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ABSTRACT 

 

As China has celebrated its economic boom over the past decades, scientific research 

within the R&D sector of industry has become an active arena for Science and 

Technology Studies (STS) in understanding how science contributes to social change in 

China. Two themes are central in this sociological work: the study of secular change in 

China, in particular, change in its biotech industries exemplified by work in the BGI 

(formerly known as Beijing Genomics Institute); the investigation of interdisciplinarity 

in that context. This research sheds new light on explanatory practice in 

interdisciplinary research (IDR) strategy as patterns of interaction in the social process 

of scientific knowledge production, and its contribution also includes bridging the 

sociology of scientific knowledge production and research policy studies. 

    In this thesis, I examine a number of topics at three interrelated levels of analysis. 

First, it explores the theoretical development of the academic discipline and the notion 

of interdisciplinarity, with a focus on the balance of normative and descriptive 

approaches in understanding their social functionality as embodied by what I name as 

Paradiscipline (the initial stage of IDR project). The second level investigates closely 

how IDR patterns emerge and evolve in the sequencing-based industrial R&D practice 

in the case of the BGI. Social, cultural, and institutional factors directing and 

conditioning collective actions by status groups within interaction network are carefully 

weighed against the context that scientific expertise speak to power in China's social 

setting. The last level is dedicated to yield more pervasive implications including the 

organizational structure of interaction and modelling of scientific research, via 

comparative analysis of traditional S&T management and governing 'Big Science'. It 

further addresses the issues around on-site governance of China's biotechnology 

industry R&D, at both management practice and policy making levels, on the basis of 

social embedment. 
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INTRODUCTION 

 

For decades, China has proclaimed its long-term commitment to developing its 

biotechnology industry, with massive efforts being made nationwide. As in the wider 

society, top priority has continuously been given to modern science and technology 

(S&T) with special focus on high technologies playing roles characterised as 

‘Productive Force’ and then ‘Primary Productive Force’
1

 in China's economic 

development since its opening-up from 1978. In a contextualized fashion, social 

resources are heavily invested in the research and development (R&D) sectors so as to 

achieve the fast growth as well as the long-term goals of China’s biotechnology industry. 

It is notable that scientific knowledge production implemented via varied R&D 

activities within China's biotechnology industry has been intensively fostered alongside 

the growth of the industry. Over a period when an increasingly wider range of social 

actors has become involved in an interconnected manner, R&D practice within China's 

biotechnology industry showcases the social process of scientific research in the 

contextualized setting. Within it, interdisciplinary research (IDR) patterns are widely 

adopted as R&D strategies. The impacts of these patterns and strategies have become 

even more far-reaching through interaction networks composing social changes, which 

reflexively localize scientific knowledge production in social process.  

    As such, how IDR emerges and evolves in R&D practices within China’s 

biotechnology industry provides an ideal place for Science and Technology Studies 

(STS) on scientific knowledge production as a process of socialization. In particular, 

how the outcomes of IDR become certified knowledge calls for a careful sociological 

interpretation of the interaction bridging collective actions by varied social status groups. 

Drawing upon sociological investigation of this set of collective interactions, I examine 

in this dissertation research the social production of scientific knowledge located within 

the IDR networks. The implications drawn from this study are to substantiate arguments 

about good practice in both S&T governance and R&D management in China's 

biotechnology industry. Thus, my research provides a bridge between the sociology of 

                                                        
1    Both these two versions of the relationship between S&T and productivity were highlighted by 

Deng Xiaoping when he launched the ‘Springtime for Science’ as major steps into China’s 

‘Reforming and Opening-Up’. See Chang (1996), and more detailed discussion in Chapter 2.   
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scientific knowledge production and research policy studies. 

    Biotechnology has a strong claim on China's society. The development of 

biotechnology industry is reaching the top of the list of concerns from society members 

as stakeholders, due to its great significance to the sustainable development of China (Li, 

et al., 2006). In recent years, especially the 5-year period from 2002 to 2006, China’s 

biotechnology industry has grown at an average compound annual growth rate (CAGR) 

of 14.6% (See Figure 1-1). This trend became even more remarkable in the most recent 

development during the period from 2006 to 2010 when a CAGR of 18.4% was 

achieved (See Figure 1-2). The annual growth rate of China’s biotechnology market in 

both two 5-year periods was above the average level of the country’s annual economic 

growth in terms of Gross Domestic Production (GDP) which is 10.73% (World Bank, 

2012). Over the same period, China’s near neighbours, Japan and India, were 

significantly surpassed, with CAGR of 11.1% and 16.9% respectively (Datamonitor, 

2011).  

 

Source: Datamonitor, 2007 

Figure 1-1 China Biotechnology Market Value: $ billion, 2002-2006 
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Source: Datamonitor, 2011 

Figure 1-2 China Biotechnology Market Value: $ billion, 2006-2010 

    Arguably, China's development of the biotechnology industry is significantly 

underpinned by the richest biological resources on this planet (Li, et al., 2006; Chen, et 

al., 2007). The even greater endorsement, however, comes from stakeholders in the 

society. With a population of more than 1.3 billion, China faces direct challenges in the 

fields about which people care most, namely healthcare, food, and fuel. In addition, with 

the 'family planning' policy implemented over the long term, the problem of old age is 

becoming urgent, with over 10% of China’s population being over 60 years old by 2011 

(NBSC, National Bureau of Statistics of China, 2011). Crises brought forth by 

population growth and population-aging have channelled the attention of a wide range 

of social members into development of the medical and healthcare sections in China’s 

biotechnology industry. Consequently, they modified the distribution of social resources 

and priorities within the biotechnology industry's development. In spite of the fact that 

to address the recently emerged energy crisis also calls for applying biotechnologies 

into exploiting renewable energy in the near future, the sector of medicine and 

healthcare in China’s biotechnology industry has received the heaviest emphasis. Take 

China’s biotechnology market segmentation of 2006 for instance: the medical and 

healthcare segment has generated 58.8% of the biotechnology market in terms of value, 

followed by food and agriculture with 37.3% total share. In sharp contrast, industrial 

and environment protection, together with other services, take a share of less than 4% 
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(See Figure 2-1). Accordingly, although the global biopharmaceutical market has been 

monopolized by the US and Europe, China has achieved the highest growth rate. As of 

2004, China was ranked ninth highest on the list of the top ten countries, which were 

responsible for 85% of the global drug market, representing an annual increase of 28% 

(APBN, 2006). 

 

Source: Datamonitor, 2007 

Figure 2-1 China Biotechnology Market Segmentation: %share, by value, 2006 

    Furthermore, if combining both growth rate and segmentation in analysing China’s 

biotechnology market, a strong relationship becomes even more noticeable which is 

correlated to the social endorsement of the development of China’s biotechnology 

industry. As illustrated by statistical data from the same source, the more recent 

development of the market in the period from 2006 to 2010 magnified the accelerating 

trend seen in the previous 5-year period. In the meantime, a corresponding but even 

greater expansion was also experienced in the market segmentation, when the share of 

medical and healthcare increased dramatically from 58.8% in 2006 to 92.4% in 2010 

(See Figure 2-2). Also seen in the year of 2010, further segmentation became noticeable 

as a new sector of technology service occupied a share only next to that of food and 

agriculture, following medical and health care. It is hard to link up these changes to 

factors such as China’s natural resources, and a plausible explanation is that the 

influence of social stakeholders in forms of public engagement, lay interests, and 
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development priorities, among others, has further directed the development of China’s 

biotechnology industry via the channelling of social resources.       

 

Source: Datamonitor, 2011     

Figure 2-2 China Biotechnology Market Segmentation: %share, by value, 2010 

    In a similar fashion, as a diversity of acting factors work in shaping the 

development of China's biotechnology industry, a vast array of academic disciplines are 

more often than not involved in the R&D sectors. Such a multi-disciplinary involvement 

has been seen not merely in related academic research activities in the university world 

and public research institutes, but within corporate laboratories as well. In this study, an 

investigation into a dynamic process of R&D across multiple academic disciplines 

scopes out organization and innovation in producing scientific knowledge, localized 

within industrial R&D sectors.    

    Despite the breakthroughs recently achieved in key areas of industrial R&D, the 

biotechnology industry in China is still confronted with a great variety of problems. 

Among them, the insufficiency of talents, lack of original innovation, poor coordination, 

scant R&D investment from enterprises or venture capital, weak translational system 

between scientific research and industrial application, and the legal system lagging 

behind the development of science and technology are at the top of the list (Wang, et al., 

2009). All these weaknesses were proven by the market itself; for instance, China’s 

biotechnology market grew to reach a total value of $8.8 billion in 2010, which 
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accounts for merely 14% of the Asia-Pacific biotechnology market, while its neighbour 

Japan contributes 57.4% (Datamonitor, 2011). To tackle these problems, a series of 

effective steps have been taken alongside S&T enterprise, and the governance itself has 

evolved in the period while scientific expertise speaks to the powers in China
2
. However, 

less attention than should be has so far been paid to the social phenomena of IDR within 

scientific knowledge production, and how these work as socialization patterns for the 

biotechnology industry in China. 

    In this study, IDR patterns are firstly identified in the collaboration by researchers 

with different disciplinary backgrounds. It is further observed that the IDR patterns 

work in the form of interaction networks within which the social process of scientific 

knowledge production progresses, and this in turn reveals how the IDR is also 

conditioned by the operating environment around it. Among the social actions involved 

in implementing R&D projects, collaboration leading to the successful practice of the 

IDR actually comes out of conflicts. Specifically, strategic alliances in performing IDR 

are built within various and sometimes conflicting social norms, values, and other 

material, cultural and institutional factors working together, albeit in different ways. 

1. IDR in the R&D Sectors of China’s Biotechnology Industry  

The growth of a biotechnology industry is generally conceived as science-based, and as 

deriving its strength from switching laboratory production into industrial applications, 

namely from bench side promise into bedside reality. To date, all the seminal 

discoveries in the biotechnology industry, as well as their applications in terms of 

product or service, have originated from public science, mainly contributions from 

universities or research institutes, rather than from research units in industrial firms 

(Zhao, 2003). In particular, from the upstream creation of a biotechnological product, 

scientific research plays a crucial role in providing the foundation of knowledge and 

skills upon which commercial exploitation in mid or downstream biotechnology R&D 

can be built.  

    A biotechnology R&D cycle typically originates from some basic research (BR) 

designed to provide better understanding as well as accumulating knowledge in the life 

sciences or other related fields. However, industrial development of products or services 

                                                        
2
    See Chapter 2 for a brief overview on the efforts made at the national level in building and 

promoting an interaction network, for which more social actors have become enrolled in 

strengthening China's biotechnology industry.  
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with the intention of commercialisation consists of more distinct steps with more social 

factors involved in shaping the process of designing, executing, and evaluating. 

Consequently, biotechnology industry R&D activities are highly costly and risky. For 

example, even when enjoying extremely heavy investment in terms of R&D 

expenditure and personnel, an average lead time of 8 years is still required in realizing a 

biotechnology product (Hayden, 2008; also see more detailed discussion on R&D cost 

and its productivity in Paul, et al., 2010). On the one hand, despite being based on the 

cutting edge of biomedical sciences, biopharmaceutical R&D has an extremely low 

success rate due to technological discontinuity and prevailing uncertainty in new drug 

discovery and development. The biopharmaceutical industry thus is one of the most 

research-intensive industries, and its R&D costs are more than 10 per cent of sales 

(Association of the British Pharmaceutical Industry, 1997, p. 29; Japan Pharmaceutical 

Manufacturers Association, 1997, p. I-35, cited in Hara, 2003). On the other hand, 

however, it is through the biotechnology industry that biomedical and other research 

activities satisfy social needs. Seen from a sociological perspective, the biotechnology 

industry R&D in return contributes to justifying investment of social resources through 

socialization of scientific knowledge, satisfying social expectation, needs, and interests. 

Not surprisingly, the academic-industrial relationship (AIR) is conventionally taken as 

creating win-win modes for reducing entry barriers, by lowering R&D costs for 

commercialisation while accelerating the development of life sciences in China. As it 

works in practice, it also provides an ideal place to examine how academic disciplines 

work, following the IDR patterns in the context of industrial R&D, where scientific 

knowledge production proceeds within the network of organizational innovation 

(Staropoli, 1998).   

    The AIR in China was initially created by national scientific research programmes
3
 

in place since the end of the 1970s. Overwhelmingly underpinned by governmental and 

industrial powers, priority areas for China’s biotechnology R&D are genetic breeding of 

high-yield and high-quality crops, transgenic technology and animal cloning, bio-reactor, 

gene- and protein-engineered vaccines and drugs, gene therapy and drug 

discovery/development (Wang, et al., 2009). Academic research institutes working in 

close relation to the biotechnology industry range from national academies, including 

the Chinese Academy of Sciences (CAS), the Chinese Academy of Medical Sciences 

(CAMS), the Chinese Academy of Military Medical Sciences (AMMS), to various life 

                                                        
3
    See Chapter 2 for the details of national campaigns in form of scientific research programmes 

and projects.  
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sciences and medical schools located in or affiliated to universities. As the objectives of 

R&D become increasingly complex and intertwined, a pattern of Multidisciplinary 

Research (MDR) has been naturally adopted in a diverse array of R&D activities, in 

which the participation of scientists and researchers with multiple disciplinary 

backgrounds has become a prerequisite (Liu, 1998). As in the example of China's 

biopharmaceutical industry, researchers of varied disciplinary backgrounds are making 

joint efforts in the dynamic process of R&D activities, following a problem-solving 

orientation, see Figure 3. 

Source: Wang, 2007 

 

Figure 3 Multiple Disciplines Involved in the Dynamic Process of R&D in China’s 

Biopharmaceutical Industry 

    In order to reinforce the AIR, China has invested 15 billion RMB (US$1.8billion) 

in biotechnology research and development in the past two decades; over 200 

government-funded biotechnology laboratories are currently serving as the mainstay of 

R&D activities performance. In addition, more than 300 universities and colleges have 

departments related to life science and biotechnology, and cultivate about 2,000 PhDs in 

life sciences each year, according to data from the Ministry of Education (Chen, et al., 

2007). With interaction between scientific expertise and industrial power growing 

Drug discovery & design 

Drug synthesis 

Structure 

modification 

Raw materials 

manufacturing 

Pharmaceutical 
preparation 

D
ru

g
 S

electio
n
 

P
h

arm
aco

lo
g

ical, 
to

x
ico

lo
g

ical, p
h

arm
acy

 ex
p

erim
en

t 
 

 

Clinical trials I 

Clinical trials II 

 

Clinical trials III 

 

P
ro

c
e
ss

 d
e

v
e
lo

p
m

e
n

t 

  

Chemistry Biology Statistics 

Electronics Computer Science ….  … 

M
e
c
h

a
n

ic
 E

n
g

in
e
e
rin

g
 

M
a
te

ria
l E

n
g

in
e
e
rin

g
 

P
h

y
s
ic

s
 

M
a
th

e
m

a
tic

s
 



 

 22 

intensively under encouragement from governmental bodies, fruitful R&D activities 

have been carried out in China’s biotechnology industry. In May 2004, 27 biomedical 

products were approved for the market (Hu, et al., 2004). During the year before, 

around 80 new biomedicines received approval for clinical trials; in the meantime, over 

150 biopharmaceutical products were in their pre-clinical development stage. Among 

the marketed biomedicines, China owns the intellectual property rights of nine (Wang, 

2005). As of 2008, China possessed the technical capacity to produce 8 out of the top 10 

biomedical best-sellers in the world. Market share of biotechnological medicines has 

been rising continually. In particular, interferon 1b, the first China-made recombinant 

medicine, has a 60% domestic market penetration.   

    All these efforts in governing S&T, investing material resources and personnel, and 

public engagement, activated the widest range of social actors from governments of 

different levels, academic communities, and commercial market. They furthermore 

paved the way for progress to be made in improving the competitive strength and 

innovation capability of China's biotechnology industry R&D. In the course of 

enhancing China’s biotechnology industry R&D, the most noticeable trend has been the 

development of interdisciplinarity, which is embodied by the switch in R&D strategies 

from the MDR to IDR. Based on the premise that MDR has been realized by means of 

multiple academic disciplines’ participation in research activities, the IDR, however, 

lays emphasis on the collective labours by researchers crossing the disciplinary 

boundaries thereby constituting a genuinely social epistemology.   

    In their ground-breaking works, Fahey & Narayanan (1986) introduced an 

integrated model dedicated to 'Political, Economic, Social, and Technological' (PEST) 

analysis of macro-environmental factors into the study of strategic alliance in industry. 

They and their following analysts further decomposed the environment into segments 

influencing an organization's performance in decision-making and strategy choice (Scott 

1987, as cited in Tan and Litschert 1994). Growing to be a predominant R&D strategy 

in China's biotechnology industry, the IDR is affected by both the specific task 

environment of an R&D project and the wider institutional environment within which 

players from all parts are working. One objective of this study is to state precisely and 

clearly where and how a sociological perspective makes sense of the sharing of sources 

of inputs, markets for outputs, and regulatory measurements directing social process of 

scientific knowledge production embedded within interaction, where environmental 

factors including the cultural types, institutional elements, among others are largely 
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involved by networking. On the other hand, approaches from Sociology of Scientific 

Knowledge (SSK), together with Cultural Analysis (CA, in particular Mary Douglas’s 

Grid-Group Analysis), are adopted to also shed new light on our understanding of the 

institutional environment within which the IDR works as a social pattern of scientific 

knowledge production.  

2. Research Questions and Roadmap  

In applying sociological analysis to social interactions which are on a collective basis, 

this study is organized in a network layer consisting of thick description of R&D 

practices within China's biotechnology industry, where the IDR is identified as the 

dominant strategy in producing scientific knowledge. More specifically, it has been 

designed around the following set of research questions: 

 

         1.  What lies behind the concepts of 'discipline' and 'interdisciplinarity' in 

relation to our understanding of scientific knowledge, not only normatively 

but descriptively? 

         2.  How did the IDR pattern emerge and evolve against the social settings 

of China? How can this be correlated with the country's scientific expertise 

speaking to the government authorities and players from market in building 

the interaction network, within which an increasingly wider range of social 

actors became enrolled into the social process of scientific knowledge 

production? 

         3.  How does the IDR pattern work in practice in correlation with the 

interaction network, upon which R&D activities implemented in a specific 

institute are based? 

         4.  How does the pattern of IDR make sense in socialization where 

disciplines work as social status groups? 

         5.  What is its influence on the organizational structure and policy making 

for balancing social power in interaction with cultural and institutional 

factors? 

         6.  What are the implications it brought forth for R&D management in the 
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wider process of scientific research in 'Big Science' and S&T governance in 

China?  

           

My research strategy around these questions in this dissertation, rather than to search for 

immediate answers, is to carefully examine the relevant social processes against the 

broader background of China's S&T enterprise evolution, and the activities happening 

in the context of specific workplaces. Following a sociological tradition, I weigh how 

social, cultural, and institutional factors mediate the collective process of cognitive 

labour in producing scientific knowledge. It is noteworthy that the emphasis of 

investigation is laid not on any patterns themselves but on how they become effective in 

the context of socialization. In so doing, the structure of this thesis is designed to move 

from the general discussion to the particular case study, and then back to implications 

for the wider process. These two turns connect the three sections of the thesis as a 

whole, with two chapters comprising each section. Accordingly, the thesis proceeds 

both in its contents and in organization in a logical order, from the general level to the 

specific, before accommodating a broader scope in seeking for more pervasive 

implications. 

    The long establishment of disciplinary structure, as a matter of fact, hints that how 

academic disciplines come into being is not just from an event of naming. Serving as a 

domain of instruction and knowledge, 'discipline' also functions normatively in defining 

objectives and formulating methodologies as a disciplinary identification takes shape. It 

becomes particularly true if the concept of 'discipline' is also seen through a descriptive 

lens, namely how a discipline derives strength from ‘exemplarification’ through which 

disciplinary status is achieved. By the same token, 'interdisciplinarity' emerges and 

grows in seeking status which is not only cognitively but socially functional. Chapter 1 

is an attempt to restore a descriptive approach so as to balance the epistemological and 

social functions of 'discipline' and 'interdisciplinarity' in our understanding of these 

concepts. This balance is to provide a theoretical basis for the subsequent discussion of 

the relationship between disciplinary tenets of scientific knowledge and the trend of 

'interdisciplinarity'. Further extended examination of these tenets is scattered throughout 

the thesis.  

    Having put in place the necessary guiding points in understanding how the 

concepts work in theoretical discussions, I focus on how both the disciplinary 
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framework and interdisciplinarity developed in the evolution of China's modern S&T 

enterprise in Chapter 2. Specifically, Chapter 2 aims to show how the social context of 

S&T development and cultural heritage are important to an understanding of IDR 

patterns that emerged in China's biotechnology R&D. In the larger framework of SSK, I 

propose a new kind of interaction-network, though in a broad-brush picture, which 

emerges when connecting the status groups that originally were only weakly related. 

Within the interaction-network, social status groups including academic communities 

and governance bodies, among others, have strongly shaped China's subsequent 

market-based and commercially driven mode of scientific knowledge production that 

gives rise to the IDR pattern. The theoretical discussion on basic notions, restoration of 

perspective, and a historical review of social settings in this first section all contribute to 

further work in the following two sections, by providing the indispensable background 

for understanding the main theme of this study.  

    Chapter 3 begins an empirical study section which is based on my fieldwork in the 

BGI (formerly known as Beijing Genomics Institute, one of China’s leading genomics 

research institutes). In attempting to convey the interdisciplinarity in the real situation 

of 'laboratory life' to the readers who are non-specialists in China's biotechnology 

industry, I will provide the necessary background information regarding the social 

structure of this R&D institute. The high level of visibility of the BGI makes it an ideal 

place for my fieldwork. Before analysing how the IDR in the biotechnology industry 

was nourished by China’s economic growth and the accompanying social changes, I 

briefly overview the rise of the BGI from being initially an iconic group taking 1% 

share of the workload in the Human Genome Project (HGP), to the number one institute 

for sequencing and sequencing-based R&D in the world. The extremely high visibility 

of such a rise makes it more feasible to examine how an interaction-network was 

successfully built between the BGI, academic communities, governmental bodies, and 

the commercial market. This empirically underpins my argument for the role which IDR 

patterns played in integrating knowledge at higher levels by assembling material and 

intellectual inputs crossing boundaries. There is an important analogy with the 

manufacturing process which is drastically changing China’s economic landscape. 

    The case study of the BGI proceeds further in Chapter 4, heading in the direction 

of collective action analysis. In interpreting IDR as a social pattern of scientific 

knowledge production, I examined disciplines as they work as status groups in the 

collective social process of knowledge production. Moreover, scientists from the status 
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groups of disciplines interact with status groups of other kinds within the larger society. 

Within this system of status groups, I compare compromising collective actions with 

those that are more monopolistic. It is the compromising features of collective actions 

in social interaction that make collaborations across disciplines possible, especially 

through the weak ties in interactions where one status group defends their own interests 

whilst seeking alliance with others. This analysis of collective action also draws 

attention to the compatibility of R&D management systems with the IDR as they are 

identified as co-existing in the BGI. The different orientations and structures of a 

bureaucratic system and a mechanistic system raise the question of how to maintain the 

stability of an organization as it maximizes its efficiency. Discussion around this 

question serves as a prelude to the investigation into organizational structure and 

governance of the IDR practices in Chapters 5 and 6, making up the last section of this 

thesis. 

    The main idea of the IDR in action within the interaction-network brings up 

questions 5 and 6, namely how this scientific research strategy influences society more 

generally, in correlation with other organizational, cultural and institutional factors, and 

what implications can be derived from this set of interactions. Organizational 

arrangements for scientific research evolve as part of the social phenomenon of 

scientific knowledge production, following an IDR pattern, which is seen in Chapter 5 

as correlated strongly with the generation and re-distribution of social power. Beyond 

the central tenets of ‘projectification’, construction of ‘trading zones’ (Galison, 1997a; 

Biagioli, 1999) is further depicted in this chapter as the socialization of scientific 

knowledge production in the context of ‘Big Science’, though also with features of its 

own. The ongoing organizational modification in the BGI, as identified in the fieldwork, 

provides a vivid example of how an alternative structure emerges in organizing the 

paradiscipline (the very beginnings of an IDR project, a concept I shall explain in detail 

in section 1.3.2) where social power is being deployed. Communication and 

collaboration within a ‘trading zone’ around the paradiscipline are examined also, to 

further our understanding of interconnections between social settings, R&D strategies, 

and scientific research modelling.  

    Chapter 6, the last chapter of this thesis, is devoted to the governance of R&D 

activities within China’s biotechnology industry. Before the discussion yields any 

proposals for practical purposes, a theoretical examination of the modes of 

policy-making is given, after a brief introduction which provides the necessary 
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background for understanding China's changing social settings around policy-making 

for this specialized study. The actual political life of the players enrolled in the IDR 

projects is further explored, to examine the relationship between scientific expertise and 

power. This relationship defines our efforts in constructing complementary 

policy-making modes and formulating a set of essences for policy-making practice 

specialized for China's biotechnology industry R&D. In envisaging such ad hoc policy 

making, I elaborate on an analysis of socialization with special focus on its cultural and 

institutional layers. By integrating Cultural Theory (CT), particularly the Grid-group 

Analysis (GGA)
4
, and the new institutionalism (NI) into the case study, I propose that 

the homogenization of cultural types and institutional factors, especially those informal 

ones involved in the IDR projects, give rise to a normative and culture-building agenda 

for governance of China’s biotechnology industry R&D on an ad hoc basis. The chapter 

concludes that social norms, cultural diversity, and institutional impacts will all have to 

be modified and incorporated into a policy-making scheme in designing governance of 

China's S&T. 

3. Methodology 

In depicting research philosophy, Marsh and Furlong (2002) offer a way of 

understanding how methodology in the social sciences is correlated with a researcher’s 

ontological and epistemological positions. As they note in the case study of both 

Globalization and Multilevel Governance they choose from political science, 'each 

social scientist's orientation to their subject is shaped by their ontological and 

epistemological position' and '[these positions] shape the approach to theory and 

methods which the social scientist utilises'(Marsh and Furlong 2002, p.17). This section 

sets out the research design, methods, theories, participants, measures, and procedure of 

the thesis. At the outset, however, I shall offer a brief reflection on the research 

philosophy by recognizing and acknowledging my ontological and epistemological 

positions. The principal structure of this section is comprised of eight parts, which taken 

together demonstrate how philosophical positions shape the methodology crossing 

research stages.   

    To put it crudely, this research is designed for compatibility with a variety of 

                                                        
4    GGA is also known as Grid-group cultural theory. As adopted in this research, it refers to the 

social-cultural analysis framework primarily constructed by Mary Douglas (1970, 1975, 1982a 

1982b, 1987, 1992). See an excellent review on the development and evolution of this theory by 

Spickard (1989). 
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approaches, all of which include a realist philosophical tendency. Ontologically, the 

objectivity of IDR as research subject is accepted as independent of my knowledge of it. 

This realist assumption motivates the exploration of multiple perspectives on the object 

of study where possible, and the project is not limited to an 'internalist' account of the 

scientific research strategy
5

. Epistemologically, these different aspects of IDR 

investigated in this research are not always directly observable. Wherever IDR is 

practiced, the subjective meaning of social action needs to be grasped, following an 

interpretivist tradition that respects the variation across people and objects (Bryman, 

2001). Furthermore, IDR in this research is not merely a series of contingent processes 

without a subject; it is agents who construct the IDR and, therefore, the actors involved 

should be identified, as well as how they perceive and construct the interdisciplinary 

tendencies in their scientific research. Consequently, one focus of this study is to reveal 

that the way in which the IDR affects the outcomes of scientific research in China’s 

biotechnology industry is mediated and shaped by the social construction of the IDR 

patterns.  

    Realist and interpretivist positions are central to the argumentation in this 

dissertation; nonetheless, the strength of this study is also derived from an application of 

social constructionism, which emphasizes the discursive construction of IDR as social 

phenomena by dereifying misconceptions of scientific knowledge production. Such a 

process of dereification, via demonstrating how social phenomena are socially 

constructed, according to Coulter (2001), is rooted deeply in social constructionism as a 

methodological procedure
6
. The IDR as a social phenomenon is understood as requiring 

a process of social construction of scientific knowledge across disciplines, and the 

process is associated with responses to perceptions of external and internal constraints, 

conflicts, and interests. Based upon an interpretivist epistemological position, this study 

interrogates specifically why and how preferences for collective interaction patterns in 

the IDR come to be formed and how these preferences and choices relate to the strategic 

aims of social actors. The methods and theories adopted in this research assume that the 

IDR and its meaning ‘are continually being accomplished by social actors’ and thus the 

                                                        

5
    For instance, this research also includes an investigation into power distribution among social 

actors working on IDR projects; the IDR is approached as a normative framework. I deem such an 

investigation as indispensable in revealing not only how social status groups shape IDR but also how 

the identities of social actors are reconstituted in the social process of scientific knowledge 

production. See reflections on this point also in Kline and Pinch (1999). 

6
    For more detailed work evaluating social constructionism and its contribution to social theory, 

see Turner (1991).  



 

 29 

IDR is ‘produced through social interaction’ on the one hand, and ‘in a constant state of 

revision’ on the other (Bryman 2001, p. 18).  

    My study, therefore, juxtaposes multiple perspectives to create a mosaic picture of 

IDR as collective interaction in a social process of scientific knowledge production 

within China's biotechnology industry R&D sector. In so doing, the IDR is not only 

seen as the same thing from a different angle, but as presenting entirely different facets 

as well. The major work, as presented in the three sections of this thesis, is organized 

around two interrelated levels of analysis: the social, cultural and institutional context of 

interaction, and the ways in which the IDR works out in the actual practice of 

cooperation in China's biotechnology industry R&D activities. Although quantitative 

methods are also applied in an analysis of official statistics, this research is primarily 

qualitative, in accordance with its social constructionist position. Ethnographic 

techniques including participant observation, interviews, and document accumulation 

are used in collecting empirical data. The validity and reliability of the research tools 

and methods adopted, as well as the research results, are carefully evaluated afterwards, 

by applying a sociological 'triangulation' between information from varied sources in 

data analysis. 

3.1 General narrative  

The IDR is first approached at a 'general' level, which involves systematic collecting 

and critical reading of publications and documentation pertaining to theoretical 

discussions on the development of China's modern S&T enterprise. The goal is to 

develop a general narrative about the past, based upon the meanings which the actions 

had for social actors involved in IDR projects. It is furthermore tailored to a thick 

description of how IDR emerged and evolved in China's social setting, from which an 

interpretation of what this tells us about the IDR is derived. Official documents relating 

to the disciplinary structure and governance of scientific research in China are widely 

available in Chinese university libraries and the online digital archives of relevant 

departments of Chinese government, namely the Ministry of Education (MOE) and 

Ministry of Science and Technology (MOST), amongst others. There are also valuable 

sources of historical materials, detailing the evolution of modern S&T in China as well 

as its social background, notably, the Science and Civilisation in China (SCC) series by 

Joseph Needham and his international team of collaborators at the Needham Research 

Institute, The Cambridge History of China series published by Cambridge University 
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Press, and China: A New History by John K. Fairbank and Merle Goldman. In addition, 

online sources provide complementary yet invaluable records, such as the Chinese 

Educational Mission (CEM) Connections which revitalize almost forgotten endeavours 

in 'China's hesitant journey towards modernization' (CEM, 2010).  

    Although the main perspectives adopted for this 'general' level examination are 

historical and sociological, I also attempt to digest the theoretical frameworks from the 

relevant fields in my analysis of the interactive relations among academia, government 

and industry. These include innovation research and S&T policy study as discussed in 

Etzkowitz and Leydesdorff’s work (2000), national innovation system (NIS) by 

Lundvall (1992) and OECD (2008) on the one hand, and Chinese case studies by Shen 

and Williams (2005), Gu (2001), and Li and Handberg (2002) on the other. I deem it 

important to connect up these two categories of literature in identifying the salient 

features of the interaction-network social setting, given the fact that China's 

biotechnology industrial R&D has evolved against a broad social background and the 

strong tradition of its civilization. 

3.2 The case study 

In his foreword to the classic textbook Case Study Research by Yin (2003, p.ix), Donald 

T. Campbell wrote: 

    'The core of the scientific method is [...] the strategy connoted by the phrase 

'plausible rival hypotheses' [...] Rather than presenting this hypothesis or evidence 

in the context-independent manner of positivistic confirmation (or even of 

postpositivistic corroboration), it is presented instead in extended networks of 

implications that (although never complete) are nonetheless crucial to its scientific 

evaluation.'.  

When it comes to social sciences, he furthermore pointed out that: 

   'The degree of certainty or consensus that the scientific community is able to 

achieve will usually be less in out-of-doors social science, due to the lesser degree 

of plausibility-reduction of rival hypotheses that is likely to be achieved. [...] We 

should use those singular-event case studies (which can never be replicated) to their 

fullest.' (ibid) 

    Upon a basis of general narrative, this dissertation research engages with the IDR 

working 'on site' in the more contextualized setting of one carefully chosen case. In 
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keeping with these suggestions and those also from Yin's work (2003), case study 

became the dominant approach to investigating the IDR patterns for the major part of 

this project from an early stage. My case study research aimed to confront the 

complexity of collective actions in industrial R&D activities within the 

interaction-network in China by utilizing a large variety of sources and empirical 

materials, including websites, journalist reports, scientific articles, fieldwork in the 

institute, and participation in scientific conferences. Among them, fieldwork in two 

stages in the BGI (Shenzhen, China) implemented respectively in 2010 and 2011 

enjoyed the top priority in the whole research design. The only reference that can be 

found from the existing literature is Sung (2006)’s anthropological examination of the 

BGI in Beijing nearly a decade ago, in 2002. However, BGI-Shenzhen, as headquarters 

of a vast network of sequencing-based industrial R&D institutes, is significantly 

different from the BGI (Beijing), which was more like an iconic centre for China’s 

participation in the HGP. More importantly, this case study focused more on collective 

actions by status groups and how interactions are mediated during the course of 

socialization. This orientation of research differentiates the approaches of participant 

observation (see section 3.2), which interrogate not only informants but the researcher 

himself, from the anthropological tradition in attempts ‘to investigate a phenomenon 

from a marginal perspective’ (Sung 2006, p.1).  

    In designing the case study of the IDR in China's biotechnology industry R&D 

sector, I decided to follow the field of genomics study and its relevant industry R&D 

activities in China. Over the course of the HGP and since, 'Big Science' has become the 

norm in inspiring and furthermore justifying other forms of scientific knowledge 

production beyond life science. As one of the most salient tenets embodied by this 

normative standard, the IDR pattern has been facilitated as a research strategy in 

scientific inquiries at varied scales. Furthermore, China's active participation in the HGP 

and the fast growth in capacity of sequencing-based industrial R&D showcase a typical 

social process which makes sense of wider issues of the IDR patterns in the specific 

social setting. Apart from the high level of visibility as stated in the previous section, 

there are further reasons for selecting the BGI as the case study. Having been founded to 

accomplish China's tiny share in the international endeavour of the HGP, the BGI is 

growing into both the largest sequencing unit on the planet and a dominant R&D centre 

in the sequencing-based industry with strong connections to a large variety of actors, not 

only at home but also abroad, through its global network of branches. BGI's dramatic 
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rise in terms of size, prestige and output provides an exciting opportunity to closely 

examine the strategic research pattern of the IDR in China's social setting, but against 

the context of 'Big Science'. In addition, through personal communications with its 

founder, as well as strong connections between the BGI and ESRC Genomics Network, 

to which the ESRC Centre for Genomics in Society (Egenis) where I carried out this 

PhD project is affiliated, the fieldwork in the BGI has received full support from both 

the BGI and Egenis. 

3.3 Participant observation 

Being ‘rooted in the notion of the description of a particular society, culture, group or 

social context’ (Mitchell 2007, p.55), ethnography provides a better understanding of 

collective action by uncovering the basis upon which individual behaviour is mediated.  

The ethnographic techniques adopted in this research seek an understanding of the 

native’s point of view on the IDR. Specifically, the point of view is that of those 

enrolled in the IDR projects in the working settings of the real situation in China’s 

society: the research staff and trainees with various disciplinary backgrounds, regulators, 

managers from different levels, investors and so forth. The intention of participant 

observation is to be as true as possible to the social life of these actors in reflecting their 

social world, shared identities, and perspectives in conceiving the IDR, which in effect 

form the basis of mediated individual and collective action. 

    This dissertation research includes two-stage field research at the BGI, where I 

spent most of the time conducting fieldwork and playing the role of 

‘participant-as-observer’ (Bryman 2001, p.299). At the outset, it is critical to clarify two 

points of this ethnographic observation by participation. Firstly, members of the social 

setting in the BGI were well aware of my status as a researcher. From 5
th

 March 2010 

the first day I arrived at the BGI headquarter in Shenzhen, I was labelled 'Academician 

Yang's guest, a research student from the UK'
7
 as this was how I was introduced by Dr. 

C, head of Scientific Research Department (SRD), in the reception hall to the security of 

the main building and to others, before mentioning my research in the following days. 

Secondly, over the course of the fieldwork of two stages (5th to 19th March in 2010, 

and 14
th
 to 21

st
 February in 2011), particularly in stage 1, I engaged in regular 

                                                        

7
    'Academician', also known as 'academician of the Chinese Academy of Sciences', has been 

established since 1994 as China's highest academic honour; see Cao (1999) for an analysis on the 

evolution of the highest academic honour in China over the period from 1949 till 1998. 

'Academician Yang' here refers to the BGI founder, Professor Huanming Yang, who was elected as 

an academician of CAS in 2007. 
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interaction with people and participated intensively in their daily lives. Specifically, I 

was based in SRD at the BGI headquarters dipping into the daily work with a status 

very close to 'intern'. I was provided with official documents, internal reports, and 

internal journals with regards to the history of BGI's development, its organizational 

structure, and R&D personnel data. For the purpose of collecting first-hand materials on 

daily socialization more thoroughly, I lived together with R&D staff members in the 

BGI staff dormitory
8
: we caught the same shuttle buses, ate in the same staff canteen, 

and shared spare time with each other. In so doing, my 'fieldwork' could extend from the 

R&D centre to living sites, from 9-5 regular work hours to off hours at home, so as to 

‘overlap work and life’ and to ‘make friends into informants or informants into friends’ 

(Sung 2006, p.8). 

    The first stage of fieldwork was devoted to identifying the ways in which the IDR 

has been enacted and performed at the BGI, while investigating the social, cultural and 

institutional background. Communications with directors, observation in the workplace, 

including group discussions, seminars and training briefings, all contributed to a thick 

description of the IDR. The fieldwork of stage 2 occurred approximately one year later, 

when I revisited the BGI-Shenzhen in February 2011. Initially, this one-week stay, 

starting from 14
th
 February 2011, updated my case study with the outstanding progress 

the institute had achieved within one year. This includes not only the capacity of its 

R&D infrastructure, namely number of staff members, facilities, stronger connections 

with governmental bodies and customers of an increasingly wide range, but also the 

higher efficiency of collective interaction around the IDR patterns achieved by 

modifying its organizational structure. In order to avoid possible redundancy, fieldwork 

in this stage shifted its focus to collecting data and responses from the management and 

administration layer of the institute. The strategy designed between stages for filling in 

empirical materials in stage 2 included: 1) cultural proof indicating the roles played by 

cultural factors and types (if any); 2) formal institutional factors, including policy, law 

and regulation documentation focused on three themes: funding R&D activities, 

organizing R&D projects, and R&D activities governance; 3) informal institutional 

elements including internal guidance, slogans, and workplace atmosphere.  

    Compared to the formal interviews, for which I will detail the operational 

strategies and implementation in section 3.4 of this chapter, the elements of informal 

                                                        

8
    I was accommodated in BGI Dormitory (Linchang) in fieldwork of stage 1 in 2010, and BGI 

Dormitory (Beishan) in stage 2 in 2011. 
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social life I observed as participant actually inspired me to look further at the social and 

cultural impacts on the knowledge production in the BGI within the specific social 

context. As one outcome, I attempted to link the integration of knowledge crossing 

disciplinary boundaries following the IDR patterns with the potential effects from 

China's rise in manufacturing industry, and I kept an ethnographic journal for both 

stages in the form of fieldwork notes containing pictures (see Annex 6) as on-site 

reflections of this sort. While the initial intention prioritized in-depth interviews, 

participant observation and document collection also provided useful resources to 

consult in the later stage of the research, as well as reliable data for further analysis. 

3.4 Semi-structured interviews 

The most crucial component of my fieldwork in both stage 1 and 2 consisted of 

interviews with researchers from core R&D departments and other management 

professionals, including managers and directors involved at various levels in the IDR 

projects in the BGI, as well as informal conversations in daily life and at scientific 

meetings. Given the fast growth of the R&D personnel and the changing structure of 

organization in the institute I had chosen to investigate, I discarded the option of a 

large-scale survey of the entire cohort of participating scientists and administrative staff 

members. It was neither practically feasible to access such a large and diverse collection 

of people nor desirable in term of eliciting information at a deeper level. Instead, 

semi-structured interviews, in which researcher and informant engage in the process of 

dialogue and mutual understanding, provided an opportunity to better understand not 

only research objectives but the methods adopted as well. The interviews particularly 

focused on the kinds of rhetorical devices participants used to make sense of their own 

experience with the IDR patterns. In practice, other than as a means of starting the 

conversation, the specific prepared questions were actually less important than 

flexibility and opportunism. In this way, the interviews kept opportunities open for 

participants to negotiate meanings and subjective experiences in a self-reflexive manner, 

and for me to pick up on the ideas and the knowledge of the researchers, managers, and 

directors themselves and to encourage them to expand on their ideas and their 

knowledge where it promised to be interesting to me. Indeed, during some interviews, 

informants expressed complex views that could not have been elicited by means of a 

survey or other quantitative research designs (See, for example, the lengthy excerpts in 

Chapters 5 and 6). 
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    In structuring interviews of this kind, I firstly devoted attention to the strategic 

selection of informants who were ideally positioned to shed light on the specific issues 

this case study was to address, namely: 1) patterns of R&D methods and strategies; 2) 

the flow of exchange and cooperation across disciplines; 3) the interaction of 

researchers of varied disciplinary backgrounds as well as expertise in laboratory settings; 

4) administrative and organizational aspects of the IDR projects interconnected with 

social power; 5) the interface between social, cultural and institutional factors in the 

governance and management of the IDR practices. In order to achieve this goal, I 

submitted my proposal to the head of Scientific Research Department (SRD, later 

reorganized and renamed as Scientific Research Cooperation Department, SRCD) and 

candidate interviewees were nominated by SRD according to their positions, roles and 

disciplinary backgrounds. Times and dates were agreed by both sides, according to 

availability. The locations were primarily in the main building of the BGI-Shenzhen, 

including seminar or conference rooms, the reception area, corridors outside 

laboratories, and offices. Prior to each meeting, I drafted a list of indicative questions 

that were tailored according to the introduction of the interviewee that had been 

provided by SRD.  

    During the interviews, I firstly invited interviewees to introduce themselves and 

their positions, disciplinary backgrounds, and especially their own understanding and 

description of the IDR. This step was designed to know how their ideas and concepts 

are structured by their own understanding of their practice. Consequently, I began with 

questions using the concepts they themselves used there. This was especially important 

in stage 1, where I wished to find out their ideas on 'discipline', 'interdisciplinarity' and 

'IDR', among other topics, including whether they have any ideas about disciplines at all 

or whether they think about science in a different framework. Following guidance from 

my supervisors, especially Professor Barry Barnes with his expertise and interviewing 

skills in social science, I used concepts in questions only after the respondents had used 

them, and tried to align my use with theirs as I posed questions. As interviews 

proceeded, I attempted to extend the chance of getting more relevant information by 

mentioning my ideas, for example in stage 2, the roles of horizontal and vertical 

communication and control and my thoughts about the pros and cons of each, and also 

the link between horizontal interaction and creative innovation. In doing so, my 

rationale was that all organizations have a front they present to the outside world, and an 

area behind the scenes, where the real work is done; it was the latter that I needed to get 
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insight into. The more the interviewee knew what I was looking for and why I was 

interested in it, the more focused the talk would be. Admittedly, sensitivity is involved 

at this point, but if it proved that the interviewee and I had a mutual understanding of 

my ideas and objectives, he or she could become a major source of important material. 

After the first interviews, having sensed some inadequacies in the questions and 

omissions in the responses about research aims, I improved the questions accordingly 

from one interview to the next. Similarly, I improvised questioning in interviews 

themselves to follow unexpected leads, even if they departed from the schedule, so as to 

better interact with the interviewee's involvement in his or her work setting. Indeed, 

trust grew slowly through an interview, so that the interviewee only began to tell me the 

most interesting information close to the end. The final minutes of interviews proved to 

be especially revealing. 

