statistically significant •	
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Figure 4.2 – 2
Small multiple techniques including Sankey diagrams 

for overview of studies in a systematic review

The Sankey diagram shows the number of people in the trial, 
along with its design. The first three shown here are: randomised 
controlled trial, cohort study and pre/post study. The thickness 
of the lines is proportional to the trial’s N value. The line following 
the diagram shows the trial’s follow-up.

The country in which the study 
is performed is provided as a 
continent shaded on a globe, 
rather than a textual name. This is 
intended to be quicker to read.

An overview is given of the ages 
of participants in each trial, giving 
the mean and range. Care must 
be taken that the graphical form 
of this part of the graphic does 
not look like a forest plot, to avoid 
confusion.

Outcome measures are presented 
with circles on vertical lines. This 
should allow individual outcomes 
of interest to be viewed by running 
the eye down a single line.



This graphical display should allow more data from more trials to be presented 
on one page, therefore enabling a more efficient overview of the information 
(see Figure 4.2 – 2). It combines Edward Tufte’s ideas of using graphics to 
present more data in a small space (Tufte 2001) with Resnikoff ’s ideas of using 
the high bandwidth of human visual processing to enable faster assimilation of 
data into human cognitive awareness (Resnikoff 1989).

The graphic may not be able to include all the information on each trial, as 
there would not be space on the page for everything. While it is always difficult 
for a researcher to decide not to present certain information, it is also difficult 
for a decision-making committee to see the overall message in the data if too 
much detail is given. This graphic attempts to strike a reasonable balance 
between these two, by giving as much information as possible on key study 
characteristics, but preventing information overload.

4.2.1.3   Expert critique

The graphic was generally well-received by the three hta experts performing 
the role of the ‘clients’ in the specification exercise. They felt that it gave a good 
overview of the information. One called it “A visual synopsis”.

It was suggested that it would be useful for reviews that have a large number of 
outcome measures. These are often split up into categories in such cases.

One of the experts said of the graphic that: “There’s so much useful 
information here, and you get it all in one place.” In general, it was considered a 
useful way of getting a quick overview systematic review and outcome data.

4.2.2   Graphic 2 – Two-way sensitivity analysis  
matrix / bubble chart

4.2.2.1   Background

One very common practice in hta that includes some kind of economic 
model is ‘sensitivity analysis’. This comes in several forms, but one of the 
simplest (‘one-way deterministic’ sensitivity analysis) is to change a single 
input parameter’s value in a model, such as altering the quality of life gained 
by using an intervention, to see the effects of this change on the results. This 
is important to consider, as almost all inputs to a model will be based on 
uncertain evidence. 
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However it is difficult to see, from a one-way sensitivity analysis like 
this, effects that could be compounded by alterations to other variables 
(correlations). Instead, it is possible to show the effects of altering two 
variables simultaneously with a simple graphical technique. This might be used 
to detect such relationships in a model, and/or to show this to the decision-
makers.

4.2.2.2   Description

A matrix structure is used to show the effects of altering several different 
variables, two at a time. Each box in this matrix would contain a solid black 
circle, whose area related to the outcome of interest. In the case of Figure 4.2 – 
3, this is the icer value (incremental cost-effectiveness ratio).

One variable is presented horizontally, and the other vertically, forming the 
matrix of individual boxes. The ‘base case’ of both variables set to their initial 
values* are shown in the central box, with a medium-sized circle. Moving away 
from this central box either horizontally or vertically would represent a change 
in the corresponding variable. Moving diagonally would represent a change in 
both. 
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Figure 4.2 – 3
Two-way sensitivity analysis matrix / bubble chart

The base case scenario is at 
the centre of each section. This 
medium-sized circle can grow or 
shrink depending on the direction 
of change.

The circle sizes represent the 
‘incremental cost-effectiveness 
ratio’ (icer) between two health 
interventions.

Each section shows 25 circles. This represents 
every possible combination for changing two 
variables, by two increments, in either direction.  

Deciding how much to vary 
each variable by could be 
important here. Variables 
for deterministic sensitivity 
analysis like this are often 
altered according to statistical 
uncertainty.

* Which are often 
obtained from systematic 

reviewing in the case of 
quality of life values or 

cost data.



Using several matrices, arranged in a ‘step’ pattern, should allow all 
combinations of up to about five or six variables to be presented on one page. 
Seven or eight variables might be shown over a two page spread.

If one set of circles became very large or very small, this would indicate that 
the model was very sensitive to variations in that variable, and careful attention 
should be paid to how much evidence there was for this value. If a circle 
became very large or very small towards the corner of one of the matrices, 
it might show a possible correlation between the two variables used in that 
matrix. This information would not be shown in a one-way sensitivity analysis, 
and might be masked by the complexity of a probabilistic sensitivity analysis 
(see Chapter 4.2.3).

4.2.2.3   Expert critique

This graphic was discussed at quite some length, and proved controversial.

It was noted that the icer might not be the most appropriate main output. Net 
benefit* would be another option. This would provide a potentially interesting 
role for interactivity, in that a slider could control the decision-makers’ 
willingness-to-pay threshold value for this. 

It was not thought to be clear that this graphic would be an advance on what is 
already common practice in hta. It was felt that a two-way sensitivity analysis 
is often not enough for a committee. Comparing three variables would be a 
more difficult challenge, and such three-way sensitivity analyses would be a 
more significant need. It was suggested that committee decisions often hinge 
on three variables that have both a large effect on the model and are uncertain 
(generally due to lack of evidence).

It was also considered that this graphic addresses a problem that is not 
specifically in the domain of hta, but can be thought of as using a system to 
display multivariate data. In this sense, it’s likely to be competing with work 
that’s already been done.

It was acknowledged that currently the committee sees either everything or 
nothing. The probabilistic sensitivity analysis includes variation in all variables, 
and the one-way sensitivity analysis shows individual variables. However, there 
are other techniques for presenting two-way sensitivity analysis already, so this 
graphic was not thought to be worth pursuing further. A way of displaying a 
three- or four-way sensitivity analysis might be of more use, however.
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* The current value of 
the costs of adopting an 
intervention subtracted 

from the current value of 
the benefits.



4.2.3   Graphic 3 – Parallel coordinates for 
probabilistic sensitivity analysis

4.2.3.1   Background

One of the most sophisticated ways to address the uncertainty in a model is 
‘probabilistic sensitivity analysis’ (psa). This technique assigns probability 
distributions to all of the (uncertain) inputs to a model, rather than individual 
values as in a one-way deterministic sensitivity analysis. Many simulations are 
then produced, each time picking a different value from the distributions for 
each variable. While this can account for variables that influence each other 
when varied, the information needs interviews in Chapter 3.2 revealed that it 
can be challenging to incorporate the outputs of such a sophisticated method 
into a decision.

In the interviews in Chapter 3.2, four of the five interviewees mentioned 
that the current display of psa can be confusing for (at least some) decision-
makers. One of the main concerns was in incorporating the information 
from the psa in the eventual decision. It was thought that, while it might be 
understood that an intervention could be said to have a certain probability 
of being effective at given willingness to pay thresholds, this could lead to 
difficulties in determining how this should affect a final decision. For example, 
if an intervention was 50% likely to provide cost-effective benefits at a 
threshold of £30,000 per qaly gained, it would be challenging for many people 
to decide whether it should be approved or not.

The aim of this information graphic is to begin to show which individual 
simulations in a probabilistic sensitivity analysis were above or below a given 
icer (incremental cost-effectiveness ratio) threshold. The idea is to show 
not just how many simulations were cost-effective, but to suggest which ones 
were, and lead to a knowledge of why this was so. This would allow analysts 
and decision-makers to see any regularly-occurring patterns which might 
suggest specific conditions under which an intervention might be approved 
or rejected. Presenting this information visually might allow a committee to 
quickly see conditions which might arise in the future (perhaps in light of new 
evidence) in which their decision could be usefully reconsidered.

4.2.3.2   Description

This information graphic uses the ‘parallel coordinates’ display, which are 
usually interactive techniques. They are used to show many things, or instances 
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of a thing, that have multivariate characteristics (Inselberg, 2009). The central 
premise is that several vertical bars are shown, each of which represents a 
characteristic. A set of ‘cases’ are shown as lines running accross the diagram, 
which represent individuals with these characteristics in varying amounts. 
These cases touch the vertical bars at the appropriate point for their value of 
each characteristic.  

Usually, parallel coordinate displays are presented on screen, or using projected 
interactive media. This means that each characteristic can be used as a filter, 
with the user defining minimum and/or maximum levels. They are frequently 
connected to maps or other displays in a ‘multiple coordinated views’ format 
(Maciel et al. 2008). To be included in a printed or pdf format hta report, 
an interactive tool like this could be used by an analyst, and any interesting 
observations could be shown as a still ‘screenshot’.   

The information graphic presented here is a set of parallel coordinates, 
showing each simulation in a psa (see Figure 4.2 – 4). The vertical bars in 
this graphic correspond to a selection of uncertain variables in the psa. The 
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Figure 4.2 – 4
Parallel coordinates for probabilistic sensitivity analysis

The lighter grey lines are cases not selected.Each vertical bar represents one 
model input, such as the cost of a 
drug, or the quality of life of those 
taking it. Many such inputs are 
uncertain.

Each of the lines running from left to right represents 
one possible scenario. The psa randomly selects a 
value for each uncertain variable. Each line touches 
the vertical bars at the point which corresponds 
to the value that was assigned by the modelling 
software in that case.

In interactive parallel coordinates displays, each 
vertical bar has two sliders, used to set the 
minimum and maximum values visible at any time.

The Cartesian axes at the bottom show the 
selected cases on a cost-effectiveness plane.



analyst would filter the results of the psa, with sliders which sit on each bar. 
These would be used to set limits for the maximum and minimum values of 
each variable to be displayed. The simulations that lie within the limits set by 
the analyst would be shown on a cost-effectiveness plane included with the 
parallel coordinates display. The values lying outside the set limits could also 
be displayed, perhaps in a different colour or a light shade of grey, showing the 
effect of the limits against the whole group.

This kind of display would allow an analyst to present a graphical 
representation of each of the simulations that came out of the psa, and show 
the extent of the influence of certain variables, or combinations of variables, on 
the analysis.

4.2.3.3   Expert critique

This information graphic required more verbal explanation than most of the 
others. It seemed that the specification document that had been provided 
before the panel session was not sufficient for this graphic. It left questions 
such as how the outputs were presented (using the cost-effectiveness plane 
below the parallel coordinates display). 

One of the experts mentioned that they often found themselves wanting to see 
what happens in a psa when ‘taking out’ one variable entirely (ie, by setting it 
to a single, certain, value). This would require recalculation of the entire psa, 
which would probably be too computationally intensive to be performed live. 
It was also suggested that evpi (expected value of perfect information) analysis 
might be more helpful than this recalculation approach (Hubbard 2010).

It was felt that it might even be ‘dangerous’ to be able to set display limits for 
different variables. It might give the impression that the variability is being 
reduced, instead of just filtering the already calculated results. It was expressed 
by one expert as: “you’re not getting rid of any model behaviour that depends 
on correlation that’s occurring between other variables, and less limited values 
of that variable.” While one of the experts thought that using sliders to reduce 
the variability of a variable (with recalculation) would be useful, another 
thought that this would be methodologically flawed.

It was thought that the cost-effectiveness plane would be useful, as it would be 
possible to see where the cloud of points moved to. It had to be explained again 
that the graphical technique as specified wouldn’t in fact shift any of the points, 
but remove (or fade) them. 

 — 156  —

Design4
Elements4.1
Specification4.2
Development4.3



It was noted that the parallel coordinates display might be a useful tool for 
the modeller to validate a psa. If, for example, a normal distribution had been 
assigned to a variable, the parallel coordinates would quickly show whether the 
simulated values of this variable had clustered properly in the middle or not. 

One of the experts suggested that it relied too much on interactivity, and 
that the static ‘screenshot’ version that would have to be printed in the report 
would not be as valuable as some of the other graphics.

Scalability (Thomas & Cook 2005) was mentioned. It was asked whether the 
parallel coordinates display would really be able to cope with 1000 simulations, 
This number should certainly possible, although the lines might need to be 
partially transparent to make sure that some of the most densely clustered 
variables are still understandable. Also, it was noted that 100 variables in 
the psa (ie 100 bars) would not be practical, so some selectivity might be 
necessary in terms of what was presented. 

One suggestion was that one of the sliders could be used to show the icer 
rather than one of the input parameters. This would allow a user to select a 
certain icer range, and show which of the highlighted cases within this range 
were noticeably more tightly clustered on the different input variables. Such 
groupings would give an indication that these variables were influential on the 
icer. While it might then be possible to dispense with the cost-effectiveness 
plane part of the graphic, it was thought that this display might still be quite 
useful, as it would be familiar to many decision-makers. 

After a somewhat lengthy discussion, the value of this information graphic 
was still unclear. It raises a few methodological questions, and its final form 
was not completely fixed, in terms of what should be displayed. The graphic 
was taken to initial development stage to see if it would be readable with many 
simulations, and more input variables.

4.2.4   Graphic 4 – Technology assessment report 
graphical overview

4.2.4.1   Background

It is not unusual for complex situations to arise in hta work, in which several 
different parts of the reports have a large influence on the decision. For 
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example, in the nice multiple technology appraisal of Adefovir, Dipivoxil 
and pegylated interferon alfa-2a for the treatment of chronic hepatitis b 
( Jones et al. 2009), the report concluded that different treatment sequences 
were appropriate for different subgroups. However, the published clinical 
effectiveness evidence available did not relate to sequential treatment. In this 
case, it might have been useful to consider the quality and appropriateness 
of the evidence of clinical effectiveness alongside the conclusions of the 
economic modelling. 

While executive summaries in tar reports go some way to providing an 
overview of the report, they must focus on giving a quick overview of the most 
important information. Therefore, space may not be available to present very 
much of the actual numerical data from the report.

4.2.4.2   Description

A standard way of presenting large volumes of information for quick summary 
is the poster format, often used at academic conferences. The aim here is to 
use a poster to show an overview of the entire report (see Figure 4.2 – 5). 
This poster would give graphical presentations of the numerical information 
from the report, supported by carefully placed text, using information design 
techniques such as position, hierarchy, and linking, to show relationships in the 
data. This would include information from the background of the condition, 
the clinical effectiveness, and the different economic analyses presented in the 
tar, but displayed in one large layout. In the case of the hepatitis B multiple 
technology appraisal, this might have made the reasons for the sequencing 
problem apparent more quickly than reading the entire document. 

Previous research has shown that graphical presentation formats can enable 
the viewer to understand numerical information more quickly, particularly 
where the information is complex (Remus 1987). Our own research, presented 
in chapter 3.2, suggests that decision-makers in the uk hta system have limited 
time to read tar reports, so enabling faster information absorption might 
have inherent value. However, it is also possible that some decision-makers 
may prefer a graphical presentation format. Accepting the conclusions of 
the research in Appendix A, that people perform better with presentations 
that they prefer using, this format might then lead ultimately to greater 
understanding of information.

One of the chief disadvantages of this graphical overview is finding a way of 
presenting it to the decision-makers. While such posters could be printed 
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on paper, displaying them in the venue for the appraisal committee would 
be of limited use, as the decision-makers are only likely to be present for the 
meeting itself. Sending such printed posters to each decision-maker would 
be expensive, and difficult for them to look at unless they could mount them 
on a wall or board. It would certainly not be possible to read on a train, as a 
report is. A poster could be sent electronically and explored by zooming and 
panning, for example using the widely available pdf file format, or websites 
such as (Prezi Inc. 2010). However, this would somewhat compromise the 
main strength of the graphic: being able to scan the data from the whole report 
by just moving the eyes over the poster. The poster could also be presented 
using the projector at an appraisal committee meeting, but would again require 
zooming and panning to have sufficient resolution to see the data. 

4.2.4.3   Expert critique

Initially, this graphic was thought to have “no merit in the current format 
whatsoever.” This was largely due to the difficulties inherent in distributing and 
viewing the design. It was observed that it would be necessarily less detailed 
than a several-hundred page report. Concern was expressed that, therefore, it 

Summary 
of report 
conclusions.

Information on the two 
manufacturer models, as well as 
the report authors’ model.

Figure 4.2 – 5
Technology assessment report graphical overview

Disease progression diagram.

Details of background of condition, starting 
with global prevalence. This is linked to local 
conditions and subgroups.

Information on treatments, which is 
linked to the different trials from the 
systematic review.

Sankey diagrams, forest 
plots, world maps and patient 
characteristics (see Chapter 
4.2.1).
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wouldn’t be able to replace anything. 

One suggestion was that it could it be thought of as a kind of visual executive 
summary. However, it was noted that there is already a textual executive 
summary, which is quite valuable in its current form. It was suggested that the 
current executive summary has very little, if any numerical data in it, but this 
might only be true of badly written ones. While textual executive summaries 
may not include tables of numbers, the function of it is to give a view about 
what the key things are in the report, so selected figures should be presented 
within the text.

It was acknowledged that the poster would look visually attractive. However, 
caution was suggested, since a very aesthetically pleasing graphic that is not 
actually very useful could be unproductive, or even distract the viewer from 
the information contained. 

One thing that is often unclear in htas is the degree of overlap in the sources 
of the cost-effectiveness analyses, and the effectiveness data. This poster 
display could provide that. For example, if the clinical effectiveness estimates 
were based on three trials, and the cost-effectiveness data came from just one 
of them, it might be possible to quickly get a visual sense of how these related 
to each other.

Overall, concerns still remained about how large a poster would be needed 
to display all of the data collected in an hta. It might be an interesting task to 
attempt, particularly if the individual elements are being developed anyway, 
but it was thought that it probably wouldn’t lead to anything substantial 
enough to be included in this phd. It might be possible to develop a display 
like this if the individual components were to become very popular after some 
time. It was generally thought to be too complex and requiring too much 
change in terms of presentation media to be practical for this project.

4.2.5   Graphic 5 – Sankey Markov overview

4.2.5.1   Background

One issue, mentioned a number of times during the interviews in Chapter 
3.2, was that decision-makers needed some way of seeing where costs and 
quality of life scores in a model came from, rather than just taking the icer 
as a given result of the model structure and input parameters. This can be 
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particularly problematic in the single technology assessment process at nice, 
when manufacturers resubmit their report after a committee has issued its 
preliminary decision. Time can then be quite limited for decision-makers to 
get to grips with a new model.

4.2.5.2   Description

This information graphic is designed to show each cycle of the model in 
detail, with the costs incurred and qalys lost in each one (see Figure 4.2 – 6). 
Situations in which cost savings are produced because of death occurring 

earlier in the model, or large costs incurred because of proportionally large 
groups remaining in costly health states should become more obvious than 
when looking at an aggregated metric such as an icer. This should lead to a 
greater understanding of the temporal dimension of a model, and also allow a 
quick overview of the model dynamics.
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Figure 4.2 – 6
Sankey Markov overview

This section shows five cycles 
of a Markov model.

Different states are shown by 
bars, with height proportional to 
the number of simulated people 
in that state.

Proportionally sized bars show 
the flow between states for 
each cycle.

The bars above and below the main part of the Sankey diagram show 
the costs incurred and the QALYs gained in each state for that cycle. The 
larger, shaded bars show the cumulative costs and QALYs.



4.2.5.3   Expert critique

The graphic was thought to address an important issue. An example 
was given of the screening of Hepatitis C (Stein et al. 2002), in which 
the different factors that contributed to the icer were very important. 
This was also the case for the Rituximab model (Knight et al. 2004). 
Disaggregating the icer is something that is often wanted in many 
appraisals, and should arguably be provided always.

Concern was expressed over whether the display would be practical, 
given the fact that many models run hundreds of cycles. Some form of 
clustering, such as grouping 5 or 10 cycles together, would be necessary 
to display what was happening on a single page of a report. It might 
be possible to produce a circular display, as shown in Figure 4.2 – 7. 
However, this would make it more difficult to compare the costs and 
qalys produced from cycles in different parts of the model.

There was some discussion of whether this graphic would be an advance on 
current practice. This would generally be to include a state occupancy diagram, 
a comparative Cartesian time series graph, which shows how many people 
are in the different model states over time (see Figure 4.2 – 8). Reports often 
also include a separate description of how people flow from state to state, by 
presenting numerical counts of how many simulated people made transitions 
from one state to another. A separate Cartesian line graph might be used to 
show cumulative cost, and greyscale shading could be included on the state 
transition diagram to show quality of life, with black being equal to nearly 
dead. The benefits of the new information graphic would be that all this 
information would be brought together in one diagram. This would allow the 
accumulation of cost and qaly values to be compared more easily, and show 
more detail on how qalys accumulate over time.

It was generally agreed that showing the source of 
costs and qalys is a critical part of both the analyst 
seeing what their model is doing, and a committee 
understanding “where the icer value comes from”. 

It was suggested that the graphic might be a good 
way of displaying information that was needed 
in the Hepatitis C screening report. In this hta 
the benefits coming from the model were 
partitioned. Two different kinds of benefit were 
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Figure 4.2 – 8
‘State occupancy chart’ from Garside 2007

Figure 4.2 – 7
Circular format

A model with many cycles 
could become very wide. A 

circular format might be more 
appropriate in this case. 



assigned, one being small quality of life gains throughout the model, and the 
other being avoiding severe terminal consequences at later stages. The greatest 
benefit was shown to be in the small incremental quality of life gains in this 
case, and this kind of graphic might show the impact of such small, long-term 
gains quite easily. This could be particularly valuable, as survival estimates 
often “come from different places to utility estimates” – in that trials often 
measure one or the other, but do not report both. An example was given of the 
Rituximab (MabThera) for aggressive non-Hodgkin’s lymphoma review (Knight 
et al., 2004)

There may be limitations with this information graphic, as models with many 
states may be difficult to display. Also, situations where progression is not 
mainly in one direction through the same series of model states might be more 
problematic.

Overall, the graphic was thought to need a substantial amount of work, but it 
was acknowledged that it dealt with such a key area that a developed version of 
this might be very useful. 

This graphic was chosen for further development, as it “Gets more into the 
heart of the model” than any other way of displaying this information that is 
currently used. A small time investment might be necessary to learn how to use 
the graphic, but once decision-makers became familiar with it, it could provide 
a quick and effective way of displaying information about the accumulation of 
costs and quality of life over time for simulated people in a Markov model.

4.2.6   Graphic 6 – ‘Whirlpool’ display for enhancing 
tornado diagram in deterministic sensitivity analysis

4.2.6.1   Background

A ‘Tornado diagram’ is often used in technology assessment reports to 
show the results of one-way sensitivity analysis of an economic model. This 
vertically-arranged bar chart shows the effect on the icer of different one-
way deterministic sensitivity adjustments to the model (see Figure 4.2 – 8). It 
accepts negative values, as changes may increase or decrease the icer value. 

As the icer is a ratio rather than an absolute value, these diagrams do not show 
the effect that these sensitivity adjustments have on the total costs and qalys 
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accumulated under different interventions. These individual values might 
change without altering the icer, where both costs and qalys change by a 
proportionally similar amount. This information could be relevant to an hta 
decision, but would not be shown in a standard tornado diagram. However, the 
icer metric is still highly relevant, and should take (visual) priority.

4.2.6.2   Description

This new information graphic still shows the icer change (positive or 
negative) with the usual ‘tornado’ bars. However, the ‘whirlpool’ display in the 
centre also shows the (positive or negative) change in the absolute costs and 
qalys accumulated in the model. The distance from the mid-point ring shows 
how large a change in one of these values is, meaning that a large positive or 
negative change would appear as a dark area on the page, attracting the eye (see 
Figure 4.2 – 10). There are four ‘quadrants’ in each ‘whirlpool’, which represent 
the costs and qalys for two different health interventions being compared.

4.2.6.3   Expert critique

The panel initially thought that showing the individual cost and qaly change 
for each intervention might not be necessary – showing the difference between 
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Figure 4.2 – 9
‘Tornado diagram’ showing the effects on 
the icer of altering individual model inputs



the two could be enough (the incremental cost or qaly change). However,  
this would not show equal changes in both comparator and intervention. 

It was suggested that it would be more appropriate to show the changes 
on a Cartesian cost-effectiveness plane. Displays on a Cartesian plane 
are sometimes produced, which show the costs and effectiveness of two 
interventions, and the same values after a sensitivity 
adjustment is made (see Figure 4.2 – 11). However, it 
would be more difficult to compare the impact of the 
different sensitivity adjustments, as each would have to 
be displayed on a separate set of axes. Also, occlusion is 
likely to be a problem for very small changes.

It was generally thought that, while a better way of 
showing the outputs of one-way sensitivity analysis is 
needed, this is perhaps not the best way of doing so. This 
graphic was not chosen to proceed to initial development.
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Figure 4.2 – 11
Movement of ICER (represented 

as the gradient of the diagonal lines) 
on a cost-effectiveness plane in 

response to a sensitivity adjustment. 

costs

effectiveness

intervention 1

intervention 2

ICER 1
change after 
sensitivity 
adjustment

ICER 2

Figure 4.2 – 10
‘Whirlpool’ display for enhancing tornado 

diagram in deterministic sensitivity analysis

The icer change is represented with 
a horizontal bar.

An icer change of 0 is the 
edge of the central strip.

Each quadrant of the 
‘whirlpools’ represents 
costs of qalys of 
the comparator or 
intervention.

The dark ring 
represents 
the base case 
scenario.

Calculations for the 
size of the different 
quadrants should 
be area-based.



4.2.7   Graphic 7 – Survival 
synthesis bubble chart

4.2.7.1   Background

For many health interventions, the primary 
outcome of interest is the survival of the 
people receiving treatment. This is often 
presented in individual medical trials with 
a visual technique called a Kaplan-Meier 
curve (Kaplan & Meier 1958). Figure 4.2 – 
12 shows a Kaplan-Meier curve, the two lines 
showing the overall survival of participants 
in the two groups of an rct. In a systematic 
review, with many trials to consider, the survival curves provided by each 
report are difficult to compare side-by-side. Overlaying them on one set of 
axes, however, would be very confusing, particularly when one considers that 
even two curves on a Cartesian axes may be visually misleading (Cleveland & 
McGill 1984).

4.2.7.2 Description

For this information graphic, a bubble chart is used, which presents the 
survival data at five points, one for each year of follow-up in the trials. The 
number of surviving patients at any point is represented by the area of a circle 
(see Figure 4.2 – 13). This relies on the viewer’s ability to judge relative areas 
of circles to impart the information. Luckily, the human eye is well trained 
to judge relative sizes. Over many years, we develop the ability to judge the 
distance of objects or which is the larger of two portions of food (Merleau-
Ponty 1962). While this ability may be influenced by different shapes or 
perspective effects, it can be used by an information designer to display 
complex information, such as survival data from a large systematic review. 

In theory, the use of area-based circles instead of the more usual curves allows 
for comparisons to be made easily between different trials (in a horizontal 
direction) and between years in one trial (in a vertical direction). 

4.2.7.4 Expert critique

It was noted that the display in its current form does not handle censoring 
(where a person is lost to follow-up in the trial, and may be alive or dead). 
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Figure 4.2 – 12
A ‘Kaplan-Meier curve’ showing 

the survival of two groups of people



This is normally shown in a Kaplan-Meier curve by adding a small mark to the 
curve when the patient is censored. The patient is removed from the group of 
alive patients at that time point, appearing visually to be counted as a death. 
Sometimes, multiple lines are plotted, one counting censored people as alive, 
and another counting them as dead, giving two diverging lines that indicate 
the minimum and maximum possible number of people alive. The true line is 
then expected to lie somewhere in the middle. The new graphical display, with 
its area-based circles, could use a similar technique, with the ‘number possibly 
alive’ data point indicated with a larger ring in 50% opacity outside the larger 
group, and a smaller ring in the same shade between the larger group and the 
smaller group, indicating the uncertainty caused by loss of follow-up. This 
uncertainty could also be presented with a linear gradient, from solid colour 
at the ‘minimum possibly alive’ point to white at the ‘maximum possibly alive’ 
point. 

There was some contention in the group about how useful the display would 
be. One of the three experts liked the display, another preferred to look at 
multiple line graphs, and the other was unsure which they preferred.

This third person did like the way that the display allowed different trials to 
be compared, but was not convinced that judging a circle’s area would be as 
accurate as judging the position of a line on a graph. 
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Figure 4.2 – 13
Survival synthesis bubble chart



It was observed that the technique was not specifically targeted at hta. 
However, as survival analysis is quite common in hta, it was thought to have 
enough relevance to be taken to initial development stage.

4.2.8   Graphic 8 – Distribution-based forest plot

4.2.8.1   Background

Forest plots are widely used and accepted in health research to show 
the outcomes of multiple clinical trials, especially when meta-analysis is 
conducted. Their use is specifically recommended in the most recent nice 
methods guide (National Institute for Clinical Excellence 2004).

The forest plot, developed specifically for use in meta-analysis (Lewis & Clarke 
2001), shows the overall direction and weight of evidence in a set of clinical 
trials (see Figure 4.2 – 14). The squares are positioned horizontally, according 
the sample mean reported in each trial. These squares are sized according to 
the weighting given to the trial*. The thin horizontal lines show the degree of 
uncertainty in the trial, frequently presented as the 95% confidence intervals†. 

Forest plots allow for a good overview of the trials in 
a review. However, this simplification may obscure 
some of the detail given in a trial report.

4.2.8.2   Description

This graphic aims to show more detail on how 
certain and reliable the trials in a meta-analysis were. 
The forest plot’s familiar squares with error bars 
are replaced by a vertically centred probabilistic 
distribution. The idea is that the more likely it is that 
the true value falls at a particular level, the wider 
the shape at that point. A combined summary of 
these distributions replaces the customary summary 
diamond at the bottom of the diagram (see Figure 
4.2 – 15). The weighting of each trial, displayed with the size of the squares in a 
traditional forest plot, is instead displayed using colour or greyscale shading.

No trial can predict the outcome of a medical intervention in an entire 
population from a sample with 100% accuracy. Using the point-and-
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Figure 4.2 – 14
Forest plot (from Burch 2009)

* This weighting can be 
as simple as how many 

people were in the 
trial, but is frequently a 

more complex synthesis 
of size, study design, 

methodological quality 
and other factors.

† A statistical measure, 
giving a range of values 

and a stated degree of 
certainty. Commonly, this 

range represents an area 
within which there is 95% 

probability that the true 
population mean may be 

found, as estimated from a 
sample of this population 

(Field, 2005)



whisker form of the forest plot, several different probabilistic distributions 
could possibly be represented with the same point-and-whisker form. The 
representation of the result of a trial as a single point with 95% confidence 
could suggest an even distribution of probability when this is not, in fact, the 
case. Not all users of TAR reports are likely to be experienced enough to be 
able to correctly interpret the simplified statistical information contained in a 
forest plot.

4.2.8.3   Expert critique

Even if it were possible to create such a graphic from the information available, 
it was thought that people would still want to see key points, like the sample 
mean and 95% confidence intervals on the graphic. 

However, the more important issue was that the display might not be viable 
in terms of the statistical information available from trial reports. In the 
frequentist statistics employed in hta, the distributions used are uniform, so 
no information is given about where the population mean is likely to appear 
between the 95% confidence intervals. Bayesian statistics might  provide this 
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Figure 4.2 – 15
Distribution-based forest plot

Trials, as in a conventional forest 
plot, are presented vertically, 
with a summary at the bottom

Each distribution should 
extend to the very edge of 
the chart, with a hairline-
point-sized line, to show 
that the true value could 
lie outside the arbitrary 
limits of 95% confidence 
intervals.

Each trial could 
be shaded 
in greyscale 
to show the 
weighting given 
to each one.

Each trial, however, has a distribution 
rather than a single point with confidence 
intervals. The height at any point in the 
x-dimension shows the probablility that 
the actual outcome measure form the 
population sampled lies at this point.



kind of information, but as this is not commonly employed in htas at the time 
of writing (Ades et al. 2006), this graphic was not chosen to move to the initial 
development stage.

4.2.9   Graphic 9 – Search strategy link diagram

4.2.9.1   Background

The need addressed by this graphic was identified by an information scientist, 
who highlighted a specific problem that they had had in their hta work. They 
wanted to compare the search strategies used in five different (but related) 
systematic reviews. Each of the reviews used a different search strategy, with 
between 20 and 42 search strings used. They found it quite difficult to get any 
kind of overview of this information quickly.

4.2.9.2   Description

The individual search terms used are represented by small circles, which are 
placed into one or more of five larger circles, one for each systematic review. 
Each term is then linked to any other use of that term in another review with a 
thin line (see Figure 4.2 – 16).
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Figure 4.2 – 16
Search strategy link diagram

Each systematic review 
is represented by one of 
the larger circles.

The smaller circles 
represent the search 
terms used

Links are shown when 
a search term is used in 
more than one review

A key would be used to 
show which of the small 
dots represents which 
search term.



There are many ways in which this information could be displayed. A more 
straightforward, and less graphical approach, would be to construct a large 
table, with 93 rows for the different search terms, and 5 columns for the five 
systematic reviews. However, apart from the very tall narrow table being 
difficult to present on screen or printed media, it would be difficult to get an 
overview of each systematic review individually. The information graphic 
presentation not only gives a count of the search terms used, but also shows 
easily those terms not used by any other reviews (those with no links). It could 
be used to give an overall feel of the search strategies used, to someone that 
was not familiar with the data, in a short time. 

4.2.9.3   Expert critique

While this graphic was thought to be of some interest, it didn’t go far 
enough for the panel’s liking. It was noted that the graphic does not give any 
information about how many papers were found with each search term, and 
how many duplicates were found, which are often key aspects of a search 
strategy. If presented with a graphic like this, it might be natural to assume that 
the fullest circle would be the best search strategy. However, without linking 
this information to the results returned, it is hard to know if that is the case. A 
large set of search terms might lead to too many results, which might provide 
the same papers after exclusion, but less efficiently.

Scalability and generalisation were also discussed. In this case, five systematic 
reviews and 93 search terms were used. It might struggle to represent 20 
reviews, or 1000 search terms, however.

Despite some reservations from the panel, this graphic was chosen to be taken 
to initial development stage, to see how clear the graphic would be with real 
data incorporated. 

4.2.10   Graphic 10 – Individual patient display for 
discrete event simulation

4.2.10.1   Background

Discrete event simulation can be a useful way of producing a model of the 
possible results of adopting a health intervention. While the Markov models 
more commonly used in hta simulate an entire cohort of people together, 
discrete event simulation tracks individual units (in this case patents) 
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through the model. For example, individual patients might move between 
well and unwell states, and back again. In a discrete event simulation model, 
each individual patient could be traced through the model, and their history 
recorded, whereas the Markov model would only show how many people were 
in a given state at any time. However, this can make discrete event simulation 
models more complex, and create the need for some kind of overview to aid 
understanding.

Each individual virtual patient in the model contributes to the overall results, 
but it can be difficult to see if any individual people are unduly affecting the 
results. Showing the values produced by different patients in the simulation 
might also enable a decision-maker to look individual patients’ journeys 
through the model, helping them to decide whether patient pathways are 
realistic, in terms of their clinical experience (model validation).

4.2.10.2   Description

This technique is likely to produce quite a complex visual effect, and is 
therefore probably better suited to an interactive (screen) display where 
selective focussing and/or animation could reduce the level of information 
displayed at any one time. Key findings could, however, be entered into 
reports, in a similar way to the graphic described in Chapter 4.2.3 – parallel 
coordinates for probabilistic sensitivity analysis.

In the display, circles are used to represent individual patients, the costs they 
have so far incurred, and the associated utility scores (see Figure 4.2 – 17). All 
of the simulated patients’ journeys through the different health states could 
be shown at once, but it might be most useful to highlight individual cases of 
interest for discussion, perhaps fading the other patients to a light grey colour.

One great problem facing such a display, especially in the case of 1000 or more 
simulated people, is that occlusion is likely to affect the lines leading from one 
state to another. This would be a particular problem for people placed in the 
representation in a position diagonally aligned with another person, making 
the same transition simultaneously from one state to another. This might be 
partially addressed by ensuring that some extra space is left either horizontally 
or vertically, so that the states are not directly aligned with each other.

By showing the costs, utilities and pathways using a graphical technique such 
as this, unusual cases can be highlighted and analysed, and the face validity of 
the model can be assessed by clinical experts to validate the model. 
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4.2.10.3   Expert critique

The volume of data that would need to be presented could be a significant 
problem for this kind of presentation. It was noted in the discussion that 
discrete event simulations often use thousands of people, and track them 
over hundreds of cycles. The resolution needed to display that many people is 
probably unrealistic, even in a simple three-state model.

The graphic would also enjoy limited applicability, as discrete event simulation 
is rarely used in hta. With other, simpler, graphics specified for more 
commonly used techniques, this graphic was not thought to be worth the 
effort it would require.

On top of these substantial criticisms, it was mentioned that simpler animated 
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Figure 4.2 – 17
Individual patient display for discrete event simulation

Time is displayed horizontally 
(columns), and different health 
states vertically (rows).

The circles representing simulated 
people move into the health state 
that they occupy in that time period 
of the simulation.

In this sketch, people are 
represented by two concentric 
circles. The area of the first circle 
represents costs incurred by 
that person so far. The area of 
the second circle represents a 
cumulative quality of life score. The 
area between the circles will be 
shaded if that person has unusually 
high costs considering their quality 
of life.

There are, however, many 
different ways in which 
costs and QALYs for each 
person could be displayed.

This sketch only shows 
9 people, but up to 100 
should be quite easy. With 
a limited number of health 
states, 1000 might be 
possible.
It also only shows 3 time 
periods, but more might 
be possible in a landscape 
format, if the number of 
health states allowed.



techniques are already frequently employed in displaying discrete event 
simulations, and widely available in discrete event simulation software. The 
graphic specified here is a slightly different way of presenting these results, so 
it does have marginal interest, but certainly not enough to justify the technical 
challenge of its development. It was decided that the development of this 
graphic should not continue in the next stage of the project.

4.2.11   Potential colour variations

hta reports are currently distributed to nice decision-makers in printed 
form, using only black ink on white paper. They are also published in the hta 
journal, which uses black ink only. However, electronic versions of the reports 
are hosted on the nice website, in pdf format. This file format is ideal for the 
presentation of static information graphics, as it allows vector-based* coloured 
representations. If colour printing became possible in future, or the online pdf 
became the dominant format for decision-makers to view the reports, coloured 
variations of these specified information graphics would be possible.

In graphic 2 (bubble chart for two-way sensitivity analysis), for example, a 
different colour could be used for positive and negative changes to the icer. 
Instead of a medium-sized circle representing no change, it could be shown as 
a circle of area 0 (and therefore invisible). This would mean that picking out a 
large negative change in the icer would be much easier, as it would appear as 
a large circle in a different colour to the positive changes, rather than having to 
look for very small circles. This use of colour for categorical distinction could 
also be useful in graphic 5 (sankey diagram for overview of Markov model), to 
distinguish between the different model states, and link these to the bar charts 
showing costs and qalys accumulated above and below the main part of the 
diagram.

Colour can also be used to present another dimension of data, using a colour 
scale. This might require high quality, carefully colour-calibrated printing, or 
high quality digital displays. However, the extra dimension of data could be 
very valuable. In the case of graphic 7 (survival synthesis bubble chart), the 
bubbles could be coloured with a scale, which would represent the hazard 
ratio† at that time point in the trials.
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* Vector-based files, such 
as pdfs, can be enlarged 

and resized, as they are 
recorded as a series of 

mathematical functions, 
rather than on a pixel-by-

pixel basis, as in bitmap 
(or raster) file formats 

such as jpeg and tiff).

† A statistical measure of 
the hazard, or risk of an 

event, with reference to an 
explanatory variable – in 

this case the risk of death 
with reference to which 

of two interventions was 
received.



4.2.12   Potential animated variations

The use of time-based media would allow for animated information graphics, 
which could be distributed as video files. These could be given to decision-
makers as a streaming link over the internet, or provided with the reports on 
dvd.

This would allow graphic 10 (individual patient display for discrete event 
simulation) to show what happened to people over time. It might also be used 
for graphic 5 (sankey diagram for overview of a Markov model), allowing each 
cycle of a very lengthy model to be shown scrolling past, and showing the 
gradual build-up of costs and qalys.

4.2.13   Potential interactive variations

Digital media also offer scope for interactivity, whether this is used to allow the 
user to limit the amount of data shown, or to enable them to enter their own 
values. Interactive displays might be designed with programs such as Flash or 
Processing, for example. The resulting Flash player files could be distributed 
using the internet, and Processing sketches can be converted into Javascript. 
Alternatively, such interactive graphics could be shown at committee meetings 
using data projectors. This added interactivity could enhance several of the 
graphics. 

Graphic 1 (small multiple techniques including Sankey diagrams for overview 
of clinical effectiveness data) could be designed so that the user could sort 
the display by clicking on one or more of the headers, in a similar way to a 
spreadsheet. This would allow them to see, for example, the trials with the 
lowest ages or the highest number of people, and could reveal patterns in the 
data.

Another possibility for interactive graphics would be to provide more detail 
when highlighting a specific element, perhaps by moving a mouse pointer over 
it, clicking, pressing on it, or pointing in some other way. In graphic 7 (bubble 
chart for survival synthesis), a user could highlight a circle, and see more 
information about the characteristics of the trial from which that data point 
comes – trial size, design and methodological quality, for example. The display 
could also show the viewer the more familiar Kaplan-Meier curve* for this 
trial, and show where the data points that they have highlighted would be on 
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* See Chapter 4.2.7.1



this graph. In graphic 8 (search strategy link diagram), the user could highlight 
specific search terms from a list, and see them picked out in the link diagram. 
Also, they might activate an entire systematic review circle, and see only the 
links to other reviews highlighted, and only the search terms used highlighted.

 — 176  —

Design4
Elements4.1
Specification4.2
Development4.3



4.3 Development
After discussion, five of these specified information graphics were selected for 
further development. These were produced in a form that could be presented 
in a technology assessment report, using real data from past reports to test the 
concept of the information graphic. This section (4.3 – development) details 
the results of this practical investigation of the merits of these five information-
needs-based designs. As such, it can be regarded as a modest application of the 
‘practice-based research’ discussed in Gray and Malins (Gray & Malins 2004).

This ‘development’ process forms the third phase of the suggested design 
process for information graphics in hta (see Figure 4.3 – 1).
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initial design work real data incorporation
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Figure 4.3 – 1
The phase of the proposed design process detailed in Chapter 4.3
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4.3.1   Graphic 1 – Small multiple techniques 
including Sankey diagrams for overview of studies  
in a systematic review 

(See Chapter 4.2.1 for specification)

An initial version of this graphic was created with eight of the trials included 
in the original report. This is shown in Figure 4.3 – 2 and Figure 4.3 – 3 
over the following two pages. As this would be a multiple page document, 
Adobe InDesign software was used for the layout. The small multiple Sankey 
diagrams for the study design and size were produced in Adobe Illustrator, 
saved as eps files, and imported into the master document in InDesign. The 
values for widths, lengths, and positions of the graphics were calculated in 
Apple’s Numbers spreadsheet program, although any spreadsheet could have 
been used. The values were copied and pasted into the appropriate boxes 
in InDesign and Illustrator to set the position and size of the various data 
elements on the page.

There were several changes to the graphic in this version, which came from the 
comments received on the specification, and in response to design challenges 
raised by the application of real data:

The UK trials were picked out with a representation of the shape of the island, •	
as these are likely to be more relevant to the context of nice decisions. 
Some of the trials did not report mean age. This was simply addressed by •	
removing the vertical line in these cases, leaving an impression of the range 
of ages used, without showing a specific mean value. 
The statistically significant outcomes were displayed more appropriately, in •	
the grid showing the outcome measures used. This allowed a single trial to 
display significance in some outcomes, but not all. Solid black circles were 
used to display significance, so that these outcomes would stand out against 
the others.
In the extra space created by moving the statistical significance, a quality •	
checklist was included, showing some important information about how the 
trials were conducted. 

The new ‘quality grid’ could be used in at least two different ways. It can give 
a general sense of the quality of the trials, by judging how black the grid is 
overall. Alternatively, a viewer can pick out an individual box of interest from 
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the key, and scan down the document to pick this out. This task should be 
made easier by the distinctive shape of the grid. The danger with the first 
of these ways to use the grid is that each box has the same visual weight. 
However, each box might be more or less important, depending on the study 
domain, as well as the kind of trial being performed. This was picked out 
during consultation with the original report author as a weakness with the 
presentation method, who suggested that some kind of labelling of this grid 
should be attempted.

They also mentioned that it would be important to have some way of judging 
the absolute size of the trials. While it was easy to see which trials were larger 
than others in this set, it was not possible to see whether the trials were large or 
small overall.

In this case, no trial produced a significant effect that was in favour of the 
comparator intervention. The original author did ask how that would be 
identified if it were necessary to do so for another set of trials. This could 
be shown with a diagonal stripe through the circles, suggesting a negative 
outcome. 

This graphic was relatively easy to develop, taking around two weeks’ full-time 
work. It could be used in almost any hta report, and seemed to be widely 
accepted as useful in consultation with the report author and phd supervision 
team. It was therefore taken to a further stage of more formal evaluation, 
detailed in Chapter 5 – prototype test 1.
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4.3.2   Graphic 3 – Parallel coordinates for 
probabilistic sensitivity analysis

(See Chapter 4.2.3 for specification)

The data for the initial development of this graphic came from another pentag 
report, this time on two treatments for Glioma (Garside et al. 2007). This 
report was chosen, as it was a fairly simple model design, and access was easy 
to the original Excel file with the values calculated for the psa. The data from 
just the analysis of tmz (temozolomide) vs placebo was used to demonstrate 
the principle of the graphic. The probabilistic sensitivity analysis of the model 
in this report used 1000 samples of different variables.

The graphic was created using a free data visualisation program called Orange 
(from http://www.ailab.si/orange/) to create the parallel coordinates display. 
This was then exported to Adobe Illustrator for labelling, as an svg file (a 
vector format) 

The large number of variables in the psa led to a very complex looking graphic, 
even with benefit of colour. Figure 4.3 – 4 shows a snapshot of the parallel 
coordinates, with all simulations which produced an icer below £35k per qaly 
highlighted in red. A threshold of £30k per qaly is more commonly used as 
a metric of interest (Devlin & Parkin 2004), but in this case, only two of the 
simulations produced an icer this low. 

There was no very clear clustering of the red lines on any single variable. 
The lower costs seemed to be produced by many different combinations of 
variables, rather than showing a clear pattern of low costs and high utility 
scores, as might be expected.

One interesting observation is that the ‘simulation number’ bar on the left 
seems visually to cluster at the top and bottom, even though it should be a 
perfectly linear distribution - it simply shows an id number for the simulations, 
running from 1 to 1000. Other bars, such as the ‘costs in progressive state, week 
1, all arms’ bar, may also be more uniform than they appear.

The original modeller suggested that net benefit might be shown as a slider as 
well as the icer, which might have different results. This would be technically 
very easy to accomplish.



 — 183  —

Design4
Elements4.1
Specification4.2
Development4.3

Fi
gu

re
 4

.3
 –

 4
Pa

ra
lle

l c
oo

rd
in

at
es

 fo
r p

ro
ba

bi
lis

tic
 s

en
si

tiv
ity

 a
na

ly
si

s.



 — 184  —

Design4
Elements4.1
Specification4.2
Development4.3

They also suggested that, while this presentation of the graphic might not 
reveal anything very clearly, it would be possible to reduce the number of 
variables shown, simplifying the graphic by only presenting key variables that 
were either very uncertain or had a great effect on deterministic sensitivity 
analysis. For the deterministic sensitivity analysis, the original report used: 

median survival advantage with •	 tmz
utility in stable state with •	 tmz
utility in progressive state with •	 tmz
cost of •	 tmz

In addition, there are some variables that seem to stand out from Figure 4.3 – 3: 

survival curve values for •	 tmz placebo progression free survival
costs of ‘•	 psg’ state (which represents post-operation recovery in the model), 
costs of the •	 ct scan performed after radiotherapy.

 
It would be possible to create a version of the graphic which only showed these 
seven variables, which might be easier to interpret. 

Unfortunately, it can be difficult to see any dual-influence patterns in parallel 
co-ordintes displays like this one unless two values that depend on each other 
happened to be next to each other. While it would in theory be possible to 
present each pair of variables separately, with 32 variables as we have here, 
that would require 528 pairwise comparisons. It might be possible to use a 
display like that shown in Figure 4.3 – 5 to compare the seven variables already 
mentioned in a pair-wise manner to look for combinations of variables that 
resulted in low icers.

After this initial ‘real data’ development and feedback stage, too many 
questions were left unanswered. Scalability issues were becoming apparent 
even with this relatively simple model. This graphic was abandoned at this 
point, and not taken to final testing stage.
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4.3.3   Graphic 5 – Sankey Markov overview

(see 4.2.5 for specification)

Data from the glioma model was used again for this graphic (Garside et al. 
2007). Figure 4.3 – 6 shows the tmz arm of the model, for the base case 
scenario, with the best available data from the systematic review used. The 
eventual aim with this graphic would be to design specialist software that 
would output all arms of a model in this format, and also allow deterministic 
sensitivity analysis to be performed, to show the different sources of the 
changes in the icer produced by changing inputs to the model. This prototype 
version, however, was created using Adobe Illustrator, again copying and 
pasting values for the position and size of objects directly from a spreadsheet 
program, in this case OpenOffice (from www.openoffice.org).

The first design challenge was to find a way of displaying the 235 cycles of the 
model onto an A4 page. Rather than attempting the circular format suggested 
in Figure 4.2 – 7, the model was broken into 10 26-week blocks. As the first few 

Figure 4.3 – 5
Hexagonal display for comparing seven variables 

from a probabilistic sensitivity analysis.
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weeks were quite complex, and involved several different procedures, the first 
of these blocks was further broken into four different parts. Rather than using 
average values over the 26 week blocks, ‘snapshots’ of the number of people 
in each state in individual cycles were used. This meant that the number of 
transitions between the states in the cycles between one snapshot and the next 
could. In fact, this did not produce a 100% accurate result, as the number of 
transitions did not quite sum to 1000. However, the actual values were very 
close, and converged on the expected values towards the end of the model. The 
reason for this is currently unknown, but may be a rounding error. However, 
it does not appear to be a great problem for this model, which is quite simple. 
The method does seem give a reasonable idea of the number of transitions in 
this case, but caution should be advised in a more complex model.

This graphic seemed to give a good overview of the source of the costs and 
qalys in this model. The colouring of the different states helps to relate the 
costs and qalys produced by the model to the health states in which they 
are produced. It would, however be quite difficult to show this in a black and 
white, printed report. It might be accomplished with good labelling, but would 
perhaps not be as clear. 

One of the flaws in the graphical presentation is that it does not show the 
incremental gains or losses between different arms in the model. Instead, 
a different graphic would needed for every arm. While it would be easy to 
show the incremental gains and losses in the bar charts above and below the 
main section of the graphics, the state occupancy section presents a greater 
challenge. It might, in the end, be of more use for deterministic sensitivity 
analysis. It would be relatively easy to highlight the differences made from 
the base case in various different scenarios, but again, changes to the state 
occupancy would be difficult to show. Bars with about a quarter of the width of 
the current cycle bars might be included just inside the left of each cycle shown 
in the graphic, to show what the base case was like. This would require careful 
explanation, however, and some degree of learning on the part of the viewer 
would be necessary.

There seemed to be many possibilities for further development of this graphic. 
Also, it dealt with a different part of the hta process to graphic 1. Therefore, 
this graphic was also chosen to go to the final user testing stage, which is 
detailed in Chapter 6 – Prototype test 2.
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4.3.4   Graphic 7 – Survival synthesis bubble chart

(See Chapter 3.4.2.7 for specification)

This graphic was developed into an interactive version, which could be 
presented online, in which data about each trial appeared when the user put 
their mouse pointer over the graphic*. A static screenshot is provided in Figure 
4.3 – 7. The circles representing the percentage of surviving participants could 
be coloured according to the hazard ratio calculated for that time point. The 
interface was designed using Adobe Flash, using the built-in programming 
language Actionscript 3 to define the size and position of the circles.

The response from the researcher who suggested the area of application for the 
graphic was that it was generally useful. However, the hazard ratio information 
didn’t come through strongly enough, and it would be difficult to get the 
graphic published in a journal in its current form.

* This is hosted at 
www.pcmd.ac.uk/

infographics/GRsurvival 
at the time of writing.

Figure 4.3 – 7
Initial version of the interactive display.



A new version of the Flash interface was designed*, shown in Figure 4.3 – 8 
as a static screenshot. This version attempted to bring out the hazard ratio 
information by changing the colour scale from the original 0 to 1 to a 0.2 to 0.9 
scale, that would include all values in the data set presented in this instance. 
The scale was also moved and enlarged, for clarity. Also, a hazard ratio ‘marker’ 
was placed on the colour scale, which would indicate the exact hazard ratio 
value of the point that had the mouse over it. 

