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Abstract 

Objective: This scoping review aims to understand the range and type of objective 

measures for Attention-Deficit/ Hyperactivity Disorder (ADHD) in children and young 

people that could be applied in naturalistic settings.  

Introduction: Clinicians predominantly rely on interviews and rating scales from 

multiple sources for ADHD assessment. This is considered the diagnostic “reference 

standard”, but these are prone to issues such as informant bias and inconsistencies 

between different sources. Objective measures have been suggested to mitigate 

these issues. An objective measure is a method that assesses symptoms related to 

ADHD through non-opinion-based means (e.g., systematic behavioural observation 

and accelerometers). The data are thought to be less biased and opinion-based than 

subjective forms of assessment (e.g., interviews, teacher/parent rating scales). A 

plethora of objective measures have been put forward, with some researchers 

suggesting that assessments in naturalistic settings are most helpful in diagnosing 

children and young people. Previous studies have reviewed areas related to this 

question, but these need updating, focusing on objective measures in naturalistic 

settings. 

Methods: Arksey and O’Malley’s scoping review methodology framework will 

provide the structure of this scoping review. Electronic databases (MEDLINE, 

EMBASE, British Education Index (BEI), Education Resources Information Centre 

(ERIC), Education Research Complete, Education Abstracts, Child Development and 

Adolescent Studies, Psychology and Behavioural Sciences Collection, Cumulative 

Index to Nursing and Allied Health Literature (CINAHL), APA PsycINFO) and grey 

literature sources will be searched between 1st December 2021 and 28th February 

2022 to identify papers relevant for inclusion. This will be followed by forward and 

backward citation searches of relevant reference lists. 
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Two reviewers will independently screen the titles, abstracts, and full text of papers. 

Any paper focusing on objective measures of ADHD that could be applied in 

naturalistic settings will be included. Sociodemographic characteristics of the 

participants, study characteristics and psychometric properties of the measures will 

be summarised and reported. Any unexpected data not captured by the data 

charting sheet may be included if valuable to the research questions.  

Inclusion criteria: Participants are children and young people aged 18 years old or 

under, who have been measured for ADHD traits with an objective measure.  

Introduction 

Attention-Deficit/ Hyperactivity Disorder (ADHD) is a neurodevelopmental disorder 

affecting 4-8% of children (Danielson et al., 2018; Mohammad-Reza et al., 2021; 

Polanczyk et al., 2014; Sans et al., 2021), with up to an estimated 66% of cases 

persisting into adulthood (Simon, 2022). Common characteristics of ADHD include 

inattention, hyperactivity, and impulsivity. Although these traits can be found across 

all children and young people (CYP), they are more prominent in those with ADHD 

and can negatively impact functioning at home, school, or in social situations. 

Multiple studies have found ADHD to be a risk factor for adverse functional 

outcomes, such as educational underachievement, chronic health problems and 

criminality. These issues can create significant issues for families and societal 

burden on educational, criminal, health, and social care systems. Due to the issues 

associated with ADHD, early intervention can prevent problems from occurring. An 

assessment and diagnosis can help facilitate access to support and treatment that 

may mitigate the adverse effects of the condition.  

However, the current ADHD assessment process is highly disputed. Over-diagnosis 

of ADHD is widely reported in the media, with one claim being that ADHD has 

become overly medicalised. This perspective implies that the symptoms of ADHD 

are simply part of normal human behaviour, and by classifying them as symptoms, it 

identifies non-harmful issues (Conrad & Bergey, 2014; Hinshaw, 2018; Lusardi, 2019). This is 

particularly pertinent with a predominantly childhood-onset disorder like ADHD, 

where the increase in CYPs acquiring these labels is associated with concerns about 

the “medicalisation of childhood” (Singh & Wessely, 2015).  