    Overall, I conducted 13 semi-structured interviews, 10 in stage 1 and 3 in stage 2, 

all digitally recorded and then transcribed on to paper; see more detailed information in 

the Semi-structured Interview Schedules I submitted with this dissertation, as Annex 5. 

Interviews were conducted in Chinese. The questions and the excerpts used in this thesis 

were all translated literally into English and attached as Annex 3 and 4 respectively. I 

will make further clarification on translation in Section 3.8 of this introduction. The vast 

majority of nominated candidates agreed to be interviewed, with only 2 absent due to 

unavailability. All interviewees engaged in highly detailed and long-lasting 

conversations, namely 1 hour for each of those in stage 1, and 2 hours each in stage 2 at 

the longest. At times, informants provided long and detailed explanations around the 

indicative questions but were not limited to them. It might be contested that the pool of 

informants is small in size, which may put important constraints on my research plans. 

However, this set of interviews, and to a larger extent this case study, were neither 

designed to be, nor should be taken as providing a 'sample' on the quantitative model. 

Specifically, the 10 interviewees involved in stage 1 together presented an outstanding 

collection of disciplinary backgrounds, ranging from biology, mathematics, physics and 

computer science, to bioinformatics and traditional Chinese medical science, playing 

such varied roles as manager, investigator, training director, and intern in the core of 

R&D sectors. This collection itself suffices for the present purpose, for it is less likely to 

occur in other equivalent institutes in China’s biotechnology industry. Moreover, 3 

informants attending interviews in stage 2 were either in charge of the whole R&D 

system of the BGI or running the marketing networks at home and abroad. They indeed 
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spoke for the top layer in the hierarchy. 

3.5 Network studying 

The inspiration to explore the IDR in this case study is partially derived from my work 

co-authoring the 2009 Annual Report on the Development of Humanities and Social 

Sciences in Foreign Universities, organized by the Ministry of Education of the People's 

Republic of China, where 'interdiscipline' was conceived as a major growth point 

leading to the emergence of new scientific knowledge. The IDR was also discussed as a 

major theme in my previous work of case studies on scientific research organizations in 

China's bio-pharmaceutical industry, for my Masters dissertation in the philosophy of 

science at University of Science and Technology of China (USTC), in 2007. 

Furthermore, the significance and implications of the IDR in building the research 

project of 'Big Science' were addressed in a publication afterwards (Wang, et al., 2009). 

By closely examining China's biotechnology industry within the model of 

Actor-Network theory (ANT)
9
, I, together with the co-authors, argued that besides 

government bodies, enterprises and R&D organizations, a diverse array of factors 

should be taken into account as we tackle emerging issues in the systematic study of the 

development of China's biotechnology industry. Furthermore, these factors and groups 

are in fact all knitted into networks and act as both knitters and knots, working in 

interaction and conjunction. China's biotechnology industry gains its strength to develop 

and evolve from these networks. As a research method, this framework itself provides 

an integrated perspective for analysing other research objectives around China's 

biotechnology industry. 

    The strong continuity of research method between my previous work and this case 

study is the investigation studying of scientists and the strategies they adopt in practice 

at the level of networks. The scope of this study is thus neither 'macro' nor 'micro'. 

Network studying is ideal for understanding collective actions by status groups, which I 

see as lying between micro- and macro-level in scope. This further provides place for 

cultural and institutional analysis of interaction-network, where contacts with varied 

disciplinary backgrounds are all linked by IDR projects, given that the research 

institutions in the R&D section of China’s biotechnology industry commonly make 

massive efforts in networking with the local government that works within a strongly 

bureaucratic culture. Moreover, cultural types and institutional factors presented in the 

                                                        
9    See Latour (1998) for a quick reference to this model of social actions analysis.  



 

 38 

networks provide a relatively stable and consolidated basis for investigation into 

governance, particularly policy-making, and management of R&D practices, following 

IDR patterns against the fast changing social context. To this extent, interfaces between 

the direct impacts of formal policies and those more incremental from less formal 

factors are better seen at the network level rather than in individual scientists.  

3.6 Triangulation: validity and reliability 

The validity of research refers to the relevance and appropriateness of the empirical data 

to the research questions, and the idea underlying this understanding is how directly and 

strongly it is associated with the concepts under scrutiny (Pierce, 2008). If validity 

poses a question of 'whether'
10

, reliability, nonetheless, is about 'how much' - indicating 

the extent to which the source of data and data itself can be relied on. Therefore, as 

Golafshani (2003) points out, examination of trustworthiness lies at the heart of efforts 

to ensure reliability in qualitative research. To achieve these two goals of being valid 

and reliable, a sociological 'triangulation' has been cultivated in this research, by 

extending 'triangulation' in the conventional sense to also cover data derived from 

participant observation, focusing on socialization. 

    Triangulation is conventionally conceived as 'a validity procedure where 

researchers search for convergence among multiple and different sources of information 

to form themes or categories in a study' (Creswell & Miller 2000, p. 126, as cited in 

Golafshani, 2003). This is a practical reason for developing a sociological 'triangulation', 

but there are other considerations. As emphasized at the beginning of this 

methodological section, this research celebrates its compatibility to philosophical 

positions in approaching the IDR as a social 'reality'. Different research approaches 

representing different perspectives thus need to be combined so as to be applicable to 

investigation into different aspects or levels of reality (Erzberger and Prein, 1997). In 

the meantime, 'triangulation' as a research strategy provides a systematic approach to 

correlating reciprocally first-hand information from informants with other secondary 

sources (Davies, 2001). In so doing, a cross-reference is formed to create a parallax 

view upon social phenomena in the course of mapping a more complete picture of the 

IDR.  

    The very essence of this sociological 'triangulation' is to ensure the reliability of 

                                                        
10    To guarantee validity, however, is to deliberately avoid any possibility where 'the relationship 

between indicators and measures and the underlying concepts they are taken to measure is often 

contested.' (Jary & Jary 1995, p. 714, as cited in Pierce, 2008).  
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research results by deriving data from multi-sources on the one hand, to secure the 

validity by coordinating locally theories (ontological and epistemological positions, 

sociological framework), and means (approaches, indicators, data, measures) on the 

other. Specifically, such a sociological 'triangulation' in this research substantiates the 

argument by providing a cross-reference between primary sources collected from 

fieldwork in the BGI (interview data, internal archival material and fieldwork notes 

taken by the researcher as on-site reflections), with published secondary-source 

information available in academic journals and news reports, amongst others. Moreover, 

it provides a multi-perspective strategy for this social study of the social properties of 

IDR as outcomes of interaction producing scientific knowledge.  

    Due to the limitations in time and resources for the present enquiry, it is not 

possible to undertake test-retest or parallel form tests of reliability. Admittedly, 

constructing the validity of sociological 'triangulation' itself is beyond the scope of this 

investigation. It suffices only for the purpose of this research, due also to the lack of 

relevant past research.   

3.7 Ethical issues 

From an early stage of genomics study in China, ethical issues have been deliberately 

emphasized. Massive efforts to better governing research ethics have been made in life 

sciences by the Chinese government and in collaboration with international society. One 

recent example is the BIONET project which showcased the successful collaboration 

between China and Europe in accommodating challenges of ethical governance related 

to Sino-European collaboration in advanced life sciences research (BIONET, 2009). I 

attended BIONET’s final conference, held in London from 2nd to 4th September 2009. 

At the conference and also in expert group meetings, I witnessed the hot debates around 

varied topics in this field, which yielded fruitful outcomes afterwards.  

 BGI also plays an active role in bioethics governance, both in China and 

internationally. One of its founders, Professor Huanming Yang, has a long history of 

working on ethical issues as a member or representative of the People's Republic of 

China in major international bioethics organizations and societies, including the 

International Governmental Bioethics Committee (IGBC, UNESCO), International 

Bioethics Committee (IBC, UNESCO), and UN Expert Group on Biotech for the High 

Commissioner on Human Rights. In the meantime, he pioneered ethical issues 

governance in China's human genome research, as secretary-general of the Chinese 
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Human Genome Diversity Committee (CHGDC) and the Committee of Ethical, Legal, 

and Social Issues (ELSI). 

 In recent years, there also has been increasing awareness of ethical issues 

concerning research involving human subjects as well as the ethical implications of 

social science research. Although my research did not involve vulnerable groups or 

sensitive topics and documentation, it has nonetheless required careful ethical scrutiny 

for the general need to protect participants at various stages of the research process. I 

prioritized informed consent and obtained a Certificate of Ethical Approval (see Annex 

1) issued by the Ethics Committee of the then School of Humanities and Social 

Sciences (HUSS, now the School of Social Sciences and International Studies, SSIS) at 

the University of Exeter in 2009, prior to fieldwork in 2010 and 2011.  

 At all stages of this study, ethical norms were followed regarding voluntary and 

informed consent; respect, confidentiality, and safe storage of information were 

carefully considered. Before interview, an Information/Consent for Interviews Form 

(see Annex 2) in Chinese was agreed and signed by each interviewee, while the original 

form in English was presented at the same time; one signed copy of the form was kept 

by each side. I treated with confidentiality any sensitive information which could 

potentially be harmful to the professional or personal life of participants. Anonymity 

and confidentiality were also guaranteed by introducing a mixture of real names and 

pseudonyms to ensure the identity of the major part of participants could not be 

accessed, while maximizing the documentary verisimilitude. All real names include first 

names and surnames; pseudonyms take the form of the initial of surname or given name 

with additional information in the form of abbreviations for the academic discipline or 

job title. Real names are used when informants are public figures or identifiable in the 

public media, including website articles and newspaper reports, amongst others. 

Concerns over confidentiality did not arise with any informants.   

3.8 Translation 

Where possible and appropriate, English translations of names, terms, and case study 

materials in Chinese are included in this thesis. All English translation is on a literal 

basis, as is the Informed Consent Form translated from English to Chinese. For the 

convenience of the majority of Chinese language users, I have adopted the simplified 

form of the Scheme of the Chinese Phonetic Alphabet (Hanyu Pinyin) to transcribe 

Chinese characters into Latin script in spelling Chinese names and terms, for example, 
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'Cai Yuanpei' and 'Institutional Unit (Shiye Danwei)'. In the Romanization of Chinese 

personal names and place names, I have endeavoured to use Hanyu Pinyin spelling 

wherever possible. In cases where an older form has become the accepted standard, I 

have retained it, such as 'Sun Yat-sen' or 'Hong Kong'. 

4. Summary 

In sum, this thesis sheds light on the IDR as social phenomenon more than scientific 

research strategy. This introductory chapter firstly overviews briefly how the IDR is 

shaped by social, cultural and institutional dynamics in scientific knowledge production, 

embedded within the development of China's biotechnology industry of recent decades. 

Specifically, it maps IDR as collective action that is enacted in the social practices of 

scientists and other social actors within China's social setting of the interaction-network. 

Section 1 points out that IDR still faces challenges, due to a variety of organizational 

structures, cultural traditions, and institutional factors that are all involved in the R&D 

projects. Moreover, the combination of these challenging situations is conditioning the 

governance of China's biotechnology industry R&D and to some extent undermining the 

efficiency of scientific knowledge production. Despite these challenges, however, the 

IDR is a tangible social process, fostering scientific knowledge production crossing 

disciplinary and cultural boundaries. In many ways, this process has contributed to the 

generation of collective good for status groups working within the network (also for 

wider society, of course.) and re-distributing social power among them, albeit unevenly. 

Section 2 outlines the main research questions that have emerged around the IDR, both 

in conceptual discussion and in empirical investigation. These questions are carefully 

articulated and serve as guiding topics of the chapters making up this dissertation; a 

road map of each chapter in addressing the research question(s) is also given in section 

2. 

    In practice, however, restrictions or ignorance of the study of the IDR in the R&D 

sector within China's biotechnology industry has long been (and is still) underpinned by 

the misconception that the IDR serves merely as a tool in solving particular scientific 

problems. It might be the case that an IDR team will disband after their mission has 

been completed; the relevant strategies or patterns all come to the end, full stop. If seen 

from the perspective of SSK, however, the socialization around the IDR project would 

not die out, namely the interaction making sense of the knowledge generated out of 
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cooperation within IDR projects. Section 3 thus details what a sociological investigation 

of the IDR may contribute to clarifying this misconception, by defining and defending 

its philosophical positions. Also, by clarifying the relations between research 

philosophy and methodology, this section further explains how such a study becomes 

feasible and empirically grounded.  

    This dissertation contributes to the sociology of scientific research, since it 

improves our understanding of collective action, including cooperation and conflicts, 

power, and governance in the social process of scientific knowledge production. My 

study engages with localizing our knowledge on how research strategy works and thus 

affects the practice of managing scientific research in the industrial R&D sector and 

governing 'Big Science' in the particular setting of China's biotechnology industry. It 

furthermore raises awareness of IDR patterns as well their pervasive implications for 

governance, both in policy making and management practice. Thus, it bridges the 

sociological understanding of the IDR as collective interaction between social status 

groups and research policy studies. Altogether, this is a sociological study of science 

showing where and how sociological considerations are crucial in understanding 

scientific knowledge production, an analysis of scientific research strategy as 

socialization patterns, and a thick description of collective action in a contextualized 

setting.   

 In terms of its content, this thesis presents three aspects of the research work in an 

orderly fashion. The first aspect is the general theoretical discussion on how 

'interdisciplinarity' works cognitively in the social production of knowledge, as 

'knowing how', and how the IDR pattern evolves in the social settings of China's 

biotechnology industry. General discussion of this sort constitutes mainly Chapters 1 

and 2, though it is revisited in later chapters as well. The second aspect focuses on how 

social, demographic, economic and political elements in China affect the functionality 

of IDR pattern. Chapters 3 and 4 provide a thick description of this aspect, based on 

fieldwork in the BGI. The last aspect investigates particularly how the IDR pattern deals 

with the operational and technical aspects of scientific knowledge production, while 

managing the interactions around social power with regulatory agencies and other 

relevant social actors. Consequently, Chapters 5 and 6 examine the issues concerning 

organizational structure, power and governance. The whole thesis concludes with 

Chapter 7, reiterating the major findings of the research, reflecting on the 

implementation of the investigation, and indicating directions for future work.  
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CHAPTER ONE 

FROM DISCIPLINE TO INTERDISCIPLINARITY 

 

1.1 Introduction 

The history of modern science might be roughly categorized into three stages. These are 

labelled: integration, specialization, and synthesis (Liu, et al., 2008). Specifically, the 

establishment, as well as the maintenance of disciplinary status is the outcome of both 

specialization and synthesis. The latter gains its strength from the current trend of 

interdisciplinarity. In this chapter, the latter two stages will be discussed together from 

the perspective of the interdisciplinary development of science. Discussion of the 

co-existence of specialization and synthesis will offer a solid basis for closely 

examining the relationship between disciplinary institutionalization and 

interdisciplinarity in modern science. 

    Increasingly complex research objectives emerge from both the more traditional 

investigative, hypothesis-driven research fields and those which are more data-driven. 

This complexity on the one hand accelerates the specialization in scientific research, 

which is testified to by the emergence of new subfields or new disciplines. On the other 

hand, it calls for interdisciplinary approaches so as to achieve knowledge integration 

based on synthesis across the disciplines involved. For instance, newly developed 

initiatives at more specialized levels in life sciences have paved the way for subfields or 

even new disciplines to come into being.11 As scientific endeavours of this sort 

become established as disciplines, the growing trend of interdisciplinarity has also been 

seen in the related scientific research activities, particularly those in the field of 

genomics. After huge databases of information have been generated from sequencing, 

the top priority is given to how to get the sequencing data connected to critical 

biological questions, so as to be interpreted in specific contexts, such as certain diseases. 

Information processing after sequencing in general needs categorization and analysis 

                                                        
11

    See Powell, et al. (2007) for the overview of how new subfields and disciplines of this sort 

gained disciplinary status. 
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involving perspectives from a wide range of disciplines, such as chemistry and medical 

science, amongst others. These disciplines are not merely enrolled but more importantly 

activated to make joint efforts in crossing the boundaries. In addition, the growing 

requirements in life sciences for more sophisticated reagents, instruments, materials and 

measurements all require contributions from their neighbouring disciplines. To meet this 

collection of challenges, collaborative interdisciplinary research has been frequently 

mentioned as a possible approach. Evidence can be found in recently released academic 

publications, for instance, in the journal Trends in Cell Biology (See Horwitz, 2003).  

    Despite their juxtaposition, a contradictory relationship exists between 

specialization and synthesis. This gives rise to the suspicion that disciplines are hostile 

to or at least not ready for an interdisciplinary approach (see Nissani 1997; Bird 2001; 

Schoenberger 2001; Franks, et al., 2007). Even given the interdisciplinary trend evident 

in genomics, there are still high barriers to an interdisciplinary approach. Disciplines 

such as chemistry, physics, mathematics, engineering, and computer science 

demonstrate some engagement in this interdisciplinary approach, but their concepts, 

ideas and technologies remain highly disciplinary. Researchers involved in the 

interdisciplinary approach to genomics information therefore find it hard to gain access 

to the literature and experimental details from the other disciplines. Analysts have 

argued for the importance of communication and interaction among researchers with 

different disciplinary backgrounds. And only on this basis can interdisciplinary research 

achieve the necessary combination of, for instance, state-of-the-art cell biology with 

cutting-edge technology from other disciplines, so as to safeguard the productivity of 

scientific research of this sort.  

 Rather than merely an optional research method occasionally adopted in scientific 

research, Horwitz argued interdisciplinary research itself to be a deliberate and 

self-organizing mechanism, in which multiple disciplines are purposefully involved. 

Working in such a situation, participating researchers need to be fully aware of 

disciplinary elitism and related issues within each of the diverse disciplinary claims 

(Horwitz, 2003). With this plausible argument, he was getting close to the nature of the 

linkage between discipline and the interdisciplinary research. However, it is highly risky 

to draw any conclusions about the relationships between disciplines and 

interdisciplinary research without investigating intensively the concepts of discipline 

and interdisciplinarity. What is the conceptual core of a discipline (if any)? Is it 

necessarily antagonistic towards interdisciplinary research? What is the essential nature 
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of the concept of interdisciplinarity? Can interdisciplinary research be enhanced without 

the participating disciplines being deprived of their disciplinary identities? This set of 

questions, I argue, should be clarified before we address the current subjects in the 

research field of interdisciplinarity. 

1.2 Understanding Discipline 

Within a traditional academic model, the concept of 'discipline' firmly establishes a set 

of organizational niches. Set in such a disciplinary-based niche, trainees and scientists 

have been grouped into discrete departments in the university world. Practitioners from 

the same discipline work together within one well-defined area, in accordance with the 

similarity of their backgrounds and interests. However, in terms of epistemological 

significance, the notion of discipline appears to be more complex than has been widely 

assumed. This complexity has conventionally caused difficulties in defining discipline, 

as Fuller argues: 

...the "discipline" is one of the few units of analysis that requires the 

cooperation of two rival historiographical approaches in science studies: the 

internal approach, devoted to charting the growth of knowledge in terms of the 

extension of rational methods to an ever larger domain of objects, and the 

external approach, devoted to charting the adaptability of knowledge to 

science's ever-changing social arrangements. In short, disciplines mark the 

point at which methods are institutionalized, or, so to speak, the word is made 

flesh.  

(Fuller 1991, p.302) 

In turn, both the internal and external approaches to analysing discipline imprint deeply 

on modern scientific development. Knowledge production gains its strength from 

disciplinary institutionalization. Like-minded individuals develop close relationships; 

and a common culture of understanding is created to facilitate scientific progress in a 

discipline. However, Grady (2008) recently argued that this strength is at the same time 

reduced by the power of the discipline. He suggested that disciplinary 

institutionalization can also result in compartmentalization, imposing barriers to the 

growth of new science areas that cut across traditional disciplines. 

1.2.1 Definition of discipline 

Etymologically, the term 'discipline' is adapted into English from a Latin root, 

'disciplina', meaning 'a branch of instruction or education; a department of learning or 

knowledge' (Oxford 1989, pp.734–5) or likewise, 'systematic instruction given to a 
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disciple' originated from the Latin root ‘discere’ which means 'to learn' (Pickett, 2000). 

Since early medieval times, disciplines have been employed in European universities to 

indicate a way of ordering knowledge with high visibility in an education system, 

affecting the possibilities for teaching and learning. In the sense of an educational 

structure, the notion of discipline has been significantly enhanced by the categorical 

knowledge structures and the classical configurations of the medieval universities. Since 

the late 19th century, the design of modern college curricula in the US has further 

confirmed the position of discipline. More recently, disciplinary specialization and 

organization has also advanced in the US due to the belief that specialized professional 

training would enable citizens to participate in economic life, in accordance with the 

high level of labour division (Lattuca, 2001).  
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Table 1.2.1 A Chronology of Definitions of Discipline 

Author Definition 

Berger,  

(1972, pp. 25–26) 

 

 

Freides  

(1973, p.13) 

 

 

Gass (1979, p. 119) 

 

 

 

 

Fuller (1985, p. 2) 

 

 

 

Becher (1989)
 1
 

 

 

 

 

 

Squires  

(1990, p.101) 

 

 

Nissani  

(1997, p. 203) 

 

 

Aram (2004, p. 380) 

 

 

Discipline: a specific body of teachable knowledge with its own background 

of education, training, procedures, methods and content areas. 

 

A number of specialized groups, each functioning as the scientific 

community in relation to a limited area of knowledge and a limited range of 

scientific concerns. 

 

Disciplines serve not only as a convenient ...  way of dividing knowledge 

into its components, but ...  they also serve as a basis for organizing the 

institution--and hence the professionals engaged in teaching and research 

(activities)--into autonomous fiefs. 

 

A discipline is "bounded" by its procedure for adjudicating knowledge 

claims. This procedure consists of an argumentation format which restricts 

word usage, borrowings permitted from other disciplines, and appropriate 

contexts of justification/discovery. 

 

(The understanding of ) disciplines, hard or soft, and pure or applied, 

depends on dimensions (of the definition of discipline) such as heterogeneity 

of interests, the potential for knowledge accumulation, the clarity of criteria 

for establishing or refuting claims, and the strength of intellectual 

boundaries. Sociological factors, such as socialization, social organization, 

and rewards within scientific communities are also relevant features of 

disciplines. 

 

In the one, a discipline corresponds to an abstract idea of an essential corpus 

within a structure of a given framework; in the other, a discipline is an 

artificial construct, determined by relations of power and authority. 

 

A discipline can be conveniently defined as any comparatively 

self-contained and isolated domain of human experience which possesses its 

own community of experts; 

 

Disciplines are thought domains – quasi-stable, partially integrated, 

semi-autonomous intellectual conveniences – consisting of problems, 

theories, and methods of investigation. 

1
 Also referring to Aram (2004) 

 Table 1.2.1 shows a range of definitions by various authors; these definitions 

demonstrate the nuances of meaning ascribed to the concept of discipline. Although 

definitions of discipline have evolved to emphasize its internal nature rather than merely 

its external structure, many central tenets have remained unchanged. Amongst these 

widely cited definitions, discipline as the form or domain of knowledge production has 

been emphasized; moreover, the body of scientific knowledge as well as its production 
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following the disciplinary protocols is described in a fragmented manner. These 

descriptions are followed dogmatically, I argue, and this leads the study of discipline 

concepts into a localized but somehow over-specified framework. Within this 

framework, the subject continuity, in framing research problems, theorizing and 

investigating, has been accepted as the stability or quasi-stability of a discipline (Aram, 

2004). However, the hierarchical structure of a discipline (see below), its division into 

sub-fields or disciplinary boundaries, suggests the stratification of superior and 

peripheral posts held by elements therein. This hierarchical stratification weakens the 

ground of disciplinary stability by highlighting the fact that disciplines are only partially 

integrated.  

 In his investigation, Becher (1989) employed the metaphor of intellectual 'territory' 

to illuminate the concept of a discipline. The stability of disciplines relies heavily on the 

construction of this 'territory' by the specialized practitioners residing within it as a 

'tribe'. On the other hand, sociological factors, namely socialization and incentives from 

scientific communities, can affect the stability of disciplinary 'territory'. Compared with 

the tradition emphasizing definitiveness and stability, this anthropological perspective 

encourages closer examination of the distinguishing structure and the complexities of a 

discipline. 

 The notion of discipline is favoured by both institutional and professional practices 

in S&T governance, job market management, and social resources distribution 

(especially in case of China, see discussion in section 4.3.2); furthermore, disciplines 

are primed to reproduce new disciplines which are not more identical ones, mainly via 

specialization of their research objectives to raise the need for further categorizing of 

knowledge, and organizing scientific knowledge production. In the disciplinary 

development of sciences, autonomy of discipline is invoked on the one hand as 

evidence of academic freedom, and on the other as the resistance against 

interdisciplinarity.  

 Sciences, as Whitley (2000) argued, are the 'reputational work organizations' 

engaged in knowledge production. Modern science is deeply embedded within social 

contexts and changes of social factors. In particular, changes to the resources and 

reward systems, including public funding of science from new research-intensive 

industries, affect the institutionalization of sciences, thus the stability and autonomy of 

disciplines. As an outstanding outcome of the institutional changes in traditional 

disciplinary organizational structures, greater interdisciplinarity has been witnessed over 
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recent decades. Nonetheless, arguments regarding disciplinary boundaries, by Fuller for 

instance, present more reasonable explanations for this trend of interdisciplinarity: the 

ambiguous disciplinary boundaries make discipline semi-autonomous, these softened 

areas of disciplinary boundaries with lower level of robustness allow interdisciplinary 

research to go forward.  

1.2.2 Conceptual core of discipline 

In defining discipline, analysts present the features of disciplines through a normative 

approach. The varied definitions previously reviewed mainly have one assumption in 

common: discipline is labelled as knowledge - 'knowing that' - either as a domain of 

thoughts or a body of knowledge. There is, however, an alternative, yet equally 

important, tradition of defining knowledge as 'knowing how'.
12

 Drawing on this 

explanatory tradition, I propose that discipline is to be defined by its epistemic function 

and social function, following a performative perspective (Goffman, 1959). In the sense 

of epistemic function, discipline is an epistemically purposeful inquiry in developing 

scientific knowledge, sufficiently far removed from direct sensory experience so as to 

be expressed through logical if not mathematical structures (Finkenthal, 2001). When it 

comes to the social function, discipline is the convergence point for a set of 

methodological tools in solving problems. A discipline produces the sort of knowledge 

necessary for maintaining the social order; the esoteric character of the knowledge 

produced serves to enhance its perceived centrality to the society (Fuller 2004, p. 96). 

 I argue that discipline resembles a pyramid. Here both the image and the structure 

of a pyramid are specifically adopted to illustrate the hierarchical, albeit heterogeneous, 

configuration of the discipline. As can be seen in Figure 1.2.2, at the top of the pyramid 

lays the conceptual core of a discipline, while its boundaries occur around the bottom of 

this pyramid. I adopt the notion of Kuhnian exemplar
13

 (Kuhn, 1970) in analysing the 

conceptual core of discipline; meanwhile, the disciplinary boundaries will be discussed 

in a later section. 

                                                        

12
    Outstanding examples of understanding knowledge in this tradition can be found in Polanyi's 

work on tacit knowledge (1966) and Kuhn's accounts of science (1970). In particular, to summarize 

the introductory discussion on tacit knowledge, Polanyi revealed the functional relation between the 

two terms: 'we know the first term only by relying on our awareness of it for attending to the second' 

(Polanyi 1966, p.10).  

13
    Exemplar, according to Thomas Kuhn, is accepted by all members of a discipline as they 

subscribe to a large body of interconnecting knowledge, methods, and assumptions incorporated in 

the reigning paradigm. It's an example of a solution; so in tackling their research problems other 

scientists take similar solutions, but not the same solution.  
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Figure 1.2.2 Pyramid of Discipline 

In the form of a pyramid, science practitioners occupy intellectual spaces. Science 

practitioners from diverse disciplines fiercely defend their spaces as well as patrolling 

their boundaries. They regard those who either intrude upon or disrupt these with 

suspicion (Bird, 2001). The pyramid itself, however, is hierarchically stratified in terms 

of sub-disciplines, subject-disciplines, sub-fields, areas and universes of knowledge, 

disciplinary cultures and sub-cultures (Evans 1988, p.161). Either in defending the 

pyramid or in maintaining the order of its stratified inner elements, the conceptual core 

of discipline serves as a source of strength. This conceptual core, I argue, is a 

mechanism of 'exemplarification': within it, a Kuhnian exemplar is set up and 

maintained, a disciplinary status is achieved to access both recognition from academic 

communities and social resources. 

 In understanding science as well as scientific knowledge production, Kuhn objects 

to Popper in so far as a falsificationist perspective fails to recognize the fact that 

anomalies and inconsistencies always abound in science. With this clash between Kuhn 

and Popper as the starting point, Lakatos (1968) has shown in his invaluable study of 

the methodology of scientific research programmes the 'hard theoretical core' with an 

'auxiliary protective belt' around it in scientific theory. According to Lakatos, a theory 

can be saved from falsification by the 'belt' of auxiliary hypotheses being adjusted. 

During this process, however, the 'core' of the research-programme remains irrefutable. 

The overall approach I have adopted here to sketch an image of the discipline with a 

'conceptual core' is to some extent inspired by Lakatos, though I hold it is highly 

problematic to transplant the 'hard core' from a scientific research-programme directly 

into the study of discipline. The notion of 'conceptual core', together with the 

Conceptual Core 

Disciplinary Boundaries 
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hierarchical structure of a pyramid, is my attempt to include social elements into the 

analysis, as I explore the concept of discipline within a broader frame, rather than 

granting the organizational or institutional significance of discipline by itself.     

 To perform its epistemic function, a discipline initially defines a set of cognitive 

goals as its research objectives. Being equipped with the relevant epistemological tools, 

scientists engage in producing a large body of interconnecting knowledge, methods, and 

assumptions to address the disciplinary research objectives
14

. Among these efforts, some 

succeed in solving research problems. The solution formed or adopted in the successful 

efforts becomes the exemplar of the field. Compared with a Kuhnian disciplinary 

matrix
15

, 'exemplarification' offers an optimized framework of how research in the 

discipline should be conducted. Theoretical beliefs, values, configuration of instruments 

and techniques are specifically 'exemplarified'. Through 'exemplarification', science 

practitioners within one discipline gain strength in defending the disciplinary pyramid 

as well as ordering its inner hierarchical stratification. No matter how heterogeneous the 

disciplines might be, exemplarification serves as their conceptual core in common. 

Therefore, it also brings forth a strong recognition from the relevant scientific 

communities.  

    In the sense of social function, however, a commission to solve the problems from 

the real world is encoded in the conceptual core of discipline. From the very beginning 

of 'exemplarification', consideration of social interests plays a critical role in defining 

the research objectives, following the achievement and maintenance of a disciplinary 

status. These innate codes in the conceptual core are exemplified by the Baconian 

Virtues
16

 (Fuller, 2004) a discipline possesses in the stage of normal science. In turn, 

social codes in the conceptual core enable the discipline to have access to political and 

material resources from society. Such a feature is also to be discussed in greater detail as 

I attempt to present an overview of the evolution of China's S&T in modern times, from 

the point of its initial discipline-based institutionalization (see sections 2.2.3 and 2.3.1).  

    In a larger sense, however, the conceptual core of a discipline revitalizes the 

                                                        

14 
   This is a brief description of the simplified process of discipline building, which suffices only 

for the purpose of discussion in this section. Surely, disciplines emerge in less structured ways. 

15
    Disciplinary matrix here refers to a methodological and evaluative guideline under which 

scientists conduct their research. It assumes how research in a discipline should be conducted as well 

as what should constitute a good scientific explanation. 

16
    According to Fuller, the Baconian Virtues serve as a basis on which the attribution of 'science' 

could be made into a social practice. 
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alternative tradition of defining disciplines of knowledge as 'knowing how'. In Freides' 

statement of over thirty years ago:  

[W]hat distinguishes one field from another is not subject matter as such, but a 

distinctive approach that relates particular concepts and ideas to the subject and 

gives the subject its interest as a focus of inquiry. Each discipline views its 

subject matter through the unique lens provided by its history as a field of 

study and the explanatory propositions it has created. In consequence, each 

raises its own questions about a subject, seeks answers in distinctive ways, and 

relates what is found to its own body of accumulated knowledge.  

(Freides, 1973, p. 13) 

1.3 Interdisciplinarity 

The history of modern science saw a disciplinary development towards increasing 

specialization over the 19th century. Disciplinary institutionalization was firmly 

reinforced on the one hand by the conceptual core: exemplarification succeeded in 

offering disciplines with epistemic orientations, tested methodological tools and 

overarching approaches, which all together further constitute a disciplinary matrix 

(Kuhn, 1970). On the other hand, by focusing on particular research problems from the 

real world, disciplinary progress succeeded in receiving both recognition from scientific 

communities and material resources from society. This disciplinary trend was inherited 

by the 20th century; however, it has become more intertwined in the co-existence of 

disciplinary specialization and interdisciplinary synthesis. Varied scientific research 

approaches interact and collaborate with one another, cutting across pre-existing 

disciplinary boundaries. 

 Gibbons et al. (1994) identified an evolution from discipline-based knowledge 

(widely cited as mode 1) to what they termed transdisciplinarity (mode 2) that tended to 

focus on applications. It would be problematic to ignore the distinction between 

transdisciplinarity and interdisciplinarity; however, both have the common quality of 

bringing disciplines together and allowing knowledge to cross disciplinary boundaries. I 

suggest that in this transition from 'mode 1' to 'mode 2' interdisciplinarity is widely 

practiced and extensively theorized. Moreover, the modern concept of interdisciplinarity 

has been further moulded by historical attempts to nurture and promote notions of the 

unity and synthesis of knowledge. Within this co-existence of specialization and 

synthesis, the emergence of interdisciplinary programmes in research and education has 

broadened the traditional disciplines (Klein 1990, pp. 22–23).  
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 Initiatives in interdisciplinarity studies have become heightened, roughly from the 

time of the Vienna circle’s founding in 1924. It encouraged a larger movement within 

the scientific communities to integrate scientific principles, findings and terms. In the 

following periods, investigations into the interdisciplinary integration of knowledge 

have been multiple, simultaneous and diverse. Many theorists have been identified as 

influential contributors to current understandings of interdisciplinarity. Publications 

such as Integration: Its Meaning and Application (Hopkins, 1937) and the Foundation 

(later renamed Centre) for Integrative Education’s Integrative Principles of Modern 

Thought (Margenau, 1972) signalled the trend of knowledge integration. The ‘area 

studies’ approach (Struppa, 2000) was also significant in describing interdisciplinary 

progress in modern science. 

1.3.1 Concept of interdisciplinarity 

The notion of interdisciplinarity initially appeared in the minutes of a meeting of the 

Social Science Research Council (SSRC) in the US in the mid-1920s. Robert S. 

Woodworth used this term for the first time when he stated the mission of the Council in 

1926 (Liu, et al., 2008). A relatively systematic investigation into the term 

interdisciplinarity, however, was carried out somewhat later, in September 1970, when a 

seminar on interdisciplinarity was hosted by the Organization for Economic 

Cooperation and Development (OECD) in Nice, France. In its final report, 

Interdisciplinarity: problems of teaching and research in universities (Apostel, et al., 

1972), a huge range of academic institutions worldwide were surveyed under a 

framework highlighting the features of interdisciplinarity. The definition of 

interdisciplinary teaching and research was adopted in this final report. Since then, 

interdisciplinarity has been widely cited as referring to interaction as well as mutual 

integration between disciplines.   

 Although many have tried to define interdisciplinarity (see Berger, 1972; 

Kockelmans, 1979; Mayville, 1978; and Stember, 1991), it still appears "to defy 

definition" (Klein, 1990). The most widely cited definitions attempt to classify 

interdisciplinarity into the components needed to bring together elements of two or 

more disciplines. Interdisciplinary research is therefore deemed to entail the presence of 

a team of discipline-based academics, emphasizing applications to problems of the real 

world. In Table 1.3.1, notions of great diversity in defining interdisciplinarity are 

presented and categorized. 
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Table 1.3.1 Definitions of Interdisciplinarity            

Author Definition 

Berger  

(1972, pp. 25–26)  

(OECD definition) 

 

 

 

 

 

 

 

 

Hattery  

(1986, p. 13) 

 

 

 

 

 

Klein  

(1990, p. 196) 

 

 

Salter and Hearn  

(1996, p.43)
1
 

 

 

 

 

 

 

Nissani  

(1997, P. 203) 

 

 

 

 

 

 

 

 

Klein and Newell 

 (1998, p. 3) 

 

 

Brewer 

(1999, p. 328) 

 

 

Faber and Scheper 

(1997, p. 53) 

 

 

 

 

Karlqvist 

(1999, p. 379) 

Interdisciplinary: an adjective describing the interaction among two or 

more different disciplines. This interaction may range from simple 

communication of ideas to the mutual integration of organizing concepts, 

methodology, procedures, epistemology, terminology, data, and 

organization of research and education in a fairly large field. An 

interdisciplinary group consists of persons trained in different fields of 

knowledge (disciplines) with different concepts, methods, and data and 

terms organized into a common effort on a common problem with 

continuous intercommunication among the participants from different 

disciplines.*# 

 

The distinctive characteristic of IDR [interdisciplinary research] is 

generally identified as an integrative research process which takes place 

among researchers with different disciplinary backgrounds. In contrast, 

‘multidisciplinary’ and ‘polydisciplinary’ do not connote the continuous 

integrative communication and accommodation processes as subsumed in 

‘interdisciplinary’.* 

 

Interdisciplinarity is a means of solving problems and answering questions 

that cannot be satisfactorily addressed using single methods or 

approaches.* 

 

‘Instrumental interdisciplinarity,’ in which scholars utilize or borrow the 

ideas or methods of another discipline to enhance problem solving within 

their home disciplines. ‘Conceptual interdisciplinarity’ critically examines 

assumptions of institutional and social power embedded in disciplinary 

work. Interdisciplinarity challenges the limitations or premises of the 

prevailing organization of knowledge or its representation in an 

institutionally recognized form. # 

 

In academic discourse, interdisciplinarity typically applies to four realms: 

knowledge, research, education, and theory. Interdisciplinary knowledge 

involves familiarity with components of two or more disciplines. 

Interdisciplinary research combines components of two or more disciplines 

in the search or creation of new knowledge, operations, or artistic 

expressions. Interdisciplinary education merges components of two or more 

disciplines in a single program of instruction. Interdisciplinary theory takes 

interdisciplinary knowledge, research, or education as its main objects of 

study.* 

 

Interdisciplinary studies may be defined as a process of answering a 

question, solving a problem, or addressing a topic that is too broad or 

complex to be dealt with adequately by a single discipline or profession.* 

 

Interdisciplinarity generally refers to the appropriate combination of 

knowledge from many different specialties—especially as a means to shed 

light on an actual problem.* 

 

Interdisciplinarity of sciences: the integration of theories that explain 

phenomena from the varied scientific perspectives, impeded by differences 

of epistemology and ontology. Interdisciplinarity of disciplines: the 

integration of theories from one or more related disciplines, for example 

within the social sciences.* 

 

‘Interdisciplines literally means ‘between disciplines,’ i.e. between the 

bodies of knowledge defined by the theories and methods of the established 
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NB: Adapted from Interdisciplinary foundations: reflecting on interdisciplinarity and three decades 

of teaching and research at Griffith University, Australia (Franks et al., 2007, pp. 170, 172) 

1
 Referring to Aram (2004) 

In defining interdisciplinarity, mainstream literatures differentiate the objectives into 

two levels. At level 1 (see definitions tagged with * in Table 1.3.1), the sense of 

interdisciplinarity is of a team-work mode of research, with the research strategy 

contrasted with a disciplinary context. The communication and interaction between 

disciplines features prominently at this level. At level 2 (see definitions tagged with # in 

Table 1.3.1), interdisciplinarity is understood in a more radical sense, as a catalyst 

shifting both disciplinary boundaries and the frequently high internal differentiation of 

disciplines. Interdisciplinarity in definitions at level 2 is described as taking the notion 

of knowledge branches as a point of departure. The perspectives from arguments at 

level 2 signify the importance not only of the application of interdisciplinarity to 

questions, but also of its use in the initial construction of those questions. In this sense, 

interdisciplinary research not only accepts the social and institutional premises of the 

prevailing disciplines, but also challenges the legitimacy of the disciplinary structure 

(Salter and Hearn, 1996). 

 At level 1, interdisciplinary research is described as being internally fragmented, 

with disciplines overlapping in it. However, this description has a tendency to lose its 

ability to identify and define interdisciplinarity. Comparing the tenets at both level 1 and 

level 2, I argue that insights into interdisciplinarity at differing levels of knowledge 

integration might jointly draw a more complete picture. In this joint effort, a number of 

terminologies have been adopted in indicating the synthesis of disciplines at different 

levels. Kockelmans (1979) distinguishes among 'pluridisciplinary', 'crossdisciplinary', 

'interdisciplinary', and 'transdisciplinary' work, and Stember (1991, 1998) interrogates 

such concepts as 'intradisciplinarity', 'crossdisciplinarity', 'multidisciplinarity', 

'interdisciplinarity', and 'transdisciplinarity'. Klein (1996) differentiates among 

'instrumental interdisciplinarity', 'epistemological interdisciplinarity', and 

 

 

 

 

Bruhn 

(2000, p. 58) 

 

 

 

Manathunga  

(2003, p. 3) 

disciplines … Interdisciplinary research thus requires an understanding of 

the disciplines themselves, as well as understanding of how to connect 

disciplinary knowledge. In effect, we seek a kind of meta-knowledge’. #  

 

‘Interdisciplinary research is defined as two or more persons from different 

disciplines who agree to study a problem of mutual concern, and who 

design, implement, and bring to a consensus the results of a systematic 

investigation of that problem.’ * 

 

Interdisciplinarity as broker between several disciplines. * 
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'transdisciplinarity'. By these three different names, she succeeds in clarifying a more 

encompassing and deeper pattern of synthesis: the bridge-building in 'instrumental 

interdisciplinarity' between involved disciplines; the defining approach to research 

objectives in 'epistemological interdisciplinarity'; and a movement toward coherence, 

unity, and simplicity of knowledge in 'transdisciplinarity'. After extensive interviews 

with scholars engaged in interdisciplinary work, Lattuca (2001) defines four types of 

interdisciplinarity: 'informed disciplinarity' seeks to reach out to other disciplines or be 

informed by them; 'synthetic interdisciplinarity' implies a tighter linking of disciplines 

through courses or research questions; 'transdisciplinarity' lies within the courses and 

research questions crossing disciplines; and 'conceptual interdisciplinarity' reflects 

intellectual pursuits without a compelling disciplinary basis.  

1.3.2 Paradiscipline  

Compared with definitions located at the disciplinary level, either at level 1 or at level 2, 

the efforts in defining interdisciplinarity in terms of the integration of various modes of 

enquiry ('knowing how') collectively provide a significantly more general and 

integrative perspective. Furthermore, drawing on a philosophical investigation into the 

various definitions of interdisciplinarity, Finkenthal (2001) proposes that addressing 

interdisciplinary subjects may be considered a 'discipline' in its own right under the 

name of 'metadiscipline'. In this sense 'metadiscipline' is a new epistemological tool. 

Although it does not seek to replace, or legislate over, ongoing intensive investigations 

into interdisciplinarity, it appears to reduce interdisciplinary research to merely an 

epistemological effort, featuring disinterestedness, in a social sense. Besides, in this 

prelude to exploring the Interdisciplinary Research patterns that have emerged in 

China's biotechnology industrial R&D activities, I experiment with connections 

between these two so far largely distinct categories of literature, at either level 1 or 2, in 

investigating the salient features of the concept of interdisciplinarity. 

 Due to the complexity of interdisciplinarity, a unified theoretical framework that 

coordinates, integrates, and even partially embeds a plurality of theories about 

interdisciplinarity is required. To emphasize the epistemic complexity of 

interdisciplinarity, I accept the idea of knowledge integration as its core but hold that no 

single manner of analysing the depth of knowledge integration complexity can provide 

a complete representation of interdisciplinary reality. Rather than searching for a 

'metadiscipline' notion to map scientific research above the disciplinary level, I propose 
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a specific term for describing interdisciplinary research as a social phenomenon 

crossing boundaries in scientific knowledge production. I call this 'paradiscipline', 

literally meaning 'being beside and beyond discipline'; it legitimates the cognitive 

labours in integrating knowledge in the epistemic sense. Moreover, it highlights the 

astounding ontological complexity of the interdisciplinary trend, where IDR functions 

as a social reality in Searle's sense (Searle, 1995). Through paradiscipline, I argue that 

the social interest consideration of interdisciplinary research should be emphasized in 

analysing knowledge production, and that any single theoretical abstraction insisting on 

epistemic completeness would lead to dangerous reifications.  

 New research fields which cut across the disciplinary boundaries get two or more 

disciplines simultaneously involved in their particular domain of knowledge production. 