The graphic was at this point presented at the monthly seminar of the pentag 
research group at the University of Exeter. 

One of the feelings expressed by the researchers present was that the circle 
display, or bubble chart, was too different from the more usual ‘Kaplan-Meier’ 
curves (Kaplan & Meier 1958) to be understood in its present form. One 
possible strength of the interactive technique, however, is that it could be used 
to also show the survival curves in their more familiar Kaplan-Meier form, 
indicating where the data points used in the selected circle appear on the 
curve. 
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* This is hosted at  
www.pcmd.ac.uk/

infographics/GRsurvival2 
at the time of writing.

Figure 4.3 – 8
Second version of the interactive display.
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More information on the trials was also requested when the mouse was 
pointed to the circles, such as the trials’ size and location.

While this was certainly thought to be a promising method of displaying 
survival information, it was not chosen as a candidate for final testing. Its 
reliance on an interactive display puts it at a disadvantage compared to the 
immediately useable graphic 1, which also focussed on presenting clinical 
effectiveness data.

4.3.5   Graphic 9 – Search strategy link diagram

(See Chapter 3.4.2.9 for specification)

This graphic was also developed further, using Adobe Illustrator to present the 
search strategies of the five systematic reviews. 

Initially, the search terms used were placed in an unordered way within the 
circles representing the five reviews. Curved lines were used to link the search 
terms that were used by more than one review. However, this quickly became 
confusing (Figure 4.3 – 9). 

Figure 4.3 – 9
Curved link lines, unordered small circles.
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A version with straight 
lines seemed better, but 
the unordered placement 
would clearly be able to 
obscure the message of 
which reviews had strong 
similarities, when the lines 
were so prone to overlap 
(Figure 4.3 – 10). 

A more ordered layout, 
with the 93 search terms 
used arranged in a 10 x 10 
grid, was more useful. The 
large circles representing 
the systematic reviews had 
to be adjusted positionally to 
avoid any two of them sharing 
the same x or y position, which 
would cause occlusion (Figure 4.3 – 11).

Figure 4.3 – 10
Straight link lines, unordered small circles.

Figure 4.3 – 11
Straight link lines, ordered small circles.
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At this stage, the information scientist who provided the data mentioned that it 
would be helpful to know whether the search terms dealt with the population 
or the intervention of interest. As it happened, the colour coding of the circles 
representing the systematic reviews had become redundant, as they were 
already identified by their position. Therefore, a final version was produced, 
which used different colours to categorise the search terms used in the reviews 
instead (see Figure 4.3 – 12). 

This revealed strong relationships between two of the pairs of reviews. 
‘Exercise-based Rehabilitation for Coronary Heart Disease’ shared many 
‘intervention’ search terms with ‘Exercise-based Rehabilitation for Heart 
Failure’, as might be expected. ‘Exercise-based Rehabilitation for Coronary 
Heart Disease’ also shared many ‘population’ search terms with ‘Psychological 
Interventions for Coronary Heart Disease’, again unsurprisingly. However, 
‘Patient Adherence in Cardiac Rehab’ seemed to share surprisingly few search 
terms with ‘Home Based Cardiac Rehab Versus Centre Based and Usual Care’, 
particularly in terms of the population searched for.

While this graphic was starting to produce a few interesting results, there 
were potential scalability issues, as it might be difficult to use this graphic in 
reviews with many more search terms. Also, the expert critique revealed that it 
would only be truly valuable if it could include data on how many papers were 
returned by the searches, or how the search terms were linked with ‘and’ / ‘or’ 
terms. It was becoming clear that the graphic would need a complete redesign 
to be able to display this kind of information. Therefore, the graphic was not 
taken to the final testing stage.
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Chapter 5: 
Prototype 
Test 1 
(GOfER)
This chapter, and the following one, describe the 
empirical testing of two of the ten graphical techniques 
described in the previous chapter. The process could, 
given enough time, be applied to any of the information 
graphics in that chapter. 

The two graphics chosen for this final testing stage were 
selected by trying to balance the potential value of the 
graphical techniques with the effort required to develop 
them into a real data stage, the ease of reproducing 
them in currently used presentation media in the nice 
appraisals process, and the ease of testing the graphics 
(in terms of having readily available comparators for 
testing, or the availability of experts to test them, for 
example).

The first prototype tested is the one presented in 4.2.1 
and 4.3.1, which became known, first as COGS (Clinical 
Effectiveness overview Graphical Summary, and then 
as GOfER (Graphical Overview for Evidence Reviews). 
This information graphic offers a way of giving a graphical 
overview of the results of a systematic review, potentially 
addressing several of the issues raised in the information 
needs interviews in Chapter 3.2. The data used to 
construct the graphic comes from the pentag systematic 
review of the clinical effectiveness of cochlear implants. 
This was a complex review, mentioned by two people 
during the information needs interviews.
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Figure 5.1 – 1
The phase of the proposed design process detailed in Chapter 5

5.1 Introduction

5.1.1   Testing graphics

This chapter details one way of testing information graphics – with  
a comparative study. This forms one of the pathways from Prototype  
to deployment in the proposed design process model for information  
graphics in hta (see Figure 5.1 – 1).

Information designers have long felt the need to validate their work through 
testing. A memorandum from The Otto and Marie Neurath Isotype Collection 
at Reading Uneversity, written by Marie Neurath suggests that: “The team 
should have some arrangement that they can test their products”, because she 
felt that: “The teacher trainee should be able to get the whole message out of a 
chart by putting the right questions and thus making people look carefully and 
see the answers from the chart. If people can’t see them, the charts are bad and 
have to be redesigned.” (Marie Neurath 1955). 

There is a long history of empirical testing in design. One recent proponent 
of such methods, David Sless, writes of not only a need to test newly designed 
presentations of information through task-based user testing, but also a 
need to establish the performance of existing presentation methods prior 
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to these tests (Sless 2008). The idea of such tests is to demonstrate relative 
effectiveness of new information presentations to the original ones. This can 
show an appreciable value of design to those without knowledge of the field. 
Given Easterby’s views that designers are not good at providing any kind of 
validation of their designs beyond showing the designs themselves (Easterby 
& Zwaga 1984), this approach might be somewhat unusual. Not everyone has 
the experience provided by many years of design practice or training, however, 
and it is important to show the benefits of design in a language understood by 
those that might commission design and benefit from visual communication. 
In the scientific field of hta, this is the language of empirical testing.

In hta, the formal evaluation of different presentation techniques might serve 
to demonstrate the differences between numerical, textual, and graphical 
presentation of data, such as that produced from systematic reviews or 
mathematical models. It will be the researchers themselves that produce, 
and are tasked with disseminating, the data from systematic reviews and 
mathematical models in hta, who will ultimately determine whether graphical 
techniques are used or not. An empirical study showing the strengths and 
weaknesses of these different presentation methods might be able to inform 
this research community, by being publishable in its own right in hta journals.
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A small section of the tested GOfER display
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5.1.2   Testing GOf ER

The gofer display, described in Chapters 4.2.1 and 4.3.1 was chosen for testing. 
A small section of this graphic is shown in Figure 5.1 – 1, which presents just 
four of the data on four of the 24 shown in the graphic. This full version of the 
graphic is included in Appendix c. 

The gofer graphic was chosen for further evaluation, for several reasons. 
Firstly, the members of the panel discussion detailed in Chapter 4.2.1 had a 
unanimously high opinion of its potential usefulness. Also, this graphic had 
a direct comparator available – the existing systematic review results section 
from the Cochlear Implants report (Bond et al. 2009) from which the data 
used to create the prototype was taken. This section contains all of the data 
that was used to produce the graphic, but presented in more traditional tables 
containing numbers and text (see Figure 5.1 – 2). This allows an experimental 
design in which participants’ performance and experience with the 
presentation can be compared to that of others with a different presentation 
method.

The gofer display presents information on a set of published effectiveness 
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Table 15 Summary of study characteristics unilateral cochlear implants vs. acoustic hearing aids – children 

 puorg lortnoC puorg noitnevretnI ngiseD DI ydutS
Mildner et al125  02 = N 92 = NRandomised, controlled 6002 

 )51-7( 6.11 naem :sry egA  aitaorC
Length of follow up: n/a  Degree of deafness: profound >98 

dBHL 
 dnuoforp :ssenfaed fo eergeD

 LHBd 89 >  ta )shtnom :sry( ega naeM  94 = N
  )21-2( 2.8 :tnalpmi  
   neewteb )sry( emit naeM  
  :noitatnalpmi dna ssenfaed  
  detroper toN  
    
    

    
Tomblin et al126  92 = N 92 = N dellortnoc desimodnar-noN 9991 

2( 01 :)DS( naem sry egA  htiw lairt evitcepsorP ASU  )56.3( 9 :)DS( naem sry egA )9.
Length of follow up: 5 yrs cross-overs allowed Degree of deafness: profound Degree of

 faed yllaugnil-erP  85 = N  faed yllaugnil-erP
tnalpmi ta )sry( ega )DS( naeM     :

  )31-2 ,75.1( 67.4  
   neewteb )sry( emit naeM  
  RN :noitatnalpmi dna ssenfaed  

  Participants  
Osberger et al127   85 = N evitcepsorp tsoP/erP 9991 

  4.5 :sry naem egA serusaem detaepeR ASU

Figure 5.1 – 2
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studies, and how they were conducted. This information is often presented in 
technology assessment reports using tables of text and numbers. The graphical 
gofer display is an alternative way of presenting this information, which has 
two main functions: 

Firstly, it enables a larger amount of information about the trials included in 
the systematic review to be presented in the area available on a printed A4 page 
of a technology assessment report (the ‘condensing’ function from Chapter 
1.3.2) (also see Tufte 2001). The condensing of information in a GOf ER display 
is potentially useful, in that a more complete picture of a trial’s characteristics 
can be presented in one place, enabling the viewer to compare multiple aspects 
of the trials together (therefore also fulfilling function 3 ‘comparison’ from 
Chapter 1.3.3). For example, GOf ER is designed to allow the viewer to see 
which studies had statistically significant outcomes in different measures at 
the same time as considering the size and quality of the trial. This information 
had to be split up over several separate tables using numerical and textual data 
presentations in the published report.

Secondly, the GOf ER display is designed to facilitate a quick overview  
of important information (Function 4 from chapter 1.3.4). The information 
needs interviews in Chapter 3.2 established that decision-makers had limited 
time available to digest the information presented in tars. The principles 
investigated in (Resnikoff 1989) suggest that the human visual processing 
system is a “high bandwidth channel”. Our ability to quickly process, and  
judge the approximate sizes of objects is employed by the GOf ER display.  
This might allow an hta decision-maker to gain a quicker understanding of 
key characteristics of the studies included in a systematic review.

However, it is critically important that the graphic presentation technique does 
not sacrifice accuracy of understanding to provide these benefits. Therefore, 
the test will only be considered successful if the graphical technique enables 
the participants to find information more quickly, at the same level of accuracy 
(or more accurately in the same length of time). 

As well as testing how long it takes participants to find information, the 
test should show how easily a participant can obtain a general overview 
of the reliability of the trials in the two information displays. This sense of 
considering the characteristics of studies is an important aspect of systematic 
reviewing. As noted in (Egger, Smith, & Altman 2001), the danger is that 
a traditional narrative review “ignores sample size, effect size and research 
design.” They describe the systematic review as a way to consider many aspects 
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of the reliability of trials in an objective manner. The gofer display should be 
able to support this key aspect of systematic reviewing, by giving an overview 
of the reliability of trials. This can be tested by asking participants about 
whether they have an overall sense of the reliability of the trials.

The gofer test prototype was designed so that it could be included in an a4, 
black and white, printed report. The prototype for this test was made using 
the vector graphics software Illustrator, page layout software InDesign, and a 
spreadsheet for calculating the various sizes and positions of page elements. 
Most systematic reviewers in health do not have access to, or familiarity with, 
this software, and can not be expected to have the design training necessary 
to produce a clean, accessible layout for such a graphical presentation from 
scratch. Testing such a prototype is a way of assessing whether software to 
produce such graphical techniques would be valuable, without having to invest 
in designing sophisticated software to automatically produce them. It may, 
however, be more appropriate to design such graphics in exactly the way that 
this prototype was produced, making use of trained information designers. 

5.1.3   Aims

The study detailed in this chapter has two main aims. They are related, but 
require very different information. Firstly, the study aims to:

1) Highlight the strengths and weaknesses of this graphical presentation method, in 
terms of accuracy and speed, in finding specific information on the trials included in 
the review.

This kind of question requires summative evaluation, and focusses on 
quantitative results to show the differences between information presentation 
methods.

Secondly, however, the study simultaneously aims to:

2) Capture suggestions for improving the graphic.

For this more formative question, a qualitative approach is required, and a 
more detailed level of information must be presented. It is not enough to know 
that an error has been made, but the reasons for this error must be understood, 
so that the presentations can be altered to increase their effectiveness in future. 
For this reason, the level of detail in the reporting of this study is quite high. 
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5.2 Methods
One-on-one interview is one of many techniques used to test information 
presentations, in areas such as interaction design usability testing (Preece, 
Rogers, & Sharp 2002). These techniques can be used to test paper-based 
presentations, with only a small amount of adaptation. One-on-one, task-
based interviews were used to test the prototype version of the gofer 
display, using data from a past review. The interview technique was based on 
that recommended by Preece, combined with ideas taken from the field of 
cognitive interviewing, a technique often used for validating and improving 
questionnaires (Drennan 2002;Willis 1999). 

5.2.1   Population sampled

The graphic to be tested had a very specialist audience. Expert users, with a 
knowledge of the challenges of systematic reviewing and the hta process in 
the uk, were required to test it. 

One audience that would have had relevant experience would be committee 
members for the uk’s nice technology appraisal process. They have to 
understand systematic reviews of clinical effectiveness in a limited time. 
However, there were ethical constraints in asking them to participate in this 
test. They already give substantial amounts of time to the process, without 
any payment beyond travel expenses. Placing further burdens on their 
busy schedules just because they are prepared to give time already could be 
considered detrimental to the assessment process. There were also practical 
constraints. nice appraisal committee members are spread out around the 
uk. Reaching, for example, each person on one committee, would require an 
unreasonably large travel budget, and a large amount of travel time, or some 
method of carrying out the interviews remotely. 

One of the biggest challenges in remote interviewing, for a visual subject 
matter like using an information graphic, is controlling or recording what an 
interviewee sees or points to when answering questions (Birnbaum 1999). 
The graphic could be presented on screen, with a web-based display, either 
controlled by the interviewer to only show one page at a time, or navigable 
by the user but recording how long a participant spends on each screen of 
data. Mouse tracking could be used to see where a participant clicks or even 
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moves their mouse pointer. However, the graphic is designed to be included in 
printed reports. A typical screen might only display up to about 1200 by 1000 
pixels, a far lower level of detail than a printed page. Zooming and panning 
would be required, and the experience would become much less like using the 
document as designed. It would be possible to send copies of the graphic in 
the post, and ask participants to use webcams or video conferencing systems 
and record the interviews in this way. It would be difficult to control for people 
opening the envelopes ahead of time and having an advantage in the tests. 
There would be less control over the quality of recordings and more variability 
in the setting in which the participants were performing the test. There 
might also be research bias in interviewing only people that have webcams, 
perhaps leading to more technologically able or well-equipped people being 
interviewed.

Instead of using nice committee members, nice staff, such as their technical 
advisors, interviewed in the study detailed in Chapter 3.2, could be asked 
to participate. They are grouped together, in two centres (Manchester and 
London), and were very willing to help in the previous study. However, five 
of the seven technical advisors were already interviewed for research that 
informed the design of the graphic. It was therefore thought preferable to 
search for different opinions to better evaluate the gofer display.

The university-based research groups that provide technology assessment 
reports to nice can equally be seen as possible users of the graphical 
technique. When producing one of these reports, part of their task is to 
communicate the results of a systematic review of clinical effectiveness. They 
also might be expected to have good understanding of the most important 
information to present, and a very good technical knowledge of the process of 
producing systematic reviews of clinical effectiveness. While their primary role 
is to produce such reports, rather than to make decisions based on them, they 
will still be very familiar with the experience of reading other reviews from any 
time that other systematic reviews have been identified as possible includes for 
their own reviews.

5.2.2   Sample size

Sless recommends around 6–10 users as an appropriate number to find the 
majority of faults in a design (Sless 2009). Preece also suggests of 5 to 12 users 
for interaction design testing (Preece, Rogers, & Sharp 2002). This is a fairly 

 — 201  —

5
Introduction5.1
Methods5.2
Quantitative results5.3
Qualitative results5.4
Conclusions5.5

Prototype test 1 (GOfER)



common size for such studies.

Systematic reviewers and information scientists at two different tar authoring 
centres were asked to participate in the tests (based in Sheffield and Exeter). A 
total of 9 systematic reviewers were interviewed (6 in Exeter, 3 in Sheffield).

5.2.3   Procedure

Willis gives two main variations of cognitive interviewing. The first is referred 
to as ‘think aloud’, in which the participant tries to talk through their thought 
processes as they use the document. The second is called ‘probing’, which has 
the interviewer asking participants to describe how they found answers to 
questions once they have found them. 

The only available interviewer for this study was the designer of the graphical 
presentation, which has both advantages and disadvantages. The principle 
benefit is that the method gives direct feedback to the designer, who can 
shape the questions dynamically during the interviews, to receive the kind of 
response that might lead to a redesign. For example: “that’s an interesting [i.e. 
incorrect] response... Which part of the diagram were you looking at exactly 
just then?” The two main disadvantages of the designer-interviewer are that, 
firstly, interviewees might be naturally and justifiably wary of being critical of 
someone’s work to them in person, creating a bias in favour of the graphical 
presentation. Secondly, if a graphic like this was used for health decision-
making, the designer of the graphical presentation is not likely to be on hand 
while reports are being read, to resolve confusion or misunderstanding of what 
is represented by different elements of a graphic. It might be difficult for the 
graphic’s designer to refrain from assisting a participant asking for clarification, 
whereas the graphic technique should be understandable in and of itself. 
However, the first method of cognitive interviewing, the speak aloud test, can 
counteract biases like these, being more led by the interviewee (Willis 1999).

The speak aloud method is also appropriate due to the fact that the interviewer 
available had relatively little previous interview experience. This method is 
more demanding on the interviewee than the interviewer (Willis 1999).

One possible disadvantage of using the think aloud method in this case is that 
some people might be naturally more or less talkative than others. Since a time 
measure is used in the study, care had to be taken that this did not affect the 
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analysis unduly. This ‘verbosity bias’ was accounted for by using randomisation 
(see Chapter 5.2.4), and a proportional time measure in the analysis (see the 
beginning of Chapter 5.3.2)

5.2.4   Experimental design

Participants were shown both the new, graphical, gofer display, and the 
original report section from which the data came (in numerical/textual, 
tabulated format). To account for possible inter-subject variability, each 
participant was shown both the existing presentation method from the 
published tar, and the new graphical method. To account for carryover 
effects, where seeing one of the presentations first might influence the results 
for the other, a sequential, randomised experimental design was used.

Each participant was given twelve tasks, in the same order, asking them to find 
specific data relating to the trials used in review. For the first four questions, 
the participants were given either the graphical summary or the clinical 
effectiveness section of the report, selected randomly. After this initial set 
of questions, the first presentation method was removed, and replaced with 
the other for four more questions. Finally, four more questions were asked in 
which the participant could choose which of the two presentation methods to 
use (see Figure 5.2 – 1).

The randomisation of participants was conducted with a toss of an ordinary 
coin, until five participants had received one of the two presentation methods 
first. The other method was then given exclusively, to provide roughly equal 
numbers receiving each presentation method first. The randomisation of 
participants was important to help to control the effects of the ‘verbosity bias’, 
where some participants speak more about their thought processes as per the 
speak aloud method of cognitive interviewing. Randomisation is often relied 
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upon to control for characteristics of participants that have been identified as 
possible confounders, but can also help to control for other, unforeseen biases 
(Schulz 1997).

5.2.5   Outcomes

Interviews were conducted one-on-one, and video recorded. This allowed 
three things to be recorded at once. The time taken by participants to complete 
the tasks, their accuracy, and perhaps most importantly, qualitative data about 
their experiences in using the presentation methods. 

The main focus of the study is to get qualitative information from participants 
on their experience with the graphics. This gives more context, explaining any 
effects on time and accuracy. It also addresses the other two aims of the study, 
to record suggested improvements, and to give an idea of how the systematic 
reviewers think such graphics should be produced and used, as well as who 
they might be useful for.

It was important to have an appropriate questioning strategy for the study. 
Certain questions are likely to be intrinsically easier with the gofer display 
than the report, such as comparing two pieces of information that are 
presented separately in the report. Conversely, some questions will be easier 
to answer with a report, for example where the reviewer happens to have 
prepared a textual summary of a particular area. 

Designing a questioning strategy for the study was particularly challenging. 
Some information in the main body of the report in data tables was not 
presented in the gofer display, such as the degree of deafness of the 
participants, and the brand of the implants tested. A pilot study with one 
participant included some questions in the combination format part of 
the test (the last four questions) which asked for information that was not 
presented in the gofer display. These questions were removed from the 
final test, as they failed to say anything relevant about the effectiveness of 
the graphical presentation. The decision was made to stick largely to simple 
search and find tasks with definite answers for the twelve timed questions. 
These would require the participants to find information that was available in 
both the report section, and also the graphic. Broader questions, which asked 
participants what they thought about the general reliability of the trials in 
the review, were also used, to assess the function of the graphic as a summary 
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should.

The questions asked are summarised below:

First presentation (randomised between report and graphic):

Task 1: Which trial has the largest •	 n? (ie. sample size)
Task 2: How many of the trials were conducted in the •	 uk?
Task 3: Which trials used the Lexical Neighbourhood Test (•	 lnt)?
Task 4: Can you tell me about selection bias in the Peters et al. (2007) trial •	
please?
Do you have any overall impressions of how reliable the trials seem in •	
general?

 
Other presentation:

Task 5: Which trial had the longest follow-up, and how long was this?•	
Task 6: How many of the trial reports were published in 2005 or later?•	
Task 7: In which trials were all participants accounted for?•	
Task 8: Of the unilateral cochlear implants vs non-technological support •	
trials, which reported at least one significant outcome measure, and which 
measures were these?
Has your opinion of the overall reliability of the trials changed at all, since •	
you’ve been working with this other presentation method?

Combination format presentation:

Task 9: How many trials used a cross-sectional study design?•	
Task 10: Which outcome measures were used by Nikolopoulos et al. in their •	
1999 trial?
Task 11: Which trial (or trials) have the lowest mean age? (of those that •	
report this). How old is this?
Task 12: Which trial seems to have the highest quality, according to the •	
checklist used in the report?
Probe: Why did you select your chosen presentation format(s) to answer •	
those questions?

General questions:

 — 205  —

5
Introduction5.1
Methods5.2
Quantitative results5.3
Qualitative results5.4
Conclusions5.5

Prototype test 1 (GOfER)



How do you feel about the use of a graphical summary for this systematic •	
review of clinical effectiveness?
Do you think that graphical summaries like this would be useful in other •	
clinical effectiveness reviews?
If it was used for a different reviews, do you think it would need different •	
information presented? How much do you think this would vary from 
review to review?
Here is a list of the 12 tasks you’ve performed. Do you think they are •	
representative of things you would do to understand a systematic review of 
clinical effectiveness?
Is any information missing from the graphical summary, that would be •	
useful to you?
Is there any information in the graphical summary that you don’t feel is •	
needed there?
Would you find it useful to have an interactive version of the graphical •	
summary, which could be sorted by study size, design, outcome measure, 
etc.? Would you find this more or less useful than a spreadsheet containing 
the same information?

A full version of the script used in these interviews is available in Appendix d.

5.2.6   Analysis methods

A shorter time to find the answer to the questions given could indicate a 
more efficient information display, which was noted as potentially important 
in the information needs interviews in Chapter 3.2. This could not be a 
main focus of the study however. A minor issue is the ‘chatty’ bias already 
identified, which potentially affects this measure, even after randomisation, 
especially with interview techniques where only small numbers of people are 
interviewed. More importantly, however, the gofer display, while providing 
a comprehensive overview of the characteristics of the trials, will never be 
able to present every relevant piece of information on the trials, even on the 
longest dimension of an a4 page. Therefore, searching through a report for 
information will necessarily take longer.

The time needed to find information in the displays must also be balanced 
by the participants’ accuracy in the tasks, which can also be seen in the video 
recordings. A shorter time to find information, but with less accurate answers, 
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would be highly undesirable. The accuracy and strategies used to come to 
answers is also useful to qualify qualitative statements. If an interviewee was to 
say how much they liked a representation, for example, they would also need 
to be able to use it correctly to complete their tasks for this view to be taken 
into account. 

Quantitative data was analysed using statistical tests, to compare the time and 
accuracy of the participants using different presentation methods for the same 
tasks.

The main focus of the study, however, was the qualitative data. To prepare this 
data for analysis, the video recordings of the interviews were gist transcribed, 
including making a record of actions such as turning pages and those gestures 
which added meaning to what the participants were saying. A sample 
transcript is available in Appendix e. These transcripts were analysed with a 
framework approach (Ritchie & Spencer 1994)*. The thematic framework was 
developed largely from participants responses, and can be seen in Table 5.2 – 1.

 — 207  —

5
Introduction5.1
Methods5.2
Quantitative results5.3
Qualitative results5.4
Conclusions5.5

* also see Chapter 3.2.2 for 
more information on the 

framework approach

Prototype test 1 (GOfER)



 — 208  —

5
5.1

Methods5.2
5.3
5.4
5.5

cat. 

no.

category new 

code

subcategory description

1

2

3

4

5

6

7

8

9

potential functions 1.1 complexity where the graphic is noted to contain a large amount of data

1.2 condensing data is compressed into a smaller space using graphical techniques

1.3 comparison two or more things are presented in such a way that they can be compared. 

Horizontal and vertical comparison (between trials and within trials) Pattern-

finding.

1.4 limited time where participants mention that it is quick (or quicker) to find information, or 

that time would be limited in the decision context

1.5 selective focussing bringing certain information to the fore to the exclusion of other information.

organisation 2.1 treatment comparisons different comparisons (sections of review from report). Unfair advantage of 

collating all comparisons together in graphic.

2.2 ordering ordering of trials in presentations, ordering of outcome measures

2.3 trial repetition same studies repeated

2.4 consistency repeating headers, changing layout of tables

2.5 appendices what belongs in appendices?

trial characteristics 3.1 size trial size

3.2 design trial designs

3.3 outcome abbreviations meaning of outcome measure abbreviations

3.4 outcome categorisation types of outcome (speech perception, production, etc)

3.5 findings lack of negative findings, lack of significant findings

3.6 effect size effect size of outcomes / standardised mean difference

3.7 confidence confidence intervals, sampling error, measuring uncertainty

3.8 non-graphical trial characteristics that can’t be represented graphically, qualitative data

3.9 non-reporting trials not reporting data

interpretation 4.1 uncertainty confusion - participants’ uncertainty in meaning of representation. Asks 

interviewer for clarification. self doubt, double checking

4.2 tie resolution difficulty in judging difference in close numbers

4.3 alignment difficulties with judging which objects fall on which line or area

4.4 overview getting an overall sense / summary of data / report structure. “Eyeballing”, 

scanning with eyes

4.5 cognitive load something takes a lot of mental effort. “painful” tasks.

4.6 sizing difficulty seeing small things, comments about relative sizes of page elements

4.7 learning novelty, unfamiliarity with graphic, learning effects, novelty affects preference?

judgement 5.1 reliability reliability of evidence

5.2 quality weighting relative importance of quality checks

5.3 narrative importance of textual narrative / disadvantages of textual narrative

strategies 6.1 navigation with indexing / contents / bibliography

6.2 focussing aids using finger or other aid to focus on data presentation, for example, tracing a 

line with a finger, or marking a place on the page

6.3 counting aids use of counting aids (paper and pen, fingers)

6.4 memory recalls something that helps. carryover effects

6.5 peering participant has to bend or hold up document to look closely

6.6 bookmarking using fingers or other objects as page markers

preference 7.1 graphic preference preferring graphic, reasons for

7.2 report preference preferring report, reasons for

7.3 no preference similarity of report and graphic. Not sure which one would be preferred.

design 8.1 production should graphic be designed on an individual basis, or produced with software 

(design vs automation)

8.2 locking up availability of data for further analysis (vs ‘locking up data’ in graphics), having 

to measure bar charts

8.3 review variability differing importance of data for different reviews / universally required 

information

8.4 detail level of detail, needing extra information

8.5 media display media (paper / screen)

8.6 suggestions design ideas and suggestions

application 9.1 context lack of familiarity with context of decision, not having read whole report, 

outside participant’s specialism

9.2 decision informing decision, using the systematic review, interpreting, decision question

9.3 use how graphical summary would be used in reports

9.4 information responsibility who decides which information is used for a COGS display?

9.5 audience who would use the graphics?

Table 5.2 – 1
Thematic framework



5.3 Quantitative results
All nine participants were able to complete the majority of the tasks that they 
were asked to perform. The interviews lasted from 36 to 78 minutes, with time 
differences largely due to some participants being more talkative than others in 
their speak aloud tasks. 

5.3.1   Characteristics

Several questions about participants’ background and experience were asked 
before the displays were shown.

5.3.1.1   hta familiarity

After an initial introduction, each participant was asked how long they had 
been working with systematic reviewing, and in hta. Experience ranged from 
only 6 months to over 10 years. Two of the participants (nos 4 and 6) were 
information scientists. Participant 8 was a public health systematic reviewer, 
and participant 9 worked mainly with qualitative research. The other five were 
involved for the majority of their working time with systematic reviews of 
clinical effectiveness for nice appraisals, such as the one that provided the data 
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Participant: 1 2 3 4 5 6 7 8 9
Years of HTA

experience: 5 0.5 8 2.5 0.5 6 10 3.5 2

Figure 5.3 – 1
Experience of participants

Prototype test 1 (GOfER)



used in the experiment.  Figure 5.3 – 1 shows the results of the question.

With only 9 participants, it is difficult to make statistical inferences with 
confidence on the effect of experience on the quantitative data collected. The 
participants with 6 and 8 years’ of experience in hta were the only participants 
who were generally less accurate in their answers with the gofer display than 
with the report. However they were also the two that took proportionally 
longest with the report, compared to how long they spent answering with 
the gofer display (256% and 393% of the time taken with the gofer display 
respectively across all 8 comparative tasks). The participant with 10 years of 
reviewing experience was more accurate using the gofer display than the 
report, taking a longer time with the report also (215% of the time taken with 
the gofer display).

5.3.1.2   Familiarity with cochlear implants report

None of the participants had read the report before. Participant 3 had shared 
an office with the person conducting the systematic review at the time, and so 
knew some of the challenges that they had faced. No participant was familiar 
with the structure of the report or the data presented therein.

5.3.1.3   Learning preferences questionnaire

Each participant completed a learning style questionnaire called vark 
(Fleming 2010). This tool gives people a numerical score on four different 
learning styles, or preferences: visual, audio, read-write and kinesthetic. A 
person with a higher score in one of these categories is said to prefer that 
learning style. While statistical significance is not likely given the sample size, 
results are presented here to show whether this approach may be suitable for 
future quantitative studies. A summary of the results is presented in  
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1 2 3 4 5 6 7 8 9

VISUAL    AUDIO    READ/WRITE    KINESTHETIC

V  32%
A  14%
R  46%
K    7%

V  23%
A  20%
R  34%
K  23%

V  26%
A  37%
R  16%
K  21%

V  25%
A  19%
R  25%
K  31%

V  24%
A  28%
R  24%
K  24%

V  26%
A  22%
R  22%
K  30%

V    6%
A    6%
R  50%
K  38%

V  31%
A  19%
R  38%
K  13%

V  13%
A  47%
R  13%
K  27%

Figure 5.3 – 2
Learning preferences of participants

Prototype test 1 (GOfER)



Figure 5.3 – 2.

In theory, people scoring highly on the ‘visual’ style might be expected to 
favour the graphic over the report. Similarly, ‘read/write’ learners might be 
expected to perform better with the report.

In practice, the two people that made more accurate decisions with the report 
than the graphic (participants 3 and 6) both had relatively high ‘visual’ scores, 
and low ‘read/write’ scores. Of two people that spent longer with the graphic 
than the report, participant 5 had medium scores on both ‘visual’ and ‘read/
write’, and participant 9 had quite low scores with both.

One person (participant 7), mentioned that they had previously done a 
learning styles questionnaire, and remembered greatly preferring reading styles 
to visual styles. This tool seemed to confirm this, with this person scoring the 
highest of the nine participants on the ‘read/write’ style (50%) and the lowest 
on the ‘visual’ style (6%). However, this participant had much higher accuracy 
and task completion speed while using the gofer display.

5.3.2   Task performance

Quantitative results such as time taken and accuracy of participants can give 
a brief overview of the relative effectiveness of the graphical presentation vs 
the original report. However, to allow for more detailed qualitative analysis 
a small sample size was used, and therefore statistical tests can not give 
conclusive evidence of the effectiveness of the technique. Having said that, 
the quantitative results are presented here, to show that larger, quantitative 
assessments would be a feasible way of showing effectiveness.

To control for the ‘verbosity bias’ mentioned in Chapter 5.2.3, the task 
completion times in the following sections are given as a proportional 
measure. The times taken in each task for a participant were summed, to 
provide a ‘total task time’ value for each person. The results are presented as 
the time taken to answer, as a percentage of each participant’s total task time.

5.3.2.1   Overall results

Overall, those using the GOf ER graphic were able to find information more 
quickly than those using the report. Those using the report in the first eight 
tasks took a mean of 12.8% of their total time for each task, while those using 
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GOf ER used an average of 7.1% (two-sample t(69) = 4.4. p < 0.001.) These 
results are presented in Figure 5.3 – 3.

Despite spending less time finding their answers, accuracy was also higher for 

those using GOf ER. Those using the report answered 46.4% of their questions 
correctly. Those using GOf ER answered 74.3% correctly (c2 (1, N = 63) = 5.12, 
p = 0.024).

5.3.2.2   Results by task

Due to the small sample size, looking at each task individually is likely to be 
representative of the true population means. However, some general trends 
can still be observed. The quantitative results sections relating to the twelve 
tasks performed are detailed in Table 5.3 – 1. More detailed results of each task 
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Figure 5.3 – 3
Average time taken by presentation used

GOfERReport

Mean task time
(% of total task time)

20%

15%

10%

5%

0%

Error bars: 95% CI

Prototype test 1 (GOfER)
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Quantitative results from tasks
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are also presented in Appendix f.

The time measure for the first 8 tasks had two independent samples, which 
would allow statistical comparisons in a larger sample. Even with these 
results, three of the tasks (1, 5 and 8) would show significantly less time with 
the graphical presentation, reporting at p<0.05. However, as a Bonferroni 
correction would be required for carrying out 8 tests, this would not be 
considered relevant in this case. However, this trend is also observed across all 
other tasks, which indicates that the GOf ER technique was largely successful 
at presenting much of the data, and participants seemed to be able to scan the 
graphical presentation more quickly than the tables of the report. It might be 
argued that this finding could be confounded in this instance by the larger 
amount of data in the report that needed to be searched through, particularly 
as most tasks required searching through four intervention subgroups, which 
were presented separately in the report, but together in the graphic. However, 
it may equally be argued that given the small amount of time available for 
decision-makers to read reports (see Chapter 3.2) that simpler presentations 
like this could provide benefits in a real context of use, as long as the detailed 
raw data was still available (perhaps in appendices).

The small sample size meant that accuracy could not meaningfully be tested 
for statistical significance. For a larger group, a chi-squared test might be used 
for this purpose. However, the trend is again for higher accuracy with the 
graphical presentation in most cases.

For the last four tasks, participants were allowed to choose which presentation 
to use. No participant chose to use the report for any task during this section 
of the study. While this may be explained in part by the fact that the GOf ER 
display was novel, it still suggests that participants felt confident enough to 
rely solely on the graphical technique in this section. However, accuracy was 
extremely low for task 9, which asked participants to count the number of trials 
with a particular design. The example on the key was an unusual trial with a 
very large intervention arm, and a much smaller control group. Seven of the 
participants didn’t realise that there were also four smaller trials included in 
the review that had the same study design, perhaps because they looked so 
different to the larger trial with very different-sized arms. 
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5.3.3   Randomisation effects

Several participants reported that they felt the gofer display allowed them to 
get an overall sense, or overview of the data. This is reflected in the fact that 
participants who were given the gofer display first tended to take significantly 
less time to carry out their tasks with the report in the second part of the test 
(those given gofer first took a mean of 99.5% of their gofer task time with the 
report, those given the report first took a mean of 268.5% of their gofer task 
time with the report, two-sample t (7) = 4.0, p = 0.005). 

This may just be an indication that the second set of tasks happened to be 
relatively quicker to perform with the report than the graphic. However, 
looking especially at the substantially quicker task times for gofer in tasks 5 
and 8, this does not seem to be the case. Also, given the participants’ general 
comments about feeling that they had more of an overall sense of the evidence 
after seeing the gofer display, it may be that the graphical presentation gave 
those who were given it first an overview of how the report was structured, 
enabling them to complete their tasks more quickly with the report in the 
second part of the interviews.

5.3.4   General questions

After all of the tasks were completed, participants were asked some general 
questions about their experiences with using the two displays.

5.3.6.1   Usefulness of gofer for presenting data from cochlear implants 
review

All nine participants thought that the graphical summary provided by the 
gofer display would have been a useful addition to the cochlear implants 
review. Four people mentioned that it gave a faster overview of the trials used, 
and could be used to initially familiarise oneself with the evidence before going 
into more detail as necessary. Three people mentioned that more information 
was available in the gofer display in one place than in the tables of the report, 
enabling the viewer to get an overall sense of the key aspects of each trial. 

Participant 2 mentioned that as they weren’t familiar with the research area, 
and didn’t know about the outcomes, it was difficult to see what the text was 
saying about the trials. They felt more able to concentrate on the specifics of 
the studies with the gofer display. Participant 6 felt more confident about 
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making a judgement of the quality of the trials with the gofer display, in a way 
which they weren’t with the report.

Participant 9 was the only person that said anything negative about the gofer 
display when asked this question. While they said that they liked the data 
display, they thought that “the key needed some more work”.

5.3.6.2   Potential usefulness of graphical summary in other reviews

Eight of the participants were asked whether they thought a gofer display could 
be used in other reviews. If so, they were then asked if different data would need 
to be presented, and how much this would change from review to review.

Every participant thought that the gofer display could be used in other 
reviews. The amount of change necessary varied substantially, however. 

Participants 2 and 5 thought that a gofer display like this would need exactly 
the same information for every review. However, these were the two people 
with the shortest length of experience in hta, at six months each. More 
experienced researchers tended to feel that the display would need from minor 
to substantial revision in response to the individual complexities of different 
reviews. Ages, locations and study designs were some of the data types that 
participants thought might be more or less important in different reviews. 

One participant thought that genetic markers might become increasingly 
important in the future. One thought that the display could be adapted to a 
public health context, including data such as who delivered the intervention, 
and how much contact people had. 

5.3.6.3   Task validation

Seven of the participants were asked if the tasks that they had been asked to do 
were representative of what they would do to understand a systematic review. 
This is a key question, as the results may be largely dependent on the task 
design.

All seven said that the tasks were representative of what they would do to 
understand a systematic review. However, participants 2 and 4 (0.5 and 2.5 
years’ hta experience) mentioned that it was also important to look for 
patterns in the data on the trials.

Participants 1 and 3 (5 and 8 years’ hta experience) also said that getting an 
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overall sense of the data was useful. However, they thought that interpreting 
a systematic review like this was a case of looking at ‘the answer’, and then 
working back to see how much that answer should be believed. Participant 3 
mentioned that they would commonly start by looking at which studies had 
reported significant outcomes, and working back from there, trying to account 
for the differences. 

5.3.6.4 Missing Information / extraneous information

The written questions included a section asking whether participants thought 
that anything was missing from the reports, or if anything was unnecessary. 
These questions had generally already been addressed by the point at which it 
was planned to ask them, particularly while talking about how gofer might be 
adapted to different reviews. 

The interviewer only felt the need to ask whether anything was missing from 
the gofer display as a separate question four times, and two of the people 
asked felt that they didn’t know the decision context well enough to answer. 
The other two didn’t have anything to add to what had already been said.

The interviewer only asked once whether there was any extraneous 
information, to participant 1. They responded that: “the outcome measures 
presented are bewildering”. They couldn’t see why these measures had not 
been brought together more in the review, perhaps using a standardised mean 
difference metric.

5.3.6.5 Potential Usefulness of Interactive Version

Eight of the participants were asked if an interactive version of the gofer 
display would be useful, that could be sorted by the various different kinds of 
data in the graphic. While this was universally thought to be potentially useful, 
several people thought that they would have to see this proposed interactive 
tool in action to make an informed decision.

Specific examples of how a sortable, interactive tool might be used included: 
looking at the spread of ages within trials of a certain design (participant 1).•	
looking at how many UK studies there were regardless of comparator •	
(participant 3).
sorting by study design (participant 5).•	
sorting by study size (participant 6).•	
sorting by each of the quality checks, to detect patterns of other •	
characteristics that might be affected in trials that were in some way found to 
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be flawed (participant 8).

Three people (participants 4, 6 and 8) mentioned that an interactive tool like 
this would only be of use to the analyst. They thought that a fixed snapshot 
would be needed for a report, to present to decision-makers.
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5.4 Qualitative results
Qualitative results are presented in sections corresponding to the categories 
of the thematic framework developed during the analysis of the interview 
transcripts (see Table 5.2 – 1). Each theme has several sub-themes, results of 
which are summarised in tables throughout this section.

5.4.1   Thematic category 1: Potential functions

The ‘potential functions’ theme was the only one that was established before 
beginning the analysis of the interview transcripts. The five sub-themes used 
here correspond to the potential functions of information graphics established 
in Chapter 1.3 – potential functions of information graphics in hta.

The gofer display seems to have incorporated all five potential functions to 
some degree. As the display was able to condense information into a small 
space, comparisons both between and within trials could be more quickly and 
easily made. 

A more detailed summary of each sub-theme for the ‘potential functions’ 
category is included in Table 5.4 – 1.

Sub-theme Notes
Complexity Mentioned most often while looking through the report or 

considering the overall reliability of all the trials. Both report and 
graphic were described as complex, or containing a large amount 
of data, particularly in relation to the large number of outcome 
measures used by the studies reviewed.

Condensing After being given the second presentation, most of the participants 
mentioned that they were impressed by how much more 
condensed the information was in the GOfER display.

Comparison The GOfER display enabled people to more easily compare the 
magnitude of certain variables, such as the ages of participants 
and the size of the trials, to those in other trials in the review. This 
sometimes enabled them to make connections between the data 
that were not made in the report, due to the information being 
spread across multiple tables.

Limited time All nine of the participants mentioned that they could find 
information more quickly in the GOfER display during the general 
discussion after the tasks were all complete. Two of them 
mentioned that they would use it to find information quickly, 
and only go into the tables and text of the report to find detail if 
necessary.

Selective 
focusing

This theme was mentioned by three people when asked about the 
overall reliability of the trials in the review. They thought that the 
GOfER display allowed them to pick out information of interest.
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5.4.2   Thematic category 2: Organisation

Several participants talked about how the report and graphic were ordered and 
layed out. The splitting of the report into treatment comparison sections seems 
to have caused difficulties in some tasks. This may indicate that the questions 
asked were biassed in favour of the gofer display in these tasks. 

The way that both gofer and the report were split into treatment comparison 
sections may also have led to errors in double-counting trials that appeared 
in more than one section. The lack of consistency in the ‘summary of results’ 
tables may explain why so many errors were made by those using the report for 
task 8.

A more detailed summary of each sub-theme for the ‘organisation’ category is 
included in Table 5.4 – 2.

Sub-theme Notes
Treatment 
comparisons

Both the report and GOfER graphic were separated into five 
different sections for different treatment comparisons (such as 
acoustic hearing aids vs cochlear implants, or single implants vs 
two implants). This meant that, in the report, the data tables needed 
to complete the tasks were separated by large quantities of text 
and tabulated data that did not appear in the graphic. Participants 
therefore struggled when using the report to complete tasks 1, 2, 3, 
5, 6 and 7, which required data from each trial in the review across 
all treatment comparisons. This could be seen as giving an unfair 
advantage to the GOfER display in much of the evaluation. Several 
participants also mentioned that it affected their decision to use the 
GOfER display in tasks 9, 11 and 12.

Ordering Two people mentioned that they found the alphabetical ordering of 
outcome measures in the GOfER display useful. Two people asked 
about the ordering of the trials, one with each display. Both were 
presented in reverse publication order, which took a short time for 
them to work out.

Trial repetition Data on two of the trials were given in two different treatment 
comparison sections. This was often noticed in questions beginning 
“which trials…”, as the participants were reporting author names. 
However, in questions beginning “how many trials”, participants did 
not tend to look at author names, and they were frequently double 
counted in both displays.

Consistency During task 8, participants using the report struggled to identify 
significant outcome measures in the ‘summary of results’ tables in 
the report (see Figure 5.4 – 1). These tables were presented over 
multiple pages, but the second row of headers was not repeated 
as it should have been. This caused confusion, especially as the 
column widths varied between pages (see Figure 5.4 – 2).

Appendices Two people (one using each display) noted that they would expect 
to find more information on quality checks in appendices. One 
participant assumed that the characteristics table in the report was 
part of an appendix, which might suggest that such large volumes 
of raw numerical data is more suitable for appendices than the main 
body of the report.
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Figure 5.4 – 1
The top of two pages in the report, showing parts of the same data table

Study ID n Audiological Speech Perception Speech production 
n =74     CDT + 0.05 Ns      
  Post 3 yrs    Post 3 yrs    Post 3 yrs   
n =50 CAP -0.48 0.0007 + early implant IOWA -0.24 Ns  SIR -0.49 ns  
n =50     CDT -0.38 0.007 + early 

implant 
    

  Post 4 yrs    Post 4 yrs    Post 4 yrs   
n=29 CAP -0.58 0.002 + early implant IOWA -0.44 0.02 + early 

implant 
SIR -0.49 0.01 + early implant 

n =29     CDT -0.58 0.0008 + early 
implant 

    

Table 13 Summary of results of children’s studies of unilateral cochlear implants vs. non technological support 
Study ID n Audiological Speech Perception Speech production 
 outcome Mean SD (%)  p value Direction of 

change 
outcome  Mean (%) p value Direction of 

change 
outcome Mean SD (%)  p value Direction of change 

Harrison et al118 
2005 

     %  mean difference        

N = 82      from baseline       
     TAC at  5 yrs       
     n = 71 6.36 - + early implanta     
     GASP        
     n = 71 84.25 - + early implant     
     PB-K word        
     n = 77 48.28 - + early implant     
     PB-K phoneme        
     n = 77 65.85 - + early implant     

P
ag

e 
61

P
ag

e 
63

Figure 5.4 – 2
The same two pages, showing the misalignment of columns

Study ID n Audiological Speech Perception Speech production 
n =74     CDT + 0.05 Ns      
  Post 3 yrs    Post 3 yrs    Post 3 yrs   
n =50 CAP -0.48 0.0007 + early implant IOWA -0.24 Ns  SIR -0.49 ns  
n =50     CDT -0.38 0.007 + early 

implant 
    

  Post 4 yrs    Post 4 yrs    Post 4 yrs   
n=29 CAP -0.58 0.002 + early implant IOWA -0.44 0.02 + early 

implant 
SIR -0.49 0.01 + early implant 

n =29     CDT -0.58 0.0008 + early 
implant 

    

Table 13 Summary of results of children’s studies of unilateral cochlear implants vs. non technological support 
Study ID n Audiological Speech Perception Speech production 
 outcome Mean SD (%)  p value Direction of 

change 
outcome  Mean (%) p value Direction of 

change 
outcome Mean SD (%)  p value Direction of change 

Harrison et al118 
2005 

     %  mean difference        

N = 82      from baseline       
     TAC at  5 yrs       
     n = 71 6.36 - + early implanta     
     GASP        
     n = 71 84.25 - + early implant     
     PB-K word        
     n = 77 48.28 - + early implant     
     PB-K phoneme        
     n = 77 65.85 - + early implant     
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Prototype test 1 (GOfER)
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Table 5.4 – 3
Sub-themes for the ‘characteristics’ category

(continued on next page)

5.4.3   Thematic category 3: Trial characteristics

The characteristics of the individual trials in the review were presented in 
the report in four different kinds of data tables. These included far more data 
than the gofer display. In the tasks used in the experiment, the volume of 
data presented often made it a more laborious task for participants to find 
the information that they needed in the report for their tasks. If decision-
makers have a limited time to digest the reports, this may mean that a quick 
visual summary like gofer is able to inform them better than a very detailed 
set of data tables. However, the full detail should still be made available in 
appendices in this case. 

A more detailed summary of each sub-theme for the ‘characteristics’ category 
is included in Table 5.4 – 3. This shows how the authors of the report and 
the designer of gofer had chosen to represent various different aspects of 
the trials, and how the participants were able to understand the patterns and 
ranges of this data in the review.

Sub-theme
Representation in 
report

Representation 
in GOfER Notes

Trial size (ie. 
number of 
participants in 
study)

Numerical value 
presented in each of 
the following tables: 

‘Summary of study 
characteristics’ (see 
Figure 5.1 – 2).

‘Summary of study 
results’ (see Figure 
5.4 – 1).

‘Visual summary 
results table’ (see 
Figure 5.4 – 3).

Shown with the 
width of the lines 
in the Sankey 
diagrams, supported 
by numerical value 
shown beneath.

The size of trials was considered a key 
factor in determining the reliability of 
trials by almost all participants. The size 
of the trials became quite obvious to 
participants using the GOfER display, 
and four people using GOfER mentioned 
trial size when considering the reliability 
of the trials after the first four tasks. In 
contrast, only one of the people using 
the report said they considered trial size. 

Participant 1 mentioned that they would 
be cautious about believing the results of 
a large trial with a pre-post design, which 
shows the importance of the way that 
GOfER presents key data in one place so 
that it can be considered in conjunction 
with other factors.

Study design Short textual 
description in 
‘Summary of study 
characteristics’ 
tables. Also shown 
with a two- to five-
letter abbreviation in 
the ‘Visual summary 
results tables’.

The shape of the 
Sankey diagrams 
indicated, for 
example, whether the 
people in the trials 
were randomized 
to receive cochlear 
implants, or if the 
same people were 
tested before and 
after being given the 
implants.

This was also used as an indicator of the 
trials’ reliability by three of the people 
using GOfER, but not any of those using 
the report. However, all participants 
seemed to have a poor understanding 
of how the different study designs were 
represented in GOfER (see Appendix 
F – 5.2). Only if the study designs could 
be successfully communicated, perhaps 
with better description in the key, would 
this be an advantage for the GOfER 
display.
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Table 5.4 – 3
Sub-themes for the ‘characteristics’ category

(continued from last page)

Sub-theme
Representation in 
report

Representation 
in GOfER Notes

Outcome 
abbreviations

Outcome measures 
were presented in 
‘Summary of study 
results’ and ‘Visual 
summary results’ 
tables. Both used 
abbreviated forms 
of the outcome 
measure names. 
The abbreviations 
were explained in 
a separate table 
towards the beginning 
of the report.

Outcome measures 
were also abbreviated 
in the GOfER 
display. To fit the 
information into a 
small space, some 
outcome measures 
were abbreviated 
more heavily than in 
the report. A similar 
table to interpret 
these abbreviations 
would be necessary if 
GOfER were used in 
an HTA report.

Several participants felt the need to 
look up the meaning of the outcome 
abbreviations, although none of the tasks 
specifically asked for this level of detail. 
Both report and graphic would need an 
explanatory table. It might be helpful to 
provide a page number for reference 
when such abbreviations are used.

Statistical 
significance

For each study in the 
review, the ‘Summary 
of study results’ tables 
presented a numerical 
‘p-value’ (measuring 
statistical significance 
of the result). The 
‘Visual summary 
results’ tables 
also presented the 
statistical significance 
and direction of 
change using a matrix 
with shaded squares.

The GOfER display 
showed the statistical 
significance using 
the circles on the 
outcome measures 
grid. Black circles 
indicated significant 
results, and white 
non-significant. 

The summary of results table in 
the report caused confusion in the 
participants that used it, none of which 
were able to find the correct values 
for their tasks. Those using the visual 
summary tables in the report or GOfER 
were more able to pick out significant 
results. The visual summary tables are 
themselves an unusual thing to find 
in reports, however, and should be 
encouraged for complex reviews such 
as this.

Direction of 
change

The ‘Summary of 
study results’ tables 
showed the ‘direction 
of change’ (showing 
which treatment the 
test favoured), in a 
separate column, with 
a + or – symbol.