On the other hand, some literature points towards under-diagnosis, especially in 

particular populations. For example, the difference between ADHD diagnosis in boys 

and girls falls in the range between 2:1 to 10:1 (Arnett et al., 2015; Biederman et al., 

2002; Ramtekkar et al., 2010; Willcutt, 2012a). The higher ratios were found in 

clinical samples rather than community samples, which suggests girls may be 

underdiagnosed in clinical practice (Mowlem et al., 2019; Ramtekkar et al., 2010). It 

has been suggested that a young person’s probability of receiving an assessment or 

diagnosis is dependent on individual characteristics (e.g., gender, socioeconomic 

status, where the young person lives) (Madsen et al., 2018; Sayal et al., 2018; 

Willcutt, 2012b). Furthermore, those assessed may be misdiagnosed with another 
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psychiatric condition (Mullet & Rinn, 2015; Thongseiratch & Worachotekamjorn, 2016). This 

highlights the possibility that some young people may have been missed. 

Adding to these issues, ADHD is difficult to diagnose. Evidence suggests ADHD has 

biological causes, which can be alleviated or exacerbated by the environment. It can 

also be present in numerous ways. The heterogeneous nature of ADHD implies a 

singular test may not be able to capture all the possible impairments affecting a 

person. Although the National Institute for Health and Care Excellence (NICE) has 

provided guidelines for the diagnosis and management of ADHD in England and 

Wales (Attention Deficit Hyperactivity Disorder: Diagnosis and Management NICE Guideline, 2018), 

in practice there is unsurprisingly little consistency in assessment, diagnosis or 

management (Hall et al., 2022; Newlove-Delgado et al., 2019; NICE, 2013). 

The range of presenting behaviours and lack of biological tests also means that 

subjective assessments have long been used to assess ADHD. A subjective 

measure of ADHD refers to methods used to evaluate symptoms related to ADHD 

that rely upon an assessor’s interpretation which their opinions, assumptions or 

beliefs can influence. The ‘reference standard’ for ADHD diagnosis is a combination 

of measures, as one test may not encapsulate all the issues a person experiences.  

Assessment process 

The reference standard typically includes a clinical history and examination, rating 

scales and observations, as well as neuropsychological testing, aiming to gather 

information on their personal, family, and educational experiences (Gualtieri & Johnson, 

2005). A clinician judges whether the child meets diagnostic criteria based on the 

evidence received from the parents, teachers, and the child themselves. This 

evidence can be in the form of clinician, parent, teacher, and self-reporting rating 

scales, utilising opinions of the young person’s symptoms to put a numerical value 

on the severity. The clinical interview and rating scales will be combined, often with 

observations of the child. Most of this process relies on different perceptions of the 

young person’s symptoms. Although this is considered the ‘reference standard’ 

method, it is prone to flaws. 

Subjective measures rely on interpretations and are often vulnerable to informant 

bias, self-perception bias and “halo effects” (Alacha & Lefler, 2021; Hartung et al., 2010). If 

operating in line with NICE guidelines, a clinician will generally gather information 

from a combination of sources, including (a) interviews with parents, teachers and 

sometimes the child, (b) clinical and school observations, and (c) behaviour and 

neuropsychological functioning tests (NICE, 2018). The subjective nature of 

assessments can lead to significant inconsistencies in ratings across different 

sources, which could be overcome using measures that do not rely on opinion or 

interpretation. 

An objective measure of ADHD is a method that assesses symptoms related to 

ADHD, which alleviates some issues of bias as it is not influenced by an individual’s 
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opinion. Examples include continuous performance tests (CPT), systematic 

behavioural observations and psychophysiological tests, as well as more recent 

methods such as virtual reality and functional magnetic resonance imaging (fMRI). 

One study conducted by Esmer and colleagues found they were able to predict a 

child’s ADHD diagnosis with 79% accuracy1 solely using objective measures and 

with 86.7% accuracy when combined with subjective measures  [Conners ADHD 

rating scales self- and observer rating long version (CAARS-L: S/O) and Conners-3 

parent/teacher ratings], against the standard diagnostic procedure for ADHD at the 

participants’ outpatient clinic (including clinical interviews, self and observer ratings 

and neuropsychological tests) (Emser et al., 2018).  

This finding is significant when addressing the controversies surrounding ADHD. 

Emser et al. (2018) suggested that objective measures are an asset and should be 

an integral part of the assessment. However, without a formalised recommendation, 

it is difficult for practitioners to incorporate the most effective type of objective 

measure into their diagnosis and monitoring of the condition. 