In this involvement, a paradiscipline emerges and grows alongside a new perspective 

that combines the various perspectives of scientists from a range of disciplines. As an 

epistemic effort, paradiscipline addresses the research questions through a merging of 

disciplinary ideas, methods and strategies. In this sense, paradiscipline is a conceptual 

unit to activate interactions and communications between disciplines. It attempts to 

enable the best or most useful explanatory components of the differing disciplines to be 

joined in identifying research problems, defining research objectives, designing research 

methods and strategies, and interpreting research results. However, it is problematic to 

tag paradiscipline as a device solely for reorganizing and revising disciplinary structures. 

A broader role it plays is to arrive at social agreement, where the value of paradiscipline 

could be found in the constructing process rather than the knowledge it produces. A 

paradiscipline aims to achieve the social interests which are inaccessible to any single 

discipline involved. In the general sense, paradiscipline is the initial and key stage of 

interdisciplinary research. The history of modern science has seen new disciplines 

emerge as result of interdisciplinary research; however, a paradiscipline does not 

necessarily bring forth a new discipline. Moreover, I argue that paradiscipline does not 

seek any share in the disciplinarily divided social resources, for it does not necessarily 

succeed in achieving any disciplinary status. This argument is exceedingly important in 

considering the newly emerged interdisciplinary research projects. For instance, the 

Human Genome Project (HGP) has attracted vast political and social resources for the 

participating disciplines. However, disciplines including biology, computer science and 

chemistry did not have to share their own social interests with HGP. These disciplines 

enjoyed more public attention, grants and social recognition, but did not lose their 



 

 58 

disciplinary status for the paradiscipline to realize the social interests. 

1.4 Discussion: Disciplinary Boundaries, Disciplinary Identity, and 

Interdisciplinarity  

In reviewing their definitions, I attempted to restore the balance in representing the 

concepts of discipline and interdisciplinarity: raising the idea of a conceptual core in 

order to revitalize the alternative tradition of defining discipline as knowledge 

production as 'know how', and arguing for paradiscipline in an ontological sense to add 

the consideration of social interests into the representation of interdisciplinary reality. 

 Admittedly, there is no interdisciplinarity without the enrolment of the disciplines, 

providing crucial knowledge, methodologies, and tools for interdisciplinary research. 

Paradiscipline only exists in the merging of the epistemic perspectives and social 

interests of distinct disciplines. In what follows, the two crucial elements, namely the 

disciplinary boundary and the disciplinary identity, will be discussed in two dimensions 

of interdisciplinarity embedded in the disciplinary context. The primary purpose of this 

discussion is to sketch the relationship between the concept of interdisciplinarity and the 

concept of discipline from a perspective of 'paradiscipline'. Furthermore, the outcomes 

of the discussion will clarify a misunderstanding long held by sciences practitioners of 

traditional disciplines who believe that disciplinarity or interdisciplinarity is an 

'either/or' kind of question in scientific knowledge production. A framework therefore 

will be proposed, within which a more balanced standpoint, together with a more 

integrated perspective, will be provided for the close examination of interdisciplinary 

research pattern (IDR) as well as, more specifically, the governance of interdisciplinary 

research projects in China’s biotechnology industrial R&D practice. 

1.4.1 Disciplinary boundaries and interdisciplinarity 

Discipline is regarded uncritically by many as a monolithic construct, though a large 

range of investigations reveal a striking heterogeneity within it. However, the current 

studies on interdisciplinarity focus on disciplinary boundary crossing (Klein, 2008). 

 In the pyramid of a discipline, disciplinary boundaries appear around the bottom. 

The ever-advancing disciplinary boundaries, on the one hand, enlarge the space for the 

extension of a discipline driven by the strength gained from the conceptual core at the 

top of the pyramid. On the other hand, the ambiguity of disciplinary boundaries makes 
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disciplines semi-autonomous. It is within the conceptual zone cutting across the 

disciplinary boundaries that an interdisciplinary research emerges and goes forward. 

 Though retaining their disciplinary status, disciplinary boundaries receive the 

lowest level of robustness from the conceptual core, as the lowest part of the 

hierarchical structure of a discipline. To a certain extent, this decline in robustness from 

a discipline's conceptual core to its boundaries might well be portrayed by the 

evanescent circles of a water wave (see Figure 1.4.1). In the stage of normal science, 

disciplines set their boundaries clearly so as to maintain their autonomy through the 

process of 'exemplarification'. The clarity of disciplinary boundaries, I would argue, will 

be weakened severely as the complexity of research objectives increases. The highly 

accelerated advancement of modern scientific knowledge production has seen this 

challenge to the disciplinary boundaries getting even greater. As a result, it has become 

increasingly hard to draw the disciplinary boundaries clearly in the outer part of the 

'water wave'. Under these circumstances, they can be drawn only at the risk of 

excluding other possible disciplines, for the complexity of research objectives 

conventionally results in more disciplinary boundaries becoming closely connected. But 

this does not plainly imply that disciplinary boundaries will therefore vanish or become 

untraceable. In that case we would not have relationships between disciplinary 

boundaries and interdisciplinarity; we simply have 'interdisciplinarity'. 
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Figure 1.4.1 The Disciplinary Boundary in the 'Water Wave' 

 In the heterogeneous process of scientific knowledge production, especially when 

two or more disciplines get involved in making joint epistemic efforts to tackle the 

research objectives with complexity beyond the capacity of any single discipline, the 

boundaries of participating disciplines tend to be less rigid or solid. According to Fuller 

(1985), however, disciplinary boundaries are detectable even under such an intricate 

circumstance. In adjudicating knowledge claims of 'ostensive similarity' (Jones, 1983) 

from different disciplines, a discipline's argumentation style can be used to infer the 

attitude one discipline holds to a given claim. This approach has set the structure of 

knowledge production dominated by one discipline. That is to say, the argumentation 

format, together with related methodological tools, decides the width and depth one 

discipline can reach in producing scientific knowledge. It further defines the capacity of 

one discipline to interpret and tackle problems from the real world. Hence it is perfectly 

possible to detect disciplinary boundaries by examining the implicit argumentation 

format as it works across disciplines.  

 Furthermore, disciplinary boundaries, with higher clarity in the normal science 

stage of the discipline or with lower visibility in the intricate circumstance of 
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multidisciplinary connections, provide the structure needed for both the epistemic and 

social functions. This structure secures the allocation of cognitive authority (Gieryn, 

1983) and draws material resources to the establishment of reliable access to social 

reality. Fuller also implies that when the cognitive resources of one discipline are 

insufficient to solve one of its own problems, another discipline outside its boundary is 

invoked for help. However, there is a possibility that the claims of one discipline 

conflict with those of another when the cognitive labours involve two disciplines or 

more. Thus at the very beginning stage of an interdisciplinary research practice, the 

cognitive authority of one discipline will have to be decided by the norms of the 

paradiscipline in balancing cognitive power between the disciplines. In the meantime, 

the extension of the range of possible social interests requires further synthesis in order 

to establish the paradiscipline as the new mode of enquiry. In this case, interdisciplinary 

research in the form of a paradiscipline achieves its goals in an instrumental sense (Raan, 

2000). This is critical for the orderly unfolding of this study over the following chapters, 

presenting both the sociological work on collective interaction between social status 

groups and the policy-oriented work on R&D governance in China's biotechnology 

industry.  

 It is noteworthy that the localized concordance of cognitive labours crossing 

disciplinary boundaries within a certain ‘paradiscipline’ provides a basis upon which the 

synthesis of epistemic tools and methods contributes to the construction of 'science on 

the macro scale'.
17

 On the one hand, 'science on the macro scale' is conceived in terms 

of disciplinary boundaries (Wang, et al., 2006) with 'paradiscipline' as its 'pre-paradigm' 

period. On the other hand, the disciplinary boundaries are predetermined to dissolve in 

expanding, in order to bring disciplines access to resources on the 'macro scale' to 

convey the most information per unit of discourse expended, or to maximize the total 

amount of truth conveyed in its discourse (Fuller, 1985). Disciplines separated by their 

disciplinary boundaries are not necessarily restricted to mutually exclusive domains of 

inquiry (Darden & Maull, 1977). Admittedly, the two disciplines cannot simply 'build 

on' each other's work. However, they may cross-classify the same general subject matter 

with a joint effort in entering into a paradiscipline.  

1.4.2 Disciplinary identity in interdisciplinarity 

Drawing on the analysis of the 'paradiscipline', interdisciplinarity presupposes that the 

                                                        

17
    The 'macro scale' is adopted here particularly to indicate the stage of the science progress 

beyond the disciplinary level. 
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discipline has an independent existence in the first place. This independent existence 

depends on a distinct mode of enquiry that pays selective attention to certain features of 

the experienced world. In order to make a closer examination of the relationships 

between discipline and interdisciplinarity, one approach I propose is to investigate the 

disciplinary identities of the disciplines enrolled in the paradiscipline. 

 In the practice of modern sciences, disciplinary identity is a set of symbols and 

ways with which scientists from a discipline label themselves as member of scientific 

communities and distinguish themselves from each other. Specifically, the disciplinary 

identity incorporates their engagements with the generic terms, professional societies, 

conferences, periodicals, and chairs serving as the conventional insignia of a discipline. 

With reference to the work of Powell et al. on the naming story both of recently 

emerged disciplines and of longer established ones in the life sciences, disciplinary 

identity articulates the research objectives and suggests the techniques, technologies, 

and methods to be specified in order to achieve a broader, more abstract articulation of 

an overall approach (Powell et al., 2009). When it comes to the social function, however, 

disciplinary identity affects the societal actors enrolled in the paradiscipline from its 

very beginning stage. The credit-seeking motives
18

, in particular to gain access to 

recognition, grants, and academic posts, are important drivers of the distribution of 

cognitive labours among scientists. Scientists see more promise for their own career in 

pursuing a plausible theory that does not yet have champions (Hull, 1988). This motive 

becomes even more apparent when the social interest an interdisciplinary research 

project may generate is far more than merely one discipline can do. If such a project is 

successful, as an early champion, the scientist will take all or most of the credit rather 

than share it with many others. In this way, their disciplinary identities enable the 

involved scientists, as a status group, to monopolise the access to the general 

approbation from both scientific community and society. This monopolising practice 

further lends academic prestige to what might otherwise be considered a rather humble 

practical activity. Disciplinary identities get scientists assembled by their subscription of 

memberships of disciplinary status groups in defining and defending their common 

good (see discussion in detail on disciplines working as status groups in Chapter 4).  

 Following their respective conventions of enquiry, different disciplines 

conceptualize the research objectives in different ways, and focus on different aspects of 

                                                        

18     The motives for seeking credits can also be taken as embedded within the motivational 

structures which comprise more complex elements, such as curiosity, enjoyment of the work, etc. A 

detailed analysis of such structures, however, is beyond the discussion in this section.   
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experienced reality. Paradiscipline identifies the possible convergence of disciplinary 

approaches, thus enabling the discipline involved to accommodate the concepts or 

procedures of another. Within this conceptual zone, a process as depicted in an 

'Actor-Network' (Callon, 1986; Latour, 1987) motivates the enrolled disciplines as 

actors in the research network by promising more social benefits than their disciplinary 

status can achieve on its own. By way of contrast, there is no individual discipline in a 

paradiscipline that can establish itself as an Obligatory Passage Point (OPP)
19

 between 

the other disciplines and the whole interdisciplinary research network. Specifically, as in 

the stage of paradiscipline, interdisciplinary research does not possess a conceptual core 

of its own originating from that of any participating discipline. Even if the effect on a 

discipline of participating in a paradiscipline appropriates epistemic features as well as 

social functions from another, it does not necessarily result in an internal reform of the 

discipline or even in the breakaway establishment of a separate area of study altogether.  

 The robustness of the consistency and coherence generated by its conceptual core 

must set limits on how much diversity a discipline can accommodate, and therefore how 

comprehensive its vision can be. Admittedly, the successful interdisciplinary research 

appropriates the cognitive labour and some of the social function of a pre-existing 

discipline, as the latter is absorbed, and incorporated into a new scheme of knowledge 

production. The emergence of this new scheme, however, does not challenge or threaten 

the original disciplinary identities of involved disciplines, as proposed by Widdowson 

(2006). In the history of modern science, many complex or practical scientific research 

problems can only be understood by incorporating insights and methodologies from a 

variety of neighbouring disciplines. Interdisciplinary research has long been practiced, 

which enable scientists with different disciplinary backgrounds to see their own 

disciplines 'as part of a wider context, to reflect on the impact of their discipline's 

activities on society, and to enhance their ability to contribute to social developments' 

(Huber 1992, p. 290). However, this interdisciplinary trend does not bring forth the 

extinction of traditional disciplines or their disciplinary status, nor have their identities 

been replaced by the interdisciplinary research project they have been involved in. One 

                                                        

19
    Following the identification and articulation of research objectives, usually there is one 

participant or a small group of them (they are generally deemed as the 'primary actor') who will play 

the main part in proposing the research programme during and after the moment of translation 

known as 'problematisation'. By virtue of this role, according to Callon (1986), the primary actor 

delegates the interests of other actors and thus establishes itself as an Obligatory Passage Point (OPP) 

between other participating actors and the whole network, if successful. An OPP is indispensable in 

an 'Actor-Network' model of scientific research advancement, as is illustrated by the evolution of 

biotechnology industrial R&D in China (Wang, et al., 2009). 
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good example can be drawn from the discipline based sub-cultural and linguistic aspects 

of interdisciplinary research practice. As a critical part of its disciplinary identity, the 

epistemic commitments of the members of a discipline are embodied in a specialised 

technical vocabulary, and this is crucial in which binding the discipline together and 

stabilising disciplinary status (Schoenberger, 2001). When enrolled into an 

interdisciplinary research project, according to Galison's investigation into a radar 

project in MIT during WWII, scientists with different disciplinary backgrounds revise 

and simplify the terms used in their parent disciplines to form a new contact language 

for internal communications within the project. To differentiate the degrees of 

integration, Galison categorized the contact languages as 'Pidgin' and 'Creole' (Galison, 

1997). Nevertheless, neither 'Pidgin' nor 'Creole' could be used by any involved 

discipline as their 'native' language; instead, they could only be used in the 

paradiscipline stage of such an interdisciplinary research project, including theoretical, 

experimental and instrumental physicists, electrical engineers and researchers from 

related disciplines. In this interdisciplinary research project into radar, the contact 

language did not cross over from disciplinary identity, and the original disciplinary 

identities of the disciplines involved remained.  

1.5 Conclusion 

In addressing the concepts used in understanding the governance of research practice 

that have emerged in the current interdisciplinary trend, I argue that the relationships 

between discipline and interdisciplinarity must first be clarified. However, from a 

review of recently published literature with a focus on the definitions of discipline and 

interdisciplinarity, I noticed that asymmetrical approaches dominate academic activities 

that define and describe both discipline and interdisciplinarity. Specifically, the norm of 

discipline is widely accepted as the central domain of scientific knowledge, as well as 

the appropriate extension of the university department or institutional cluster in the 

academic community. Admittedly, some mentioned the methodological significance of a 

discipline. These authorities shared common ground in defining a discipline as a scheme 

for producing knowledge of 'knowing that', and paying attention to the epistemic 

features that enable knowledge production. In contrast, the current definitions of 

interdisciplinarity went to the other extreme by overemphasizing the utilitarian aspects 

of interdisciplinarity and confining it to research method and strategy. Admittedly, as 

widely practiced in the progression of modern science, interdisciplinary research 
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initially serves as an integrated mode of enquiry to tackle the complexity of a research 

objective that is beyond the capacity of any individual discipline. However, it is highly 

problematic to ignore the social function of interdisciplinarity. Interdisciplinarity, I 

argue, emerges with the mission of obtaining access to social interests of its own, which 

will enable the involved disciplines to extend their social strength and power beyond 

that of those outside the interdisciplinary research project. 

 In order to clarify the relationships between discipline and interdisciplinarity, I 

argue that 1) the balance between a normative approach and a descriptive approach 

should be restored in understanding and defining discipline and interdisciplinarity; 2) 

both the examination of epistemic significance and the consideration of social functions 

are required for an adequate account of the concept of interdisciplinarity. The 

'conceptual core' is introduced to illustrate that a discipline is both epistemically and 

socially functional in nature. At the same time, I propose the concept of paradiscipline 

to emphasize the functionality of interdisciplinary research as social phenomena. By 

investigating disciplinary boundaries as well as disciplinary identities in the context of 

paradiscipline, insights into the relationships between discipline and interdisciplinarity 

are briefly sketched as: 1) the low level of robustness that disciplinary boundaries 

receive from the conceptual core as well as their openness make it possible for a 

paradiscipline to emerge as the initial stage of interdisciplinary research; 2) in 

constructing a paradiscipline, disciplines engaged in an interdisciplinary research 

project do not have to be deprived of their own disciplinary identities. A paradiscipline 

is not necessarily successful in growing into a new discipline with a conceptual core of 

its own and replacing any of its parent disciplines. The implications derived from the 

relationships between the concept of discipline and the concept of interdisciplinarity, I 

argue, will serve as a basis for the further investigation into the governance of 

interdisciplinary trends in the current progress of science at the level of policy-making. 
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CHAPTER TWO 

THE SOCIAL SETTINGS OF THE INTERDISCIPLINARY 

RESEARCH PATTERNS WITHIN CHINA'S 

BIOTECHNOLOGY INDUSTRIAL R&D PRACTICE 

 

2.1 Introduction 

This chapter investigates interdisciplinarity in the R&D sector of China's biotechnology 

industry, as the S&T enterprises evolved within Chinese social settings at different times. 

The perspective of this study is mainly historical and sociological. Specifically, I 

explore some premises on which the analysis of the governance issues arising from the 

emergence of IDR in contemporary China’s S&T should be based. As a starting point, I 

present a brief review of the evolution of China’s S&T in the modern era, spanning 

approximately one and a half centuries, in an attempt to identify a set of basic but 

far-reaching features. These features, however, have long remained insufficiently 

appreciated in analyses of the latest trends in the contemporary development of China's 

S&T. This has inevitably resulted in the studies of interdisciplinarity in China's S&T 

either lacking focus, essential background, or both.  

 S&T governance, interpreted narrowly as S&T policy-making and implementation, 

is conventionally used as a synonym of science, technology and innovation policy, 

innovation policy, and technology policy (See Gu 2001, p.203). It is widely accepted 

that the S&T policy of a nation is an outcome of its political system and it evolves as its 

economic structure, and social and cultural features change (Ergas, 1987; Lundvall, 

1992, cited in Gu 2001, p.204). Indeed, this approach to S&T policy has put a nation’s 

S&T governance into a wider but more specifically social and cultural context. This 
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might well be convenient for analysts sketching the administrative structure of S&T as 

well as its evolution in a given nation. However, the debates around the Chinese case 

tend to misinterpret it within an oversimplified view of the social context. Under such 

circumstances, the evolution of China's modern S&T enterprises was, in general, 

roughly correlated with various aspects of the social, political, and economical changes 

that China has experienced during the past century. These ventures, as can be read in a 

large array of recently published literature, sought to understand China's S&T 

enterprises in relation to China's recent transformation and development as a nation. 

Nevertheless, less attention has been paid to the relationships between scientific 

knowledge production and the social context within which it has been largely influenced 

and shaped. Fortunately, some scholars have become aware of this lack of analytical 

work, and have probed the connections by which S&T enterprises have become 

involved with social factors in modern China (see Li, et al., 2002; Shen, et al., 2005, 

and Zhong, et al., 2007).  

 The social study of S&T, as always, requires a basis of historical and institutional 

knowledge. Admittedly, the historical influences of modern S&T streaming into China 

from Western countries constitute a vast terrain of great variety and unexplored 

proportions. Moreover, China's modern S&T evolution has outpaced its institutional 

history, as a result of the unstable social situation in modern China. A brief review of the 

history of China’s modern S&T nonetheless is still desirable for the accurate analysis of 

the trends that have emerged more recently in scientific knowledge production in 

China’s biotechnology industrial R&D sector. The time frame covered in this chapter 

consists of two historical stages, which witnessed China's journey in initializing and 

strengthening its modern S&T enterprises: the ‘Treaty Century’ covering the period 

from 1842 till 1943, and the contemporary period from 1949 onwards. In these two 

stages, China's social structure experienced three major dominant polities, namely 

late-Imperial China, Republican China, and the People's Republic of China. During this 

time, modern S&T has progressively penetrated from Western countries, whilst China's 

S&T enterprises emerged and grew under the control of the heterogeneous S&T 

governance bodies.  
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 For the purpose of the social study of scientific knowledge, I firstly examine the 

institutionalization of modern sciences in China, with a focus on the disciplinary 

development of scientific knowledge production. In doing so, I propose that the 

intellectual tradition, social structure of the academic community, and historical effects 

of polities, within which the trajectory of disciplinarised institutionalization was 

embedded, all need to be included to provide an adequate account of this development. 

These features, albeit significantly transformed, remain as powerful influencing factors 

in the emerging transformation of China's contemporary S&T, as well as its governance. 

Based on the understanding of this first trajectory of disciplinarised institutionalization, 

I follow the trajectory towards the emergence of the IDR. Furthermore, in investigating 

the IDR within the contemporary development and transformation of China's S&T 

enterprises, I also attempt to reveal the other trajectory that I will refer to as 

'Interpolymerisation', which conceives of an interaction-network in China's 

biotechnology industrial R&D sector where in the IDR can be identified.  

2.2 Disciplinarised Institutionalization: Confrontation, Adoption and 

Initialization of Modern S&T in China during the Treaty 

Century 

In his study of China's modern history, Fairbank regarded the period of one hundred 

years from 1842 to 1943 as the treaty century
20

. This labelling of Chinese history is 

perhaps problematic in a historian's eyes, but it does provide a sound starting point for 

an investigation into the development of China's modern S&T, with the nation's 

experience of modernization as a broader context. It is important to note that the treaties 

with different (mainly western) countries on various issues were generally the outcomes 

of China's military struggle against its opponents (Song, 2008). In many conflicts China 

was defeated due to backwardness in modern S&T capacity, specifically, the application 

of weapons technologies. Thus it is safe to assert that China's initialization of modern 

                                                        
20  The 'Treaty Century', according to Fairbank and Goldman (1998, p.204), started at the first 

treaty signed between China and Britain in 1842 and ended finally in 1943 when the United States 

and Britain formally gave up extraterritoriality as the linchpin of the unequal treaty system western 

countries had imposed mainly by force on China. 
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S&T was both rooted in a painful reality and bound up with the nation's survival during 

this historical stage (ibid.).  

 The development of China's S&T enterprises in the treaty century, however, has 

been somehow neglected. As a consequence of this neglect, the achievements and 

implications of evolution within China's S&T during this stage still remain largely 

unexplored. It is conventionally accepted that Chinese society under either the late 

imperial regime of the Qing dynasty before 1912, or the polity of Republican China 

before 1949, failed to provide a seedbed for the growth of modern S&T. Furthermore, 

revolution, civil wars, and the Japanese invasion, with the associated damage to society, 

have been cited as handicaps to the advancement of modern S&T in China. 

Subsequently, the study of China's S&T evolution in the years between the Opium War 

of 1840 and 1949, when the People's Republic of China was founded, has generally 

followed a common pattern of this kind. Some recent research argues that there was no 

time for the Qing regime to implement an effective policy focused on learning modern 

S&T from the western countries before it came to its end in 1912 (See Song 2008, for 

instance). Indeed, launching China’s modern S&T with an ambitious vision of 

technology transfer from the West was frustrated during the first half of the twentieth 

century by a succession of weak central governments, the Japanese invasion in the 

1930s, and civil war which ended with the founding of the People’s Republic of China 

in 1949 (Hu 2008, p.291). Thus, within the broad terrain of China's history of modern 

S&T, the focus of the largest portion of contemporary studies of China’s modern S&T, 

as well as its S&T policy, has been limited to the period of People’s Republic of China, 

on the assumption that a serious move to develop modern S&T enterprises did not start 

until 1949 (further evidence of this trend can be found in  Yu, 1999; Du and Sun, 2006; 

Zhong and Yang, 2007, to name just a few).  

 In contrast to these prevalent views, in this chapter I illustrate that the confrontation, 

adoption, initiation, and finally the institutionalization of modern S&T in China during 

the treaty century provided the bedrock for the emergence of the IDR in China’s 

contemporary S&T enterprises. The features embodied by the intellectuals, the 

academic community, and the governance bodies, together with the legacy of the 
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evolution of China’s S&T in this period, have largely shaped the contemporary 

development and transformation of China’s S&T, as well as its governance. Specifically, 

I show, first, how the disciplinarised development of modern S&T in China can be seen 

to reflect a scholar-bureaucrat virtue displayed by Chinese intellectuals as they 

confronted culturally the modern S&T from the west; second, I describe the colonial 

status symptoms shown by China’s academic community in the process of generating 

and structuring scientific knowledge production; and third, I discuss the utilitarian 

view
21

 of S&T in a top-down mode, adopted by China’s S&T governance bodies in 

finding scientific expertise to speak to.  

2.2.1 Scholar-bureaucrat virtue 

During the Han dynasty (206 B.C. - A.D. 220), Confucianism was adopted by the state 

as the dominant ideology, and the Confucian doctrine of scholar-bureaucrat linkage 

became a critical part of the Confucian values and beliefs subscribed to by most of the 

intellectuals in traditional China (Kim 2000, pp.373-374). Initially serving as an 

educational slogan, this linkage convinced Chinese intellectuals that he who excels in 

study can follow an official career (in Chinese 'Xue er you ze shi'; see Jin 2004, p.233), 

which inspired young scholars to become scholar-bureaucrats (in Chinese 'Shi') so as to 

serve the country as well as get themselves recognized. As the imperial autocracy rose 

to its climax in the Song dynasty (960-1279), the scholar-bureaucrats within the 

imperial system were well established as the power playing dominant roles in all aspects 

of Chinese society, and an examination testing knowledge of Confucian classics finally 

became the only entrance requirement for intellectuals seeking power (Kim, 2000). This 

imperial-Confucian mode of knowledge speaking to power has been deeply rooted in 

Chinese intellectuals’ minds as the guideline for their career development; the mode is 

ultimately conceived of as a scholar-bureaucrat virtue, and was embodied by the 

intellectuals in the evolution of modern S&T during the treaty century.  

 In spite of the historical achievements in almost every aspect of human civilisation 

it made over the course of the longest tradition of successful imperial autocracy on this 

                                                        
21  In this chapter, ‘utilitarian’ is used to illustrate a perspective of being mission-oriented and 

troubleshooting in a more practical sense. 
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planet, China had been overtaken by the West in modern S&T. In his landmark work on 

China’s science and civilization, Needham raised the puzzle since known as ‘Needham’s 

Grand Question’ which centred on 'the failure of China to give rise to distinctively 

modern science while having been in many ways ahead of Europe for some fourteen 

previous centuries' (Needham 1974, p. xxiii as cited in Kim 2000). In the late stage of 

China’s imperial autocracy, roughly starting from the end of the sixteenth century,  

western S&T began to penetrate into China, from missionaries from Western countries, 

primarily through the Jesuit China Mission (JCM). Although it was through the 

missionaries that the Chinese began to encounter modern S&T (Waley-Cohen, 1993), 

the serious introduction of modern S&T into China started only after the Opium Wars 

(1839-1842, and 1856-1860) as China moved into the treaty century.   

 It is noteworthy that the intellectuals’ devotion to bureaucracy manifested itself first 

in confrontation with and later with the introduction of modern S&T around the 

beginning of the treaty century. Among the Jesuit missionaries who adopted the 

accommodative approach to fulfil their missions, by arousing the interest of Chinese 

literati in western S&T knowledge, Matteo Ricci (1552-1610) was conspicuously 

successful (Ma, 2009). With the intention to gain access to China's elite and its imperial 

court, Ricci introduced to China aspects of modern S&T knowledge, with a focus on 

planar geometry and other higher mathematical concepts, geographical knowledge and 

techniques of cartography in a decade-long collaboration with Chinese intellectuals, 

primarily with Xu Guangqi (1562-1633).  

 Xu Guangqi, however, had different motivations for collaborating with Ricci to 

translate part of Euclid's Elements (in Chinese 'Ji He Yuan Ben'). He identified the social 

functions of geometry (in Chinese 'Jihe', the characters Xu Guangqi coined together 

with Riccci) and other modern scientific knowledge by applying them to the Chinese 

social context. The special purpose of his dedicated efforts in introducing and applying 

modern mathematics was statecraft. Specifically, the knowledge of modern celestial 

geometry with its higher level of precision qualified Xu to greater powers, and 

consequently he was appointed by the Emperor as the official in charge of improving 

the accuracy of the Chinese calendar (Stone, 2007).  
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 Due to the convention of scholar-bureaucrat virtue, intellectuals aspired to speak to 

power through expertise principally in Confucian classics in traditional China. 

Unsurprisingly, modern scientific knowledge, conventionally termed as 'Western 

learning' in traditional China (see Mullaney, 2007), had been instantly included in the 

expertise which Chinese intellectuals endeavoured to master in order to facilitate 

entering or upgrading their official careers, ever since its first cultural confrontation 

with Chinese society through the JCM. Furthermore, the impact of this 

scholar-bureaucrat virtue upon the Chinese localization of modern S&T took an upward 

trend as China entered the treaty century.  

 It was not until the Opium Wars that public awareness in China acknowledged the 

importance of modern S&T. The need for modern S&T, specifically powerful firearms 

and strong gunboats, manifested itself as Britain bombarded the closed gate of the Qing 

Empire, breaking China’s image of itself as the ‘Central Kingdom’ and centre of 

civilization
22

 (Song, 2008). Thus, modern S&T was recognized by the Chinese both as 

a means to defend and to strengthen the nation. As a result, the powers in China began 

to seek modern scientific and technological expertise to speak to. The intellectuals thus 

consolidated the position of modern S&T knowledge in realizing their 

scholar-bureaucrat aspirations, while maintaining a strong desire to preserve China's 

cultural identity of Confucianism (Fairbank 1994, p.240). This was well articulated by 

the Qing scholar-bureaucrat, Zhang Zhidong (1837-1909), as the 

'foundation-practicality' dichotomy (in Chinese 'Ti-yong') of attempting to adopt modern 

S&T (Western learning) for practical application, whilst retaining Chinese learning for 

fundamental principles (Yuan, et al., 1998, pp.9704-9706). 

 Consequently the more progressive scholar-bureaucrats advocated a movement of 

'self-strengthening' centred on adopting Western technoscience. As early as 1863, Zeng 

                                                        
22  The civilization in traditional China bore abundant evidences of its illusion of being the 

'Central Kingdom' or the 'Celestial Kingdom' in the propaganda by the ambitious throne and the lack 

of global geographic knowledge. One of the vestiges of this assumption, more relevant to my topic, 

is the world map by Giulio Aleni (1582-1649), the other outstanding Jesuit missionary, who 

introduced Western science to China after Ricci, published in 1623 in Chinese. In the map titled 

'Complete map of all the countries' (in Chinese, Wan Guo Quan Tu), the Chinese Empire was located 

at the centre, reflecting in its Sino-centric configuration Chinese demands. See more work on Aleni 

in Pan (1994). 
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Guofan (1811-1872) summoned Rong Hong (1828-1912), China's first scholar to have 

graduated from a US university, for an interview on modern weapon machinery. One 

year later, Li Hongzhang (1823-1901) explained to the Qing throne the superiority of 

western weapons, so as to rationalize the need for China to take up western S&T, 

including the training of Chinese personnel, in order to strengthen itself. The 

memorandum to recommend the scheme of sending youths to be educated in America, 

as drafted by Rong, was jointly signed by Zeng and Li, and finally presented to the 

Throne in 1871. Official approval was secured in the next year (Fairbank and Goldman 

1998, pp.201-224). This first overseas study programme known as the Chinese 

Educational Mission (CEM, 1872-1881) sponsored large numbers of China's young 

students to be fully immersed in the education and training of modern S&T for the first 

time (see LaFargue, 1987; Shi, 2000; Ding, 2007). As summarized in Li's memorandum 

to the Throne, 120 CEM students had been sent to the United States between 1872 and 

1881 before the programme was aborted (The Chinese Association for History 2000, 

p.167). According to Xu and Mao's investigation of the career experiences of the 

returned CEM students, the largest portion (58%) were engaged in the fields practicing 

modern S&T for the needs of the nation (Xu and Mao, 2005). The expertise of modern 

S&T that this first generation of intellectuals educated abroad possessed, however, 

played an even more critical role in realizing their scholar-bureaucrat aspirations. 

 Altogether, 63 out of 99 returned CEM students, as presented in Table 2.2.1, 

succeeded in fulfilling their scholar-bureaucrat aspirations and held varied official 

positions. Moreover, intellectuals from this portion of slightly higher than 63% were 

well represented in the 58% who engaged in applying modern S&T after their return. 

The direct proof is presented in form of a notably close relationship between modern 

S&T application and the governmental departments which recruited most of the 

returned CEM students in terms of number, namely the telegram bureau, military 

enterprises, and the railway bureau.  
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Table 2.2.1 Official Positions Held by the Returned CEM Students (in total 99) 

Official Position Number of returned CEM students 

Prime Minister  1 

Foreign Minister 2 

Minister 2 

Diplomatic Official    12 

Customs Officer 2 

The Chief of Railways Bureau 3 

Railways Officer 5 

Telegram Bureau Officer 16 

Customs Commissioner 1 

Admiral of the fleet 2 

Naval officer 14 

With other official title 3 

Total 63 

Source: adopted from Gao's translation of LaFargue (1942) as cited in Xu and Mao (2005)23 

 In this respect, the subject of the relation between modern S&T expertise and  

intellectuals' aspirations of entering official careers in China can be seen as having 

played an important part in the evolution of modern S&T in China since its very 

beginning. I will frequently revisit this feature in the later part of this chapter, for it 

serves as a critical constituent element of the social context within which the 

disciplinarised institutionalization of China's modern S&T was initially conceived, and 

has deeply shaped the development and transformation of contemporary S&T 

enterprises in China. 

2.2.2 Colonial status symptom 

The development of modern S&T in the late Qing dynasty, starting with the penetration 

from the West by Jesuit missionaries and military aggression, leading to the adoption of 

S&T by progressive Chinese intellectuals, paved the way for the growth of modern 

China's S&T enterprises. From the perspective of scientific knowledge production, 

                                                        
23  In Xu and Mao's study, the total number of returned CEM students is 106, a figure that 

includes both the 94 students who returned in 1881, as narrated in Li's summarizing memorial, and 

others who returned earlier. However, 7 students in unclear categories have been excluded from my 

analysis of career experiences of returned CEM students; so the total number in my consideration is 

99. 
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however, the evolution of modern S&T in China during the late Qing dynasty was still 

in a pre-disciplinary development stage. Admittedly, it is clear that a large portion of 

modern science subjects and disciplines were adopted into the curriculum of the 

institutes and colleges. Those subjects were set by the scholar-bureaucrats in order to 

train Chinese modern S&T personnel. Yet modern science subjects were generally 

categorized as 'Western Learning', 'Western Techniques' or 'Gezhi'
24

, with the exception 

of Mathematics and Geography (Liu, et al., 1994, pp.359-360).   

 The disciplinary development of scientific knowledge production was not 

effectively promoted until the beginning of Republican China in 1912. Based on the 

detailed studies of the personnel configurations, groups, factions and cliques that 

advanced modern S&T in Republican China, I argue from a sociological approach to 

scientific knowledge production that the colonial status symptom, being dependent on 

international community and resided within the local backwardness, was represented in 

the growth of the Chinese academic community, as it promoted modern S&T in China 

over a time span of half century. The major constituents of the academic community 

involved in the development of modern S&T enterprises in Republican China were the 

students returning from the western countries, primarily the United States, Britain and 

Germany. These roughly 20,000 students were a remarkably small but potent group in 

China's intellectual society. Having received modern S&T training and education in the 

West in the twentieth century, they found themselves in a two-front struggle in 

promoting modern S&T in China (Sun 1986, p.383). On the one hand, they were 

connected to their studies abroad, where they received their education and training, and 

to which they tried to contribute even after their return to China. On the other hand, they 

simultaneously faced the task of localizing their newly gained knowledge into China’s 

intellectual and cultural community, thereby introducing scientific thought into the life 

of the Chinese people, and attempting to reduce the 'backwardness' of the nation. This 

conflict is also a critical indication of the nationalist perspective through which modern 

S&T was viewed. The traits of both dependence on the western scientific community 

and the backwardness of their own nation were stigmatized by Buck as symptoms of a 

                                                        
24  'Gezhi' was the Chinese version of 'science (Kexue)' before the term was borrowed from 

Japanese by Kang Youwei (1858-1927) in 1897 (Yang, 1981; Fang, 1988; Xi, 2005). 
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colonial status (Buck, 1980, as cited in Sun, 1986). Those symptoms were rooted in the 

social background of Republican China. They were imprinted onto China's academic 

community, and thus deeply shaped its institutionalization of modern S&T. However, 

given the preponderance of the yet-to-be-discovered over the known historical literature, 

this brief examination of modern S&T in Republican China focuses on the academic 

community's efforts in founding and reforming modern Chinese universities, and 

constructing the national institutes of modern S&T research on a nationalist basis, as the 

major steps of institutionalization. 

 Universities and higher education organizations not only educate new generations 

but also create, import and disseminate culture and technology. In the case of China, 

education has been a principal concern of government from early on, and so it became, 

eventually, a central focus of the republican government of China. Two days after the 

foundation of the Republic of China, on January 1
st
 1912, a provisional government 

appointed Cai Yuanpei (1868-1940), a student returned from Germany, as the general 

governor of education. One week later, on January 9
th

 1912, the Ministry of Education 

came into being. The leaders in the building-up of higher education, with Cai as their 

representative, immediately responded to the need for scientific expertise in an 

extraordinary time for Republican China. They confronted the necessity of grafting 

modern scientific knowledge production together with its institutional achievements in 

affecting the wider society, so as to save China from its backwardness as a nation and to 

catch up with the West. Consequently, the conscious aim of their collective efforts was 

to imitate foreign models, say, the American and European university curricula, 

textbooks and systems of instructions within a modern disciplinary framework, while 

adding their own input to the educational transformation. One typical outcome of this 

trend was the remoulding of Beijing University as a national university. Established in 

1898 by the Qing regime, the Metropolitan University (in Chinese, Jing Shi Da Xue 

Tang) was initially designed to retrain some of the Qing scholar-officials so that they 

would be reasonably knowledgeable about affairs and conditions of the modern world. 

It therefore was taken as merely a ladder for intellectuals with scholar-bureaucrat virtue 

to enter or upgrade their official career. This preparatory-school atmosphere remained, 
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even after the institution was renamed National Beijing University in 1912. After Cai 

was appointed Chancellor in 1916 he, together with his peers, succeeded in placing the 

university under the direct jurisdiction of the Ministry of Education (Sun 1986, 

pp.368-372). Guiding plans for the university’s re-structuring were drawn up in 1918, to 

establish programmes following the modern disciplinary structure of the humanities, 

science, social science and law. By the early 1920s, as the first of the national 

universities
25

, the National Beijing University had come to represent a curriculum 

organized along the disciplinary lines common in modern sciences education, which 

was also required to meet the disciplinarised institutional standard set by law. 

 Alongside the building up of modern higher education organizations so as to 

consolidate the national base for adopting modern S&T in China, the academic 

community in Republican China also underwent self-structuring in accommodating 

modern scientific knowledge production based on the disciplinarised structure of 

western S&T practice. As early as 1914, the Chinese Association for the Advancement 

of Science (CAAS, in Chinese 'Zhongguo Kexue She') was established by Ren Hongjun 

(1886-1961), Zhao Yuanren (1892-1982) and their fellow Chinese students at Cornell in 

the United States. Echoing AAAS (American Association for the Advancement of 

Science), CAAS set itself as the exemplar in structuring China's academic community, 

as it developed in the evolution of modern S&T in Republican China (Zhang, 2007). 

Moreover, the symptoms of colonial status were visible from the very beginning, when 

China’s academic community adopted a contradictory dualism in aiming to promote and 

spread scientific knowledge. On the one hand, the academic community promoted the 

production of scientific knowledge, but on the other hand it insisted on regenerating 

China's entire society and cultural tradition on a nationalistic basis. They imitated the 

common practice of western S&T, with the institutional structure following the modern 

disciplinary system, including publishing the journal Science (Kexue), and holding 

meetings for the presentation of research papers, and so forth. Meanwhile, conflicts 

                                                        
25  The first modern university in China, however, was the School of Chinese and Western 

Learning (in Chinese 'Zhong Xi Xue Tang') which was established 3 years earlier than the 

Metropolitan University, in Tianjin by Sheng Xuanhuai (1844-1966). In 1903, it was renamed the 

Beiyang University, and now is called Tianjing University (Liu, et al., 1994). 
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between the nationalist perspective and their dependence on western S&T became 

inevitable.
26

  

 There were few events in the treaty century as influential as the creation of the 

Academia Sinica. It served not merely as a central research academy of Republican 

China, but for the administrative organization of the nation's S&T research, as well. 

Thus, its establishment also marked the institutionalization of modern S&T in China. It 

was initiated in 1927 by Cai and other leading Chinese intellectuals, after building up 

modern higher education institutes in the previous years. As the Nationalist government 

came into being in 1928, the country experienced a rare period of relative peace. One 

immediate aim of the new government was to express China's newly ascendant 

nationalism in building a fully sovereign nation. The academic community was inspired 

to establish, in China, government-financed modern scientific research at advanced 

levels. Consequently, the Academia Sinica (in Chinese, Zhongyang Yanjiu Yuan) was 

officially founded in Shanghai on 9th June 1928, with Cai as its first 

government-appointed president. Placed directly under the supervision of the central 

government, the academy comprised the individual research institutes, primarily in the 

natural sciences, with clearly articulated disciplinary identities; a substantial portion of 

scientists previously involved in the work of CAAS were enrolled at Academia Sinica 

(Tao, 1978; Sun 1986, pp.396-397). 

 From the perspective of scientific knowledge production, however, an outstanding 

feature of disciplinarisation is that is can also be identified as the symptom of colonial 

status, represented by intellectuals in Republican China, say, being dependent on 

Western science, as well as its institutional embodiment in affecting wider society. As 

can be seen both in the building-up of higher education for S&T personnel training and 

in the creation of national scientific research institutes, the institutionalization of China's 

S&T was inscribed by the leading educators, science practitioners, and government with 

disciplinary identities. Specifically, higher education in universities was to be conducted 

                                                        
26  Ironically, the nationalist trend rose as the academic community in Republican China 

expanded, and one of its outcomes was to seek independence of the nation from western influences, 

including the scientific expeditions directed by western scientists in China (for more details on this 

conflict between nationalism in Republican China and western scientific expeditions in China see 

Nature, 1931). 
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in disciplinary departments by both the Faculties of Letters and of Science, with a 

combination of Law, Business, Medicine, Agriculture, Engineering, and other 

professional disciplines (Sun 1986, p.370; Zhang, 2000). Disciplinary identities were 

further formulated in their generic terms by professional societies, conferences, 

periodicals and chairs, which served as the conventional insignia of a discipline. 

Although a full picture of the disciplinary structure of China's S&T can only be 

sketched clearly about half a century later, the evolution of S&T in Republican China 

provides a preliminary starting point. 

2.2.3 Utilitarian view in S&T governance 

Over the course of these two historic stages, a conspicuously strong role in S&T 

governance was held by the government, both of the Qing regime and that of 

Republican China. On the one hand, this deeply shaped the development of China’s 

S&T enterprises; on the other it provided another dimension through which to address 

the issues with regards to social context, as well as the power configuration in China’s 

S&T development during the treaty century. Within this dimension, I argue that a 

utilitarian view was universally adopted by the S&T governance bodies, which resulted 

in priority being given to the disciplines of engineering and technological applications, 

these having more direct relevance to the nation’s need in defending and strengthening 

itself.   

 For the first time, adopting modern S&T became a governmental issue when the 

Qing rulership finally realized the power of modern S&T or, more precisely, modern 

weapons technologies and their applications. Meanwhile, the loyalty of traditional 

Confucian scholar-bureaucrats was believed to be the final hope of the regime, 

especially as it was under double threat from both foreign aggression and civil 

rebellions in the last half of the nineteenth century. In combining modern S&T and 

traditional scholar-bureaucrats, the strategy proved effective. One supporting fact is that 

the throne relied on the traditional Confucian scholar-bureaucrats (with Zeng and Li as 

representatives) and the powerful ‘Ever Victorious Army’, equipped with western guns, 

in rooting the rebellions out of their fortified strongholds (Fairbank and Goldman 1998, 
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pp.201-224). Furthermore, the Bureau of Foreign Affairs (BFA, in Chinese 'Zongli 

Yamen') was opened in 1861 as the special administrative department under whose 

governance foreign works on modern sciences, including mathematics, mechanics, 

geography, history and international law, were translated to spread knowledge of 

Western techniques. Meanwhile, colleges with specialities in modern technological 

applications were established nationwide. Notably, the overwhelming majority of these 

efforts were inspired by a utilitarian view of modern S&T, specifically, scientific 

expertise directly related to military training, weapons manufacturing, mining, 

engineering, modern communications and foreign affairs, took priority over all other 

sciences. Plenty of examples of this can be seen in works on BFA’s measures in 

promoting modern education and S&T, by Liu et al. (1994) and Chen (1994).   