The direction of 
change was also 
shown in GOfER 
using the circles 
on the outcome 
measures grid. 
Diagonal lines across 
these circles would 
have indicated a 
change in favor of 
the control in each 
comparison if this had 
appeared in the data 
set.

Every trial in this review reported an 
effect in favor of cochlear implants, 
therefore the display was not tested 
in its ability to show this data. In other 
reviews, this may be a more important 
consideration.

Effect size Data from each 
outcome measure 
used was presented 
in ‘Summary of 
study results’ tables, 
in numerical form, 
although standardised 
scores were not used 
so that the large 
number of different 
outcome measures 
used were not easily 
comparable.

Not shown. Many reviews use statistical techniques 
to compare the magnitude of an effect. 
This can even be shown across a range 
of different outcome measures (using 
meta-analysis techniques). This was not 
possible in the cochlear implants review, 
due to the variety in study designs used. 
Two of the participants thought that it 
might be useful to display effect size in a 
GOfER display in other reviews.

Confidence The ‘summary of 
study results’ tables 
presented the 
standard deviation 
or 95% confidence 
interval of the mean 
results for each 
outcome measure, 
in numerical form. 
This data was rarely 
reported by the trials, 
however.

Not shown. The confidence interval is another 
important statistical tool, used to show 
how certain a result is. One participant 
mentioned that they would like to have 
seen the confidence intervals of the 
outcome measures. This might require 
substantial adaptation of the display, but 
could be valuable in other reviews.
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5.4.4   Thematic category 4: Interpretation

gofer seems to be able to give an overview of trial characteristics, particularly 
in the quality grids. While the quality grids did not affect time or accuracy in 
tasks 4 or 7, the qualitative analysis shows that participants found it easier to 
take in the visual grid as a whole than the tables in the report.

However, participants were uncertain about the maps, quality grids and study 
designs in gofer, at least to start with. While the maps and quality grids were 
generally understood despite the participants’ uncertainties, the study designs 
were more problematic (as shown in Chapter 5.3.2.2). As in many scientific 
diagrams, some learning overhead is likely to be necessary before such 
diagrams are widely understood.

A more detailed summary of each sub-theme for the ‘interpretation’ category is 
included in Table 5.4 – 4.

Sub-theme
Triggers for 
categorisation Notes

Uncertainty This sub-theme 
was marked where 
participants stated that 
they were uncertain 
about their response, 
or where they asked 
the interviewer what 
something meant (these 
questions were not 
answered at the time, 
but noted down).

Participants tended to display more 
uncertainty with the GOfER display, as 
might be expected with an unfamiliar 
graphic (see Figure 5.4 – 4 on the page 
after next). GOfER uncertainty was 
largely displayed in understanding 
the representation of data, and the 
meaning of graphical elements. Report 
uncertainties tended to be around 
understanding what the values in tables 
were.

GOfER uncertainty particularly related to 
the maps, the quality grids and the study 
designs. Uncertainties about maps and 
quality grids did not lead to task errors, 
whereas the uncertainties about study 
design did, and were therefore more 
serious. See Appendix F – 5.2 for more 
information.

Tie resolution Difficulties in judging the 
larger or smaller of two 
very close values were 
categorized under this 
sub-theme.

This theme appeared while participants 
were using GOfER in task 5 (judging 
longest follow-up) and task 11 (judging 
the lowest mean age). Two people felt 
that it would be important for decision-
makers to know the exact numerical 
values for these quantities, but one 
other person thought that the graphic 
emphasizing how close the values were 
was useful.
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Sub-theme
Triggers for 
categorisation Notes

Alignment Whenever a participant 
had difficulty seeing 
which of a series 
of objects fell on a 
particular line or space, 
this sub-theme was 
marked.

One participant misjudged which page 
number belonged to a heading in the 
report contents. One other person 
mistook which line a circle fell on in the 
GOfER outcome measure grid.

Overview This theme represents 
participants trying to 
get an overall sense 
or summary of data, 
or structure. The term 
‘eyeballing’ was often 
used, to describe the 
process of looking 
quickly for an overview 
of a particular set of 
data.

Three people mentioned that it was easy 
to see an overview of the quality of the 
trials from the quality grids. Participant 3 
tried to get an overview of the quality of 
trials from the quality tables in the report, 
stating that there were “quite a lot of 
yeses” in the quality table for the first 
comparison, and “more nos” in the third 
comparison. In fact, the first comparison 
table had an almost identical proportion 
of both yeses and nos to the third 
comparison. Most people thought that 
the GOfER display gave an overview of 
the trials, as might be expected since 
this is a fundamental aim of the graphic. 

Cognitive load This theme showed 
where great mental 
effort was needed. 
Participants frequently 
displayed they were 
experiencing cognitive 
load by saying that 
doing a task was 
“painful”.

Most often displayed while using the 
report, particularly when trying to find 
the right table for a task, or go through 
a large amount of numerical data to find 
an answer.

Sizing This theme represents 
people saying that 
something was 
too small, or other 
comments about the 
relative size of page 
elements.

Two people thought the GOfER maps 
were too small, one person thought 
the quality grid should be bigger, and 
one person thought the key should be 
bigger.
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5.4.5   Thematic category 5: Judgement

Making judgements about the quality and reliability of trials is a complex and 
challenging task. Participants mentioned many different characteristics that 
can affect the reliability of trials, many of which must be considered together. 
For example, different quality checks are more or less important for trials with 
different study designs, and these must be considered alongside other factors 
such as the size, location, and follow-up periods of studies. The gofer display 
can give an overview of the most important characteristics in one place, which 
could be supported by textual narrative, and raw data in appendices.

 A more detailed summary of each sub-theme for the ‘judgement’ category is 
included in Table 5.4 – 5.

Sub-theme Notes
Reliability Many different aspects of the studies were considered important to 

judge the reliability of a trial:
Quality checklist for study• 
Size of study• 
Length of Follow-up• 
Statistical significance of outcome measures• 
Location of study• 
Date of study• 

It was commonly mentioned that multiple factors such as these 
should be considered together to determine the reliability of trials. 
One participant, for example, said that they would consider the 
design of a study to know which of the quality checks were most 
important. Another thought it would be important to see if positive 
findings were only found in studies with weaker quality checks.

Quality 
weighting

Several participants noted that not all quality checks in the quality 
assessment tool used would be equally important. A common 
strategy used with GOfER was to count the number of black 
squares in the quality grid, which would not have accounted for 
this. However, some participants felt they did not have enough 
experience to know which quality checks were more important. 
Participant 1, using GOfER, was able to look at the two squares 
that they had learned would be important in pre/post studies.

Narrative While there were differences of opinion on the importance of 
narrative, the general consensus was that the GOfER display could 
be used alongside textual description to explain the overall results 
of the trials, in the same way that data tables are currently. Those 
with a longer experience in HTA seemed to be more comfortable 
with the idea of reading a large volume of text, even though this 
may not be possible for time-limited decision-makers.
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5.4.6   Thematic category 6: Observation

Some of the participants’ actions revealed how they were using the 
presentations. The large report section document required extensive use of 
navigational aids, such as contents and indexing. Participants also marked 
pages to return to with fingers and other ‘bookmarks’. The gofer outcome 
measures display required the use of focussing aids, such as fingers or pens, 
to trace from the results to authors’ names and the outcome abbreviations at 
the top of the page. Also, several participants had to look closely at small page 
elements, suggesting that some of them were approaching the limits of clear 
perception.

A more detailed summary of each sub-theme for the ‘observation’ category is 
included in Table 5.4 – 6.

Sub-theme Notes
Navigation Those people using the report needed to use indexing strategies 

such as contents, indexes and bibliographies as paths to 
information. Three people looked for a list of tables, which might 
have helped them to find the information they needed. Three people 
voiced dislike for the contents page, but mostly without qualifying 
this with a reason. Better use of type size, font weight and spacing 
could have helped establish hierarchy in the contents.

Focusing aids All participants used a finger or pen to mark places on a page, often 
using them to trace from one place to another. Those using the 
report used aids to trace from headings in the contents to the page 
numbers, which were quite widely separated. Those using GOfER 
often traced from the circles on the large outcome measures grid 
to either the outcome abbreviations at the top of the page or the 
author names on the left. In either the report contents or the GOfER 
outcome measures display, a small expenditure of space might be 
worthwhile to separate the lines into sections.

Memorising Some participants remembered something from earlier in the 
interviews that helped later on in the tests. This largely tended 
to concern remembering something from the familiarisation with 
report or GOfER, suggesting that carryover effects between the 
presentation methods were minimal in this study.

Peering Participants occasionally had to look closely at a page, particularly 
while using GOfER. People peered at:

Location maps (2 people)• 
Outcome measure titles (2 people)• 
Quality grids (3 people)• 
Length of follow-up (1 person)• 

However, only a few people specifically mentioned that any of these 
elements should be bigger (See table 5.4 – 5: Sizing). This may 
indicate that elements of GOfER are very close to, but not quite at 
the limits of clear perception.

Bookmarking Most people using the report used some kind of bookmark, either 
sticky tabs provided by the interviewer, or fingers as temporary 
bookmarks. As might be expected, this was not so necessary with 
GOfER as the document was so much shorter.

 — 229  —

5
Introduction5.1
Methods5.2
Quantitative results5.3
Qualitative results5.4
Conclusions5.5

Table 5.4 – 6
Sub-themes for the ‘observation’ category

Prototype test 1 (GOfER)



5.4.7   Thematic category 7: Preference

Participants generally seemed to prefer 
gofer to the data tables in the report. 
Figure 5.4 – 5 shows the number of times 
the participants voiced a preference for 
gofer or the report’s numerical displays. 
Participants 2, 3, 4, 5, 6 and 7 gave a 
general preference for gofer, often while 
being asked about the general reliability of 
their second presentation (whether given 
gofer first or second).

Specific aspects of gofer that 
participants preferred were: (participant 
numbers are in brackets)

The outcomes display (5, 7)•	
The quality grid (3, 8)•	
Follow up display (7)•	
Being able to compare characteristics, •	
quality and outcomes together (3)
Being able to compare characteristics •	
between studies (2)
The study design symbols (2, 9, 5)•	
Age display (3)•	

It is interesting to see that three people 
stated they preferred the graphical 
presentation of the studies’ experimental 
design using Sankey-style flow diagrams, 
even though all participants made 
mistakes interpreting this representation. 
It suggests that with a better key, this 
might still be a useful presentation 
method for study designs.

The one person that stated a preference 
for a numerical display at any time was 
referring to having a spreadsheet with 
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numbers as opposed to a sortable graphical display in the last question of the 
interview.

5.4.8   Thematic category 8: Design

There were very few specific references to how a graphic should be produced, 
or what media should be used. Participants generally felt that the gofer 
display gave an overview of the information, but more detail would be needed 
as well. During the interviews, both participants and interviewer offered 
several suggestions for improving the graphic in this and other reviews. A 
summary of these suggestions, along with a more detailed summary of each 
sub-theme for the ‘design’ category, is included in Table 5.4 – 7.

Sub-theme Notes
Production One participant assumed that the GOfER display would be 

produced with an automated tool, with “preset fields that you can 
click on” to assign in which area of the world the study was.

Detail The general opinion of the participants was that more detail might 
be needed than was presented in GOfER. However, they seemed to 
think that GOfER was useful to provide an overview of the evidence 
before looking at the detail. Task 11 showed this view particularly 
clearly, with 4 people choosing to use the GOfER display for the 
task, and then saying that if they wanted to know exact number, 
they would look it up in the tables of the report.

Media Three participants mentioned that a version presented on a 
computer could link to more detailed presentation of data on 
request, perhaps by clicking on an element to see a data table. 
However, a limited version of this functionality could be provided in 
a static, printed version by providing table or page references within 
the GOfER display. Two people thought that an interactive version 
would only be of use to a reviewer, and a fixed, static version would 
always be needed to include in reports.
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5.4.9   Thematic category 9: Application

Participants envisaged the gofer display as a way of summarising key points 
about the trials, alongside the textual narrative of the reports. They thought 
that decision-makers could use them to quickly see what kind of evidence the 
economic modelling in a nice technology assessment report was based on. 

A more detailed summary of each sub-theme for the ‘application’ category is 
included in Table 5.4 – 8.

Sub-theme Notes
Context Several participants noted that they lacked knowledge of the 

specific intervention under consideration, which impacted on their 
ability to judge how reliable the trials were. Three of the five people 
given the report second thought that they would have to have read 
the whole report to be able to judge trial reliability.

Use Participants generally thought that the GOfER display would be 
included in the report, surrounded with textual information, as the 
data tables are currently, rather than how it was presented in the 
tests, as a kind of ‘visual executive summary’.

Decision Participants 1 and 3 thought that decision-makers would be 
“starting with the answer and working backwards”. They would use 
the systematic review to judge how much they believed the outputs 
of the economic analyses in the report.

Information 
responsibility

While the GOfER display condenses a large amount of information 
onto a single page, there are limits to what it can show. One 
participant mentioned that it might either be the responsibility of the 
reviewer to decide what was presented in a graphical summary like 
this, or that the decision-making body might have some input into 
what was shown.

Audience While the decision-maker was the most commonly mentioned 
audience for the GOfER display, two people thought that it might 
aid the reviewer, while writing the report or when returning to it at 
a later date to remind themselves of the trials. One person thought 
that the modelers doing economic analysis might find it useful as 
well.
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5.5 Conclusions

5.5.1   Statement of findings

Overall, the gofer display seemed to reduce the time taken by participants to 
find information, particularly in tasks 1, 2, 5 and 8. these tasks involved finding 
large studies, finding uk studies, looking at length of follow-up, and finding 
outcome measures used. gofer also seemed to increase accuracy in task 3, 
another task using the outcome measure grid. However, these results should 
be treated with caution, even when presented as statistically significant, as the 
sample size is very small. Also, the larger volume of information in the report, 
particularly textual narrative, put it at a disadvantage for most of the tasks used 
(except task 8). This is not surprising, as gofer is a summary of the report, but 
in this case, it might have been more relevant to focus on individual treatment 
comparisons, as in task 8, rather than expecting participants to find an overall 
answer across all subgroups.

However, the largest advantage shown for gofer in the randomised section of 
the interviews was in the ability of participants to get a quick overview of the 
reliability of the trials. Participants were able to consider a much wider range 
of study characteristics simultaneously with the gofer display than with the 
report in the time available to them. As the interviews in chapter 3.2 showed 
that decision-makers are likely to have limited time to read reports before 
the meetings at which they must make decisions based on them, this is an 
important advantage of the gofer display over the tables used in the report.

The most serious problem with gofer highlighted by the quantitative 
results was the general inaccurate interpretation of the visual display of the 
experimental designs used by the studies in the review. This confusion may 
partly stem from inadequacies in the key, but also a could be a result of a 
more fundamental flaw introduced in the design of this graphic by lack of 
understanding on the part of the designer about the differences between 
the study designs used. For example, the cross-sectional design seemed to 
one participant to represent people being studied over time, when this was 
not, in fact, the case. This is perhaps inevitable for collaborations between 
content experts and expert communicators, and is exactly the kind of flaw that 
evaluations such as these are designed to highlight. Suggestions for improving 
understanding in this area are made in Chapter 5.5.5.
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The qualitative results suggest that participants favoured the graphic more than 
its modest performance gains in the specific tasks would explain (see Chapter 
5.4.7 – Thematic category 7: Preference). For example, one of the things that 
participants liked was the gofer quality grid, even though it did not seem to 
improve quantitative performance greatly. However, the qualitative results 
suggest that the quality grids helped them to get an overall sense of the quality 
of the trials more quickly (see Table 5.4 – 4: ‘overview’). The tasks that asked 
them to find specific information in the quality grids were perhaps not very 
well suited to the way that the gofer display was designed.

Several people noted that the graphic was novel to them (see Table 5.4 – 4: 
‘learning’). They said that it was a refreshing change to textual and numerical 
information presentation, which may have had a positive effect on their 
preference.

It is interesting to note that some people seem to feel more confident about a 
numerical value, feeling that they have to ‘transform’ a visual representation 
into a number to understand it. However, numbers themselves can mislead 
just as much – or even more so – than a graphical representation. This is a 
fact that shopkeepers have long exploited, pricing goods at £2.99 rather than 
£3.00. A graphical representation of these figures would truly show how close 
these values were, but the effect of beginning the numerical representation 
with a 2 rather than a 3 has a disproportional effect on the hapless shopper. 
This suggests that both the graphical and numerical presentation must be 
transformed into another form in the brain to be understood. This is in line 
with Resnikoff ’s suggestion that the visual processing system can be used 
to ‘pre-process’ data, enabling its understanding more quickly than having 
to interpret abstract words and numerical symbols (Resnikoff 1989). These 
interviews suggest, however, that there is still a general misapprehension that 
quantities must be presented numerically, and that graphical presentations 
must be somehow transformed back into numbers in the brain. Numerical 
values may indeed be needed for further analysis by other reviewers, and 
so all numerical values should be presented. However, to present data to 
time-pressured policy decision-makers, this study suggests that it would be 
more appropriate for the raw data to appear in other tables or appendices. 
A graphical presentation supported by text and key outputs is all that is 
needed for them to understand as much about the data as possible in the time 
available, and to easily identify relative similarities and differences between 
studies.

In terms of production and use, this graphic was designed for a particular 
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problem with proliferation of outcome measures in the cochlear implants 
review. The people that have tested it suggested that other reviews might need 
a larger map, or something else completely different to be displayed. The large 
number of outcome measures in the Cochlear Implants review may not be a 
problem in other reviews, leaving space for other information to be presented 
within the display. In areas like hta, where each review has individual 
complexities, it will always be preferable to have a trained information designer 
to present the results of the review in the most appropriate manner. However, 
the necessary skills, experience and resources for this work may not often, if 
ever, be available. 

While the gofer display was not initially conceived as an automated tool that 
could be used for different reviews, the idea might have some merit. This could 
take the form of a spreadsheet–like program with preset columns and rows 
for different trial characteristics. The reviewer (perhaps with input from the 
decision-maker commissioning the review) could select certain important 
information, an output size (likely to be a4), and the software would produce 
something similar to the gofer display from the raw data. The size of 
different elements could then be adjusted for clarity, the characteristics in the 
display could be used to order the trials in different ways while the reviewer 
analyses the data, and then a ‘fixed’ version could be outputted as a pdf file, 
or as separate image files, to be included in a report. Such software could be 
produced as a complete package, or perhaps as an add-on to existing software, 
such as an Excel plug-in or Open Office extension. Alternatively, it could be a 
web-based tool, which also might allow the sharing of results more easily.

The results raise a question concerning information responsibility (see Table 
4.5 – 8: Information responsibility). A gofer display can present a large 
amount of information, but not everything shown in the data tables of the 
report is used. In the case of the cochlear implants review, the designer omitted 
the deafness of participants, and the brands of implants used, for example. 
For a graphic like this to be used in a live report, the decision would have 
to be made which information should be presented in this display. While 
the reviewer will almost certainly have a fairly clear idea of what should be 
presented, the decision-maker might also have input. Also, in the case of 
having an information designer to produce graphics like this, they may be 
able to present several less important pieces of information in the space of 
one thing that had individual importance, but less importance than the sum 
of all the other things that could be presented in that space. For example, the 
outcome measures table in the cochlear implants gofer display took over half 
the available space, as much as the ages, design, size, follow-up and quality 
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together, which might be considered more important to give a summary of. 
Such design issues will have to be carefully negotiated between designers and 
users of information graphics in hta.

5.5.2   Discussion

Returning to the main aims of these interviews, it seems that gofer would 
be a valuable way of giving a quick overview of key information on the 
characteristics, quality and outcomes of trials included in a systematic review. 
Its particular strength is that it condenses the data, allowing multiple aspects 
of the trials to be presented together on the page, giving a more holistic view 
of each study (allowing study characteristics, quality and results to be more 
quickly and easily considered together).

However, the gofer display may be challenging to produce exactly with the 
current skills and software available for use in technology assessment report 
authoring groups. While displays like this, designed on an individual basis 
by trained information designers is an ideal, resource constraints may make 
this an unrealistic option. A software tool that could produce a gofer display 
automatically would be less costly, but would mean sacrificing flexibility, and a 
commercial case would have to be made for it to be developed,

In terms of production and use in hta, researchers should be encouraged 
to present visual summaries of systematic reviews using whatever means is 
available to them. Therefore, the name gofer should not be used to refer to 
a presentation of this exact set of data, but as a graphical summary that could 
include different data for different reviews. 

When it comes to inclusion in reports, whatever method a gofer display is 
produced with, it seems that such graphics should be placed with the text 
in the main report sections, so that they can be used along with the textual 
narrative to explain the evidence to the reader. The raw numerical data must 
also be presented, in case exact values are needed for further analysis at a later 
date. This raw data can mostly be presented in appendices, and the graphic 
could be used to guide the reader to the relevant information, with page 
numbers or section headers included in the display.
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5.5.3   Strengths and limitations of methods

The speak aloud method of cognitive interviewing worked well in most cases, 
but some people were reluctant to share thoughts, or only half-vocalised 
thoughts, which may have been too quick to capture in this way. It also affected 
people’s task times, but this was fairly straightforward to account for in the 
analysis, using proportional time measurements instead of absolute. A more 
experienced, and/or less biased interviewer could try the probing method 
instead (Willis 1999), especially where time to complete tasks is important.

The main flaw in the experimental design was the fact that the gofer display 
was presented in a separate document, not bound together with text as it 
would be in a report. It also presented less information than the data tables 
that were used in the report, which made it much quicker and easier for 
participants with gofer to find the right place to look for the information. 
Tasks like task 8, which asked for data about a single comparison section might 
have been a better choice. Alternatively, a fairer comparator to test gofer 
against might be a set of tables which only presented the data used in the 
graphic, but showing it in numerical/textual form. However, this would not be 
representative of the way reports are actually used in the decision context. 

It might be possible to test the original report against a version of this same 
report with the gofer display included, perhaps replacing the ‘visual summary’ 
tables (which were an unusual feature of the cochlear implants report). The 
decision would have to be made then whether to move some or all of the 
raw data tables to appendices in this report with integrated gofer displays. 
Doing so might be instructive in answering the question of whether this is 
appropriate or not, and more closely represent how a gofer display might be 
used in practice (as a replacement for, or a supplement to, more conventional 
presentations of information in the main body of reports).

The participants indicated that the tasks they performed were representative 
of how they might interpret a systematic review. However, two of the most 
experienced reviewers mentioned that they were likely to look at the results of 
the review first, and then work back to the characteristics of individual studies 
to judge how much they believed this answer. The tests may therefore give an 
accurate sense of how a decision-maker might interpret the results tables or the 
gofer alternative, but not account for the context of looking at them with the 
outcome of the whole review in mind.

If this gofer display were to be evaluated again, it would be better to test it ‘in 
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situ’ within the report itself. It would also be best to test with the whole report, 
including appendices, rather than just using a single section. This would make 
the experimental condition closer to what a decision-maker would be expected 
to deal with.

The vark learning styles questionnaire did not seem to be a good predictor of 
the opinions of participants. However, the length of experience in hta seemed 
to affect responses more. Those with more familiarity with the field had 
some very valuable comments. In future studies, a useful method of sampling 
could be to ask more people to take part than is practical, and interview only 
those with the most experience of working in hta (or the relevant field of 
application).

Some research on information responsibility might be valuable to the further 
development of gofer. It would be helpful to know how valuable a decision-
maker would find the various elements of the display, so that this could be 
taken into consideration when deciding which data should be included in a 
graphical summary. The designer of a graphic like gofer would then be able 
to balance the space taken by each element with how valuable it would be to a 
decision-maker.

There might also be the possibility of testing the gofer display with different 
audiences. As this experiment has shown that gofer has some value, it might 
be possible to include it in a report which will be used to make a decision at a 
nice appraisal committee. While a detailed, controlled, task-based experiment 
would not be possible, a questionnaire or short telephone interviews with 
decision-makers might be instructive. Such research would show how the 
display is working in practice, and if anything should be changed from their 
perspective.

The gofer display is already the product of ‘iterative design’ (Nielsen 1993), 
in that it has been shown to hta experts and redesigned a number of times. 
The results of this experiment also suggest some fairly significant further 
improvements that might be made to gofer. It could be tested again after a 
major redesign, perhaps with initial informal testing before another formal 
empirical study was undertaken.
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5.5.4   Implications of findings

The most significant failing of the gofer display was in task 9, where none 
of the 9 participants in the evaluation managed to identify all of the cross-
sectional designs used in the studies included in the review. They seemed not 
to pick up on the smaller studies with this experimental design. This could be 
at least partially addressed by altering the key, showing both large and small 
studies with each design, as shown in Figure 5.5 – 1.

Also, one participant mentioned that the cross-sectional design looked to them 
like time was passing. It might actually be possible to combine the length of 
follow-up of the studies with the design/size arrows, as in Figure 5.5 – 2. This 
might also allow outcomes that were measured at several different time points 
to be shown alongside the graphic, so that it could be seen at which point the 

Conclusions
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Figure 5.5 – 1
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test became significant (see Figure 5.5 – 3). This might need a slightly larger 
space for each trial, and therefore fewer than 8 per page. For reviews in which 
the number of people tested at each stage was reported, it might be possible 
to incorporate dropout into the diagram, especially if it was larger. In Sankey 
diagrams used in engineering, losses in energy flows are often represented with 
arrows branching from the main flow. Something similar could be used here.

Also, concerning design/size arrows, if sophisticated page layout software was 
not available, it might be possible to simplify this element of the gofer display 
to just show the n number and length of follow-up with straightforward solid 
coloured bars. The length of these would represent follow-up and the height 
sample size.
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Design/size arrow used to show length of follow-up
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However, different interventions might require very different displays. For 
example, in the case of the area of the world being very important, a graphic 
like that shown in Figure 5.5 – 4 might be more suitable, or even that in Figure 
5.5 – 5, which just shows location and size of trial, represented by the area of the 
circles. Interestingly, this is no longer recognisable as a ‘gofer display’ as such, 
supporting the conclusion that the term itself should not be used to mean a 
particular combination of visual techniques, but any kind of visual overview of 
information from a systematic review of clinical effectiveness.
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Figure 5.5 – 4
Display for heightened importance of the area of the world
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Another example of different information importance which might 
substantially change the design of the graphic display was if the time at which 
the study was being conducted was particularly important (as it might well be 
with a medical device such as an implant, due to technological improvements). 
In this case, the display in Figure 5.5 – 6 might be more appropriate. The right-
hand end of the bars shows the date at which the study was reported. The 
left-hand end of the bars shows the date the trial would have started given the 
follow-up. The vertical height of the bars show the sizes of the trials. Again, this 
looks very different to what started as parts of gofer displayed in a different 
way. However, other elements such as quality or outcomes could be built back 
in, especially if this display was condensed in width.

Lastly, a number of people mentioned that the outcome dots, while useful, 
didn’t give much information on what was reported beyond whether it was 
significant. In other reviews, it would be quite possible to incorporate a display 
of the mean and confidence interval of each outcome measure, which would 
begin to look similar to a forest plot (Lewis & Clarke 2001). However, this 
would probably mean that the display would have to be separated into groups 
depending on which outcome measure was used. 
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Figure 5.5 – 6
Display for heightened importance of timing of study
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Even in cases where a meta-analysis was not possible, it might be possible 
to give an indication of effect size using similar circles to those used in the 
gofer display tested. A dark circle could represent a large effect, a medium 
grey a medium effect, and so on. The width of the outer ring could represent 
significance of statistical tests (see Figure 5.5 – 7).

 — 243  —

5
Introduction5.1
Methods5.2
Quantitative results5.3
Qualitative results5.4
Conclusions5.5

C
AP

C
D

T
C

ID
C

N
C

C
PT

C
U

N
Y

ES
P

FM
W

T
G

A
SP

G
SL

outcome measures 

non-signi�cant
outcome measures

signi�cant
outcome measures

small e�ect size

medium e�ect size

large e�ect size

Figure 5.5 – 7
Effect size display

Prototype test 1 (GOfER)



Overview0.1
Contents0.2
Abstract0.3
Thanks0.4
Author’s declaration0.5
Definitions0.6
Abbreviations0.7
Introduction1
Information graphics1.1
hta1.2
Potential functions1.3
Problem domain1.4
Research question1.5
Methodology2
Discussion2.1

2.2
Context3
Current use3.1
Information needs3.2
Design4
Elements4.1
Specification4.2
Development4.3

5
Introduction5.1
Methods5.2
Quantitative results5.3
Qualitative results5.4
Conclusions5.5
Prototype test 2 (soc)6
Introduction6.1
Methods6.2
Quantitative results6.3
Qualitative results6.4
Conclusions6.5
Discussion7
Summary7.1 
Conclusions7.2
Future research7.3
Appendices8

A
B
C
D
E
F
G
H
I

References9

Chapter 6: 
Prototype 
Test 2 (soc)
In this second evaluation study, a different information 
graphic is tested. This illustrates how the methods used 
in Chapter 5 can be adapted to a different situation, and 
how such evaluation studies must vary to test different 
information graphics. The graphic tested here was 
designed to show the dynamics of a cost-effectiveness 
model, which is a fundamentally different task to 
displaying systematic review data. This graphic is also 
designed to present data that does not typically already 
appear in hta reports, meaning that there is not a direct 
comparator for a randomised study.

The test was carried out on an information graphic 
previously presented in Chapter 4.2.5 (the initial 
specification) and 4.3.3 (development to real data stage). 
The graphic came to be known as ‘SOC’ for ‘state 
occupancy chart’.

The purpose of this graphic is to show relevant outputs 
of a mathematical ‘Markov’ model used to represent 
treatment alternatives. It provides a way of showing 
at what time, and in which model states, costs and 
benefits of treatment would occur in the model. This is 
potentially valuable because Markov-type modelling is 
commonly used for the technology assessment reports 
commissioned for nice in the uk (Mauskopf 2007). The 
graphical technique is designed to show decision-makers 
why, for example, an icer value is high, which people 
in the model incur costs, and at what time they tend to 
happen. This fulfils one of the particularly commonly 
mentioned needs of decision-makers in the nice appraisal 
process in Chapter 3.2: ‘dis-aggregation’ of the icer. 

 — 244  —

Process model

Prototype test 1 (GOfER)

Methodological study

NICE interview data

GOfER graphic

GOfER test script

GOfER test transcript

GOfER test data

SOC graphic

SOC test script

SOC test transcript



INFORMATION
NEEDS

needs
research
studies

informal
conversations

SPECIFICATION PROTOTYPE DEPLOY MONITOR

INDIVIDUAL
STUDY

COMPARATIVE
STUDY

informal
advice

pilot
testing

initial design work real data incorporation

redesign
may be
needed

6.1 Introduction
This chapter details a second study used to evaluate a graphical presentation 
technique. However, this technique was not suitable for the same kind of 
comparative study as in the previous chapter. Instead, it provided a way of 
showing data that is not often included in reports. For this reason, a second 
type of study is proposed, as shown in the hta process model in Figure 6.1 – 1.

6.1.1   Data used

The data used in the information graphic came from a nice review coordinated 
by the pentag assessment group (Garside et al. 2007). This review was chosen 
for a number of reasons. Firstly because it was a simple model, with relatively 
few health states, and hence easy to represent. Secondly, the designer had 
access to the raw data needed to calculate the occupancy of individual states at 
different time points in the model, and the costs and qalys accrued over time. 
This data is not generally presented in reports, so the original spreadsheets 
used in the modelling work were required, to calculate all the values needed for 
the information graphic.

The report looked at treatments for newly-diagnosed high-grade glioma (a 
form of brain tumour). It was an mta report*, which considered two possible 
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interventions are 

compared.

Figure 6.1 – 1
The phase of the proposed design process detailed in Chapter 6



treatments: a drug called Temozolomide, and implanted carmustine wafers, 
as two possible treatments with the same licensed indication. To make the 
evaluation of the information graphic more manageable, only the data on the 
Temozolomide treatment was used.

Before the appraisal in which the report was used, patients diagnosed with 
high-grade glioma would undergo surgery to remove their tumour. After 5 
weeks to recover from the operation, they would then have a 6 week course of 
radiotherapy on the affected area. The model used for the graphic deals with 
the possibility of giving the drug temozolomide during this radiotherapy, and 
also in lower doses for 5 months afterwards.

It is common practice in health technology assessment to extend the clinical 
trial data available by constructing a mathematical model. This report included 
a Markov model, which presents a simulation of what might happen to a group 
of people with the condition of interest. This allows the long-term impact 
of adopting different treatment options to be considered. The model for 
temozolomide simulated what would happen to those given temozolomide 
and those given a placebo. These two simulations of treatment alternatives are 
referred to as the two ‘arms’ of the model. 

The report (Garside, Pitt, Anderson, Rogers, Dyer, Mealing, Somerville, Price, 
& Stein 2007) included a state transition diagram for the model, along with 
a page or so of textual description (see Figure 6.1 – 2). This was followed by 
17 pages of information, including 22 tables, on the assumptions used in the 
model (and what evidence the values used were based on). The next section 
detailed the main outputs of the model, over 2 pages, using 3 paragraphs of 
text, 1 table and 3 bar charts. Finally, the report included 8 pages on sensitivity 
analysis, including 10 figures and 3 tables along with the text. 
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The report section in which the proposed information graphic would appear 
would be the two pages on model outputs, before the section on sensitivity 
analysis. This section starts by providing a simple table showing the costs and 
qalys that would be incurred by 1000 simulated people, from their surgery 
to the end of a 5 year period. This table also stated that from this information, 
the drug would cost around £35,000 per qaly gained. This is just over the 
threshold of £30,000 per qaly that nice reportedly uses as a (non-absolute) 
benchmark for the approval of so-called ‘end-of-life’ treatments such as this 
(Devlin & Parkin 2004). 
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Figure 6.1 – 2
‘State transition diagram’ from the report. The circular arrows at the top-right of certain 
states are a convention in such diagrams. They indicate that people can remain in that 

state for more than one model ‘cycle’ – in this case, more than one week.
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The costs were then shown in more detail in the ‘stacked bar chart’ format 
that did not give favourable results in (Cleveland & McGill 1984) (see Figure 
6.1 – 3). The author was clearly constrained by the black and white format, 

choosing to use greyscale shading to distinguish the different kinds of cost 
within each section. All technology assessment reports produced for nice 
are published in the journal series hta. The articles are freely available online 
(nihr Health Technology Assessment programme 2010), and also distributed 
in printed academic journal format. The online version of this report, in pdf 
format, includes the original greyscale version of this figure. It is quite difficult 
to interpret in itself, with many shades looking similar, and the progressive 
disease bars having many small sections. However, the extremely course and 
low-quality halftoning in the hard copy version make it even more difficult to 
interpret. The ‘progressive disease’ bars seem to be made up of ‘radiotherapy’, 
‘hospital inpatient’ and ‘other’, although it may be ‘chemotherapy drugs’ 
instead of ‘radiotherapy’ (see Figure 6.1 – 4).

Figure 6.1 – 3
Cost display from online version of report report
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Figure 6.1 – 4
Showing the low-quality halftoning used in the printed HTA journal 

Online PDF
version,
magnified

HTA journal
print, 
magnified

Online PDF version, magnified

HTA journal print, magnified



This section also includes a short paragraph on ‘event counts’ which could be 
described as the number of times that someone moves from one health state 
(such as ‘stable disease’) into another (such as ‘progressive disease’ or ‘death’). 
This data was again presented with a bar chart (see Figure 6.1 – 5).

Lastly, another short paragraph was included on state occupancy. The third 
accompanying bar chart showed the number of people that had spent a week 
(or model ‘cycle’) in a particular health state (see Figure 6.1 – 6). Strangely, the 
‘death’ state was not shown in the bar chart, but the numerical values for death 
were presented in the paragraph of text.
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Figure 6.1 – 5
‘Event counts’ display from the report



It is in this section that the proposed information graphic would appear, to 
show more detail on how the model worked. Instead of just showing the 
total numbers of simulated people in the different states over all 5 years of 
the model’s time horizon (duration) in a single bar, it would show how these 
numbers changed over time. Also, and perhaps more importantly, it would 
show the reader how these changes over time relate to the costs incurred and 
the quality of life of the simulated cohort. This is intended to help the reader 
more clearly understand the source of the model outputs by showing their 
component parts, and revealing time-based elements that are not commonly 
presented in such reports. This might ultimately show the reader more clearly 
how the cohort that was given the drug Temozolomide differed, in terms 
of cost and quality of life, from those that were given an indistinguishable 
placebo.

6.1.2   State occupancy chart (soc)

After the initial specification, selection, and development detailed in Chapter 
4, the graphic became referred to as soc (state occupancy chart). The central 
premise was to show the flow of the simulated patient cohort through the 
model using a proportional flow diagram, known as a ‘Sankey diagram’ 
(sankey-diagrams.com 2010). Bar charts could be presented alongside the 
flow diagram to show the costs incurred and the quality of life experienced by 
the different numbers of people occupying the health states (see Figure 6.1 – 
7). The graphic underwent substantial further revision while developing the 
evaluation study, however. 
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Figure 6.1 – 6
‘State occupancy’ display from report
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The main problem with the original design, from Chapter 4.3.3, was the need 
to aggregate the 260 cycles of the model into a smaller number that could be 
realistically presented on an A4 page. In each cycle of the model, the number 
of people occupying each state changes, so showing only one of every 20 cycles 
could be very problematic in other models. The graphic would work, but 
only if it could show every cycle of a model. This would be quite simple for a 
10-cycle model, but last for hundreds of cycles. An unrealistically large canvas, 
on screen or paper, would be required for this kind of display. This might be 
possible with the use of animation, providing the graphic as a video file or 
interactive display, but within the current media used in the nice appraisals 
process, it would not be feasible to present.

The graphic was therefore changed into something closer to the time based 
‘state occupancy graphs’ which are sometimes used in hta.* This version of the 
graphic, however, represented the number of people in each state with small 
bars rather than the more usual curves, in line with Cleveland and McGill’s 
observations (Cleveland & McGill 1984). Several spreadsheet programs were 
trialed to produce the main display (Excel, OpenOffice, Apple Numbers and 
Google Docs) All of these produced a pdf output with variable width lines (as 
in Figure 6.1 – 8). For this reason, the open source Processing language (Fry & 
Reas 2010) was used to produce the bars as a pdf file, so that Adobe Illustrator 
software could be used to label the display, and include explanatory text. This 
updated version of the graphic is presented in Figure 6.1 – 9.
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*These line graphs are 
known as a survival 
curve in the case of 

tracking those people 
that die (represented as 
moving into the ‘death’ 

state in this model). 

width of bars:

0.266mm0.354mm

Figure 6.1 – 8
Variable line widths in pdf output from spreadsheet software
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After consultation with colleagues*, this was developed to a more condensed 
display (Figure 6.1 – 10). In this revised design, ‘incremental state occupancy’ 
was incorporated in the centre of the graphic, showing the relative differences 
between the number of people in each arm† of the model, in each cycle. 
The colours were also changed, with an obvious bright pink used for the 
progressive state, as this is where quality of life degrades in the model.

This idea led to another development, made possible by the use of the very 
flexible Processing software. In this version of the graphic, colours were used 
to show the costs and QALYs incurred by the simulated cohort of people in the 
different states of the model at each cycle (see Figure 6.1 – 11). 
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This display was pilot tested by one participant (see Chapter 6.2 – Methods). 
The intention was to take this same graphic to final testing stage, and the pilot 
test was designed to refine the questions and interview technique. However, 
the experienced modeller that tested it raised some fundamental issues.

Firstly, the scale of costs seemed wrong to them. It was problematic to include 
the costs in the design, as the cost of surgery was so much larger than any 
other cost. On a simple grey to red scale, for example, very little was visible 
apart from surgery, apart from a faint shadow for the radiotherapy weeks, 
in the treatment arm only. The temozolomide drug, administered in weeks 
17 – 40, was almost invisible, as was the radiotherapy cost in the placebo 
arm. Therefore a yellow colour was used for the £600,000 per week cost of 
radiotherapy in the whole cohort, and an orange for the £3m cost of surgery. 
This proved very unintuitive for the modeller. Also, they suggested using the 
raw cost per patient instead of cost per cycle, and the utility value per patient 
rather than the total qalys in the quality of life display, to make these easier to 
understand.

These suggestions were of sufficient value to require an immediate redesign to 
the graphic before any more testing. The version of the soc graphic used in the 
main evaluation study was separated over 6 pages, designed to slowly add to 
the understanding of viewer page by page. Explanatory text was used on each 
page, accompanied by a graphical presentation of data. The full soc graphic 
that was tested is included as Appendix g.

The first page was a simple state occupancy chart, showing number of people 
in each model state* in each cycle† of the model. This information was 
presented as the width of bars, as in a horizontal stacked bar chart. This kind 
of display should be familiar to most people working as modellers within 
hta, although a line graph is more usually used for this purpose. Two state 
occupancy displays were shown, one for the simulated patients treated with a 
placebo, and one for those given the temozolomide drug. The display shows 
how the simulated patients treated with temozolomide moved more slowly 
into the progressive disease state, and eventually to the death state, than those 
given the placebo treatment. 

The second page showed a similar display of the state occupancy in both arms 
of the model. However, this time the bars representing the number of people 
in one arm of the model were shaded according to the utility value‡ of each 
person, using a black to white scale.  
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to 0 (death).



The third page had a similar display, but the greyscale shading this time showed 
the costs per patient in each cycle, for each model state. 

The fourth page showed the difference between the numbers of people in each 
of the different model states, again over time. This was intended to show more 
clearly the differences in survival between those taking Temozolomide and 
those taking the placebo. 

The fifth page showed the difference in the number of qalys* experienced by 
the simulated patients in the two arms of the model, again by state over time. 
As in the report, the number of qalys experienced by a cohort of 1000 people 
was used.

The sixth and final page showed incremental costs, the costs that would be 
accrued in the model. Again, a cohort of 1000 people in each arm of the model 
was used.

6.1.3   Aims of test

In the field of hta,  it is unusual for a specific design brief to be given to initiate 
the development of an information graphic. This is part of the reason that the 
suggested design process model (see Chapter 2.2) starts with loosely defined 
needs, and moves quickly to an agreed specification from this. However, this 
also means that designs must also be tested and often redesigned as a part of 
the design process.

Another test process was used for the soc graphic. However, test in this case 
required a somewhat different approach to that used in the gofer test in the 
previous chapter. Rather than being a different way of presenting numerical 
data already in reports, the soc graphic offers a way to display data that are not 
realistically able to be presented in numerical form. Therefore, there was no 
direct comparator for the graphic to be tested against in the evaluation.

The aims of the study were therefore to find out:

1) If the modellers interviewed had a reasonable grasp of what the display showed 
from reading the labels and annotations.

2) How useful the modellers thought that soc displays would be in displaying the 
results of Markov models.
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pay around £20,000 for 

one additional qaly  
(Devlin & Parkin, 2004).



6.2 Methods

6.2.1   Population sampled

Similarly to the gofer test in the previous chapter, technology assessment 
authoring researchers were sampled for this study. The population of interest 
was again those working in health technology assessment centres that provide 
cost-effectiveness reviews to inform the nice appraisal process in the uk. 
As this graphic showed output data from a Markov model, mathematical 
modellers were invited to participate.

6.2.2   Sample size

Six modellers were interviewed. Three of these were from the pentag review 
group, based in the Peninsula College of Medicine and Dentistry, Universities 
of Exeter and Plymouth. The other three modellers were from the scharr 
technology assessment group based at The University of Sheffield. These six 
participants were selected by inviting all of the pentag modellers to take part, 
and asking the director of scharr-tag to invite all modellers in that team. 
Only six people responded, three from each centre. This is the minimum 
number recommended by David Sless for evaluation work in Information 
Design (Sless 2009).

6.2.3   Procedure

The cognitive interviewing method described in Chapter 5.2 was adapted to 
be suitable for testing the soc display. Instead of using a speak aloud protocol, 
the second method of ‘probing’ was used to see how participants were coming 
to their answers (Willis 1999). This method places more of the demands 
during the interview on the interviewer, leaving the participants free to focus 
more on the task at hand, returning to their thought processes once they have 
completed them. 

The fundamental approach of giving participants tasks to find specific 
information presentations was retained from the previous chapter, so the 
format of the test sessions themselves were quite similar. However, this time 
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the results of these were not used to compare between different displays. 
Instead, they were used to test participants’ understanding of the display, and 
to see how accurately they could transform the visual elements on the page 
back into the numerical values that they represented. Thus, the tests serve only 
as proof of concept and as a way of refining the graphic, rather than any kind of 
quantitative demonstration of relative effectiveness.

The script used in the interviews is included in Appendix h. Each participant 
was given a brief introduction, telling them that the study was designed to help 
test and refine an information graphic that could be presented in reports for 
the nice appraisal process. They were then asked introductory questions, on 
their background and experience of modelling in hta. 

Each participant was then given the soc display, and asked to spend five 
minutes familiarising themselves with it. Following this period, they were 
given 6 tasks to perform, which required them to find information in the 
soc display. These tasks were generally designed to encourage them to use 
each page of the graphic. Each task was followed by one or more follow-up 
questions (probing), designed to establish how the participants had come to 
their answers. 

Upon completing the tasks, participants were asked several general and open-
ended questions on the usefulness and applicability of the soc display.

6.2.4   Outcomes

The tests were again video recorded, so that several kinds of data could be 
recorded easily. 

The quantitative data recorded were the time taken by participants to complete 
their tasks, and the answers that they gave. The answers were the most 
important quantitative data, allowing decision accuracy to be assessed. The 
qualitative data recorded were the words and actions of the participants.

Firstly, the participants’ background and experience was established, asking 
the following questions: 

Tell me about your experience with modelling and simulation modelling.•	
What is your experience with •	 hta?

 

 — 260  —

Prototype test 2 (soc)6
Introduction6.1
Methods6.2
Quantitative results6.3
Qualitative results6.4
Conclusions6.5



It was also important to know if the participants had seen the report before, 
giving them a potential advantage:

Are you familiar with the carmustine implants / temozolomide for high-•	
grade glioma report?

 
Participants were again asked for a learning styles questionnaire, which was 
completed before the interview. They were then asked two questions on how 
they currently present the outputs of models:

Have you ever felt the need to show where the costs and •	 qalys come from 
in a Markov model?
In your experience, are decision-makers at •	 nice content to be presented 
with just an icer value?

 
After the familiarisation with the graphic was complete, the following tasks and 
probes were given:

Task 1:•	  How many people have progressive disease in week 52 of the 
temozolomide arm of the model?

Is this more or less than the placebo arm? -
How did you find this information? -

Task 2:•	  Where do the costs tend to come from in each arm of the model?
Does this information help you to understand this model? -
Why is this? -

Task 3:•	  What would you say the average utility value of those in the 
progressive state was in week 78 of the model, for the temozolomide arm?

How does this compare with those in the placebo arm? -

Task 4: •	 Is there a particular model state in which the simulated patients 
experience more qalys in the placebo arm than in the temozolomide arm? 

Task 5: •	 At what point are there more people in the progressive state for the 
temozolomide arm than for the placebo arm?

Why did you choose to use [page 1 / page 4] instead of [page 4 /   -
     page 1]? 
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Task 6:•	  Where does the greatest difference between the costs of the two 
arms lie?

 
After all six tasks were completed, participants were asked more general 
questions, to determine how they felt about the usefulness of the graphic, and 
how it might be used in the nice appraisal process in the uk:

Was there any information that you thought was missing from the graphic, •	
that would be useful to show in an hta report?
If you had to remove one of the pages from the presentation, which would it •	
be?
Do you think this kind of display would be useful or confusing for a •	
decision-maker at nice?
If yes, what might it show them that they do not already know?•	
If no, is there anything that could be improved to make it more helpful?•	
Do you think it would be useful to anyone else involved in •	 hta work?
How easy do you think it would be to compare this graphic to one produced •	
for a different appraisal?
Do you think this graphic would be more useful for •	 stas or mtas?*

Two more questions were also developed during the course of the interviews, 
as potentially useful ideas emerged:

Have you seen anything like this graphic before?•	
Do you think it could be used for displaying scenario analyses?•	

6.2.5   Analysis method

The quantitative data were assessed, with a particular focus on task accuracy, 
and the reasons for any errors.

The qualitative data recorded (the words and actions of the participants) 
were transcribed and analysed using a coding strategy similar to that in the 
gofer test in Chapter 5. The transcripts for this study were coded with nvivo 
software, for convenience, but the process was broadly similar to the gofer 
test, in that it involved finding emerging themes that could be considered 
across interviews.
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6.3 Quantitative results

The questions were asked in the same order for each participant. During the 
6 tasks, participants were not specifically asked to say anything about their 
thought processes. However, once they had answered, the interviewer tried to 
establish the thought process that they had used to come to their answer. This 
means that, unlike in the gofer test in chapter 5, the participants’ task times 
can be presented in a more approachable ‘seconds’ format, rather than as a 
percentage of overall task time.

This Chapter (6.3) presents the results of the study, by interview question, in 
the order in which they were asked. However, if a participant said something 
relevant to the question at a different point in the interviews, this would be 
grouped together under the question in the analysis. For example, several 
participants talked about how useful the graphic would be for decision-makers 
during post-task discussion. This would be included in the section for the “how 
useful would this display be to decision-makers at nice?” question.

Participants are referred to as ‘participant 1’ to ‘participant 6’, to hide their 
identities for ethical reasons. The participants’ numbers represent the order 
in which the interviews were conducted (participant 1 interviewed first and 
participant 6 last).

The section for each task has a figure, giving an overview of task time and 
participant’s answers. A key to these Figures is provided in Figure 6.3 – 1. The 
yellow tab to the right can be used to return to this figure as needed.

The results for participant 1, who used the earlier version of the display 
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correct value
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Figure 6.3 – 1
Key to interpret task performance summary figures
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included in Figure 6.1 – 10, are included for tasks 1, 2 and 4, as these tasks 
were either the same or easily comparable. This participant’s responses to the 
general questions are also included, as they are just as applicable.

6.3.1   Background of participants

6.3.1.1   Experience with hta and simulation modelling

Experience of simulation modelling in general ranged from 1 year to 15 years in 
total. Experience with simulation modelling specifically in health technology 
assessment ranged from 9 months to 14 years. See Figure 6.3 – 2 for a summary 
of the results of this question.

6.3.1.2   Are you familiar with the carmustine implants / temozolomide for 
high-grade glioma report?

Only participant 1 had had any previous contact at all with the report, or the 
Glioma model. They had been involved with writing a methodological paper 
using data from the model, but claimed that they had no knowledge of the 
structure of the model.
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6

3
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modelling

experience

.75 1

14

Figure 6.3 – 2
Experience with hta and simulation modelling



6.3.1.3   Learning preferences questionnaire

The learning preferences questionnaire used in Chapter 5 was again given to 
each participant. The aim was to determine whether participants that generally 
had more of a preference for visual learning styles responded better to the 
graphic in any way.

Again, the three participants who had a higher than 25% visual learning style 
(participants 1, 2 and 5) did not perform noticeably better or worse in the tasks 
than the others, nor did they seem to find the graphical presentation more or 
less useful.

It may be that the questionnaire used is not able to show the ability 
of participants to use graphical presentations for tasks. Results of the 
questionnaire are presented in Figure 6.3 – 3 for interest’s sake.

6.3.1.4   Presentation of model results

Before the graphic was shown to them, each participant was asked how they 
normally presented the results of a model in a report, and whether they 
thought that just presenting the icer would be sufficient for the needs of a 
decision-maker.

Each participant mentioned a different approach that they used to present 
results. These included: presenting a breakdown of costs in the model; 
presenting costs and utilities by model state; presenting costs and qalys by 
outcome for decision trees; and presenting costs and qalys accrued over time 
as a line graph. It may be that different models require different information 
to be presented, and that the participants were basing their answer on models 
that they had recently been involved with. There also might be a personal 
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preference in what information to present.

In terms of the reception of such presentations by decision-makers, there was a 
general acknowledgement that more information was needed than just an icer 
value, but that this might depend on the experience of individual committee 
members. Participant 6, who had 15 years’ experience of modelling for hta, 
and sits on a nice appraisal committee, mentioned that there are two levels of 
presentation in the nice appraisal process: the reports themselves are one way 
that decision-makers see the information from a technology appraisal, but they 
are also given verbal presentations with slides that at the appraisal committee 
meetings. They felt that only a few at the committee would have knowledge of 
mathematical modelling, and their opinion was that the other members would 
tend to defer the overall decision on an intervention to those that did. They 
thought that the ‘lead team member’ giving the presentation of the economic 
modelling part of a nice appraisal would present summary values, interpreting 
the findings from the analysis for those less expert in the area. However, they 
would be expected to know more about the model than they presented in case 
of questions, and that the team that produced the report would be on hand to 
answer the most detailed questions from the committee. 