Our proposed scoping review will build on a systematic review conducted in 2018 

(Minder et al., 2018) in several ways.  Firstly, we will include all objective measures 

used in naturalistic settings rather than solely systematic behavioural observations.  

Secondly, we will also have data on acceptability, implementation, reliability and 

validity measures.  And finally, our search dates will be from 1987 to 2022, extending 

the previous date range of 1990 to 2016. 

A naturalistic setting is an environment where the participant would be in day-to-day 

life; for example, for CYP, a naturalistic setting could be at home or school. Minder et 

al. (2018) argued that naturalistic settings are particularly exposed to “uncontrollable 

contextual factors”, making them less reliable. However, in diagnosing individual 

CYP, practitioners need to be aware of the individual’s experiences during everyday 

activities. Diagnosis would be more accurate if it included measures from naturalistic 

settings because CYP experience their symptoms of ADHD within those settings, 

and artificial environments (e.g., clinics) may evoke artificial responses. When 

isolated from their natural environment, the child may (consciously or unconsciously) 

change their behaviour when knowing they are being observed. Furthermore, the 

“uncontrollable contextual factors” will not be present. These distractions are a part 

of a person’s everyday life and should not be discounted when considering child 

behaviour, as all behaviour is a product of interaction between a person and their 

environment. Furthermore, the clinical definition of ADHD specifies that symptoms 

should be present across settings; hence assessing symptoms in a lab will not help 

indicate symptom occurrence in the child's standard variety of settings.  

This scoping review aims to understand the range and type of objective measures of 

Attention-Deficit/ Hyperactivity Disorder (ADHD) in CYP that could be applied in 

naturalistic settings. 

 
1 An average percentage of sensitivity and specificity was formulated 
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Review question 

The research questions are: 

1. What are existing objective measures of ADHD in children and young people 

that could be applied in naturalistic settings? 

2. What types of objective measures are there? 

3. What populations have been included? 

4. What is the reliability, validity and implementation of the objective measures? 

Keywords 

Objective measures, ADHD, Children, Young people, Naturalistic settings 

Eligibility criteria 

Participants 

Eligible studies will include children and young people aged 18 years old or under 

presenting with any of the three main ADHD symptoms: hyperactivity, impulsivity and 

inattention. Either a clinical diagnosis or a research diagnosis, such as the 

Development and Wellbeing Assessment (DAWBA), may be reported, but the 

participant does not require any diagnosis, they need to present with symptoms of 

ADHD as indicated by a validated measure of symptoms. 

Studies focused on adults, or non-human participants will not be included.  

Concept 

For this scoping review, a naturalistic setting is a child's everyday variety of settings. 

This could include home, school or community settings; however summer programs 

will not be included. If a study takes a child out of their everyday routine, it will not be 

eligible for inclusion. Any objective measure that could be applied in naturalistic 

settings to assess symptoms of ADHD will be considered, including behavioural 

observations, accelerometers, and rating scales that measure the frequency of 

ADHD behaviour. Rating scales that ask about perceptions of symptoms will be 

excluded. Subjective measures alone will not be considered, including rating scales 

that focus on the assessors’ thoughts on the participants’ behaviour. Studies with 

subjective measures will be considered when assessed with or against objective 

measures. 

Context 

Any eligible paper from any country will be included. Still, foundation studies such as 

those reporting the initial development of an objective measure will be located and 

included if published before 1987. Only papers written in English will be included to 

prevent any miscommunication when translating. 

Types of Sources 

Any study designs. Depending on the research question, systematic reviews that 

meet the inclusion criteria will be considered. Studies from relevant reviews that 
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don’t fully meet inclusion criteria will be screened as additional finds (e.g., if a review 

includes adults and children, they will not be included). 

Methods 

We will use Arksey and O’Malley’s scoping review framework and the Preferred 

Reporting Items for Systematic reviews and Meta-Analyses extension for Scoping 

Reviews Checklist (PRISMA-ScR). The Joanna Briggs Institute (JBI) reporting 

guidance (Peters et al., 2020) has been used to inform the protocol report. 