 In spite of the great efforts made by the revolutionists led by Sun Yat-sen 

(1866-1925) and the Nationalist Party in overthrowing the imperial autocracy of the 

Qing throne, and in building a new, fully sovereign nation since 1912, this utilitarian 

view was largely inherited by the disciplinarised institutions of modern S&T in 

Republican China. Moreover, Shen and Williams (2005) proposed that this utilitarian 

view of S&T deeply shaped contemporary China’s S&T enterprises, from the 

perspective of Social Shaping of Technology (SST). The new policy of the Republic 

was to 'invite in Mr. Science and Mr. Democracy to rescue China' (Hu, 1981, cited in 

Song, 2008). By the 1920s, it became a commonly accepted article of faith for both 

scientific expertise and governmental power to view the outlook of modern S&T in 

China as an instrument for dismantling the traditional order and opening the way for 

China's attainment of modern nationhood (Sun 1986, p. 381). To a large extent, this 

utilitarian view on modern S&T in fact opened an unusual window of opportunity for 

Republican China's academic community to promote modern S&T, for instance, to build 

up higher education and to create research institutes at national levels. Shortly after the 

Republican government established the Ministry of Education, with Cai as the first 

minister in 1912, a guideline for the development of China's modern higher education 

was formulated, to bring scientific knowledge production within an integrated national 

system to a modern standard. Moreover, higher education was conceived as an 
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indispensable component of the task of national reconstruction, as it served as the S&T 

training ground for future leaders and generations to come. Following such a guideline, 

the Republican government officially announced the Law Governing Colleges and 

Universities (in Chinese, 'Daxue Ling') in the same year. Rather than to generate 

scientific knowledge, the objectives of the university were articulated by the Law as to 

train students with modern scientific expertise, and thus to meet the needs of the nation 

(Liu, 2009).  

2.3 Interaction-Network: Powers, Expertise and Interdisciplinarity   

 During the treaty century, the evolution of China’s S&T enterprises and their 

governance, in spite of having been slow-paced and on a limited scale, embodied a 

complex configuration of social settings. These included, most notably, cultural 

tradition, power hierarchies, and interactions between powers and expertise. 

Furthermore, the features that have come to define China’s intellectuals, its academic 

community, and the S&T governance bodies, were integrated into a powerful stream in 

the growth of China's modern S&T, in which highly influential actors were gradually 

enrolled. The stream flowed into the development and transformation of S&T 

enterprises in contemporary China. It shaped the sciences, practitioners, S&T 

policy-makers, and S&T institutions, and therefore shaped scientific knowledge 

production.  
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Figure 2.3 'Interpolymerisation' in Contemporary China's S&T Evolution 

 Interpolymerisation, a derivative of 'polymer', was originally coined to mean the 

technological process of making polymers or interpolymers of compounds (Simpson, 

Weiner, 1989).
27

 I borrow this term from Chemistry to describe the contemporary social 

context of S&T enterprises in China, and how they work. This description concerns 

primarily the changes which China's S&T enterprises have undergone since China's 

opening-up and reform since 1978. The metaphor of 'interpolymerisation' is used here 

to imply these intertwined and sophisticated transformations (see Figure 2.3). 

Specifically, traits of at least three categories have been included as ‘polymers
28

’ in the 

transforming processes at the macro level: the first category covers the traits of 

historical and cultural heritage, including scholar-bureaucrat virtue, the utilitarian view, 

and the colonial status symptom. The second category includes those from the 

contemporary governmental side as it facilitates the country’s S&T enterprise. The last 

                                                        

27    For a more detailed description of interpolymerisation see Thorpe (1950) Dict. Appl. Chem. 

(ed. 4) X. 87/2: the product (of interpolymerisation) is not a mixture of polymers 

A-A-A-A-A-A-...with B-B-B-B-B-B-..., but an interpolymer, e.g. A-B-A-A-A-B-A-A-..., the order 

in which the units are arranged not being readily determinable. 

28    Here I take these traits as ‘polymers’ rather than ‘monomers’ indicating my understanding of 

them as compounds, and their composing factors being complex and interlacing in nature. Another 

reason for this is that the focus of this chapter is on the interactions at macro level. 
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category of traits comes from the institutional (or organizational) aspect of China’s S&T 

enterprise, with the focus on its academic community and the changes that have 

emerged in scientific knowledge production activities. The metaphor is applied 

primarily in the context of contemporary China's S&T evolution, as represented 

schematically in the above figure. More broadly, however, the features of the chemical 

process of 'interpolymerisation' can be well matched to an ongoing trend in the 

development of modern scientific knowledge - the trend of interdisciplinarity. This 

becomes particularly pertinent in the case of the interaction-network, which, I believe, is 

emerging within the R&D sector in China's biotechnology industry. 

2.3.1 S&T governance and re-defining scientific expertise 

A transitional period of approximately three decades after the founding of the People's 

Republic of China in 1949 stimulated, or at least served as a prelude to, the reform of 

the country’s S&T enterprises. Shortly after this new nation came into being, Marxism 

was settled as an ideology guiding and legitimating China's social development. Tenets 

derived from the Soviet Union’s mode of S&T governance, characterized by an 

extremely high level of centralisation, were a further key influence on the general 

philosophy of modern S&T governance in China (Peng, 2006). In accordance with them, 

S&T were denied an independent, or value-free, role. S&T had to be subservient to the 

political endeavour of aiming to promote the nation's common social interest, with all 

members of society as beneficiaries. Within this governance philosophy, together with 

the top-down nature of the institutional setting, China's S&T enterprises as a whole were 

deposited in a government-dominated organisational structure. For instance, scientific 

knowledge production was mainly carried out within Institutional Organisations (in 

Chinese, 'Shiye Danwei') which were placed in an administrative hierarchy 

corresponding to that within the government. The heads of scientific research institutes 

were directly appointed by the government (Wang, 2005). Moreover, all members of 

staff were deemed to be state cadres, that is, a new version of scholar-bureaucrats. 

Endowed with the concentrated resources of the nation and with technological 

know-how from the Soviet Union, the Chinese science practitioners, including those 

who had an educational and/or professional background acquired abroad, demonstrated 
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their expertise with a set of impressive S&T achievements (Mendelssohn, 1967). Some 

of these concerned crucial national interests, see, for instance, Xue and Lewis (1988, 

1994, cited in Shen et al., 2005) on China's achievements in S&T development within 

the defence sector, which included the development of nuclear weapons, 

intercontinental ballistic missiles and nuclear submarines. 

 However, those efforts, though productive, did not bring into China's S&T 

enterprises a clearly articulated mode for scientific expertise to speak to powers in the 

economic or industrial sectors. One good example can be seen in Chinese scientists' 

success in synthesizing crystalline bovine insulin on September 17 of 1965, for the first 

time in the world. This was a crucial step in molecular biology and medical technology. 

However, it did not boost China's biotechnology industry as it could have done (Wang, 

et al., 2009). By the same token, the institutional configuration in terms of 

administrative structure, funding system, and scientific research initiatives was 

completely set on the basis of a planned economy model (Wang, 2005). As China 

launched its opening-up and reform towards a market economy, its S&T enterprises 

found themselves situated in a multi-dimensional social context, rather than the 

previous linear connection between scientific expertise and political power. Such a shift 

eventually gave birth to an interaction-network of highly diverse social, cultural, 

political, and economical elements; furthermore, this network continues to shape 

contemporary S&T evolution in China. Initiated by The First National Conference on 

S&T
29

 in 1978, at which the guiding strategy was set, China launched the reform 

process of its S&T enterprise in alignment with China's fully-fledged reform from a 

traditional planned economy to a market one. Radical measures were thus taken to 

transplant China's S&T enterprise from a context of linear connections, such as those 

between scientific expertise and power, scientific knowledge production and the 

common interests of social members, and the academic community and the social 

structure, into a network of actors and stakeholders of much greater diversity. For 

example, the legislative effects initiated via policy-making procedures, institutional 

                                                        
29  The conference was conventionally deemed to be the beginning of ‘the springtime for science’ 

which formally endorsed and amplified the position and value of scientific expertise and scientists to 

the community. For more background information and commentary on the significance of this, see 

Science in China: planting a tall tree, in Nature (1983). 
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reform in S&T governance, and national S&T campaign programmes, were designed to 

mobilize all parts (See Figure 2.3.1). More importantly, an imposed top-down mode, as 

can be seen from the way in which these measures have been so far implemented, serves 

as a guiding perspective in understanding the power hierarchy, as well as the 

disciplinary stratification in the case study of Chapter 3 and Chapter 4. A quick 

reference to this mode and, more specifically, to the analysis of the obligatory passage 

point (OPP) occupied by the government as its direct outcome, is provided in my 

previous study on the actor-network that has emerged in China’s biotechnology and 

pharmaceutical industry (Wang et al., 2009). 
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 The top-down mode also provides an ideal starting point from which to follow the 

interactions between the governance and the practice of S&T. In China’s contemporary 

governmental search for scientific expertise to speak to, the first major step was the 

categorization of scientific knowledge production in terms of basic research (BR), 

applied research (AR) for the public good and technical R&D (TR) for industrialisation. 

A series of S&T policies and laws were enacted that aimed to recruit scientific 

knowledge production for the purposes of economic construction, in line with a 

utilitarian perspective that S&T expertise should serve economic construction. The 

reform and transformation of China’s S&T was therefore designed to create and 

consolidate the close connections between scientific expertise and the economy. Priority 

was thus given to activating scientific expertise and technical application derived from 

the latter two categories of scientific knowledge production (BR and TR) and technical 

R&D activities in economic development, via industrialisation and commercialisation. 

Consequently, rather than the government monopolized distribution of S&T resources, 

so that all S&T institutes and practitioners enjoyed direct governmental financial 

allocation, a more comprehensive system of funding and a more efficient administration 

was cultivated, based on the new definitions and categorization. The Government 

retained its crucial role as the main supplier of resources for basic research, whilst 

encouraging more sources also from the market to feed the large portion of S&T 

enterprise engaged in applied research and technical R&D. This can be seen in the fact 

that in 1995, 1,128 out of 1,700 (66 percent) technical R&D institutes lost their 

affiliation to the Government and either turned into industries or converted themselves 

into industrial R&D centres (Wang, 2005). 

 One crucial outcome of such an endeavour to re-define and re-categorize scientific 

knowledge and its production was the construction of a well-articulated disciplinary 

framework of the modern sciences. A clear idea of disciplinarity as well as its related 

classificatory system of scientific knowledge production, I argue, serves as a sound base 

for the investigation of the rise of an interdisciplinary trend in China's S&T 

development. As discussed in the first section of this chapter, the disciplinarised 

institutionalization of China's S&T can be dated back to the times of Republican China. 
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However, it did not provide a fully mature scheme until this stage in contemporary 

China. A national standard document entitled ’The Classification and Code of 

Disciplines’ was promulgated in 1992 for the purpose of S&T governance and statistics 

at the macro level. According to this national standard (GB/T13745-92), the disciplinary 

tree of the modern sciences consists of five branches, namely: natural sciences, 

agricultural sciences, medical sciences, engineering and technical sciences, and 

humanities and social sciences (Bureau of Technology Administration, 1993). In 1997, 

the Ministry of Education put forth ‘The Categorization of Disciplines and College 

Majors in Graduate Education’, extended from an earlier version of 1990. The full 

disciplinary map of China's S&T was sketched in 12 categories subsuming 89 scientific 

disciplines and 386 disciplinary majors (Ministry of Education, 1997). These two 

archives, together with the Annual Guideline for Funding and Programmes announced 

by the National Natural Science Foundation of China (NNSF), set the disciplinary 

framework of China's S&T research, personnel training, and governance.     

2.3.2 Interaction-network and interdisciplinarity 

Initially, the efforts in the S&T policy making and implementation via national S&T 

programmes seemed to convey a message that the governmental body, the major 

controlling power in China's S&T development, launched the campaign to strengthen 

S&T enterprises following a mode of decentralisation. Admittedly, by a reforming 

approach to academic community and scientific knowledge production, the government 

changed its role from directly assigning R&D institutes with research activities 

according to the highly centralized national development plans, into involving more 

actors, mainly from the economic sector. Furthermore, the national S&T programmes 

promoting the industrialisation and commercialisation of scientific expertise and 

technological application effectively inscribed political, industrial and academic actors 

at varied levels in the development of S&T, within the social context of the 

transformation of the economic system. This transformation has provided vivid 

examples for scholarly work exploring the National Innovation System (NIS) and using 

the theoretical framework of ‘the triple helix relationship’ between university, industry 

and government (Etzkowitz and Leydesdorff, 2000). However, when it comes to the 
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dynamic process underlying it, I argue, it is highly problematic to attach a label of 

'decentralisation' to it without a careful examination of the hierarchical configuration 

inside and among these actors. I suggest that an interaction-network can serve as a 

sound model for analysing the dynamic process of how powers and expertise speak to 

each other. 

 The interaction-network, which contains actors from all sectors, is constituted by 

their connections between contacts at both individual and collective levels. The 

connections could be direct or indirect; however, they are interactive in nature. In this 

chapter, the interaction-network is in fact conditioned by the relationships that have 

occurred firstly within sublevels of government, the academic community, and the 

industrial sector, and then between the sectors themselves. In switching to a more 

market-oriented economic system and a more commercially driven S&T governance 

style in China, local governments, subordinate administrative departments and public 

institutions of hierarchical diversity were delegated greater authority over and 

responsibility for their budgets (Wong, 1992). A more intense interaction was thus seen 

in the new governmental body of S&T. As far as fiscal control is concerned, the 

interaction among governmental actors has led to grants moving away from the former 

centralised system. The central government has transferred its responsibility to its 

subordinates with access to local information and to better mobilize social capital for 

collective action (World Bank 2007, pp.158-176). In the case of the academic 

community, however, the shift to interaction has been much more complicated and to 

some extent painful. Specifically, the strong tradition of scholar-bureaucrat virtue in 

China’s intellectuals ties the academic community closely to political powers. It will not 

be easy to divorce science and research from the ideological orthodoxy of the state. The 

switch in orientation of scientific knowledge production, firstly into ‘Modernization’ 

and then into the ‘Knowledge Economy’, was initiated as a national development plan 

by the government, and demonstrated fully the interactions that were activated among 

sciences practitioners, and with the academic community.  

 The slogan ‘Modernization of S&T’, as part of China’s national development plan 

for ‘Four Modernizations - in industry, agriculture, national defence, and S&T’, was 
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given new meaning so as to revitalize China's S&T at the beginning of the reform. 

Specifically, the role of ‘key link’ was assigned to the modernization of S&T in 

supporting the other three sectors (Bullock, 1977). Indeed, modernization of China's 

S&T gave rise to the growth of scientific expertise, scientific knowledge production, 

and the academic community, alike. However, in this campaign of 'catching up with and 

overtaking the advanced S&T capacities at the high level mainly set by the West', 

priorities were firstly located in areas directly linked with the nation's needs, namely 

agriculture, energy, materials, computers, lasers, space, high-energy physics, and also 

genetic engineering (Tang, 1978). This assignment of priorities and its effects in 

allotting resources enabled the disciplines in the prioritized fields to enjoy the 

‘springtime’ whilst others were judged to be of minor importance. As the reform 

deepened and accelerated, alongside the national S&T campaign programmes that were 

launched successively, this disciplinary imbalance became sharpened and reached a 

climax as the ‘knowledge economy’ laid the absolute emphasis of S&T innovation on a 

market-oriented and commercially-driven basis. 

 As the government officially decided to deepen the reform of China’s S&T system 

in 1996 and vigorously push on with the national S&T campaign programme (973 

Programme) in the next year (see Figure 2.3.1), a nation-wide debate on the 

‘Knowledge Economy’ was triggered. In this debate, hundreds of articles devoted to this 

subject were published in political and scientific journals, together with various 

encyclopaedias, reference books and popular pamphlets. It was primarily government 

officials and propaganda media that acted as the major players in the period from 1997 

to 1999. Dr Yang Fujia, the then president of Fudan University, who published his 

introductory article on ‘Knowledge Economy’, which appeared in People’s Daily (in 

Chinese, ‘Renmin Ribao’, a mouthpiece of the Central Committee of the Communist 

Party of China), set up a model for eliciting interest from government officials and the 

scientific community, alike. He imported the term ‘knowledge-based economy’ from the 

US and held up the image of Bill Gates as a herald of the 'Knowledge Economy' (Yang, 

1997; Borokh, 2001). As one of the most fruitful outcomes of these intensive 

propaganda efforts, commercialisation of the scientific expertise, in particular 
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technology, has finally become established in society in a dominant role, bridging 

knowledge and economy. This trend, however, was already apparent as early as the late 

1980s, when the government initialized the Torch programme in 1988, with the 

objective of commercializing new technologies in developing high-tech products 

(OECD 2008, p.461). Furthermore, with a more effective legal system centred on 

patents, technological contracts, and intellectual property, scientific expertise and 

technologies (both material resources and labour that could provide technological inputs 

into the activities of customers, and even sales of pilot plant products, see Li and Yang, 

1988) could be safely traded as market commodities.  

 China transformed its economic system from a planned to a market economy, which 

itself testified to an interaction-network of more social, economic, industrial actors with 

the hierarchies activated to interact with each other. Social resources were thus better 

mobilized for accelerating S&T reform. Meanwhile, scientific expertise, technologies 

and science practitioners were activated in the market-oriented scientific knowledge 

production. Furthermore, the utilitarian view of S&T, with its emphasis on practical 

tasks, as Needham noticed in his revisiting of Chinese science (Needham, 1953), has 

inevitably taken on a strong flavour of the market economy and impelled the 

interactions between governmental, cultural, social and economic actors to greater 

efforts. Such a dynamic interaction-network paved the way for the new trend of 

interdisciplinarity, especially in the R&D sector of China's biotechnology industry. 

 The huge need for the commercialisation of technologies and scientific expertise, 

the conditioning factors from governmental hierarchies, and extremely high investment 

from the whole industrial chain, have constructed a strong basis for China's 

biotechnology industry and some other Hi-Tech industries. Set against the existing 

social settings and context in China, actors within its biotechnology industrial R&D are 

obliged to engage in frequent interaction with each other, without the realistic 

probability of withdrawal or of alternative forms of social relationship at a higher level 

of visibility, given the switch in distribution of social resources (see section 2.3.1). As a 

main outcome of a set of successful national S&T campaign programmes, China has 

established a set of biotechnology industry parks or zones, serving as the main bases of 
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biotechnology industrial R&D, accommodating incubators for biotechnology, academic 

spin-offs, and dedicated biotechnology firms (DBFs), among others. These 

biotechnology industrial cluster areas indeed provide an obvious conjuncture where a 

network of social interaction relationships is mobilized to develop a higher level of 

physical proximity. Furthermore, organisational patterns and coherence stimulate the 

research strategies adopted in the R&D sector of China's biotechnology industry. 

Specifically, IDR emerged and evolved not only methodologically as a strategic 

approach to the complexity of objectives, but with appeal to obtaining access to social 

interests of its own as well.  

 Individuals of a social group within a larger collective are generally categorized as 

distinct from others, but the same as each other in some respect. According to Marx, 

shared interests engender organization and collective action in general. However, 

different interaction conditions within a group could lead individuals to achieve 

collective action at various levels (Barnes 1995, pp.131-192). As a social movement, 

the ’Knowledge Economy’ campaign facilitated the interactions within and between 

academic actors, governmental hierarchies, and industrial powers. Specifically, a 

'Knowledge Economy' model was of substantial practical interest to China's science 

practitioners as a distinctive group, for it boosted their incomes considerably (Baark, 

2001). But more importantly, it deepened drastically the imbalance in the disciplinary 

structure of China's scientific knowledge production. Under the 'Knowledge Economy', 

the disciplines that are less directly related to technological application or provide fewer 

opportunities for commercialisation found themselves neglected in terms of funding, 

personnel training and visibility, and less likely to speak to power. To those disciplines, 

the 'shake-up of the academy' (Swinbanks, 1998) was a painful experience, as scientific 

activities became tightly yoked to economic development. 

2.4 Conclusions 

This chapter points to how the social context of power and Chinese cultural heritage are 

important to an understanding of how IDR patterns have emerged in the R&D sector 

within China’s biotechnology industry. I began by presenting a brief overview of the 
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evolution of China's S&T in modern times, primarily covering two stages: the treaty 

century, and the contemporary period. Out of a careful examination of China’s S&T 

evolution and governance in the first stage, two sorts of findings become evident: 1) 

three historical and cultural traits with far-reaching influence in the social settings of the 

IDR emerged at the stage of contemporary China; and 2) the discipline-based 

institutionalization of modern S&T was initialized out of the unstable social conditions, 

which eventually provided a guiding disciplinary frame for the later discussion on 

interdisciplinarity. The focus of this chapter then moved to the fully-fledged 

transformation in China’s S&T evolution and governance after 1978, in the second stage. 

In the course of this, I have argued that the various status groups involved, namely 

China's intellectuals, the members of their academic communities, and governance 

bodies, have strongly shaped China's subsequent market-based, commercially driven 

model of scientific knowledge production.  

 Within the larger framework of the sociology of scientific knowledge (SSK), I 

extended the discussion in the second section of this chapter to cover the diverse social 

factors that were engaged in the facilitation of China's S&T development, following an 

imposed top-down mode. In particular, I have shown how Chinese historical and 

cultural traits, together with the governmental and industrial powers and institutional 

factors, become involved in shaping scientific knowledge production as they work 

interactively with each other. A metaphor of 'interpolymerisation' has been presented in 

this part to illustrate the dominant components and how they work as the social settings 

of the IDR in the R&D sector within China's biotechnology industry. It is interesting to 

note that a new kind of interaction-network is emerging within the R&D sector, 

connecting status groups that originally were only weakly related. In identifying the 

salient features of the connections between powers and expertise, I have pointed to new 

connections between these two, so far largely distinct, trends in China's 

biotechnological R&D: the interaction-network, and interdisciplinarity, which give rise 

to the emergence of the IDR pattern. 

 As a prelude to the investigation of Interdisciplinary Research (IDR) patterns in the 

R&D sector of the biotechnology industry in China, this chapter opens several 
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interesting avenues of further research. A natural one is to also include disciplines as 

status groups in investigating the connections between contacts in the R&D practices 

following the pattern of the IDR. Such studies could provide much insight into the 

stratification and interactive connections among status groups related to disciplinary 

background in scientific knowledge production, as could be observed in the R&D 

practices of China’s biotechnology industry. This is one subject of discussion in the case 

study in Chapters 3 and 4 of this thesis. 
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CHAPTER THREE 

CASE STUDY: THE BGI 

 

3.1 Introduction 

Craig Venter did not expect much competition from the East when he initiated the race 

between academia and industry to sequence the human genome. On 9th May 1998, he 

claimed that with the magic weapon of ‘whole-genome shotgun sequencing’ his 

company, Celera Genomics, would get the job done within three years (Marshall and 

Pennisi, 1998). Although this announcement may have demoralized some academic 

scientists, it also stimulated academia as a whole to increase their efforts to sequence the 

genome. The Wellcome Trust responded immediately by doubling the Sanger Institute’s 

budget, to enable the UK's HGP team to fully sequence one-third of the human genome 

(Goodman 1998, p.567). As the world celebrated, scientists in China were inspired to 

consider China’s share in biology’s first foray, according to Collins (2003, p.286), into 

the world of ‘Big Science’.  

 One year earlier, a meeting of leading young biologists was called in central China. 

At this meeting Huanming Yang, together with his peers, proposed that priority must be 

given to human genome research in China. In August 1998, China's Human Genome 

Centre was set up in Beijing, demonstrating the country's commitment to academic 

research into the human genome. However, it was only after Yang successfully 

presented China’s proposal at the Human Genome Conference held at Cambridge 

University in September 1999 that China’s team was officially enrolled into the 

international scene of the HGP. This was only three months after the International 

Human Genome Organization (HUGO) announced the registration of China's entry. As 

a latecomer, China enjoyed approximately a one percent share of drafting the first 
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working frame map of the human genome in the international collaboration of HGP. 

This official involvement, together with the country's intensified interests in HGP, gave 

birth to the Beijing Genomics Institute (BGI), under the leadership of Huanming Yang 

and other founders. Notably, the BGI was formed with the primary mission of 

accomplishing the country's one percent share in the international HGP, together with 

Chinese National Human Genome Centres located in Beijing (also called the northern 

centre) and Shanghai (the southern centre).  

 On 26 June 2000, the then US president Bill Clinton and British Prime Minister 

Tony Blair jointly announced that the international HGP had completed its first ‘rough 

draft’ of the entire human genome. However, the completion of this stage in the 

mapping of the human genome meant another beginning for BGI to grow, and the 

following decade witnessed the rising of this institute, as well as sequencing-based 

industrial R&D booming in China (Petsko 2010, p.103). By the tenth anniversary of the 

BGI in 2009, the Institute, as the world leader in genome sequencing, had a new 

headquarters in Shenzhen, Southern China and had stopped officially using the name of 

Beijing Genomics Institute. It has since simply been known as the 'BGI' (in Chinese 

'Hua Da Ji Yin').
30

 Moreover, in addition to its original centre in Beijing, Northern 

China, and the new headquarters based in Shenzhen, the BGI extended to branches in 

Tibet, Hong Kong, Hangzhou in Eastern China, and Wuhan in Central China. Following 

its success in China, the BGI opened two branches in 2010, in Boston, USA and 

Copenhagen, Denmark, extending its network coverage internationally. 

 While many aspects of this new star deserve careful study by social scientists, this 

chapter will focus on the feature of interdisciplinarity as it is presented in the R&D 

practices carried out in BGI. The interdisciplinarity, or rather the pattern of 

Interdisciplinary Research (IDR), works on the premise that a large variety of 

disciplines are successfully utilized in a research project, and individuals are prompted 

                                                        
30  The BGI, originally named 'Beijing Genomics Institute (in Chinese literally means 'Beijing Ji 

Yin Zu Xue Yan Jiu Zhong Xin' but conventionally called 'Beijing Hua Da Genomics Institute', in 

Chinese 'Beijing Hua Da Ji Yin Yan Jiu Zhong Xin')', retained the abbreviation of its original name 

but changed its Chinese name to 'Hua Da Ji Yin' (Huada Gene), as the founders decided to move the 

headquarters of the institute from Beijing to Shenzhen in 2007. This naming story is also a 

supportive part to the discussion on the BGI’s identity.  
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to collaborate crossing the disciplinary boundaries. At the heart of IDR issues lie the 

collaborations between researchers with varied disciplinary backgrounds, and 

specifically the collective behaviours of cooperation enabled by the efficiently 

interaction of individuals.  

 Moreover, the Chinese context within which BGI is embedded, gives rise to many 

challenging questions about the emergence of IDR and how it evolves against the 

broader social background. This raises questions of how such research practice could 

emerge within the Chinese context, when the country experienced a unique blend of 

economic, political, cultural, and social changes in the past decades.
31

 In particular, it is 

important to analyse how the study of genomics was suitably geared towards the 

increasingly intensified atmosphere of industrial R&D in China. Is there any pattern 

identifiable which underlies BGI's dramatic growth? How can such growth in 

knowledge production manage to expand its power in both the academic and industrial 

worlds?  

 This chapter will identify and examine the IDR which is widely adopted within 

BGI's R&D activities. This analysis will be based on a preliminary study of its 

headquarters in Shenzhen (the BGI-Shenzhen). During my stay in the BGI-Shenzhen, I 

was hosted by its Department of Scientific Research. This department functions as a 

bridge between specific R&D activities and the institutional administration. This active 

role, together with the crucial position it holds within the administrative structure of the 

BGI, made it possible for researchers and administrative staff members of varied 

disciplinary backgrounds to become involved in this situated study of the IDR emerging 

within the interaction-network. Specifically, the interviews
32

 I carried out there on a 

one-to-one basis were designed to track their way of conceiving and experiencing the 

IDR in the BGI. Interviewees were selected at random without referring to each other 

beforehand, but according to their disciplinary backgrounds in terms of educational 
                                                        

31  See more detailed discussions particularly on the evolution of China's S&T in recent decades 

of transition in Chapter 2. The national transformation in economic institutions, S&T policies, and 

social processes it experienced, I believe, will serve as an indispensable prelude for us to understand 

the development of China's biotechnology industry, as well as the new trends emerging in its R&D 

sector. 

32  See the guiding interview questions in the appendices to this thesis. 
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backgrounds and the final degrees they obtained at university.
33

 Moreover, placing 

myself in the department pushed me to examine closely the administration practice from 

the perspective of R&D management. I include this discussion in Chapter 4 of this 

thesis, where I also compare an administration system aiming at stability and that 

concentrated on efficiency, under the same theoretical scheme of status group.
34

 

 Given the fact that BGI's progress occurred simultaneously with the country's 

increasingly heavy emphasis on industrial R&D, it is fair to situate the IDR pattern as 

can be seen from the R&D activities in BGI within the perspectives of both the 

Sociology of Scientific Knowledge (SSK) and Philosophy of Science. The previous 

chapter focused on the recent emergence of interactive networks among the social status 

groups within China’s biotechnology industrial R&D sector. This chapter examines the 

interacting relationships among groups and individuals against a social background 

which so far has given rise to IDR in BGI's R&D practice. Specifically, the close 

observation of the research personnel of the institute, direct communications with its 

research staff members, and the careful analysis of the institution as well as its 

embedded culture have all been central in the search for a potential 

Interaction-Interdisciplinarity link. Furthermore, I argue that depicting the collectively 

monopolizing action and interaction in and outside of BGI from a sociological 

perspective will provide a more accurate account for the development of IDR in a social 

context. During the course of this chapter, I propose that it is within the 

interaction-network that the rise of BGI, and to a larger extent, the expansion of 

sequencing-based biotechnology industrial R&D in China, is effectively facilitated by 

the IDR.  

                                                        

33    The relevant information was verified by the registered details of researchers’ educational 

backgrounds, as given in the document provided by the Personnel Department of the BGI. 

34    Based on the understanding of status group as ‘a set of individuals within a larger collective’ 

defined by Barnes to be generally labelled as different from outsiders but the same as insiders ‘in 

some respect’ (Barnes 1995, p.130), I limit in this chapter the scope of the concept mainly to 

covering individuals who categorize themselves in either of the two respects: sectors of industrial 

R&D chain on the one hand, namely governmental, academic, and industrial; and disciplines on the 

other. In terming disciplines ‘status groups’, I examine the IDR with reference to contacts between 

disciplines as existing as social relations between persons. More detailed discussion on status groups, 

as well as how they work in this specific context, will emerge in Chapter 4. 
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3.2 The Rise of BGI: from ‘One Percent’ to the Largest One 

Two days after Clinton and Blair's joint announcement, the then Chairman of the 

People's Republic of China, Jiang Zemin, responded to the completion of this first 

working map of the human genome. In the People's Daily headline of 29 June 2000, as 

the only head from a developing country, he expressed his sincere thanks to Chinese 

scientists involved in the international HGP. For the Chinese team, with Yang as the 

chief scientist, the job winning this commendation from the country's top power was to 

have finished mapping 30 million bases of the entire 3 billion base pairs of the human 

genetic structure. This task occupied approximately one percent of the whole workload 

of the international HGP, thus China's endeavour was conventionally entitled the 'One 

Percent' Project. Out of the three institute and centres mentioned above, the BGI 

received the lion's share of government funding, 3 million RMB in November 1999, 

enabling this two-month old institute to become fully operational.  

 Three years later, in April 2003, BGI impressed China's top power again when it 

successfully sequenced the coronavirus, identified as a pathogen for severe acute 

respiratory syndrome (SARS) (Qin, E., et al. 2003, p.948). Importantly, SARS, as well 

as the impact it had for China, was much more than merely a disease. Rather, the 

outbreak of SARS directly caused an earthquake in China's bureaucratic system, albeit 

to a lesser degree, as one minister in government and another deputy secretary of the 

municipal committee of Chinese Communist Party lost their posts primarily for their 

inefficiency in coping with the national campaign against SARS (Lan, Y., et al., 2003). 

According to Yin (2004), SARS to a large extent urged China to fully examine the 

relationships between public health issues and its political system. Moreover, some 

critics even suggested China's national spirit could be properly probed from the 

country's endeavour to fight against SARS (Wu, M., et al., 2004). Interestingly, on the 

same day (20th April 2003) as the central government announced the dismissal of 

minister of health, President Hu Jintao paid a visit to the BGI (then still called Beijing 

Genomics Institute) to be updated on S&T for the country's efforts in stopping and 

controlling SARS. Thus BGI was in an ideal position, speaking to the President directly. 
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One month later, it donated the first diagnostic kit for SARS testing, with a sample size 

of 300,000 people, to the national commending centre. This endorsed not merely the 

institute itself but also the power of genomics study to the Chinese government and the 

public. Following this, one more significant step in the BGI's journey to becoming a 

leading institute on the national level was to be accepted as part of the Chinese 

Academy of Sciences (CAS) in 2004, the country's leading academic institution and 

comprehensive research and development centre, funded by the central government. In 

addition to the honour that this enrolment bestowed, the BGI benefited by securing 

extra funding and higher visibility for the institution.  

 Its connections with governmental powers, academic communities, and S&T 

administration at the higher levels in China created many options for the BGI. As well 

as the resources behind them, these connections benefited the BGI in terms of grants, 

posts and titles in the orthodox system of scientific research, and education through the 

recruitment of talented research students. However, the ambitious picture of BGI's 

future highlighted to the institute the need for ties with industry, to find more social 

resources from China's rapidly rising economy and its increasing presence on the 

world's economic stage.  

 In April 2007, when BGI moved its headquarters to Shenzhen, situated immediately 

north of Hong Kong, China's first and one of the most successful Special Economic 

Zones (SEZ) since the country's opening up in the late 1970s, it aligned itself with the 

driving force of China's 'factory of the world'. In light of BGI-Shenzhen's rapid rate of 

growth in terms of employees, sequencing capacity and industrial R&D, it is highly 

likely that the BGI is set to become both the largest sequencing unit and a dominant 

R&D centre in the sequencing-based industry, both domestically and globally. This 

exciting rise of BGI from ‘one percent’ task carrier to the largest sequencing institute, 

however, requires an understanding of how the IDR as an R&D strategy evolved 

through this connection between the academic and industrial sides of China's 

subsequent market-based, commercially driven model of scientific knowledge 

production. 
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3.3 Interaction-Networks Emerged in the BGI’s Rise 

Indeed, examining the growth of the BGI against the backdrop of China's social context 

provides an exciting opportunity to investigate the social relationships and connections 

between groups and individuals as well. These relationships and connections, I argue, 

facilitate the development of networks at macro-level, involving both individual 

scientists and institutions. In addition to the connections mentioned above, many more, 

such as the dialogue between the governmental side and the industrial world, could also 

exist in these networks, though related less directly to the process of knowledge 

production. The discussion in this sector will be limited to those linking up the 

individuals and groups in the creation of status groups identifiable in laboratories, 

workplaces, platforms, and R&D project teams at macro level in BGI-Shenzhen.  

 In this case study on the interaction-networks within the R&D sector in China’s 

biotechnology industry, the networks I attempt to chart are made up of the connections 

between groups of the governmental powers at central and local levels, graduates at job 

fairs, and of course, the venture capitalists in the market. In this study, my approach to 

the groups involved in the interaction-networks is from a macro-institutional-functional 

perspective, referring to disciplines and social actors involved as status groups in the 

same sense. The discussion in this sector will convey how less directly related 

individuals or groups can effectively affect each other, while sorting out collective 

interactions between groups. A functionalist approach is further employed in the 

discussion, so as to evaluate the network-building devices, namely institutional identity, 

collaborative funding, and innovation programmes. Moreover, the fact that the 

interaction-networks are functionally weak in the case of BGI indicates more efforts 

could be made to strengthen the networks in terms of stability and efficiency. Therefore, 

the implications derived from this discussion will sketch opportunities for further 

investigation in later chapters, contributing to knowledge about the IDR in China's 

industrial R&D sector. Thus, insights guiding research governance at both the policy 

level and in management practices will be generated.  

3.3.1 An identity of ‘Institutional Organisation’ 
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Considering the leading role played by governmental powers in China's S&T 

governance practices (see Chapter 2 for some empirical evidence), it is reasonable to 

begin an analysis of institutional identity by examining top-down processes, i.e. 

processes initiated by the Government rather than the BGI. From the outset, the 

founders of the Institute committed themselves to promoting genomics research in 

China, while also prioritising global expansion. Having won a battle in the international 

arena, through its contribution to the global collaboration on the genome sequencing, 

the BGI had to fight on the domestic front. In particular, engagement through 

presentations at national conferences, remarks included in middle school students' 

textbooks, and active involvement in the resolution of public health concerns enabled 

the Institute to survive the shake-up of China's academy, begun in 1998, the year when 

the Science and Technology Commission became the Ministry of Science and 

Technology (MOST). At a time when China launched the transition in financing of the 

government R&D institutes to promote the new paradigm of a 'Knowledge Economy' 

(See Chapter 2, which charts the market-driven model of scientific research in 

contemporary China), it became particularly important to create positive relationships 

with the Government in creating and maintaining an interactive connection to ensure the 

stable supply of grants and other social resources, which were still in its hands.  

 One of the most critical steps in establishing ties with the Government was to gain 

an identity for the Institute as a ‘state agency’ - as an institutional organization funded 

by the government (in Chinese 'Shiye danwei'). The BGI secured one via its successful 

enrolment into the CAS. This identity however was not without its limitations. The BGI, 

as a CAS institute, was not supposed to have a staff size of more than 150 (Cyranoski, 

2010), and with such a limitation it could not possibly achieve great success. The move 

to Shenzhen city accelerated the interaction with governmental powers. The 

BGI-Shenzhen was officially recognized as a 'state agency' by the Shenzhen municipal 

government in 2008, with more than 2,000 staff. However, this renewed connection still 

remains weak. For example, as one informant remarked in the interview [17
th

 March 

2010, Reception of Technology System at BGI] the BGI-Shenzhen is a 'state agency' in 

name only:  
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[Interview (Shenzhen, 17
th

 March 2010) excerpt - 1] Molecular biologist 

(MB), who has worked in BGI-Shenzhen for more than two years, and 

now holds the post of Head of Research Project in Healthcare Platform 

with research focus on Technology Systems. 

MB: The identity of 'state agency' the BGI-Shenzhen holds, to a 

large extent, is different from that of institutional organization in a 

real sense. It does not bring us, the R&D research staff, any 

material good. Differently from the treatment staff members 

receive in institutional organizations, we are recruited on the 

basis of employment contracts but without the planning quota 

from the Government Personnel Bureau. We are under the 

management model of enterprise rather than institutional 

organization. I see no concrete benefits this identity has brought to 

us; our salaries are primarily decided following the employment 

system of that in enterprises. The insurance, social security, and 

other benefits we are entitled to are all provided by the 

BGI-Shenzhen rather than from financial dispensations from 

government. 

 Admittedly, the government grants earned by the institutional organization identity 

are far from being sufficient for BGI's ambitions, although it did bring the 

BGI-Shenzhen 10 million RMB in start-up fees, in addition to grants amounting to 20 

million RMB in 2006 (Cyranoski, 2010). This identity can be critical to the growth of 

the Institute in at least one further way - it is associated with a credibility and eligibility 

which empowers the BGI to seek social resources at a larger scale. For instance, with 

this identity it can apply for national science funds, attract venture capital, and enrol 

qualified research staff. More direct evidence can also be seen from the following parts 

of this chapter, as the discussion moves on to cover the collaborative funds and 

innovation programme the BGI has successfully launched. 

3.3.2 The collaborative funds 
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Given that the connection with the Government has been weak in terms of funding, the 

BGI-Shenzhen needed backing from the industrial world in order to foster its 

sequencing-based R&D. ‘Sequencing is the basic’, as the institute put its slogan in its 

laboratories and in the minds of the R&D staff. Moreover, attempts were made to 

persuade the industrial world too that this was the case, through bold exploration into 

the commercialisation of sequencing services. In areas of industrial application of 

genomics knowledge products, the BGI-Shenzhen is fast accelerating its R&D pace, 

particularly in clinical services for healthcare, bio-energy, transgene and cloning for 

systematic breeding, crop design, and efficient conversion of biomass. A small 

exhibition hall located in the main building of BGI-Shenzhen displays a series of 

sample products, including a piece of lightened timber, for instance, which is to be 

commercialized in the construction industry as it possesses the same hardness as normal 

timber but is less than half the weight. This new lignocellulosic biomass conversion 

product could be extremely appealing to building contractors, as long as it meets the 

primary principle in business: low cost but high quality. In trying to establish 

connections with the industrial powers, the BGI-Shenzhen is fully aware of this 

principle, and its founder wants the genome sequencing, the basis for its industrial R&D, 

to meet a standard of twice the speed but half the price of its peers (Cyranoski, 2010). In 

return, the BGI-Shenzhen expects from the industry a stable flow of investment and a 

vast market.  

 The emergence of a particularly fruitful collaboration was witnessed when the BGI 

was granted 10 billion RMB in 'collaborative funds' over 10 years from the China 

Development Bank. According to Karow’s report, the connection, established via a 

collaborative agreement signed in January 2010, was set to facilitate the BGI's research 

and platforms construction for its industrial R&D in agriculture, bio-energy, 

personalized healthcare, and related fields (Karow, 2010). A proud step was taken 

shortly after the announcement of the 'collaborative funds', when the purchase of 128 

Illumina HiSeq
TM

 2000 sequencing systems, the newest and fastest sequencer in the 

world, was announced on 12 January 2010 (Illumina, Inc. 2010). This acquisition, 

reinforcing the 29 Illumina Genome Analysers already in BGI’s possession, makes it 
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technically possible to provide sequencing services globally as the world's largest 

sequencing facility. Moreover, mass production enables the services and products of the 

BGI's sequencing-based industrial R&D to be even more attractive: higher quality but 

lower cost. Inside the same building, one can also find the BGI Ark Biotechnology 

(BAB), a spin-off division focused on commercializing services and products primarily 

in the fields of animal breeding and medical treatment. Entitled 'the first Handmade 

Cloning (HMC) industrialisation company', the BAB is another product of the ties 

connecting the BGI and the powers from the industrial world, a venture capital 

company named Green Pine Capital Partners (Zero2ipo, 2009).  

 The BGI-Industry interaction, albeit positive and active, has its own weakness 

implicit in biotechnology R&D, as it is highly costly, risky, and time consuming in 

nature. In the interviews and conversations I had with members of staff working in the 

central R&D sectors, they admitted that the improvement of industrial R&D in the BGI 

still has a long road ahead. See Interview [11
th

 March 2010, Reception of SRD at BGI] 

excerpt-2 for an instance. 

[Interview (Shenzhen, 18
th

 March 2010) excerpt - 2] Medical scientist 

(MS), who has worked in BGI-Shenzhen for more than two years, is 

working on Health Management in Healthcare Platforms, with previous 

experience of working on administrative issues with regard to sample 

collection in the BGI-Shenzhen.  

MS: Truly, R&D activity, with its focus on creativity, plays a 

crucial role in any research institute. As a research institute, the 

BGI-Shenzhen needs to keep its research at a cutting-edge level, 

meanwhile, its research outputs, including the state-of-the-art 

technologies it develops, need to be commercialized and further 

industrialized. To achieve its goals in these two sides, the BGI is 

really in need of a very good meeting point which will connect the 

two sides ideally. Consideration of costs means much more to 

industrialisation than it means to pure research. In the case of the 
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prenatal diagnosis project now carried out in BGI-Shenzhen, our 

priority has been given to market-oriented development; although 

we still retain an emphasis on the research stage, our efforts are 

more directly made in the optimization of research outputs, so as 

to make them more appealing in the market.  

[Interview (Shenzhen, 16
th

 March 2010) excerpt - 3] Physicist (PT), who 

has worked in the BGI for more than three years, both in its original 

institute in Beijing and the new headquarter in Shenzhen, is working with 

biometricians in Computing Platform in data processing, for instance, 

modelling. 

PT-1: The BGI-Shenzhen has its own advantages, it has human 

resources of high quality in its hands, and research staff members' 

great efforts also enable the new technologies developed here to 

be applicable and appealing to the relevant industrial fields or to 

the whole biotechnology industry. Nonetheless, our customers are 

rather limited in range. In the BGI's approach to industrial R&D, 

we cannot wait to be funded so as to launch our research, we need 

to generate the financial incomes by ourselves so that we can 

maintain the R&D infrastructure and keep our R&D activities 

running, and only in this way can the industrialisation chain of 

the BGI-Shenzhen work properly.  