The soc display might be presented in either the report, the slide presentation, 
or in both. However, it is likely that the resolution of the slide projector used 
would be far lower than that available on the printed page. The graphic would 
likely have to be redesigned to be used for the presentation. 

Even if the graphic was only included in the report, the explanation of the 
model using a soc graphic might potentially be able to reduce time spent 
on questions, or enable those with less modelling experience to make more 
informed decisions.

6.3.2   Task performance

6.3.2.1   Task 1

Q: How many people have progressive disease in week 52 of the temozolomide  
       arm of the model? 
A: 32.7%

This task required participants to use page 1 of the soc display. This page 
showed the number of people occupying the different states of the model. The 
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number of people in each state of a model over time is sometimes 
presented as a line graph in hta reports, and so this first page of 
the graphic would probably have seemed familiar to many of the 
participants. 

To complete the task, each person firstly had to identify the 
progressive state from the greyscale shading used to denote this, 
using the key in the bottom-left of the page. They then had to 
find the appropriate cycle (week) of the model, and judge the 
approximate length of the correct bar there. They then had to 
correctly transform this length into the appropriate numerical 
value, in terms of a percentage of simulated people, referring to 
the scale at the top of each panel showing one ‘arm’ of the 
model (see Figure 6.3 – 4).

The ‘progressive disease’ state was asked for in the task, to 
make it slightly more challenging. The other two states either started at 0% or 
ended at 100%, which would probably have made the task of judging bar length 
easier. 

A summary of the results of the question can be found in Figure 6.3 – 5.

All six people turned straight to page 1 of the soc display, and were able to give 
an approximate answer. Each person gave a number rounded to the nearest 
5%, and were reasonably accurate within this, with all answers within 8% of the 
true value. From further questioning, they seemed to be looking at the correct 
week, and correct bar, with the exception of participant 2, who looked at the 
stable state. This person was not a native English speaker, and said that they 
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found five minutes too short a time to read all of the text. On asking which 
bar they found their answer from, they noticed their mistake, and were able to 
correct it.

Generally, people went to the right page straight away, and found the answer 
quite quickly, at around 40 or 45 seconds. Participant 4 took slightly longer 
than the others, possibly due to the intervention of the interviewer. The 
participant’s strategy was to mark the left and right end of the bar with a pen, to 
help focus on these. Unfortunately, the interviewer had to intervene, to explain 
that they wouldn’t have access to a printer before the next test was booked, and 
to ask the participant not to make any more marks. This engagement with the 
design could potentially have been interesting if allowed to continue.

As a follow-up to this task, each person was asked if they thought there 
were more or less people in the progressive state in the placebo arm during 
this week. This information could have been found by using the slightly 
unnatural process of comparing the horizontal bar in the treatment arm 
with the corresponding one in the placebo arm, or from looking at the 
‘incremental occupancy’ display on page 4 of the soc display. All five of the 
participants presented with the final display remained on page 1, and found 
their answer by comparing between the two panels. The participant that used 
the earlier version of the display, on which the incremental occupancy was 
presented in between the two arms, used the incremental display to answer. 
All six participants were able to correctly identify that the placebo arm had 
less people. If it had been a less obvious difference, such as in week 78, the 
incremental display on page 4 might have been necessary. 

6.3.2.2   Task 2

Q: Where do the costs tend to come from in each arm of the model? 
A: Judgement-based question. Answers might include: Surgery, radiotherapy  
      (weeks 7–12), drug course (administered in weeks 17–40), management of  
       progressive disease, and death. See Figure 6.3 – 5 for numerical values of  
       total costs for these states. 

This task required participants to use much more judgement than the first. 
To see the absolute values of cost in the two arms of the model separately, 
they would have had to use page 3. The information was displayed using two 
different graphical elements, with the width of the bars signifying the number 
of people in that particular health state, and the costs incurred per patient 
shown with the intensity of the black colouring of the bars. 
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To find the most significant costs in each arm, participants would firstly 
have had to mentally combine the width of the bars, and the number of bars, 
perhaps by thinking of them as the area covered by a state. They would then 
have been expected to multiply the area by the intensity of the colouring of 
that area, to arrive at numbers that could be compared (see Figure 6.3 – 6).

A summary of the things that participants mentioned in response to this task is 
shown in Figure 6.3 – 7.

Each participant found page 3 without much difficulty. However, they 
tended to give overall answers, rather than considering each arm separately. 
In hindsight, it might have been better to ask about each arm separately, 
starting with: “where do the costs tend to come from in the placebo arm of 
the model?”, and following up with: “where do the costs come from in the 
treatment arm?”. 

Considering the complexity of the required mental (or perhaps visually pre-
processed) calculation, participants’ responses were quite accurate. However, 
there was a tendency to over-prioritise the darkness of a state over its area. 
Surgery and radiotherapy were both dark and small (high cost per person), 
and were mentioned by all 6 participants. Progressive disease, in contrast, was 
light coloured, but with a similar total cost to surgery in both arms, but was 
mentioned by only two participants. However, the one-off cost assigned to 
death was also very dark, and was mentioned by only one of the participants, 
so some account of the area seems to have been taken, even if it was not given 
enough priority.
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In most cases, this task took a longer time than the first, generally due to the 
discursive form of the answers, and the need to mentally ‘weigh up’ different 
possibilities. Participant 3 took a much shorter time than the others. This 
person mentioned only the three darkest areas, suggesting that they may have 
assumed that the task was asking for the areas with the highest cost per patient, 
which would have been a simpler, and less time-consuming task.

There was also a tendency to talk about how the costs differed between the 
arms, even though this question did not specifically ask for this information. 
Participants 1, 4, 5 and 6 mentioned the differences that they could see 
between the costs in the two arms of the model with no prompting from the 
interviewer. All participants used page 3 as expected, but participant 1, who had 
the incremental cost data presented on the same page, checked that the cost of 
surgery was the same in both arms using that. Participant 6 also checked page 
6, the incremental cost display, for the same reason.

6.3.2.3   Task 3

Q: What would you say the average utility value of those in the progressive  
       state was in week 78 of the model, for the temozolomide arm? 
A: 0.59

This task required use of page 2 of the soc display, which again showed the 
state occupancy using the width of the bars representing each cycle. The utility 
value of the people in each cycle was represented by a greyscale shading from 
black (high utility) to white (low utility).

This task required the participant 
to remember which state was the 
‘progressive disease’ state from page 
1 of the graphic, identify the correct 
week, and judge how dark its bar 
was. They then would have had to 
transform that shade into a numerical 
value, using the colour scale in the 
bottom-left of the display (see Figure 
6.3 – 8.

Results of this question are presented 
in Figure 6.3 – 9.
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The five participants that were given this task were generally able to give an 
approximate figure, with a slight tendency to underestimate. This may have 
been caused by the halftoning (pattern of coloured dots used to approximate 
grey) used by the printer that the graphic was printed on (see Figure 6.3 – 10). 
However, considering the very low quality halftoning of the journal that prints 
technology assessment reports (see Figure 6.1 – 3), this may be a common 
difficulty for the use of greyscale colour for data scales in the nice technology 
assessment process.

As a follow-up question, participants were asked whether they thought the 
value was higher or lower in the placebo arm. Four of the five asked correctly 
identified the values as the same. Participant 3 was the only one that thought 
there was a difference, thinking that the utility in the placebo arm was between 
0.15 and 0.2 higher than their estimate for the treatment arm. This may have 
been due to a visual effect caused by the longer survival of those in the 
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treatment arm coupled with the lower utility of 
those spending a long time in the progressive state. 
As a lighter colour was therefore visible later on in 
the model, this participant may have assumed that 
the whole state was slightly lighter.

6.3.2.4    Task 4

Q: Is there a particular model state in which the  
       simulated patients experience more qalys in the  
       placebo arm than in the temozolomide arm? 
A: The progressive state.

This task was designed to make use of page 5 of the 
soc display. However, the wording of the question 
was somewhat cumbersome. It would have made 
things clearer to ask for a state in which the cohort 
of simulated patients experienced more qalys, as 
pointed out by participant 6.

To find the answer, the participants would have 
to correctly establish which direction on the 
display represented a qaly gain for which arm. 
While this might have been expected, given the 
presentation of the placebo arm on the left and the 
treatment arm on the right in the preceding pages, 
the confirmation of this direction of change was 
only given in the text. After establishing that they 
were looking for bars extending to the left of the 
central point, they then needed to work out if either 
of the two columns, representing the stable and 
progressive states, had a higher number and length 
of bars extending to the left than those extending to 
the right of the midpoint (see Figure 6.3 – 11).

A summary of the results of the task is given in 
Figure 6.3 – 12.

While all participants were eventually able to find 
the answer to this question, it was quite confusingly 
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(and perhaps even incorrectly) worded. Participants 2, 3 and 5 turned to page 
5 and found the answer easily. Participant 4 tried to use page 2, the absolute 
quality of life page, perhaps forgetting that page 5 was included. They found 
the answer quickly after the interviewer suggested using page 5. Participant 1 
had the earlier version of the display, on which the higher qalys in the placebo 
arm were shown with a blue colour, but actually based their answer on the 
occupancy diagram (which in part informed the redesign to the tested version, 
with separate incremental cost and qaly displays). Participant 6 thought that 
the question was asking for a per patient answer, which they tried to find on 
page 2, but found the answer quickly on page 5 when the interviewer suggested 
using that.

It is worth noting that the three participants that went straight to the correct 
answer had the shortest decision times. The longer decision times were those 
that tried to use page 2 first, or used the earlier version of the soc display.

6.3.1.9    Task 5

Q: At what point are more people in the progressive state for the  
       temozolomide arm than for the placebo arm? 
A: Week 84.

This task could be completed either from comparing the width of the bars on 
page 1, or looking at when the bars on page 4 (incremental occupancy display) 
reached the central point. It would almost certainly be easier to do this with 
page 4, however, where the task would simply require finding the column that 
represented the progressive state, and reading the correct week from the time 
scale at the side of the display (see Figure 6.3 – 13). The display on the first page 
was meant as a general overview, and in fact the bars seem different lengths 
purely because of context – an optical illusion.
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The results for this question are summarised in Figure 6.3 – 14.

In the end, more people chose to use page 1 than page 4, which involved 
finding the point at which the bars in the two arms were of equal length. The 
participants seemed largely to have forgotten that there was an incremental 
display on page 4 that could be used instead. However, when asked, all five 
participants thought that page 4 would actually be the easier of the two.
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6.3.2.6   Task 6

Q: Where does the greatest difference between the  
       costs of the two arms lie? 
A: Radiotherapy, weeks 7–12 (£3.8m more in  
       treatment arm) and drug course, weeks 17–40  
       (£4.0m more in treatment arm).

This task is designed to make use of page 6 of the 
graphic, on incremental costs. There are two points 
on the graphic that have particularly obvious cost 
differences, both due to the temozolomide drug being 
given. The first is during radiotherapy, and the second, 
in a lower dose, for 24 weeks after patients have recovered from radiotherapy. 
These both have very similar impacts on the overall costs, but radiotherapy 
produces a smaller number of larger bars due to the similar total dosage being 
delivered in a shorter period of time. Participants have to judge which (if 
either) of these two parts they thought would impact more on the costs (see 
Figure 6.3 – 15)

Results of this question are summarised in Figure 6.3 – 16.

All participants found the correct page quickly, and answered soon after. Every 
person noticed the large bars appearing in the radiotherapy weeks, but only 
the very experienced participant 6 also talked about the equally costly drug 
course afterwards. Participants 5 and 6 were also asked which of the two they 
thought were larger, and both said that they were about the same. Participant 6 
answered very accurately, even being able to say that, while the two parts of the 
drug administration were similarly costly, they thought that the drug course 
might be very slightly more so.
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6.3.3   General questions

6.3.3.1   Was there any information that you thought was missing from the 
presentation, that would be useful to show in an hta report?

After their six tasks were complete, each participant was asked whether there 
was any other information that they would like to be included in such graphics. 
Each person had a different answer, but some could be combined to improve 
the display.

Participant 1 wanted to see a link from the graphical elements to the icer, and 
participant 4 thought it would be good to display the cumulative costs and 
qalys coming from the model. These two elements were actually included in 
the earlier version of the soc display presented in Figure 6.1 – 9, but removed 
to simplify the already quite full displays. It would be challenging to present a 
fourth or fifth column, for cumulative values, on the incremental cost and qaly 
displays (pages 5 and 6 of the tested display). Each of the existing columns 
would have to be condensed even further, and there would be a danger of 
losing detail like that on the incremental costs of death column. A more 
realistic solution might be to include a seventh page, with just two columns for 
cumulative incremental total cost and qalys giving the total summed values of 
each, and the icer obtained from these.

Participants 2 and 5 mentioned that they would like to know more about the 
breakdown of costs, for example to see why the costs of radiotherapy were 
greater in the treatment arm. While some information on this was presented 
separately in the report (see Figure 6.1 – 2), the display was scarcely adequate, 
or even understandable (see Chapter 6.1.1). It might be possible to combine 
this with a suggestion given by participant 5 to show the total cost of different 
areas of the model, by providing scaled pie charts or stacked bar charts to show 
this information (See Chapter 6.5.4). 

Participant 6 wanted to see “mean cost and qaly” values, but didn’t specify if 
these would be by state or overall. They also thought that it could be assumed 
that these would be presented in a table elsewhere.

6.3.3.2   If you had to remove one of the pages from the presentation, which 
would it be?

In the previous test, described in Chapter 5, people were quite reluctant to 
be critical of the graphic, perhaps knowing or assuming that the interviewer 

 — 277  —

Prototype test 2 (soc)6
Introduction6.1
Methods6.2
Quantitative results6.3
Qualitative results6.4
Conclusions6.5



has had a part in designing it. For this study, a more specific question about 
what information is unnecessary was asked, which seemed to provoke more 
constructive criticism.

The display most commonly chosen was page 4, on incremental occupancy. 
This was chosen by participants 3, 4 and 6. They felt that the information was 
also available on page 1, absolute occupancy in each arm. They all mentioned 
that they found page 4 useful, but that the other pages were more useful.

The general preference for the absolute values presented in page 1 over the 
incremental display on page 4 was also confirmed by participant 5. They 
answered that they thought that all three of the incremental displays were more 
confusing than the absolute displays. However, if included more frequently in 
reports, those in the field might be able to learn to use them more easily.

Participant 2 thought that the information presented on page 2 (absolute utility 
values) could be gained from considering page 1 alongside a table with the 
utility values assigned to each state.

It seems that different people generally tended to value different displays, a 
good indication that most of the displays were useful. However, those that 
had all of their modelling experience within hta tended to choose page 4. It 
might therefore be possible to remove the incremental occupancy display if 
the audience was very familiar with hta modelling. This would enable a soc 
to be produced slightly more quickly, and take less time to read through in the 
report. However, it was included to gradually increase people’s understanding 
before seeing the incremental cost and qaly displays, a function which 
the participants might be undervaluing in hindsight. More research, giving 
different groups of people versions with or without the incremental occupancy 
display, would be needed to find out if this is the case.

6.3.3.3   Do you think this kind of display would be useful or confusing for a 
decision-maker at nice?

This question was specifically asked of all participants. However, people 
mentioned how decision-makers might use the display in many other parts of 
the interviews, which will also be discussed here.

The most common idea mentioned (by participants 1, 4 and 6) was that 
the graphic would give decision-makers an idea of what was ‘driving’ the 
model, and why the costs per qaly (or icer) were high or not. Participant 3 
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thought that giving the decision-makers an idea of how costs and qalys were 
accrued over time was something that they were not currently able to see. This 
time dependant output view might contribute to this idea of increasing the 
decision-makers understanding of the drivers in the model.

Participant 6 had a long experience with nice appraisal committee meetings, 
and was particularly helpful in describing the decision-making process at 
these. They felt that the display was likely to be most useful to those that 
already had a knowledge of mathematical modelling. They mentioned that 
there are always a limited number of people on the committee that would have 
this kind of technical knowledge of mathematical modelling, although they 
would be expected to guide those with less knowledge. They also explained 
that committee members were often given unrealistic amounts of information 
to consider, saying that they had been given 1200 pages to read in a week 
for a recent appraisal committee. This would be on top of regular working 
commitments, as committee members receive no pay or time away from their 
regular work to consider the evidence. Therefore, they thought that there 
was every possibility that, even if the graphic was included in a report, only 
those that had knowledge of mathematical modelling would ever look at it. 
Participant 1, however, mentioned that committees that they had attended 
usually did not go into so much detail, but they thought that the graphical 
display might encourage committee members to learn more about the model. 

The interviewees’ responses indicated that different pages of the graphic might 
be able to inform people with different levels of understanding of mathematical 
modelling. The incremental cost and qaly displays of pages 5 and 6 may be 
of more use to those with a good knowledge of mathematical modelling, and 
pages 2 and 3 may be a better way of showing the costs and qalys produced by 
the model to those with less knowledge of the technicalities of this process.

6.3.3.4   Do you think it would be useful to anyone else involved in hta work 
apart from nice decision-makers?

It was generally thought that that graphic would be useful to anyone reading 
the report that wanted to understand the model and its outputs. The specific 
group most frequently mentioned were modellers themselves, who could use 
the soc display to validate their model, seeing if it was performing in the way 
that they expected. This idea was mentioned by participants 1, 3, 4 and 6. More 
detail on the use of soc for model validation is provided in table 6.4 –2.

Participant 6 mentioned that the drug company involved might be interested 
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in the graphic, to determine whether they believed the model or not. They 
also thought that drug competitors might use it to see how the model was 
constructed. Therefore, this added transparency could perhaps be seen as a 
disadvantage or advantage, depending on perspective.

6.3.3.5   How easy do you think it would be to compare this graphic to one 
produced for a different appraisal?

Based on a comment, given by participant 1, that the graphic could be used to 
compare different interventions, the other five people were asked whether they 
thought this would be possible. The responses were largely linked to the idea 
of how much the graphic would vary from review to review, which might have 
been a more productive question.

The main difficulty for using the graphic for comparing between reviews is 
the standardisation of values. Pages 1 and 2 of the soc display will be generally 
comparable across different models, because they deal with percentages 
of people, and utility values which are generally expressed as a value from 
0 to 1. However, costs for a different model might be in a different order of 
magnitude. Instead of £0 to £3,000 per patient, for example, another model 
might have a maximum cost per patient per cycle of £40, for example, or 
£100,000. It would be impossible to set a standard value for this, and even 
incremental qalys per state could be very different to those in the Glioma 
model, especially if the cycle length used was more or less than one week.

Participant 6 also mentioned that decisions were made on an individual basis, 
and that there should be no reason to need to compare different treatments, 
apart from using the icer value to maintain a common threshold of cost per 
qaly approved.

This question also raised the issue, mentioned by participants 2, 5 and 6, of 
what would happen in another model that had a more complex structure, 
with many more states or a large number of subgroups. It might be more 
difficult to differentiate the different states on page 1 (state occupancy), let 
alone the following cost and quality of life pages. The soc display tested 
actually didn’t have any kind of labelling for the different states on pages 2 or 
3, a fact that none of the participants mentioned. It may be that, if the states 
can be displayed on the occupancy display, it is unnecessary to show them on 
the following colour-data enriched diagrams. This might hold true for more 
complex models, as long as the states could be successfully labelled in graphic 
1. The more states there are, however, the more challenging this task becomes, 

 — 280  —

Prototype test 2 (soc)6
Introduction6.1
Methods6.2
Quantitative results6.3
Qualitative results6.4
Conclusions6.5



especially when colour is not allowed. The greyscale patterning used on many 
graphs produced by Excel for black and white reports might seriously affect 
the visibility of small states in more complex models, as might the low quality 
halftoning mentioned in Chapter 6.1.1.

6.3.3.6   Do you think this graphic would be more useful for stas or mtas?

Participants were also asked whether they thought the graphic would be more 
useful in nice’s single technology appraisals (stas), where the review group 
critiques a submission from a single manufacturer, or in multiple technology 
appraisals (mtas), where several different interventions would be compared 
together. The data for the soc display actually comes from an mta, but only 
shows the model of one of the treatments considered, which would be more 
like the situation of an sta.

It was universally accepted that an mta would be more complex, and would 
need more arms, and therefore thinner panels, less textual explanation, or to 
spread results over multiple pages. If multiple pages were required, use could 
perhaps be made of the format of tars to provide double-page spreads with 
soc graphics displayed across two facing pages. 

The incremental displays, however, would likely require more and more 
pages for a greater number of possible treatments. For example, the soc 
tested required just one display to show the incremental costs and benefits 
of one treatment compared to a placebo. A situation in which two different 
interventions were compared alongside a placebo would require three displays: 
treatment a vs placebo, treatment b vs placebo, and treatment a vs treatment 
b. A situation with three treatments would then require six displays, four 
treatments 10 displays, and so on.

Participants 2 and 5 thought that the technique would therefore be more suited 
to use in stas, where there were fewer arms to consider. Participants 3, 4 and 6 
thought it would be equally useful in an mta, even though the volume of data 
would be larger. Participants 4 and 6 both mentioned that it might be possible 
to reduce the information that was necessary to present by only showing the 
treatments or interventions that fell on the cost-effectiveness acceptability 
frontier (ceaf). This would effectively mean showing only those treatments 
that could provide a realistic potential benefit, excluding those that were 
dominated (both more expensive, and less beneficial, than other treatments, 
for example).
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6.3.3.6   Have you seen anything like this graphic before?

While not originally intended as a question, participants 1 and 2 mentioned 
that they had not seen anything like the soc display before. As this seemed like 
valuable information, it was also asked in interviews 4, 5 and 6.

Page 1, on state occupancy, had been seen before by all three participants 
asked, although it would normally presented as a line graph, often referred to 
as a ‘survival curve’ in end-of-life treatments such as this one.

The other five displays, including the ‘shaded bars’ used for absolute costs and 
utilities, and all three of the incremental displays, had not been seen before. 
Participant 6 thought this was surprising, as they thought it was an easy way of 
showing some valuable information.

6.3.3.7   Do you think soc graphics could be used for displaying scenario 
analyses?

One of the potential uses of this graphic that emerged during interview 3 was 
to present model sensitivity analyses. A common way of approaching this is a 
kind of ‘deterministic’ sensitivity analysis, often called ‘scenario analysis’. This 
involves changing certain parameters in the model, such as key costs of people 
occupying different states, or the utility values assigned to different states, and 
presenting the results of the change. These are often presented as numerical 
values like the icer and total costs and qalys of the model. Presenting such 
different scenarios using the soc graphic would show more detail about what 
effects the changes have on the model.

The question of whether this use would be valuable was specifically asked of 
participants 5 and 6, although it also came up in other interviews. 

Participant 5 thought this would be a useful approach, particularly if the results 
of the change were presented on the same page as the ‘base case’ – the initial 
scenario, normally based on the best available evidence from the systematic 
review. This would allow the two to be compared, and the viewer might be able 
to see what effects the change has had on the model.

Participant 6 felt that there might be practical constraints on including many 
different scenarios, which might be especially true in a complex mta situation 
where multiple displays were already being used to compare different health 
interventions. They thought it could be useful to present a few very important 
scenarios using the soc display, however.

 — 282  —

Prototype test 2 (soc)6
Introduction6.1
Methods6.2
Quantitative results6.3
Qualitative results6.4
Conclusions6.5



6.4 Qualitative results
Several emerging qualitative themes were recorded during the analysis of the 
interviews. Qualitative results are presented here by thematic category. Each 
category also had several sub-themes, which can be seen in Figure 6.4 – 1 on 
the next page. The results of selected sub-themes are presented after each 
section, in separate tables. Some sub-themes have been omitted, but only 
where the results do not add anything of particular relevance to the formation 
of conclusions about the soc display.

6.4.1   Potential functions

This category included the potential functions of information graphics, 
identified in the literature, of: dealing with complexity, condensing data into 
a small space, making comparisons between data, quicker access to data, and 
selective focussing on data.

In general, these themes were mentioned far less than with gofer, perhaps 
suggesting that the function of soc, to display the times at which values are 
accumulated has a somewhat different function to these identified possibilities, 
or just that the participants didn’t happen to talk about what the graphic was 
doing in this way.

A summary of the sub-themes for the ‘potential functions’ category is 
presented in Table 6.4 – 1.

Sub-theme Notes
Complexity While the graphic did present complex data, with over 2500 values 

presented on page 3, only one person talked about complexity. 
They thought that individual cost values might not be necessary on 
page 3, and would prefer to see total costs for different areas of the 
model.

Condensing This was also a function of the graphic, as displaying the 2500 
values in numerical form would be very difficult on page 3. 
However, it was not specifically mentioned

Comparison Mentioned in all interviews. This is perhaps not surprising, as 
several questions specifically asked for comparisons. Aside from 
these questions, participants talked of being able to compare 
between costs and QALYs on pages 5 and 6, and being able to 
compare different scenarios together if the graphic was used for 
scenario analysis. One participant found it difficult to compare the 
shades of bars.
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Sub-theme Notes
Limited time Two people mentioned that the incremental state occupancy on 

page 4 enabled a quicker response to task 5 than page 1.

Selective 
focusing

This theme did not appear, and may not be a function of this 
information graphic.

6.4.2   Modelling

This category dealt with the technical aspects of modelling, such as: states, the 
icer, costs, quality of life, other modelling methods, discounting, and model 
validation. These terms were used quite frequently, as might be expected from 
a sample of mathematical modellers.

A summary of the sub-themes for the ‘modelling’ category is presented in 
Table 6.4 – 2.

Sub-theme Representation Notes
States States were shown in the 

graphic on page 1, using 
different shades of grey 
for stable, progressive and 
death states. These were 
not labeled on pages 2 & 
3, with the expectation that 
this would be remembered 
from the page before. The 
time-limited states at the 
beginning of the model 
were separated vertically 
from the rest of the model, 
separated by dotted lines, 
and labeled separately on 
each page of the graphic.

Generally, people seemed to 
understand the conventions used to 
label the different states, and were 
easily able to carry what they had 
learned about the states on page 1 
over to page 2 and 3.

Costs Costs were shown on page 
3 using a greyscale colour 
scale, and on page 6 using 
the length of bars.

The presentation of costs over time in 
SOC was thought to be useful. One 
person had presented costs over time 
as a graph before, but no participants 
had seen them presented by state as 
on page 3 or as incremental costs as 
on page 6. 

Two people would have liked more 
detailed breakdown of costs on 
page 3, so that they could see what 
proportion of costs came from 
radiotherapy or drugs, for example. 
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Sub-theme Representation Notes
Quality of life Quality of life was displayed 

using utility values, 
represented by shades of 
grey on page 2, and with 
bars representing QALYs 
on page 5.

Participants 2, 3 and 4 said that they 
found it difficult to judge the utility 
values on page 2, although their 
answers to task 3, which required 
them to judge the numerical quantity 
from the scale on this page were 
among the most accurate. Quality 
of life was generally thought to be 
an important driver in many models, 
which must often rely on poor quality 
of life evidence. 

ICER The ICER value was not 
shown in the SOC display. 
This measure of how 
much a QALY would cost 
in the model would be 
calculated from the sum of 
the incremental costs and 
QALYs presented on pages 
5 and 6 of the SOC display, 
and is an important metric 
for whether an intervention 
should be approved.

It was generally thought that, while 
presenting the ICER value of a model 
would of course be an important 
starting point for considering a 
model, decision-makers need to 
know more about the reasons for a 
low or high ICER value. Participant 
1 mentioned that showing on the 
graphic how the ICER was calculated 
from the values on pages 5 and 6 
would be useful. 

Other 
modeling 
methods

SOC was designed to display 
the outputs of Markov models. 
Participant 6 thought that it could be 
adapted to deal with discrete event 
simulation models (DES), which track 
individual simulated patients rather 
than whole cohorts. They said that 
this method is rarely used in NICE 
appraisals at the time of the interview 
(2010), but could be used in future.

Discounting In cost-effectiveness 
analysis in health 
technology assessment, 
costs and QALYs are 
generally ‘discounted’, 
so that they reduce over 
time. This reflects the 
desirable effects of delivery 
and payment. The SOC 
display was intended 
to use non-discounted 
data, for simplicity. 
However, participant 6 
thought that the gradual 
decomposition of utility 
values for those remaining 
in the progressive state 
(particularly visible on page 
3) was probably a form of 
discounting.

If SOC was used in a report, 
discounting would be important, 
and could easily be included in the 
display.

Model 
validation

Four people mentioned that the 
display could be useful for the 
modeler (and others) to check 
that their model was behaving as 
expected.

Participant 6 was very interested 
to see that the simulated patients 
seemed to have better quality of life 
in the placebo arm for the first two 
weeks of the stable state (see Figure 
6.3 – 12). They thought that this could 
be a model error, or indicate serious 
adverse events, and would want an 
explanation from the modeler.
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6.4.3   Interpretation

This category was used to show where participants talked about being 
uncertain about the meaning of graphic representation of values, any 
difficulties they had with transforming graphical elements into the numerical 
values that they represented, any learning effects, the role played by memory, 
and other themes relating to participants’ interpretation of the soc display.

A summary of the sub-themes for the ‘interpretation’ category is presented in 
Table 6.4 – 3.

Sub-theme
Triggers for 
categorisation Notes

Uncertainty Participants displayed this 
theme by asking questions 
of the interviewer (many of 
which were intentionally not 
answered, but noted)

Most uncertainty surrounded pages 
1, 2 and 3, particularly among the 
less experienced participants. As 
pages 2 and 3 would be the most 
unusual graphics, requiring specialist 
software to produce the greyscale 
data scale on the bars, it is perhaps 
unsurprising that these produced 
some uncertainty. The participants 
only had five minutes to familiarise 
themselves with an unfamiliar display 
over 6 pages, so this could be 
thought of as a reasonable, but not 
alarming, level of uncertainty.

Transformation This theme was marked 
where participants had 
difficulties in transforming 
visual elements into 
numerical values.

Difficulties were again centred on 
the first three pages, perhaps giving 
more detail on the uncertainty of 
participants using these displays. 
Three different participants 
expressed difficulties in one of: 

transforming bar length to • 
numbers 
comparing shades• 
considering bar length and • 
shading together

Learning Shown by participants 
talking about their 
unfamiliarity with the new 
graphic

Participants 1 and 2 both mentioned 
that, as they had not seen anything 
quite like this before, they would 
take a little while to get used to 
it. They thought that, if the SOC 
displays became more commonly 
used, they would be able to use 
them more quickly and easily.

Orientation Three people mentioned 
that they were not used to 
seeing time presented on 
a horizontal axis. They all 
physically turned page 1 
sideways, so that time ran 
from left to right rather than 
top to bottom.

While the initial development version 
of SOC (shown in Figure 6.1 – 6) did 
show time running horizontally, It 
seemed easier to label the graphic 
on a portrait oriented page. This 
was particularly useful for labelling 
the time-limited states in the first 
few weeks, which would otherwise 
have been challenging to show 
with English text (although this may 
not be such a problem in top-to-
bottom languages like Japanese and 
Chinese).
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6.4.4   Actions

The video recording method used in these interviews allows for some 
simple observational data to be recorded. This can be valuable, as it can give 
indications of behaviour that participants are not necessarily vocalising, such 
as needing to look closely at particular graphics, or using their hands to help 
them to ‘read’ a graphic. 

A summary of the sub-themes for the ‘observation’ category is presented in 
Table 6.4 – 4.

Sub-theme
Triggers for 
categorisation Notes

Focussing aids Participants displayed 
this behaviour by placing 
fingers or pens on the 
page.

Four of participants used fingers 
or other objects to trace between 
the week number makers and 
the corresponding bars on the 
displays. With so many cycles, this 
was difficult to represent clearly. A 
better method for showing which 
cycle was which might be useful 
for completing tasks like the ones 
used in this evaluation. However, 
the SOC graphic would in practice 
be intended to give an overview of a 
model, so this may not be necessary.

Angling This theme was noted 
where people had to 
change their position, for 
example to see if their 
viewing angle affected their 
interpretation of the display.

Participants 2 and 3 both displayed 
this behavior while using page 2 
(state occupancy with shading for 
utilities). They were the only two 
tested in one particular room, which 
was the only room used with no 
natural light. 

It is likely that their position in 
relation the lights in the room caused 
reflections on the laser toner printed 
onto the page, making it difficult for 
them to see the subtle shading of 
the display on page 2.

Peering This theme represents 
people looking closely at 
the page.

Two participants looked closely at 
page 2, and one at page 1. This 
represents relatively few instances of 
peering, especially in an information 
graphic which presents so much 
data. Coupled with a complete 
lack of comments about sizing, this 
strongly suggests that both text and 
graphic were of a suitable size to be 
easily legible
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6.4.5   Design

Any other information which might inform the design and application of soc 
graphics was included in this category. The interviewees themselves probably 
did not have any design training, and therefore can not be expected to be able 
to offer design critique. However, their responses to the graphic, how they used 
it, and how they think of it being used can give valuable information in terms 
of how to design socs in future.

A summary of the sub-themes for the ‘design’ category is presented in Table 
6.4 – 5.

Sub-theme Notes
Production The process of producing these graphics was not mentioned often 

in the interviews. The prototype was designed using Processing 
and Illustrator, neither of which is widely used in technology 
assessment teams in the UK. To produce SOC displays in this 
way, trained information designers would be needed, either within 
technology assessment teams, or centrally at decision-making 
bodies such as NICE. Alternatively, spreadsheet software like Excel 
or Open Office could be used to produce rudimentary versions 
of pages 1,4, 5 and 6 of the graphic, but with less sophisticated 
labelling. Pages 2 and 3 would, however, be impossible to produce 
using the standard charts available in the current versions of these 
programs, as no option exists for using colour scales on bar charts. 
A third option would be to produce custom-built software, perhaps 
a plug-in for the widely-used Excel spreadsheet software.

Media As in the GOfER tests in chapter 3.5, there were references in 
the SOC test to the media used to distribute reports. This time, 
the comments largely focussed on the lack of colour used in the 
graphic, rather on the possibilities for interactivity. Participants 2 
and 3 mentioned that they would like to have colour, rather than 
monochrome scales on pages 2 and 3. This is perhaps surprising, 
as these pages required only a single-dimensional scale, which 
can be adequately represented using shades of grey. Colour might 
be used for categorical distinction, however, to help to distinguish 
between states or model arms. This might be necessary in more 
complex models.

Detail When designing information graphics, getting the right level of 
detail is always important. Showing too much can be confusing, 
whereas too little could miss crucial subtleties. The balance 
seemed to be about right in this graphic, with two people 
mentioning that page 2 might have too much information, and one 
of these thinking that more would be needed on page 3.

Suggestions Participant 4 suggested that better directional labeling would 
be useful on the incremental displays (4, 5 and 6). They also 
suggested showing  incremental costs, as discussed in Chapter 
6.3 1.11.

Participants 2 and 5 suggested labeling parts of the cost display 
(on page 3) with total values, as discussed in Chapter 6.3.1.11.

For responses to these suggestions, see Chapter 6.4.5.
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6.5 Conclusions

6.5.1   Statement of findings

Overall, the tasks were completed successfully, and participants seemed to 
have a good idea of what the unfamiliar soc display represented with little 
or no help from the interviewer. This is a good indication that the design, 
labelling, and textual explanation of the graphic worked successfully. The 
ability of information graphics to combine text and graphical elements is 
a function of information design that should not be overlooked, although 
definitively proving its importance through testing such as this is challenging.

The tasks that seemed to prove the most difficult were tasks 2 and 6, which 
involved judging which parts of the model produced costs. When using the 
greyscale data scale on page 3, participants seemed to slightly overestimate 
the importance of the shading of the bars, over their area. When using the 
page 6, which showed costs using the length of bars, participants seemed to 
overestimate the importance of the length of the over the number of bars. 
However, the two participants that were specifically asked whether they 
thought the radiotherapy state was more or less costly than the drug course 
later on were quite accurate in their responses. It is challenging to know what 
level of accuracy is acceptable in such tasks. As the displays are not designed to 
give specific numerical values, but a general overview of the data, small errors 
are probably acceptable, as long as they do not affect the general understanding 
of the trends within the model. Providing both displays is probably useful, in 
that it shows the information in two different ways. It might also be useful to 
present the numerical values relating to the different areas of the soc displays 
on pages 2, and 3. This might also be useful for pages 5 and 6.

Overall, participants seemed to be happy to use the soc display, and were 
able to imagine its inclusion in published health technology assessment 
outputs. However, some revisions to the graphic will be required, and some 
adaptation of the technique will be necessary for displaying results of different 
interventions (see Chapter 6.5.5)

As page 4 was considered be the least necessary, it could perhaps be left 
out of future soc graphics. However, participants also mentioned that it 
saved time for task 5. As time is severely limited for nice decision-makers to 
consider technology assessment work, as reported in Chapter 3.2, it is probably 
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worth the small overhead in production time to include an incremental state 
occupancy display along with the other graphics.

One of the concerns that was expressed, by participant 1, is that of being 
able to compare values to those in future reports. It would not be possible to 
establish minimum and maximum values for future reports, so standardisation 
of scales is impossible in situations like this, where a graphic might be used 
for an intervention with a maximum cost of £3, or £3000, per patient. None 
of the other five participants, who were asked about this potential failing of 
the soc display, thought that comparing results to other interventions would 
be necessary. Care should, of course, be taken to standardise the scales within 
each individual report, however, if presenting multiple scenario analyses or 
health interventions.

The printing of reports was mentioned in Chapter 6.4.5. It seems that currently, 
the reports that decision-makers use are printed in black and white by nice. 
It might be useful to check that these are of a sufficiently high quality in terms 
of halftoning to be able to use shades of grey in graphics. These copies used 
by decision-makers are the key consideration in whether greyscale shading 
can be used in information graphics. The hta journal has low quality pattern-
based ‘halftone’ shades of grey in 2010 at the time of writing, but the pdf 
format versions of these reports distributed on the nice website and through 
the hta journal online allow for more shades of grey or colour to be used 
for information graphics like soc. However, these are not as important a 
consideration as the decision-makers’ reports. The front-projected displays 
used at nice are also of unknown quality. As it is not uncommon for 40 or 
50 people to be around the table at a nice appraisal committee meeting, the 
projections of detailed graphics may, or may not be, easily visible to everyone 
present. 

In short, there are some relatively major barriers to the use of colour and even 
greyscale shading in the nice appraisals process. If printing were controlled 
by technology assessment teams, as participant 6 suggested might be likely in 
future, there might be enough control over the displays to be able to use colour 
or greyscale shading in hta information graphics. The teams would have to be 
suitably funded to be able to provide an appropriately high quality of printing, 
however.

One issue from the gofer evaluation in Chapter 5, that was again mentioned 
in the soc evaluation, was the potential difficulty of seeing small differences 
between values in visual, as opposed to numerical, presentations. Again, this is 
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not the primary function of the graphic, and numerical values can be equally 
(if not more) challenging to interpret, in different ways, as discussed in more 
depth in the discussion of the gofer evaluation results, in Chapter 5.5.1. The 
absolute and incremental displays of soc, may show only that values are close, 
rather than exactly how close. However, the function of the soc graphic is not 
to provide raw data, but to give a more detailed overview of a model than is 
currently available. Showing a large effect of small incremental gains over a 
long period of time could be valuable information to take from a graphic, even 
if the individual cycles were indistinguishably similar in terms of shading or 
length.

6.5.2   Discussion

The findings relating to the first aim of the study, to determine whether the 
modellers tested had a reasonable grasp of what the display showed, were very 
positive. All participants gave coherent and appropriate answers, which could 
only be gained from an understanding of what the graphic represented. These 
answers had a reasonable degree of accuracy, considering that the function of 
the graphic was to give a general overview of the model, rather than show them 
exact values.

The second aim of the study was to determine how useful the modellers 
thought that soc displays would be in displaying the results of Markov 
models. Most of the participants seemed to think that the graphic could 
benefit both decision-makers and others involved in the technology appraisal 
process at nice. It would give them an overview of how costs and qalys were 
accumulated over time, which is something that is not often presented at the 
moment, but could be valuable.

However, it remains to be seen how well the technique could be applied to 
other models used in different reviews. As these may have more cycles or 
model arms, some redesigning and adaptation may be necessary for other 
decision contexts.

6.5.3   Strengths and limitations of methods

The cognitive interviewing process was again reasonably successful, with the 
probing strategy proving more natural for participants than the speak-aloud 
method used for the gofer interviews.
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It should be noted that more suitable displays could be designed to enable 
participants to carry out the six tasks that were given. Task 2, for example, 
could be answered more easily from numerical values, or a simple display that 
showed aggregate data on the costs of each state over the course of the whole 
model. However, the function of the soc graphic is to give an overall sense of  
the origin of the model outputs displayed. The tasks are merely a way of testing 
whether the display has been understood, and how accurately the participants 
could read the displays. 

A note of caution should be given over using tasks that ask people to transform 
graphical representations back into the raw numbers from which their 
proportions are derived. Take the example of task 1, in which no participant 
gave the correct value of 32.7%. Every person gave round numbers, such as 
30% or 35%, instead. They may, however, have been able to see that the bar that 
they were mentally transforming was shorter than another that represented 
34%, or longer than one that represented 31%. Tasks like this probably involve 
at least two processes. First, there is the process of transforming the graphical 
form into understanding. Secondly, there is a process of transforming this 
understanding into a numerical quantity. In tests like this, it might be the 
transformation of understanding to numbers that is at fault, rather than the 
transformation of visual information to understanding, which is what the test 
purports to measure.

More useful, perhaps, are the tasks that asked people to describe their 
understanding of the costs on page 3, and where the greatest cost differences 
lay on page 6. Even more general questions might also be useful, such as: 
“explain the differences between the arms of the model?” or “what effects do 
you think adopting this treatment would have?”.

This small sample of six modellers in university research departments has 
useful, but limited conclusions. A revised soc graphic might be tested with 
nice employees, appraisal committee members, or others involved in hta 
decision-making. It might also be tested with other researchers with less 
specialised knowledge of mathematical modelling.

In terms of research that might inform the development of the graphic, page 
4 was the one most often mentioned as the first to be removed if necessary. 
However, it might have a time-saving role, and therefore be worth including. 
A set of tasks could be designed that could be completed with page 1 or page 
4, and a time-based study could be designed to see if this time saving function 
was empirically observable. 
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Page 4 might also have the function of gradually expanding the understanding 
of the participants using it, before being shown the incremental cost and 
qaly pages. It would be possible to test a version with page 4 against a version 
without, and see if it affected the participants’ understanding of pages 5 and 6.

The overemphasis of colour over area was an interesting, and unexpected result 
of the study. Further research that asks people to judge the relative importance 
of shading and area multiplicatively might be instructive in assessing the value 
of information graphics which combine these two elements.

It would be potentially interesting to test a more complex model, shown using 
a soc graphic. As the number of different model states increases, most of the 
displays should be able to displayed in exactly the same way. However, it might 
become increasingly difficult to label the states on page 1 using only shades of 
grey. Time limited states might be separated out and labelled, as in the top left 
of each page for the Glioma model used here. However, displaying a model 
with many states showing patient history would be more challenging. It might 
be possible to just use two colours, and label on the graphic itself rather than 
with a key. If pdf distribution becomes more common, or colour printing is 
available, these issues become much easier to deal with, however.

For displays such as this, with subtle colour scales, lighting should be carefully 
considered. Natural light seemed to help some participants in this study. 
However, due to uncertainties in weather conditions, such as testing on cloudy 
or sunny days, or the position of the sun changing through the day, it might be 
better to test with well-considered artificial light sources. These should perhaps 
be placed to the side of participants, to keep light reflecting from printed 
displays that have inked areas that are more glossy than the areas of blank page 
surrounding them. Ideally, all participants should be tested in same position in 
the same room.

Also, it seems that the vark learning preferences questionnaire has again been 
unable to predict the abilities or opinions of the participants, at least in this 
small sample. A learning-based approach might still be valuable, but perhaps 
using different learning preference theory, such as Honey and Mumford’s 
‘activists, reflectors, theorists and pragmatists’ (Honey & Mumford 1982).
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6.5.4   Implications of findings 

There would be several different ways of presenting more information about 
the costs on page 3 of the display. Sized pie charts could perhaps be used, as 
could stacked bar charts. For sized pie charts the area would represent the total 
costs of a section of the model (for example, radiotherapy). The radial sections 
of each circle would show the proportion of the costs that came from, for 
example, drugs administered, or costs incurred through people being hospital 
inpatients (see Figure 6.5 – 1). It would be challenging to include these without 
over-cluttering the display, and difficult to label the different radial sections 
without using colour.

Directional labels should be included on pages 4, 5, and 6, rather than just 
including this information in explanatory text. It is probably most sensible to 
include them in a key, as in Figure 6.5 – 2.

A seventh page should be included, showing cumulative incremental total 
costs and qalys accrued over time, in two columns. The calculation of the 
icer value could be included here as well. This is shown in Figure 6.5 – 3.

If discrete event simulation became more widely used in nice hta work, it 
would be possible to adapt the technique to show costs and qalys accrued 
over time. The model would have to be designed to show costs and qalys 
accumulated at regular time points, however.

It would also be quite possible to design a soc graphic to show scenario 
analyses. As the graphic already takes quite a lot of space to display a relatively 
simple model, it would probably only be sensible to show a few key scenarios. 
Doing so could give a good indication of why a changed value has had a 
particular effect on a model.

One thing that was not mentioned in these interviews was the possibilities 
that would be provided by producing an interactive version of soc. This is 
surprising, as it could be a very good way of showing scenario analyses that 
would otherwise take too much space in the report. For example, once the 
necessary model data had been entered into an interactive display, different 
scenarios could be selected from a list, and the different soc displays studied 
in turn quite quickly to see the differences in the outputs of the model. A single 
model arm or incremental display could be presented alongside the same 
one in a different scenario. The values for different scenarios could either be 
pre-processed, or, given the current computational power readily available, 
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recalculated live (which would probably require a few seconds’ wait time). 
Such displays could even be linked to information on the evidence on which 
the altered information was based, to give the viewer an understanding of how 
likely the change in the model could be.

Finally, colour was mentioned by many participants as potentially important 
for these displays. If colour printing or screen / projected presentation was 
available, colour coding for categorisation would be possible on page 1. It might 
alternatively be useful to colour code the different arms of a model, particularly 
one with more than two arms, to make it clear which was which. This could 
carry through to the incremental displays, with those bars that extended to 
the left being given the corresponding colour for the arm represented by that 
direction, and those extending to the right being given that arm’s colour.
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Chapter 7: 
Discussion
Many chapters of this thesis (3.1, 3.2, 4, 5 and 6) detail 
individual research studies, and have discussion sections 
of their own. However, there are general points that can 
be discussed in light of their combined findings. This 
chapter considers how such findings might inform the 
practice of information presentation in hta, and suggests 
what possibilities the future holds for information graphics 
in this area of health policy research.
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7.1 Overall summary of results
The narrative of this thesis is told through four separate research studies, 
which each inform the design and development of 10 information graphics. 
The journey of an information graphic from user need, through specification, 
development and testing is presented through example. Each of the five studies 
adds to the understanding of how such graphics can be created and used. Brief 
summaries of the most important points from the studies detailed in Chapters 
3, 4, 5 and 6 are presented below.

7.1.1   Current use of information graphics

Chapter 3.1 detailed a systematic content analysis of 50 assessment reports 
produced for the nice appraisal process in the uk. This revealed substantial 
use of information graphics, but with a limited range of techniques. The 
reports can only provide greyscale, static graphics, which tend to be produced 
in standard spreadsheet software. This should be very much generalisable to 
other areas of hta. 

There are commonly used techniques that have been designed specifically for 
the presentation of health research, such as the forest plot (Lewis & Clarke 
2001). There are, however, many kinds of information graphics that cannot be 
created with the resources available to the technology assessment teams that 
produce the reports, such as Sankey diagrams, link diagrams, radar charts as 
well as more complex multi-dimensional and interactive information graphics.

7.1.2   Needs of decision-makers at nice

Chapter 3.2 detailed a series of interviews, performed to assess the information 
needs of decision-makers at nice, as a basis for designing new prototype 
graphical information presentations. 

They highlighted a need for quick understanding of complex data. New 
information graphic techniques may be able to help to present the results of 
systematic reviews or mathematical modelling. This might be particularly 
important where multiple compounding complexities exist in reports. 
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Interactive, screen-based information graphics might also be useful, 
particularly for linking modelling with the scientific evidence. This is not a 
main focus of the research in this thesis, however, due to the limitations of the 
established media used to present research in the uk’s nice appraisals process 
at the time of writing. 

These needs for quick understanding of complex information may also be 
important in other areas of hta, and indeed outside hta. The provision of a 
quick overview of complex data is therefore the main focus of the information 
graphics described in this thesis. 

7.1.3   New prototype information graphics

The remaining studies showed how information graphic techniques might be 
designed, developed and evaluated for use in hta. Two of these techniques 
were taken from initial concept, through design, specification, development, 
and evaluation stages. gofer (Graphical Overview for Evidence Reviews) is 
used to display an overview of the studies included of a systematic review. soc 
(State Occupancy Display) is used to display the time-based outputs from a 
multi-state Markov model. 

Either of these two information graphics could now be used in the nice 
appraisal process. Subsequent to the research studies detailed here, a gofer 
display was incorporated into a nice mta appraisal for Alzheimer’s disease 
drugs (Bond et al. 2010) (see Figure 7.1 – 1). This display was anecdotally a 
success from the perspective of peer reviewers and nice committee members. 
If this technique became used often, the next stage of development for this 
technique would be to perform a monitoring study of the performance of the 
graphic in actual appraisals. This would aim to test whether the theoretical 
benefits of the gofer display were being realised in practice, fulfilling the 
‘monitoring’ step of David Sless’ model of communication research (Sless 
2008). In the case of gofer, this could take the form of a questionnaire for 
decision-makers about if and how they used the graphic in coming to their 
decision.

These two techniques could also be used in other situations, possibly even 
outside hta. gofer could be used anywhere where there is a need to give a 
quick overview of a large systematic review, particularly in situations where 
meta-analysis is not appropriate. soc could be used where an understanding of 
the accumulation of values over time in two or more arms of a Markov model 
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is necessary. It could be used to help give a more precise grasp of the way a 
model produces an icer of a particular magnitude.

It is likely that other techniques could be developed. Chapter 4.2 shows 
specifications for eight other possible techniques, and Chapter 4.3 includes 
initial development for three of these. However, other information design work 
in this area could produce more. 

Generally, information graphics seem to be good at giving a general picture 
rather than specific data. They should not be used in place of reporting 
numerical values, but can certainly help to give a quick overview of important 
information.
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7.2 General conclusions
The central research question of this thesis concerned the design, production, 
and use of information graphics in hta:

How should information graphics be designed,  
produced and used in health technology assessment?

The following recommendations can now be made:

7.2.1   Design of information graphics in hta

The chapters of this thesis have shown examples of many stages of the 
proposed design process model introduced in Chapter 2 (shown again 
in Figure 7.2 – 1). Chapter 3 showed two studies used as part of the needs 
assessment process. Chapter 4 detailed the specification of 10 information 
graphics, and initial development of  five of these. Chapter 5 showed a 
comparative evaluation study, and Chapter 6 an individual one. 

While Chapter 3 presents some examples of formal information needs studies, 
the initial stage of the design of information graphics is a complex process, 
which is hard to define in a simple, linear manner. The inspiration for an 
effective information presentation is likely to come from observations made 
during the production of hta work. These might be a researcher’s frustration 
in trying to present the data that they collect, or the difficulties experienced 
by people that need to interpret and use that data. As such, the first stage in 
designing an information graphic is likely to be the discovery of an information 
communication need. This may be identified during an informal conversation, 
responses to conference presentations, or intentional elicitation through a 
research study. 

The next stage in the process is to consider different ways of presenting data 
to meet these needs, often combining graphical, numerical, and textual 
information. The people responsible for presentation of hta research data 
has, in the past, been the researchers that perform reviews or modelling work 
themselves. They have made use of the office-based software available to them 
to present their data, using the limited visual presentation techniques that 
these afford. In the future, researchers may have access to more sophisticated 
graphical presentation tools. However, for the development of new and/or 
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report-specific visual information displays, researchers need to be supported 
by specialists in visual information presentation. Information design courses 
are not common, but some undergraduate graphic design courses (such as the 
University of Plymouth’s Graphic Communication with Typography course 
(University of Plymouth 2010)) now feature information design modules, and 
the University of Reading now runs an ma in information design (University 
of Reading 2010). Those with background training in information design could 
offer specialist skills in the visual presentation of research data in hta, or other 
data-heavy areas of applied research.

If separate data presentation experts are commissioned, the process of 
producing a new information graphic to present hta research data would 
require the identified need(s) to be communicated to the graphic’s designer(s) 
– often in the form of a difficulty in presenting data, or in interpreting it. 
Different designers, or design teams, are likely to produce different designs 
in response to such needs. Several design writers have taken the approach of 
producing systems of categorising visual elements that can be used to present 
data (Bertin 1981; Few 2006; Ware 2004). The wide variety in these typologies 
show that different design writers think about the graphical presentation of 
information in very different ways. It is therefore likely that different designers 
will have different approaches to the representation of data.  It is therefore 
essential that the designs with the strongest communicative power are chosen, 
and that designs are constantly questioned and updated.