Search strategy 

The search strategy will aim to identify published peer-reviewed journal articles and 

grey literature. An initial preliminary search of MEDLINE, APA PsycINFO and 

Embase via OVID was conducted to locate articles relevant to this area and to scope 

the size of the searches.  

Electronic databases [MEDLINE, EMBASE, British Education Index (BEI), Education 

Resources Information Centre (ERIC), Education Abstracts, Education Research 

Complete, Child Development and Adolescent Studies, Cumulative Index to Nursing 

and Allied Health Literature (CINAHL), APA PsycINFO, Psychology and Behavioural 

Sciences Collection], reference lists and grey literature sources will be searched 

between 1st December 2021 and 28th February 2022. Forwards and backwards 

citation searching and grey literature searching will occur between 30th June 2022- 

31st August 2022. 

Study/Source of Evidence selection 

Following the search, all identified citations will be collated and uploaded 

into Endnote with any duplicates removed. We will use CADIMA software for 

screening. Two independent reviewers will undertake a pilot screen of titles and 

abstracts of 25 papers against the inclusion criteria to ensure consistency in 

understanding and interpretation between screeners.  If necessary, the screening 

guide will be amended for clarity. After the pilot screen, the rest of the titles and 

abstracts will be screened. 

The full texts of papers with potentially relevant titles/abstracts will be retrieved and 

assessed in detail against the inclusion criteria by two independent reviewers. 

Reasons for exclusion of papers at full text will be recorded and reported. Any 

disagreements that arise between the reviewers at each stage of the selection 

process will be resolved through discussion between reviewers. If it cannot be 

resolved between the two reviewers, a third opinion will be obtained. The results of 

the search and the study inclusion process will be reported in full and presented in 

accordance with the Preferred Reporting Items for Systematic Reviews and Meta-

analyses extension for scoping review (PRISMA-ScR) guidelines. 
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Data Extraction 

Data will be extracted from papers by lead author with 10% extraction checked with 

a second member of the team. This will be completed using a data charting tool 

developed by the primary reviewer; all data extraction will be checked. The data 

extracted will include specific details about the participants, context, study methods 

and key findings relevant to the review question.  

The draft data charting tool will be piloted. After piloting studies, the reviewers will 

discuss any amendments. Modifications will be detailed in the scoping review. Any 

disagreements that arise between the reviewers will be resolved through discussion. 

If appropriate, authors of papers will be contacted to request missing or additional 

data, where required.  

Data Analysis 

Due to the descriptive nature of the research questions to be answered by this 

scoping review, a narrative synthesis will be the most appropriate way to analyse the 

data. Narrative synthesis involves making a coherent narrative from multiple study 

findings often using tables and graphs to display results. For this study, it is 

anticipated that there will be a wide range of papers, so the studies will be grouped 

and synthesised based on commonalities (e.g., type of objective measure, age group 

tested, core symptom tested). 

Table 1- Table of Anticipated Comparison Characteristics - 

The data will be cross-tabulated, using the research 

questions to inform the characteristics being 

compared (see table 1). It is anticipated that 

possible key groups being cross-tabulated will 

include characteristics identified in table 1. Following 

on from this, emerging relationships within and 

between studies will be reported and explored 

through idea webbing and concept mapping 

(Clinkenbeard, 1991; Mulrow et al., 1997). To test 

the robustness of the synthesis, the reviewers will 

reflect critically on the synthesis process(Busse et 

al., 2002). 
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Appendices 

Appendix I: Search strategy 

Child* OR Youth* OR Adolescen* OR Juvenile* OR Teen* OR Infant* OR Boy* OR 

Girl* OR Student* OR Pupil*  

AND 

“ADHD” OR “Attention Deficit/ Hyperactivity Disorder” OR “Hyperactiv*” OR 

“Inattenti*” OR “Hyperkinetic Disorder” OR “Impulsiv*” 

AND 

“Behavio* Observation*” OR “Objectiv* Measur*” OR “Objective Assessment” OR 

“Acceleromet*” OR “Actigraph*” OR “Time Sampling” OR “Systematic Observation*” 

OR “Classroom Observation*” OR “Direct Observation*” OR “Ecological Momentary 

Assessment” 

 