In the year of 2010, we see our market prospects getting closer, 

and we have our industrialisation goals more clearly presented in 

front of us. The main directions of the BGI-Shenzhen's 

industrialisation efforts are: agriculture, bio-energy, healthcare, 

and some others. However, these industrial applications in fact 

are now still at the stage of incubation. Hopefully, they will 

become the core competitiveness of the BGI in the near future, 

otherwise, our current R&D model will not able to support the 
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whole organization in long run. 

3.3.3 Innovation Programme  

 Having an institutional identity, a steady supply of funds, and a promising niche 

market in its hands, the BGI still needs sufficient staff to keep the 'world factory of 

sequencing' running. One prominent feature of this flow of human capital is the huge 

effort made by the BGI in creating interaction-networks with Chinese university 

students, especially the graduates at job fairs. Specifically, rather than waiting to be 'fed' 

by universities, the BGI works actively to reap a human capital of high quality through 

a joint 'Innovation Programme' as well as collaborative ties with other universities at 

home or abroad, namely the Shenzhen University in China, the Chinese University of 

Hong Kong, the University of Copenhagen and the Aarhus University in Denmark. One 

good example can be seen in the establishment of the 'Innovation Programme'. On 12 

March 2009, the 'Genomics Science Innovation Programme' was announced, 

established jointed by the BGI and the South China University of Technology (SCUT). 

According to the agreement between the two parties, selected junior year 

undergraduates from the schools of Biological Sciences and Engineering, Computer 

Science and Engineering, Software, and Natural Sciences at SCUT would be further 

educated at the BGI. After their graduation, they will be encouraged to sign up to join 

the BGI (Liu, 2009). One further effective device is the free summer school that the 

BGI offers to talented Chinese university students. Through this mechanism it 

successfully attracts most of the trainees to stay in the BGI after their graduation. 

Moreover, summer school trainees also introduced the Institute to their peers at the 

university; see description with details in the interviews [16
th
 March 2010, Meeting area 

of SF at BGI].  

[Interview (Shenzhen, 16
th

 March 2010) excerpt - 4] Computer scientist 

(CS), a new staff member having worked in BGI-Shenzhen for less than 1 

year, is working primarily on Biometrics in the sector of Special Force
35

; 

                                                        
35  ‘Special force’ here is only used as the name of one key R&D unit with more than 200 staff 

members in the BGI, and does not necessarily indicate any relations between the unit and the 

military. Rather, the unit was initiated to tackle those problems with special difficulties in R&D 

programmes by special means (IDR, to be more precise). The same naming strategy can also be seen 
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the sector has staff members with higher academic degrees, younger age 

and more active R&D capacity than the average level in the 

BGI-Shenzhen.  

CS-1: My friend in university introduced me in attending the 

BGI-Shenzhen. My friend attended the free training programme 

provided by BGI-Shenzhen in last June, after the training my 

friend decided to join in this Institute, my friend believed the 

BGI-Shenzhen is a good choice, therefore, recommended to me. 

Almost at the same time as my friend offered me this 

recommendation, the BGI-Shenzhen held a recruiting campaign in 

a university close to mine; I attended it and decided to join in as 

well. 

[Interview (Shenzhen, 16
th

 March 2010) excerpt - 5] Biologist with 

academic degree in Biological Technology (BT), a new staff member 

having worked in BGI-Shenzhen less than 1 year, is working primarily on 

Biometrics in the sector of Special Force. This young biologist expressed 

the keen interest in identifying the links between human Genotype and 

the Phenotype via the collaboration with computer scientists.  

BT-1: I decided to stay in this institute after the summer school. 

The BGI-Shenzhen organized a summer school in 2009; I got to 

know this news when I was still studying in university. I applied 

for this summer school and attended the interview, and then I 

received the acceptance and came here during my summer holiday. 

The summer school was designed to last for a few months. I 

deemed it to be a good chance to observe and learn from the 

researches on site, and truly I had an unforgettable and 

productive summer holiday here in the BGI-Shenzhen. After this 

summer school, I graduated from university and decided to join 

                                                                                                                                                                   

in one in-house training scheme in the BGI, called ‘The BGI Military Academy’. 
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the institute. There were altogether about thirty students enrolled 

into that summer school of 2009, and up till now, more than ten of 

them, approximately seventeen, have made the same decision as I 

did. The summer school was very successful (in attracting future 

R&D staff). Indeed, given the fact that there were also students 

from the second year or third year; it is still too early for them to 

enter the job fair, anyway. 

 Admittedly, the knowledge scene of biology and its associated disciplines, as well 

as the arsenal of sequencing and computing equipment, are likely to keep changing 

dramatically. This will test the proximal relationship between the BGI and its budding 

scientists. The interacting connection between both sides, albeit creative enough to 

impress both academia and industry, remains weak, and more efforts are required for its 

sustainable development in the long run. In order to cope with this problem, one salient 

point of the BGI's strategy is to localize knowledge of both ‘knowing what’ and 

‘knowing how’ inside the institute, via innovation programmes and other training 

schemes. In this way, the BGI’s future R&D staff members, with a solid academic 

background from a discipline-based university education system (they are categorized 

this way in the personnel registry) are complemented by specialized in-house training 

provided by the BGI itself. I will revisit this point about pre-job training in the next 

sector, where my discussion is mainly focused on the integration of knowledge crossing 

disciplines. In this part, however, the focus of my analysis is on how the BGI advances 

on the path to achieving its goal in attracting and refreshing its R&D staff of high 

quality. As can be seen in the following interview [17
th

 March 2010, Reception of TS at 

BGI], the BGI conducts in-house training effectively and with optimism, so as to realize 

the target, which also serves as one leading factor in the emergence of the IDR. 

[Interview (Shenzhen, 17
th

 March 2010) excerpt - 6] Project head (PH), 

having worked in BGI-Shenzhen more than 2 years, is in charge of a 

whole research project team and well experienced in training the new 

staff. 
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PH: I do not see any problem in our training model. The trainees 

are able to work in the changing situations and pass on the 

knowledge and skills they received to the newcomers, and I 

believe the experiences they gained from practice are more 

important. Individually, I was working in the production front line 

at the beginning, and then I was assigned the post in R&D of 

Technology System. In this new environment, I firstly worked only 

with myself, then two more staff members were recruited as more 

workload emerged that was beyond my own work capacity. I 

trained these new staff personally. At present, I feel rather 

confident that they are capable to handle most of R&D issues 

raised in our research project team. Moreover, they are good 

enough to train the newcomers after them. I see no problem for 

them to complete the main R&D tasks assigned to our research 

team and to provide high quality training to the new staff. 

Certainly, we regularly communicate and discuss any emerging 

problems with each other. 

3.4 Assemblage of Disciplines36 

In recent studies revealing the traits of China's economic growth over the past decades, 

China's manufacturing industry has been identified as predominant in nurturing, 

enhancing and sustaining China's rise regionally, as well as its integration into the 

global economy (see Benson, et al. 2000, p.193-195; Zhang 2006, p.15-24; Flynn, et al 

2007, p.182, and Chung, et al. 2009, p.1136). While the links between economic factors 

and manufacturing activities have been explored in a number of publications (Ng, L., et 

al., 2006; Tong, S., et al., 2008; and Hu, K., 2008, among others), integrated analyses of 

the different types of impact produced by China's manufacturing industry remain 

limited, partly because of the inaccessibility of empirical evidence crossing industries. It 

                                                        
36  Assemblage of disciplines, or assembling disciplines used later, is adopted in this chapter as a 

metaphor in analysing the integration of disciplinary approaches in the BGI. This metaphor is a 

convenient strategy to make the discussion descriptively relevant to China's manufacturing activities. 
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is possible that the manufacturing boom has also shaped China's industrial R&D, and 

that this has happened not primarily economically, through industrial chains, but mainly 

socially, culturally and philosophically, by affecting patterns and strategies in 

knowledge production. Rather than attempting a clear-cut answer to this question, in 

this section I will focus on the impact of manufacturing-related factors on the IDR 

pattern which emerged in the R&D activities in the BGI. Furthermore, I argue, a linkage 

of interaction-interdisciplinarity is underpinned by the legacies of the development of 

China's manufacturing industry since 1978. 

 Arguably, at least two major driving forces can be identified behind China’s 

manufacturing boom. The first combines a vast domestic market and abundant 

productive resources (in particular, the labour force). The second involves the emphasis 

of the centralized governmental powers on guiding investment and resources into the 

manufacturing sector via a variety of incentive policies. These two forces have worked 

highly effectively with each other for the past three decades. This gave rise to the rapid 

growth of China’s manufacturing output, and the country is now regarded as a ‘world 

factory’ by many (Zakaria, 2005 and Shenkar, 2005, cited in Zhang, 2006). It is worth 

noting that the BGI is headquartered in Shenzhen, China’s first SEZ, which also has the 

longest history of export-oriented manufacturing – an apposite location considering the 

BGI’s ambition to become the ‘world factory’ in sequencing. Whether it will succeed is 

still a rather open question. However, a closer examination of the driving forces of 

China’s manufacturing industry provides an ideal starting point to analyse the BGI’s 

knowledge production. The collaboration amongst researchers of varied disciplinary 

backgrounds in the BGI, set against the Chinese context, I argue, is heavily influenced 

by China's manufacturing endeavour in terms of integration and goal-oriented 

interactions, which sheds light on the emergence of the paradiscipline following a 

pattern of the IDR. The integration of resources is goal-oriented in nature, to meet the 

market demands through the development of manufacturing industry, say via 

assembling, processing, and so forth. 

3.4.1 Integration of disciplines  
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In his statistical and comparative study of China’s manufacturing performance over a 

time span of 26 years, Zhang (2006) clarified the connections with China’s exports, 

economic growth, and the Foreign Direct Investment (FDI) that the country received. 

Furthermore, he has quite rightly proposed that China could gain strength from 

combining its high quality personnel with its low labour and infrastructure costs, so as 

to upgrade its manufacturing industry from a labour-intensive to a capital-intensive 

model. Indeed, this is what the country is focusing on now, and it has the benefit of 

experience from long-standing efforts at integration, specifically at integrating its 

productive resources to meet the demands of the domestic and global markets. As with 

BGI’s, I would like to explore the nature of such an integrative effort in terms of 

disciplinary integration for the purposes of knowledge production. In order to piece 

together DNA data from sets of sequences for microbes, plants and animals, and further 

decode the voluminous amounts of biological data in its possession, the BGI needs 

more than state-of-the-art facilities. High quality research personnel from a wide range 

of disciplines other than biology are needed, so that the data can be analysed and 

utilized in academic research and industrial applications. Similarly to China's 

manufacturing activities, a high-level of integration of, in this case, varied disciplinary 

approaches, becomes the foremost principle in BGI's R&D practice. When I talked to 

research staff about an IDR project based on such an integration, nearly all of them 

evaluated it with an almost rehearsed uniformity, as 'the most important precondition' or 

stated that 'it is impossible to have the whole work carried on without it'. See the 

statement in below interview [11
th

 March 2010, Reception of SRD at BGI] for an 

example.  

[Interview (Shenzhen, 11
th

 March 2010) excerpt - 7] Biologist with 

academic degree in Biological Technology (BT), having worked in BGI 

more than 2 years, firstly as laboratory technician and then in the 

administrative staff, is currently working on the research project as a 

member of R&D research staff in Healthcare Platform. 

BT-2: The collaboration among researchers from different 
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disciplines must be set up at the very beginning of the big 

research project. Initially, research staff members with different 

disciplinary backgrounds were enrolled on to the project team. 

For example, five of us, or more specifically, two members, one 

from Biology and the other from Computer Science, they need to 

discuss with each other from the initial stage of the research 

project on how to carry out the laboratory practices so as to 

achieve the outcomes and data with higher validity. Specifically, 

they need to design the experiments together so that the 

laboratory results will be more suitable for the following up 

processing and analysis by computer scientists. Moreover, 

statistician’s advice is also taken into account at this stage. All of 

these must be sorted out in the IDR pattern; otherwise, the data 

derived from the first-phase research in the laboratory could be 

totally unusable in the subsequent stages. We must collaborate 

with each other from the beginning or the whole R&D course 

progresses very slowly or becomes impossible.  

 In the BGI's case of paradiscipline construction via assembling disciplines, I see 

two points in furthering our understanding on the IDR, as discussed in Chapter 1 section 

1.3.2. Firstly, multiple disciplines are enrolled to access the unreachable for each of 

them in terms of epistemic capacity and social function, and to facilitate this process 

their disciplinary boundaries tend to lose robustness, but this happens unevenly; 

Secondly, disciplines engaged in a paradiscipline (the initial stage of research project in 

which the IDR is adopted; I proposed this concept in Chapter 1 by tinkering with the 

basic features of interdisciplinarity) are not decidedly deprived of their own disciplinary 

identities. However, researchers are more likely to weaken them so as to enlarge their 

access to the social resources associated with the initial disciplines, namely 

opportunities for publications, grants applications and employment. As sketched 

previously, the BGI makes tremendous efforts to establish ties with governmental 

powers, industries, and graduates at job fairs. Three basic elements have thus obtained: 
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an institutional identity associated with credibility and eligibility, a sufficient supply of 

funds and promising market prospects, and a continuous flow of high quality research 

staff with varied disciplinary backgrounds. Simultaneously, within the BGI's R&D 

sector, big strides are being taken towards the integration of knowledge (primarily as 

'knowing how'), from a variety of disciplines, so as to generate more effective and 

comprehensive approaches to tackling research objectives. By 2008, knowledge 

production in BGI-Shenzhen had been carried out primarily by three sections 

corporately: Sequencing Platform, Bioinformatics Platform, and Cloning and Genetic 

Engineering Platform. On all three platforms, researchers from biology, mathematics, 

physics and computer science were recruited in approximately equal proportions. To 

enable faster progress on research projects such as 'The First Asian Diploid Genome 

Project', 'The 1000 Genomes Project', and 'The International Giant Panda Genome 

Project', researchers of different disciplinary backgrounds were encouraged to learn 

from one another how to perform large-scale sequencing, deep mining and collection of 

data, and processing and managing of relevant information, so as to explore its 

extensive application in the fields of de novo sequencing and transcriptome, amongst 

others. The complexity arising in sequencing-based and market-oriented research and 

development is beyond the capacity of any single discipline. Furthermore, the IDR 

effectively enabled researchers to achieve higher visibility and recognition beyond what 

their own disciplines could provide. Outputs of the IDR collaboration were published in 

leading journals with a high impact factor, which dramatically increased the authors' 

credibility.
37

 Moreover, the sequencing, cloning and genetic manipulation in the BGI 

testified to significant applications in healthcare, breeding, clinical services and so forth, 

which successfully raised venture capital from the market. By 2010, as the Institute 

expanded drastically both in size and knowledge production capacity, the core R&D 

infrastructure in the BGI-Shenzhen had grown to 10 platforms, or sections. It is 

noteworthy that the IDR pattern has become even more relevant, one direct evidence for 

which is the increased variety of disciplinary backgrounds of research staff. 

                                                        
37  See recent publications in Nature and Science, for instance, with the first authors from 

BGI-Shenzhen: Qin, J., et al., 2010; Rasmussen, M., et al., 2010; Li, R., et al., 2010; Xia, Q., et al., 
2009.  
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Figure 3.4.1 The Disciplinary Backgrounds of Research Staff 

NB: The disciplinary classification adopted in this research is based on the categories issued by the 

Ministry of Education of the People's Republic of China in 1997 

 Figure 3.4.1 demonstrates the distribution of disciplines in the five most active 

R&D sections at the BGI-Shenzhen, namely the healthcare platform, the computing 

platform, the technologies platform, the technological system, and the special force. 

With biologists as the dominant group in terms of numbers (445), 216 researchers from 

another 14 disciplines are involved in the dynamic R&D activities, offering their 

knowledge to each other in jointly identifying problems, defining objectives, and 

designing methods and strategies. This enrolment is beneficial to researchers from 

disciplines otherwise little related to biology as much as it is to biologists, if not more so. 

For researchers from Mathematics, Economics, Art and Design, and especially from 

Education, opportunities for having the outputs of their cognitive labours published in 

premier natural sciences journals (see the recent publications as mentioned above), for 

having national natural sciences funding support for their projects, and for enjoying a 

high level of employability in industrial fields, would have been much more restricted if 

it were not for the integration of knowledge facilitated by the IDR. In this integrative 

Sample size: 661 
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process, cooperation across disciplinary boundaries serves as one crucial premise. 

Nonetheless, disciplinary boundaries do not lose their robustness at the same rate, or to 

the same extent as a consequence of these processes, which is partially due to the 

disciplinary stratification existing in the paradiscipline in the BGI. Consequently, in 

their descriptions of the IDR in specific R&D projects, researchers with non-biology 

backgrounds tend to rate the role of biologists higher than those they themselves played, 

just as indicated in the interview [16
th

 March 2010, Meeting Area of SF at BGI] cited 

below.  

[Interview (Shenzhen, 16
th

 March 2010) excerpt - 8] Computer scientist 

(CS) majored in Software Development at university , and has worked in 

BGI-Shenzhen less than 1 year; currently a member of research staff in 

the sector of Special Force, working on plant and animal genome 

sequencing and de novo sequencing.  

CS-2: The research project we are working on now is biological in 

nature; biologists play the managing role in the research project 

at a macro level. These biologists know what they want and which 

kind of data, but it is highly possible that they are not able to 

achieve the goals if they do all jobs merely by themselves - the 

data, information and results could be out of their reach. Under 

such circumstances, computer scientists, mathematicians and 

others are needed to collect and process the data and information 

which the biologists want. I agree that the biologists are the 

predominant member in the research project team, and 

researchers from other related disciplines are more supporting 

than deciding. 

 Moreover, in the in-house training which the BGI-Shenzhen provides to all staff, 

biology is ranked as essential and obligatory. Such a biology-centred pre-job training 

equips staff with a basic knowledge of biology in common, so that they are able to focus 

their collaboration more easily. Meanwhile, non-biology disciplines experience heavier 
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and dearer losses in the robustness of disciplinary boundaries than biology, as biologists 

are given more chances to consolidate their 'disciplinary core'
38

, than are their peers 

from Computer Science (including information technology), Medicine, Pharmacology 

(including traditional Chinese Herbal Development), Physics, Agriculture science 

(including theriatrics, plant and animal thremmatology and pathology), amongst others. 

 All research staff members, together with the sections they are affiliated to, are 

involved in the ongoing research projects in the BGI-Shenzhen. Although their 

disciplinary backgrounds vary widely, they all share an identity in common: member of 

a research project. The dual identity of researchers is evident in the BGI-Shenzhen, but 

works in a particular way. On the one hand, in their daily work and communications, 

researchers find their disciplinary identity useful in differentiating themselves from 

others whilst, to some extent, also creating a proximity. On the other hand, in contact 

with those from the outside - as in attending conferences, giving interviews, etc., 

researchers prefer to be identified as members of a particular research project.   

[Interview (Shenzhen, 16
th

 March 2010) excerpt - 9] Interviewees selected 

at random from research staff working in the five sections expressed their 

varying attitudes towards this dual identity.  

BT-3: In seeking publication opportunities, basically we have a 

unified direction - journals in the Biology science field. Authors, 

including those with disciplinary backgrounds of Computer 

Science and others, are indeed working jointly on biological 

research projects, the Big Science project, so it is reasonable that 

the identity of the research project team member at the BGI itself 

is strong enough to provide the authors' affiliation information. 

CS-3: The BGI-Shenzhen itself is a biological research institute, 

which is the decisive feature out of others. Besides, the research 

                                                        
38  The 'disciplinary core' serves as a source of strength to a discipline via a mechanism of 

'exemplarification' within which a Kuhnian exemplar is set up and maintained. For more detailed 

argumentation on how it works epistemically and as a social function in generating the power in 

terms of methods, exemplary achievements, and shared practices, please see Chapter 1.  
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projects we are now working on are all biological in nature. If we 

try to contribute the articles to journals in Engineering research 

fields, just for an example, I do not think the peer reviewers are 

able to understand our articles properly. The research project 

indeed has its direction in discipline. 

PT-2: The identity I am to use in attending conference is decided 

by the particular research project I am working on in 

BGI-Shenzhen, I see no direct relation with my disciplinary 

background. External communications are truly directed by the 

research project, and what I am going to present to outsiders is 

exactly what I am working on now. 

3.4.2 Goal-oriented interaction 

The exchange of ideas, conceptions, and ways of conceiving notions and strategies in 

the BGI-Shenzhen is well-organized and efficiently motivated among researchers from 

different disciplines. The flow of knowledge crossing disciplinary boundaries, starting 

at the pre-job training with a heavy emphasis on practical, integrative and collaborative 

learning, is strikingly different to the education which the trainees have received 

previously in universities or elsewhere. However, this more general training scheme 

does not necessarily lose focus. A strong goal-orientation feature is present, tightly 

connected to the R&D sections, whilst the interactive network is to be established  

among research staff members. Specifically, the main parts of the extended in-house 

pre-job training of lectures and laboratory practice are offered by the R&D departments, 

as described in the previous section. In order to enable the training processes to make 

already qualified scientists usable in actual research situations, the specific content is 

designed as per the specialized practices in certain R&D platforms. Such specialized 

training processes also serve as a good example of how the interaction among 

researchers with different disciplinary backgrounds emerges under the goal-oriented 

framework. 

 Among other major R&D departments or sectors, the Healthcare Department 
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provides an ideal place to examine how the specialized training process works and to 

further understand its significance in facilitating the IDR. It accommodates the 

graduates from Medicine, Biology, Pharmacology, Computer Science, Physics, 

Chemistry, Mathematics, Economics, and Management before they are formally 

enrolled into the R&D infrastructure at the BGI-Shenzhen. The training offered by the 

Healthcare Department centres on four-steps targeting personalised medicine: 

diagnostics, surveillance, evaluation & prevention, and intervention. In particular, 

training on molecular diagnosis is delivered as a major portion of the process, together 

with those on laboratory techniques including sampling, DNA isolation, DNA 

quantification, DNA normalization, PCR, Post-PCR, detection, and DNA analysis. In 

the process of learning from the R&D activities in digital health, equipment and kit 

designing and manufacturing, and laboratory services in its forensic lab and clinical lab, 

trainees are offered the chance to hear details about major research projects and their 

practical application, addressing, for instance, the sequencing-based HLA (Human 

Leukocyte Antigen, HLA) genotyping (via Group Specific Sequencing Primer, GSSP), 

MALDI-TOF-MS-based HPV (Human Papillomaviruses) genotyping, 

pharmacogenomics: cancer drug target, and non-invasive prenatal diagnostics. Given 

the fact that sequencing and DNA processing serves as the basis for the healthcare R&D, 

trainees are expected to acquire a substantial degree of knowledge from disciplines 

dealing with data processing and analysing for their work in the near future. This makes 

graduates from Medicine, Pharmacology, Computer Science (Information Technology 

in particular) more likely to interact with each other in a very literal sense. However, 

interaction on a larger scale emerges among more disciplines in the trainees' 

goal-oriented collaboration.  

 A good example is the specialized training on molecular diagnosis. The training 

process starts shortly after a patient's tissue sample or blood sample is collected. 

Biologists and computer scientists are firstly recruited to work on creating the 

proteomic image, carrying out the sequencing, designing the gene chip, and sketching 

the microarray image. Following this stage, medical scientists and researchers from 

Pharmacology will further discuss the image and give their feedback to the data 
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providers, so that the mathematicians and statisticians can help with designing the 

approach to data collection and further analysis. Before the final diagnosis is fed-back 

into the clinical service, economists and management scientists are consulted with 

regard to marketing and commercialisation in the future. The whole process can also 

involve actors from the social sciences, whose advice is sought on ethical or legal 

matters, amongst other things.   

 This interdisciplinarity in the flow of knowledge production, together with the 

shared access to the database across R&D sectors, which constitutes the core of the IDR 

in the BGI, is continuously consolidated after the pre-job training. When the researchers 

are awarded places in the BGI-Shenzhen, they are fully aware of the significance of 

working in collaboration with their peers of varied disciplinary backgrounds. Moreover, 

a set of devices are adopted in the BGI-Shenzhen in order to make its research staff 

even more aware of the importance of IDR. Lectures are invited from academia to 

nurture the researchers' knowledge background and to keep them updated. More 

importantly, they are encouraged to learn from each other in seminars as well as in less 

formal debates and discussions. In particular, team meetings on a weekly basis are a 

crucial trading platform for the exchange of ideas, data and approaches that cross 

disciplinary boundaries. The initial pre-job training and follow-up devices, I argue, do 

not merely enable researchers from different disciplinary backgrounds to share their 

knowledge - ‘knowing what’ - but also to establish the interaction networks among them 

to generate knowledge ‘knowing how’. In this way, a linkage between 

interaction-network and interdisciplinarity has emerged and has been strengthened in 

the dynamic process of sequencing-based R&D practice carried out in the BGI. To 

establish a paradiscipline becomes the first choice for the researchers from varied 

disciplines as they launch the research project at the initial stage.  

3.5 Conclusions 

The BGI was initialized to accomplish China's tiny share in the HGP, however, after the 

development of approximately one decade, it is growing into both the largest 

sequencing unit on the planet and a dominant R&D centre in the sequencing-based 



 

 121 

industry. This chapter began by setting out the institutional background of the BGI's 

dramatic rise, in which its institutional history, organization, and support are covered by 

both introductory and empirical materials. In particular, an identity of institutional 

organization was successfully obtained and renewed by the BGI, which guaranteed a 

more solid basis for its internal organization and the external support it received. 

Moreover, this identity, the supporting collaborative funds, and the innovation 

programme in organizing its R&D staff, serve as effective devices in building the 

interaction-network covering governmental, academic, and industrial status groups. 

 The interaction-network made up of the connections between individuals and 

groups at a macro level does not merely cover the status groups of social factors but 

those of disciplines as well. In this preliminary study based in headquarters of the BGI, I 

examined on-site the research strategies and patterns widely adopted in the R&D sector, 

where I identified the IDR with researchers varied in disciplinary backgrounds enrolled. 

In order to illustrate how the IDR emerged and evolved in the dynamic process of 

knowledge production in the BGI setting, against the broader context of Chinese society, 

I also included the recruitment and training of R&D personnel into the second section of 

this chapter so as to clarify contacts between disciplines. The training processes ongoing 

in the institution make already qualified researchers usable in actual research situations 

in the BGI. Moreover, a careful investigation into these processes reveals the social and 

cultural impacts on the knowledge production in the BGI from China’s social context. I 

thus discussed in this section the assemblage of disciplines, as status groups, in the BGI 

with focus on the integration of knowledge crossing disciplinary boundaries, as it was 

under the potential effects from China’s rise in manufacturing industry. Furthermore, in 

addressing the links between members from different status groups of disciplines, I 

moved on the discussion to focus on goal-oriented interaction. Based on analytical work 

and empirical materials in this chapter and previous one, I argue, the emergence of 

paradisciplines (the initial stage of interdisciplinarity) is featured in the BGI’s R&D 

practices as well as in this intellectual terrain of interdisciplinarity studied from a 

sociological and philosophy of science perspective. 

    In conclusion, I argue that there is a link between the interaction-network and 
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BGI's recently emerged IDR, and that, under a functionalist framework, this link has 

affected opportunity structures and modified individual behaviours within R&D 

practices. This case study aimed to develop and empirically ground understanding of 

how the IDR emerges and affects the disciplines engaged in China's biotechnology 

industry. Finally, it arrived at some basic issues of interdisciplinarity which were 

partially answered in this chapter but definitely need to be further discussed: Why do 

researchers varied in disciplinary backgrounds choose to cooperate? How do disciplines 

work as status groups? And what can the interdisciplinarity, as the result of the mobility 

of status groups of disciplines, feed back to the society from which the status groups 

came? 
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CHAPTER FOUR 

MAKING SENSE OF IDR: DISCIPLINES AS STATUS 

GROUPS 

 

4.1 Introduction 

This chapter continues the discussion started in Chapter 3, but moves on from the 

linkage between interaction-networks and interdisciplinarity to the construction of IDR 

with disciplines working as status groups. The sociological frameworks I shall employ 

allow me to focus on two aspects of the status groups encountered within China's 

biotechnology industrial R&D sector. 

 Firstly, scientific knowledge production is a collective social activity. In a 

consistently sociological approach, Merton (1968, 1970, and 1973, as cited in Barnes 

2007) identified the entire science enterprise as a social unit functioning in a larger 

social system, in rough accord with a set of norms. These are incorporated finally into 

the now well-known mnemonic UCDOS (Universalism, Communalism, 

Disinterestedness, and Organized Scepticism; see more detailed discussion in Merton 

1973, 267-278). Furthermore, Merton addressed the question of how normative order in 

science is sustained, and he proposed that norms are not sustained by the calculative 

actions of independent individuals. Instead, they are sustained through the honour and 

recognition accorded by peers and institutionally arranged, so that the allocation of 

honour or recognition is elicited by that research which is in accord with the norms. 

From a functionalist perspective, the operation of sustaining norms of science indeed 

gives rise to the emergence of social status within the scientific community. The honour 

and recognition are, as a matter of fact, often allocated unevenly among scientists and 

their research programmes, which inevitably leads to the stratification and hierarchical 
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structure of individual scientists, especially when institutional arrangement is involved. 

One can see direct evidence of this from the priority given to some research projects, or 

the uneven distribution of the grants universally over the academic world. Social status 

emerges along with the social esteem in the form of honour, recognition and grant 

opportunities, which are often presented shoulder-to-shoulder with specific institutional 

traits, say hierarchies. 

 Secondly, scientists in status groups coexist with other status groups in the larger 

society, which can be thought of as a system of status groups. In China, individuals tend 

to be especially strongly bound into status groups, so that this feature of social and 

institutional order is particularly important. The Group has long been a basic unit in the 

course of the highly socialized progress of China’s society in almost all fields, which is 

universally perceived as shaped by the country’s strong cultural tradition of 

Confucianism and a historical heritage of collectivism. To a greater or lesser extent, the 

group serves as an ideal form of inquiry in Chinese study, not merely applied to the 

academic community but to the lay public as well. In a recently published work on the 

cultural and social variables influencing individuals’ reaction to conflict and aggression, 

for an instance, Forbes et al. (2009) identified China as a society representing much 

higher levels of collectivistic values than Western societies. At the heart of the 

collectivistic values, as embodied by the sample of Chinese by contrast to those from 

Poland and the US, lie close linkages between individuals and a greater sense of 

obligation to the group, rather than to the individuals themselves. As an important part 

of social values, not only in China but generally among Eastern Asian societies, 

collectivism is argued to have been shaped by the tenets of Confucianism and the 

philosophical systems derived from it (Nisbett, 2003; Xu, et al., 2004, as cited in Forbes, 

et al., 2009). 

 The importance of my analysis of the IDR as it emerged in China's biotechnology 

industry R&D practices lies in its treatment of disciplines as status groups. The IDR 

emerges over the course of the interactions in direct or indirect connections among 

disciplines and contacts as they work as status groups. The whole case is understood 
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sociologically in this chapter so as to reveal how social norms are sustained in scientific 

knowledge production. Moreover, preliminary studies based on my fieldwork in the 

BGI headquarter provided an empirical ground to this further understanding of the IDR. 

On the one hand, the IDR projects where disciplines work as status groups in the 

dynamic process of R&D practices progress vigorously in the BGI-Shenzhen. 

Increasingly a higher level of variety has been demonstrated in the researchers’ 

disciplinary backgrounds (see detailed analysis on the statistics provided by the 

personnel department of the BGI-Shenzhen in Chapter 3, section 3.4.1). On the other 

hand, a trend of interdisciplinarity is largely presented by the way in which the 

researchers with varying disciplinary backgrounds prepare for the initialization of a 

paradiscipline (the very beginning stage of an interdisciplinary research project). In 

particular, placing myself in one administrative unit entitled Department of Scientific 

Research (it had been merged into the Department of Scientific Cooperation by the end 

of July 2010) in the BGI-Shenzhen, allowed me to examine closely administrative 

practices from the perspective of R&D management. In the later section of this chapter 

(see section 4.4.2), I also compare administration systems aiming at sustaining stability 

and those concentrated on ultimately improving efficiency, under the same theoretical 

schemes generated by Weber (1947) and analysts following him. Such a comparison, I 

argue, will shed light on the role that institutional factors play in scientific knowledge 

production and show status groups operating therein at two levels: within disciplines; 

and within sectors involved in the sequencing-based industrial R&D chain, namely the 

BGI, governmental authorities, and industrial powers. The emphasis of this chapter, 

nonetheless, is to examine disciplines working as status groups while the IDR emerged, 

as an outcome of interaction-networks made up of collective actions by status groups. 

Insights derived from this study could further our understanding of the stratification and 

interactive connections among status groups in scientific knowledge production, as can 

be observed in the R&D practices of China's biotechnology industry. 

4.2 Defining Discipline as Status Group 

In this section, I will discuss how the features of the notion of status group are relevant 
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to the disciplines enrolled in a paradiscipline within China's biotechnology industry 

R&D practices. The discussion will be extended to cover three major issues, namely the 

conception of social status, how status group members act collectively to sustain their 

social status, and stratification as the result of mobility of status groups. Furthermore, 

the presence of these three points and their interplay will be carefully examined on the 

empirical basis of the BGI’s case.  

4.2.1 Social status and social esteems 

How can individual researchers within the larger society of the BGI become socially 

assembled to achieve solidarity of a higher level? The emergence of social groups of 

varied sizes out of individuals might serve as an alternative explanation. The social 

group, in Barnes' (1995) account, is primarily a group of persons employing a specific 

distinctive characteristic as the effective device in demarcating group members from 

outsiders. The process of socially grouping indeed sketches vividly how a status group 

comes into being. As was also detailed in Barnes’ work, a status group is formulated in 

the following way: 

A set of individuals within a larger collective who are generally categorized as 

different from others but the same as each other in some respect… [group] 

members emphasize their own distinctiveness and claim a special standing for 

themselves on the basis of it, an entitlement to recognition and treatment as 

possessors of a special social status…will typically act to maintain recognition 

of their status and the distinctive treatment associated with it… The simple 

structure [of a status group]…in effect divides the collective into insiders and 

outsiders… [and] facilitates processes of monopolization and exclusion. 

(Barnes 1995, p. 130-131) 

To get such a process of grouping social players initialized, maintained and functioning 

socially, 'status' can only be drawn clearly via the successfully claiming and mutual 

sustaining of 'special social esteem' (Weber 1968, p. 306, as cited in Barnes, 1995). 

Moreover, status based on possessing social esteem, as a matter of fact, indicates how a 

special form of recognition and deference is achieved. Specifically, as individual 

researchers firstly enrol onto an IDR research project in the BGI, what they need to 

become a status group is the scientific or technological expertise they gained both from 
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their academic education and, more importantly, from the in-house training they 

received. ‘Know-how’ obtained from training prepares researchers for the specific 

requirements of the project. In general, a disciplinary identity initially serves as the 

esteem by which researchers may choose to label themselves. Such a label, in the 

specific context of China's biotechnology industry R&D practices, is social in nature. It 

functions socially in qualifying the application and utility of social resources, including 

the grants provided by the S&T governmental bodies, and investments from venture 

capital. The researchers of varied disciplinary backgrounds themselves are likely to 

fragment into subgroups, due to the uneven distribution of social resources. The social 

esteems of recognition, honour, and the eligibility attached to the expertise, together 

with the defence guaranteed by strategies and methods in scientific knowledge 

production, enable the R&D staff as a whole to categorize themselves as a social status 

group, regardless of their different disciplinary identities.  

 Discussion of how social esteems are to be clearly drawn must go along with 

identifying the restricted social intercourse in sustaining the BGI in its totality as a 

status group. In claiming and defending social esteems, there is one outstanding feature, 

as identified in Barnes' work, which is the special honour adopted by the status group as 

a currency of symbolic reward, distributed among the membership (Barnes 1995, p. 

141). Evidence of this has been found in the case study of BGI. It is heavily emphasized 

in the in-house training provided to the research staff members that the 'Glory of the 

BGI' is essential and foremost. Being involved in the ‘great career’ of the BGI, the staff 

members are to be assigned the honour of membership issued by the institute. 

Specifically, the glory is articulated within a set of guidelines by the founding leaders 

and stated in the mission of the BGI, which also details the BGI’s ‘great career’ in: 

‘… Making leading-edge genomics accessible to the global research 

community and delivering more discoveries.’ 

‘… and leading the development of genomics in Asia’  

(Slogan on banner in BGI, 2011) 

The ‘national’ honour exemplifying the importance of the special honour of being part 
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of BGI is effectively circulated by issuing membership of the BGI when the BGI 

functions socially as a status group. This more limited special honour of holding a 

membership of 'Our Great BGI'
39

 highlights the sense of responsibility in facilitating 

the growth of genomics, the economy and then the country. One sentence was displayed 

in the BGI workplaces as:  ‘… Only by obtaining scientific achievement can one serve 

the country’. And this responsibility is specialized with even more detail in one 

workplace of the healthcare sector devoted to prenatal diagnosis; it is stated as follows: 

‘Promoting genotyping test of Human Papillomavirus (HPV) so as to protect 

Chinese women from cervical carcinoma… popularizing the non-invasive 

screening of foetal aneuploidy… so that there will be no more Chinese babies 

suffering from Down’s syndrome ’  

(Slogan on banner in BGI, 2011) 

 In order to get such an ‘honour’ currency, in a sense of circulation, better grounded 

in explaining its role in sustaining the ‘special social esteem’ for which a status group is 

created, I move the focus of this study onto the ‘social resource’ which bring out the 

status group as an ‘interest group’. Moreover, the strong role of ‘social resource’ as 

social interests and the sociological construction of ‘honour’ indicate that an interest 

explanation must be included. ‘Social resource’ in this study includes items of at least 

two categories: material goods or opportunity to realize economic considerations, say 

individual incomes, research grants, and priority accorded by governmental or industrial 

power (hereafter 'category I'). And the other category covers recognition and respect 

within the scientific community and in broader social terrains (category II, hereafter). 

Holding membership of 'Our Great BGI', individual researchers are more esteemed in 

applying for scientific research grants provided by China's S&T governance bodies and 

in attracting investment from capital markets domestically and abroad. The social 

resource of category-I provides the appropriate situation to fuel BGI’s ‘great career’. 

Furthermore, it makes those of category II accessible to the members so long as their 

                                                        
39  A themed five-day conference entitled ‘Our Great BGI’ was held in Shenzhen from 7th 

December 2009. The conference was inaugurated by the director of the BGI, Mr. Jian Wang. In his 

speech, Mr. Wang elaborated on the ‘great career’ of the BGI in nourishing and promoting the 

strategic industries newly emerged [out of the scientific and technological advancement in the area 

of genomics study] in improving and further altering the means of production and people’s lifestyles 

as well. He furthermore pointed out the BGI’s efforts in facilitating the social development and 

national rejuvenation of China.     
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responsibilities mentioned above are soundly fulfilled. Of course, all of this is largely 

decided by their capability in applying their scientific expertise to facilitating the growth 

of genomics, the economy, and the country. This is evident in the awards with higher 

recognition, reputation and respect which have so far been given to the leading figures 

of the BGI
40

. Those function as the representatives of the status group. 

 Being centred on the ‘social esteems’, the status group members act collectively to 

defend their shared monopoly interests by practicing exclusion and monopolization of 

the route to the fulfilment of all their wants or desires of large diversity. Whilst 

maintaining a sphere of exclusion barring outsiders, they know themselves to have a 

certain status and treat others with the same status as peers or fellow members, thus 

'some at least of their actions are performed for collective good rather than for 

individual advantage' (Barnes, 2007). When it comes to the disciplines enrolled into the 

industrial R&D activities hosted in the BGI, however, I would argue on the contrary that 

it is the status group members' actions, seeking individual advantage of their own, that 

make up the interaction-networks within which the collective good of the whole group 

is sustained. 

4.2.2 Monopolizing and compromising 

Specifically, for the social resource of category I, access to it as well as its distribution 

gives rise to monopolizing actions of the status group, which in turn consolidate the 

exclusive possession of the social resource as collective good for the group. In this 

respect, we can learn from Weber (1968, p. 935, as cited in Barnes, 1995) that 

‘…stratification by status goes hand in hand with a monopolization of ideal or material 

goods or opportunities.’ When it comes to another salient feature of the status groups’ 

collective actions, however, the cooperation and alliance a status group seek can be 

                                                        
40

  The most recent awards the BGI’s leading figures have received include: the BGI president, 

Professor Huanming Yang, received the Chen Award for Distinguished Academic Achievement in 

Human Genetic and Genomic Research in Human Genome Meeting 2011(HGM) on March 16, 2011. 

Granted by the Chens’ Foundation, this Award is to reward the achievements of biomedical scientists 

who are actively engaged in human genetic and genomic research in the Asia Pacific region. Half a 

month before this award, Professor Yang was named on the U.S. presidential commission for the 

study of bioethical issues on 1st March 2011; and the BGI director, Mr. Jian Wang, was awarded an 

innovation prize by 'The CCTV (China Central TV Station) Annual Character of Chinese Economy 

of 2010' on 18th January 2011. 
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deemed as a form of compromise. In addressing the relationship among disciplines in 

the BGI's sequencing-based industrial R&D practice, Professor Huanming Yang 

emphasises ‘discipline as respect’
41

, which to my understanding, indicates promoting 

the research strategy of the IDR while remaining accepting of the disciplinary structure 

of modern science, so as to show respect for the previous efforts made in scientific 

knowledge production. Such a comment demonstrates the power and the real existence 

of the social resource of category II. More importantly, it also leads to the assumption 

that the social institution of science is partially sustained by compromising collective 

actions, as scientists recognize their dependence upon their disciplinary paradigm and 

heritage
42

 and share respect across disciplines.  

 Members act collectively in the first instance to monopolize the provision of certain 

goods; by the same token, researchers in the R&D projects sharing the same 

disciplinary paradigm constitute a status group. They are motivated status group 

members, operating as peers, capable of acting in a monopolizing way to achieve the 

good of the group. To a larger extent, they also act for the greater good as specialized 

suppliers of knowledge and competence in practicing exclusion, as science works 

institutionally against the social background (Barnes, 2007). When it comes to analysis 

of the IDR, I would nonetheless lay more emphasis on the compromising feature of the 

collective actions by disciplines as a status group, rather than the tenets of 

monopolization and exclusiveness, which are thoroughly and properly approached in 

Barnes’ social theory on collective actions by status groups (Barnes 1995, p. 130-144). 

Compromising collective actions by disciplines working as status groups, I argue, 

provide the basic space and opportunity for the emergence of a paradiscipline (the initial 

stage of an IDR project). To a greater extent, the compromising trait also serves as one 

explanation why contacts from different disciplines choose to cooperate with each other 

by adopting a research strategy of the IDR, in spite of the conflicts in securing and 

extending the group good of their own. It is very easy to ignore the possibility and 

                                                        

41    Personal conversation with Professor Huanming Yang on our way from BGI-Shenzhen to 

Hong Kong International Airport, 19 March 2010. 

42  See more detailed discussion in Merton’s elaboration on the ethos of communism as science 

works as social institution (Merton 1973, 273-275). 
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tendency of compromise as being equally salient to the status group as the 

monopolizing features of collective actions, if not more so.   

 Even in proceeding with the monopolizing and excluding practices, a status group 

could be profitably and productively allied to another instead of having to expend 

resources upon excluding it. The status group members are aware that they will be 

benefited only if the returns of monopolization exceed the costs of practicing exclusion 

and the opportunity costs of forgoing alternative productive and co-operative activities 

(Barnes 1995, p. 136). Collective action of a status group is thus liable to be adjusted 

from exclusion to compromise, and all bodies of belief in decision-making stand in need 

of careful evaluation and weighting. In the context of a paradiscipline, status groups 

appear as the temporary crystallized products of an ongoing stream of the goal-oriented 

activity. The particular disciplines come and go, whilst the paradiscipline as an outcome 

of the compromising actions continues and grows, to facilitate scientific knowledge 

production. Specifically, it is out of the compromising collective actions by disciplines 

working as status groups indistinguishably (albeit varied in their disciplinary paradigms) 

that effective and efficient interaction becomes possible. Such interactions provide the 

ready base for exchanging and sharing cognitive labour by researchers from different 

status groups. As Bloor (2004) presents his SSK reading of Duhem’s argumentation on 

‘good sense’ and ‘faith’ which scientists have as differential access to the truth of the 

matter, he takes note of one social process that the coherence of knowledge is being 

compromised within scientific community resulted from rescuing hypotheses 

successfully in defending scientific knowledge. The significance of this compromised 

coherence of knowledge, in the case of this study, means in practice the possibility of 

members from different status groups making use of one another’s work, crossing their 

disciplinary backgrounds.     