A designer, once they have considered the different presentation methods 
that they might use, and the media available to distribute these, they should 
be able to produce a design specification, with the help of topic experts. These 
would perhaps be akin to those detailed in Chapter 4.2.  Consultation with 
topic experts could help the designer to resolve uncertainties, choose between 
different options, and ensure that the designer correctly understands the 
information communication need. This specification should be a collaborative 
process, and form an agreement between the designer and the expert in 
question, who takes the role of the ‘client’ in the model suggested by the 
Design Council (2007). 

After agreement on the specification, the designer can begin to iteratively 
produce prototype representations with real data, as recommended in 
(Thomas & Cook 2005). At this stage, the designer would work in close 
collaboration with the health research expert, adding real data as shown in 
Chapter 4.3. After several relatively quick initial iterations, a semi-developed 
prototype can then be tested with an evaluation study. The information 
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graphic may be designed to replace another presentation (such as numerical 
data tables). In this case, it can be tested against the existing presentation, with 
an experimental study. This will be able to show the displays’ comparative 
performance, as in Chapter 5. If it is a completely new representation, it 
can be tested alone, to make sure that the design is correctly interpreted 
by its intended audience, as in Chapter 6. The testing can be performed by 
the designer themselves, or by another researcher in consultation with the 
designer. This can lead to publishable research outputs at this stage, which 
will be of use to researchers, and potentially the wider academic research 
community. The data used in such publications could also be of use to the 
designer, telling them how their design functions under test conditions.

The research data would allow a designer to adapt their design before it is 
widely distributed and used. If the changes are substantial, further testing may 
be necessary. Once expert participants can be shown to understand the display, 
and agree on its usefulness, it can be deployed in a real situation. As suggested 
by David Sless (2008), the design can then be monitored with further research 
studies, which can assess whether the graphic is performing as expected in 
practice. These could be carried out by the designer if they have research 
experience, or other hta researchers, and could potentially lead to more 
publishable outputs.

7.2.2   Production of information graphics in hta

Once the benefits of a particular information graphic have been shown, in both 
experimental conditions and live use, there may be sufficient interest in the 
technique to begin to consider how it might be produced more widely, with 
the possibility of it becoming a standard visual display tool for researchers 
to use. There are three possible ways in which information graphics can be 
produced in hta:

1) Using standard visualisation tools in spreadsheet software (current situation 
– suitable for hta professionals)

2) Developing new specialist software for use by hta professionals (such as 
currently used for forest plots)

3) Designing graphics on an individual basis (i.e. in collaboration with trained 
information design professionals)
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7.2.2.1   Production with standard spreadsheet software

The technology assessment report review in Chapter 3.1 showed that this is the 
way that information graphics were most often produced in hta at the time of 
the study, and little has changed at the time of writing this. Researchers must 
make the best use that they can of the standard graphing tools available in 
spreadsheet software such as Microsoft’s Excel or Open Office. 

Using the capabilities of these tools as a starting point for what can be 
presented severely limits the possibilities of information presentation. It would 
be impossible to produce a gofer or soc display with the standard graphing 
tools available in any common spreadsheet software, and the same is true 
of the other graphics specified in Chapter 4. However, it is likely that such 
methods will continue to be used for convenience, and in some cases a simple 
bar chart may be all that is needed to present certain information. 

Standard charts such as bar and pie charts have been subject to some research 
scrutiny in the past (Cleveland & McGill 1984; Elting et al. 1999; Feldman-
Stewart, Brundage, & Zotov 2007). It is not impossible that new research 
questions can be formulated around these standard charts and graphs, but 
much has already been said about them, and their strengths and limitations.

7.2.2.2   Production by development of specialist software

A second way of producing information graphics is through the development 
of specialist software. This is the approach used to create graphical 
presentations such as forest plots in hta reports. These are often produced 
with Excel add-ins, which augment the standard set of charts. Add-ins like 
this could be developed that would be able to display data in spreadsheets in 
particular ways, such as producing a gofer or soc display. 

Alternatively, something like the gofer display could be included in specialist 
systematic review software. A soc display rendering system might be included 
in specialist modelling software, although the Markov models that are often 
used to inform nice technology assessment reports tend to be developed in 
generic spreadsheet programs. A similar display might be included in discrete 
event simulation software such as Simul8 (2010), although the graphic would 
have to be adapted to display the results of this different kind of model.

A third specialist software option would be to produce standalone hta 
visualisation software. This might allow systematic review data to be entered 
and viewed in various formats, before producing something like the gofer 
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display. It could perhaps also import spreadsheets containing modelling data, 
producing outputs like soc and others. This, of course, is the option that 
would require the most development work. 

The process of producing add-ins or software would involve a team of 
programmers and testers, as in much software design, but would also need 
designers (as visual communication specialists) to control the appearance of 
the visual outputs in line with best information design practice.

Funding for such projects might come from commercial sources, if it could be 
demonstrated that there is a big enough potential audience to make returns 
possible. It should be noted that, while the original focus of these graphics 
was to present information in hta, substantial proportions of these audiences 
could be found in other areas of health research, or other fields entirely. 

An alternative to a commercial model might be to produce open source 
software, perhaps as an output of a research project, which could eventually 
lead to methodological research outputs on the use of the software. However, 
the file serving costs of distributing such software, which could continue to be 
necessary long after the research work would be complete, do not fit well with 
this funding model.

7.2.2.3   Production by design on individual basis

The third option for producing information graphics to display hta data would 
be to continue to use information designers to design individual information 
graphics, in the way that the prototypes in this thesis were created. 

One advantage of this option is that each graphic produced could be changed 
to reflect the best method of presenting the information in question for 
that specific review. For example, if there were a large number of outcome 
measures, as in the Cochlear Implants review, the designer of the original 
gofer display was able to use their design skills to show these clearly in a 
relatively small space. In another review, however, the area of the world might 
be very important, and the outcome measures less challenging to display. A 
skilled information designer could bring this information to the fore. 

Also, in systematic reviews in hta, the included trials frequently do not 
report all their data in exactly the same way. The designer would be able to 
modify displays accordingly. For example, in the Alzheimer’s report gofer 
graphic shown in Figure 7.1 – 1 (Bond et al. 2010), the trials included in the 
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review mostly reported mean age, but one reported the median. Some trials 
reported age range, some reported standard deviation, some reported standard 
error, and some reported none or all of these. While the sd values could 
be calculated from the se values, the other values had to be displayed using 
different graphical forms. In the future, other data might emerge that would 
be problematic to represent in the format established by the gofer displays 
produced so far. 

An information designer would be able to respond to these challenges quickly, 
in an individual way. If software was used, a reviewer would have to request a 
software feature to deal with any presentation difficulty, and wait for an update 
to be produced by the team designing the software. In the time-pressured 
world of hta research, the deadline set by the decision-making body might 
have passed by the time the researcher had access to a way of displaying their 
data.

There are also disadvantages in using a designer to produce individual 
representations, however. An unfamiliar graphical presentation requires a time 
investment on the part of the person using it for the first time. In the time-
pressured world of hta, this would have to be accounted for. However, the 
time-saving benefits of being able to return to a graphic at a later date may be 
able to outweigh this disadvantage.

Another potential disadvantage to individual production is that even if the 
designer makes extensive use of copy and paste to transfer numerical values 
into visual layout programs like Adobe’s Illustrator and InDesign, there will 
be an increased possibility of human error over using an automated software 
tool. This can be mitigated by using automated systems to transform data into 
the basic visual elements of a display, in a vector format, using programs like 
Adobe’s Flash, or the open source Processing software (Fry & Reas 2010). The 
raw visual elements produced by these can then be combined into a usable 
display with page layout software. This is the process that was used to produce 
the soc display tested in Chapter 6. 

This kind of semi-automation is not always appropriate. For example, it would 
not be worth programming an automatic system to transform 15 numerical 
values into a complex set of Sankey diagrams to display five trials for a gofer 
display. In these situations, where copy and pasting of numerical values is 
necessary, the displays could be quickly checked against the raw numerical 
values by another researcher. For example, the nine-page gofer display, 
produced for the Alzheimer’s report (Bond et al. 2010), which displayed 
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information on 44 trials, was checked in around an hour by a systematic 
reviewer. This revealed three instances of common human error, such as 
mistaking the order of values. This kind of checking process would be 
necessary whenever values are transferred from spreadsheets to visual layout 
software by the designer.

If information designers were used to create individual information 
presentations, they could be employed by several different organisations. They 
could be employed by the research teams that produce technology assessment 
reports, such as the university departments that provide assessment 
documents for nice in the uk. They would then be responsible for presenting 
a range of data in hta reports, across systematic reviewing and economic 
modelling.

Alternatively, information designers could be based centrally at decision-
making bodies that commission reports. They would then be responsible 
for taking the raw data provided by the technology assessment teams, and 
displaying this to decision-makers, using a visual form, where appropriate. 
Lastly, the information designer could be employed by an external 
‘information design company’ – closer to the design council’s preferred 
designer / client model (Design Council 2007). 

The challenges of presenting health technology assessment are very different 
to those of logo or book design. Information design agencies are not common, 
and information designers with health specialisms even less so. To understand 
the challenges and complexities of the research data produced by health 
technology assessment, and therefore the needs of the decision-maker that 
commissions the assessment work, it would be better for specialist information 
designers to be available in-house. These designers are likely to have individual 
approaches to information visualisation, perhaps developing their own systems 
of categorising graphic techniques and information presentation elements. 

7.2.3   Use of information graphics in hta

Perhaps the most likely situation is that a combination of these three 
production methods will continue to be used, according to the complexity 
of the information to be presented, the available resources and skills, as well 
as which (or whether) tools are developed to automate the production of 
information graphics in hta. 
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Some technology assessment reports are more straightforward than others. 
Those which have systematic reviews of a small number of included trials, and 
no complicating factors like sequential treatments or large numbers of patient 
subgroups, may contain a relatively small volume of data. While information 
graphics can still be used productively in these reports, to give decision-makers 
a sense of relative quantity, it may be that standard charts produced with 
spreadsheet software are all that is needed. 

In reports with more complex systematic reviews, automated tools that 
produce displays like gofer would allow decision-makers to get a quick 
overview of the evidence. Likewise, when time is a key dimension of a report’s 
Markov modelling, an automated tool that produces something like soc 
might be used. There are also likely to be other data that would benefit from 
presentation with a specialist graphical presentation technique, which could 
be produced using purpose-built software. For example, the other techniques 
mentioned in Chapter 4, when developed and tested, could prove useful for 
displaying other data. 

However, there is a third level of complexity, in which individually designed 
information graphics would be even more beneficial than ones produced 
with specialist automated software. This might occur in the case of gofer, 
for example, if a review had a large number of trials, multiple interventions, 
several subgroups, and the area of the world was a particularly important 
consideration. In situations like this, a well-trained and creative information 
designer may be able to produce the kind of graphical displays that can show 
the information that is needed for decision-making, even within such complex 
data.

The decision on which of these three methods to use for displaying data might 
also depend on the media available for presentation. If hta data could be 
displayed using coloured, time-based or interactive media, more input from 
visual presentation specialists might be required.

The visual outputs from all three production methods could be thought of as 
information graphics that embody information communication assumptions 
that can be tested. However, in the first two production options, these 
assumptions are made in the software design, rather than as part of the 
individual graphics’ production process. 

This means that the first two software-based options are more likely to be 
favoured in situations where data needs to be presented in a systematic 
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format in many different reports. This would only be appropriate where 
many different reports produce data which have similar ranges and levels of 
complexity.

The third method, of individual design, with customised automated elements 
as appropriate, will produce a larger number of testable visual presentation 
assumptions, leading to more research outputs. This option would therefore be 
the one that aligns most strongly with the needs of university-based research 
teams, such as those that provide technology assessment reports for nice in 
the uk. In this system, as well as other hta systems that used an individual 
design approach to information graphics, information design specialists would 
be required to produce the information graphics. However, they would have to 
work closely with health researchers, who would be essential to provide input 
in both development and evaluation of information graphics, leading to both 
design and research outputs.

To encourage the use of such techniques in health technology assessment, 
commissioning bodies should be encouraged to incorporate recommendations 
on the visual presentation of data in their documentation production 
guidelines. However, as David Sless notes, the only productive way of 
approaching guidelines on the use of information design is in terms of 
measuring visual communication. Specifying exactly which typefaces or 
type sizes to use limits creativity, and does not assist visual communication. 
Likewise, recommending specific ways of presenting information in graphical 
form should be avoided. However, the use of innovative visual communication 
methods and information design, by assessing speed, accuracy, behaviour or 
knowledge retention, should be encouraged.

 — 313  —

Discussion7
Summary7.1 
Conclusions7.2
Future research7.3



7.3 Recommendations for 
future research

While each of the four studies presented in Chapters 3.1, 3.2, 5 and 6 have their 
own specific recommendations for future research, there are a few general 
comments that can be made here.

7.3.1   Developed information graphics in hta

Graphics that have been developed to the point at which they prove useful to 
those testing them could be used in live situations. For example, the gofer 
and soc graphics could be included in reports produced for the nice appraisal 
process in the uk. 

The use of such graphics in live situations is likely to produce unforeseen 
issues, such as the quality of distribution media (printing, screen or 
projection), different needs of those that use the graphics, logistical or 
production timing problems, amongst others.

Monitoring studies will show how the information graphics are performing 
in practice. These could take the form of questionnaires aimed at decision-
makers, or interviews with the bodies that commission technology assessment 
work.

7.3.2   New information graphics in hta

There are also likely to be many other data that could be presented using 
information graphics in health technology assessment. Some possibilities are 
revealed in Chapter 4 in the other eight graphics detailed there that remain 
undeveloped and untested, but there will almost certainly be more. The 
development and testing of new information graphics should be encouraged.

The qualities of interactive and/or colour displays should not be overlooked. 
The two information graphics fully developed and evaluated in this thesis 
are suitable for inclusion in printed, monochrome reports, as this is the 
primary method of displaying information in the nice appraisal process in 
the uk at the time of writing. However, enormous (and growing) numbers of 
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interactive information graphics are used in other areas, and could potentially 
provide benefits in hta. Comparative studies of paper-based and interactive 
presentations might help to change this situation, as could comparative studies 
of monochrome and coloured information graphics.

Also, in response to the idea that design of information graphics is a creative 
process, and individual designers or design teams will produce different 
responses, it might be productive to test different responses to the same brief, 
or specification, against each other. This could take the form of testing different 
displays produced by different information designers or information design 
teams. This would enable an understanding of the effects of different visual 
hierarchy and/or style on the understanding of people using the graphics.

It would be interesting to test displays produced by information designers 
against those produced by researchers without design training. This would 
be similar to the comparative study of gofer and the tabulated data in the 
report in Chapter 5. However, in this case the information designer had the 
advantage of seeing what the researcher had produced before designing their 
presentation.

7.3.3   Other audiences

Finally, the communication of information to a range of audiences is an 
important area to be addressed. This thesis has focussed on displaying 
hta research outputs to experts in the field such as decision-makers and 
researchers. There is likely to be a role that information graphics can play in 
communicating the complex issues of health research to media organisations, 
the general public, and to the gps and consultants that ultimately advise their 
patients on which treatments they should receive.
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Appendix A: Methodological 
study

Note: The research detailed in this Section has been published in: Stahl-
Timmins, W.; Pitt, M. & Peters, J. 2010. Graphical presentation of data for 
health policy decisions: An exploratory online decision task experiment to measure 
effectiveness. Information Design Journal 18:3.

A – 1   Introduction

The evaluation of information graphics is key to understanding how data (or 
information) is communicated by them. As informing policy is a fundamental 
part of hta, it is essential to be able to perform this evaluation appropriately. 
As the research methods used in information design and hta are quite 
different, a methodological study is used to show the value and limitations 
of quantitative measurements in assessing the communicative benefits of 
information graphics. It uses a simplified decision problem suitable for a 
general public audience, to provide as large a sample size as possible.

As mentioned in Chapter 1.2, The foundations of hta lie in evidence-based 
medicine, using scientific tests to inform policy decisions  (Banta, 2003). 
There are few people, if any, with specialist training in visual communication 
in the field. For any new graphical technique to be accepted in hta, empirical 
testing will be necessary to show the advantages and disadvantaves of visual 
presentation, in the language of empirical research familiar to the field. 
However, what testing there is in the field of information design tends to be 
largely small sample, and qualitative in nature. This kind of research is less 
familiar in hta, in which the standard evidence base is large, quantitative trials.

The experiment described here investigates a method of providing quantitative 
feedback on alternative information presentations. In contrast to most studies, 
which investigate particular graphical representations of information, it 
focusses on the process of testing an information graphic.

A – 1.1   Relevant published research 

Empirical, controlled studies of the effectiveness of information graphics are 
widely distributed through the research literature, and spread across many 
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fields of application (such as health, management, 
business, finance, design, and engineering, amongst 
others.) A systematic literature review in this area 
is therefore challenging. Table A – 1 shows details 
of some empirical studies of information graphics. 
These have been sourced from bibliographic searches 
as well as a request for information made through the 
phd-design email list on jiscmail. (phd-design 
on jiscmail, 2009). They address visual information 
presentations in management (4 papers),  health (2 
papers) and finance (1 paper). These papers cover 
quite a wide period of time, which potentially causes 
difficulties with outdated technologies being used to 
create and distribute information graphics. However, 
since many static, black and white, printed graphics 
are currently used in printed health technology 
assessment reports, the research methods used to test 
them are still likely to be relevant.

A – 1.2   Measurements used

Three commonly used measurements in empirical 
studies of information graphics’ effectiveness are:

Response time: how long it takes for a participant to 
make a decision, or take some other action, based on information presented in 
different formats. 

Accuracy: how close a participant’s response is to an already established “best 
answer” (or correct answer).

Preference: each participant chooses between multiple information 
presentations (such as numerical vs. graphical format, or between different 
graphical presentations). 

These variables are then analysed with a range of different statistical 
techniques, including anova (analysis of variance), t-tests, and regression 
analysis, among others.

One study (Benbasat & Dexter, 1985) also recorded qualitative data, in the 
form of participants’ comments, about the different information presentations 
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Benbasat & 
Dexter 

Elting et al.

 
 
Feldman-
Stewart, 
Brundage & 
Zotov

Frownfelter-
Lohrke

Lim & Benbasat 

Remus

Remus

Year

1985 
 

1999

 
 
2007 
 
 

1998 

2000 

1984

1987

N

35 
 

34

 
 
216 
 
 

290 

79 

53

54

Measurements used

accuracy 
time 
preference

time 
accuracy 
preference

accuracy 
time 
 

accuracy 
time

‘perceived equivocality’ 
preference

accuracy

accuracy
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given. Although these comments were referred to in the discussion section, no 
formal qualitative analysis was included in the paper.  

The two companion papers by Remus (Remus 1984; Remus 1987) provide 
evidence in support of information graphics being more appropriate for 
displaying complex data. They note that:

In low complexity environments decision makers using tabular 
displays are in the aggregate better able to weigh the appropriate 
factors in the decision making process… However, in 
intermediate levels of environmental complexity, the composite 
rules show graphical displays to be significantly better than 
tabular displays.

This is disputed by Bertin (Bertin 1981). The study detailed in this chapter asks 
whether this finding is applicable to HTA. 

In general, the area of application for the papers vary. Remus addresses a 
production scheduling management decision problem, and Frownfelter-
Lohrke uses information presentations that are designed to support 
predictions on the financial condition of companies in future. Of these, 
Benbasat & Dexter use different presentation methods to support a marketing 
budget optimisation decision across different territories. Elting et al. situate 
their work in the context of deciding when to stop a clinical trial based on 
results presented in different formats.

The study detailed in this section is intended to provide a method for 
evaluating the relative performance of different information presentations, 
which might be applied within specific contexts and to particular audiences.

A – 1.3   Research questions

The aim of the study is to see how effectively a quantitative study, analysed 
using a statistical model, can explain the actions of people using graphical 
information presentations. This is defined in reference to the following four 
research questions:

1) What effect does increasing complexity have on the relative difference in 
participants’ performance between the two presentation methods?

If this application situation is similar to Remus’ (Remus 1984; Remus 
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1987), the difference in performance (time or accuracy) between the two 
presentation methods may be larger in the more complex tasks. 

2) Can time and accuracy be shown to be interdependent?

In some experimental tasks, decision time (i.e. the length of time someone 
takes to make a decision) may affect their accuracy. The experiment detailed 
here recorded both time and accuracy, with people allowed to decide for 
themselves how long they spent on the tasks. A statistically significant negative 
correlation between these two variables would suggest that, for these tasks, 
time can be traded for accuracy. If such correlations can be demonstrated using 
qualitative data like this, studies of this kind may be able to suggest which of 
a set of alternative presentations would be most effective in time-pressured 
situations.

3) Can it be shown that people perform better, in terms of time and/or accuracy, 
depending on their preference?

Experimental studies of graphical displays have recorded participants’ 
preferences. (Benbasat & Dexter, 1985; Elting et al., 1999; Lim & Benbasat 
2000). It might seem logical to assume that the preferences of the people 
using a presentation method might affect their performance, but that can not 
be assumed. The Elting et al study in fact found that: “Despite the superior 
accuracy of the icon display, none of the participants preferred that method, 
and eight voiced considerable contempt for the display.” (Elting et al. 1999). 
The experiment detailed here was used to test whether a participant’s 
preference has a demonstrable effect on their performance in this instance. 
In situations where there is a positive preference effect, it may be worth the 
increased production time to give an audience some level of choice in how 
information is displayed to them.

4) Which characteristics can be shown to affect performance or preference with 
one or other presentation method? (age, gender, familiarity with health technology 
assessment, socio-economic group, continent of residence.)

There may be characteristics that could be used to predict a person’s accuracy, 
preference, or the time taken to complete the tasks. Any of these could be used 
to assess a person’s likelihood to respond to different presentation methods, 
perhaps tailoring the presentation to some degree, according to the most likely  
match for their specific characteristics.
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A – 2   Methods

The study was performed as a randomised, web-based experiment, with a 
general public audience. The decision problem that the participants addressed 
was a treatment optimisation task, which was appropriately simplified for 
a general public audience. This non-specific audience is used for ease of 
recruitment, given the study’s focus on testing the method of research rather 
than an actual information presentation.

Participants were shown data on three different (fictitious) drugs, with 
different costs and effectiveness, and given a limited budget to spend on 
these. Their task was to choose which drugs to give to an imaginary cohort of 
people, to minimise the number of deaths caused by the condition from which 
they suffered. The task gradually increased in complexity, as the participants 
were asked to assign treatments to increasing numbers of patient subgroups, 
working within the constraints of their budget. 

The study employed a randomised, crossover design, in which each person 
was randomised to be shown either a ‘numerical’ or ‘graphical’ presentation 
first. They completed three tasks, with increasing complexity, with the first 
presentation method. Then, they were given the alternative presentation, with 
a new set of data, for three more tasks. Irrespective of which presentation 
method was assigned to a person, the data for the six tasks was given in the 
same order. 

The two different presentation methods were visually similar, with the same 
colours and typeface used in each (see Figure A – 1). Colour can be regarded as 
a graphical element, but the decision was taken to use it in both numerical and 
graphical presentations, to avoid people choosing their preference based on 
which was more colourful, rather than on the effectiveness of the presentation 
method. 

The participants’ time to decision was recorded for each of the six tasks, as 
well as the number of patients that would die with that treatment option 
(the effectiveness measure for this experiment). Participants were asked for 
personal details after the third task – their age, gender, the continent on which 
they normally live, their familiarity with hta on a four-point scale, and four 
questions for assessment of socio-economic group, from the uk’s national 
office for statistics self-coding questionnaire. (Office for National Statistics, 
2009) (see Figure A – 2)
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Participants were given feedback on their performance after completing each 
task (see Figure A – 3). They were shown the time that they took to reach a 
decision, as well as the mean time to decision of the other participants that had 
taken part in the study to that point in time. Also, the number of ‘lives saved’ 
was shown, calculated as the difference between their choice and the worst 
treatment choice. The number of lives that could have been saved, with the 
optimal treatment choice, was also shown. 

It could be argued that showing participants their performance in this way 
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Figure A – 1
The ‘numerical’ display (above) and the ‘graphical’ display (below). 

Task 3 of 6 is shown in each case
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might affect a person’s preference for one or the other presentation methods. 
However, it gave the advantage that people were invited to choose whether 
to focus their efforts on saving more lives, or taking less time to make their 
choices (desirable in this case as we 
would like to test the interaction 
between time and accuracy). Also, 
the instant feedback was designed 
to engage people’s attention, 
encourage them to continue with 
the study, and possibly repeat it, so 
that the effect of multiple attempts 
could be analysed. 

In the graphical presentation 
application situation evaluated by 
Remus, the graphical presentation 
method was found to be more 
favourable when the data was more 
complex (Remus 1984; Remus 1987). The decision task produced for our 
experiment was designed to be increasingly complex from task to task. The 
first and fourth tasks (the initial tasks with each presentation method) had 
only two choices of treatment that were possible, within the constraints of the 
budget given. The second and fifth had five and six possibilities respectively, 
and the third and sixth tasks (the last task with each presentation method), 
had over 600 different treatment combinations.
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Figure A – 2
The details collection layout (shown after task 3) 

Figure A – 3
The feedback layout (shown after every task)
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It could be argued that, in this experiment, a definite “best answer” could 
easily be calculated, and so the human decision-making process is unnecessary. 
However, the completely artificial situation allows the experiment to show 
objectively how close to a perfect decision the participants can come with the 
different presentation methods. In a real hta decision-making situation, it is 
much more difficult to assess the possible ramifications on the entire health 
service and the people within it. The artificially-created decision problem used 
in this experiment serves to allow comparison with a precisely calculated best 
decision, based on very limited information and few criteria.

A – 2.1   Sampling

The effect size that would be measured by the study was largely unknown, 
but expected to be quite small. To provide as large a number of participants 
as possible, a web-based application was designed for participants to use, 
and a sample of the internet-using general public was employed.* It was 
acknowledged that the use of this very large population would limit how 
much the results could be generalised. However, as the main objective was to 
determine how accurate a quantitative experiment and statistical model for 
the effectiveness of a graphical presentation would be, this was an acceptable 
sacrifice. 

Online, web-based research studies have a few important differences to 
ones using more traditional, face-to-face or paper-based research methods. 
Birnbaum notes that: “Internet research has two potential problems, sampling 
and control.” (Birnbaum 1999). 

In terms of sampling, it is always difficult to know, in open web-based studies 
like this, whether each entry is from a unique participant. This study starts 
with a simple question on whether this is a participant’s first time attempting 
it, so that a person does have the opportunity to try again without affecting 
the results. However, there is no way of knowing if this question has been 
answered correctly or truly, so each participant’s computer’s ip address and the 
web browser used were recorded, so that possible duplicate entries could be 
removed in this way also. Excluding entries that had both the same ip address 
and browser software could have removed some genuine results (for example, 
multiple people on an organisational network). However, it is much more 
unlikely that duplicate entries would have been included in the analysis using 
this method.

In terms of control, participants were asked at the end of the study if they had 
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* The test is still available 
for viewing online at 

http://sites.pcmd.ac.uk/
infographics/evaluation/

index.php at the time of 
writing.
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been distracted in any of the tasks, and whether they had written anything 
down or made any calculations to help them answer correctly. Not all 
participants would have reached the end of the study, and responded to this 
question. However, its inclusion does mean that participants who have not 
been shown these questions can be excluded from the time-based analysis,  
as they may have been distracted and not given the chance to report on it.

The sampling method used 
was similar to “respondent-
driven sampling” (Salganik 
2004; Wejnert & Heckathorn 
2008) sometimes referred to 
as “snowball sampling”. Each 
participant was asked to pass 
the website link on to other 
people (see Figure A – 4). 
However, unlike Salganik’s 
method, no attempt was made 
to record links and relationships between participants. The primary purpose 
of this experiment is not to sample a particular population, but to assess the 
feasibility of quantitative analysis in such studies. The chain-referral sampling 
method used here simply serves to increase the number of participants. 

The initially sampled “seeds” chosen were members of the the phd-design 
mailing list (phd-design on jiscmail 2009), as well as the pentag technology 
assessment team (personal acquaintances). Each seed was sent an email with a 
web link to the online application. The link was also given in a presentation at 
the dd4d conference (an interdisciplinary design/statistics conference held at 
the oecd headquarters in Paris, June 2009.) 

Those that completed the first three tasks were asked for their name and email 
address. An automated email was then sent to them, asking them to give the 
link to anyone that they thought would be interested in taking part. Email 
addresses and names were not recorded, due to ethical approval regulations of 
Exeter university, so no follow-up of participants was possible.

A – 2.2   Analysis methods

Analysis was largely performed using statistical tests on the quantitative data 
collected by the web server during the experiment. Qualitative results were 
analysed using a framework analysis (Ritchie & Spencer, 1994).
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Figure A – 4
“respondent-driven sampling”
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A – 3   Results

A – 3.1   Descriptive statistics

Study duration
36 days (15th June - 21st July 2009) 
244 submissions were recorded by the web server during this time.

Exclusion
Of these submissions, 23 were excluded from the analysis, as the participant 
had not clicked “yes” when asked whether it was the first time they had tried 
the study.  
24 were excluded as possible duplicates, as they were submitted from a 
computer which had both the same ip address and the same browser software 
as an earlier submission.  
1 entry was excluded, as the system did not properly record the participant’s 
randomisation, leaving a total of 196 unique participants for the analysis.

Randomisation
The participants were randomised to receive either a 
graphical or numerical presentation of information first, 
using the php rand() function.  
99 participants received the graphical presentation first.  
97 received the numerical one first.

Completion
See Table A – 2 for the number of people that 
completed each ‘year’ of the study (each task).

106 people completed the entire study, giving a 
preference at the end (see Figure A – 5). In this figure, 
graphical tasks are shown in orange, and numerical 
tasks in blue. The width of the arrows is proportional 
to the number of people remaining. Note that after their personal details are 
asked for after the third task (y3), the participants in each group swap to the 
other presentation. The crossing arrows at the bottom show the numbers of 
people that completed all 6 tasks, and gave  a preference for one or the other 
presentation method. 

After the third task (y3), people were asked for some personal details. The 
frequencies of the results of these questions are presented in Table A – 3.
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Task 1

Task 2

Task 3

Task 4

Task 5

Task 6

G-N group

77

70

68

64

62

60

N-G group

78 
 

71

68

55

55

53

Total

155

141

136

119

117

113

Table A – 2
Completion for tasks
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did not
complete

task 1 (N=19)

did not complete
task 2 (N=7)

did not complete
task 3 (N=3)

did not complete
details collection

(N=6)

did not complete
task 4 (N=7)

did not complete
task 6 (N=2)

did not give 
preference (N=2)

did not
complete
task 1 (N=22)

did not complete
task 2 (N=7)

did not complete
task 3 (N=2)

did not complete
details collection
(N=2)

did not complete
task 4 (N=2)

did not complete
task 6 (N=2)

did not complete
task 5 (N=2)

did not give 
preference (N=5)

Details
collection

Task 1

Task 2

Task 3

Task 4

Task 5

Task 6

Preference
collection

38 people gave a
preference for the
numerical display

43 people gave a
preference for the
graphical display

25 people liked 
the displays

equally

Numerical first (N=97) Graphical first (N=99)

Randomised to receive:

Figure A – 5
Dropout and preferences of participants
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Gender 
     Men 
     Women 
     Not reported

Age group 
     20-29 
     30-39 
     40-49 
     50-59 
     60-69 
     70-79 
     Not reported

Familiarity with HTA: 
     Green (very familiar) 
     Yellow 
     Orange 
     Red (not familiar) 
     Not reported

Socio-economic group*: 
     1 
     2 
     3 
     4 
     5 
     Not reported

Location: 
     Africa 
     Asia 
     Australia 
     Europe 
     North America 
     South America 
     Not reported

Task understanding: 
     Green (understood  
          tasks well) 
     Yellow 
     Orange 
     Red (did not  
          understand tasks) 
     Not reported

G-N group

 
30 (46.2%) 
26 (40.0%) 

9 (13.8%)

 
16 (24.5%) 
14 (21.5%) 
9 (13.8%) 
5 (7.7%) 
5 (7.7%) 
1 (1.5%) 

15 (23.1%)

 
5 (7.7%) 
4 (6.2%) 
5 (7.7%) 

45 (69.2%) 
6 (9.2%)

 
30 (46.2%) 

1 (1.5%) 
0 (0.0%) 
1 (1.5%) 
1 (1.5%) 

32 (49.2%) 

0 (0.0%) 
2 (3.1%) 
6 (9.2%) 

40 (61.5%) 
9 (13.8%) 
1 (1.5%) 

7 (10.8%)

 
32 (56.1%) 

 
14 (24.6%) 
10 (17.5%) 
0 (0.0%) 

 
1 (1.8%)

N-G group

 
22 (36.7%) 
32 (53.3%) 

6 (10%)

 
15 (25.0%) 
16 (26.7%) 
7 (11.7%) 

14 (23.3%) 
3 (5.0%) 
0 (0.0%) 
5 (8.3%)

 
5 (8.3%) 
3 (5.0%) 

11 (18.3%) 
41 (68.3%) 
0 (0.0%)

 
32 (33.3%) 

1 (1.0%) 
0 (0.0%) 
1 (1.0%) 
0 (0.0%) 

26 (43.3%) 

1 (1.7%) 
1 (1.7%) 
4 (6.7%) 

37 (61.7%) 
12 (20.0%) 

1 (1.7%) 
4 (6.7%)

 
25 (50.0%) 

 
20 (40.0%) 

3 (6.0%) 
0 (0.0%) 

 
2 (4.0%)

Total

 
52 (41.6%) 
58 (46.4%) 
15 (12.0%)

 
31 (24.8%) 
30 (24.0%) 
16 (12.8%) 
19 (15.2%) 
8 (6.4%) 
1 (0.8%) 
20 (16%) 

10 (8%) 
7 (5.6%) 

16 (12.8%) 
86 (68.8%) 

6 (4.8%) 

62 (49.6%) 
2 (1.6%) 
0 (0.0%) 
2 (1.6%) 
1 (0.8%) 

58 (46.4%)

 
1 (0.8%) 
3 (2.4%) 

10 (8.0%) 
77 (61.6%) 
21 (16.8%) 

2 (1.6%) 
11 (8.8%)

 
57 (53.3%) 

 
34 (31.8%) 
13 (12.1%) 
0 (0.0%) 

 
3 (2.8%) 

Table A – 3
Participants’ characteristics

* Of the 67 people that 
fully answered this 

question, 58 (86.6%) 
gave their occupation as 

“modern professional”, 
automatically putting 

them in group 1 (of 5).
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Mean accuracy results
(See Figure A – 6) 
Average deaths (accuracy measure) were quite similar between the two 
different groups across all six tasks.

Mean time results  
(See Figure A – 7) 
Average times to complete the six tasks were similar, with the exception of the 
third task (“year 3”), for which participants given the graphical presentation 
tended to take longer, although the 95% confidence intervals still overlap.
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Figure A – 6
Mean deaths, by randomised group

Figure A – 7
Mean times, by randomised group
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A – 3.2   Effects of increasing complexity

1) What effect does increasing complexity have on the relative difference in results 
between the two presentation methods?

The increasing complexity of the decision tasks seemed to have very little 
difference on the relative performance of the participants in the two groups 
(see figures A – 6 and A – 7). The only result that was substantially different 
between the presentation methods overall was the mean time taken for the 
third task, which was noticeably longer for the graphical presentation than 
for the numerical presentation. However, even this difference is not observed 
in the other complex task (task 6). Neither presentation seems to be strongly 
advantageous in complex situations than more simple ones in this context.

A – 3.3   Time and accuracy dependancy

2) Can time and accuracy be shown to be dependant on each other?

Focussing on the third task, for all participants (the first 
complex task), a scatter plot of time against accuracy suggests  
a possible correlation between the two (see Figure A – 8). 

Neither of the two variables have a normal distribution (Figure A – 9). For 
the y3 deaths variable (accuracy measure for the third task), tests of normality 
performed with pasw statistics 17 show that the distribution of results was 
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Figure A – 8
Scatter plot of times against deaths in task 3

Figure A – 9
Frequencies and normal curve, 
deaths and time in 3rd task (y3)
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significantly not normal (Kolmogorov-Smirnov < 0.05, Shapiro-Wilk < 0.05). 
The same was true for the y3 time variable (time taken in the third task).

A non-parametric test should therefore be used to determine whether there is a 
significant correlation between the two variables. A Spearman correlation test 
reveals that there is a significant positive relationship between the time spent 
on the third task and how many lives were saved (rs = .484, p < 0.05).

To determine which of the methods might be more suitable in more time-
pressured situations, the participants’ results can be split into three equal-sized 
groups, by how quickly they came to their decision in the third task. Shown as 
a box plot, this gives the results shown in Figure A – 10. The box plot indicates 
that when the time taken to decide was short, the answers chosen based on the 
information provided by the numerical display were more accurate, on average. 
However, as the decision time became longer, the two display methods seemed 
to produce similar results. 

In the case of those that took the longest time to make a decision, the 
graphical presentation produced a much smaller variability than the numerical 
presentation, although the median result was similar.
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Figure A – 10
Deaths in task 3, by presentation and speed



A – 3.4   Preference effects

3) Can it be shown that people perform better, in terms of time and/or accuracy, 
depending on their preference?

Box-whisker plots can again be used to show the differences between those 
people that preferred the graphical presentation and those that preferred the 
numerical one. Figure A – 11 shows the number of deaths (accuracy) in the 

third task (“year 3”), 
divided into which 
presentation method 
was given, and which 
presentation method 
was preferred at the end 
of the experiment.

This seems to show 
that people were able 
to achieve fewer deaths 
with their preferred 
presentation method. 

This can also be shown 
with a statistical test. 
As the data is not 
normally distributed, 

another non-parametric technique is used, this time a Mann-Whitney test. 
The data is split into two groups for the test: Those that preferred the graphical 
presentation and those that preferred the numerical presentation. As two tests 
are conducted, a Bonferroni correction is applied to avoid inflating the type 1 
error rate, and significance is therefore reported at p < 0.025.

For those using the graphical presentation, although those that preferred the 
graphical presentation (Mdn = 2171 lives saved) did, on average, save more 
lives using that presentation method than those that preferred the numerical 
presentation (Mdn = 2207.5 lives saved), the difference was not significant (u = 
230, p > 0.025).

For those using the numerical presentation, however, those that preferred the 
numerical presentation (Mdn = 2293 lives saved) did save significantly more 
lives using that presentation method than those that preferred the graphical 
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Figure A – 11
Deaths in third task, by presentation 

and preference
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presentation (Mdn = 1910 lives saved). u = 42.5, p < 0.025. This represented a 
large effect (r = -0.63)

The results for each person in the third task can also be compared to their 
results in the sixth task (year 6) with a diagram that combines a box-whisker 
summary with a link diagram showing the actual results for each person in the 
third and sixth tasks (the two complex tasks with each presentation method). 
(See Figure A – 12a & 12b).

As many of the link lines cross each other, the diagram shows no clear 
direction of change, between tasks 3 and 6. For example, of the people that 
preferred the graphical presentation and were given it first, there do not appear 
to be noticeably more that perform worse (or better) with the numerical 
presentation in task 6 than they did in task 3. The only exception is those that 
preferred the numerical presentation, and received it first, who seemed to 
generally perform worse in task 6 (i.e. when they were given the graphical 
presentation).
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Figure A – 12b
Deaths in most complex tasks, by preference (graphical-numerical group)

Figure A – 12a
Deaths in most complex tasks, by preference (numerical-graphical group)



Box-whisker diagrams can also be used to show the effects of preference on 
participants’ time in this third task (see Figure A – 13). This chart suggests that 
participants tended to spend longer with their favoured presentation. 

Participants that preferred the numerical presentation tended to spend longer 
when performing the third numerical task (Mdn = 112 seconds) than with the 
third graphical task (Mdn = 86.5 seconds) This difference is not statistically 
significant, however (u = 161.5, p > 0.025).

Those that preferred the graphical presentation also tended to spend longer 
if they were given the graphical task with the third set of data (Mdn = 95 
seconds) than if they had the numerical task (Mdn = 72 seconds. This 
difference is statistically significant (u = 129, p < 0.025).
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Figure A – 13
Time to decision in third task, 

by presentation and preference



A – 3.5   Participant characteristics

4) Which characteristics can be shown to affect performance or preference with 
one or other presentation method? (age, gender, familiarity with health technology 
assessment, socio-economic group, continent of residence).

Two of the characteristics for which data was collected, socio-economic group 
and continent of residence, could not be used for the analysis. In the socio-
economic group self-coding questionnaire, 85% of the people that responded 
put their occupation as “modern professional”, automatically putting them 

in socio-economic group 1. In the end, over 90% were placed in this group, 
making any comparative analysis impossible. Similarly, the vast majority of 
participants reported that they lived in Europe, leaving other groups too small 
for meaningful analysis.

A set of parallel co-ordinates does not clearly show that any characteristic 
is likely to be common among those that were in the highest or lowest 50% 
of deaths in task 3 (see Figure A – 14a & 14b). In this figure, each person 
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Figure A – 14a
Characteristics of those with lower decision accuracy (deaths above median in task 3)

Figure A – 14b
Characteristics of those with higher decision accuracy (deaths below median in task 3)
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is represented by a line that touches each of the vertical bars at a point 
representing that characteristic. Any very distinct difference between the 
two groups (such as those with more deaths being often younger) should be 
discernable to the eye. However, this is not the case. 

Similarly, no clear pattern can be 
discerned for people that took a long 
or short time to complete task 3 (see 
Figure A – 15a & 15b).

A more detailed view can be shown 
using other techniques. Looking first 
at the effects of participants’ gender, 
a set of box-whisker diagrams 
indicate that the number of deaths 
in task 3 are similar between the men 
and women that took part in the 
study, no matter which presentation 
method they used (see Figure A – 16).
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Figure A – 15a
Characteristics of those with lower decision speed (time above median in task 3)

Figure A – 15b
Characteristics of those with higher decision speed (time below median in task 3)
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Figure A – 16
Deaths (accuracy measure) by gender
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For the gender variable, a Mann-Whitney test indicates that men (Mdn = 2206 
lives saved) did not seem to differ significantly in terms of decision accuracy 
from women (Mdn = 2171 lives saved). u = 1451, p > 0.05. The difference would 
have represented a very small effect (r = -0.03).

However, this test not giving statistically significant evidence of a difference 
is not the same as proving equivalence. Statistical equivalence testing is, 
however, challenging in this case. It would require definition of a ‘zone of 
indifference’ within which effects could be thought of as negligible, from a 
scientific or clinical point of view (Wellek, 2003). As it is impossible to have 
a clear idea of how accurate a participant should be within a particular time 
in this simplified decision context, this judgement can not be made in this 
case. Also, equivalence tests are based on 
calculating sample mean and confidence 
intervals, which may be less reliable in non-
normally distributed data like that from 
this experiment. For these reasons, box-
whisker diagrams showing range, median and 
quartiles are used in place of equivalence tests 
from here on.

Men and women also took generally similar 
times to answer in task 3, as shown in 
Figure A – 16. Women may have taken very 
slightly longer to answer with the graphical 
presentation, but the difference is unlikely to 
be significant.

Gender also had no significant impact 
on preference for one or other of the 
displays, as might be expected from 
Figure A – 17 (Chi-square (1, N = 72) 
= 0.5, p = 0.471). 
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Figure A – 16
Time to answer by gender
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Figure A – 17
Preference by gender
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Familiarity with hta was self-reported by participants on a 4-point scale. Most 
participants (72%) reported the lowest degree of familiarity with hta. As 
suggested in Figure A – 18, those that were more familiar with hta were not 
significantly more accurate. A Kruskal-Wallis test suggests that deaths in task 3 
were not significantly affected by familiarity with hta (h(3) = 3.721, p > 0.05).

Similarly, in the case of time to answer in task 3, no clear trend is observable for 
those with more familiarity with hta (see Figure A –19).

 — 338  —

Red (low)HTA 
familiarity:

4748
deaths

g
ra

p
h.

 t
as

k

nu
m

. t
as

k

g
ra

p
h.

 t
as

k

nu
m

. t
as

k

7224
deaths

N=41 N=45
Orange

N=11 N=5

g
ra

p
h.

 t
as

k

nu
m

. t
as

k

Yellow
N=3 N=4

g
ra

p
h.

 t
as

k

nu
m

. t
as

k

Green (high)
N=5 N=5

Figure A – 18
Deaths (accuracy measure) by HTA familiarity
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Time to answer by HTA familiarity
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Preference for one or other of the presentations does not seem to be affected 
by hta familiarity, as shown in Figure A – 20. A chi-squared test is not 
appropriate for this data, as four of the eight groups have expected counts of 
less than 5.

While participants of a 
different ages seemed 
to have largely similar 
decision accuracy, only 
those below about 45 
were able to achieve the 
very highest decision 
accuracy in task 3 (see 
Figure A – 21). This 
difference is enough that 
Spearman’s rho suggests 
age significantly affects 
decision accuracy (rho = 
0.021, p = 0.021). However, 
this scatter plot does not 
suggest that different aged people had higher decision accuracy with one or 
other presentation method. 
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However, the age of participants did not seem to affect time to answer in task 
3, as shown in Figure A – 22. Given the relationship between time and decision 
accuracy, this suggests that the effect of age on accuracy can not be explained 
by those younger people taking longer to answer.

Age did not seem to affect overall preference, as shown in  
Figure A – 23.
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A – 3.6   Qualitative feedback

The one way in which participants were encouraged to give qualitative 
feedback was through “comments” boxes, which they were invited to fill after 
performing all of their tasks. For the analysis, these responses were categorised 
into a thematic framework*, as follows:.

speed / time•	
accuracy•	
comparison•	
confusion / noise•	
ignoring graphical elements•	
ignoring numbers•	
layout/design comments•	
budget•	
decision strategies•	
subgroups•	
familiar presentations•	
colours•	
real situation•	
mental computation•	
rationality•	
instructions / task understanding•	
learning effects•	

Quite a few people mentioned that either the graphical or the numerical 
presentation would enable them to make a quicker decision, but there was 
little consensus as to which. Very few commented on the accuracy of their 
decisions. 

In general, the graphical presentation was mentioned as helpful for making 
comparisons, and the “budget bar” was generally liked. However, a number 
of people found the graphical presentation more confusing. The duplication 
caused by presenting the data in both numerical and graphical form in one 
presentation seemed overwhelming for some participants.

Some people mentioned that they ignored the graphical elements, and 
focussed solely on the numbers, even when given the graphical presentation. 
Another person said that they “did not pay much attention to the numbers”, 
relying on the visual elements, even when the numerical presentation was 
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shown (paying close attention to when the budget box went red).

There were a number of comments that suggested the graphical presentation 
was too complex, and that the type size was too small. Several people 
mentioned that a “holding tank” for best guesses so far would be useful.

Decision strategies were largely trial and error. However, some tried to be 
as equal as possible, not disadvantaging one subgroup over another. Some 
preferred to give more expensive treatment to higher risk patients, on ethical 
grounds.

Several participants noted that, in reality, more information would be needed 
for this kind of decision.

Different people mentioned that either the graphical or numerical presentation 
methods required more cognitive strain than others, depending on their 
preference.

Instructions and interface were described as many things from “clear and 
helpful” and “very good”  to “irritating” and “poor”. 

Several people mentioned that, by the time they had seen the second 
information presentation, they felt more comfortable with the decision 
problem, and expected this to affect their performance.

A – 4   Conclusion

It seems that online, task based experiments may be able to provide 
quantitative evidence of the suitability of different information presentations 
for decision tasks. They could certainly be used in time-critical situations 
to determine which of two or more possible ways of displaying numerical 
data would allow people to make good decisions more quickly. However, 
quantitative evidence alone gives a limited view of the reasons for differences 
in performance, and can probably be strengthened by qualitative research.

This experiment was conducted on a simplified decision task, with a general 
public audience. For testing health policy information graphics, a more 
focussed sample would be needed, using experts in the field. However, the 
method of using a randomised quantitative experimental study, delivered 
through the web (probably with the addition of a log-in system so that the 
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researcher can be sure who is participating in the study) could provide a cost-
effective way of carrying out future research.

1) What effect does increasing complexity have on the relative difference in results 
between the two presentation methods?

It seems that the increasing complexity of the decision task did not lead to 
any major differences in relative performance between the two presentations. 
The first complex task (year 3) did seem to take longer with the graphical 
presentation than with the numerical presentation. However, this difference 
was not evident in the second complex task (year 6), so may be an indication 
of the learning required for an unfamiliar information presentation, as well as 
the added complexity induced by duplicating the information in numerical 
form on the graphical presentation. 

This finding seems different to those presented by Remus (Remus 1987) which 
suggested that graphical presentation methods are superior when complex 
information is presented. This suggests that generalisations about information 
graphics as a whole are not useful. Individual presentations of information are 
perhaps likely to be more or less suitable, depending on the qualities of the 
individual presentation design, the context of use, or the intended audience. 
This supports the claim made by Sless: that assessing the understanding of a 
document’s users is more important than specifying exact typefaces, font sizes 
etc. (Sless, 2008,).

2) Can time and accuracy be shown to be dependant on each other?

In the specific, and rather contrived example tested here,  the longer a 
participant spent on the tasks, the better their decision, on average. If we 
imagine that this is a real situation, we might conclude, in reference to Figure 
A – 10, that the numerical presentation was superior if the time for people to 
make decisions like this was very limited (especially if it was less than about 
61 seconds, the cut-off for the fastest group). However, if the time available 
was longer (above about 3 minutes), the graphical presentation might be 
recommended, as it produced much more reliable results (participants scores 
did not vary as much).

3) Can it be shown that people perform better, in terms of time and/or accuracy, 
depending on their preference?

In this experiment, the two different information presentations (called 
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numerical and graphical) were broadly similar in terms of average performance 
(measured in terms of decision accuracy and time taken to decision). There 
were also similar numbers of people that preferred each presentation. The 
interaction between decision accuracy and preference was notable, however 
(see Figure A – 11), and statistically significant in the case of the accuracy of 
those that preferred the numerical presentation.

Participants also tended to spend longer with their favoured presentation 
method. Given the correlation between length of time spent on the tasks and 
the participants’ accuracy, this may explain why the increased accuracy can be 
observed when participants use their preferred presentation. 

The effect of preference on accuracy may also relate to the fact that participants 
were shown their scores against the average to that point in the study after 
each task. Remembering which presentation led to their most positive scores 
may have affected participants’ preferences, which were collected at the end 
of the experiment. However, they were not shown an aggregate score with 
the numerical and graphical presentation methods, and would have had to 
remember how well they had done for quite some time for this to be the case.

4) Which characteristics can be shown to affect performance or preference with 
one or other presentation method? (age, gender, familiarity with health technology 
assessment, socio-economic group, continent of residence.)

The participants sampled were not sufficiently varied to give findings on the 
effects of socio-economic group or continent of residence. However,  The 
groups for three of the predictors (gender, age, and familiarity with hta) were 
large enough that even small to medium differences would have been picked 
up. In this case, gender and familiarity with hta did not have any significant 
effect on their performance (time or accuracy).

Age seemed to have an effect on accuracy, in that only those under 45 were 
able to achieve the lowest possible number of deaths in task 3. This was not 
explained by decision time. One possible explanation would be that the 
younger participants were more familiar with web-based tools, or computer 
games with similar optimisation premises.

If our method of testing information presentations was applied in another 
situation, a particular participant characteristic might have a significant effect 
on the participants’ performance with one presentation over the other. In such 
situations, it might be possible to use this information to provide appropriate 
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presentations to appropriate people, or at least to use an information 
presentation that would suit the majority of the people that were expected to 
use it.

A – 4.1   Recommendations for future research

We were able to draw some statistically significant conclusions from 
this experiment, and the method can in general be recommended for 
comparative testing of alternative information presentations. However, 
some subgroups were only just large enough for statistical tests, even with 
nearly 250 submissions to the web application - probably at least 220 unique 
people starting the test initially. It may well be that the target audience for an 
information presentation is a smaller group than this, in which case qualitative 
methods would probably enable a more comprehensive evaluation. It should 
also be noted that the differences, while statistically significant, may not be 
strong enough to make a practical difference in a real-world context.

If a quantitative, online test was to be used to assess information presentations 
for health policy decisions, a more focussed sample of expert users would be 
needed. A log-in system would be needed, and recruited participants could be 
individually sent a password to allow them to take part in the study. This would 
also allow for more sophisticated characteristic-based randomisation, but 
probably result in a reasonably large non-response rate.

The relationship between the time taken by each participant and their 
accuracy in this experiment caused difficulties for the analysis. It could not be 
determined how much importance each individual person had placed on time 
or accuracy, and therefore each outcome measure had to be treated separately. 
In future, it would make sense to treat one of these two variables as an absolute 
(i.e. how many times can a participant do something in a set amount of time, 
or how long does it take for a participant to reach a certain result). This might 
depend on which of these two variables is the primary concern, given the 
context of the research.

Even though the characteristics of the participants collected in this experiment 
were not associated with their performance, it should not be assumed that 
they should not be collected in other studies. Given the possible correlation 
between a person’s preference and their performance with the different 
presentations, it might be productive to assess the learning styles of people 
using graphical and numerical information presentations. (see http://www.
vark-learn.com/ and Gardiner, 1983).
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B – 1   Script for telephone interviews

nice technical advisors 
May 2009

Introduction

Thank you for agreeing to talk to us about the presentation of information 
for decision makers at nice technology appraisals. As you may know, my 
phd focusses on methods for displaying information in health technology 
assessment, and I’m looking particularly at the numerical data presented in 
tar reports for nice appraisal committees.

I understand that, as someone with experience of being a nice technical 
lead for appraisal committees, you are in the ideal position to help us. We’ve 
identified several different situations in which new methods might provide 
benefits. Your answers to our questions will help us to focus on parts of the 
reports that could be better presented with new techniques.

Questions

Interview should be about 15 mins long.•	

Check it’s okay to record (will only be used for our own research purposes)•	

How long have you been a •	 nice technical lead?

What do you see as your role in terms providing / summarising information •	
for decision makers at appraisal committees?

In your experience, which information in •	 tars is the most complex? It 
might be difficult to summarise, or it might prove confusing to decision 
makers. 

Can you think of a specific report in which this has been the case? (name of •	
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intervention, approximate date)

Have you ever had difficulty trying to fit •	 hta information onto a single page 
for presentation?

Some of our techniques can be used to compare different information •	
together. Can you think of any time that decision makers have asked for two 
or more separate pieces of information to be presented together? Or have 
you ever felt the need to provide this?

Approximately how often does this occur?•	

Can you think of any examples of time being limited for decision makers to •	
absorb a large amount of information?

Is there any information in •	 tar reports that is presented in an amalgamated 
form, which some decision makers will only need parts of?

Can you think of any information in •	 hta which is difficult to understand for 
decision-makers for any other reasons?

Any questions?•	

Outro

Thanks again for your time. We’ll be developing several graphical tools in 
response to these suggestions, and testing them over the following months. 
Your responses will help us to ensure that we design with the end-user in mind.

We hope to disseminate the results of our research at htai 2010 and in the 
ijtahc journal, as well as writing them into my phd thesis. We’re also hoping 
to collaborate with Leicester to provide some graphics in a live hta report.
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B – 2   Sample nice interview transcript

Information needs interview 3  
07 July 2009

Interviewer: Will Stahl-Timmins

Interviewee: ---------------

0:00 interview begins

I’ll start a recorder. I’ll run the transcript past you as well if that’s 
okay, just to make sure I’ve got it right. So, without further 
delaying I shall begin. I wanted to ask, first of all, how long you’ve 
been a NICE technical lead.

I have been at NICE for four years. I was a technical lead for two 
and a half of those years, and I’m now a technical advisor.

Ah, you’re a technical advisor as well, just like ------------ I think 
is, as well.

1:00

Yes.

Okay, so you’re one of the senior technical leads, really. What 
do you see as your role in terms of providing or summarising 
information for decision-makers at appraisal- well, what do you 
see as the role of a technical lead?

Really it’s about taking the information that we get, a range of 
summaries- a range of submissions, and summarising them, 
so that they’re sufficiently short and digestible and easy to 
understand, so that the committee members then feel sufficiently 
comfortable to make a decision.

I see. And that’s information provided from the TAR teams and 
from the manufacturers.

Yeah, and for an MTA it might be from other professional groups 
and stuff like that as well.

2:00

Great. Okay, thank you! In that case, I’ll ask you: In your 
experience, which (particularly numerical) information in 
TARs, particularly, is the most complex. It might be difficult to 
summarise, or it might be confusing to decision-makers.

I guess in terms of quantity of information, then the problem is 
usually with the clinical effectiveness, and summarising that, 
because that’s something that you really do have to get across 
in a single slide, or a single page. Where it’s like an STA or close 
to licensing, and we only have one or two trials, that’s obviously 
very easy. But when you’re looking at an MTA of devices, or older 
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drugs, then the sheer quantity of trials and studies that you get, 
and it can be across different subgroups or indications, makes 
that a much harder task to do. That’s usually the biggest job for 
me, finding a way summarising that kind of information.

3:00

So particularly MTAs or where there’s a lot of subgroups, or 
there’s some other compounding factor, it starts to get really 
difficult to put that information across in the short space of time 
available at the committee.

Yeah. Really, it’s about getting that information written down. 
So in the overview, or in the slide presentation, because that’s 
not the information that the committee wants to linger on. But 
you have to get the ultimate message across. But really, you’re 
always aware that you’re meant to be getting onto the cost-
effectiveness as quickly as possible. But you can’t not give them 
all of the clinical effectiveness data.

That’s really interesting and useful information. I was wondering if 
you might have anything in your mind that’s a specific example of 
a report which it was difficult to do that for?

4:00

I think there’s the PenTAG assessment report they did for 
Cochlear implants, which was obviously just very large, looking at 
both adults and children, severe to profound deaf[ness]. That had 
a lot of studies in it with very wide- a lot of outcomes. That took 
a lot of summarising and there is an overview which I did for that 
which shows, in the end, how I did it. Kind of taking the PenTAG 
stuff and making it a bit smaller. There are also other MTA 
assessment reports. There’s the corticosteroids for asthma, that 
was done by SHTAC. And then there’s another one. A spinal cord 
stimulation one, which we did last year, which was a ScHARR 
one. It should have four different pain conditions, and looking at 
spinal cord stimulation for that.

5:00

Oh, I see. So, different severities, or different degrees of pain.

Different- I can’t remember the word now.

I’ll have a look at that in more detail. It’s great to have some 
examples so that I can see what you mean by the difficulty in 
presenting clinical effectiveness information.

What you will be able to see is, for all of them, you’ll be able 
to see what we had in the assessment report, and then there’ll 
also be an overview, so you’ll also be able to see how the 
technical team handled it- modified it. We also have lead team 
presentations. Which, if you like, take it to the next level. How it 
then gets summarised into PowerPoint slides.

It would be really interesting to see some of those, actually.

6:00

...by the lead team. The lead team presentations aren’t in the 
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public domain, but we still have them all, so they could be dug 
out for you if you wanted.

Oh, wow. That would be really amazing. If I think of some specific 
ones where I’d be really interested to see how it’s been done.

Yeah, if you find a couple of good examples that you want, yeah.

That would be brilliant. Okay then. Well in that case I will move on 
to my next questions. I don’t want to take up too much of your 
time. That was a really interesting response to that one. So, I’ll 
move onto question five, which is: Have you ever had difficulty 
fitting HTA information onto a single page for presentation. I 
guess that’s pretty much what you were explaining there- about 
summarising information onto a singe page. But was there any 
other time that you’ve had difficulty fitting information onto a 
single page?

7:00

No, that’s really my main difficulty. With the models you find that 
it seems to just chunk up more intuitively, so you can divide it 
by cost- you can have a slide of cost, and you can have a slide 
of health-related quality of life, and then you can have a slide of 
incremental costs and QALYs, and if you really want to go full 
way you can have a slide of model structure. There’s a much 
more intuitive way of actually breaking it up, and it’s kind of what 
the committee want to focus on. So I don’t really have the same 
problem summarising the economic stuff.

Well, that’s a good answer in itself, because it means that we can 
focus a bit on that, perhaps. I’ll move onto question six. Some 
of our techniques can be used to compare different information 
together. So I’m wondering if you could think of any time when 
decision-makers have asked for two or more separate pieces of 
information presented together, or you’ve ever felt the need to 
take different bits of a report which are quite widely spaced, and 
present them together?

8:00

There’s something very useful. Sorry, it’s absolutely chucking 
down with rain here... PenTAG did something really good with the 
economic model- they did it for cochlear, and I’ve actually tried to 
encourage other groups to do it as well. Whereby where they’re 
summarising the model results they will, in a single table include 
the key costs, and the incremental QALYs from the different 
models that you get. And I find that very useful way of doing it, 
and have encouraged other people to do it, and have actually 
copied it into my overviews and stuff.

Ah, that’s exactly the kind of thing I’m looking for, so that’s really 
useful to know. Thank you. I’ll have definitely another look at the 
cochlear implants one. That was just happening as I started here, 
so I noticed it happening around me, but I’ll look in more detail at 
those particular bits of it. Does that happen often, that you feel 
this would be useful?

9:00

Now that the MTA is dying out, I don’t see as many of them.
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The endangered species of the MTA?

Exactly. [laughs] It’s the kind of thing that much more relevant to 
MTAs where you get multiple models.

Okay, well that’s fine. I see what you mean. Okay, I’ll go on and 
ask if there’s any examples you can think of time being very 
limited for decision-makers to absorb a lot of information.

I think my default position is that they always have limited time. 
And you’re always trying to summarise it in a way that minimises 
the amount of time that people have to spend on it. I think 
committee meetings are the ultimate example for that, but with 
overviews, they would only get the weekend to look at it before 
the committee meeting, so you’re always mindful of that.

10:00

Okay, are there any points in the committee meeting where you 
know it’s going to slow down because there’s a lot of information 
to be absorbed?

The committee meeting will always start with the lead 
presentation from one of the committee members, which is 
meant to summarise it, and that will take, what, 20 minutes? And 
that’s meant to give a good overview of the evidence submitted, 
and then identify the key issues for consideration, which then get 
discussed and considered by the committee. So, it’s not much 
time. I do have to- because it’s now all in public, you do have to 
make sure everything’s in there.

11:00

Yes, of course, it’s sort of showing everything, but having such a 
short space of time to do it in, so you can’t linger. I guess it does 
help to have the reports in advance though, so maybe a lot of 
that absorbing information might happen before that anyway.

Oh, yeah. Well, you hope. Yeah. You know, they should.

Okay. Right, question number eight is a bit of the reverse of one 
of my earlier ones, actually. I was wondering if there was any 
information in TAR reports, that’s presented in an amalgamated 
form? Which some decision-makers might only need parts of? 
So is there anything that you feel needs to be brought out just 
for particular people? Or do you need to present absolutely 
everything to everybody?

Usually, no. It would usually all get presented to everyone. There 
isn’t... no.

12:00

That’s fine... That’s an answer that I’m having from everybody, 
actually, so far, so that’s good. That means that that particular 
set of things is something that we don’t need to look at. But 
perhaps some other things are. That’s one of the things that I 
really wanted to get out of the telephone interviews was a bit of 
focussing, so that’s good. Okay, we’re coming to the last few 
questions, but I just wanted to ask if there’s any information in 
HTA which is difficult to understand for decision-makers for any 
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other reasons than I’ve just said?

13:00

I mean, obviously for us, they all come from different 
backgrounds, so not all of them have the same set of skills 
that they’re using to interpret the information and that brings 
with it it’s own challenges, because you’re not just- you can’t 
necessarily summarise the cost-effectiveness information in 
terms which a health economist would understand, and are 
sometimes the most succinct. You kind of have to do it in the old 
plain English.

Any kind of- we’re looking mainly at numerical data, that might be 
overwhelming, or not easy to understand or anything like that.

Numerical data-

Don’t worry, there may not be... It’s not a particular issue. It’s just, 
I always like to finish with an open question in case I’ve forgotten 
something really obvious.

14:00

Yeah, no, I mean there are things that are probably difficult for 
people to understand, like the probabilistic sensitivity analysis 
and all of that, but that’s not really because of how it’s presented, 
that’s because none of them are health economists. And even I, 
not being a health economist, look at all the little CEAC clouds 
and think: “Well, that’s very pretty, but what is it really?”

Everybody up to this point has mentioned the probabilistic 
sensitivity analyses.

I mean, it’s very nice, but I’m never quite sure, and I have heard 
committee members say: “well, so it’s 47% likely to be cost-
effective. 47%, so what’s the threshold? You know what I mean? 
Who knows?

So it’s not necessarily a presentation issue, but an issue with the 
complexity of the methodology? I suppose?

Yeah. I think so.

15:00

It’s also interesting to understand that, as far as I’m aware, 
different ways of doing a sensitivity analysis can end up with 
slightly different results, so, which one do you use? I guess it 
comes down to doing absolutely everything, and then seeing- 

Yeah, that has happened.

Anyhow. Do you have any other questions? I’ve been asking you 
several, but you’re more than welcome to ask any to me, if you 
like.

No, I don’t have. No, I don’t think so. I think I’ve told you all my 
good examples.

Okay, that’s brilliant. I’ll have a closer look at the one’s you’ve 
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mentioned. I’m getting quite a few out of doing the interviews so 
far.

16:00

I think sometimes the assessment groups present cumulative 
analyses without always taking them apart, where they 
incorporate multiple things and present you with single things. 
But, that’s not really about presentation. Well, it’s kind of about 
presentation because you end up with a single value which 
include three different things, and then the committee only want 
to think about one of those things, and you can’t disentangle it, 
the one thing that the committee are interested in, from all the 
other things in the analysis.

I see, it’s almost like you need to separate things out, in a clear 
way, so that each individual bit can be brought out separately, 
before it’s all brought together.

Yeah.

17:00

There’s an amalgamation. Okay, well, that’s really interesting as 
well. You may have gathered before now that what we’re hoping 
to do is find graphical tools for presenting information. I’m sorry 
about all the cloak and dagger stuff and not mentioning that, 
but as soon as you start talking about graphics, people start 
thinking about line graphs, but we’re really interested in where 
the graphics aren’t, if you see what I mean? But that’s hopefully 
what we will be presenting, some new ways of presenting things 
graphically, which might (or might not) help. And I’m designing 
a few over the next few months, and this is part of how we like 
to design with the end-user in mind. We like to have a really 
close relationship with them, and be part of that process of 
(presenting?) evidence, that’s why we decided to talk with the 
technical leads. So, if it’s okay, I’ll type up the transcripts, which 
does take me a little while, but I will get back to you with those, 
and hopefully you see some of the results at some point soon. 
We’re going to disseminate them at HTAi 2010 in Dublin, and 
probably in the IJTAHC journal, and obviously it’ll be part of my 
PhD thesis as well. And we’re collaborating with a project with 
Leicester to produce some graphics in a live MTA, so you might 
see our work in- we’ll definitely stay in touch. If you think of 
anything else that you’ve missed out, feel free to get in touch.

18:00

I’ll let you know.

You’ve got my contact details. Thank you very much for your 
time, ----------

interview ends
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B – 3   nice interview terms 

Technical terms, data types and information presentation issues identified 
during analysis of nice telephone interviews.

3.01 background of condition

Not mentioned in any interviews.

3.02 clinical effectiveness (general)

This section of the reports pools together the available evidence, to show how 
effective the technology or technologies being assessed are. Problems with 
presentation arise where there is an unusually large number of trials relevant 
to an appraisal, or where there is no evidence that relates (directly) to the 
condition.

3.03 survival

There are various ways of showing survival, which may affect the eventual 
results “Exponential” and “Weibull” were both mentioned. It’s probably 
quite a common outcome of interest, so it’s perhaps not surprising that it 
was mentioned several times. May be problematic where survival of different 
subgroups are shown.

3.04 QoL/utilities

Quality of life is one of the most important considerations in the appraisal 
process. The measurements used for quality of life can affect the outcome of 
a trial, and different utility measurements are often included in sensitivity 
analysis, sometimes having a large impact on the outcome.

3.05 multiple outcomes

“Outcomes” is often used as a shorthand for “outcome measures”. Also the 
terms “indication” and “licensed indication” are used to describe a measure of 
the effectiveness of an intervention, although these are subtly different in that 
it is these that are specifically what the intervention in question is allowed to 
treat, and outcome measures may be broader than this. 

If many different outcomes are important to consider for an intervention, it 
can make certain parts of the analysis difficult to present, particularly where 
there are many subgroups. It may be difficult to show a combined analysis of 
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several technologies together if there are multiple outcomes.

3.06 subgroup analysis

Large numbers of subgroups can lead to very complex data to report, 
particularly when compounded by multiple outcomes, multiple sensitivity 
analysis criteria or multiple technologies. It is possible (in cases like the 
Hepatitis b mta) that different treatment sequences can be appropriate for 
different subgroups. 

3.07 costs

The cost of the treatment can be a key driver of the results of an analysis. 
They can also be uncertain, as prices for treatment and administration change 
over time. It is not unknown for decision-makers to disagree with costs at the 
appraisal stage. It may be important for decision-makers to see the magnitude 
of costs.

3.08 economic analysis / cost-effectiveness (general)

The term “economic analysis” is used quite interchangeably with “economic 
model” so it’s sometimes quite hard to tell whether the word “model” is being 
used to refer to the entire economic analysis, or the structure of a model.

It’s important to consider the economic analysis in light of where the inputs 
have come from. They can be very complex, and have lots of numerical data 
outputs that are difficult to summarise.

3.09 model structure

Decision makers like to see how a model is working, and know where its inputs 
come from. Knowing the model structure is important, but it needs to go 
deeper than that. 

In mtas, there are sometimes multiple different models from manufacturers to 
consider.

3.10 one-way sensitivity analysis

Sensitivity analysis can lead to great complexity, especially where multiple 
sensitivity criteria are repeated for different subgroups or technologies. It is 
possible to reduce this by just presenting the results of a few “scenarios”. The 
results taken from the effectiveness reviews are often presented as the “base 
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case scenario”. Other scenarios may be taken from other trials or groups of 
trials.

3.11 probabilistic sensitivity analysis (psa)

The idea of taking not a single value from the evidence but using a probabilistic 
distribution, and sampling from it many times for different variables to create 
a picture of how uncertain the output of a model is. This can be conceptually 
difficult for decision-makers - not only in understanding what is being done, 
but in how to incorporate this into their decision. How certain do the results 
have to be for them to be able to decide?

3.12 cost-effectiveness acceptability curves (ceacs)

Decision-makers have difficult interpreting these, especially for multiple 
comparisons. Again, the problem of incorporating uncertainty into a decision 
is a difficulty.

3.13 Incremental cost-effectiveness ratio (icer)

The icer is a number, nominally representing the cost of buying a year of 
perfect health for one person. It is affected by many other variables all through 
the analysis, and the committee will probably spend longest discussing those 
things that affect it most. It can be tempting to focus on the icer almost 
exclusively, but it’s important to see where it comes from, what affects it, and 
have an idea of how uncertain it is.

3.14 multiple/mixed treatment comparisons

These can be complex, particularly if there are also multiple patient subgroups 
/ large sensitivity analyses / multiple outcome measures. Presenting them 
seems to be a challenge - ceacs are difficult to interpret with multiple 
technologies being assessed.

3.15 sequential treatments

Treatment sequences are difficult when the clinical evidence doesn’t include 
sequencial treatment. Different subgroups may require different sequences. 
The terms “dominated” and “extendedly dominated”, which are used to 
describe treatment sequences that are not worth investigating further are not 
well understood.
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3.16 absent information

Missing information is always a challenge in visual presentation. It was only 
mentioned twice in the interviews. Once in relation to the Hepatitis b mta 
not having clinical evidence on sequencial use, and once on treating anaemia 
in chemotherapy patients, where it was impossible to include information on 
the fact that the different chemotherapy drugs are more or less likely to cause a 
kind of anaemia that is responsive to erythropoietin.

3.17 changing assumptions at committee

Examples were mentioned where the committee disagreed with the type of 
utilities used, the costs for administration that were used, and the assumptions 
about long term disease progression. It is possible that a committee member 
will pick up something that no-one else has noticed, that changes the result 
presented to the committee. Care has to be taken if an assumption has been 
changed, as going back and discussing a subgroup issue, for example, might be 
based on the base case scenario, not the one that they’ve decided on.

3.18 how informed are decision-makers?

two interviewees mentioned that there was an assumption that the committee 
members have read the reports before the appraisal, although there is no way 
of telling whether this is the case.

3.19 methodology

Methodological issues, such as how the meta-analysis or cost-effectiveness 
modelling was done, can slow down committee meetings. It was hinted that 
different methodologies might have different results, but this may not be an 
issue that graphical presentation can help with.

3.20 base case assumptions

These often come from the published evidence, and act as a starting point for 
the cost-effectiveness modelling. Manufacturer’s base case scenarios may be 
different from the technology assessment group’s (and each other’s).

3.21 uncertainty 

Often presented with ceacs or scatter plots. The uncertainty in a review can 
come from the effectiveness data, around subgroups, costs, and probably other 
things. It can be problematic to take account of uncertainty in a decision, 
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however.

3.22 belief / trust

A lot of trust is placed in the technology assessment group. If they say they’ve 
done something, the committee believes that it has been done to a high 
standard. However, they don’t like to see things as a “black box”, and like to 
know where the results have come from.

3.23 current use of graphics

probabilistic sensitivity analyses from reports often include graphics, but they 
are not included in the presentations given by the technical team at nice. 
Although they are useful for the technical team’s understanding, they don’t feel 
they are useful for presenting to decision makers.

ceac graphs for multiple comparisons are described as “rather peculiar” and 
difficult to understand. One person even wondered if committee members 
understood ceacs and scatter plots at all.

3.24 mtas vsstas

Summarising the evidence is more challenging for the technical teams in 
mtas, where the technology assessment report is not the only source. mtas 
can have larger volumes of complex data, especially those with many trials, 
subgroups, or multiple indications. Sequencing is difficult for stas - it’s hard to 
answer questions about where it should go in a sequence. Manufacturers are 
increasingly often asked to resubmit their analysis in stas.

3.25 different backgrounds

Appraisal leads that are used to the hta process might do the lead presentation 
themselves, or technical advisors might help them to various degrees. Not 
all the people involved with the appraisals are health economists, so much of 
the information presented is difficult to interpret. Different people may find 
different pieces of information more or less complex.

3.26 face validity

Decision-makers like to be able to check the “face validity” of results, rather 
than just being presented with the outputs of the analysis. Face validity can be 
dangerous, however, if a reasonable-seeming icer is presented that is based on 
very poor or no evidence.
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3.27 scenario analyses

some scenarios are often picked out in an analysis, such as the different 
manufacturers’ base cases. However, too many scenarios presented can be 
confusing, particularly in terms of which one was being looked at.

3.28 quality of evidence

even very bad quality evidence can lead to plausible-looking outputs, such as 
icers.

3.29 Interim analyses

mifamurtide for osteosarcoma was mentioned as a time when the analysis had 
to be repeated several times.

3.30 discrete event simulation

A lenalidomide appraisal was mentioned, in which the manufacturers had used 
discrete event simulation, along with other unusual methodological choices. 
This was reportedly quite confusing for the committee, and took some time to 
go through.

3.31 pair-wise comparisons

a table showing costs, qalys, incremental costs, incremental qalys is useful 
for pair-wise comparisons, but becomes exponentially more data heavy with 
more than pair-wise comparisons.

3.32 large volume of trials

the pentag cochlear implants assessment was mentioned as having a large 
volume of trials.

3.33 quality-adjusted life years (qalys)

qalys are one half of the icer calculation, representing the quality of life 
attributed to an intervention. An incremental qaly represents the amount 
of quality of life gained by adopting a given intervention. Several of the 
interviewers thought that it was important to see how many qalys were 
gained, rather than just relying on the icer, which incorporates them.
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3.34 mixed treatment comparisons

where the intervention contains more than one treatment, often in different 
sequences, it can be difficult for decision-makers to come to an understanding. 
It can take some time to explain.

3.35 probability

what happens if a treatment is 47% likely to be cost-effective? Even if a 
probabilistic sensitivity analysis or uncertain result is understood, it may be 
difficult to translate this into a definite decision.

3.36 licensing

a manufacturer’s decision problem may be different to what nice is interested 
in (which is generally an intervention’s licensed indication).

If the appraisal is an sta which is close to licensing (ie, it is a very new 
intervention), and there are very few trials, it is much easier to present the data.
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Appendix C

GOf ER graphic

The version of the GOf ER graphic that was tested in Chapter 5 is presented 
over the next five pages. The graphic has been scaled to 90% of the tested size, 
to fit within the required document margins for this thesis.
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Appendix D

Script for gofer test interviews

24th Feb 2010

Intro 

Thank you for agreeing to help us  to test the new information presentation 
format that we have developed. The answers that you give us today will help 
us to refine our techniques, and inform how we use graphical techniques in 
presenting HTA research in the future. 

I should tell you before I begin what we plan to do with the research. The 
analysed results of all our interviews will be presented in my PhD thesis, along 
with the transcripts in full, but anonymised. They will also be presented in a 
poster at HTAi in Dublin, and possibly a follow-up paper. I will not give them 
to any third party, or use them for any other purpose.

I’d like to check that you are happy to be video recorded? It will enable me to 
concentrate on the tests, and allow us to proceed more quickly, as I will not 
have to make extensive notes.

Context

I’ve designed, in consultation with the original authors, a graphical summary of 
the systematic review of clinical effectiveness for cochlear implants, produced 
by PenTAG in 2007. This was a somewhat problematic review to interpret, as a 
very large number of outcome measures were used by the included studies.

I’ll be giving you, in turn, both the graphical summary and the original report, 
and asking you to pull certain information out of them for me. The idea of the 
test is a “speak aloud protocol”, where you tell me about your thought process 
as you look for the information I ask for. Have you done one of these tests 
before?

It can be harder than it sounds. As a practice exercise, could I ask you to tell me 
how many windows are at the front of the place where you live? Please tell me 
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about how you are thinking about your answer.

When you’re answering my questions about this review, please don’t worry if 
you have difficulty finding any of the information. The presentation method is 
what is being tested here, not you. You are also welcome to ask questions as we 
go through. I’ve provided some basic stationery that might be useful. (paper, 
pen, pencil, rubber, coloured sticky tabs, post-it notes)

Personal information collected

Before we begin, may I collect some personal information about you? You are 
welcome to answer only those questions that you feel comfortable with.

What is your past experience with systematic reviewing? •	

What is your past experience with HTA?•	

How familiar are you with the cochlear implants report?•	

How long did you spend on reading the executive summary, roughly? (if •	
they didn’t, give them 5 mins with it)

Did you complete the learning style preference questionnaire for me? (if •	
not, ask them to complete it now)

--First presentation given-- (graphic or report, randomly selected)

Okay, we’ll begin the test. Here is the first information presentation. [This is 
just the section of the report that details the] / [this graphic presents only the 
data on] clinical effectiveness of cochlear implants in children. Please take a 
few minutes to familiarise yourself with the information that it contains. 

--5 mins to look through--

Do you have any initial impressions of the data here?

As I mentioned, I’ll be asking you to pull certain information out of 
the [report] / [summary]. Remember that I’m testing the information 
presentation, not you. It would be very helpful if you could speak your thought 
processes aloud while you are performing the tasks as much as possible.

Task 1

Which trial has the largest N?
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Task 2

How many of the trials were conducted in the UK?

Task 3

Which trials used the Lexical Neighbourhood Test?

Task 4

Can you tell me about selection bias in the Peters et al. (2007) trial please?

General questions

How do you feel now about the quality of the evidence overall?

--Other presentation given-- (graphic or report, whichever not given before)

Again, please take a few minutes to familiarise yourself with this presentation 
method. It contains mostly the same data, but with a few [omissions] / 
[additions].

--5 mins to look through--

Okay, I’ll ask you to perform some more tasks. As before, if you could speak 
your thought processes aloud, I’d be very grateful.

Task 5

Which trial had the longest follow-up, and how long was this?

Task 6

How many of the trial reports were published in 2005 or later?

Task 7

In which trials were all participants accounted for?
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Task 8

Of the unilateral cochlear implants vs non-technological support trials, which 
reported at least one significant outcome measure, and which measures were 
these?

General questions

Has your opinion of the quality of the evidence changed at all?

--Combination presentation given--

This is a combination of the two presentations, which is how the summary 
might be used in a TAR report. I’m going to ask you to do a few more tasks. 
Please use whichever method you find easiest to find information I ask you for.

Task 9

How many trials used a cross-sectional study design? 
--probe if needed: why did you choose the [graphical summary] / [report]--

Task 10

Which outcome measures were used by Nikolopoulos et al. in their 1999 trial? 
--probe if needed: why did you choose the [graphical summary] / [report]--

Task 11

Which trial (or trials) have the lowest mean age? (of those that report this). 
How old is this? 
--probe if needed: why did you choose the [graphical summary] / [report]--

Task 12

Which trial seems to have the highest quality, according to the checklist used 
in the report? 
--probe if needed: why did you choose the [graphical summary] / [report]--

General comparative questions

How do you feel about the use of a graphical summary for this systematic •	
review of clinical effectiveness?
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If you think it is useful in this case, do you think that graphical summaries •	
like this would be useful in other clinical effectiveness reviews?

If it was used for a different reviews, do you think it would need different •	
information presented? 

How much do you think this would vary from review to review?•	

Here is a list of the 12 tasks you’ve performed. Do you think they are •	
representative of things you would do to understand a systematic review of 
clinical effectiveness?

Is any information missing from the graphical summary, that would be •	
useful to you? 
  -- suggestions if needed:  
   --would knowing about which brands of implants and  
       hearing aids had been tested be useful?

   --would knowing the degree of deafness of the  
       participants have been useful?

Is there any information in the graphical summary that you don’t feel is •	
needed there?

Would you find it useful to have an interactive version of the graphical •	
summary, which could be sorted by study size, design, outcome measure, 
etc.?

Would you find this more or less useful than a spreadsheet containing the •	
same information?

Outro

It only remains for me to thank you for your help. Tests like this are invaluable 
for showing us how experts in the field like you use reports, and how they can 
be improved.

Would you like me to contact you when these results are published?

Do you have any questions at all that I can answer?

Thanks again.
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Appendix E

Sample interview transcript from gofer tests

interview transcript 7

Interview date: 26th July 2010

Interviewer

Participant

Timings

Questions/tasks

Participant’s actions

<6s> - shows where participant is quietly reading or gathering 
information. In this case, for 6 seconds.

p32 / p vi is used as shorthand for the participant turning to a 
particular page.

question is used for shorthand to indicate that the participant is 
starting to look at the currently visible question card.

three dots (...) indicate an unintelligible syllable.

a hyphen at the end of a word (word-) indicates an unfinished 
sentence. 

3:00

Okay, could I start by collecting a bit of personal information?

Yep

Just answer those questions that you’re comfortable with. First of 
all, what’s your past experience with systematic reviewing?

I’ve been doing systematic reviews here at ScHARR for probably 
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about 10 years, actually. Something like that.

So, exetensive.

well, I suppose so, yes. I always feel as though I’m just 
beginning, but yes.

Perhaps we all are, in one way or another.

Yes.

And that’s all been work for HTA?

It’s mostly been. There’s one that we were doing last year that 
was. Oh, no, that was HTA, non-NICE. There was one we’re 
working on at the moment that’s MRC I think, but yes

But pretty much NICE HTA?

Yes.

And did you have any experience of the HTA process before 
starting here? 

No.

And you didn’t do any other systematic reviewing work?

No.

That’s great. And you’ve already said that you’re not familiar with 
the Cochlear implants report, which is great. 

4:00

So, what I’ll do is I’ll give you the first information presentation. 
And I’ll give you about 5 minutes to look through it and familiarise 
yourself with where the information is. I know it’s not going to be 
very long, to familiarise yourself with a whole systematic review 
section of a TAR.

Right. Okay. That probably replicates the committee members’ 
experience.

That’s very true

They read it on the train

This is what I’m hoping. This is the-

takes report section from interviewer

The review dealt with both children and adults. This is just the 
section with cochlear implants in children.

Yep, okay.
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Feel free to open that and have a look through.

Okay.

Opens report, p vi

So I’m supposed to be looking at the 

p vi

systematic review, and not the modelling bit, presumably.

p37

Yes. That’s only the systematic review bit of the report

5:00

Yes

p38 

Okay

p39 (summary of implant brands in included reports and on 
contract to NHS) 

And, as I say, I’ll be asking you 4 questions. So I’ll ask you to pull 
information out of the report. 

Okay

Bits of numerical data, basically, I’ll be asking for.

Okay, fine. So you’re looking at quite a lot 

p40

of different

p39

models of

p40

implant

yes, there were different ones

p41 <6s> p42 <6s> p41 <4s>

okay

p42 <5s> p43 <4s>  p44 <2s>, goes to turn page and changes 
mind <2s> p45
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6:00

<28s>

Right. A lot of it’s-

We’re looking at page 45

45, yes. The way of limiting the number of studies is novel to me.

<5s>

Ah, yes, they took an arbitrary number out. Because there were 
so many, they took a random sample

Yes.

<3s> p46, p45

7:00

p46 <6s> p47

right

<8s> p48

yes, I’m rather glad I didn’t have to do this one.

Yes, I think-

It probably wasn’t their happiest hour, was it?

No.

Interesting, but messy. Mmm.

p49 (speech perception measures table) <7s>

Oh, gosh. Oh my goodness, yes, right, okay.

p50

Are you looking at the-

The number of outcome measures, yes

p49, points to table

And just for one aspect 

p50

of it, yes. Yes, that’s fairly-

p51 (quality of life measures table)
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oh, god.

<4s> p52

yes. Tricky one, isn’t it?

p53, turns head, then report, to view landscape

8:00

<2s> p54, p55 <4s>

okay. They reported a sort of- I suppose, with this kind of thing, 

p56

the study designs are so various, it’s perhaps not so obvious, 

p57, turns report to view portrait

but with straight forward study designs, you do wonder why 
people haven’t cottoned on to the benefits-

p58

the merits of reporting things in the way that systematic reviewers 
will score them highly for. It seems a bit dim, really.

<4s> p59 <10s> p60

right

<5s> p61, turns report to view landscape <2s> p62

9:00

<3s> p63 <3s> p64 (first “visual summary of outcomes”) <6s> 
p65

ah, yes, right.

<3s>

yes

<4s> p64 <3s> p65

so- okay, so positive significant outcomes 

p66

are a bit thin on the ground

yes

p67, turns to look portrait.

 — 376  —

Appendices

Methodological study

NICE interview data

GOfER graphic

8
A
B
C

GOfER test scriptD
GOfER test transcriptE
GOfER test dataF
SOC graphicG
SOC test scriptH
SOC test transcriptI



right. okay.

okay?

right, yes

just coming up to about 5 minutes now, 

oh, okay.

so, if you’ve got a general view of how it’s layed out

p68 

I think I do, yes 

p69

yes

which bits are where

okay.

can we move onto doing some tests?

yes.

we’ll have a chance for some more general discussion at the end.

yep, that’s fine

closes report

10:00

that’s question number 1

interviewer gives question 1 [10:02]

question

Which trial- No, I didn’t 

looks at interviewer

register that at all.

Oh, you can use the report to-

Oh, sorry. 

opens report, flicks through pages near start.

It’s not a memory test.

No, no, no, no
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Oh, okay. So-

finds landscape page (p53?) <2s> keeps hand in page, while 
flicking back through earlier pages. Opens at landscape page 
again. <4s> Turns page <2s> half-turns 6 pages, then lets them 
fall back.

Okay, so it’s the Manrique et al, 182.

Excellent.

Or is there another table?

Have a look. There may be another- because it was split into 4-

I may have come past them 

p52, tuns report portrait, p52, p?? (a few later on) turns head to 
view landscape,

There’s 4 different questions really.

Yes

turns one page back,

being asked 

so that’s the-

p52

4 different comparisons

11:00

p??, back one page, on a few pages to p63?, p65, p64, p52

that’s still non-technological support. okay, so. 

p68? portrait

Acoustic hearing aids

p69?, views landscape, 

okay

p70?

they’re smaller

p72? views portrait

please do feel free to fold over the corners or something. 

p74? views landscape
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I should have provided sticky tabs.

It’s okay.

p75? 

... ... ... ... 

p76 p78 <2s> p77 falls down while participant turns to p79, 
views portrait, p80, p81

I’m not sure this is ... ... ... smaller again.

p82

okay

p85, p??

and-

<2s> turns back 1 page <2s> turns page <6s> turns page

so It’s

turns back to p53?

still 

still the same one?

still the same one, yes.

participant completes response [11:59]

12:00

I wanted you to check the others as well. Great, thank you very 
much. And your process for finding that was, you noticed the 
information was in the data tables

Yes. Yes, I looked down them, and found the one that seemed to 
jump out, and checked that there was nothing further down that 
one

so you had that number in your mind, while you were-

opens report, turns to landscape page (p53?)

well, I looked down this one, hit on that

points to just left of centre of page

and then thought: is there anything bigger than that, further 
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down-

So you were holding that number, 182, in your mind, and 
comparing it as you went through.

Yep.

Excellent, that’s great. We’ll move onto another one, if that’s 
okay?

lets p53 fall. Now on p52?

Interviewer gives question 2 [12:36]

question <1s>

oh, gosh. 

p53

Again, it’s something I didn’t notice first off.

<2s>

1

p54 <2s>

2 

p60? 

I should have done the pages after all.

p61?, p63?, p64, p65, flicks through some more pages, stops on 
a landscape page <3s>

13:00

flicks forward through more pages, going backward at one point. 
Stops on another landscape page <2s> flicks forward again, 
stops on a portrait page.

So only two, in only one of the four interventions, then.

Completes response [13:22]

[transcriber’s note: after finishing this question, participant 
appears to have fingers of left hand marking 4 places in the 
report, perhaps ready for the next question?]

excellent. Very swift, actually, as well.

Oh, right.

It’s almost as if you’ve dealt with these reports before.
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I suppose I’ve written them, yes.

And that was a similar process, to the last one, just looking 
through the data.

Yes.

Okay, we’ll go on to number 3.

Interviewer gives question 3 [13:37]

question

right. ooh.

transfers held pages to right hand, so that p53 is visible <5s> 
question, p53 

one

flicks the edges of the pages between p53 and the first finger 
held inside the report, as if to judge their thickness, or perhaps 
planning to turn page and changing their mind. <2s> question 
<2s> p54 

two

14:00

<4s> p55

Sorry, it was which trials

p54

Which trials, which trials, 

p53

all right. Not which number. So, Staller

p54

and MED-EL

p55

and-

<4s> turns to next place held by a finger, probably p69 <4s> p70, 
next finger, probably p81 <2s> last finger, probably p88

I think just those two

<4s> p89
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just those two then, yes.

completes response [14:38]

and, again, it’s a process of looking at those first data tables

yes, running down the list, yes.

great. Okay, we’ll move onto the last one with this report section, 
I’m sure you’ll be pleased to hear.

Yep, fine.

Interviewer gives question 4 [14:56]

question

selection bias in Peters

p53

right

15:00

p54, turns to place marked by finger (p69?) <2s> p70, next finger 
(p81) lifts report with both hands

okay.

<8s> looks puzzled, question, p81

selection bias-

<13s> draws in breath, hesitates.

I don’t know. The fact that they’re not telling you how many are 
pre-ligually deaf, is an issue. Or the-

<10s>

The information may be somewhere else in the report.

Oh, right. Okay, yes, fine. 

16:00

So in the text somewhere.

p82

Discussion of-

p81, p80 <2s>

okay
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<18s>

You’re looking at page 80 there, in the text

I am, yes.

Just doing that for the tape, don’t worry.

Sorry, no, yes, I realise that. I was just thinking, I haven’t a clue 
what the implications of this are for selection bias. ... ... ... yes, 
no. Pass.

looks at interviewer.

participant gives up [16:50]

Okay, that’s fine. No problem at all. But that’s the last one with 
that, so you’re finished with that. What do you think of the quality 
of the evidence overall

17:00

in the report, from what you’ve seen there? You said it was quite- 
there were lots of outcome measures.

Yes. It’s confusing. There are a lot of outcome measures, there 
are a lot of small studies, that don’t reach statistical significance, 
so it doesn’t seem like great evidence. I don’t know how easy it 
is to research this, in that I don’t know how unusual this would be 
to how difficult recruiting would be. 

Of course, yes.

But nonetheless, something where the number is 30, and you 
think.

I guess, as a surgical intervention, you’d have to- people might 
be worried about going in for it, or something like that.

Well I think there’s also issues in the deaf community, aren’t 
there, about cochlear implants? And whether 

18:00

it’s appropriate to say deafness is a problem, we’ve got a 
physical fix.

That’s very true. They’re part of the deaf community, and have 
been taught that deafness is not a disability, but a difference. 
That’s a very good point. Excellent. Well, thank you for going 
through that. Could I take that back from you, and I’ll give you the 
other presentation that I’m comparing it against, which is this one 
here

gives report back, takes graphic from interviewer.
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So, again, I’ll give you about 5 minutes to have a look through 
that, 

p vi

and find out where the information is.

p32 <13s>

I always have to work really hard with things like this, because I 
think in words, not diagrams.

Ah, that’s interesting. The learning styles will tell me a bit more 
about that.

19:00

But it’s interesting that you know that.

Well. I don’t know what that

points off screen

learning styles thing will tell you, but about 15, 16 years ago, the 
only other time I’ve done a learning syles thing, it came out very 
very skewed. It was ever so, ever so over towards learning by 
reading.

Probably an excellent strength for a systematic reviewer.

Both laugh

Possibly, yes. It certainly wasn’t just slightly off-centre. It was way 
over. So, whenever it comes to putting diagrams into reports, I 
always have to make myself. Or put some stuff in tables. I only 
do it when I realise I have far too much clogging up the text. 

p33

So-

p32 <7s>

This, I guess, once I’m used to it

p33, p32, p33 <2s>

you know, is fine. But it will take me a bit of time to get used to it. 
It’s certainly good and clear on the size, 

20:00

and location, that’s neat. And very easy to- Yes, and the age. It’s 
the quality bit that takes a bit of thinking about.

Yes, it’s difficult to fit everything on the-
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Yes, and it’s something I might be distinctly slower about 

p33

than some of the others. I bet the modellers would find 
something like that a lot easier to (go?) with.

p32 <3s> p33 <3s>

This is nice

places hand over outcome measures grid

This is easier to see.

moves head back and forth between the outcomes and the rest 
of the graphic

Oh, that’s interesting as well, because you’ve got two of the 
bigger studies coming up with significant results, but not the 
other one.

But not the last one-

Not that one. Which is between those two in size.

p34

21:00

Oh, that’s a small one ... ... ... ...

Yes. I guess that just reflects- they might have had a larger 
weight of- a very obvious difference.

Yes, absolutely, yes. Well, it could be 

p33

that it’s something that the tool they were using. 

p34

They might lend themselves more to- yes.

<3s>

Yes, that’s an interesting way of presenting it, actually

p35

Is it similar to anything else you’ve seen before?

No, not at all, completely different.

Okay.

 — 385  —

Appendices

Methodological study

NICE interview data

GOfER graphic

8
A
B
C

GOfER test scriptD
GOfER test transcriptE
GOfER test dataF
SOC graphicG
SOC test scriptH
SOC test transcriptI



Which presumably was the idea, was it?

Looks at interviewer

Yes, it works well for my PhD in that way.

No, I’ve never seen anything like this.

p36

But I shouldn’t bias you. Do be as candid as you possibly can. 
We’ve looking for critical feedback. There are certain flaws in it, 
which I’m sure you’ll find as you go through. 

22:00

Well, essentially, 

p32

I think it’s pretty neat, as I say.

p33

The-

<2s> p32

And, although it takes a little while to get used to that

points to quality grid

in terms of the detail, the general

p33

picture of the blacker it is, the better it is

p34

is straightforward, isn’t it?

but I guess the disadvantage of that is, if there’s one that’s 
particularly important, that might not stand out more than the 
others.

That’s true, yes, you can’t weight it towards-

p32 

the fatal flaw, or whatever

yes, exactly. 

p34, p35

I need to find a way of doing that.
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Yes. Yes. Oh, that’s good.

Okay, so you’ve taken about 

p32

4 minutes to have a look through that. Are you happy to start 
some more tasks?

Yes, fine.

closes document

I’ll give you 4 more tasks with this.

Interviewer gives question 5 [22:56]

question <2s> p32

23:00

oh, right, we’re here. Yes, I hadn’t really focussed in on

p33

the length of follow-up. Yes, that makes it much easier

p34

to spot

p35

doesn’t it? So it’s

p36, p33

very obviously Manrique

Completes response [23:14]

Excellent, thank you. And the next one. You got that from looking 
at the length of line in the follow-up section. Yes, I see. And you 
scanned down all of the pages. That one obviously stood out 
fairly clearly again.

Yes, definitely, yes.

Interviewer gives question 6 [23:35]

question <2s> p33 <2s>

Okay, so we’re on 1

p34

2
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p35

3, 4, 5, 6, 7

p36

8, 9.

question

so 9.

Completes response [23:52]

And yes, that’s easy to pick out.

Okay, but you had to pick out the numbers, 

p vi

there is no 

p32

visualising.

p33

No, but they’re very clearly there.

24:00

Okay.

So that’s fine.

Okay. Number 7.

Interviewer gives question 7 [24:06]

question <2s> p33 <3s>

This one involves the quality bit, doesn’t it?

p32 <16s>

Attrition bias, okay, so it’s that one

points to quality grid key.

You’re looking at the second one down in the fourth column

Yes.

p33

And-
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holds finger on quality grid for top trial

Okay

question

so

p33, runs left index finger quickly down the quality grids, stops 
near bottom, moves fingers out of the way to see author name

that’s MED-EL, Nikolopolous, Illg

p34

Mildner, Tomblin,

25:00

p35

Litovsky. Litovsky twice, (I’ve already done that?). 

p36

Damen, Huber, and Chmiel.

Completes response [25:20]

Excellent.

p33

Right, okay. That’s a bit more fiddly to pick out.

It is, yeah. That’s definitely one of the weaknesses of this 
presentation. But you were able to go through and see which 
(ones were there?)

Yes. Oh, yes, definitely. But I mean, I’m able to do it, but it just 
takes a bit more time and thought.

Yes.

Interviewer gives question 8 [25:40]

question <2s> p33, question <2s> p33 question <2s> p33

okay

places RH index finger on black dot in Manrique trial, question, 

non-technological support

p34, p33, replaces finger on Manriqe’s dot

okay, so look, we’ve got two trials with 
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question

significant 

p33

measures. So-

traces to left with eyes

The abbreviation is fine

26:00

Manrique on PTA, 

moves RH index finger to LH index finger, already on left-most 
black dot for Nikolopolous

and Nikolopolous on CDT, 

moves RH index finger to next dot

IMST, 

moves RH index finger to next dot 

CAP and

moves RH index finger to next dot, pauses, turns page to view 
portrait, with both index fingers still in place on first and last 
black dots

SIR.

completes response [26:14]

And that was, again, a process of looking for the black dots-

and then looking back up to see which column.

You were okay with the fact that there was a difference between 
those in the gaps and those on the lines?

Yes, that was okay, yes. What are the significance of the darker 
lines? Or is that just to break it up.

Just to break it up, yes. Nothing particularly different, it’s just to 
make it easier for the eye to follow them. Great, well that’s the 
end of the questions in that part. So, has your opinion of the 
quality of the evidence changed at all since you’ve been doing 
that?

<2s> p34

27:00
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<2s> p35

I don’t think so, but I do think it’s easier to see with this, actually. 
It’s a good way of presenting it.

Good. Okay then, well, I’ll just move onto the last bit of the 
test, then, which is to give you access to both of those in one 
document, so you can now choose which one to use, so-

takes combination document from interviewer.

There’s that one.

opens report near end, flicks backwards through 

It’s just got the graphical summary at the front

flicks to the front

and the rest of the report behind

oh, I see, yes. Okay.

So it’s before that.

fine

Okay. Okay to give you another 4 tasks with that?

Mhm, fine

Interviewer gives question 9 [27:43]

question, p33, p32 <8s> p33

28:00

<3s> p32 <5s> p33=

Right, I see, got it. Okay.

p34

so that’s 1

p35 <2s> p34, p35 <3s>

... ... ...

p32 <2s> p34

okay, so they’re still cross-sectional, they’re just very weenie are 
they?

Yes.

That’s 1, 2
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p35

3, 4

p36

okay, 4.

completes response [28:36]

p35

What were you looking for then, as a cross sectional one? 

Well, I was looking at

p32

this

points to cross-sectional design on key

and looking at this and looking for something that looked 

p34 

like that. I was slightly fazed by the much thinner ones, but then I 
realised that it would be, because of this weight of size.

Yes, that’s quite a common thing. People seem to be- 

29:00

everyone seems to get that one, because it’s exactly the same as 
the key, but because it’s such an unusual skewing and shape, a 
lot of the other ones are more difficult to see.

But it’s easier to pick them out from here than flick from table to 
table in the-

I guess in a sense, it is a slightly unfair test in a way, because in 
the report they were broken down into sections, and it might be 
that the graphic would get broken into sections as well, if it were 
presented in the report. So it might have been more fair to ask 
questions about one single comparison. But I had to do the same 
for everyone, unfortunately.

Yes.

Which is the way it goes. Okay I’ll move onto another task.

interviewer gives question 10 [29:49]

Question 10.

<2s> p32 <2s> question, p33 <4s>
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okay, Nikolopolous. So they used 

30:00

TROG.

question

Oh, no, sorry, 

p33

wrong trial.

<3s>

Right, so CDT,

turns report to view portrait, points to dots with LH index finger, 
and traces line up to titles with RH index finger

IMST, CAP, and SIR

completes response [30:16]

Yes, great. And, again, that was a process of looking at dots, and 
following lines.

Yes.

Interviewer gives question 11 [30:24]

question <2s> p33 <2s> question <2s> p32 <3s> p33 <5s> p34 
<3s> p35 <3s> p36, question, p33 <3s>

okay, so. Lowest mean age. Nikolopolous seems slightly below 
the 5 year 

p34

31:00

band, and so does Svirsky. 

completes response [31:05]

p35, p36

And I guess if I wanted to know for definite

p33

which one of those two, then I’d have to look at the other tables 
to get the precise decimal point=

yes, this is one thing about graphical presentation methods. 
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Sometimes, if it is a very close value, it does get difficult to see 
which one’s which. It’s not too bad here, because they’re quite 
close to the line, but there are about 3 of them. And if they were 
in the middle of nowhere, it would be quite hard to see which 
ones they were.

Yes.

I suppose you could argue that that actually is quite interesting. 
Because it might look like a very large difference in the number, 
or you could quite clearly see, whereas in fact not knowing is 
quite right, because it is very close.

Yes. It’s interesting. It brings home how many don’t give you the 
mean.

Oh, that’s a good point, yes. No-one else has mentioned that.

A fair few of them give you the range, but no-

but no mean.

no mean, yes.

And of course the mean could be anywhere within that pretty 
much.

32:00

Yes, oh yes, there’s no natural-

moves hand quickly from left to right, left, right

So it might indicate something different to what is actually the 
case. Very good point.

Yes.

Excellent. Well, I shall move onto the very last question.

Okay.

Interviewer gives question 12 [32:13]

question <2s> p33 <6s> p34 <8s> p35, p34 <3s> p35 <10s> p34 
<4s>

... ... ... ...

p35 <2s> p34

where there’s a sort of

p35, points to page

blank there, as opposed to a- is that a non-applicable-
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absolutely right, yes.

Right. 

33:00

Okay, so

p34

... ... ... ...

p35

I suppose the- that Litovsky

points to quality grid near bottom of page

is presumably the-

p36

best quality, is it?

Excellent, is that the Litovsky A or B? A?

Yes.

Completes response [33:21]

Excellent. Well, that’s the end of the tasks, I’m sure you’ll be very 
pleased to hear.

Okay, no problem.

I noticed that you entirely chose to use the graphical summary for 
those tasks.

Yes.

Why was that?

I guess it seemed easier than-

opens report near the middle.

Yes, it’s quicker to get the information out of than that, actually, 
isn’t it?

Mmm. Do you have any idea why that might be?

p35 <2s>

Just because it’s all in one place?

It’s more summarised. It’s all in one place, and it’s more 
condensed, isn’t it?
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Okay, I guess you can see more on a single page, perhaps.

34:00

I think so, yes. Which is interesting, because, I wouldn’t have 
predicted I’d have thought that, not thinking I was very visual 
about how I handle data. But yes. It works, doesn’t it?

Good. Sorry, how are we doing for time?

I’m fine for time. Have you got a train to catch? 

No, no, I’m staying over. I’m going to do some more tests 
tomorrow. Could I ask you a couple of more general questions 
now?

Mmm.

About how you see these possibly being used? 

p33?

You seem to think it was useful for this report here. How 
applicable do you think it would be for other systematic reviews, 
in other reports? 

Yes, I don’t see why it shouldn’t be. 

35:00

The one thing you’re not getting is the effect size.

Yes, of course. 

Other than that, it pretty much tells you everything you need to 
know, doesn’t it?