 Empirically, consideration of compromising collective action corresponds highly 

with what is seen in the case study of the BGI, as presented in Chapter 3 (section 3.4), 

namely the co-existence of dual identities and how such an self-identification system is 

approached by the status groups. Under this system, researchers identify themselves as 
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members of both status groups sharing the same disciplinary paradigms, and members 

of research project teams constructing a paradiscipline, where the IDR pattern is 

generally adopted. On the one hand, the discipline-related identity is to enable 

researchers to act as biologists, computer scientists, mathematicians and so forth in their 

daily work and communication inside the BGI. It is technically adopted as an effective 

device in differentiating researchers from others, and creating proximity to some extent 

among research staff members sharing the same or similar disciplinary backgrounds, 

particularly among those newly recruited. On the other hand, all research staff members, 

together with the sections they are affiliated to, are involved in the ongoing research 

projects in the BGI-Shenzhen. Although their disciplinary backgrounds are varied, 

researchers prefer to make compromises in favour of the cohesiveness of knowledge 

and its production, and tend to identify themselves as members of a particular research 

project which includes multiple disciplines. Interviews with two informants with high 

ranks
43

 at the BGI provided the chance to explore this phenomenon further, though in 

rather different aspects. 

[Interview (Shenzhen, 17
th

 February 2011) excerpt - 1] Director L, 

who is currently in charge of the System of Science and Technology 

(SST) which was recently extended from the R&D unit formerly 

known as ‘Special Force’. L has worked in BGI-Shenzhen since 2006, 

and is running the system with more than six hundred researchers. 

Working mostly on research projects, L has co-authored an impressive 

list of published papers in top academic journals, including Science 

and Nature. L graduated from Peking University with a Bachelor’s 

Degree in Biology Science in 2008.  

L: Researchers with the same disciplinary background are less 

likely form a group naturally, based on a shared disciplinary 

identity. They are inclined to be enrolled and organized in the 

form of project teams. In the organizational form of the project 

                                                        
43  See Annex 5 for detailed information about interviews of this sort. 
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team, however, all researchers from the same discipline could 

not possibly be placed within one project team; instead, they 

will be allocated to many different teams. They are in fact 

physically distributed among the project teams.  

Truly, they share the feeling of acceptance which is based on 

the proximity created primarily by similarity in their 

disciplinary backgrounds. However, it exists only to some 

extent. Besides, researchers working in our System of Science 

and Technology [SST] do not really know where their peers 

come from. Within the system, researchers do not normally 

know their colleagues’ disciplinary backgrounds. 

[Interview (Shenzhen, 16
th

 February 2011) excerpt - 2] Manager Y, a 

chief regional sales and cooperation manager for the UK market. Y is 

currently in charge of the marketing and constructing of R&D 

cooperation networks in British areas. Y has worked in the BGI for 

less than one year. During this period, Y firstly worked in one 

experiment sector, then became a manager in creating and 

maintaining the network, commercial or academic, in the UK. Y 

obtained a Bachelor in Electronic Information Engineering, and a 

Master's degree in Biophysics.  

Y: I believe that organized activities play a connecting role in 

keeping researchers from different disciplines efficiently 

interacted. The majority of research staff members in the BGI 

are young people who graduated from universities recently; 

they do not care about the academic disciplines so much when 

they get involved in the organized social activities. 

Furthermore, after having experienced working in cooperation 

with each other, researchers are likely to ignore the 
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disciplinary backgrounds of their colleagues. Take myself as an 

example: I do not think many may know that I have 

disciplinary background in Biology, and even fewer colleagues 

know that I graduated with a Bachelor in Electronic 

Information Engineering... Some newly graduated employees 

have been assigned to the dormitories very close to the BGI, so 

they feel like they are still on campus. All of these factors have 

enabled the new staff members to get adapted to the BGI pretty 

easily, so they can devote themselves to R&D practice in short 

order.   

 More than internally fostering connections within status groups, the proximity on a 

disciplinary basis also encourages the exclusion or monopolizing collective action to be 

implemented externally. It is interesting to note, in the BGI’s case, that compromising 

actions by status group in sustaining the collective good can be seen as researchers 

endeavouring to gain visibility of a higher level, via the memberships they subscribe to 

in an IDR project team. In order to do so, researchers in the BGI tend to weaken the 

background of the discipline-based status group they come from. In return, the identity 

of an IDR project team profits its subscribers in terms of access to 'social resource' on a 

larger scale, with better a chance of grants, employment, publication, visibility of work, 

and so forth. This correlation represents a dual-identity system, I argue, indicating that 

the disciplines, as well as contacts from them, are enrolled into scientific knowledge 

production in a paradiscipline only after they begin to work socially as status groups, 

with the contradicting properties embedded in their collective actions.  

 To summarize the discussion in this section, it is the compromising features of 

collective actions that make collaborations across disciplines possible. Even though 

members are working to seek individual advantages of their own as status groups, the 

advantage of a status group is in essence a collective advantage, not an individual one. 

In particular, compromise traits save disciplines working as status groups from 

extremely monopolizing collective actions, which otherwise could cause fragmentation, 
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through the extreme division of cognitive labour when disciplines work in isolation as 

status groups. Compromise collective actions, as a matter of fact, intensify the 

interactions between status groups. In other words, status groups cooperate for their 

collective good, and the appropriate attribution of special honour and status is what 

encourages individual members to act for that good, instead of free-riding on the actions 

of other members. 

4.2.3 Hierarchical stratification of status groups                 

The sequencing-based R&D activities carried out in the BGI are set as 

'industrial-oriented', i.e. seeking for commercialisation of the scientific products. Thus it 

is safe to further the discussion of disciplines involved in such processes with reference 

to an examination of the interactions among economic interests, as well as the benefits 

concerning the chain of China's biotechnology industry. The way by which status 

groups get defined in this specific context thus follows Collins’ approach that ‘status 

group organization… is the natural form in which economic interests can act socially’ 

(Collins 1986, p. 129, as cited in Barnes, 1995). From this originating point, a 

hierarchical stratification of status groups will be revealed empirically as a result of 

their performances in the economic terrain.  

 The compromising tenets previously discussed lend support to the claim of a 

hierarchical stratification of status groups. When a status group (whether seen as a 

discipline, or the scientific knowledge products providers in the BGI as a whole) is 

confronted with power comparable or superior to its own, it tends to modify its 

exclusionary strategy and extend access to its privileges, so as to placate hostility and 

buy alliance and co-operation. Direct evidence can be found from the IDR projects 

within the BGI and the interaction-networks the institute successfully constructed, 

connecting externally governmental authorities, industrial powers, and scientific 

communities.
44

 Moreover, this tendency illustrates Barnes' (1995, p. 145) point that the 

                                                        
44  See Chapter 3 for detailed discussion of the strategies and measures adopted by the BGI in 

building the networks of interactions. The status group possessing scientific expertise, including its 

capacity in knowledge production, sought alliance with the university world, governmental bodies, 

and industrial power. One updated example is the 'Innovative School of Life Science' founded jointly 

by the BGI and South China University of Technology. The school offered the ideal place for the 
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status group looks to external powers for protection and for assistance in solving any 

problems of collective action that they face. The superior power, protection, among 

many others, emerges out of and, in return, consolidates the hierarchical stratification of 

status groups as the predominant institution. The institutional factors and organizational 

traits not only get involved in the economic domain but also in the case where scientific 

expertise seeks governmental power to speak to, see Chapter 2 (section 2.3.1 and 2) for 

more detailed discussion. Embedded in such a highly institutional structure, status 

groups at one level are in fact subgroups of another: disciplines work as status groups in 

the sequencing-based industrial R&D activities of the BGI, but they become subgroups 

at the level of the academic-industrial relationships (AIR) or 

governmental-academic-industrial interactions, where the BGI’s scientific knowledge 

production unit as a whole works as a status group.  

 So far as such a hierarchical structure is concerned, status group members are also 

members of a wider collective in seeking collective good at that scale. Specifically, 

researchers with the same disciplinary identity are members of one status group. In the 

meantime, they are also members of academic or non-academic communities at a larger 

scale, for instance, the IDR project team, the R&D staff as a whole, and the BGI. These 

communities all hold themselves to be status groups with the capacity to act for their 

own specific collective good. Being situated in the hierarchy, more importantly, status 

group members from each lower rank are under the control and supervision of a higher 

one. It has been argued originally by Weber (1947, p.1331) that interaction, albeit of a 

low level, is available within the stratification, in the form of practicing the right of 

appeal and of statement of grievances by the lower towards the higher. However, status 

groups, descending through the hierarchy, have increasingly limited access to authority, 

information, and technical ability in knowing the circumstances, control over the social 

resources, and in making decisions. According to Burns and Stalker (1961, p.82), those 

from the lower echelons are even not supposed to consider further how their task 

assignments make senses in the overall design of the decision-making powers at the top 

                                                                                                                                                                   

university to implement new educational designs, while attracting teaching and researching faculty 

members as well as facilities from the university to contribute to preparing the research personnel for 

the BGI.    
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for the whole, for their roles in the common purpose are defined by the superiors.  

 As the level of hierarchy becomes increasingly high, barriers for interactions 

between status groups are usually more clearly drawn. In the case study of the BGI, an 

IDR pattern emerged out of a social interaction-network within a hierarchic structure. 

During the course of its development, the procedure of knowledge production, in 

particular the genome sequencing, in the BGI has become increasingly routinized as it 

relied more on the equipment. These machines, for instance the newly purchased 

HiSeq
TM

 2000 sequencing systems, are built to be highly automatic. The operators 

receive instructions from their leading researchers or administrators of higher rank. To 

accomplish the assignments, they follow the Standard Operating Procedure (SOP) and 

step-by-step generate huge amounts of new data, whilst scarcely thinking to make sense 

of the data. This emergence of a crossing-boundaries mode of scientific knowledge 

production, however, should not be assumed as a matter of course. The later sections of 

this chapter will depict how collective actions by status groups work on-site and give 

rise to the IDR via a set of bridging weak ties in China’s biotechnology industry R&D 

practices.  

4.3 IDR: A Social Pattern of Scientific Knowledge Production  

The features of the status group identified in this study, from a functionalist view, are 

strikingly similar to the conditions which the BGI's leaders strive to encourage and 

secure, primarily via a set of propaganda campaigns. Their concern, to a greater or 

lesser extent, is to increase and intensify collective action and interactions. In particular, 

they are concerned with establishing a single shared organizational culture of the BGI, 

and enhancing a set of devices, including an ‘organizational’ history if necessary as the 

carrier, among others; all stand in close analogy with the requirement for a shared 

distinctive lifestyle, as proposed by Barnes (1995).  

 Furthermore, the enrolment of varied disciplines working as status groups also 

indicates the cultural diversity at the sublevel, when the actuality is remained among the 

memberships within the BGI. It is nonetheless the case currently that disciplinary 
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cultures are to be upheld in the public realm, and the value of mutually coexistent 

distinct cultural traditions is emphasized in paradisciplines. Yet again, however, it must 

be noted that status groups’ differentiation and stratification serves to maintain the 

hierarchies of disciplines involved in the industrial R&D chain, as well as in R&D 

management issues.  

4.3.1 Status groups in social interaction 

Within the BGI, organized interactions are primarily activated in launching the R&D 

activities. The monopolizing of status groups which are composed of disciplines in fact 

comes from those already enrolled therein. Being together comes first, for it is generally 

accompanied with physical proximity via working and living in overlapping spaces. 

Social relationship and social intercourse then emerge, giving rise to a ready 

opportunity for interactions to be stimulated and then possibly organized. Over the 

course within which the organized interactions come out to seek and to sustain the 

shared interests, collective actions formulating the available opportunities as beneficial 

to all members, are to be enjoined in pursuit of and defence of their practices of 

exclusion and monopolization (Barnes 1995, p.144).  

 Specifically, the employability of university graduates was greatly enhanced by the 

IDR when it was adopted as a dominant strategy in the scientific knowledge production. 

Thus, the career fair has been extended by the BGI also to graduates from disciplines 

less related to biology. Based on the statistics provided by the personnel department of 

the BGI-Shenzhen, I made a closer examination of the researchers’ academic 

disciplinary backgrounds. Among the randomly selected research staff members 

working on the main infrastructures and sections in the BGI-Shenzhen by the end of 

January 2011, 364 academic disciplines and fields of study were registered in the 

educational details of researchers, from the total of 2134 staff. Apart from Biology, 

Computer Science, Mathematics, and others closely-related disciplines, it was striking 

to note that some less related or otherwise less likely disciplines were on the list: 
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History, Art and Design, E-business, English Language and Mechanical Engineering, 

among others.
45

 

 Discipline, as status group, itself remains the networking function on the basis of 

interactions. In addressing the social properties of science, analytical works from the 

perspective of SSK (Sociology of Scientific Knowledge) assert that knowing testifies to 

itself as a social process, with knowledge as the collective accomplishment thereof 

(Barnes, 2007). A social network, according to Homans (1986), is a pattern of positive 

or negative choices, based on some criterion such as liking or disliking, made by 

individuals for or against other individuals in a small group or much larger assemblage 

of persons. Social networks of discipline arises out of the choices individuals make for 

interacting with other individuals, from the development of cliques, and the 

development of hierarchies, within cliques and among them. This study of social 

networks serves as an application of the analysis of the pattern of social relations and 

small or larger social structures, where researchers with varied disciplinary backgrounds 

socially interact with each other, as they are enrolled into the IDR projects within the 

BGI. Discipline exists as a social network structure, which allows sufficient appropriate 

interaction, as collective action, to sustain mutual sanctioning of the collective good of 

the group. Collective action, as claimed by those who take an interactionist perspective, 

results from shared conceptions of the collective good emerging and being mutually 

sanctioned over the course of interaction (Barnes 1995, p. 76-85). In this respect, the 

conditions for successful collective action include not only shared language and culture, 

which make the interactions in the form of a network possible, in terms of exchanging 

information and in mutual evaluation, but also enough freedom for the individual 

members of different groups to act and interact as is appropriate for the collective good. 

At this point, Weber identification of a common and distinctive lifestyle as a must-have 

feature of any status group is salient (Weber 1968, p.932-8, as cited in Barnes 1995, p. 

139). In particular, one fundamental element of such a lifestyle is a shared and 

                                                        

45
  The classification of academic disciplines adopted in this research is based on the categories of 

the Ministry of Education of the People's Republic of China, 1997. 
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distinctive language that serves as the basis for communicative interaction, whilst 

simultaneously confining the areas of interaction to group members. Moreover, a status 

group is also distinguished by the restriction it places upon 'social intercourse' (Weber 

1968, p. 932) with outsiders. Organizations at the formal or informal level, or even 

lifestyle, could serve as devices for creating the physical proximity among the members 

via living and spending leisure time together, which in fact realizes the restriction. By 

minimizing the extent and significance of interactions where outsiders are concerned, 

the extent of interaction within the group is effectively increased (Barnes 1995, p.141).   

 To extend the discussion to cover the interactions between status groups, lifestyle 

and organizations provide direct yet subtle factors and positions in examining 

two-group interaction and collective action. After they arrive at the BGI, new 

researchers are generally assigned to live in the dormitories provided. Notably, new staff 

members from same R&D section are placed in a shared flat. In such an arrangement, it 

is highly possible to see staff members of varied academic disciplinary backgrounds 

living together in the same flat. The same disciplinary background could be more 

powerful in creating acceptance and recognition in this initial stage of the BGI lifestyle, 

which was also mentioned in the interviews and talks with new comers. However, 

interactions are further organized in the BGI between status groups on a disciplinary 

basis. Effective devices include its sports clubs and other societies. In our daily talks, 

researchers (W and F, hereafter) sharing a flat with me, expressed their enthusiasm for 

the activities organized by the clubs or societies of, say swimming, mountaineering and 

others (fieldwork in BGI-Shenzhen, 2010 and 2011). It then became natural that W and 

F invited their friends who were educated in the same academic disciplines to join in 

these organized events. The events, though some of them require membership, are open 

to all BGI staff members. Due to factors such as sharing the same flat, catching the 

same buses, and receiving training in the same buildings, W and F also tend to invite 

their flatmates and fellow trainees to these activities. The actual activities thus become 

ideal places for social intercourse between status groups, either on a same-discipline 

basis or based on physical proximity. More importantly, as mentioned by a few, such 

organized interactions are not only enjoyable but affordable. W even rated this social 
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intercourse and lifestyle as the most important factor in choosing the BGI. Furthermore, 

by taking account of the strength of weak ties, I argue that interaction and lifestyle also 

contribute to breeding the bridging relations between status groups. 

4.3.2 Weak ties among members of disciplines working as status groups 

The concept of weak ties was pioneered by Granovetter (1973), who applied it to 

analytical work in interaction sociology. In his empirical studies on the relations 

between contacts with less secured connections with each other (i.e. in weak ties with 

each other), Granovetter shows how fruitful such weak ties can be in bridging 

individuals who otherwise could be conceived as rather irrelevant because of a lack of 

the means and opportunities for direct contact. In contrast, strong ties achieved by 

highly stabilized or even routinized communication, say with the proximity of 

friendship or family, fail to enact interactions with outsiders. Drawing on empirical 

studies, the Strength of Weak Ties (SWT) theory certified that communications and 

interactions between individuals from less related groups, in fact, play a bridging role 

far more significant than strong ties in delivering information, and constructing the 

network structure of connections. In relation to the purpose of social interaction 

examination, the interpersonal networks demonstrating SWT provide the space where 

small-scale interactions get translated into patterns at the larger scale, which saves the 

mobility of social units from being fragmented. The strong tie, as a matter of fact, rests 

its strength on restricted and elaborated codes of communications between those with 

more similarities, therefore having an innate lack of cognitive flexibility (Granovetter, 

1983). Weak ties, however, are more prone to create opportunities for mobility of 

individuals at the interpersonal level. As can be seen in Granovetter's (1995) excellently 

presented work on interactions among job seekers, weak ties connect people to job 

placement information beyond what they could typically access through their strong ties, 

for contacts with weak ties to job seekers are more likely to move in circles different 

from and beyond their own, and are structurally located to offer more help (ibid, p.148). 

    In the case of this study, however, the network of interactions I attempt to chart is 

not necessarily limited to the interpersonal, but also includes those at the collective level, 
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between status groups of disciplines and the relevant social factors involved in China's 

biotechnology industry R&D. It is beyond the scope of a theoretical discussion to 

evaluate how far Granovetter’s vision of interpersonal interaction is empirically correct, 

but we should consider what it brings to an analysis of interactions among status groups. 

In this section, I have placed my approach to the status groups involved in the 

interaction-networks under the SWT scheme. SWT is adopted in conveying how less 

directly-related disciplines or other kinds of status groups can effectively affect each 

other.  

    China’s university education, which is under a strict regime of academic 

disciplines (Wang and Hong, 2006), and the domestic job market, consequently highly 

segmented on a discipline-targeted basis, together with proximity created by shared 

disciplinary backgrounds, have all given rise to and consolidated the strong ties between 

research staff members sharing same disciplinary paradigm in the BGI. The strong ties 

connecting members within one status group, however, lead to isolation from outsiders 

due to the lack of bridging connections. If strong ties were to become dominant also in 

the BGI, the chance for the emergence of an IDR approach could be extremely slim. As 

a consequence, communications between those with strong ties would get routinized, 

expertise across scientific knowledge production become homogenized, and the 

collective action of the whole group would become extremely monopolizing, which 

would inevitably perpetuate fragmentation among the researchers on a disciplinary 

basis. 

    Weak ties, in this study, are understood as those between contacts that are far away 

from each other in disciplinary background. Specifically, researchers as members of 

different discipline-based status groups would have acted separately without reference 

to each other’s work if not for the IDR project. Communications crossing disciplinary 

boundaries are encouraged by the organized interactions in the form of team meetings, 

seminars, and workshops. However, they do not provide sufficient space for effective 

and efficient exchanges crossing disciplinary boundaries, if they are stabilized as 

routines. Instead, more instant interactions on an irregular basis between contacts in 
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weak ties with each other in terms of disciplinary backgrounds are introduced both in 

the R&D practice and social interactions in the BGI. Out of such exchanges of 

information, data, ways of knowing, and other types, emerge the fruitful adoption of the 

IDR. In this way, connections bridging parts far from each other become possible. 

[Interview (Shenzhen, 17
th

 February 2011) excerpt - 3] Director L, see 

a brief introduction before interview excerpt - 1. 

L: Seminars and workshops for exchanging and sharing ideas 

and expertise are organized, not merely on a regular basis, by 

the project team where researchers varied in disciplinary 

backgrounds are included. In our own terms, we do not name a 

collective based on similarity of disciplinary background a 

status group. Rather, we call those focusing on the same 

technology a technology family, and such a family creates its 

own organizational form to make joint efforts in handling 

technology. For instance, in developing and applying the 

technology of Gene Assembly, those who are concerned with 

advancement and progress in the field of Gene Assembly are 

more likely meet and discuss with each other. They organize 

specific seminars and workshops crossing project teams, which 

is similar to the organizational form of ‘tea meeting’ widely 

adopted by R&D sectors within some well-established 

Information Technology corporations. The technology 

mentioned above is closely related to the on-going research 

projects. Besides, in our SST, technology families including 

those concentrating on developing methods are not necessarily 

composed of researchers with the same disciplinary 

background. It is true that the technology of Gene Assembly is 

more largely reliant on the computer science and technology, 

however, the Gene Assembly technology family in our system is 
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not made up of computer scientists only. 

[Interview (Shenzhen, 16
th

 February 2011) excerpt - 4] Manager Y, see 

a brief introduction before interview excerpt - 2. 

Y: Shortly after I settled myself down in the BGI, I received an 

invitation to participate in the voluntary service team before I 

got myself familiar with the surroundings. I said ok and went 

with others; I thought it is good to be involved in the organized 

activities, and it is great! In the following week, we were 

organized to go mountain climbing. I made many new friends 

in these activities and we have got along well with each other 

since then, despite the fact that we might be from varied 

disciplinary backgrounds... 

...Even though they tend to work in groups in R&D practices, 

researchers with the same disciplinary background enjoy 

organized interaction with those from other disciplines in 

spending leisure time. I used to work in a section of experiment; 

I joined those from the department of informatics in climbing 

mountains...  

4.4 Compatibility of R&D Management Systems for the IDR in 

Practice 

Given the fact that social interaction between members from the same status group or 

crossing groups involved in BGI's scientific knowledge production is intensifying, all 

R&D activities are indeed connected and interdependent. The activities, however, are 

not all connected directly at any time due to the division of cognitive labour and 

physical distribution of staff members. Two primary issues, therefore, emerge for the 

R&D management in the BGI to address. How to guarantee the cohesiveness of such 

diverse activities on a basis of stability, so as to save them from being fragmented from 
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each other? and how can the possible loss in efficiency be avoided, to the extent that the 

dynamic procedures of scientific knowledge production are translated into the collective 

actions by members within or crossing status groups? 

 As in the case of the BGI, it is safe to conceive the R&D infrastructure as a whole 

most simply as a translating device of social resources, industrial demands and contracts, 

into scientific knowledge products, in terms of academic publications, industrial 

applications and services, and so forth. Though R&D projects making up such a device 

may vary in their inputs, outputs, and project designs, there are nonetheless at least two 

traits shared as principal premises in organizing all the R&D projects. Firstly, all parts 

enrolled in a project share one common purpose (albeit one that may go through a series 

of mutations over the course of the project), so the normative character of individual’s 

daily work is thus explicitly assigned accordingly to achieve stability of an appropriate 

level. Secondly, all steps employed by the project team members follow each other, 

though this may not necessarily be the case in every specific sequence. A systematic 

control is thus called in to improve the efficiency of cooperation. The R&D managing 

practices in the BGI hence are incorporated into systems covering the considerations of 

both stability and efficiency. However, a management system aiming at sustaining 

stability could be contradictory to one designed to secure efficiency. Interestingly, I 

noticed the co-existence of such two management systems working in the BGI as I 

make a closer examination of its administrative structure. The systems themselves are 

worth further study, say from a perspective of organizational management. In this study, 

however, I will focus on the compatibility which makes the co-existence of such 

management systems possible in the BGI. This tenet of compatibility in organizing 

R&D projects under the contradicting management schemes, I argue, enables the IDR to 

achieve greater significance in the social study of scientific knowledge production in a 

more pervasive sense. Moreover, this compatibility study will shed light on our 

understanding of R&D management in the biotechnology industry, as a critical part of 

S&T governance in China. Insights guiding research governance at both the policy level 

and in management practices will thus be generated, as soon as the diversity is granted 

in managing systems. 
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The beginning of administrative wisdom is the awareness that there is no 

optimum type of management system. 

          (Burns and Stalker 1961, p. 125) 

 

4.4.1 Polarity: differentiation and relation between management systems  

Drawing on their invaluable study of the programmed or changing activities in 

manufacturing concerns, Burns and Stalker (1961) have identified the varied 

management systems adopted in working organizations. Take the factory for instance; a 

certain management system is adopted explicitly for the purpose of securing the 

stability of production as well as the conditions under which the production activities 

are organized. Burns and Stalker are not content merely to sort out how the management 

systems are shaped within the organizational backgrounds, which are interpretive in 

nature whilst varied in directions, say towards stable conditions or changes. They press 

the mechanistic and organic systems of management, based on a thorough investigation 

into a set of variables (dependent or independent) shaping the form taken by a 

management system within a hierarchic structure. In particular, the management system 

as adopted in the factory mentioned above is thus categorized as a mechanistic one, 

which is argued to be appropriate to the conditions characterized as those of stability on 

a highly hierarchical basis. And on the contrary, the changing conditions claim for an 

organic form of management system to be adopted, in line with the organizational 

context where fresh problems and unforeseen requirements for action emerge constantly 

in a less hierarchic structure.  

 Rather than a dichotomy, Burns and Stalker suggest a polarity is represented by the 

mechanistic and organic forms of management system, which are elastically related to 

each other. The connection of such a sort also makes it possible that both forms can 

simultaneously be included within one management system being operated in a working 

organization, according to the appropriateness to a specific set of conditions. As they 

put it: 

...the relation of one form to the other is elastic, so that a concern oscillating 

between relative stability and relative change may also oscillate between the 

two forms....may operate with a management system which includes both 
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types. 

          (Burns and Stalker 1961, p. 122) 

 There is, as I have tried to show in the case study of the BGI, an operative 

compatibility between management systems empirically known to us. Specifically, there 

are dual management systems operated practically. A bureaucratic system
46

 consists 

largely of official positions and written documents. This system is conveniently termed 

the 'official system' or 'official units and departments' by the BGI staff members, in both 

formal interviews and less formal conversations, which can also be found in the 

interview excerpt quoted later in this chapter. More importantly, a dynamic management 

system is seen as being made up of a variety of adjustments to, and continual 

re-definition of, status group members' behaviour, via organized interactions.  

[Interview (Shenzhen, 17
th

 February 2011) excerpt - 5] Director L, see 

a brief introduction before interview except - 1. 

L: ... During the course of practical operations in the R&D 

activities, researchers have two tendencies towards the tasks 

they are assigned. Some are inclined not to challenge 

themselves, they prefer to be placed in the settings to which they 

have already adapted. There they handle the R&D issues 

closely related to what they have been previously prepared for. 

They adhere to the principal of 'Disciplinary Consistency'. If 

they find themselves in a setting they feel hard to cope with, 

they prefer a change in the setting rather than to change 

themselves. Quite on the contrary, the others tend to change 

themselves so as to accomplish the R&D tasks of varied kind in 

different settings on their own initiatives... The settings in our 

system must be designed and enhanced to guarantee the proper 

                                                        
46  Bureaucratic system (or, bureaucratic control), according to Weber (1947), is the purest or an 

ideal form of exercising legal authority based on rational backgrounds. The combination of written 

documents formulating and recording administrative acts, decisions and rules, and a continuous 

organization of official functions constitutes the 'office' (bureau) which is the central focus of all 

types of modern corporate action (Weber 1947, p. 332). I will revisit the basic principles of a 

bureaucratic system in the later section of this chapter. 
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places for the researchers of both tendencies... 

... As a result, we provide researchers with training programmes 

at the very beginning of such practical operations. Moreover, 

the training we provide is not isolated from the practice, 

actually, we evaluate based on the practice. Specifically, after 

assigning the practical tasks to the researchers, we judge our 

researchers by the approaches they adopt in R&D practices. 

... In the consideration of organizational development and 

management, two directions must be taken into account. One is 

'fine specialization'-oriented, it priorities stability rather than 

embracing changes. Following this direction, researchers build 

and enhance their R&D capability vertically [based on their 

disciplinary background]. As their capability is improved, the 

complexity of tasks assigned to them increases accordingly. The 

researchers of this kind thus rise, albeit slowly, [under this 

direction of organizational development and management]. The 

other direction is to develop broadly [wherein lies the 

horizontal interaction between disciplines and contacts]. The 

priority of organizational management following this direction 

is to provide chances and possibilities for such a development 

tendency, rather than to decide the actual assignment for the 

researchers in the R&D practices... We must relate the 

organization management system to the reality, in the light of 

[the] concrete conditions [we have in the BGI]... 

4.4.2 Balance in considerations of stability and efficiency 

A bureaucratic system is consistent with conditions of stability, which is well illustrated 

both theoretically and empirically in Weber (1947) and Burn and Stalker (1961). Indeed, 

Burns and Stalker's overall account of the mechanistic system of management reads 

very much as an account of bureaucratic administration as the purest form of rational 
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legal authority, as suggested by Weber, being applied in the context of a working 

organization. Specifically, Burns and Stalker characterize the mechanistic management 

system using tenets which can be traced back to Weber (See Table 4.4.2).   

Table 4.4.2 Characteristics Comparison between Management Systems 

A Bureaucratic Administration  Mechanistic System of Management 

...he is subject to an impersonal order 

to which his actions are oriented... 

obeys authorities in his capacity as a 

'member'. 

Insistence on loyalty to the concern and 

obedience to superiors as a condition of 

membership. 

...a sphere of obligations to perform 

functions marked off as part of a 

systematic division of labour... 

The precise definition of rights and 

obligations and technical methods attached 

to each functional role. 

...functions are to be carried out by the 

incumbent with the necessary 

authority...or, an 'administrative organ' 

following the principle of hierarchy... 

Hierarchic structure of control, authority and 

communications... its reinforcement is 

achieved by the location of knowledge of 

actualities exclusively at the top of the 

hierarchy... 

...organized in a clearly defined 

hierarchy of offices, each with a 

defined sphere of competence. 

...specialized differentiation of functional 

tasks. Problems and tasks, as a whole, are 

broken down. 

The role of technical qualifications is 

continually increasing...an official...is 

in need of specialized knowledge of an 

empirical character developed by 

experience. 

...greater importance and prestige attaching 

to internal (local) than to general 

(cosmopolitan) knowledge, experience, and 

skill 

...is subject to strict and systematic 

discipline and control in the conduct of 

the office. 

Operations and working behaviour tend to 

be governed by the instructions and 

decisions issued by superiors 

...a system of 'promotion' depending 

on the judgments of supervisors 

...interaction between members tends to be 

vertical (between supervisor and 

subordinate) 

Source: A bureaucratic administration (Weber 1947, 329-341); 

       Mechanistic system of management (Burns and Stalker 1961, 119-120) 

Operative management traits underlined in both works, as compared above, and 

empirically verified in the BGI's case, include: 1) a hierarchical structure with 

decision-making power at the top governing the functional units made up of R&D staff 

members at all the other levels below; 2) vertical interactions which indicate that staff 
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members' R&D tasks and their roles in a project are explicitly defined by their superiors; 

their career development or promotion thus depends on supervisors' judgment; 3) 

sustaining devices for reinforcing the organizational stability, for an instance, by issuing 

'membership' with credits and access to the social resources, in exchange for 

researchers' loyalty and obedience. These aspects, although significant enough to 

identify a bureaucratic or mechanistic form of management system being operated in the 

BGI, do not cover the full extent of the BGI's management scheme.  

 An interaction-network of connections, as discussed previously in both Chapters 2 

and 3, gave rise to, and in return was intensified by, the IDR pattern in the R&D sector 

within China’s biotechnology industry, which is illustrated by a case study of the 

sequencing-based industrial R&D carried out in the BGI. To a greater extent, the R&D 

management scheme implemented within the BGI is in fact shaped by the social 

background of contemporary China, where a ‘utilitarian’ view highlighting 

mission-oriented and troubleshooting in a more practical sense has become dominant in 

S&T governance.
47

 A dynamic control therefore is desirable to the BGI; it is designed 

to link up all stages in the translation from social resources into scientific knowledge 

products more swiftly, on which the efficiency of scientific knowledge production rests. 

Barnes’ excellent review (1995, p. 133) of Schumpeter's (1911) innovation-centred 

entrepreneurship system sketched one critical principle for the management system of 

such a dynamic kind, which is to say constant reconstitution of the productive forces 

through adaptation, recombination and innovation.
48

 More guiding traits to rationalize 

this dynamic management system can also be traced back to Burns and Stalker's (1961, 

p. 121-122) ingenious assertions about an organic form of management system, where 

heavy emphasis was laid upon the contribution of specialized knowledge and 

experience to the common tasks, a 'realistic' approach to the individual's role, and a 

lateral direction (in contrast to the vertical one in a bureaucratic or mechanistic form of 

                                                        
47  See Chapter 3 for the details of this claim backed up by empirical evidence. 

48  It is also emphasized in Barnes' review that profits flows from innovation, and the innovator 

monopolizes and enjoys the profits before the competition catches up. Even when the competitors 

catch up, the profits or part at least of them can be invested in further innovation for the next round, 

which will prepare the ground for another burst of monopoly profit. Indeed, innovation working as a 

way of securing monopoly provides an ideal explanation of why such a system is more welcome in 

practice. 
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management system) of interaction between people with different ranks, and many other 

social statuses. 

 Specifically, a careful examination reveals the dynamic management system’s 

inroads into nearly all the major stages of R&D projects that start with constructing a 

paradiscipline, following the IDR pattern.  

[Interview (Shenzhen, 17
th

 February 2011) excerpt - 6] Director L, see 

a brief introduction before interview excerpt - 1. 

L: ... We still need approval from the personnel department to 

recruit a researcher; the rank of the researcher is also decided 

by the personnel department. How important the researcher is 

to the project should be judged by us [SST], the functional 

R&D sector. Even if the STS can afford the salary expenditure 

in the project budget for the researcher; the personnel sector 

still can negate this arrangement. The personnel department 

currently is part of the official system, it plays an 

administrative and controlling role rather than just to support 

and to serve (the R&D activities)...  

... In general, we hope the official system [such as the 

Financial Department, the Personnel Department] in the BGI 

could be turned into supporting and service units providing 

decision basis and maintenance service for the functional R&D 

sectors in making research policy. Suggestions and comments 

from the official system are welcome, but the decisions on 

research policy should not be made by the official units or 

departments. Rather, the rights to make decisions should rest in 

the hands of functional R&D sectors where the specific R&D 

activities are carried out, though the decision basis or 

reference can come from the official system. Besides, the 
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official system may design the overall development strategies 

for the institute on the macro level, but it should keep the 

specific research policies untouched.  

[Interview (Shenzhen, 18
th

 February 2011) excerpt - 7] Director X, 

who is in charge of the market of the China area. Dr. X obtained a 

degree in Natural Science, and the post-doctoral research Dr. X did 

also covered biological issues. Before joining the BGI, Dr. X had 

already had relevant experience in research project management and 

laboratory management. Dr. X's first job in the BGI was related to 

marketing, she then became project manager in charge of process 

construction, both in R&D practice and in recruiting qualified 

research staff.  

... The BGI makes continuous efforts in modifying its 

[management] structure. We have no alternative but to do so, 

for what we are doing is unprecedented, and no one knows 

which way is the best one. Even if there is some way which 

might suit other institutes quite well, it cannot be the best way 

for our BGI, particularly at the current stage of China's 

bioindustry development. We are exploring our own way... On 

some occasions, we need to get the disciplinary direction 

extremely specialized. One benefit of doing so is to enable the 

researcher to be highly focused on his or her disciplinary 

expertise in exploring the cutting-edge technologies [in the 

R&D practices]. After a long period of time, however, we 

notice that researchers following such a specialized direction 

progress well in furthering understanding and application of 

expertise in their own specialized disciplines, but at the cost of 

narrowing the horizontal field of view [crossing the 

disciplinary boundaries]. Consequently, we need to maintain 
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the balance in modifying the structure of systems... so as to 

facilitate both the vertical exploration and the horizontal 

interactions... Personally, I prefer the conception of 'module' 

[or 'modularized structure'] proposed last year. Similar to 

components, modules [including the IDR project teams and 

functional R&D units or sectors] can keep on improving their 

R&D capability by splitting and reorganizing. 

4.5 Conclusion  

In this chapter, my account of disciplines working as status groups heavily relies on the 

fieldwork evidence collected in the case study of two stages in 2010 and 2011. 

Specifically, a large variety of disciplines enrolled into the R&D activities in the BGI 

are in fact situated in the social networks of interaction. As the BGI builds the 

interaction-networks and facilitates the strategies of IDR, organized interactions 

between status groups become intensified in accelerating the sequencing-based 

industrial R&D.   

 The discussion firstly pivots on how disciplines can be defined as status groups. In 

categorizing the social resources accessible to the status groups, I identify that special 

honour has also been issued to status group members within the BGI, so as to enable 

them act collectively in claiming and defending social esteem. Indeed, clearly drawn 

social esteem guarantees the feasibility of the status group working socially. 

Monopolizing collective actions thus become critical in maintaining the good of group, 

which also tend to effectively intensify the social interaction between individual 

members, by practicing monopolization and exclusion. At inter-group level, however, I 

argue that a compromising feature of status group collective actions gives rise to not 

only the interaction-network but also the IDR in the BGI. In both trends of the 

interaction-network and IDR, hierarchical stratification of status groups becomes 

evident, as institutional factors, namely decision-making, get involved in the social 

process of scientific knowledge production.  
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 In the second part of this chapter, a further analysis of the IDR pattern in the 

sequencing-based industrial R&D practices in the BGI is grounded sociologically. Over 

the course of this social process of knowledge production, involved disciplines work as 

social status groups. SWT is therefore adopted in explaining how interpersonal 

interactions within status group get translated into patterns at the larger inter-group scale, 

whose members were previously weakly connected. Empirical evidence collected from 

fieldwork also demonstrates how effective the organizations such as sports clubs and 

societies in the BGI are in shaping lifestyle and further reinforcing the social interaction 

between status groups. 

 The discussion finally comes to cover a brief analysis on the governance of R&D 

practice where the IDR serves as a dominant R&D strategy. By comparing the dual 

systems that can be identified in the administration structure in the BGI, I further clarify 

a notion of compatibility with consideration of both stability and efficiency. This 

coexistence of on-site management systems, I argue, is closely correlated with the two 

directions existing in individual researchers’ behaviour that has been so far shaped by 

the IDR. Ultimately, the efficiency of R&D management designed for the IDR projects 

rest on optimizing the collective actions by status groups at both the disciplinary and 

broader levels. 
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CHAPTER FIVE 

AN ALTERNATIVE TO PROJECTIFICATION: SOCIAL 

CONSTRUCTION OF 'TRADING ZONE' FOR THE IDR 

 

5.1 Introduction 

In previous discussions, especially those in Chapters 3 and 4, a sociological approach 

was suggested for examining the interdisciplinary research (IDR) patterns for the social 

production of scientific knowledge. Specifically, scientific knowledge production in 

China's biotechnology industry is envisaged as embedded within an interaction-network 

with diverse disciplines working as social status groups. Having postulated how crucial 

it is to understand the IDR as socially shaped, I take up in this chapter the problem of 

how organizational arrangement works to socially produce knowledge. More 

specifically, the organizational form of the IDR, in this chapter, is taken as a structure of 

socialization in modelling scientific research, where collaboration across boundaries - 

disciplinary or cultural - becomes closely interconnected with highly diverse social 

actors. 

 To begin with, how does an organizational structure take shape in optimizing the 

cognitive labours of researchers from varied disciplinary backgrounds while fostering 

collaboration of social actors with different cultures? From a standpoint of 

organizational management, to secure collaboration across disciplinary borders also 

serves as part of the competitive advantage strategy in organizing scientific research 

activities. Further consideration in this chapter is given to the relationship between 

organizational structure and collective production of scientific knowledge in China’s 

biotechnology industry. Situated in the interaction-network where diverse social actors 
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interact, collaboration across disciplinary boundaries has already been systematically 

enhanced, and an R&D institute is finding some organizational form of scientific 

knowledge production to be better suited to the challenges and opportunities it has to 

deal with. Specifically, the case study also poses the question of whether a breakthrough 

in organizational design can lead to improved outcomes of the IDR patterns adopted in 

China's biotechnology industry R&D. It is empirically known that the BGI's 

organization of scientific research relies largely upon the modularity of various project 

teams and their work in the sequencing-based industrial R&D. Consistent with this, 

individual researchers are generally assigned membership of project teams while 

retaining their own disciplinary identities. In this way, cognitive labours are less liable 

to cause dispute at an individual level but are mediated as collective efforts. 

Collaboration across disciplinary boundaries is hence deemed as essential in daily work 

there.
49

 In the meantime, in attempting to industrialize the outcomes of an emerging 

scientific field of genomics, different organizational patterns are desirable for China's 

fast growing biotechnology industry in a rapidly changing environment.  

 Rather than limit the discussion to the varied organizational forms, say vertical, 

horizontal, or matrix structures (see more details in Davies and Hobday, 2006; 

Wheelwright and Clark, 1992; Poli, 2006, amongst others), the first section of this 

chapter examines a set of essential features of the cognitive labours under the IDR 

patterns. The section then considers the major points to be covered in designing an 

organizational structure for a paradiscipline in the R&D sector within China's 

biotechnology industry. The empirical evidence collected in the fieldwork, together with 

the analysis of reports tracking some recent development of the BGI, indicates that an 

ongoing modification of organizational structure in the BGI presents a promising 

alternative to the well-established projectification. I argue that such a social 

arrangement embedded within the social settings of China’s biotechnology industry also 

serves as a device for generating and distributing social power. Specifically, it consists 

of a set of careful planning choices designed to guarantee extremely high reliability. 

                                                        
49  As one researcher in the BGI stated, 'co-operation crossing disciplinary boundaries is 

something you cannot work without' [in the BGI] (see interviews in fieldwork stage I). 
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Such an organizational effort improves the chance of having social credibility attached 

to scientific knowledge, and hence confirms the legitimacy of the IDR scientific 

research.    

 It is the reliability of the R&D infrastructure achieved in organized cognitive 

labours that enables the device of social power to work. However, this organizational 

arrangement could be dangerous to the efficiency of R&D practices. A notable 

drawback of the organizational form of projectification on IDR is the reduced mobility 

of skills, knowledge, and expertise. Projectizing scientific research gives rise to 

routinization or duplication of the cognitive labour. One plausible solution discussed in 

the second section, namely social construction of ‘trading zones’, is to delocalize 

disciplinary knowledge by facilitating interactions between disciplines, as well as 

scientific cultures. Given a background of ‘Big Science’, both internal and external 

'trading zones' are included in the discussion. I argue that the mode of sequencing-based 

industrial R&D pioneered in the BGI is remarkable in furthering the division of 

cognitive labour among research institutes. This further justifies the ‘trade’ as the course 

of science progresses. A reference to the collaboration between theorists, 

experimentalists, and engineers in the development of physics is also adopted in 

examining the model of data-based research emerging in ‘Big Science’. The analysis of 

the social construction of ‘trading zones’, in this section, contributes to our 

understanding of the disunity of ‘Big Science’. In particular, how does a socially 

constructed ‘trading zone’ in the IDR project affect the organization of ‘Big Science’, 

where theory, experiment, and data do not proceed simultaneously? To what extent is a 

paradiscipline correlated to the ‘trading zone’ in securing the mobility of cognitive 

labours crossing disciplinary boundaries in the social context of China’s biotechnology 

R&D?   

 The final section of this chapter explores a switch from operational control to 

organizational management of IDR practices where social construction of 'trading 

zones' is affected. In line with the goals and missions of organized cognitive labours, 

which are predefined and clearly articulated, scientific research is increasingly taken as 
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a manageable process in China’s biotechnology industry R&D sector. The meaning and 

impacts of such a switch, however, has received less attention than it should in both 

scholarly discussion and management practice - in particular how the new distribution 

of social power will affect the stratification of policy makers, given the marginalization 

and re-interpretation of expertise in S&T governance (Jasanoff, 2011). To what extent is 

knowledge production contributing to the diversity of policy-making initiators, as social 

power is being generated in a culturally diverse context? Discussion around these 

points, I argue, will bridge the modelling of scientific research in this chapter and the 

discussion of China’s biotechnology industry R&D governance in Chapter 6.  