There are a few bits of information missing, actually. Such as the 
brand of the implant used

Oh, of course. Yes, sorry. Because I’m not totally into this area

I understand. And also degree of deafness of the participants 
isn’t reported there. So there’s a few things that it doesn’t show 
you.

Yes, okay

Which it might. And I suppose a different intervention might 
have different information that was needed to display. But you 
wouldn’t have that many outcome measures, I would imagine.

No, no, quite. No, which would give you a bit more space to 
play with for something else, wouldn’t it? But it might be that on 
another- or with other things there might not be so much variety 
around these
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points to middle of page. Possibly indicating the left edge of the 
outcome measures.

Yes. mhm.

But you think it might be useful for another review.

Yes. 

36:00

I think it would be well worth trying on another review, yes. 
Definitely.

Okay, but it might have some different information presented. 
And how much do you think it would vary from review to review? 
I guess there are some things that you’d want in all reviews, like 
the design and size, follow-up, and things like that would be.

Yes, you’d want the authors, the date, the location is always 
useful to know.

Particularly because, in NICE we’re looking at the UK situation 
more than other places.

Yes, quite. So, depending on what the intervention was, exactly, 
you might feel that it was more or less relevant. I’ve done quite 
a bit with osteoporosis. Quite a lot of the work is done in Japan, 
but they use smaller doses, because they’re smaller people, and 
things like that.

Different populations-

Different populations.

37:00

They’re genetically very different. So you’re not sure if things will 
work in a different kind of way.

Interesting.

So you’d definitely. Author, date, study design and size. The ages 
I suppose isn’t always relevant.

Yes. This is particularly because it’s in children.

I think the follow-up is always worth knowing about, and quality. 
And then the summary of outcomes.

But yes, some way of displaying the weighting would be really 
really good. I have to think about that in future versions.

Yes. It might be quite difficult getting it all in one-

You might be able to have a sort of a colour thing. So it would 
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be darker if it had a higher weighting, and lighter ones have less 
weighting, or something like that, which might mean that you can 
see- why haven’t I thought of that before? That could possibly 
work. But then you have to work out how certain you are about it, 
which is another dimension-

It’s tricky, isn’t it? yes.

38:00

Well, I’ll continue working on it, hopefully, as long as they’ll 
let me. Oh, and the 12 tasks that you performed. Were those 
representative of things that you’d need to do, to understand a 
systematic review of clinical effectiveness?

Yes, yes, I think so, yes.

The sort of thing that you’d approach, you’d need to know that 
kind of information. Okay. Oh, yes, and the last ones. Would 
you find it useful to have an interactive version of this graphical 
summary, presented on screen, which could be sorted by, for 
instance, you could click on the top and it would sort it by the 
size of the trials, or which outcome measures were used, or the 
ages, or something like that. So you could have a list from lowest 
age to highest age, or a list from smallest trial to largest trial, or-

Well, it would be fun, I suppose. Yes. It would be useful 

39:00

if it wasn’t too hard a thing to do I guess. I’m not sure quite how 
much effort it would merit putting into it.

That’s interesting

But it has potential.

Do you think that would be more or less useful than having just a 
spreadsheet with the numbers in it? Which you would sort.

I think it would be more useful. I’m not very into spreadsheets 
with numbers. I would find it more intuitive to do this

points at graphic

 You’d rather get the information out of it like that. okay. 
Interesting. Well, that’s great. That’s the end of the test. It only 
remains for me to thank you very much for your help.

Okay, fine. A pleasure, no problem.

Interview ends [39:48]
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gofer test data

This section presents detailed results of  each task in the GOf ER test. Times 
are given as a proportion of overall task time, to account for more or less 
talkative participants (see Chapter 5.2.3). Figure F – 1 shows a key, to be used 
for interpreting these performance summary figures. The pink tab to the right 
of the page can be used to quickly find this key if necessary.

F – 2   Presentation 1

After initial questions were complete, the participants were given either the 
gofer display or the report section.

F – 2.1   Presentation 1 familiarisation

Each person was initially given up to five minutes to look through their 
assigned first presentation. 
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Figure F – 4
Task 1 results
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17.5%

report section

The five people given the gofer display first tended to spend some time 
looking at the key, then move on to looking over the data pages, often 
returning to the key to check details. Four of them used the full five minutes to 
look through, but participant 4 only spent about a minute and a half, looking at 
the key and each data page once only.

The four people given the report section first had more varied familiarisation 
strategies. They mostly started with the contents page, and then either read the 
early pages, or flicked through other parts of the report looking at data tables. 
Participant 3 used their five minutes to find and mark each comparison section 
with the coloured sticky tabs that were provided. Three of the participants 
used the full five minutes, with participant 2 spending two minutes reading the 
contents and flicking quickly through the report.

There was generally very little discussion during this time, as the participants 
were not specifically asked to ‘think aloud’.

F – 2.2   Task 1 

Q: Which trial has the largest n?  
A: Svirsky, 1999 (n=297)

Figure F – 4 shows a summary of the time to decision and accuracy of each of 
the participants for this task. 

Considering all nine participants’ decision times, the gofer display does seem 
to reduce the time taken to answer for this task (report mean = 16.3% of total 
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3.4% 3.8% 2.6% 3.4%

11.1%

21.1%

15.0%

7.3% 6.9%

GOfER display report section

Figure F – 5
Task 2 results

task time, gofer mean = 6.9% of total task time, two-sample t(7) = 3.1, p = 
0.016) However, there were several incorrect responses. 

Participant 5 (using gofer) and Participant 7 (using the report) seem to have 
simply missed the largest trial. Participants 2 and 6 (both using the report) 
used a single comparison section rather than all five. Participant 2 didn’t realise 
that there were multiple sections, so this is marked as an error. Participant 6 
claimed that they couldn’t answer, as they couldn’t find an overall summary of 
all comparisons, not wanting to look through each in turn. After 4 minutes, the 
interviewer asked them to use a single comparison section, hence the result is 
marked as compromised in the diagram.

Removing the two people from the analysis that used the report to look at only 
one comparison section, the test is still significant (report mean = 19.1% of total 
task time, gofer mean time 6.9% of total task time, two-sample t(5) = 6.8, p = 
0.001).

The number of errors is then similar in both the gofer and report arms, 
with one participant in each missing the largest trial, possibly due to it being 
reported in both displays in two separate arms.

F – 2.3   Task 2 

Q: How many of the trials were conducted in the UK? 
A: Two

Figure F – 5 shows a summary of the time to answer and accuracy of each of 
the participants for this task. 
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Considering all participants’ task completion time, the gofer display seems to 
reduce task time, but does not reach statistical significance (report mean task 
time = 12.6% of total task time, gofer mean task time = 4.8% of total task time, 
two-sample t(7) = 2.2, p = 0.062)

All participants answered accurately, with the exception of participant 9 (using 
gofer), who was not familiar with the shape of the uk. They mentioned that 
if the unfamiliar outline did represent the uk, then the answer would be two. 
Two people looked only at the first section in the report (participants 2 & 6), 
which happened to contain both of the uk trials. If there had been any in other 
sections, their responses would have been incorrect.

Participant 3 (using the report) may have taken a particularly long time 
because they initially looked for an overall summary of all the trials. After 
abandoning this search, they were able to complete the task correctly. 
Participants 2 and 6 (both using the report) also looked for an overall 
summary, expecting that one would be present.

F – 2.4   Task 3

Q: Which trials used the Lexical Neighbourhood Test (lnt)? 
A: Staller 2002, med-el 2001, Peters 2007.

Figure F – 6 shows a summary of the time to decision and accuracy of each of 
the participants for this task. While the timing for this task with both displays 
is fairly similar, the difference in accuracy is striking. 

Participants 2 and 3 (using the report) were confused by the summary of 
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outcome measures table on p49. This table gives the name of the developer 
of the lnt test, and states that only two of the trials in the review used it. One 
of the three trials required by the answer to this question (Peters 2007) used 
lnt for two of three age groups in the trial, using a test called mlnt for the 
youngest age group. The report authors may have categorised this trial as using 
mlnt rather than lnt, resulting in lnt being marked in this table as used in 
only two trials, or an incorrect value might have been given in the table.

Participant 6 asked whether they could again just use one of the comparison 
sections of the report, answering correctly within that.

Participant 7 looked at both p69 and p81, where the information on Peters 
2007 is given, but did not report that this trial used the measure.

All five participants that used the gofer display were able to identify the 
three trials that used the lnt outcome. They all noticed that the two Peters 
trials presented in different comparison sections were likely to be the same 
study. Two of them mentioned that the alphabetical arrangement of outcome 
measures was helpful. Four of them used fingers, pencils or other aids to help 
them trace down the lines on the page to the correct outcome measures.
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F – 2.5   Task 4

Q: Can you tell me about selection bias in the Peters et al. (2007) trial please? 
A:  Were eligibility criteria stated? – Yes 
       Were eligibility criteria appropriate? – Yes 
       Were the participants representative of the population? – Partially 
       Were potential confounders reported? – Yes 
       Were they accounted for in the design and analysis? - No

The quality grid in gofer was designed to give an overview of the quality of 
the trials, rather than for people to be able to draw specific information out of 
the grids in this way. To complete this task with gofer, participants had to flick 
between the key and the data.

It is perhaps surprising, then, that there was no significant difference between 
the decision times of the two groups, with the mean task times being virtually 
identical, at 14.8% of total time for the report, and 14% for gofer. There was 
more variability in the gofer group, however, with a standard deviation of 
6.9%, compared to the report group’s SD of 2.2%. This may have been caused 
by participants 1 and 8 (both using gofer) spending a long time considering 
the relative importance of the different quality checks in relation to the study 
design.

People using the report generally spent a long time looking for the Peters trial. 
Two looked for a list of references, which was not provided. As it happens, 
this reference list in the published version of the report was not presented in 
alphabetical order in the version printed in the HTA journal, and had over 250 
references, so it is unlikely that this would have helped them to find the trial 
more quickly.
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F – 2.6   General reliability of evidence in presentation 1

At the end of the first section of the interviews, the participants were all 
asked for their opinion of the overall reliability of the evidence in the review 
that they’d been working with. There was a marked difference between the 
responses given by the two groups.

Those that had been using the gofer display tended to look at a much broader 
range of information when considering this question. They often paid close 
attention to the quality grids, but also mentioned the size and design of 
studies, the outcome measures, and the location of the studies.

Two of those that had been using the report (participants 2 and 6) said that 
they had no idea at all, and found it hard to get an overall sense of the evidence. 
Participant 3 turned to each quality table in turn, looking for text relating to 
each one. By the end of this lengthy process, they knew that the evidence was 
“moderate or poor” in each section, but few specific reasons for this. 

The last person (participant 7) mainly focussed on trial size and the lack of 
studies reporting statistical significance as their marker of reliability. They 
had looked at the “visual summary of outcomes” for the first comparison 
while familiarising themselves with the report section, which showed this 
information. This may be why they focussed on these two criteria.

F – 3   Presentation 2

The first presentation was then taken away from participants, who were then 
given whichever display they had not previously received.

F – 3.1   Presentation 2 familiarisation

Again, most people used the full five minutes allowed to look through the 
second presentation. Two of the participants (4 and 9) that were given the 
report, having been using the gofer display for the first four tasks, seemed 
dismayed at its size and complexity. Three of the participants (2, 6 and 7) that 
had just been given the gofer display said how much more interesting they 
found it. Participant 7 (now using gofer) immediately saw a pattern that they 
said they had not noticed with the report, with two of the larger trials on the 
first data page (marked p33) producing significant outcomes, but not the third.
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F – 3.2   Task 5

Q: Which trial had the longest follow-up, and how long was this? 
A: Manrique 2004 – 12 years.

While all participants were able to provide the correct answer, participants 4 
and 5 (both using the report) only looked at the first comparison (the section 
comparing single cochlear implants with non-technological support). As it 
happened, this section did contain the correct trial. Participant 9 (report) was 
asked to complete the task just in the second of the five comparison sections. 
They answered correctly within this section. The people using gofer had to 
guess the value from the visual display, which fell between two scale points of 
10 and 15 years. All gave the correct figure of 12 years.

The time difference between those with gofer and those with the report is 
striking, and statistically significant (report mean task time = 14% of total 
task time, gofer mean task time = 3% of total task time, two-sample t(6) 
= 3.8, p = 0.009). Participant 1 was excluded from this test, as they used 
both presentation methods (this task was given at a different point in that 
interview).

Participant 7 (gofer) mentioned that they hadn’t really noticed length of 
follow-up in the report at all, and that it was much easier to see this in the 
gofer display. Participant 1 (using both presentations) mentioned that, while 
it was easy to see which was largest in this case in the graphical display, it might 
be more difficult if there were a few close values.
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F – 3.3   Task 6

Q: How many of the trial reports were published in 2005 or later? 
A: Seven (without double counting the two studies that appear twice, in  
      different comparisons).

Task accuracy was very low here for both presentations. The most common 
mistake, made with both gofer and the report, was to count two of the trials 
twice each (Peters 2007 and Litovsky (a) 2006). It seems that neither gofer 
nor the report very clearly showed where studies were presented multiple 
times, in different comparison sections.

 — 407  —

1 4 5 8 9 2 3 6 7

9.7%

5.9%
3.4%

9.3%

1.1%
3.4%

1.6% 2.2% 2.5%

GOfER displayreport section

Figure F – 9
Task 6 results

Appendices

Methodological study

NICE interview data

GOfER graphic

8
A
B
C

GOfER test scriptD
GOfER test transcriptE
GOfER test dataF
SOC graphicG
SOC test scriptH
SOC test transcriptI



F – 3.4   Task 7

Q: In which trials were all participants accounted for?  
A: med-el 2001, Nikolopolous 1999, Illg 1999, Mildner 2006, Tomblin 1999  
      (partial/unclear), Osberger 1999 (partial/unclear), Osberger 1998, Litovsky 
       A 2006, Damen 2006, Huber 2005, Chmeil 2000.

Task accuracy was again very low for this task. A common error, made by 
two of those using the report and one using gofer, was to miss the two trials 
with ‘partial’ success in accounting for participants. However, this may have 
been due to their interpretation of what the task was asking for, rather than 
an inability to see this information from the displays. A range of other errors 
were made, including missing the fifth comparison section, looking at only one 
comparison section, and mistaking the labelling of the quality checks. 
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F – 3.5   Task 8

Q: Of the unilateral cochlear implants vs non-technological support trials,  
       which reported at least one significant outcome measure, and which  
       measures were these? 
A: Manrique 2004 – pta; Nikolopoulos 1999 – cdt, imst/iowa,  
       cap, sir.

This is a particularly important task for the analysis, as it is the only one 
that specified a particular treatment comparison. The report was split into 
sections for each treatment comparison, surrounded by textual content and 
other information, and the gofer display was not. In hindsight, basing tasks 
on single treatment comparison areas, like this one, would have been a fairer 
comparison of the presentation methods.

This question seems to show an advantage for gofer in terms of both decision 
accuracy and task time. While the sample of nine participants does not provide 
enough power to perform a categorical analysis (ie item response) statistical 
test on the decision accuracy, one of five participants with the report does not 
compare favourably with the three of four correct responses using gofer. The 
time to complete data shows a statistically significant difference between the 
two displays (report mean task time = 18.8% of total task time, gofer mean task 
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Task 8 results



time = 6% of total task time, two-sample t(7) = 3.2, p = 0.016).

Those using the report almost all tried to use the “summary of results” section 
on page 61 – 63. They were frequently frustrated by the lack of repeating 
headers, and changing column widths between the pages, making it hard to 
see what any of the figures presented past the first page represented*. The only 
participant that successfully completed this task with the report used the 
‘visual summary’ tables at the end of the section instead of the ‘summary of 
results’ table. 

F – 3.6   General reliability of evidence in presentation 2

The participants were asked whether the second presentation had affected how 
reliable they thought the trials in the review were. None of the five people that 
used the report second felt that their understanding of the overall reliability of 
the trials had been enhanced by their seeing it. Four of the five said it was very 
difficult to get any kind of overview using it. 

The four that had just used the gofer display generally thought that they had 
a better understanding after seeing it. Two people mentioned that they were 
better able to perform within-study comparisons, but also between-study 
comparisons with the gofer display. The one person (participant 7) that didn’t 
think their understanding had changed greatly did say that they thought it was 
easier to see the overall reliability with the gofer display.

decision accuracy, one of five participants with the report does not compare 
favourably with the three of four correct responses using gofer. The time 
to complete data shows a statistically significant difference between the two 
displays (report mean task time = 18.8% of total task time, gofer mean task 
time = 6% of total task time, two-sample t(7) = 3.2, p = 0.016).
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F – 5   Combination format

The participants were then given a document which combined both the report 
section and the gofer display. gofer was presented at the front, envisaged as a 
kind of “visual executive summary”.

F – 5.1   Combination format familiarisation

Most participants spent a few seconds flicking through this document, 
sometimes asking if everything was the same as that which they had already 
seen.

F – 5.2   Task 9

Q: How many trials used a cross-sectional study design? 
A: Five from gofer / two from report (the graphic represented cross- 
       sectional and non-randomised designs similarly, but with no follow-up  
       for cross-sectional designs).

All of the participants chose to use the gofer display for this task, but none 
of them gave the correct answer. All of the participants recognised the Svirsky 
trial (which was the example used on the key), but seven of the participants 
didn’t realise that the four smaller trials were also cross-sectional, perhaps 
because they looked so different to the larger Svirsky trial. Three people 
(participants 3, 4 and 6) were not sure how the ‘survey’ design (single arrow) 
was different to the ‘cross-sectional’ design (two separate arrows). Two people 
(participants 1 and 7) did correctly identify three of the four smaller cross-
sectional trials, but both missed Tomblin 1999, the only one that comes before 
the larger Svirsky trial used in the key. 
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The accuracy issues with this task can largely be attributed to poor explanation 
in the key, and possibly insufficient definitions of study designs.

F – 5.3   Task 10

Q: Which outcome measures were used by Nikolopoulos et al. in their  
       1999 trial? 
A: cdt, imst/iowa, cap, sir.

Again, every person chose to use the gofer display for this task. They generally 
answered quickly and accurately. Participant 2 was confused by the labelling 
of the outcome measure categories, and only reported the speech perception 
measures used.

Four of the six participants given this task used fingers or an object to point to 
dots on the grid, and used them to trace to the titles or author names.
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F – 5.4   Task 11

Q: Which trial (or trials) have the lowest mean age? (of those that report this).  
       How old is this?

A: Nikolopoulos 1999 & Svirsky 1999 – 4.2 yrs (4-4.5 acceptable).

All eight of the people that had a choice selected the gofer display again 
for this task. Participant 1, who was given this task in a different part of the 
interview, only had access to the report. All participants gave responses that lay 
within the acceptable range shown above.

Five of the participants were also asked how they felt about not knowing 
the exact numerical value of the lowest age, looking at the gofer display. 
Participant 2 thought that it was actually useful to have it emphasised how 
close some of the values were. Participants 3, 5 and 7 thought that it was 
probably acceptable not to know, but would be happy to look the value up in 
the report if they did need to know for any reason. Participant 8 thought that 
decision makers would probably want to know the exact value, and suggested 
showing it on the display in brackets.
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F – 5.5   Task 12

Q: Which trial seems to have the highest quality, according to the checklist  
       used in the report? 
A: Must mention Litovsky (a) 2006, and optionally Illg 1999 (less filled  
      quality grid, much bigger trial) or Tomblin 1999.

Each person given this task again chose to use the gofer display rather than 
the report, and all managed to complete the task successfully.

The strategy used by every person was to count the number of squares that 
were black, using a ‘first pass’ to decide on a few ‘dark-looking’ quality grids, 
and then counting squares to decide on a final answer.  

Three of the six people given this task (participants 2, 3 and 4) mentioned 
that some questions might be more important than others in considering the 
quality of the studies, but did not take this into account while giving their 
responses.

F – 5.6   Reason for selecting chosen presentation in combination format 
document

At some point after one of the four combination format tasks in the 
interviews, the participants were asked why they had chosen to use a particular 
presentation method for their responses. 

If anyone had chosen to use the report for one of the tasks during this section 
of the interviews, the responses could have been compared. As it happens, 
every person given the opportunity to use the gofer display did so for every 
task, so this comparison can not be made from these interviews.
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Six of the nine people that were asked this question mentioned that it was 
easier to find the necessary information to answer overall questions that 
applied to all studies, irrespective of which treatment comparison the study 
gave information on, in the gofer display. It might be seen as an unfair 
advantage in this experiment that the gofer display was not separated into 
sections and surrounded by text, as it could be if used in a report like this one. 
However, two of these six people mentioned that the gofer display also had 
advantages in terms of being able to quickly get a sense of the data visually, 
such as by looking at how dark a quality grid seemed, or scanning down the 
length of follow-up bars to quickly identify the largest. Two other people 
mentioned that the gofer display gave more information in a more condensed 
space, allowing them to see more about each individual trial in one place.

The other three people had slightly different reasons. Participant 4 found the 
report tables inconsistent, both between different pages of the same table and 
between sections of the report. Participant 8 thought it was easier to retain the 
information in gofer, and found that they didn’t have to write on a separate 
sheet of paper to count studies meeting a certain criteria. Participant 9 just 
mentioned that the gofer display “was faster”, and that they “knew that it [the 
study design] was a picture”.
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Appendix G

soc graphic

The version of the soc graphic that was tested in Chapter 6 is presented over 
the next seven pages. The graphic has been scaled to 90% of the tested size, to 
fit within the required document margins for this thesis.
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State Occupancy Charts (SOCs)

temozolomide vs placebo
for the treatment of newly 

diagnosed high-grade glioma

1 — State Occupancy Chart

2 — State Occupancy & Absolute Quality of Life

3 — State Occupancy & Absolute Costs Per Person

4 — Incremental State Occupancy

5 — Incremental QALYs

6 — Incremental Costs



State Occupancy Chart
treatment arm

state occupancy

– surgery (week 1)
– post-op recovery
      (weeks 2- 6)
– radiotherapy
      (weeks 7-12)
– stable disease
      (week 13+)
– progressive 
      disease
– death

placebo arm
state occupancy

�is graphic shows the number 
of simulated people in the six 
di�erent states of the model, 
over the 260 one-week cycles 
of the model. 

During the �rst week of treat-
ment, all of the people 
in the model were assumed 
to undergo surgery, which 
is represented with a seperate 
state in the model. 

From weeks 2-6, patients can 
either be in a post-operation 
recovery (treatment-free) state, 
or move to death in any 
of these �ve weeks.

In weeks 7-12, patients will 
undergo radiotherapy, have 
progressive disease or be dead.

From week 13 onwards, the 
model becomes a fairly typical 
three-state model, with patients 
either in a stable state, having 
progressive disease, 
or dead.
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�is information graphic shows 
the absolute quality of life 
experienced by the simulated 
patients in the model. �e 
shades of grey provide a scale 
from black (a utility of 1 per 
person) to white (a utility of 0 
per person).

�ese shades of grey are 
presented in bars whose length 
correspond to the number 
of people in that state in the 
model during that week, as in 
graphic 1 — State Occupancy.

�e slowly lightening e�ect in 
the progressive state is caused 
by the gradual decomposition 
of utility values in this state in 
the model. �e simulated 
patients experience less quality 
of life the longer they spend in 
this state. �e values presented 
here are the average (mean) of 
the utility scores experienced 
by the cohort in that week of 
the model.

State Occupancy & Absolute Quality of Life
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�is information graphic shows 
the absolute costs incurred per 
person in the model, on a scale 
from black (£3000 per person) 
to white (£0 per person).

�ese shades of grey are 
presented in bars whose length 
correspond to the number 
of people incurring that cost 
in that state in the model, as in 
graphic 1 — State Occupancy.

�e small dark bars appearing  
between the progressive and 
death states represent the 
one-o� costs assigned to death 
in the model. �e length of 
these bars is again proportional 
to the number of people dying 
during that week of the model.

Similar dark boxes appear 
between the stable and 
progressive states to indicate 
the higher costs assigned 
to a patient’s �rst week in the 
progressive state.

Costs for surgery in week 
1 are o� the scale at £5953 per 
person, but this cost is identical 
in both arms of the model.

State Occupancy & Absolute Costs Per Person
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Incremental State Occupancy

progressive death

5% shi�

stable

�e di�erence in state 
occupancy between the two 
arms of the model are shown 
here. 

A bar extending to the 
le� shows that there were more 
people in that state during that 
week in the placebo arm than 
in the temozolomide arm. 
Extending to the right indicates 
more people in the temozolo-
mide arm.

�e length of the bars, indicat-
ing the incremental di�erence 
between the state occupancy of 
the two arms, are proprtional 
to graphic 1: State Occupancy. 
A 10% shi� is indicated by a 
thin vertical white line.
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�is graphic shows the 
di�erences between the two 
arms of the model in terms of 
the quality adjusted life years 
(QALYs) that would be 
experienced by a simulated 
cohort of 1000 people.

A bar extending to the le� 
shows that, during that week, 
more QALYs were experienced 
by the people in the placebo 
arm than the temololomide 
arm. A bar extending to the 
right represents more QALYs 
experienced in the temozolo-
mide arm.

�in vertical white lines 
show the number of QALYs 
that would be experienced 
in a cohort of 1000 simulated 
patients. A bar that reaches one 
line represents one QALY.

�e death state is not shown, 
as no QALYs are experienced 
in that state, as it was assigned 
a utility of 0.

�e “total” column on the far 
right shows a sum of the values 
from the other two states.

Incremental QALYs

totalstable progressive

5

1 

2

3

incremental QALYs



week 13+   stable/progressive/death

weeks 2-6   post-op recovery

weeks 7-12   radiotherapy

week 1   surgery

week
26

week
39

week
52

week
65

week
78

week
91

week
104

week
117

week
130

week
143

week
156

week
169

week
182

week
195

week
208

week
221

week
234

week
247

week
260

week
26

week
13

week 7
week 2
week 1

week
39

week
52

week
65

week
78

week
91

week
104

week
117

week
130

week
143

week
156

week
169

week
182

week
195

week
208

week
221

week
234

week
247

week
260

�is graphic shows the 
di�erences in costs between 
the two arms of the model, 
again with a cohort of 1000 
simulated patients.

As before, a bar extending 
to the le� shows higher costs 
in the placebo arm, and 
a bar extending to the right 
shows higher costs in 
the temozolomide arm.

�e thin vertical white lines 
show cost thresholds in 
increments of £100,000

�e “total” column on the 
far right shows a sum of the 
values from all three states 
of the model.
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Appendix H

Script for soc test interviews

22nd July 2010

---intro---

Thank participant.

Presentation format that we are considering using.

Your answers help us decide how to present HTA data at PenTAG.

What we plan to do with research. 

analysed results & anonymised transcripts in PhD. 

Care will be taken that you cannot be identified. 

analysed results may also be used in paper for IJTAHC 

will not give the recordings or transcripts to any third party, or use them for 
any other purpose.

happy to be video recorded? 

enable me to concentrate on tests, I will not have to make extensive notes.

---context---

considering use of graphical presentation technique in HTA work. 

a way of showing state occupancy in cycles of Markov model 
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relates this to costs and QALYs

data from PenTAG model - Temzolomide vs placebo - treatment of newly 
diagnosed high-grade glioma.

I’ll be giving you 6 tasks, 

requiring you to pull information out of the graphics for me. 

don’t worry if difficulty finding information. 

presentation method being tested, not you. 

welcome to ask questions 

I may choose not to answer if I feel that the presentation method should be 
able to answer. 

process of finding answers without my help more representative of how 
someone would use graphic if in a report.

---personal information collection---

Before we begin, may I collect some personal information about you? 

welcome to answer only questions feel comfortable with.

Tell me about your experience with modelling / simulation modelling.•	

What is your experience with HTA?•	

Are you familiar with the carmustine implants / temozolomide for high-•	
grade glioma report?

Do you have the learning styles questionnaire I asked you to complete?•	
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Have you ever felt the need to show where the costs and QALYs come from •	
in a markov model?

In your experience, are decision-makers content to just be presented with an •	
ICER?

Okay, we’ll begin the test. 

Here is the information graphic. 

---SOC graphic given--- 

Please take a few minutes to familiarise yourself with information it contains.

---5 mins to look through---

I’ll now give you tasks to perform. 

We’ll have a chance for general discussion after we finish, 

but feel free to ask questions or make suggestions as we go through.

1)a How many people have progressive disease in week 52 of the  
 temozolomide arm of the model?

1)b Is this more or less than in the placebo arm?

1)c How did you find this information? 

2)a  Where do the costs tend to come from in the model?

2)b  Does this information help you to understand this  
 model?

2)c  Why is this?

3)a What would you say the average utility value of those in the  
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 progressive state was in week 78 of the model, for the temozolomide  
 arm?

3)b How does this compare with those in the placebo arm?

4)a  Is there a particular model state in which the simulated patients  
 experience more QALYs in the placebo arm than in the temozolomide 
 arm?

4)b Why do you think this is so?

5)a At what point are more people in the progressive state in the  
 temozolomide arm than in the placebo arm?

5)b If graphic 4 used -- Would you have been able to judge this without  
 using the incremental state occupancy display?

 If graphic 1 used -- Why did you prefer to use graphic 1 over  
  graphic 4?

6)a Where does the greatest difference between the costs of the two arms  
 lie?

---general questions---

Was there any information that you thought was missing from the •	
presentation that would be useful to show in an HTA report?

Do you feel that any of the information is unnecessary for an HTA report?•	

Do you think this kind of display would be useful or confusing to a decision-•	
maker at NICE?
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IF YES - what might it show them that they do not already know? -

IF NO - is there anything that might be improved to make it more  -
     helpful?

Do you feel it would be useful to anyone else involved in the HTA process?•	

How easy do you think it would be to compare this graphic to one produced •	
for a different appraisal?

Do you think this graphic would be more useful for STAs or MTAs?•	

Do you have any questions for me?•	

---outro---

 
Thank participant

Mention talk - 3pm tuesday
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Appendix I

Sample interview transcript from SOC tests

interview transcript 6

Interview date: 27th July 2010

Interviewer

Participant

Timings

Questions/tasks

Participant’s actions

<6s> - shows where participant is quietly reading or gathering 
information. In this case, for 6 seconds.

p32 / p vi is used as shorthand for the participant turning to a 
particular page.

question is used for shorthand to indicate that the participant is 
starting to look at the currently visible question card.

three dots (...) indicate an unintelligible syllable.

a hyphen at the end of a word (word-) indicates an unfinished 
sentence. 

And I’ll hide it away so it doesn’t prove enormously distracting 
to us so just ignore it.  Just concentrate on asking you the 
questions. So, oh and I should have said you won’t be identified.

So I am considering a graphical presentation technique for use 
in HTA-type TAR reports. and it’s a way of showing the state 
occupancy in different cycles in a markov model and relating 
those to the costs and QALYs that are incurred in different 
cycles of the model.  So we’ve used data from this technology 

 — 429  —

8
A
B
C
D
E
F
G
H
I

Appendices

Methodological study

NICE interview data

GOfER graphic

GOfER test script

GOfER test transcript

GOfER test data

SOC graphic

SOC test script

SOC test transcript



assessment report which is high-grade glioma. A treatment called 
Temozolomide which is the drug that’s given at the same time as 
radiotherapy.

Okay.

It’s a sort of very typical end of life drug and it’s just data 
comparing that to a placebo so it’s a very simple situation I guess 
for this one.

1:00

and what I’ll do is I’ll give you a few moments to familiarise 
yourself with it and then I’ll give you six tasks to perform just 
pulling information out of it. Don’t worry if you find, if you have 
difficulty in finding any of the information for the tasks it’s the 
presentation that I am testing not yourself so it’s probably just 
that it’s hard to find it if that’s the case.  Ask questions as you go 
through feel free especially anything that would be in the report 
that you would know if you were reading it and I am quite happy 
to tell you about the structure of the model, or anything like that 
that would be in the rest of the report.  I might choose not to 
answer questions if I feel that the presentation method should 
be able to answer it itself because the process of you finding the 
answers to your own questions without my help would be more 
representative of how someone might use the report 

The actual new one or the old one?

Sorry, the new one. you won’t really have to look at the old one 
particularly.

Okay.

So 

2:00

before we begin can I just collect a bit of general information 
about yourself?  Can you tell me something about your 
experience with modelling particularly simulation modelling?

Okay I have been at ScHARR since ’96 so however many years 
that is and then.

About fourteen years is that?

Yeah and since then, since the start of that I’ve been doing 
modelling, mathematical modelling and simulation in healthcare.

Extensive I would say.

Yeah okay.

And very relevant and was that your first experience of HTA in ’96 
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when you joined ScHARR?

Yes more or less yes.

And has it all been for HTA work or- was it NICE work or-

Well NICE- I wouldn’t include NICE as HTA.  It depends it’s a 
question is it just straightforward pharmaceutical drug A versus 
drug B work model or, because we get, I haven’t, I’ve done a bit 
of capacity planning right at the start, 

3:00

and I’ve also done more interesting work on infectious diseases 
and transmissions that go beyond the standard Markov so I am 
not really sure how long I think you want me to go on for about 
that.

Yeah just any indication that you could give me of how your work 
relates to what we do at PenTAG which is producing mostly 
producing technology assessment reports for NICE. 

well it’s totally-

But it’s totally different to that?

Okay well it’s, it’s totally similar

Excellent

It’s totally similar on the- I’m effectively- I am trying to think- 
_______ runs your group, doesn’t ___? 

Yes.

I’m effectively _______ [same name as before]. Except that I do 
far more modelling than _______ [same name] does.  So I am on 
the committee as well as you know.

So you’ve got a real familiarity with the committee, that’s brilliant.

Yes so I’m on committee C which is one of the Manchester 
committees.

Okay.

I’ve done fifteen of those

Points to report.

Yeah.

I guess, I’ve just had to update my CV for some of them which is 
why I know, I think I’ve done ten first authors or something like 
that 
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4:00

so I mean I know it very, very well.

So it’s more management of the team that does the report.

You would hope that that would be the case but no I’ve rescued 
enough people and quite often I’m involved.  We’ve just finished 
one last week where I’ve led it, done the modelling so, as well as 
supervising everyone else, I quite often do it.

Thank you, that gives me a really good idea of your role in it 
and you’re familiarity with the committee will be very helpful. 
The thing I am interested in really is how to communicate the 
structure of the model to people at NICE and other decision 
makers. People that need to have an understanding of the model, 
but haven’t actually got to grips with it themselves so that’s going 
to be quite interesting. Great so are you familiar with that report 
at all?

No I’ve never seen it.

Great that’s fantastic. You’ve given me your learning styles 
questionnaire sorry it was slightly irritating. I need to find a better 
one, but it has useful categories, so- 

5:00 

So if you were trying to present a Markov to somebody would 
you normally be content to just give them the kind of you know 
the outputs, the ICER value or do you need to sort of show them 
something about what happens in the model to produce that 
value?

To a committee, yes?

To a committee particularly, yes.

The strategy that I would apply- I think the problem is if it goes to 
a committee then it’s a lead team member are you aware of this?

Yes.

And then they decide what they present so you get some 
influence, but, even if I was doing it when I do my lead committee 
ones I would be happy to give the summary values but I would 
know for sure where, what the key drivers were, what the utilities 
were in each state so that if anyone asks the question I could 
answer it.

That’s interesting so it’s often the lead team presentation- the 
person who is giving that the lead member who will know inside 
and pout the structure of the model, and present just key results 
from it, but obviously if it becomes crucial 
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6:00

they will have the information.

Yes and no at the committee what you’ve got is you’ll have two 
or three people from the Institution.

Yes.

And they will be there but because for reasons of consistency 
probably style, grammar and knowing all the ins and outs 
properly the lead team- the assessment group’s never allowed to 
present.

Yes.

So they are there and what you’ll find is somebody will present 
their results and then as soon as the nitty gritty questions start 
coming the lead team member backs away and then it’s the 
assessment team

then it’s the TAR team

Yes.

Yes.

So, so the question, there’s two questions (a) what you present in 
that 

points to the report

and (b) what do you, what is presented to the committee.

But all committee members do get to see the report?

Yes

almost laughs

this is an in- the committee’s made up of diverse members and 
there’s probably four 

7:00

designated health economists and the problem is a health 
economist is about, you get people who know all about the SF36 
the EQ5D utilities and who know mathematical modellers but 
they are lumped together and they are vastly different.

So you could end up with four that are more into the utilities side 
of things.

You could do, and that would be a disaster from my perspective.

But obviously,  but you try and balance those, I am sure sure they 
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do-

Yes they do, they do try and do that but outside of those and the 
people who are really interested I am unsure how many people 
read it. To me there’s probably about ten people driving the 
decision from each committee. So those are the ten that really 
matter.

That’s really interesting.

And so then it’s going to be interesting how you, those should 
be the ones who as we saw in the email that went back just 
when me and _______ were having an in joke, I am sure most- 
I wouldn’t be surprised if a third of the committee members 
couldn’t tell you what a CEAC actually was.

8:00

Yes, sure.

And they then misinterpret it.

Yes.

So, but whether or not you want to get the information across to 
them- obviously the more information you have the better, but 
whether or not they choose to use it is a different issue.

Of course and you can never really predict what happens when 
you give someone the information. How long they have to get 
through it all, the conditions that they are studying it in, are they 
doing it at a weekend and on a train or-

To give you an indication for the last committee I went we got 
1200 pages come through to read in five working days.

Good grief.

Before the committee.

Yeah it just seems insane to actually expect-

Well I had a chat with, not _______ who’s the other, who’s your 
other modeller?

_______ _______.

No not _______, _______ works because he has been thinking 
about applying and I think I probably put him off not intentionally 
but he asked about workload so I actually gave him an honest 
answer.

At that’s a really interesting situation there, and I guess anything 
that speeds up the process of them getting information is good 
and therefore over-complicating things probably not.
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It depends though. 

9:00

I was teaching yesterday for the NICE Association of British 
Pharmaceutical Industry as soon as, I am also worried that 
people understand things a little and then make totally wrong 
conclusions because they don’t understand it fully.  So it’s not, 
I am not sure how much you can simplify it apart from having 
people in who can do it in their sleep.

And I guess a committee is a selection of individuals, each with 
their own individual strengths, so those who do really understand 
it will be to guide it to some extent.

And the others don’t which is may be what I was saying in a 
long-winded way.

Yes, no, no that’s fine, that’s fine it’s good to say things 
in different ways to know that I am slightly sort of slightly 
understanding, and listening to the tape will be good as well. 
Okay then I think I’ve got a fair idea about that so what I’ll do is I 
will give you the graphic presentation that we are testing here.

Yes.

And I will give you about five minutes to familiarise yourself with it 
and then I’ll give out to you six tasks to pull out the information 

10:00

and then we can have a bit more of a general discussion after 
that.

Yep, okay.

Cool so that’s the graphic there 

takes graphic from interviewer.

and if you put it there yeah that will be great.

reads cover <5s>

Oh if you wanted to see the structure of the model, that’s 

interviewer opens report, places it next to graphic

the state transition diagram there. It is fairly simple kind of end of 
life thing. There are a few sort of pretty much tunnel states at the 
start, and then it goes into stable, progressive or death. A simple 
end of life drug.

All right.
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p1 <19s> report <2s> p1 

11:00

<20s> p2 <54s> 

12:00

p3 <64s>

13:00

p4 <41s> p5

14:00

<74s> 

15:00

p6 <32s>

Okay?

Okay.  Do you want me to make any comment at all?

Well we’ll have a chance general discussion afterwards.

Okay I think one of your descriptions is slightly wrong down the 
left.

Probably is, yes. I’m not an expert in these things. My job is to 
produce the graphical things, 

16:00

and I rely on the guidance of people for- so that would be really 
good to know, later on.

Okay.

But if I can ask you do the six tasks 

Yep.

and then we’ll have a chance to bring those things out when we 
go.  Task number one.

interviewer gives question 1 [16:11]

reads question 1 <4s> p1 <6s>

You actually want the number for this, or-

Approximately yes that will be fine. 

Okay.
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bends to look closely at page

That’s all a graphical thing can ever really give you.

points finger around week 52 on treatment panel

Okay.  I was just checking. Hm.

key, question

Treatment arm week 52 

p1

progressive disease 

moves finger to right of progressive disease bar in week 52

65 minus 

moves finger to left of progressive disease bar in week 52

30 about 35%.

completes response [16:51]

Excellent thanks very much.  Do you think that is more or less in 
the placebo arm during that week?

bends over to look at page

17:00

That is less.

Great and you found that information by-

I did it expressly- I did my method for you on video.

Yes.

I just working out the length of the progressive disease arm.

Yes it’s not a massively good quality video but it’s just a sort of 
medium grey bar you are looking at.

Oh yes medium grey bar

And it was just above the white line where it says week 52, I 
guess.

Yeah, yeah.

Great that’s perfect thank you very much.  Shall we move onto 
the next one.

interviewer gives question 2 [17:35]
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More of a judgement based question I suppose. 

reads question <3s>

It could be just: tell me about the costs in the model.

Well if the model’s been done correctly you’ve got a state costs 
for each of these ignoring your one off costs right at the start, 
you’ve got a state cost presumably per week or per whatever 
time cycle you are using for progressive disease 

18:00

for- you’ll have a one-off cost of death I think you said, and for 
stable disease. And just the sum product of those two.

Yes it’s slightly have a look at the second page there.

p2

Okay.

Sorry the third page.

Third page all right.

p3

It’s slightly different because, well, tell me if you can see from 
there that they might be different.

That might be different, okay. 

turns page landscape

apart from assuming zero costs for stable disease.

Yes it’s not quite zero, but it’s so close to zero that it doesn’t 
show up.

Right, okay. 

<2s> rotates graphic portrait <2s> p5

I just want to check on the incremental costs to see whether or 
not 

p3

those two 

points to surgery in placebo arm, p4

are actually the same because obviously you’ve got the drug 
costs on there as well is that the bit you want me to
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Is that for surgery or-

p3

No I am just saying on the treatment arm I didn’t 

19:00

point out the fact that whoever is on treatment will also be getting 
drug costs. 

p6

Sorry, that was- I did it without saying. So, 

<11s>

yeah which explains why at some point, across just individual 
time weeks, you get different, the costs in the treatment arm is 
actually 

<2s>

more which would be due to the drug costs.

Yes, yes that’s where the drug’s administered.  Okay great.  So 
this one.

interviewer gives question 3 [19:45]

reads question <5s>

okay, so

p4, p5

incremental QALYs-

p6, p5, p4, p3, p2

20:00

here we are then

question, turns graphic sideways

I’m interested that you’re naturally turning it on its side. That’s a 
more familiar way of-

Well it is- for this one it just was, the other ones I can do it by I 
think I was mentally turning it on its side for the other ones.  So 
for here 

question

progressive 
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p2

state, you are in the treatment arm, you’re at week 78. 
Progressive- that’s stable progressive. Yeah.  

looks at key twice

it’s going to be around 0.5 mark.

completes response [20:41]

Okay great and how does that relate to the value in the placebo 
arm?

It should be the same unless you are getting toxic effects from 
the drug. The trouble is, I’m used to doing these so I’d be 
looking- if it wasn’t very near the same I would want to know why 
it wasn’t 

bends closely to page

21:00

but let me just check.  Umm no my eyes aren’t good enough it 
looks about the same.

Yeah I think it was something to do with the quality of the printout 
as well. But no I think it is almost exactly the same, actually.

But if you are getting side effects it might be 0.01 less which you 
aren’t going to pick up.

points to graphic.

Well exactly but then you might argue that it’s not necessary to 
pick it up so much, as there isn’t make such a difference.

It depends on what the outcome is I guess.

Very true, very true. Yes I think in this model there is a slight, the 
progressive state is done in a slightly complicated where it slowly 
degrades over time, so the longer someone’s spent in it, the less 
utility value-

I suppose the point I was making there, I didn’t go into explaining 
it in full the point I was making was if you have two identical 
drugs, bar one gave you stomach ache, that would come across 
on your mean cost per QALY table, but not on here.

Ah yes, yes.

So that’s what I was saying.

Yes.

22:00
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You wouldn’t discount it because no one would take the second 
drug, it would be dominated.

Yeah sure, sure. Okay then.

interviewer gives question 4 [22:11]

reads question <8s>

Okay.  

p2 <4s> question <6s>

And that question means particular model state.

Yes, 

okay

sorry, it’s a bit of a long question

No, no, no I was making sure that- 

turns document portrait

unless I am reading this wrong let me just check what else you 
have given me, 

p1

I’ll give you my initial gut answer as it will hopefully teach you the 
way people- or give you an insight into the way people think. 

p2

23:00

My gut feeling is that it’s got just be on this graph, and I’m 
comparing the line colours 

puts a finger on each arm of the graphic, around week 80, 
question

whether or not 

p1

there’s anything more, 

p3

if there’s a hidden thing I am falling into 

p4

but immediately 
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p1

because it’s per state you only want it to compare 

p2

the three separate things.

points to placebo then treatment arm

Yes I see what you mean.

turns document landscape

Unless I am missing something let me just have a look, 

holds graphic up closer to eyes <5s>

from that 

question

apart from the side effects that we wouldn’t pick up and also 
potentially a one off side effects of surgery 

p2, turns document portrait.

which I am not sure you can see 

I’m not sure that was reported

They should have done. 

question

The answer is no

not sure.

Yeah well my answer’s no.

or there isn’t a particular state, okay.

Yeah.

Try and look at page five 

p3

that might be a bit easier to see 

p4

from there.

p5 
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24:00

Yeah I know but this isn’t per state this is adjusted per by people 
in state isn’t it.

That’s a good point.

That was why I was asking what the question was.

Yeah, yeah, yeah.

What I’m saying is, say there was- the utility was 0.6 in both 
arms.

Yes.

But you have more people in the placebo arm.

Yes, yes.

That to me is a no but were you thinking that was a yes.

Yes I was yes.

Okay that was why I checked on the wording.  

I understand.

Okay so I can add-

So you’re really more interested in the absolute value- in whether 
they are actually produced because there are more of them 
because that’s something that you’ve come across before?

<2s>

I immediately would have put per patient on the end of that.

points to question.

Yes.

Which there isn’t so that

Yes, correct, I understand exactly what you are saying now.  I 
was asking-

To me I would be more, it’s obvious if you’ve got more people in 
there you would get more that’s so obvious you don’t really need 
it but what you do need to know is per patient to see if there’s 
trickery going on 

25:00

because it might be that the side effects are so bad that it’s really 
driving the model.
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Yes.

So in which case to answer that to answer that question then yes 
there will be because more people progress therefore you’ve got 
more in the progression [stage end?].

completes response [25:16]

The follow up question was why do you think that is, and 
obviously that was in your mind before even answering, so-

Yeah it would be interesting to see how many people you get- 
obviously for my sins, I’ve been doing this for too long.

That’s really, really helpful thank you and I think that that kind of 
information might show me what would be more useful to present 
in different versions as well.

Although why and I’ll ask you at the end I was going to ask you 
why here 

points to negative QALYs during radiotherapy and early stable 
state for the stable display

unless it’s a side effect of the actual-

Good point I am not actually sure.

I think that would be a side effect of the- maybe it’s- they 
shouldn’t both be that way obviously so it’s got to be an offset.  
This is good, because it will indicate to me that, in the model, 
hold on, something is happening in these weeks that I need to 
know about.  

26:00

Is it that this drug has a really nasty nausea for the first two 
weeks, or whatever it is.

You are pointing at the stable state in week 13.

Yeah, yeah.

There’s two weeks where there are-

In week 13 and 14 the incremental QALYs are negative for both 
stable and progressive whereas we would suspect that more 
people would be as happens in week 39 for instance that there 
will be more for the stable in the treatment arm and less in the 
progressive.  So something that would be good at indicating it.

Okay, sure, excellent thank you very good.

interviewer gives question 5 [26:37]
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reads question <6s>

Okay.  

closes document, p3 <4s> p2, p1

... ... ... ... ... ... 

turns document landscape, question

... ... people in the progressive state 

p1

27:00

places two adjacent index fingers below placebo panel, around 
weeks 91 and 104

so for your tape I’m looking to see when the progressive bars are 
roughly equal.

Yes.

Which isn’t going to be-

makes strained noise

hang on

turns head to view portrait

for the sake of this about 68 I guess about 

turns head back to view landscape

oh no more 78 

turns head to view portrait

about 80 

completes response [27:18]

places fingers on progressive state in both arm panels, around 
week 80.

I was just trying to look and see where the bars were identical.

That’s pretty perfect, thank you for saying that out loud.  So is 
there any particular reason that you prefer to use that one, this 
question could be got from that or from page 4 and particularly

I think it probably be because I prefer working with solid bars.

p4
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Yes.

Well you can’t get it from four if there’s going to be a different 
utility effect can you, hold on oh this is your incremental state 
yeah, no you can do so you could have been looking for when 
that hits zero.

Yeah.

Yeah okay well I wasn’t far off then.  I think the main reason I 
went to that one is 

28:00

‘cos I saw it first and knew I could get the answer for the rough 
degree of accuracy I wanted but you are right for more accuracy 
you should have gone for four.

But it might also be the function of having seen quite a lot of 
state occupancy diagrams like that before.  I mean normally you 
would use lines I suppose, but that might be more familiar.

Possibly but this is, I mean I actually like these graphs they are 
useful but they are not difficult to interpret so it’s it is a better way 
there you didn’t have to do the eyeballing two lines this is a far 
better way of doing it.

And the last one.

interviewer gives question 6 [28:35]

reads question <3s>

Ooh.

p5

that’s a bit more of a

p6

yes, a judgemental one.

Hold on I need to be sort of looking at two at the same time 

holds hand in p6, turns back to p3

to see which one is the better one.  

<3s> p2, still holding p6, 

29:00

p1, p2, p3 <3s> p6, question <2s> p6 <3s>

Okay I would be saying there’s clearly something going on with 
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radiotherapy costs in weeks 7 and 12 but then there’s also the 
cost presumably of the drug costs of stable patients and just 
general treatment within weeks- I don’t know if that’s 15 or 13, 
down to about 39.

Yes would you say either of those had a greater effect?

um. ts ts tsss.

<3s>

It would be interesting to see them added up.  They probably 
look about equal although this one may be the 39 might shave it 
but four lines at double 

30:00

is going to be the same as eight lines at half I know that isn’t 
quite right but it’s hard to tell.

No that is really interesting I think they are almost exactly equal 
so it’s interesting. It seems that people can measure that fairly 
naturally. I was wondering if one would outweigh the other, but 
that doesn’t seem to be the case. Great, well that’s the end of the 
questions thank you very much indeed.

Can I tell you that thing 

p5

just while I am think of it.

Yes do yes.

I think yeah let me just check. I knew when I read it about three 
times just to check.

Sorry.

points towards bottom of text area <14s>

I just don’t think I had it right earlier in my head.  It doesn’t show 
the number of QALYs that will be experienced, it’s obviously the 
incremental QALYs

Ah.

QALYs.

31:00

Yes so it’s the incremental QALYs that would be experienced.

It’s as soon as you were saying the cohort, well I don’t think the 
cohort size, okay the cohort of 1000
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Yes.

It, in number four when you pulled it out it slightly changed the 
sentence and made it better I think.  You said the incremental 
difference between the state occupancy- oop, typo

Which one, proportional?

yes. A ten percent shift is indicated- okay so that’s just ten 
percent so that one’s fine I think it was just a bit strange that it 
just said the number of QALYs from a thousand.

Yeah, yeah the number of, yeah you are absolutely right that 
should be much clearer.  I am slightly hampered because I don’t 
actually have a background in-

No, no, no it’s just in case ‘cos I knew that one and I read it 
through three times just making sure I understood what you 
meant.

Yeah, yeah that’s fair enough yeah that will be helpful luckily this 
isn’t going into a live report.

32:00

It’s only minor anyway.

That’s great no thank you I can see what you mean. Right well if 
it’s okay we, if I can go on to asking you a few general questions 
about it if that’s fine we’ve talked about half an hour now so if we 
can go on for another ten minutes of so.

No I’m fine.

Brilliant thank you very much.  First of all was there any 
information that you thought was missing from these graphics 
that should be added in that would help to understand the 
model?

Are you taking it for red 

p1

that the mean costs and QALYs are already upfront in the table?

Yeah they should be presented numerically elsewhere and I am 
pretty sure that this was never obviously be able to replace the 
numerical-

Yeah, yeah.  No it was very intuitive and useful.  It would only- it 
would be of most use for detecting errors within the model.

Interesting.

Interesting for that one I picked up and said: well, why is that 
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happening. So it would be good for eliciting or making explicit 
assumptions made within the model.

So it might be useful in the actual modeller 

33:00

themself to look at as well.

Yes they should be doing that anyway I would say but yeah the 
modeller should always understand the model he’s but yeah if he 
didn’t mean 

p5, points to negative QALYs at top of stable state

that to happen.

Yeah.