5.2 Beyond the Projectification 

As stated in PMBOK (Project Management Institute 2004, p. 5), 'a project is a 

temporary endeavour undertaken to create a unique product, service, or result'. Notably, 

three features are also highlighted in distinguishing a project from activities of any other 

sort, namely being temporary, unique, and accompanied by progressive elaboration. 

Given the temporary nature of the project, in projectizing the activities of a collective, a 

definite ending is elaborated before the project starts. It could be either completed after 

achieving its initial goals or terminated without any satisfying outcomes, and the 

working unit of the project team is believed to seldom outlive the project (ibid). In the 

industrial R&D terrain, however, a different picture is being presented, as scientific 

research becomes closely interconnected with social and institutional factors in 

producing marketable knowledge. As identified in the BGI, an ongoing effort in 

modifying organizational structure, unlike a temporary projectification, is to build a 

longer lasting structure for scientific research, with a more pervasive influence on 

China's biotechnology industry R&D. 

5.2.1 Conflicts between ‘productivity’ and ‘production relationship’ 

Serving as the basic units in organizing scientific research, projects compose the R&D 

sector in the BGI. These projects may vary greatly in size and productivity; they all 

share the common aims to create quantifiable products or services on the basis of DNA 
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sequencing. Moreover, scientific knowledge production carried out in projects is 

designed to yield deliverables, either as all or part of a product or service. Like any 

other continuing activity, R&D work in a project is designed to be performed and 

developed in a progressive manner from the beginning. As the project carries on, better 

and more complete understanding of the research objectives will lead to more explicit 

and detailed project scope than was initially designed. Scientific knowledge, in terms of 

sequencing-based products or services, is hence progressively elaborated. During the 

course of project work, model construction, interpretations of data, and adoptions of 

R&D strategies are made as the team members see appropriate, but are subject to proper 

approval from leaders with higher ranks in the current organizational structure. This 

situation is well illustrated in one interview by a manager:  

[Interview (Shenzhen, 16
th

 February 2011) excerpt - 1] Manager Y is a 

chief regional sales and cooperation manager for the UK market. Y is 

currently in charge of marketing and constructing R&D cooperation 

networks in British areas. Y had worked in the BGI for less than one 

year at the time when I did fieldwork there in 2011. During that period, 

Y firstly worked in one sector for experiments, then became a manager 

in creating and maintaining the networks, commercial or academic, in 

the UK. Y obtained a Bachelor in Electronic Information Engineering, 

and a Master's degree in Biophysics.  

Y: The project teams are usually organized following the 

direction of R&D and the individual researcher's willingness 

to work for an R&D project. We have a wide range of projects 

here, such as those for animal and plant disease. In the 

projects around disease, researchers from the groups doing 

experiments or dealing with information come together for 

common goals in furthering disease research. If there are 

thousands of them to do research on diabetes, for example, 

they must have someone to be in charge. He or she could come 
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from the experiment group or information group but will be in 

charge of everything. Such a person, acting as a project 

manager, will co-ordinate all steps from initial experiment 

design to the information analysis at the completing stage. 

... The project leader is to provide the overall guidance for the 

researchers. The specific R&D tasks are thus assigned 

downwards to the researchers with a guiding outline attached, 

rather than being decided by those who perform in the real 

situation but with lower rank. 

 'Downwards' (downward assignment of R&D tasks), as Manager Y mentioned, 

indicates the hierarchy (see more detailed discussion on the stratification of status 

groups as well as their members in Chapter 4). On the other hand, project work in the 

BGI is conceived of as a collection of researchers organized to achieve a set of clearly 

defined objectives (diabetes research project, for example) with given resources 

(information, amongst others). The major steps of organizational effort by the project 

manager normally include planning, execution, and controlling. During the course of 

these actions, the administration system at all levels is also involved. The hierarchical 

administrative structure and participative project management system, however, find 

themselves in a varying relationship of tension and balance. As in the case of the BGI, 

conflicts are termed, following a Marxist tradition, as being between 'productivity' and 

'production relationship'. The Director of System of Science and Technology (SST, the 

major R&D sector of the BGI) summarizes: 

[Interview (Shenzhen, 17
th

 February 2011) excerpt - 2] Director Li is 

currently in charge of SST which was recently expanded from the 

R&D unit formerly known as ‘Special Force’. Li has worked in 

BGI-Shenzhen since 2006, and is running the system with more than 

six hundred researchers. Working mostly on research projects, Li has 

co-authored an impressive list of published papers in the top 

academic journals including Science and Nature. Li graduated from 
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Peking University with a Bachelor’s Degree in Biology Science in 

2008. Arguably, Li holds the second highest post in the BGI.  

Li: in the BGI, we conveniently call this 'productivity and 

relation of production'. We (including research staff members 

and our innovation management system) are 'productivity', and 

administrative sectors are 'relation of production'. We are 

indeed in the situation that the development of 'productivity' is 

restricted by the 'relation of production'. Let me give you an 

example: a salesman is trying to take an order from a 

professor, and the professor will stay for only one day in 

Beijing, not Shenzhen
50

. From Shenzhen to Beijing, this 

salesman has no choice but to travel by air, which is very 

reasonable and practical. However, two questions may emerge 

in practice: first, what is the rank of this salesman? Is he 

entitled to travel by air? Second, due to the arrangement at 

short notice, there is most likely only first class air travel 

available. Although meeting this professor is a critical step to 

get the contract which is extremely important in furthering the 

service we may provide, this salesman can only choose not to 

meet the professor if he has to obey the regulations. This is 

ridiculous, and I can only say, 'relation of production' greatly 

restricts 'productivity' in this case.  

 It is interesting to note the categorization of staff members into 'productivity' and 

'relation of production' in this case. It might be useful to map the administrative 

structure of the BGI in this way
51

. More importantly, it reveals an intrinsic point of 

power in deciding access to social resources behind it. In seeking for power 

re-allocation so as to defend their own positions when conflicts emerge, the initiators of 

                                                        
50  City of Shenzhen is where the headquarters of the BGI are located; see more details about 

geographic distribution of the BGI in Chapter 3.   

51  This Marxist tradition definitely means more in a sociological study of knowledge production, 

see more detailed discussion in works on knowledge as social order (Mazzotti, 2008, in particular). 
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structural modification in the BGI, mainly from the R&D project management rather 

than from administrative departments, highlighted primarily three strategic 

considerations (amongst others): technological advance, market demand, and collective 

good of the institute.
52

 Clearly, these overlapping goals point to the capacity of 

scientific expertise to solve problems perceived as being undermined by the existing 

administrative structure. R&D project management needs to establish clear and 

achievable goals in balancing the competing demands for quality, scope, time and cost. 

Moreover, targets, strategies, and the different concerns and expectations of various 

actors from the interaction network are also channelled into the governance of scientific 

research, as well as an organizational culture in which the research takes place. 

 As a status group including members varied greatly in disciplinary backgrounds, 

R&D infrastructure in the BGI is typically part of larger collective; say the BGI, the 

network of China's biotechnology industry, and the global genomics community. In line 

with this, the organizational arrangement for the IDR projects in the BGI is influenced 

by both external and internal factors. The endeavour to modify the structure of R&D 

organization is designed to optimize scientific knowledge production in the 

sequencing-based R&D. However, the R&D activities performed physically in the BGI 

are actually interconnected globally with other external sectors and institutes engaged in 

the field of genomics research. Via their defining and defending of their own collective 

good, more status groups are involved socially, culturally, or institutionally, in shaping 

the organizational structure of the scientific research in the BGI. As in the example 

mentioned by Director Li in the interview (the interview excerpt-2), the professor and 

his affiliation did provide a good reason for the modification so as to finally have a 

contract signed with the BGI. In this way, market demands are to be better 

accommodated, and revenue generated to reinforce investment into technological 

advance and growth of the institute.  

                                                        

52  Both the manager and the director in the interviews expressed their understanding of the aim 

of the ongoing structural modification: 'the ultimate goal is to improve the overall efficiency' 

(Manager Y), and to serve 'the value for the whole institute (BGI) ' following the 'strategic direction' 

of the BGI (Director Li). 
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5.2.2 Blending and distributing knowledge as collective activities 

Under the IDR scheme, to produce knowledge as the organization of information and 

data assisted by social categories, including a reassessment of them, requires a social 

rather than individual epistemology. The recombination and reconfiguration of all 

disciplines involved form the basis for new forms of scientific knowledge production. A 

projectizing approach to scientific research leads to the modularity of R&D project 

teams and their cognitive labours. See the following interview with Director Li.  

[Interview (Shenzhen, 17
th

 February 2011) excerpt - 3] Director Li.  

Li: It is not procedure; it is project, which is different. There is 

a fixed route for a procedure, but a project is made up of 

varied tasks. These tasks are articulated clearly in the initial 

plan, and we adopt different modes of thinking when it comes 

to practice in a real situation. Say, we have got descriptions on 

'How' and 'When', we have our own mechanisms for regular 

review and decision making, and much more. Normally, 

scientists are encouraged to work with perseverance. However, 

we do not always encourage our researchers to do so in our 

mode. Specifically, if we work on developing a technical 

process, I should estimate in the initial plan the probability of 

success and the level of uncertainty in each step. I must also 

have a back-up plan. For some critical links of technology 

development, I will not just assign one project team to do the 

job. To achieve a higher rate of success for the whole project, 

we must adopt here the model of projectification, organizing 

multiple project teams to work simultaneously. Probably, team 

one can guarantee a success rate of 50%, team two 40%, team 

three 20%, etc., and collectively a success rate of 80% or even 

90% could become achievable. This is different from what was 

normally being done in a laboratory following a classic way, 
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say to try one project after another, which is extremely time 

consuming with no guarantee of success. We have a different 

way of carrying out scientific research here in the BGI.  

Modularizing project teams with the calculation of probable success rate signifies a 

consideration of reliability, which is backed up by the targeted average success rate to 

be achieved collectively by all teams working simultaneously in the BGI. This is surely 

one focus in designing the organizational form of the scientific research in the BGI. 

However, projectification is not necessarily the only choice. An alternative 

organizational arrangement in the BGI appears to be even more promising, with higher 

compatibility between cultures. More than the modularization of functional units or 

sectors, the central facets of this modification towards quantifying scientific research 

also include an 'engineering principle'
53

 in overall planning and control. This principle 

indicates the strong human intervention in directing cognitive labours around very 

complex entities or systems by systematically peeling off unnecessary details. 

Furthermore, every facet of such an organizational arrangement is not only to have 

R&D objectives and outcomes quantified more clearly but also to enable the dynamic 

process of the IDR project to be well suited to a given application context. In the 

meantime, what are the social norms, values and organizational structures that we see 

being co-constructed in the IDR scientific research?  

 Modularization is to make researchers fit better into the collaborative scientific 

production crossing disciplinary boundaries. As engineering principles are being applied 

to organizing R&D activities, DNA sequencing which "allows storage of the genetic 

instructions for life as a digital file” (Gibson, et al., 2010, as cited in Calvert, 2010) is 

not just examined as a combination of technical activities around machines. Alongside 

the IDR projects being conducted, it builds norms and values of collaboration into the 

outcomes of scientific research which are to be traded. The BGI managed to thrive even 

during a global recession, which has been demonstrated by its rapid growth not only in 

size but in R&D capacities as well. Performing projects for others under contract serves 

                                                        
53  This 'engineering principle' is also mentioned in the interview cited in the later section as 

'mode of engineering'. 
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as the major channel from which its revenue is generated. Accordingly, the 

organizational structure has accommodated the co-existence of dual management 

systems in facilitating project performance and maintaining operational control on the 

larger scale.
54

 Organizational support to efficiently and effectively meet an IDR 

project's needs becomes highly desirable in the BGI.  

 

 

Key: A1 - A4 = Administrative departments and sectors of the BGI (Department of Finance, 

Department of Personnel, etc.) 

     P1 - P4 = IDR projects running simultaneously in the BGI 

     D1 - D3 = Deputies from administrative departments working in support of R&D project 

management 

Figure 5.2.2-1 Delegation Organizational Structure 

    As can be seen in Figure 5.2.2-1, a vertical dimension of administration and a 

horizontal dimension of the IDR projects constitute the frame of the organization. These 

two dimensions do meet each other, in terms of collaboration or conflicts as mentioned 

before. However, under the current arrangements, more actors from administrative 

sectors are merged into the new structure. Specifically, the administrative side, namely 

the personnel or financial department, has supplied the work of recruiting, training, 

evaluating, accounting, tracking, and reporting support for the directors in charge of 

                                                        
54  A dynamic governing scheme adopted in the BGI, as can be identified in the fieldwork carried 

out in the BGI-Shenzhen during February 2011, presents a notable co-existence of and 

interconnection between management systems in the bureaucratic and the organic style. Respectively, 

stability of institutional operation and efficiency of scientific research are emphasized by such a dual 

management system. See more detailed discussion in Chapter 4. 
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multiple, simultaneous projects. More recently, deputies from administrative 

departments were sent to STS so as to specify the support they could provide, according 

to one manager (see interview excerpt - 4 as cited below). In this way, a delegation 

organizational structure has been achieved in the BGI. Moreover, the deputies 

connecting both sides - 'productivity' and 'relation of production' - provide an ideal base 

for further organizational modification, leading to the greater solidarity of all actors 

from both dimensions.   

[Interview (Shenzhen, 16
th

 February 2011) excerpt - 4] Manager Y.  

Y: Experiment and information units make up the core functional 

sectors in the BGI; the heads of the experiment department or 

information department are the second highest in rank. And 

heads of personnel and finance departments hold the same high 

ranks. There is at least one from personnel or finance located in 

each R&D department, so as to connect both sides. 

 Even along the linkage within the interaction-network, values, norms, beliefs and 

expectation could be fragmented. Policy making procedures and authority relationships 

are necessarily based on a new balance of power distribution over the course of 

blending and distributing knowledge. In becoming a more aggressive and 

entrepreneurial institute, the BGI provides the opportunities to have unusual or even 

high-risk approaches more likely to be approved. On the other hand, the presence of a 

hierarchical administration structure is apt to lead the directors of the IDR projects to 

encounter challenges with a highly participative style. To have each researcher under 

one clear supervisor with higher rank and grouped by his or her specialty of disciplinary 

knowledge, or to have their collocation legitimated by the IDR, has become a means of 

social power generation and distribution. The organizational arrangement choices 

closely correlate with the question of how resources will be controlled, and by whom, as 

well as to what extent an IDR project leader will enjoy independence and authority. A 

matrix organizational structure with high flexibility, I argue, serves as an ideal 
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alternative to reduce the clear tensions between R&D projects and operational 

administration. The two sides, 'productivity' and 'relation of production', become 

interconnected with each other exactly in one plane. Consequently, more joining points 

are created for frequent and immediate interactions. See Figure 5.2.2-2. 

 

Key: P1 - P4 = IDR projects running simultaneously in the BGI 

     A1 - A4 = Administrative departments and sectors of the BGI (Department of Finance, 

Department of Personnel, etc.) 

Figure 5.2.2-2 A Matrix Organizational Structure 

Note: Adopted from Project Management Institute 2004, Maylor et al. 2006 

 '...Problems may be transient and groups short-lived, the organization and 

communication pattern persists as a matrix from which further groups and networks, 

dedicated to different problems, will be formed' (Gibbons, et al. 1994, p.6). The set of 

operating procedures the matrix is developing provide an increasing likelihood for the 

R&D staff to delegate cognitively to the other social actors via collective scientific 

knowledge production. Hence social power is generated and distributed among project 

directors and heads of administrative departments. Rather than being put in a deciding 

position with formal authority, administrative departments are assigned the supporting 

role of providing advisory services. See the interview: 

 [Interview (Shenzhen, 17
th

 February 2011) excerpt - 5] Director Li.  
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Li: To do or not to do? Who is to make the decision? Are 

functional departments legitimated to make the decision, say to 

disapprove a scientific research project or an industrial 

development project? Are they to provide recommendations or 

final decisions? We hope they are to provide no final decisions 

but recommendations. We are now reforming our structure, as 

in STS, we hope to divert administrative departments to be 

supportive by providing services, rather than to be 

decision-making. They might be in charge of strategies at the 

macro level but not the policies for the practice in a specific 

situation. As in the previous example, it should not be the 

consideration of the Finance Department to decide which kind 

of air ticket the salesman can travel with. They should 

consider bigger issues; say the goal of taking this order.  

 In contrast, R&D powers from both the project management layer and the scientific 

research executive layer will benefit significantly from the integration of cognitive 

labours and enjoy increasingly strong authority.  

5.2.3 Removal of the tags  

The discourse of inner organizational arrangement is closely tied to a specific time and 

space horizon, within which scientific research is to be undertaken and evaluated. 

However, the examination of the IDR projects the BGI is involved in also indicates 

some collaborative modelling of knowledge production at the larger scale, with more 

external institutes enrolled. According to analysts working on the projectification of 

science, scientific inquiries in project works tend to be designed more formally and 

explored more clearly, say from a well-defined problem to a reachable solution (Parker, 

Vermeulen and Penders, 2010; Vermeulen 2012). To differentiate this projectification 

model from the classic problem-solving oriented scientific research, it is highlighted 

that various societal realms are also enrolled and co-built into the project format. 

 The social production of knowledge in China's biotechnology industry R&D sector 
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calls for analysis in terms of a social epistemology in the social interaction networks 

(see more detailed discussion on the collective feature in Chapter 4, section 1). Aside 

from its historical roots, this trend is also largely affected by the newly emerged model 

of knowledge production against the background of 'Big Science'. In line with this, the 

way in which social credibility is attached to the R&D outcomes is beginning to change. 

These factors, I argue, are not to be ignored in understanding the IDR patterns in 

China's biotechnology industry R&D sector. More attention must be given to one major 

implication it brings forth into modelling of scientific research in contemporary society: 

the removal of tags
55

, organizational or disciplinary. 

 The IDR patterns as scientific research strategy and the correlated organizational 

arrangements, in their interaction and combination, amount to a transformation in the 

mode of scientific knowledge production. This transformation is formulated in detail as 

from Mode1 to Mode 2, according to Gibbons, et al. (1994). Scientific knowledge is no 

longer deemed as merely being produced within a disciplinary and primarily cognitive 

context but rather situated in a broader social and economic background, in a manner 

crossing existing organizational and disciplinary boundaries. Since Gibbons suggested 

decades ago that 'a distinct set of cognitive and social practices' (ibid) emerged, 

scientific research management has experienced a huge wave of revising efforts, 

primarily led by the occurrence and rapid growth of 'Big Science', with biology, 

specifically genomics, as its pioneer. In particular, a more flexible organizational 

structure but with a higher level of reliability opens the chance for a wider range of 

social actors to collaborate on problems defined in a more specific R&D activity, where 

a localized context encounters the delocalization of the disciplinary knowledge of 

researchers. 

 Following the logic of problem solving, R&D activities in the BGI are organized 

around a particular application, which is strictly packaged by the contracts with the 

customers of sequencing data provided by BGI. Knowledge production then is directed 

by a broader range of stakeholders who are interconnected and aligned from the 
                                                        

55  Tags, in this chapter, refer more to limitations on the basis of disciplinary or cultural 

categorization than descriptions of properties related to one's disciplinary or cultural identification. 
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beginning, and knowledge is created under a clearly designed process, governed by a 

utilitarian principle.
56

 'Knowledge production ... is the outcome of a process in which 

supply and demands factors can be said to operate, but the sources of supply are 

increasingly diverse, as are the demands for differentiated forms of specialist 

knowledge' (Gibbons, et al. 1994, p.4). Consequently, social credits are attached to the 

knowledge only after the interests of all social actors are included in the continuous 

negotiation; knowledge production indeed becomes diffused throughout the social 

context via a set of interactions with players with various roles. Specifically, the inputs 

of social resources also exhibit diversity, with a variety of requirements and 

expectations from other actors becoming interconnected. From defining problems and 

setting research priorities to interpreting and diffusing the results, researchers working 

on an IDR project do not perform alone behind the walls of laboratories. This fact, in 

turn, urges the researchers to increase their sensitivities to the broader implications of 

their scientific research. '...to incorporate options for the implementation of the 

solutions...[which are] are bound to touch values and preferences of different 

individuals and groups that have been seen as traditionally outside...' (Gibbons, et al. 

1994, p. 7)  

 In Chapter 3, I have argued that an assemblage of disciplines is involved in 

organizing the IDR projects in the BGI. Aimed at achieving integration of disciplinary 

perspectives as well as individual cognitive labours, the assemblage is more than having 

a range of researchers of varied disciplinary backgrounds collocated around problems. 

Against the application-oriented context, inquiries are from the planning stage guided 

by a specific consensus
57

, which is also largely conditioned by commercial 

considerations from the market. The shape of the final solution is beyond the reach of 

any contributing discipline, which is also a leading rationale behind interdisciplinarity 

(see Chapter 1 for an examination of the notion of 'interdisciplinarity' in the relevant 

literature). In characterizing knowledge production as crossing disciplinary boundaries 

                                                        

56  See Chapter 2 for the discussion focused on this utilitarian perspective as it evolved in the 
development of China's modern science and technology (S&T) enterprise. 

57  I will talk more about consensus (and common sense) in Chapter 6, though mainly from a 
perspective of cultural analysis. 
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in Mode 2, Gibbons (ibid, p.5) highlights the trend of ‘transdisciplinarity’, in which the 

evolving framework is developed and sustained to guide problem solving efforts with 

stronger compatibility to varied disciplinary cultures. This framework, I argue, is 

interdisciplinary in nature.
58

 Specifically, it comes out of joint efforts from contributing 

disciplines but cannot be reduced to its disciplinary parts without cognitive loss. Being 

deprived of their disciplinary tags, a distinct set of theoretical structures, research 

methods and strategies take shape as a result of cumulative effort. In this way, the R&D 

outcomes, rather than being communicated exclusively through disciplinary or 

organizational channels, tend to diffuse among the participants initially enrolled into the 

process of production. In the meantime, an increasing number of institutional, cultural, 

and social channels are seen as maintaining - formally or informally - the 

communication links between producers and consumers of sequencing data, and 

between social actors. As a result, rigid boundaries that used to be drawn clearly by 

existing organizational tags in the BGI, such as ‘disciplinary’, ‘administrative’, and 

‘projectizing’ among others, are experiencing some form of dissolution. Evidence can 

be seen in current arrangements for the IDR projects organization, where project team 

members of all kinds actively cooperate with each other in spite of their differences in 

disciplinary or cultural backgrounds.   

5.2.4 Defining and defending the collective good          

Contracts with those consuming sequencing data or relevant services offer the BGI a 

significant expansion of demand for expertise from more disciplines. It is noteworthy 

that the contract is indeed grounded on a market basis, where supply and demand 

interact. Such a market basis provides a mechanism for allocating social resources as 

well as for defining and evaluating the quality of knowledge production. Supply and 

demand mutually articulate and mediate each other: accumulation of sequencing data 

may stimulate theoretical breakthroughs and get the application of genomics study 

empirically grounded at an acceptable level; in return, social credibility and financial 

investment achieved by genomics research are also to be shared by data generation and 

                                                        
58     See a theoretical discussion on the differences between 'transdisciplinarity' and 

'interdisciplinarity' in Chapter 1. 
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analysis institutes. Otherwise, sequencing data itself is not readily available to be sold or 

bought.  

 This two-way flow of social resources and new scientific knowledge creates for the 

BGI a challenging situation, yet one with opportunities in it. Given spaces provided by 

removing disciplinary and organizational tags, the organizational structure of the BGI is 

ready to be modified in adopting strategies to tackle problems that emerge in the process 

of generating and trading sequencing data with other institutes. New organizational 

arrangements are being designed to accommodate the changing and transitory nature of 

the industrial R&D based on sequencing. This modification, I argue, is also to have the 

collective good defined and defended for the status group of knowledge producers, 

particularly those newly recruited from disciplines which may be otherwise irrelevant to 

genomics study.   

 Increasing numbers of graduates enter the job market in China, and to attract a large 

share of them, an institute needs more than just the capacity to consume the knowledge 

and skills they already possess. More importantly, the research organization is also 

required to improve their employability by performing its training function effectively. 

Through its ‘innovation programme’ and in-house training, as depicted in Chapter 3, the 

BGI gets the newly-recruited staff properly prepared for the problems and situations 

estimated even by graduates themselves as remote from the disciplinary knowledge and 

skills they were originally equipped with. Moreover, an ongoing goal in the BGI is to 

facilitate the growth and enhancement of the individual capacity to produce knowledge 

collectively in the process of the collaboration of their cognitive labours. Disciplinary 

skills or expertise become interlocked, and researchers thus have their common good 

redefined in terms of collaborative knowledge production, in spite of disciplinary 

identifications. See the interview:  

[Interview (Shenzhen, 17
th

 February 2011) excerpt - 6] Director Li.  

Li: as genomics is a newly emerging subject, most knowledge 

of this discipline is new. Researchers might be varied in 
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disciplinary backgrounds, but they are put in the same starting 

point in the subject of genomics. In particular, Genomics and 

Bioinformatics are extremely interdisciplinary in nature. 

Researchers' disciplinary backgrounds, other than computer 

science or mathematics, do not really work in these new 

disciplines... Computer science provides working skills, and 

mathematics a way of thinking, but biology is not particularly 

useful here. If they do not try to change themselves, biologists 

might find it is hard to work here in the BGI. 

In the specific situation of project work, as mentioned in the interview, researchers’ 

knowledge, skills, or expertise are re-evaluated as a ‘way of thinking’ or ‘working skills’ 

in the given context. They are obliged to borrow knowledge or conceptions from each 

other so as to build their own capacity to work. Norms and values of collaboration thus 

become reinforced in individual behaviour, which, in turn, modifies their beliefs in the 

collective good.    

 Beyond quantifying the process, broader ranges of considerations are also 

incorporated into the quality control of scientific knowledge production in the BGI. In 

the case of sequencing-based industry R&D in the BGI, being cost effective, socially 

acceptable and ethically sound is as crucial as recognition from the academic world. The 

evaluation system becomes more flexible and context sensitive than peer-review on a 

disciplinary basis, which is also a requirement set by the training purpose of the IDR 

project immediately after researchers educated in the disciplinary sciences are recruited 

into the BGI. See the interview:  

[Interview (Shenzhen, 17
th

 February 2011) excerpt - 7] Director Li.  

Li: This disciplinary barrier existing in job fairs is related to 

the fact that China's higher education is somehow 

disconnected from practice in real situations. Besides, it is 

hard to change public perception. As they hear of the BGI, they 
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immediately believe that what we are doing here is irrelevant 

to them for they are not biologists. 

As a matter of fact, after a graduate gets any job, the first 

thing for him/her is to re-study. The question is how to explain 

such a re-study. Some may tend to perceive it as merely an 

adapting process if their disciplinary backgrounds are close 

enough to the fields they are now working in. But those who 

work crossing disciplinary boundaries, such as my former 

classmate
59

, might regard the re-study as an extra task only 

because they work in different research fields. They are more 

likely to choose to leave the BGI, which is completely 

unnecessary, for if they can integrate themselves into our 

programme, they will find things are better than they had 

expected. However, it is hard for them or their teachers to 

change their perceptions, and they do not change their 

perception at present.  

As to the evaluation standard, however, more often than not the newly enrolled 

researchers did express their anxiety about their work in the BGI failing to gain 

recognition from the disciplinary communities they graduated from. In talks with those 

still at the stage of internship, I noticed in the fieldwork a considerable trend of planning 

for entrance exams for postgraduate schools. One institutional step to relieve this 

anxiety could come from the process of building social norms via the collective actions 

of status groups in the BGI, albeit in an incremental way.  

 In the BGI, cognitive labours in the IDR project primarily manifest as a group 

phenomenon, with the individual researcher's contribution subsumed as a component. 

Accordingly, organizational control over such mission-oriented research is practiced as 

a socially extended process of accommodating a large variety of interests. Moreover, 

organizational arrangement indicates how social power is generated and shifted as the 

                                                        
59    Another example will be given in the later citation of this interview. 
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revenue of the institute increasingly derives from the IDR projects. Implications of the 

IDR thus extend to cover the access to and control over social resources by the 

researchers as one social status group. Simply put, it is interaction between all social 

actors that bestows the capability to control social resource across institutional 

boundaries and to accumulate cognitive capacities across disciplinary boundaries 

between knowledge producers. The production and distribution of knowledge progress 

across the social spectrum, in turn, strengthens the interaction network in which 

numerous interconnections are being continuously expanded by the contracted 

collaborative IDR projects. Moreover, formal agreements and alliances, and informal 

networks all play crucial roles in maintaining communications between different actors 

when the same privilege is given to scientific expertise. And the interaction is 

guaranteed by a more flexible organizational structure being constructed in the BGI: 

[Interview (Shenzhen, 17
th

 February 2011) excerpt - 8] Director Li.  

Li: Researchers are encouraged to try different posts within 

the ecology of the R&D system in the BGI. Also in creating 

opportunities, and in our evaluation system, we tend to support 

this. In STS of the BGI, scientific research is organized and 

implemented in the form of projects. 'Engineering mode', as I 

mentioned before, is to embrace a different 'discipline' by 

organizational action with a purpose of achieving bigger 

goals. It requires more integrated quality, and apparently, we 

have such integrated quality in our STS. As people in the past 

held that 'He who excels in study can follow an official career', 

all managers in our STS are qualified by their excellent 

performance in previous R&D practice; they all have qualified 

themselves in practice. Tasks requiring integrated quality were 

initially assigned to see if they are qualified to be managers or 

just suitable for the work related to their disciplinary 

backgrounds. Truly, doing this is risky, for you do not know the 

outcomes in the beginning as you use the real projects to 
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provide researchers with training opportunities. More 

importantly, however, we dare to take this risk, for we attempt 

to create an open platform and a free atmosphere for the R&D, 

as well as systematic opportunities for all researchers to work 

and exchange ideas together.  

 In this case, a diverse array of tasks around research objectives is designed for both 

consideration of project progress and training purposes. What is of special interest in 

Director Li’s description of an ‘Engineering Mode’ is the quotation of ‘'He who excels 

in study can follow an official career.’
60

 Director Li employed this quotation for the 

apparent purpose of explaining how a team leader comes out of research practices. In 

my interpretation, the process (study) is actually how the social production of 

knowledge in the IDR project works. And the quotation conveys not only how an 

individual gets access to power (in terms of control) but also how the common good 

becomes defined and defended under the control of this sort of working as a normative 

standard. 

5.3 Trading Zones in the IDR Scheme 

In constructing a paradiscipline (the initial stage of organizing IDR projects where 

multiple disciplines are involved), no specific barriers have been identified to putting 

researchers of varied disciplinary backgrounds together, at least for those who have 

been already recruited into the BGI. However, there is no guarantee that social or 

intellectual coherence will follow to a satisfying level if the organizational arrangement 

merely provides the chance for disciplines to meet each other. The priority must be 

assigned to facilitating interactions in the process of socialization of project team 

members crossing the disciplinary and cultural borders.  

 As the BGI expands in size to accommodate multiple simultaneous project teams 

working under a matrix organizational structure, will the social and cognitive 

                                                        
60    In Chapter 2, a scholar-bureaucrat virtue is discussed as both historical tradition and social 

norm in science talking to power. The same quotation is employed in the discussion but varies 

greatly from its use in this chapter, both in content and in its implications. 



 

 177 

interconnection be enhanced or weakened by the physical and cultural distance? Will 

the density of interaction be diluted or concentrated? Will the membership carrying 

social status become devalued or appreciate? The answers to such questions may rest on 

how to solve the problems of routinization and duplication of cognitive labour in 

managing scientific research, especially when both problems are seen as caused by a 

lack of cognitive transferability. Accordingly, in this section, I argue that the social 

construction of 'trading zones' for exchanges based on local coordination of beliefs and 

actions provides a plausible solution.  

5.3.1 ‘Trading zone’ as delocalizing mechanism 

In mapping the various subcultures participating in physics as interacting groups, 

Galison (1997b) notices the connections between scientific cultures and the professional 

identities of scientists. Specifically, scientific subcultures are adopted conventionally in 

identifying the affiliations of scientific research by different collectives, namely a 

conceptual subculture is tied to theoretical physicists, and a material subculture to 

experimental physicists and engineers. Given this cultural structure of science, cognitive 

integrity across disciplinary boundaries is enforced by the separation of science 

subcultures. For instance, conditions of ‘theoreticity’ are deemed as related to how to 

gain social credibility for ideas, whilst those of 'instrumentality' are more material and 

physical. On the one hand, clusters of practices situated in varied cultures or subcultures 

become tied with each other as socialization of the members progresses either between 

individuals or collectively. On the other hand, all conditions governing theoretical or 

material culture are in nature temporal and change with time. At this point, Galison 

(Ibid.) puts forward an 'intercalated mode' of scientific research, within which cultural 

separation is believed to hold good as subcultures are intercalated with each other, 

provided that 'middle-term conditions' emerge as mediating factors 'that may achieve 

legitimacy as knowledge facilitating objects' (Galison 1997b, p. 671). 

 To escape from the problem of fragmentation of individuals tied to their 

disciplinary identities, more specific and localized socializing activities are likely to be 

enforced via organizational arrangements, so as to guarantee the socialization of 
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researchers as well as communications between them (See Chapters 3 and 4 for the 

detailed description of this sort of socialization as identified in the BGI). Transferability 

of cognitive labours, however, is not achieved merely by organizational arrangements 

for defragmentation, if there is no effective binding system to generate integrity out of 

local coordination. The 'Trading zone' is thus introduced by Galison (1997a), a concept 

which is also applicable to the IDR scientific research in the BGI. 

 'Trading zone' refers to a physical workplace to accommodate specialized scientific 

practices. It includes laboratories, seminar rooms, and other meeting points, within or 

out of a building, where 'architects' and scientists' expectations of intellectual proximity' 

are reflected (Galison, 1997b). The notion is further extended to cover organizational 

form, formal or informal, of interactions between members of different scientific 

cultures or subcultures. This sort of interaction could be on the one hand on a 

face-to-face basis via conferences or personal visits. On the other hand, they are 

becoming increasingly virtual, backed-up by advance in information and 

communications technology (ICT), rather than being situated in any spatial sites. To put 

it in a simple way, a 'trading zone' is for scientific subcultures in the 'intercalated mode' 

of scientific research to encounter one another physically or intellectually. Cultural 

borders, particularly disciplinary boundaries, appear as thick and irregular in organizing 

an IDR project (see interview excerpt - 9). The 'Trading zone' properly provides a place 

to examine the ways in which researchers coordinate their greatly varied disciplinary 

subcultures with each other, and how the BGI coordinates the sequencing data it 

generates with the results of genomics study by its customers. See the problems of 

coordination as mentioned by Director Li in the R&D practices: 

[Interview (Shenzhen, 17
th

 February 2011) excerpt - 9] Director Li.  

Li: Genomics is far from mature, or I should put in this way, 

the perception of Genomics has not properly progressed. I 

have experienced in many cases that I communicated with 

outsiders and found that some parts of what we are doing in 

the BGI can be better implemented by those more 
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professionally specialized, and their work could be very 

important. However, they generally do not realize that what 

they are doing can be applied in biology research, if they are 

not from the 'Big Science' of gene analysis sectors with a 

strong background in Genomics research. 

Namely, they have extremely mature solutions to what we are 

trying here in the BGI. This is the real difficulty in 

communications crossing disciplinary boundaries, and they 

are not inside our system, not like our own researchers with 

specifically assigned tasks. They do not know such a thing 

within our system, and this is the real barrier, they are all 

well-established researchers, professors, or experts. On this 

occasion, I may say your computing research is brilliant; 

would you like to join us? However, the barrier here is very 

strong. It is very hard to get them enrolled, and they even do 

not think it is important, for they have worked on this area for 

many years and think it is very mature and simple, no critical 

role to be played. Truly, it probably is if it is only employed for 

mathematical, statistical, or computer science research, not for 

IDR. It could be just a piece of cake in computer science; 

however, if it is applied in the research of biology, genomics, it 

could play an extremely important role.  

Such a problem, or ‘barrier’ in Director Li’s word, is not very likely to be solved 

without the construction of ‘trading zones’, whether internally via professionalization 

based on employment contract, or by external collaborative contracts between the BGI 

and other institutes to which the professor or expert is affiliated. 

 As in the case of the BGI, professionalization in scientific research progresses 

further as the BGI modifies its organizational structure. This modification increases 

researchers’ employability by better situating them to the given application context in 



 

 180 

the sequencing-based R&D practices; simultaneously, it provides more job vacancies 

for those from disciplines less relevant to genomics research, by promoting the 

marketability of the scientific knowledge. In this way, doing IDR projects as an 

occupation calls for attention to how integrity and competence are to be achieved, both 

cognitively and socially, while values, meanings, and social norms are all incorporated 

into building subcultures mediating the interactions between all internal or external 

actors. 

 The original production of disciplinary knowledge as well as its representation is 

reflective of local conditions, and the set of social norms of scientific knowledge 

applied and sustained in the process are tied closely to the highly local contingencies. 

Both sequencing data and services are produced or constructed initially by a certain 

group of researchers in the BGI, within the given social settings. Criteria for rating and 

selecting knowledge there may be very different for the customer and the producer. 

Furthermore, investors, governmental actors, and customers (comprising the majority) 

rarely apply them in the same cultural context. Instead, they perform according to what 

they prefer or believe in, in their practice. They do not wait until they have already 

accepted these data and services, given them status, or made them become social or 

institutional facts (Searle, 1995). In a process of delocalization by social construction of 

'trading zones', values, social norms, and institutional meanings of one disciplinary 

culture are able to 'stamp their mark on distant sites' (Galison, 1997b). Exchanges 

enabled by 'trading zones' give rise to the interactions through which disciplinary 

knowledge, skills and expertise blend and re-integrate in collaborative cognitive 

labours, in producing new knowledge in a given application context of the IDR project. 

In this interaction, a shared local meaning becomes transferable in 'trading zones' so as 

to ensure all sides in trade interact effectively, even without a universal understanding of 

the sequencing data, scientific ideas, or methodological precepts. Coordination around a 

specific problem thus becomes possible even when researchers and institutes do not 

possess globally agreed meanings. 

5.3.2 Communication and organizational arrangement in a paradiscipline 
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Ever since its first appearance, the notion of 'trading zone' has demonstrated great 

significance in furthering our understanding of the constructing of IDR patterns in 

modelling scientific research (Hong and Wang, 2006). According to Collins (2007), a 

'trading zone' is an interdisciplinary partnership combining perspectives from multiple 

disciplines. One primary step in constructing a 'trading zone' is to co-build a shared 

'trading language' so as to solve the problem of communication between all subcultures 

involved. In the case of this study, communication problems are largely connected with 

researchers' disciplinary boundaries as well as the cultural borders between social 

actors, both internally and externally.  

 In delocalizing scientific subcultures or disciplinary expertise for the IDR project, 

'trading zones' are embedded within the organizational structure of scientific research in 

the given application context. More than connecting different actors, I argue, the 

'trading zone' nourishes a more participative organizational structure, as it allows a form 

of scientific exchange language to thrive as the 'trading language' for all sides to adopt 

in real situations of exchange. Admittedly, when the scientific knowledge production 

progresses within the IDR projects, scientific objectives could be transferred without 

words, in the manner of 'tacit knowledge'. However, co-building a 'trading language' to 

solve the communication problem can help us understand how organizational 

arrangements will facilitate and guarantee a wide range of styles of social and scientific 

collaboration, as well as the ways in which they may evolve into one another. 

Specifically, the organized development of a 'trading language' serves as a good 

metaphor in examining the IDR project, particularly the possible destinations a 

paradiscipline could finally arrive at. Taking an anthropological approach, Galison 

(1997a) proposes three 'trading languages' that are developed in trading activities when 

sides in exchanges come from different cultures. These 'trading languages', namely 

'jargon', 'pidgin', and 'Creole', all adopt elements from at least two parent linguistic 

systems. In a similar fashion, a minimum of two disciplines are enrolled into the 

organization of a paradiscipline. However, these three 'trading languages' vary in the 

extent to which they facilitate communications across cultural borders. Specifically, 

from a primitive 'jargon' to a more developed 'pidgin' and ultimately to a possible 
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fully-fledged 'Creole', trading activities become increasingly intensified and the 

integration of the highest level is achieved when a 'Creole' takes shape, with sufficient 

structure and capacity to be a first language of its speakers. To put it simply, after 

'jargon' or 'pidgin' grows to be 'Creole', it becomes a language in a real sense, just like 

its parent linguistic systems. Consistent with this, the development of a paradiscipline 

could turn out to be a sub-discipline (pidgin) of its parent disciplines, or become a new 

independent discipline (Creole). However, this is not a necessary development. A 

paradiscipline may remain as merely the initial stage of the IDR project (jargon) 

providing a place for modularity of functional units where collaboration crossing 

disciplinary boundaries happens but to a minimal extent. Even in this case, it prepares 

new power with integrity of knowledge and expertise for the leadership of future IDR 

projects. 

[Interview (Shenzhen, 16
th

 February 2011) excerpt - 10] Manager Y. 

Y: performance on the previous project serves as a primary 

indicator in qualifying one to be a leader of the next project. 

Projects are varied in size in the BGI; directing a big project 

normally works on the premise that accumulation of 

experience in managing smaller project is sufficient. For 

instance, there currently is a project in cooperation with 

Cardiff University on the genomes of the falcon.
61

 The leader 

of this project in the BGI was previously in charge of a project 

researching genomes of ducks. It becomes easier for this 

leader given the previous experience in managing research 

activities around a bird. 

 In organizing sequencing-based R&D in the BGI, possibilities of coordination of 

cognitive labours derive from the higher level of integration of disciplinary knowledge 

                                                        

61  Collaboration between Cardiff University and the BGI dates back to 2008 when both were 

engaged in sequencing the Panda genome, see the report titled 'Giant panda genome to be sequenced' 

(Cardiff University, 2008). For a more detailed description of the recent project on the falcon 

genome, please see: ‘Genomic Sequences of Two Iconic Falconry Birds - Peregrine and Saker 

Falcons- Successfully Decoded by International Research Group’ (BGI, 2011).  
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and perspectives. In this sense, previous projects serve as preparatory work for the next 

ones by preparing not only project managers, project team leaders, or team members in 

the way mentioned in the interview cited above, but also the mode of cognitive 

collaboration and knowledge transfer. The ongoing modification of organizational 

arrangements in the BGI is correlated to the process in which 'trading language' grows 

to be a 'pidgin' with regularized phonetics, syntactic and lexical structure, for more 

complex modes of exchanges between speakers bearing different first languages.
62

 

Notably, the organization of the IDR following this trend is different to that of normal 

science and needs to be managed and assessed in different ways. Specifically, 

construction of 'trading zones' in the interaction network depends on the development 

and accumulation of shared expertise to achieve competence. In terms of practice, 

sequencing data is generated around research facilities while seminar rooms, group 

meetings, visiting BGI in person etc., are arranged in organizational terms as 'trading 

zones'. Within 'trading zones', the professionalism of the research team is based on 

integrity of cognitive labours, social credibility attached to the reputation and reliability 

of the BGI, and social resources exchanged with each other. The construction of 'trading 

zones' even starts in the BGI's efforts in improving its visibility, so as to make sure all 

sides or potential research staff and customers to talk about the same objectives in 

similar 'trading language', which includes reports or articles in scientific journals, mass 

media, BGI websites, official BGI sites on social networks (LinkedIn, Twitter, Weibo
63

, 

etc.), advertisement, events organized by BGI, and conferences attended with BGI.  

5.3.3 Construction of 'trading zones' as socialization 

In the context of 'Big Science', sequencing data is making huge inroads into nearly all 

the major fields of biology. Arguably, every scientific research endeavour using 

biological information will be affected in one way or another by DNA sequencing. Seen 

through the lens of SSK, cultural and institutional machinery is found in this flow of 

sequencing data among varied researchers, institutes, and other social actors. The 

                                                        

62  This accords with what I have put forward in Chapter 1, that a paradiscipline does not 

necessarily grow to be a new independent discipline. 

63  Weibo here refers to the microblogging websites in China. 
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construction of 'trading zones' enabling such a flow of exchanges of data with 

customized specifications, I argue, is intrinsically socializing scientific knowledge, with 

further division of cognitive labours in scientific research.  

 The degree of confirmation of the knowledge, in terms of data or information from 

fellow colleagues with different disciplinary backgrounds or subcultures, is already a 

social category. They cannot be defined without reference to cultural components, say 

disciplinary or institutional justification but in a given application context. According to 

Bloor (2004), 'the credibility of the reasons advanced, the preferences involved, and the 

authorities invoked, are themselves things that need to be explained by reference to a 

social context'. As identified in the fieldwork in the BGI, researchers tend to choose to 

orient themselves more positively to the claims of the disciplines they graduated from. 