Then, yeah if you didn’t mean the two bits on the left of week 13-
ish to happen then obviously there’s a problem in the model but if 
you did mean it to happen you could say to the committee this is 
due to reason a, b, c.

Yes okay.

So no 

p6

I mean 

p5

it was intuitive enough to follow it pretty much easily.

If you had to take one of those six pages out which would it be?

p6, p5, p4

Okay 

p3, p2

amusingly going back to 

p1

my previous answer 

p4

4 you can take, 

34:00
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4 might well be the candidate 

p1

because you can calculate that yourself.

Looking at 1.

Yeah which is the longer way that I did it rather than the shortcut.

Yes.

So.

p2

If there was a real premium for space in ....

Well yeah okay if there was a real premium for space two could 
go and you could also have on the top 

p1

of here or somewhere on here a chart that says 

points near top of text, p1

utility state and treatment, non treatment and you could just do 
that.  

p2

I mean that’s a handy way of doing it but you could always- I 
suppose where I am going to is probably most of it- there’s two 
things, if you are really worried about space you could probably 
kill almost all of this.  If you are wanting for informative stuff that 
will help decision then it is useful.

Cool.

But I, you know you could extract almost all of this from here 
points to report but not as quickly.

p3

Yeah okay.

So yeah.

p1 

35:00

Which would be the most useful 

p4
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for that, I suppose, is the question.

p5

Five immediately showed generally QALYs drive it, drives the 
decisions particularly over a long term disease.  So seeing how 
they were built up was good.

p6

ditto with the cost if you had to just, 

p4

if you only had to run with two and the rest were in tables 

p3

five and six would be the ones you would keep 

p1

alongside one.

Great thank you for that that’s great.  Okay then do you think this 
kind of display would be useful opportunity to a decision maker 
at NICE?

laughs

It comes back to my first question.  If you only assume that fifty 
percent of people understand the mathematical modelling that 
goes on then it will be useful to fifty percent who will be the ones 
making the decision the other fifty percent probably just glance at 
it and allow other people to make the decision.

That’s interesting.

36:00

But yeah I mean if this was in, this was in a report, I’d think: Yeah, 
that’s good.

Okay and we’ve already talked about other people in the HTA 
process. Do you think there’s anybody else apart from modellers 
and committee members that it might be useful for?

Any interested person it will be useful to but it depends who they 
are. It might be drug competitors working out how the model was 
put together, it would certainly be the drug company wanting to 
know if they believed your model.

Yes.

So it would always be useful, anyone who wants to validate the 
model it would be handy a handy tool.
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Good that’s good and if I produced a different one of these 
for another intervention how easy do you think it would be to 
compare the two?

Different disease areas or same disease area?

Yeah different disease area 

37:00

and different treatments.

The question would be why do you want to compare them unless 
you’re running a cost equality matrix in which case the table up 
front is your one.

Yeah that’s true, that’s true so I guess I’m saying because there 
are some fairly arbitrary values like the maximum cost, the 
blackness is 3,000, 

Oh okay. 

in another treatment it might be 6,000. Do you think that’s a 
weakness?

No because it would be making all these within a certain disease 
area and that if it was an STA it would be confined to that one 
drug and its comparators within that disease area and within the 
MTAs it would be within that disease area.

So sort of break it down into smaller comparisons.

More interesting would be and we will come on to in the end 
is what you do when you don’t want to use a Markov model or 
when you use a complicated Markov model that has multiple 
states.

That’s true yeah like 16 or 18 states.

Yeah if you are putting patient history in there that would be an 
interesting one.

Yeah.  

38:00

There was a small about of that there, but yeah.  It might, 
yes that’s an interesting point and actually, may as well say 
something about that now.  I was thinking that perhaps if it was 
something that people were quite familiar that that degree of 
blackness equals the amount of costs produced, it might be a 
bit more difficult to interpret which stage is which because you 
certainly see at what point in the model the costs were coming 
out in which states especially with good labelling.
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Yeah you should be able to.  Mine is more for instance if you had 
an MI but then break your wrist you don’t want to lose you know 
the wrist utility is something like 0.99. You don’t want to lose the 
fact that you’ve had an MI and you are actually at point A.  So 
you have to be containing within the model, you might need an 
MI and wrist state. So all of a sudden you are now at- it’s going 
to be a lot harder to- it depends.  

39:00

85% of models that we see aren’t difficult and would benefit from 
this. The other fifteen might be harder to deal with 

sure.

there’s an osteo report I did that was an individual patient model 
that I think had something stupid- it was in the- if I had done it as 
a decision tree or as a Markov if would have needed something 
like- as a decision tree it would need to be something over like 
two million states.

Good grief.

But then you’ve got four different fracture types, MI, CHD and 
you’ve got to be keeping a history of them.  So

Wouldn’t you do something like discrete event simulation then?

Yeah which is, that was back in 1999 when I did that work now I 
am doing it all on DES.

Yes.

So the interesting, I do a lot of the DES the interesting thing 
would be how this would come across in a DES model.

A very good point. It’s designed for Markov, just because

Yes I am not knocking it, for a Markov it looks really good and I 
am just throwing out- because I do a lot of DES work.

But would it work with DES?

It would be harder to do 

40:00

but that doesn’t stop you saying this is a good idea.  I don’t want 
to really put a damper on it.

No, no that’s fine and- the only reason is that there are a lot of 
Markovs used at the moment.

Well mainly due to NICE’s rules on software 
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oh, right

but at the minute they are only letting through models- oh, well 
it’s not only, there are exceptions if you notify NICE in advance 
and the assessment group accept.

Yes.

but it’s Excel, Triage and WinBugs there may be another free one 
that’s in there oh what’s it called-

But you’re not actually- unless you’ve got specific permission, 
you’re not going to be using Simul8, or-

No well I love that program that’s the one I use all the time. 
I’ve done an assessment group in Simul8 and got my knuckles 
wrapped.  One’s come through in Simul8 and I had to go and 
teach _______ [another TAR team] how to use Simul8 so they 
could do it, but no, not allowed which is a crying shame but yes. 

41:00

The reasons for that ‘cos I’m not just saying- this the reasons 
for that is that if you use Simul8 them what about Arena and 
and what about the other twenty competitors but that’s a much 
different question I suppose. I’m veering off, so I’ll

No that’s fine, that’s fine.  We are very nearly finished actually. Oh 
I just wanted to ask you do you think this would be more useful 
for STAs or MTAs?

Probably about the same the only thing that could be interesting 
on an MTA is that you could do, you could obviously make this, it 
would be nice to get then all on one page, but if there was more 
than three it might be problematic.

I guess you could probably do four and

Yeah you would ideally only have only do one on the efficient 
frontier or the CEAF.

Oh yes.

Are you happy with the cost effectiveness acceptability frontier?

42:00

I think so.

It’s the ones that aren’t dominated or extendedly dominated, so 
you take them out, and then you just get

I see the- so you have an incremental gain in each case.

Yeah, yeah so that would be, if I was doing it or wanted to see 
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it for an MTA then that would be the ones that would be the 
obvious candidates but if you ordered them in the right order 
it wouldn’t be a problem anyway and saying that people can 
always print out a second page and just put them beside it

That’s quite a good point actually yes. 

That’s what I’d do.

I know that seems simple, but that does- I mean, this is stapled 
because I know that people will get them in a bound report and 
won’t be able to look at them side by side and so I’ve been 
testing everything on that basis.

Well you would expect that because of this cost cutting in 
NICE means that we might actually have to print out everything 
ourselves so the bound report is- yeah, I think that’s going to 
cause a few arguments but the bound report may be a thing of 
the past.

Yes, distribute them in PDF format, 

43:00

and let them read it on screen.

But when you’ve got 1200 pages and people are already doing it 
for free and their work is then getting charged for it.

Yes.

We’ll see. it helps me and it helps people like _______ [director of 
another TAR team] because it helps us run, and see what’s going 
on, and make better decisions.

Yes.

But for the people-

You have people like me saying you should be printing them in 
colour because you get more dimensions of data in the graphic, 
but I don’t think that’s going to happen.

No you can tell from this more or less anyway.

That’s true yes

And this wouldn’t replace anything 

no.

this would just be a really handy go to sheet in the committee 
when you’ve already read it and you’ve already read the numbers 
in the table but this is quickly let me just test my theory again.
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Yes I guess so. Yeah, I think that’s how I see it being used. have 
you ever seen anything like this done before?

Surprisingly no ‘cos it is simple and easy.

Yes.

It’s good that you are, that you are putting this together and it will 
come out.  

44:00

You may have hit on something nice and easy that no one has 
done before, which is a good thing to do.

I mean presumably you must have seen state occupancy 
diagrams like that 

turns p1 landscape

with a line, curve, graph-

turns p1 portrait

Yeah I mean that one is fairly standard. I don’t know whether it’s 
laziness, time pressures why we don’t normally do them. I guess 
it’s a bit of both.

Well I had to use some slightly unusual software to get the value- 
the grey scale values on there I didn’t do that in Excel that was an 
open source piece of software called-

The interesting thing would be, sorry,

p2

it’s something that I was thinking about ‘cos you couldn’t pick 
it up off it but was this a really chronic disease as that went for 
thirty years it wasn’t end of life?  Presumably by the time you got 
to year 30, almost everything would be close to white.

Yes.

Because of the discounting. and I think that was what you meant 
with your-

points to top of third paragraph on p2, talking about the 
lightening effect in the progressive state.

Yes, and this is un-discounted as well actually, but yeah we-

Oh okay 

45:00

I was assuming what’s the gradual decomposition thing then?
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Oh sorry that’s not discounting that’s, 

just age then

that’s the wording that was used that was used in the report but 
I don’t know what the reasons for it are I am afraid but it just, the 
utility value slowly-

And it isn’t discounting, because it screams discounting to me 
but

It could be actually that’s a good point the costs aren’t 
discounted and maybe I’ve done something horrible and 
discounted the QALYs and not the costs.  Because the 
discounted costs value which I didn’t use. 

Okay it’s just that, yeah, each year- well there’s two things going 
on with the QALYs and it could be one is each year you get older 
you get less utility so there’s that part one and then there’s the 
discounting so maybe it’s that first one I will be surprised if they 
didn’t do discounting though.

Oh, they did yes, I just didn’t use it for this particular-

But the thing is no decision is ever made not discounted.

Yes.

So you would need that and so 

It could be done.

I guess where I am going to is once you get beyond year 15 this 
graph will, this colour scheme won’t be particularly useful.

46:00

Yes.

Unless you are using it, unless you make it damn clear that it’s 
not discounted in which case 

p4

these

p3

 numbers 

p5

here though 

points to p5
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would need, these have to have discounted so you couldn’t tie 
up the two anymore but that might be a worthwhile trade I am not 
sure so to be able to see what’s going on.

Thank you.  That’s good and do you think it would be useful to 
display scenario analysis with these, you know, alter a value and 
then display more of them?

Yes but then you are coming to a common sense decision over 
how many

pages you’re willing to take up with them.

Yeah if you only did it for a small number of scenarios that really 
were key and driving it then it would bring home why the values 
changed or why the decision changed.

Which ones would you want to see different-

47:00

Oh I don’t know for this- not here, I am just saying that if you 
decided that actually 

Oh- Yes I see-

If the treatment had a ten percent chance of killing you.

Yes.

Rather than a one percent chance just say there was new 
data that came in from observational study and the committee 
wanted to explore this higher death rate, that could totally flip the 
decision and then it would be better to- 

points to p5, makes disappointed/frustrated sound.

death would be harder to see.  You could pick it up on your 

p4

state occupancy, and your incremental and there 

circles graphic with finger

but- and also on your first one, but things like that. Or if you 
suddenly found that your utility differed, that progressive actually 
was nowhere near as bad as you thought it was is now not 0.5, 
it’s 0.8 

p5

then showing how this 

points to around week 39 in progressive state, indicates moving 
out to the left
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would bulge out more then this

points to total column around week 39, indicates moving to the 
left

 would come more that side.  So the trouble is the only thing, the 
people who I suppose it’s useful and it is good to make sure we 
understand it 

48:00

but the people who will be driving the decision will already be 
telling me what’s going to happen like I did then. I would be, it’s 
good because if it didn’t match my expectations I would want to 
know why.

Very true.

So it’s a validity- if the utility for progressive went up and this 
graph didn’t bulge out more here

points to around week 39 in progressive state, indicates moving 
out to the left

 and like that 

indicates leftward bulge moving further down in time

and bit more like that way

indicates rightward bulge after week 91 extending more to the 
right

and then that 

points to total column

didn’t alter accordingly I would want to know why.  It would show 
that something in the model that isn’t right.

That’s really interesting so you might be able to just run these 
on various things, maybe not necessarily include them all in the 
report, but just say: this is an interesting finding, this goes into 
the report.

Hopefully if it’s an interesting finding they will have fixed it 

before it gets to that point

yes, or explained why so it might be useful for them looking at 
it.  I firmly believe that every modeller should be: (a) pre-guessing 
every result that he runs (b) checking that the results match his 
expectations if they don’t, prove to himself why he was wrong or 
fix the model.  
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49:00

So it could be useful more like that than rather for a committee 
member but-

Yes and it’s quite useful if we’re producing graphics, as well, if 
we’re saying that should look like that from those values, look at 
the shape of it and thinking to yourself-

We deal with numbers at the minute only because we don’t have- 
well, probably laziness and lack of experience in how to do it, 
lack of the knowledge.

I know that everything is sort of, you are quite limited software 
available as well.

I’ve certainly drawn these in Excel for my own reasons to check, 
just for validation so that they are used I suppose then, but 
everyone builds their model differently so

Well that’s great I think that’s my last question do you have any 
questions for me at all or

I don’t think so.

Is there anything else you want to know about it?

No, no what’s the, so is this part of your PhD or

Yes well I’ve designed about ten different presentations to be 
used in different areas of TAR reports-

interview ends [50:00]
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Appendix A: Methodological 

study

Note: !e research detailed in this Section has been published in: Stahl-
Timmins, W.; Pi", M. & Peters, J. #$%$. Graphical presentation of data for 
health policy decisions: An exploratory online decision task experiment to measure 
e!ectiveness. Information Design Journal %&:'.

A – 1   Introduction

!e evaluation of information graphics is key to understanding how data (or 
information) is communicated by them. As informing policy is a fundamental 
part of ()*, it is essential to be able to perform this evaluation appropriately. 
As the research methods used in information design and ()* are quite 
di+erent, a methodological study is used to show the value and limitations 
of quantitative measurements in assessing the communicative bene,ts of 
information graphics. It uses a simpli,ed decision problem suitable for a 
general public audience, to provide as large a sample size as possible.

As mentioned in Chapter %.#, !e foundations of ()* lie in evidence-based 
medicine, using scienti,c tests to inform policy decisions  (Banta, #$$'). 
!ere are few people, if any, with specialist training in visual communication 
in the ,eld. For any new graphical technique to be accepted in ()*, empirical 
testing will be necessary to show the advantages and disadvantaves of visual 
presentation, in the language of empirical research familiar to the ,eld. 
However, what testing there is in the ,eld of information design tends to be 
largely small sample, and qualitative in nature. !is kind of research is less 
familiar in ()*, in which the standard evidence base is large, quantitative trials.

!e experiment described here investigates a method of providing quantitative 
feedback on alternative information presentations. In contrast to most studies, 
which investigate particular graphical representations of information, it 
focusses on the process of testing an information graphic.

A – 1.1   Relevant published research 

Empirical, controlled studies of the e+ectiveness of information graphics are 
widely distributed through the research literature, and spread across many 
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,elds of application (such as health, management, 
business, ,nance, design, and engineering, amongst 
others.) A systematic literature review in this area 
is therefore challenging. Table A – % shows details 
of some empirical studies of information graphics. 
!ese have been sourced from bibliographic searches 
as well as a request for information made through the 
/(0-012345 email list on 6327mail. (/(0-012345 
on 6327mail, #$$8). !ey address visual information 
presentations in management (9 papers),  health (# 
papers) and ,nance (% paper). !ese papers cover 
quite a wide period of time, which potentially causes 
di:culties with outdated technologies being used to 
create and distribute information graphics. However, 
since many static, black and white, printed graphics 
are currently used in printed health technology 
assessment reports, the research methods used to test 
them are still likely to be relevant.

A – 1.2   Measurements used

!ree commonly used measurements in empirical 
studies of information graphics’ e+ectiveness are:

Response time: how long it takes for a participant to 
make a decision, or take some other action, based on information presented in 
di+erent formats. 

Accuracy: how close a participant’s response is to an already established “best 
answer” (or correct answer).

Preference: each participant chooses between multiple information 
presentations (such as numerical vs. graphical format, or between di+erent 
graphical presentations). 

!ese variables are then analysed with a range of di+erent statistical 
techniques, including *5;<* (analysis of variance), t-tests, and regression 
analysis, among others.

One study (Benbasat & Dexter, %8&=) also recorded qualitative data, in the 
form of participants’ comments, about the di+erent information presentations 
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given. Although these comments were referred to in the discussion section, no 
formal qualitative analysis was included in the paper.  

!e two companion papers by Remus (Remus %8&9; Remus %8&>) provide 
evidence in support of information graphics being more appropriate for 
displaying complex data. !ey note that:

In low complexity environments decision makers using tabular 
displays are in the aggregate be"er able to weigh the appropriate 
factors in the decision making process… However, in 
intermediate levels of environmental complexity, the composite 
rules show graphical displays to be signi,cantly be"er than 
tabular displays.

!is is disputed by Bertin (Bertin %8&%). !e study detailed in this chapter asks 
whether this ,nding is applicable to HTA. 

In general, the area of application for the papers vary. Remus addresses a 
production scheduling management decision problem, and Frownfelter-
Lohrke uses information presentations that are designed to support 
predictions on the ,nancial condition of companies in future. Of these, 
Benbasat & Dexter use di+erent presentation methods to support a marketing 
budget optimisation decision across di+erent territories. Elting et al. situate 
their work in the context of deciding when to stop a clinical trial based on 
results presented in di+erent formats.

!e study detailed in this section is intended to provide a method for 
evaluating the relative performance of di+erent information presentations, 
which might be applied within speci,c contexts and to particular audiences.

A – 1.3   Research questions

!e aim of the study is to see how e+ectively a quantitative study, analysed 
using a statistical model, can explain the actions of people using graphical 
information presentations. !is is de,ned in reference to the following four 
research questions:

") What e!ect does increasing complexity have on the relative di!erence in 
participants’ performance between the two presentation methods?

If this application situation is similar to Remus’ (Remus %8&9; Remus 
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%8&>), the di+erence in performance (time or accuracy) between the two 
presentation methods may be larger in the more complex tasks. 

#) Can time and accuracy be shown to be interdependent?

In some experimental tasks, decision time (i.e. the length of time someone 
takes to make a decision) may a+ect their accuracy. !e experiment detailed 
here recorded both time and accuracy, with people allowed to decide for 
themselves how long they spent on the tasks. A statistically signi,cant negative 
correlation between these two variables would suggest that, for these tasks, 
time can be traded for accuracy. If such correlations can be demonstrated using 
qualitative data like this, studies of this kind may be able to suggest which of 
a set of alternative presentations would be most e+ective in time-pressured 
situations.

$) Can it be shown that people perform be%er, in terms of time and/or accuracy, 
depending on their preference?

Experimental studies of graphical displays have recorded participants’ 
preferences. (Benbasat & Dexter, %8&=; Elting et al., %888; Lim & Benbasat 
#$$$). It might seem logical to assume that the preferences of the people 
using a presentation method might a+ect their performance, but that can not 
be assumed. !e Elting et al study in fact found that: “Despite the superior 
accuracy of the icon display, none of the participants preferred that method, 
and eight voiced considerable contempt for the display.” (Elting et al. %888). 
!e experiment detailed here was used to test whether a participant’s 
preference has a demonstrable e+ect on their performance in this instance. 
In situations where there is a positive preference e+ect, it may be worth the 
increased production time to give an audience some level of choice in how 
information is displayed to them.

&) Which characteristics can be shown to a!ect performance or preference with 
one or other presentation method? (age, gender, familiarity with health technology 
assessment, socio-economic group, continent of residence.)

!ere may be characteristics that could be used to predict a person’s accuracy, 
preference, or the time taken to complete the tasks. Any of these could be used 
to assess a person’s likelihood to respond to di+erent presentation methods, 
perhaps tailoring the presentation to some degree, according to the most likely  
match for their speci,c characteristics.

 - '%8  -

Appendices

Methodological study

NICE interview data

GOfER graphic

8
A
B
C

GOfER test scriptD
GOfER test transcriptE
GOfER test dataF
SOC graphicG
SOC test scriptH
SOC test transcriptI



A – 2   Methods

!e study was performed as a randomised, web-based experiment, with a 
general public audience. !e decision problem that the participants addressed 
was a treatment optimisation task, which was appropriately simpli,ed for 
a general public audience. !is non-speci,c audience is used for ease of 
recruitment, given the study’s focus on testing the method of research rather 
than an actual information presentation.

Participants were shown data on three di+erent (,ctitious) drugs, with 
di+erent costs and e+ectiveness, and given a limited budget to spend on 
these. !eir task was to choose which drugs to give to an imaginary cohort of 
people, to minimise the number of deaths caused by the condition from which 
they su+ered. !e task gradually increased in complexity, as the participants 
were asked to assign treatments to increasing numbers of patient subgroups, 
working within the constraints of their budget. 

!e study employed a randomised, crossover design, in which each person 
was randomised to be shown either a ‘numerical’ or ‘graphical’ presentation 
,rst. !ey completed three tasks, with increasing complexity, with the ,rst 
presentation method. !en, they were given the alternative presentation, with 
a new set of data, for three more tasks. Irrespective of which presentation 
method was assigned to a person, the data for the six tasks was given in the 
same order. 

!e two di+erent presentation methods were visually similar, with the same 
colours and typeface used in each (see Figure A – %). Colour can be regarded as 
a graphical element, but the decision was taken to use it in both numerical and 
graphical presentations, to avoid people choosing their preference based on 
which was more colourful, rather than on the e+ectiveness of the presentation 
method. 

!e participants’ time to decision was recorded for each of the six tasks, as 
well as the number of patients that would die with that treatment option 
(the e+ectiveness measure for this experiment). Participants were asked for 
personal details a?er the third task – their age, gender, the continent on which 
they normally live, their familiarity with ()* on a four-point scale, and four 
questions for assessment of socio-economic group, from the @A’s national 
o:ce for statistics self-coding questionnaire. (O:ce for National Statistics, 
#$$8) (see Figure A – #)
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Participants were given feedback on their performance a?er completing each 
task (see Figure A – '). !ey were shown the time that they took to reach a 
decision, as well as the mean time to decision of the other participants that had 
taken part in the study to that point in time. Also, the number of ‘lives saved’ 
was shown, calculated as the di+erence between their choice and the worst 
treatment choice. !e number of lives that could have been saved, with the 
optimal treatment choice, was also shown. 

It could be argued that showing participants their performance in this way 
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Figure A – 1
The ‘numerical’ display (above) and the ‘graphical’ display (below). 

Task 3 of 6 is shown in each case
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might a+ect a person’s preference for one or the other presentation methods. 
However, it gave the advantage that people were invited to choose whether 
to focus their e+orts on saving more lives, or taking less time to make their 
choices (desirable in this case as we 
would like to test the interaction 
between time and accuracy). Also, 
the instant feedback was designed 
to engage people’s a"ention, 
encourage them to continue with 
the study, and possibly repeat it, so 
that the e+ect of multiple a"empts 
could be analysed. 

In the graphical presentation 
application situation evaluated by 
Remus, the graphical presentation 
method was found to be more 
favourable when the data was more 
complex (Remus %8&9; Remus %8&>). !e decision task produced for our 
experiment was designed to be increasingly complex from task to task. !e 
,rst and fourth tasks (the initial tasks with each presentation method) had 
only two choices of treatment that were possible, within the constraints of the 
budget given. !e second and ,?h had ,ve and six possibilities respectively, 
and the third and sixth tasks (the last task with each presentation method), 
had over .$$ di+erent treatment combinations.

 - '##  -

Figure A – 2
The details collection layout (shown after task 3) 

Figure A – 3
The feedback layout (shown after every task)
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It could be argued that, in this experiment, a de,nite “best answer” could 
easily be calculated, and so the human decision-making process is unnecessary. 
However, the completely arti,cial situation allows the experiment to show 
objectively how close to a perfect decision the participants can come with the 
di+erent presentation methods. In a real ()* decision-making situation, it is 
much more di:cult to assess the possible rami,cations on the entire health 
service and the people within it. !e arti,cially-created decision problem used 
in this experiment serves to allow comparison with a precisely calculated best 
decision, based on very limited information and few criteria.

A – 2.1   Sampling

!e e+ect size that would be measured by the study was largely unknown, 
but expected to be quite small. To provide as large a number of participants 
as possible, a web-based application was designed for participants to use, 
and a sample of the internet-using general public was employed.* It was 
acknowledged that the use of this very large population would limit how 
much the results could be generalised. However, as the main objective was to 
determine how accurate a quantitative experiment and statistical model for 
the e+ectiveness of a graphical presentation would be, this was an acceptable 
sacri,ce. 

Online, web-based research studies have a few important di+erences to 
ones using more traditional, face-to-face or paper-based research methods. 
Birnbaum notes that: “Internet research has two potential problems, sampling 
and control.” (Birnbaum %888). 

In terms of sampling, it is always di:cult to know, in open web-based studies 
like this, whether each entry is from a unique participant. !is study starts 
with a simple question on whether this is a participant’s ,rst time a"empting 
it, so that a person does have the opportunity to try again without a+ecting 
the results. However, there is no way of knowing if this question has been 
answered correctly or truly, so each participant’s computer’s 3/ address and the 
web browser used were recorded, so that possible duplicate entries could be 
removed in this way also. Excluding entries that had both the same 3/ address 
and browser so?ware could have removed some genuine results (for example, 
multiple people on an organisational network). However, it is much more 
unlikely that duplicate entries would have been included in the analysis using 
this method.

In terms of control, participants were asked at the end of the study if they had 
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* !e test is still available 
for viewing online at 

h"p://sites.pcmd.ac.uk/
infographics/evaluation/

index.php at the time of 
writing.
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been distracted in any of the tasks, and whether they had wri"en anything 
down or made any calculations to help them answer correctly. Not all 
participants would have reached the end of the study, and responded to this 
question. However, its inclusion does mean that participants who have not 
been shown these questions can be excluded from the time-based analysis,  
as they may have been distracted and not given the chance to report on it.

!e sampling method used 
was similar to “respondent-
driven sampling” (Salganik 
#$$9; Wejnert & Heckathorn 
#$$&) sometimes referred to 
as “snowball sampling”. Each 
participant was asked to pass 
the website link on to other 
people (see Figure A – 9). 
However, unlike Salganik’s 
method, no a"empt was made 
to record links and relationships between participants. !e primary purpose 
of this experiment is not to sample a particular population, but to assess the 
feasibility of quantitative analysis in such studies. !e chain-referral sampling 
method used here simply serves to increase the number of participants. 

!e initially sampled “seeds” chosen were members of the the /(0-012345 
mailing list (/(0-012345 on 6327mail #$$8), as well as the /en)*4 technology 
assessment team (personal acquaintances). Each seed was sent an email with a 
web link to the online application. !e link was also given in a presentation at 
the 0090 conference (an interdisciplinary design/statistics conference held at 
the ;170 headquarters in Paris, June #$$8.) 

!ose that completed the ,rst three tasks were asked for their name and email 
address. An automated email was then sent to them, asking them to give the 
link to anyone that they thought would be interested in taking part. Email 
addresses and names were not recorded, due to ethical approval regulations of 
Exeter university, so no follow-up of participants was possible.

A – 2.2   Analysis methods

Analysis was largely performed using statistical tests on the quantitative data 
collected by the web server during the experiment. Qualitative results were 
analysed using a framework analysis (Ritchie & Spencer, %889).
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Figure A – 4
“respondent-driven sampling”
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A – 3   Results

A – 3.1   Descriptive statistics

Study duration
!" days (%=th June - #%st July #$$8) 
#$$ submissions were recorded by the web server during this time.

Exclusion
Of these submissions, #! were excluded from the analysis, as the participant 
had not clicked “yes” when asked whether it was the ,rst time they had tried 
the study.  
#$ were excluded as possible duplicates, as they were submi"ed from a 
computer which had both the same 3/ address and the same browser so?ware 
as an earlier submission.  
% entry was excluded, as the system did not properly record the participant’s 
randomisation, leaving a total of %&" unique participants for the analysis.

Randomisation
!e participants were randomised to receive either a 
graphical or numerical presentation of information ,rst, 
using the /(/ rand() function.  
&& participants received the graphical presentation ,rst.  
&' received the numerical one ,rst.

Completion
See Table A – # for the number of people that 
completed each ‘year’ of the study (each task).

%(" people completed the entire study, giving a 
preference at the end (see Figure A – =). In this ,gure, 
graphical tasks are shown in orange, and numerical 
tasks in blue. !e width of the arrows is proportional 
to the number of people remaining. Note that a?er their personal details are 
asked for a?er the third task (y'), the participants in each group swap to the 
other presentation. !e crossing arrows at the bo"om show the numbers of 
people that completed all . tasks, and gave  a preference for one or the other 
presentation method. 

A?er the third task (y'), people were asked for some personal details. !e 
frequencies of the results of these questions are presented in Table A – '.
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==
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Table A – 2
Completion for tasks
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did not
complete

task 1 (N=19)

did not complete
task 2 (N=7)

did not complete
task 3 (N=3)

did not complete
details collection

(N=6)

did not complete
task 4 (N=7)

did not complete
task 6 (N=2)

did not give 
preference (N=2)

did not
complete
task 1 (N=22)

did not complete
task 2 (N=7)

did not complete
task 3 (N=2)

did not complete
details collection
(N=2)

did not complete
task 4 (N=2)

did not complete
task 6 (N=2)

did not complete
task 5 (N=2)

did not give 
preference (N=5)

Details
collection

Task 1

Task 2

Task 3

Task 4

Task 5

Task 6

Preference
collection

38 people gave a
preference for the
numerical display

43 people gave a
preference for the
graphical display

25 people liked 
the displays

equally

Numerical first (N=97) Graphical first (N=99)

Randomised to receive:

Figure A – 5
Dropout and preferences of participants
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Gender 
     Men 
     Women 
     Not reported

Age group 
     #$-#8 
     '$-'8 
     9$-98 
     =$-=8 
     .$-.8 
     >$->8 
     Not reported

Familiarity with HTA: 
     Green (very familiar) 
     Yellow 
     Orange 
     Red (not familiar) 
     Not reported

Socio-economic group*: 
     % 
     # 
     ' 
     9 
     = 
     Not reported

Location: 
     Africa 
     Asia 
     Australia 
     Europe 
     North America 
     South America 
     Not reported

Task understanding: 
     Green (understood  
          tasks well) 
     Yellow 
     Orange 
     Red (did not  
          understand tasks) 
     Not reported

G-N group

 
!( (9..#B) 
#" (9$.$B) 

& (%'.&B)

 
%" (#9.=B) 
%$ (#%.=B) 
& (%'.&B) 
) (>.>B) 
) (>.>B) 
% (%.=B) 

%) (#'.%B)

 
) (>.>B) 
$ (..#B) 
) (>.>B) 

$) (.8.#B) 
" (8.#B)

 
!( (9..#B) 

% (%.=B) 
( ($.$B) 
% (%.=B) 
% (%.=B) 

!# (98.#B) 

( ($.$B) 
# ('.%B) 
" (8.#B) 

$( (.%.=B) 
& (%'.&B) 
% (%.=B) 

' (%$.&B)

 
'# (=..%B) 

 
%9 (#9..B) 
%$ (%>.=B) 
$ ($.$B) 

 
% (%.&B)

N-G group

 
## ('..>B) 
!# (='.'B) 

" (%$B)

 
%) (#=.$B) 
%" (#..>B) 
' (%%.>B) 

%$ (#'.'B) 
! (=.$B) 
( ($.$B) 
) (&.'B)

 
) (&.'B) 
! (=.$B) 

%% (%&.'B) 
$% (.&.'B) 
( ($.$B)

 
!# (''.'B) 

% (%.$B) 
( ($.$B) 
% (%.$B) 
( ($.$B) 

#" (9'.'B) 

% (%.>B) 
% (%.>B) 
$ (..>B) 

!' (.%.>B) 
%# (#$.$B) 

% (%.>B) 
$ (..>B)

 
#= (=$.$B) 

 
#$ (9$.$B) 

' (..$B) 
$ ($.$B) 

 
# (9.$B)

Total

 
)# (9%..B) 
)* (9..9B) 
%) (%#.$B)

 
!% (#9.&B) 
!( (#9.$B) 
%" (%#.&B) 
%& (%=.#B) 
* (..9B) 
% ($.&B) 
#( (%.B) 

%( (&B) 
' (=..B) 

%" (%#.&B) 
*" (.&.&B) 

" (9.&B) 

"# (98..B) 
# (%..B) 
( ($.$B) 
# (%..B) 
% ($.&B) 

)* (9..9B)

 
% ($.&B) 
! (#.9B) 

%( (&.$B) 
'' (.%..B) 
#% (%..&B) 

# (%..B) 
%% (&.&B)

 
=> (='.'B) 

 
'9 ('%.&B) 
%' (%#.%B) 
$ ($.$B) 

 
' (#.&B) 

Table A – 3
Participants’ characteristics

* Of the .> people that 
fully answered this 

question, =& (&...B) 
gave their occupation as 

“modern professional”, 
automatically pu"ing 

them in group % (of =).
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Mean accuracy results
(See Figure A – .) 
Average deaths (accuracy measure) were quite similar between the two 
di+erent groups across all six tasks.

Mean time results  
(See Figure A – >) 
Average times to complete the six tasks were similar, with the exception of the 
third task (“year '”), for which participants given the graphical presentation 
tended to take longer, although the 8=B con,dence intervals still overlap.
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Figure A – 6
Mean deaths, by randomised group

Figure A – 7
Mean times, by randomised group
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A – 3.2   E!ects of increasing complexity

") What e!ect does increasing complexity have on the relative di!erence in results 
between the two presentation methods?

!e increasing complexity of the decision tasks seemed to have very li"le 
di+erence on the relative performance of the participants in the two groups 
(see ,gures A – . and A – >). !e only result that was substantially di+erent 
between the presentation methods overall was the mean time taken for the 
third task, which was noticeably longer for the graphical presentation than 
for the numerical presentation. However, even this di+erence is not observed 
in the other complex task (task .). Neither presentation seems to be strongly 
advantageous in complex situations than more simple ones in this context.

A – 3.3   Time and accuracy dependancy

#) Can time and accuracy be shown to be dependant on each other?

Focussing on the third task, for all participants (the ,rst 
complex task), a sca"er plot of time against accuracy suggests  
a possible correlation between the two (see Figure A – &). 

Neither of the two variables have a normal distribution (Figure A – 8). For 
the y' deaths variable (accuracy measure for the third task), tests of normality 
performed with /*2C statistics %> show that the distribution of results was 
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Figure A – 8
Scatter plot of times against deaths in task 3

Figure A – 9
Frequencies and normal curve, 
deaths and time in 3rd task (y3)
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signi,cantly not normal (Kolmogorov-Smirnov < $.$=, Shapiro-Wilk < $.$=). 
!e same was true for the y' time variable (time taken in the third task).

A non-parametric test should therefore be used to determine whether there is a 
signi,cant correlation between the two variables. A Spearman correlation test 
reveals that there is a signi,cant positive relationship between the time spent 
on the third task and how many lives were saved (rs = .9&9, p < $.$=).

To determine which of the methods might be more suitable in more time-
pressured situations, the participants’ results can be split into three equal-sized 
groups, by how quickly they came to their decision in the third task. Shown as 
a box plot, this gives the results shown in Figure A – %$. !e box plot indicates 
that when the time taken to decide was short, the answers chosen based on the 
information provided by the numerical display were more accurate, on average. 
However, as the decision time became longer, the two display methods seemed 
to produce similar results. 

In the case of those that took the longest time to make a decision, the 
graphical presentation produced a much smaller variability than the numerical 
presentation, although the median result was similar.
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Figure A – 10
Deaths in task 3, by presentation and speed



A – 3.4   Preference e!ects

$) Can it be shown that people perform be%er, in terms of time and/or accuracy, 
depending on their preference?

Box-whisker plots can again be used to show the di+erences between those 
people that preferred the graphical presentation and those that preferred the 
numerical one. Figure A – %% shows the number of deaths (accuracy) in the 

third task (“year '”), 
divided into which 
presentation method 
was given, and which 
presentation method 
was preferred at the end 
of the experiment.

!is seems to show 
that people were able 
to achieve fewer deaths 
with their preferred 
presentation method. 

!is can also be shown 
with a statistical test. 
As the data is not 
normally distributed, 

another non-parametric technique is used, this time a Mann-Whitney test. 
!e data is split into two groups for the test: !ose that preferred the graphical 
presentation and those that preferred the numerical presentation. As two tests 
are conducted, a Bonferroni correction is applied to avoid inDating the type % 
error rate, and signi,cance is therefore reported at p < $.$#=.

For those using the graphical presentation, although those that preferred the 
graphical presentation (Mdn = #%>% lives saved) did, on average, save more 
lives using that presentation method than those that preferred the numerical 
presentation (Mdn = ##$>.= lives saved), the di+erence was not signi,cant (@ = 
#'$, p > $.$#=).

For those using the numerical presentation, however, those that preferred the 
numerical presentation (Mdn = ##8' lives saved) did save signi,cantly more 
lives using that presentation method than those that preferred the graphical 
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Figure A – 11
Deaths in third task, by presentation 

and preference
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presentation (Mdn = %8%$ lives saved). @ = 9#.=, p < $.$#=. !is represented a 
large e+ect (r = -$..')

!e results for each person in the third task can also be compared to their 
results in the sixth task (year .) with a diagram that combines a box-whisker 
summary with a link diagram showing the actual results for each person in the 
third and sixth tasks (the two complex tasks with each presentation method). 
(See Figure A – %#a & %#b).

As many of the link lines cross each other, the diagram shows no clear 
direction of change, between tasks ' and .. For example, of the people that 
preferred the graphical presentation and were given it ,rst, there do not appear 
to be noticeably more that perform worse (or be"er) with the numerical 
presentation in task . than they did in task '. !e only exception is those that 
preferred the numerical presentation, and received it ,rst, who seemed to 
generally perform worse in task . (i.e. when they were given the graphical 
presentation).
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Figure A – 12b
Deaths in most complex tasks, by preference (graphical-numerical group)

Figure A – 12a
Deaths in most complex tasks, by preference (numerical-graphical group)



Box-whisker diagrams can also be used to show the e+ects of preference on 
participants’ time in this third task (see Figure A – %'). !is chart suggests that 
participants tended to spend longer with their favoured presentation. 

Participants that preferred the numerical presentation tended to spend longer 
when performing the third numerical task (Mdn = %%# seconds) than with the 
third graphical task (Mdn = &..= seconds) !is di+erence is not statistically 
signi,cant, however (@ = %.%.=, p > $.$#=).

!ose that preferred the graphical presentation also tended to spend longer 
if they were given the graphical task with the third set of data (Mdn = 8= 
seconds) than if they had the numerical task (Mdn = ># seconds. !is 
di+erence is statistically signi,cant (@ = %#8, p < $.$#=).
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Figure A – 13
Time to decision in third task, 

by presentation and preference



A – 3.5   Participant characteristics

&) Which characteristics can be shown to a!ect performance or preference with 
one or other presentation method? (age, gender, familiarity with health technology 
assessment, socio-economic group, continent of residence).

Two of the characteristics for which data was collected, socio-economic group 
and continent of residence, could not be used for the analysis. In the socio-
economic group self-coding questionnaire, &=B of the people that responded 
put their occupation as “modern professional”, automatically pu"ing them 

in socio-economic group %. In the end, over 8$B were placed in this group, 
making any comparative analysis impossible. Similarly, the vast majority of 
participants reported that they lived in Europe, leaving other groups too small 
for meaningful analysis.

A set of parallel co-ordinates does not clearly show that any characteristic 
is likely to be common among those that were in the highest or lowest =$B 
of deaths in task ' (see Figure A – %9a & %9b). In this ,gure, each person 
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Figure A – 14a
Characteristics of those with lower decision accuracy (deaths above median in task 3)

Figure A – 14b
Characteristics of those with higher decision accuracy (deaths below median in task 3)
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is represented by a line that touches each of the vertical bars at a point 
representing that characteristic. Any very distinct di+erence between the 
two groups (such as those with more deaths being o?en younger) should be 
discernable to the eye. However, this is not the case. 

Similarly, no clear pa"ern can be 
discerned for people that took a long 
or short time to complete task ' (see 
Figure A – %=a & %=b).

A more detailed view can be shown 
using other techniques. Looking ,rst 
at the e+ects of participants’ gender, 
a set of box-whisker diagrams 
indicate that the number of deaths 
in task ' are similar between the men 
and women that took part in the 
study, no ma"er which presentation 
method they used (see Figure A – %.).
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Figure A – 15a
Characteristics of those with lower decision speed (time above median in task 3)

Figure A – 15b
Characteristics of those with higher decision speed (time below median in task 3)

Figure A – 16
Deaths (accuracy measure) by gender
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For the gender variable, a Mann-Whitney test indicates that men (Mdn = ##$. 
lives saved) did not seem to di+er signi,cantly in terms of decision accuracy 
from women (Mdn = #%>% lives saved). @ = %9=%, p > $.$=. !e di+erence would 
have represented a very small e+ect (r = -$.$').

However, this test not giving statistically signi,cant evidence of a di+erence 
is not the same as proving equivalence. Statistical equivalence testing is, 
however, challenging in this case. It would require de,nition of a ‘zone of 
indi+erence’ within which e+ects could be thought of as negligible, from a 
scienti,c or clinical point of view (Wellek, #$$'). As it is impossible to have 
a clear idea of how accurate a participant should be within a particular time 
in this simpli,ed decision context, this judgement can not be made in this 
case. Also, equivalence tests are based on 
calculating sample mean and con,dence 
intervals, which may be less reliable in non-
normally distributed data like that from 
this experiment. For these reasons, box-
whisker diagrams showing range, median and 
quartiles are used in place of equivalence tests 
from here on.

Men and women also took generally similar 
times to answer in task ', as shown in 
Figure A – %.. Women may have taken very 
slightly longer to answer with the graphical 
presentation, but the di+erence is unlikely to 
be signi,cant.

Gender also had no signi,cant impact 
on preference for one or other of the 
displays, as might be expected from 
Figure A – %> (Chi-square (%, N = >#) 
= $.=, p = $.9>%). 

 - ''>  -

Figure A – 16
Time to answer by gender

Figure A – 17
Preference by gender
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Familiarity with ()* was self-reported by participants on a 9-point scale. Most 
participants (>#B) reported the lowest degree of familiarity with ()*. As 
suggested in Figure A – %&, those that were more familiar with ()* were not 
signi,cantly more accurate. A Kruskal-Wallis test suggests that deaths in task ' 
were not signi,cantly a+ected by familiarity with ()* (((') = '.>#%, p > $.$=).

Similarly, in the case of time to answer in task ', no clear trend is observable for 
those with more familiarity with ()* (see Figure A –%8).

 - ''&  -

Figure A – 18
Deaths (accuracy measure) by HTA familiarity

Figure A – 19
Time to answer by HTA familiarity
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Preference for one or other of the presentations does not seem to be a+ected 
by ()* familiarity, as shown in Figure A – #$. A chi-squared test is not 
appropriate for this data, as four of the eight groups have expected counts of 
less than =.

While participants of a 
di+erent ages seemed 
to have largely similar 
decision accuracy, only 
those below about 9= 
were able to achieve the 
very highest decision 
accuracy in task ' (see 
Figure A – #%). !is 
di+erence is enough that 
Spearman’s rho suggests 
age signi,cantly a+ects 
decision accuracy (rho = 
$.$#%, p = $.$#%). However, 
this sca"er plot does not 
suggest that di+erent aged people had higher decision accuracy with one or 
other presentation method. 

 - ''8  -

Figure A – 20
preference by HTA familiarity

Figure A – 21
Deaths (accuracy measure) by age
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However, the age of participants did not seem to a+ect time to answer in task 
', as shown in Figure A – ##. Given the relationship between time and decision 
accuracy, this suggests that the e+ect of age on accuracy can not be explained 
by those younger people taking longer to answer.

Age did not seem to a+ect overall preference, as shown in  
Figure A – #'.

 - '9$  -

Figure A – 22
Time to answer by age

Figure A – 23
age by preference
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A – 3.6   Qualitative feedback

!e one way in which participants were encouraged to give qualitative 
feedback was through “comments” boxes, which they were invited to ,ll a?er 
performing all of their tasks. For the analysis, these responses were categorised 
into a thematic framework*, as follows:.

speed / time
accuracy
comparison
confusion / noise
ignoring graphical elements
ignoring numbers
layout/design comments
budget
decision strategies
subgroups
familiar presentations
colours
real situation
mental computation
rationality
instructions / task understanding
learning e+ects

Quite a few people mentioned that either the graphical or the numerical 
presentation would enable them to make a quicker decision, but there was 
li"le consensus as to which. Very few commented on the accuracy of their 
decisions. 

In general, the graphical presentation was mentioned as helpful for making 
comparisons, and the “budget bar” was generally liked. However, a number 
of people found the graphical presentation more confusing. !e duplication 
caused by presenting the data in both numerical and graphical form in one 
presentation seemed overwhelming for some participants.

Some people mentioned that they ignored the graphical elements, and 
focussed solely on the numbers, even when given the graphical presentation. 
Another person said that they “did not pay much a"ention to the numbers”, 
relying on the visual elements, even when the numerical presentation was 

 - '9%  -

* Framework analysis 
is a method for quickly 

analysing qualitative data, 
developed for practical 
use in health resaerch.

See Ritchie and Spencer 
(Ritchie & Spencer, %889) 

for full details of the 
analysis technique.
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shown (paying close a"ention to when the budget box went red).

!ere were a number of comments that suggested the graphical presentation 
was too complex, and that the type size was too small. Several people 
mentioned that a “holding tank” for best guesses so far would be useful.

Decision strategies were largely trial and error. However, some tried to be 
as equal as possible, not disadvantaging one subgroup over another. Some 
preferred to give more expensive treatment to higher risk patients, on ethical 
grounds.

Several participants noted that, in reality, more information would be needed 
for this kind of decision.

Di+erent people mentioned that either the graphical or numerical presentation 
methods required more cognitive strain than others, depending on their 
preference.

Instructions and interface were described as many things from “clear and 
helpful” and “very good”  to “irritating” and “poor”. 

Several people mentioned that, by the time they had seen the second 
information presentation, they felt more comfortable with the decision 
problem, and expected this to a+ect their performance.

A – 4   Conclusion

It seems that online, task based experiments may be able to provide 
quantitative evidence of the suitability of di+erent information presentations 
for decision tasks. !ey could certainly be used in time-critical situations 
to determine which of two or more possible ways of displaying numerical 
data would allow people to make good decisions more quickly. However, 
quantitative evidence alone gives a limited view of the reasons for di+erences 
in performance, and can probably be strengthened by qualitative research.

!is experiment was conducted on a simpli,ed decision task, with a general 
public audience. For testing health policy information graphics, a more 
focussed sample would be needed, using experts in the ,eld. However, the 
method of using a randomised quantitative experimental study, delivered 
through the web (probably with the addition of a log-in system so that the 
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researcher can be sure who is participating in the study) could provide a cost-
e+ective way of carrying out future research.

") What e!ect does increasing complexity have on the relative di!erence in results 
between the two presentation methods?

It seems that the increasing complexity of the decision task did not lead to 
any major di+erences in relative performance between the two presentations. 
!e ,rst complex task (year ') did seem to take longer with the graphical 
presentation than with the numerical presentation. However, this di+erence 
was not evident in the second complex task (year .), so may be an indication 
of the learning required for an unfamiliar information presentation, as well as 
the added complexity induced by duplicating the information in numerical 
form on the graphical presentation. 

!is ,nding seems di+erent to those presented by Remus (Remus %8&>) which 
suggested that graphical presentation methods are superior when complex 
information is presented. !is suggests that generalisations about information 
graphics as a whole are not useful. Individual presentations of information are 
perhaps likely to be more or less suitable, depending on the qualities of the 
individual presentation design, the context of use, or the intended audience. 
!is supports the claim made by Sless: that assessing the understanding of a 
document’s users is more important than specifying exact typefaces, font sizes 
etc. (Sless, #$$&,).

#) Can time and accuracy be shown to be dependant on each other?

In the speci,c, and rather contrived example tested here,  the longer a 
participant spent on the tasks, the be"er their decision, on average. If we 
imagine that this is a real situation, we might conclude, in reference to Figure 
A – %$, that the numerical presentation was superior if the time for people to 
make decisions like this was very limited (especially if it was less than about 
.% seconds, the cut-o+ for the fastest group). However, if the time available 
was longer (above about ' minutes), the graphical presentation might be 
recommended, as it produced much more reliable results (participants scores 
did not vary as much).

$) Can it be shown that people perform be%er, in terms of time and/or accuracy, 
depending on their preference?

In this experiment, the two di+erent information presentations (called 
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numerical and graphical) were broadly similar in terms of average performance 
(measured in terms of decision accuracy and time taken to decision). !ere 
were also similar numbers of people that preferred each presentation. !e 
interaction between decision accuracy and preference was notable, however 
(see Figure A – %%), and statistically signi,cant in the case of the accuracy of 
those that preferred the numerical presentation.

Participants also tended to spend longer with their favoured presentation 
method. Given the correlation between length of time spent on the tasks and 
the participants’ accuracy, this may explain why the increased accuracy can be 
observed when participants use their preferred presentation. 

!e e+ect of preference on accuracy may also relate to the fact that participants 
were shown their scores against the average to that point in the study a?er 
each task. Remembering which presentation led to their most positive scores 
may have a+ected participants’ preferences, which were collected at the end 
of the experiment. However, they were not shown an aggregate score with 
the numerical and graphical presentation methods, and would have had to 
remember how well they had done for quite some time for this to be the case.

&) Which characteristics can be shown to a!ect performance or preference with 
one or other presentation method? (age, gender, familiarity with health technology 
assessment, socio-economic group, continent of residence.)

!e participants sampled were not su:ciently varied to give ,ndings on the 
e+ects of socio-economic group or continent of residence. However,  !e 
groups for three of the predictors (gender, age, and familiarity with ()*) were 
large enough that even small to medium di+erences would have been picked 
up. In this case, gender and familiarity with ()* did not have any signi,cant 
e+ect on their performance (time or accuracy).

Age seemed to have an e+ect on accuracy, in that only those under 9= were 
able to achieve the lowest possible number of deaths in task '. !is was not 
explained by decision time. One possible explanation would be that the 
younger participants were more familiar with web-based tools, or computer 
games with similar optimisation premises.

If our method of testing information presentations was applied in another 
situation, a particular participant characteristic might have a signi,cant e+ect 
on the participants’ performance with one presentation over the other. In such 
situations, it might be possible to use this information to provide appropriate 
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presentations to appropriate people, or at least to use an information 
presentation that would suit the majority of the people that were expected to 
use it.

A – 4.1   Recommendations for future research

We were able to draw some statistically signi,cant conclusions from 
this experiment, and the method can in general be recommended for 
comparative testing of alternative information presentations. However, 
some subgroups were only just large enough for statistical tests, even with 
nearly #=$ submissions to the web application - probably at least ##$ unique 
people starting the test initially. It may well be that the target audience for an 
information presentation is a smaller group than this, in which case qualitative 
methods would probably enable a more comprehensive evaluation. It should 
also be noted that the di+erences, while statistically signi,cant, may not be 
strong enough to make a practical di+erence in a real-world context.

If a quantitative, online test was to be used to assess information presentations 
for health policy decisions, a more focussed sample of expert users would be 
needed. A log-in system would be needed, and recruited participants could be 
individually sent a password to allow them to take part in the study. !is would 
also allow for more sophisticated characteristic-based randomisation, but 
probably result in a reasonably large non-response rate.

!e relationship between the time taken by each participant and their 
accuracy in this experiment caused di:culties for the analysis. It could not be 
determined how much importance each individual person had placed on time 
or accuracy, and therefore each outcome measure had to be treated separately. 
In future, it would make sense to treat one of these two variables as an absolute 
(i.e. how many times can a participant do something in a set amount of time, 
or how long does it take for a participant to reach a certain result). !is might 
depend on which of these two variables is the primary concern, given the 
context of the research.

Even though the characteristics of the participants collected in this experiment 
were not associated with their performance, it should not be assumed that 
they should not be collected in other studies. Given the possible correlation 
between a person’s preference and their performance with the di+erent 
presentations, it might be productive to assess the learning styles of people 
using graphical and numerical information presentations. (see h"p://www.
vark-learn.com/ and Gardiner, %8&').
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