In the current organizational structure based on the application of disciplinary skills and 

knowledge in the BGI, division of labour, if based on researchers’ educational 

backgrounds, remains under a frame of academic disciplines.
64

 Nonetheless, inherently 

social actions of defence and respect towards sequencing data within the social settings 

lead to further labour division in sequencing-based R&D projects in collaboration with 

external institutes. In the form of meetings or visits which result in contracts between 

the BGI and its customers based on customization, ‘trading zones’ make it possible for 

more reliable data to be accumulated in the BGI, with lower costs and shorter time for 

any remote biological research project in the world. It legitimates the further division of 

cognitive labours among theorists, data collectors, software developers, bioinformatics 

analysts, and other related specialists. Exchanges move forward in ‘trading zones’ 

leaving any incommensurability between theory, observation and experiment behind. 

See the below interview excerpt, in which Director Li gave a vivid example when 

talking about data accumulation, finds and hypothesis, but in a different order from the 

classic hypothesis-driven mode or even problem-solving logic:       

[Interview (Shenzhen, 17
th

 February 2011) excerpt - 11] Director Li.  

Li: Our perspective is by no means a negation of the 

                                                        
64  See Chapter 3 for the information provided by the Personnel Department of the 

BGI-Shenzhen. 
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traditional way of scientific research; I just believe a special 

research mode of 'engineering' is required in the study area of 

Genomics. We actually have no clear conception on the 

possible outcomes in doing research. On most occasions, we 

merely regard what to do as a general direction. We 

accumulate data towards this direction, and then we have our 

findings based on the data. However, we rarely form 

hypotheses at the very beginning stage without data. Normally, 

we tend to form a hypothesis in generalizing our works in data 

mining; this hypothesis will then guide the furthering of our 

research, rather than getting a hypothesis at the beginning. I 

was discussing with a senior researcher this morning the 

research project in cancer. He/she was wondering if our 

ongoing research will confirm the initial hypothesis; I 

responded that 'I cannot answer your question at this stage'. 

Because this research requires data accumulation, and I can 

conclude what we will be able to achieve only based on data 

accumulation. And there is no anticipation at all, as it is. Even 

so, I still believe we should carry out this research, for there is 

decidedly not one certain conclusion in scientific research. It is 

actually of the same importance to draw a certain conclusion 

or a different one. 

 In turn, social process influences the content of knowledge. Even if taking their 

disciplinary or cultural backgrounds for granted, researchers might still find their 

knowledge and skills limited in handling problems in different situations. Thus a finitist 

perspective, I argue, justifies their involvement in contributing to the collective 

epistemology in the IDR projects. A finitist approach, according to Bloor (2004), holds 

that past usage does not explain the next case, specifically, each act depends on local 

contingencies, of which past applications serve merely as one factor. The meaning of 

knowledge produced in the IDR projects is actually grounded in experience, which 
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depends on exposure to a finite number of examples. Accordingly, every act of 

knowledge application, at least in principle, requires sociological scrutiny of the context 

of its use. The strategies, attitudes, and organizational arrangements, once embodied in 

scientific practice, are not just personal or subjective anymore. Via social construction 

of a ‘trading zone’, they become collectively encoded and sanctioned.  

5.4 From Operational Control to Organizational Management 

'Science develops in various social structures, to be sure, but which provide an 

institutional context for the fullest measure of development? ... The 

institutional goal of science is the extension of certified knowledge.' 

 (Merton 1973, pp. 269-270)  

Throughout this discussion, I intend the organizational arrangement for the IDR patterns 

in China's biotechnology industry R&D to be treated not as an exogenous structure that 

is adopted wholesale.
65

 Instead, the ongoing modification of organizational structure in 

the BGI showcases the piecemeal construction of a system, mediating delocalization of 

knowledge, communication between different cultures, and the generation and 

distribution of social power. We are now in a position to understand some more 

pervasive implications of such a set of efforts, with a specific focus on modelling 

scientific research in an era of 'Big Science'. The strength of this analysis, I argue, lies in 

taking construction of an organizational structure as not merely the sum of the 

individuals involved, but social, cultural, and institutional as well. More generally, 

discussion of a shift from operational control to organizational management in 

modelling scientific research is to contribute to our understanding of the relation 

between socialization structure and scientific knowledge production.  

5.4.1 Distribution of social power 

The emphasis of this section is on depicting the relation between knowledge production 

as a collective social process, and organizational arrangement as a social power regime. 

Power, social or natural, denotes capacity. According to analysts working on power and 

                                                        
65  What happened to the disciplinary structure of scientific knowledge in China serves as a good 

example here; see more detailed discussion in Chapter 2 on the disciplinarised institutionalization of 

China's modern S&T enterprise.  
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scientific knowledge (Barnes, 1988; Haugaard, 1997; Schoenberger, 2001, in 

particular), although social power shares the same existing characteristic as capacity 

with natural power, it distinguishes itself in its originating source and obtaining means. 

As Barnes puts it: 

‘[A]ny specific distribution of knowledge confers a generalized capacity for 

action upon those individuals who carry and constitute it, and that capacity 

for action is their social power, the power of the society they constitute by 

bearing and sharing the knowledge in question. Social power is the added 

capacity for action that accrues to individuals through their constituting a 

distribution of knowledge and thereby a society.’  

(Barnes 1988, p. 57) 

When various IDR projects are running simultaneously in the BGI, the normative 

characteristics of the researchers as status groups are illustrated in their collective 

commitment to collaboration in 'trading zones'. Specifically, their attitudes towards 

allocation of social power are also demonstrated in the matrix organizational structure. 

Being translated into the structural distribution, social power is particularly derived 

from control over socially valued resources. Notably, equal or unequal balances of 

power may emerge among actors in the collaborative ventures. It is evident in the BGI 

that biologists comprise the largest share of the research staff, and the majority of 

project managers or team heads bear degrees in biology. Ideally, the disciplinary status 

group works in balancing social power distributions when the group members 

compromise with other groups in seeking for higher level integrity of cognitive labours 

of the larger collective (see more detailed discussion on the compromise feature of the 

collective action of status group in Chapter 4).     

 When it comes to access, ‘social power is a capacity for action which actors gain 

through membership of the social system’ (Haugaard 1997, p. 24). Accordingly, an 

increasing number of actors are experiencing their working roles being redefined as 

project team members, which is contemporaneous with the project taking shape. The 

project managers have increasingly high status and direct control over material and 

intellectual resources for the project. The whole Institute is situated in the matrix 

consisting of IDR projects and administrative sectors, which is consistent with the 
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changing nature of control. The changes in the power distribution and social norms that 

emerge alongside the socialization in 'trading zones', in turn, further switch the 

individuals into a projectized way of working and thinking. In a project situated within a 

matrix organizational structure, epistemic efforts in defining objectives, integrating 

perspectives and expertise, and designing strategies to tackle problems and to evaluate 

outcomes are actually a part of the material social processes. Progressing with the 

growth of 'trading zones', this process becomes more involved in the working out of 

power relations within and across administrative, hierarchical, participative, or 

disciplinary and cultural borders. This gives rise to a chance for a new balance to come 

into being in the BGI: when sequencing data is transformed into reliable knowledge that 

its customers will accept, social power is conferred on researchers for the purposes of 

achieving the collective good. The distribution of social power, in this case, is 

effectuated by how the IDR defines knowledge as being produced and made socially 

acceptable and exchangeable across the relevant disciplines and cultures. The 

construction of a ‘common language’ expressing difficulties in one field so as to attract 

attention from others, as depicted in the following interview, is related to power 

generation as capacity to solve research problems. 

[Interview (Shenzhen, 17
th

 February 2011) excerpt - 12] Director Li.  

Li: ...one of my former classmates whose previous study field is 

communication engineering joined us in bioinformatics 

research. Bingo! He felt himself matched very well with the 

research; and his colleagues think very highly of him/her. 

He/she is very quick at learning and progresses very fast. This 

is a very typical example of interdisciplinarity.  

One question is, only one student with undergraduate 

education was involved in this experiment. Let's imagine how 

powerful the research capacity could be if it is to be applied in 

our R&D practices. More likely, many tough problems in the 

bioinformatics research are actually simple enough for those 
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from different disciplines, as long as they are really willing to 

try to understand our research. In this case, the disciplinary 

barrier is more directly caused by different understandings and 

the switch in language system as well. Even though one 

problem is unsolvable in one field, it needs to be described 

precisely so as to draw attention from other disciplines. It is a 

problem because different languages are used in different 

disciplines, and I believe this is the very place we are indeed 

required to consider and to solve the problem gradually.  

 Social power measured by pay or status will shape the modelling and organization 

of scientific research. On the one hand, it justifies further division of labour in 

professional development and career ladders, as staff members in the SST of the BGI 

are further professionalized as system head, IDR project team leader, senior scientist, 

principal investigator, lab technician, educator, and secretary, among others. On the 

other hand, it removes previously drawn boundaries in work tasks and processes, which 

are largely grounded on the traditional understanding of scientific research as being 

social influence free, but somehow serving the social good of both material civilization 

and ideological progress in China.
66

 In articulating disciplinary cultures, Schoenberger 

quite rightly links scientific knowledge production with social power in proposing that: 

'...the recognition and validation of intellectual work is unavoidably 

connected with the accumulation of the social resources that testify to the 

worthiness of the practitioner.'  

(Schoenberger 2001, p. 368) 

The distribution of social power within a matrix organizational structure in the BGI, I 

argue, goes beyond the status group members' previously shared norms of ordinary 

daily behaviour and ways of interacting. The changing socialization, not only in seminar 

rooms and lab work, but also in eating in the staff canteen or playing in sports clubs, 

fundamentally entails the basis on which power, authority, rights and obligations are 

                                                        
66 The Soviet Union model of S&T understanding and governance, more or less, influenced this 

tradition in China since its founding in the year of 1949; another useful resource in understanding 

this relation between science and society is Shapin's (2011) recent work in reviewing 'Michael 

Polanyi and His Generation: Origins of the Social Construction of Science' by Mary Jo Nye. 
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produced and allocated crossing the disciplinary and cultural borders. These physical 

places and organizational domains work as internal 'trading zones'. Moreover, external 

'trading zones' connecting the BGI and the sequencing data customers contain 

overlapping interests and cognitive labour rearrangement, primarily in written contracts 

and transfer of knowledge. Both internal and external 'trading zones' symbolize the 

joining points in not only a matrix of organizational structure in the BGI, but the 

network of social power distribution in 'Big Science'.  

5.4.2 Governing ‘Big Science’ 

The ongoing modification in the BGI does more than raise its members' awareness of 

collaboration in a new mode of socialization. In addition, the matrix organizational 

structure legitimates and stabilizes an alternative allocation of power and rights, which 

is expressed by the epistemological commitment and division of cognitive labour, based 

on the coordination achieved in the 'trading zones'. This matrix in itself, however, is far 

from stable. More variants are actually involved in decision-making, communication 

and the execution of plans, which all affect policy-making in real situations. They 

further contest and destabilize a broader allocation of power, rights, and social 

validation across disciplines and cultures. 

 Discussion of organizational arrangement in this chapter has so far focused on 

depicting social mobility of knowledge and power at rather a micro-level in modelling 

scientific research. This last section and the next chapter extend this discussion to a 

macro scale, to also cover an emerging switch in governance of the R&D under the IDR 

scheme, against the background of 'Big Science'. Specifically, this switch from 

operational control to organizational management poses the problems of how scientific 

knowledge production, social power distribution, and governing practices gear into each 

other effectively in China's biotechnology industry R&D. One leading direction in this 

exploration is to study policy-making in interaction networks, by analysing the pattern 

of social relations. As a pattern of positive or negative choices based on some criterion 

such as liking or disliking, social network is comprised of individuals who are choosing 

to be for or against other individuals in a small group or much larger assemblage of 
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persons (Homans, 1986). Social networks arise out of the choices individuals make for 

interacting with others, firstly in organizing the IDR project teams, then in distributing 

social power following the hierarchies within and among status groups. It is nearly 

impossible to govern such an IDR pattern of scientific knowledge production by 

legitimating individual contingencies. However, the claims from the perspective of SSK 

exhibit that knowing testifies to itself as a social process, with knowledge as the 

collective accomplishment thereof (Barnes, 2007). Collective characteristics, say 

cultural and institutional factors carried forward by organizational arrangement, thus 

open up another window from which to cast our eye over governance of R&D practice 

in the IDR pattern, which embodies the features of scientific research within the 'Big 

Science' context. 

 Organized socialization helps produce identities symbolizing researchers' positions 

in a project team, or institute more widely. Membership of an IDR project team is 

powerful not only in combining disciplines intimately but also in linking up cognitive 

labour with material and social assets. The stakes involved in maintaining the integrity 

of this identity are particularly high, and it is not surprising that some researchers in the 

BGI tend to tag themselves as team members rather than through their disciplinary 

identification (see Chapter 3). This compromise collective action of status group over 

discipline, as a matter of fact, underlines the mediating roles played by cultural and 

institutional processes in 'Big Science'. Under these processes, all social actors involved 

get to know, and have their behaviours mediated by, one another, though in an 

incremental way. Cultural and institutional facets of governance carry on the 

coordination originating within 'trading zones' in harmonizing and integrating beliefs 

and actions. On the other hand, there is also another trend that they work to police 

borders in defining and defending the distribution of social power. 

5.5 Conclusion  

Given that experiments, theories and observations do not necessarily progress 

simultaneously, sequencing-based industrial R&D can be seen as contributing to 

biological science, even if only by adding data up for genomics research. Nonetheless, 
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interaction at varied levels is needed to enable this diversity of sciences to work 

together. In modifying its existing organizational structure into a matrix, the BGI 

presents an ideal example for examining how organizational arrangements correlate 

with the social process of scientific knowledge production against the background of 

'Big Science'    

 In differing from the widely accepted notion of 'projectification', this modification, 

as well as its underlying tenets, is characterized as more related to the integrity of 

cognitive labours and the distribution of social power. Furthermore, a closer 

examination of this emerging organizational structure reveals that both cognitive 

integrity and power distribution are interconnected with each other in the socialization 

where conflicts emerge, scientific knowledge production dissolves and distributes as 

collective activities, and actors removes their disciplinary or cultural tags in defining 

and defending the collective good. Interactions within this social process rely largely 

upon the construction of 'trading zones' and the way these work in a certain 

organizational arrangement. Specifically, a 'trading zone' takes shape in solving the 

problem of communication crossing boundaries of disciplines and cultures or 

subcultures. It furthermore works as a delocalizing mechanism in a highly participative 

organizational structure, to realize coordination between beliefs and actions. 

Consequently, chances open up for exchanges to happen, even if not all sides in the 

trade possess universal understanding of the items being traded. Successful exchanges 

of ideas, data, expectations, etc. avoid the possible routinization and duplication of 

cognitive labour. The construction of 'trading zones' is social in nature; moreover, values 

and norms co-built within it are long-lasting and they bring more pervasive 

implications, both for scientific research collaboration and social power distribution.  

 This discussion of the organizational arrangement further throws light on the 

interconnections between social settings, R&D strategies and scientific research 

modelling. The final section of this chapter also indicates that governance of the IDR 

R&D activities is linked to a normative and culture-building agenda in China's 

biotechnology industry R&D sector. It is notable that cultural or institutional factors do 
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not inevitably harmonize and stabilize social relations within an IDR project; they are 

also the arenas for struggle. Thus in designing good governance practice, social norms, 

cultural diversity, institutional impacts, and social determinants of quality control will 

all have to be modified and incorporated into a policy making scheme.       
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CHAPTER SIX 

GOVERNING CHINA'S BIOTECHNOLOGY INDUSTRY 

R&D: POLICY-MAKING AND MANAGEMENT 

PRACTICE FOR THE IDR 

 

6.1 Introduction 

China's biotechnology industry R&D, exemplified by the BGI's pioneering work on 

sequencing-based industrial R&D, has evolved and accelerated over recent years. As 

discussed in the previous chapters, such progress occurred in the context of the 

country's transition in its approach to economic growth. Over this transitional time, 

scientific expertise has been gradually accepted and empowered, to reach a dominant 

position in strengthening the network of China's biotechnology industry. The 

significance of policy and governance for China's biotechnology industry R&D, 

however, has not as yet been the subject of public policy aspirations. 

Interlocked with the country's massive efforts to boost its economy and further 

foster social advancement for the public good, science and technology in China are 

socially shaped, following a doctrine of the 'knowledge-economy'.
67

 Scientific 

knowledge production, specifically within industrial R&D activities, has also become 

an increasingly critical arena for studies of both S&T policy-making and R&D 

management practice. Recently published works (Zhang, 2002; Wang, et al., 2009) 

indicate that more integrated analysis is highly desirable in further understanding 

policy-making processes specializing in the biotechnology industry R&D sector. In 

particular, a sober assessment of policy-making modes in China's biotechnology 
                                                        
67  See Chapter 2 for more detailed explanation of the campaign for a 'knowledge-economy' as the 

orientation of scientific knowledge production triggered in China in the late 1990s. The central 

tenets include emphasizing S&T innovation on a market-oriented and commercially-driven basis. 
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industry will also reveal some easily overlooked implications for how to optimize the 

management practices on sites where scientific knowledge production featuring the IDR 

pattern is ongoing. 

 Meanwhile, the study of policy-making tailored to China's biotechnology industry 

R&D becomes even more urgent, given the fact that the policies, laws and regulations 

currently applied in the industry’s R&D are largely out of pace with the requirements set 

by the industry’s development. For example, administrative regulations on R&D 

investment were drafted and enforced some three decades ago.
68

 In the intervening 

years, China's biotechnology industry has not only expanded in size but altered its 

growth patterns as well. The full picture of China's biotechnology industry, as detailed 

in the introduction chapter of this dissertation, has been re-sketched boldly after 

experiencing development at three stages. However, the regulations designed to be 

specialized for the industry remained unchanged, despite the switch of priorities, the 

adjustment of development patterns, and the amendment of the industrial structure. 

More recent factors have emerged, such as the alliance of venture capital and research 

infrastructure, which must be taken into account in revising the policies in this regard. 

More important, as discussed primarily from a sociological perspective in Chapters 3 

and 4, are the pervasive impacts that have been so far brought into the R&D practice 

and research communities by the IDR. Therefore, to achieve sufficient and efficient 

governance of China's biotechnology industry R&D, the IDR, as one widely adopted 

R&D pattern and strategy, has to be included in the analysis. It is time for appropriate 

positions of policy-making and governance of China's biotechnology industry to be 

identified, carefully delineated, and dealt with specifically. 

 In this chapter, I shall start with a brief overview of the modes of policy-making 

that have been deployed, shedding light on the governance of China's biotechnology 

industry R&D. Leading factors are identified for the dynamic process of policy-making 

to be discussed. Two major points are highlighted: cultural transition occurring among 

                                                        
68  One living proof is the Administrative Regulations on the Allowance for New Products Testing, 

Pilot Experiment, and Scientific Research by the Ministry of Finance and State Council of People's 

Republic of China on 21 October 1972; these regulations are still deciding, together with other 

policies, which funding or grants are accessible, and to what extent, for the R&D activities in the 

BGI.  
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the research groups, and the social effects of the IDR pattern. In particular, cultures are 

created and sustained by the IDR project team works, where disciplines works as status 

groups in the meantime. In sketching the transition from the cultures largely shaped by 

China's historical heritage and social settings, I employ the Grid-Group Analysis (GGA) 

by Douglas and analysts working in that tradition (Douglas, 1970; Spickard, 1989; 

Mamadouh, 1999). Cultural analysis of the IDR projects where discipline works as 

status group, however, is not necessarily confined by the framework of categorization 

set by the GGA. Specifically, empirical fieldwork suggests that the cultures at the level 

of groups and subgroups are not stable enough to be categorized in the typological 

approach set by the GGA. Rather, in this regard, the analysis in the later sector turns to 

cultural theory with a broader scope. 

 Before arriving at the relevant policy implications and suggestions, this chapter 

includes also documentary analysis of the regulations collected in the case study on the 

management practice centred on the IDR projects in the BGI. Empirically, this lends 

strength to the argument that both policy-making and management system design, to a 

greater or lesser extent, are largely contextualized in scientific knowledge production. 

Even though the internal regulatory documents are still being continuously revised and 

updated alongside the development of the BGI, those collected from the fieldwork 

should suffice for the purposes of this chapter.  

6.2 Modes of Policy-Making 

In the light of discussions in the earlier chapters, this chapter examines the 

policy-making modes for better governance of China's biotechnology industry R&D 

activities. In addition to evaluating the regulatory efforts from governmental bodies at 

both central and local levels, this examination will start from recent tendencies that have 

emerged in China's public policy-making. Studies of these tendencies reveal the shifting 

fortune of actors involved at varied stages, which provides a necessary basis for further 

understanding the variables in the process of policy-making, with the purpose of 

clarifying the distribution of power.  
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 This section then proceeds to discuss the policy-making modes specifically to be 

applied to China's biotechnology industry by adapting the existing theoretical 

frameworks from SSK and others in recently published literature. The focus of this 

discussion lies in how scientific expertise gets involved in policy-making over the 

course of an IDR project. As the project carries on, researchers with varied disciplinary 

backgrounds are enrolled in joint epistemic efforts, while more social actors become 

connected via the interaction-network. 

6.2.1 Transitional policy-making in China public administration 

In his comprehensive yet specific overview of modern China's policy-making efforts, 

Wang (2008) categorizes the models illustrating the intertwining relationships between 

the key variables. Variables, primarily two kinds of them, indicate plausible 

explanations for how policy-making is initiated and to what extent the different players 

are involved. On the one hand, the first kinds of variable, initiators, decide where and 

how policy-making is needed. These initiators include decision makers, advisors and 

citizens. On the other hand, these initiators do not work in isolation from the social 

environment they are working for; another kind of variable is thus involved, public 

engagement, low or high. In a typological approach, Wang (2008) then identified in 

China's case six modes of policy-making: Closed-door (with decision-maker as initiator, 

low public engagement); Mobilization (initiated by decision-maker, but with high public 

engagement); Inside Access (with advisors as initiators, low public engagement); 

Reach-out (initiated advisors, but with high public engagement); Outside Access (where 

citizens serve as initiators, with low public engagement); and Popular Pressure (initiated 

by citizens, but with high public engagement).  

 It is summarized that all six modes co-exist in contemporary China, though to 

varying degrees. Nonetheless, there is an obvious intention to support a tendency of 

'decentralisation' in the evolution of policy-making in modern China. Supporting 

evidence is that when the mode of Closed-door switches vertically to that of 

Mobilization or horizontally to Inside Access mode, more players get involved, either as 

advisors playing the role of initiator, or merely through public engagement at a higher 
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level. Furthermore, if these modes are to be analysed from a dynamic perspective, a 

growth in the number of initiators can be identified from a very limited number of 

decision-makers, then extending to a small circle of advisors around the core powers, 

and finally to inclusion of the citizenry at large. In the meantime, the strong tendency of 

increasingly higher levels of public engagement emerges. One plausible explanation 

Wang (2008) further provides is that higher levels of public engagement can be 

stimulated by the rise of popular pressure via stakeholder consciousness, the changing 

role of the mass media, and the rise of the internet. More players are getting more 

actively involved, with larger portions of the public becoming engaged. In this way, 

Wang depicts the fundamental transition that has so far occurred to the logic of Chinese 

politics. Even so, it is not true that everyone thinks his arguments are right, and his ideas 

are not to be accepted uncritically. As a matter of fact, I see a different picture to the 

author of the study and argue that a couple of points require further clarification when 

they are applied to policy-making in China’s biotechnology industry. 

 Rather than the ‘decentralisation’ following a one-dimensional top-down manner, 

policy-making in China’s biotechnology industry is set against the social setting of the 

interaction-network. In constructing interaction-networks, scientific expertise initiates 

knowledge production following the IDR patterns, in which R&D practices are 

organized to get not only researchers from a wider range of disciplinary backgrounds, 

but more social players enrolled as well. As discussed in Chapter 3, human capital, 

including qualified researchers from neighbouring disciplines, joins in the IDR projects 

of the biotechnology industry R&D sector, and meanwhile, powers from commercial 

markets and local governmental bodies become closely connected to the process. Given 

the fact that a commercial market exists, it is problematic to claim that the social 

shaping of scientific knowledge in China's biotechnology industry evolves in a 

top-down way. Instead, the IDR does not merely alter the strategies of R&D; it 

empowers scientific expertise as a whole, in the manner of a status group, in seeking the 

power to speak. It is true that a hierarchical structure does exist in such an 

interaction-network, both politically and epistemically. However, the dominant feature 

of it lies in the interactive relationships of the varied players collaborating in achieving 
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the common goals: claiming and defending social resources through economic 

development. It is notable that interactions do not exist vertically between policy 

makers and academic communities, as a top-down model might suggest, but 

horizontally between scientific expertise, market powers, and governmental bodies. 

 More strictly defined, advisors are also desirable for the purpose of the distribution 

of power. Apart from decision makers and citizens, advisors, an intermediate-sized 

group, are included in Wang's analysis of China's policy-making initiators. He limits the 

scope of advisors to 'the official brain trust that is close to the core of power' (Wang 

2008, p.63). When it comes to the case of policy-making in China's biotechnology 

industry R&D, however, this definition of advisors requires further clarification and 

modification. In particular, disciplines working as status groups within the larger system 

of the interaction-network play an active role in advising where and how a 

policy-making effort should be initiated. The IDR patterns enable researchers to 

enhance their cognitive labour through collaboration crossing disciplinary boundaries, 

sharing concepts and theories, and utilizing diverse work practices which encourage 

innovation. However, they are not the official ‘brain trust’ in an orthodox sense. 

Specifically, it is the structure of social conventions and institutions in which the R&D 

practices are embedded that serves as the vehicle carrying the collective knowledge of 

the research objectives, rather than the impact of official authority. Society plays a role 

in IDR projects by directing or re-directing attention towards certain areas of study, in 

particular via the process of target selection and cognitive engagement with the target 

once it has been located (Bloor, 2004). As a result, the shifting fortunes of the status 

group become obvious, as it will not always possess an acknowledged role in the 

distribution of power - it is sometimes even absent when research priorities are 

switched. 

6.2.2 Essences of policy-making for China’s biotechnology industry 

In order to further understand the actual political life of the players enrolled in the IDR 

projects in China's biotechnology industry R&D sector, I will now elaborate on the 

construction of modes of policy-making that envisage a closer relationship between 
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scientific expertise and power. The feasible modes stress the importance of the role 

played by society in the interactions between players from all sides. The point I am 

trying to make is that while the observation and monitoring of individual elements, such 

as decision-makers in both governmental bodies and R&D management systems, are 

important, we need to go further and return to the issues of the social shaping and 

organization of scientific knowledge production. The policy-making and governance of 

China's biotechnology industry R&D are strongly interconnected with scientific 

knowledge production; they cannot be addressed in isolation. Moreover, there are 

synergies and trade-offs between the policies, R&D practices and biotechnology 

products. In particular, via their research activities, researchers from varied disciplinary 

backgrounds working as status group members inevitably make efforts to speak to 

powers from both government and the markets. Their capacity to produce scientific 

knowledge entitles status groups of disciplines to shape policy on how to use this 

capacity, albeit in largely incremental ways. The existing models, as can be found in 

Wang (2008), might be valid in the long run of China's public policy-making evolution, 

but they become invalid as the social settings as well as historical or cultural context of 

the scientific research activities become varied. Thus, this attempt to seek not new 

models but essences of plausible ones is justified, even though we have existing models, 

as reviewed previously.  

 In describing the ways in which researchers’ activities function in affecting policy, I 

argue that the dissemination of science plays a central role in the discourse of status 

groups. Through scientific knowledge production, researchers offer information for 

policy. Although the information they offer is not always influential, it is, by and large, 

believed. Scientific expertise, more specifically the outcomes of biotechnology industry 

R&D activities, thus increase the researchers' potential to wield power. This tendency is 

embodied internally in the network of China's biotechnology industry but constituted by 

other cultural and institutional elements as well, which will be detailed in the later part 

of this chapter. The efforts by researchers in popularizing scientific knowledge they 

produce can also be taken to raise awareness and thus to consolidate the belief that 

everyone is involved, and in doing so incorporate more parts into the joint effort of 
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building mutual policy-making. Sound science is necessary for informed public policy 

and decision-making, however, scientific knowledge itself is far from sufficient in real 

situations. Watson (2005) points out that the problems have to be firstly identified and 

policy choices suggested afterwards in turning science into policy. The decision-making 

process seen from this dimension is value-laden in nature, and it integrates both political 

and technocratic elements. In order to be enrolled in deciding policy-making processes 

for China’s biotechnology industry R&D, scientific knowledge production needs to 

involve and to reach out to all players in the interaction-network, including not only 

departments and ministries in government but market powers as well. According to 

Wang (2009), governmental players including, the finance, energy, health, agriculture 

and construction ministries, amongst others, play a role as Obligatory Passage Points 

(OPP) in constructing and strengthening China's biotechnology industry network. 

Science delegation, however, should also be extended to cover the private sector from 

the commercial market. Specifically, stakeholder groups directly connected with 

consuming biotechnology knowledge in the form of either products or services, such as 

hospitals, pharmaceutical companies or agricultural cooperation, must be included in 

leading the policy-making in China's biotechnology industry, to focus on human 

security, health, and economic and social well-being. 

 In getting players from more parts delegated to scientific knowledge production, 

troubleshooting becomes another prerequisite for better policy-making in China’s 

biotechnology industry. The social power from governmental bodies and commercial 

markets, for instance financial factors, is systematically embedded within a society. 

Relevant social factors thus can be identified in the hierarchies, which have implications 

with regards to the access and influence of social power. In particular, they indicate the 

location of power. Moreover, such a system is also proved to be coordinated and thus 

controlled
69

. Members of elite, including political power, social players and researchers 

enrolled into the IDR projects, all contribute to the policy-making in China's 

biotechnology industry. Nonetheless, science knowledge production becomes a driving 

                                                        
69  In his briefings titled 'Science Policy: Sociology of Scientific Knowledge and Technical 

Expertise' held in ESRC Centre for Genomics in Society (Egenis) in University of Exeter late 2009, 

Professor Barry Barnes postulated a set of plausible modes in which scientific expertise finds the 

power to speak. 
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(though not necessarily leading) force in solving problems, not merely epistemically but 

also practically, by closely interconnecting all players possessing power. Through an 

analysis of this argument on troubleshooting, this study will in later sections arrive at a 

sociological picture of the IDR project and scientific knowledge production following 

such a pattern. Arguably, this picture suffices for all practical purposes and explains our 

strong intuitions that the pervasive implications of scientific knowledge production in 

an IDR manner make inroads into policy by possessing the credibility to solve 

problems. Via method migration, conceptual drift, and utilizing diverse work practices 

across disciplinary boundaries, the IDR widely adopted as the scientific knowledge 

production pattern in China's biotechnology industry R&D sector illuminates aspects 

unseen from the perspective of any one discipline alone. In this way, integration and 

interaction between the status groups involved are fostered, while social processes 

become integral to all aspects of R&D practices. Simply put, it is through social 

organization and interaction between researchers from different disciplines that the 

sophisticated adaptation to the details of the research objectives in China's 

biotechnology industry R&D activities becomes possible. Taking society as the organ of 

cognition, Bloor (2004) indicates that the social structure of knowledge serves as an 

enabling and empowering device. In this study, policy-making efforts also get help from 

the built environment of the interaction-network, where society mediates the 

troubleshooting. All players in policy-making must be aware that the credibility of 

policies focused on troubleshooting only makes sense when the behaviour of the players 

or the policies is set in the same social context as the IDR projects. The interaction, 

co-ordination, co-operation and collective action concerned in the IDR projects 

therefore are translated into the essences of policy-making for China's biotechnology 

industry on an ad hoc basis. 

6.3 Homogenization: Cultural and Institutional Socialization 

The trajectory of China's policy-making in public affairs underpins a further discussion 

on the normatively better policy-making practice in China's biotechnology industry. 

Embedded within the social settings of the interaction-network, the IDR patterns 
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moreover require the key players in policy-making to be more explicitly defined. 

Furthermore, closer examination of the policy-making modes takes us into the realm of 

the essences of policy as possessing power and credibility to solve problems. 

Specifically, the social process of scientific knowledge production facilitates the 

dissemination of science in speaking to powers. On the other hand, task-oriented R&D 

activities require the essence of troubleshooting to be followed in the policy-making 

process specialized to China's biotechnology industry. Although it is unclear whether 

these assumptions could stand up to critical scrutiny in the long run, empirical evidence 

collected from fieldwork does provide better grounding for these idea. This section 

sheds some further light on this strategy of IDR, as it is set in the real situation of the 

policy-making process. 

 My account of policy-making in this chapter relies heavily on the empirical 

findings discussed in Chapters 3 and 4, specifically, that varied disciplines enrolled into 

a paradiscipline are in fact situated in social networks of interaction. Furthermore, 

disciplines work as social status groups within the larger system of social players. In 

this regard, the compromise features of collective action by status groups define the 

basis for discussion of management systems in the dynamic procedure of IDR 

projects.
70

 Always bearing in mind the goal of the overall collective performance, 

perspectives like centralisation, decentralisation, or monopolization, based on 

individualism or instrumentalism, have lost their allure. Rather, a localized yet 

generalized symmetry principle enjoins us to think of policy-making itself in China's 

biotechnology industry being co-produced by scientific expertise and power, in a form 

of homogenization. In a cultural theory (CT) reading of this homogenization, players 

from all sides are culturally stimulated to work with high levels of social solidarity, 

achieved both within and between status groups. The interaction-network serves as the 

primary device connecting them all at this stage. From the New Institutionalism (NI) 

perspective (see more detailed explanation in works by Wildavsky, 1987, for example), 

regulatory, organizational, and institutional elements, formal or informal, foster and 

                                                        
70  See detailed discussions of the case study of the BGI in both Chapters 3 and 4 on how the BGI 

constructed the interaction-networks and further facilitated the strategies of IDR in accelerating the 

sequencing-based industrial R&D under compatible management systems. 
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maintain the process of social interaction within which not only scientific knowledge, 

but also policy choices make sense.  

6.3.1 Cultural analysis of management practices in the BGI 

The word 'homogenization' adopted in this study has connotations of 'changing' and 

'blending to arrive at the common ground'. Arguably, a prerequisite for the process of 

homogenization, in which co-produced policy-making emerges, is the presence of 

cultures and subcultures interact with each other. A careful cultural analysis therefore 

will further reveal to us how regulatory practices tend to evolve from the practical 

management of IDR projects, serving as an empirical study of the policy-making 

process in China's biotechnology industry. Arguments supporting these presuppositions 

can be found in the BGI case. Moreover, it is postulated following the documentary 

analysis that good practice in policy-making derives from the process of 

homogenization on a basis of socialization. 

 The definition of culture varies across fields of study, according to the scope of 

analysis. However, the concept of ‘culture’ as adopted in this chapter connotes primarily 

corresponding social relations, as well as the combination of various elements and units, 

including life style, bias, preference and shared value, amongst others. Indeed, 'culture 

is about how organizations work' (Hood 1995, p. 209). A cultural analysis of IDR 

project management in the BGI emphasizes interaction, integration and conflict in the 

social actions of the knowledge production process.  

Cultural theory surfaced in Douglas' path breaking works on 'grid-group analysis' 

(GGA) (1970, 1975, 1982a, 1982b, 1987, 1992, as cited in Grendstad and Selle, 1995). 

It has been further extended to found Cultural Analysis, leading to the new 

institutionalism in the field of political science (for example, Wildavsky's (1987) 

preference formation via constructing and organizing institutions, Hood's (1995) work 

on bureaucracy). In her wide-ranging anthropological works, Douglas introduced two 

interrelated concepts covering respectively two dimensions of sociality in a typological 

approach: grid, and group. In particular, grid is defined as 'regulation' and group as 'a 

general boundary around a community'. When they are applied to a specific collective, 
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'grid' gives a measure of structure, demonstrating how clearly defined an individual's 

social role is within networks of social privileges, claims and obligations, whilst 'group' 

indicates 'the amount of control their members accept' (Douglas, n.d.). In other words, 

'grid' presents the strength of the social roles within social networks governing how 

individuals relate to one another, and 'group' demonstrates the clarity of individuals' 

social position when it is defined as inside or outside a bounded social group. Varied 

interpretations and extensions of these dimensions have been provided by cultural 

theorists following Douglas, two of which are particularly relevant to this study. In 

developing CT so as to examine the individual’s political life, Wildavsky explains the 

dimensions of CT, more or less, by following Douglas' efforts in both grid and group: 

The dimensions of cultural theory are based on answers to two questions: Who 

am I? and What shall I do? The question of identity may be answered by saying 

that individuals belong to a strong group, a collective, that makes decisions 

binding on all members or that their ties to others are weak in that their choices 

bind only themselves. The question of action is answered by responding that 

the individual is subject to many or few prescriptions, a free spirit or a spirit 

tightly constrained. The strength or weakness of group boundaries and the 

numerous or few, varied or similar, prescriptions binding or freeing individuals 

are the components of their culture. 

          (Wildavsky 1987, p. 6) 

 Based on this explanation, it becomes natural that Grendstad and Selle conceive the 

dimensions of CT in terms of 'grid' as 'the social distinctions and delegations of 

authorities that limit how people behave toward one another', and 'group' as 'the social 

demarcations that people have erected between themselves and others' (Grendstad and 

Selle 1995, p. 12). A typical cultural analysis diagram can be sketched by fixing two 

dimensions respectively as the horizontal and vertical axes, with strength and weakness 

in the extremes which never meet each other. Four types of culture embodying the 

central features are thus categorized into quadrants A, B, C, and D, as can be seen in 

Figure 6.3.1-1. The quadrants, together with their cultural features, become varied due 

to their different scores in the strength and weakness of the two dimensions.  
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  Figure 6.3.1-1 Diagram of Cultural Types in Grid-Group Dimensions 

Note: Adapted from Douglas n.d.; Douglas 1970, 1982 as cited in Wildavsky 1987; Wildavsky 1987. 

 Specifically, CT is employed in this study to set the dimensions in examining how 

members from different status groups involved in the IDR projects want to relate to 

other people by social actions (simply put, to do) and how they want others to relate to 

them via self-identification (to be). Thus, the central thrust of the argument becomes 

focused on the relationships between identity construction (defining what you are) and 

power/credibility acquisition (deciding what you can do). Cultural theory, with the 

exemplar set by Grid-Group Analysis (GGA), provides a typological approach to 

endogenize and contextualize rational choices by status group members involved in the 

IDR projects. In particular, what I was witnessing in the case study of the BGI is not the 

result of some exogenous shock that knocked things off balance. Instead, management 

systems evolve on the basis of homogenization within fields and the subsequent 

diffusion into environments. Homogenization brings cultural components together as a 

synthesis with the possibility of still making the various components distinguishable.  
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Figure 6.3.1-2 Homogenization of Cultural Types Involved in the IDR Projects 

 As illustrated in Figure 6.3.1-2, three cultural types are enrolled into the dynamic 

process of homogenization, as can be identified in the case study of the BGI. Cultures of 

bureaucracy and the commercial market are pre-existing, and a paradiscipline culture 

emerges afterwards and initiates the homogenization, blending all cultural components 

from the three types. Firstly, bureaucracy has long existed before the emergence of any 

of the later cultural types
71

. The typical administrative system in China embodies strong 

hierarchical features in terms of social relations, say strong group and strong grid. The 

culture type associated with this can be found in the top-right hand corner of the matrix, 

tagged as quadrant C in Figure 6.3.1-1. The culture dominating this polar type of 

organization is particularly correlated to Weber's rationality type of bureaucracy 

(Douglas, n.d.). From the cultural dimensions perspective, the organizational regime of 

bureaucracy is characterised by two points: all actions are governed by the ascribed 

positional rules (to do only as the post you are holding requires), and all the constituent 

groups are also part of a comprehensive larger collective (to be only that as which you 

are collectively defined). Moreover, collectivism also features in both action and 

identification in the social interactions here. To those from the outside, it is extremely 

                                                        
71  See Chapter 2 for the discussion on the historic heritage of scholar-bureaucrat virtue.  
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hard to build any contact with anyone inside the group as a member individually, unless 

this interaction crossing cultures accords well with the central tenets of the 

organizational regime, and leads to the common goal set collectively. The strong impact 

of hierarchy from bureaucracy on organizational management can be found in the 

interactions between the BGI and governmental bodies; the internal administrative 

regulations in the BGI are set following the hierarchical structure of bureaucracy. 

Sample regulation documents were selected on a random basis, see Table 6.3.1. 

Table 6.3.1 Internal Regulations in Administration and Management in the BGI 

Title Date 

Administrative Regulations on Human Resource Information 

 

Measures and Mechanism for Stabilizing and Maintaining the Leading Staff 

Team of Middle and Advanced Rank (Draft) 

 

Administrative Regulations on Official Stamp of the BGI Headquarter and 

Institute 

 

Regulations on Recruiting Internal Teachers in the BGI (for Trail 

Implementation) 

 

Administrative Regulations on Internal Teachers in the BGI (for Trail 

Implementation) 

 

Scheme of Team building of the Leading Staff in the BGI (Draft) 

 

Administrative Regulations on the Credit System in the Education and 

Training in the BGI (for Trail Implementation) 

 

Guidelines for Fostering Team building of the Leading Staff of the BGI 

Unspecified 

 

25 November, 2010 

  

 

3 May, 2011 

 

 

24 March, 2011 

 

 

24 March 2011 

 

 

Unspecified 

 

28 March 2011 

 

 

Unspecified 

Source: Documents provided by the Cadre Division of the BGI in February of 2011 

As per these regulatory documents, staff members with higher rank enjoy more access 

to information closer to the key R&D infrastructure in the BGI. Take human resource 

information, for instance; the details with regards to job assignment and payment are 

strictly classified, but to different degrees; they are open not merely to implicated 

persons but also to those staff members who are ranked as 'coo' - those who are entitled 

to top rank. All information is further categorized on a descending basis of security 

classification: top-secret, classified, secret, and open. Accordingly, staff members with 
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access to information tagged with higher degrees of classification enjoy the right to 

know that of lower degrees. 

 The cultural type of the commercial market comes second, which is primarily 

initiated and driven by China's massive efforts in economic reform and opening-up in 

the decades since the late 1970s. Competition on the basis of individualism is 

encouraged, especially as scientific expertise got its post secured in interactions with 

powers. Consequently, the scientific community in China has been re-shaped following 

the 'knowledge-economy' model (see detailed discussion in Chapter 2). It is noteworthy 

that the whole unit of the BGI does not present the distinctive features of individualism 

(weak commitment, and weak regulation). Specifically, the culture (or more specifically 

life style) of individualism is the place where Weber believes the commercial market 

emerges, which corresponds to quadrant A in Figure 6.3.1-1. The impressive effort the 

BGI has so far made in the field of industrial R&D matches in principal this type of 

social relations. Homogenization, nonetheless, did not simply channel the economic 

transition occurring in China into the social interactions in the field of biotechnology 

industry governance. In the case of the BGI, culture dimensions fail to meet the 

standard set by the commercial market (A) of 'be what you define yourself as’, or 'do 

what you see as appropriate in profit-seeking'. Rather, the dimensions are highly 

correlated with the compromising tendencies of the status group members' collective 

action, as discussed in Chapter 4. Specifically, the paradiscipline (the initial stage of the 

IDR project, where IDR patterns serve as the dominant research strategy) is tagged as a 

quadrant X, not the same as any of A, B C, or D, see Figure 6.3.1-2. 

 When it comes to the paradiscipline (X), the culture is created primarily over the 

course of social interactions in the IDR project, where disciplines work as status groups. 

The compromising tendencies, through the process of homogenization, become 

embedded in the leading cultural dimensions of the X. Elements, factors, and principles 

of both bureaucracy (C) and the commercial market (A) are implicated, but in a 

blending manner. Measured by the scores in both dimensions, ideally X should be lower 

than C both in regulation and identification but higher than A. To avoid the illusion that 
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the X equals the Isolated (B), where fatalist culture becomes dominant and apathy 

permeates the social interaction
72

, I emphasize that this homogenization is dynamic in 

nature; it works in a way similar to a two-blade propeller. As a cultural type, the X only 

exists as the propeller spins, say when the two blades are blending and affecting each 

other through social interaction in the process of homogenization. This accords with the 

argument I put forward in Chapter 1 that paradiscipline does not necessarily lead to the 

birth of a new discipline; it exists only to the extent that more disciplines are enrolled 

and the IDR becomes dominant in cognitive labour crossing disciplinary boundaries. In 

a word, the X is a shadow blade; it exists but in an illusionary state; it only exists as a 

spinning propeller. Correspondingly, the cultural type embodied by X only emerges as 

the result of the social interactions in the process of homogenization; No social 

interaction, no X. 

 Furthermore, breaking away from the illusion of fatalism will save this analysis 

from another false tendency - to put policy-making in China’s biotechnology industry 

under a framework of totalitarianism.
73

 Truly, measured by the scores of cultural 

dimensions, the X holds a position with higher regulation but lower identification. One 

implication derived from this cultural type analysis is: to do as you are required by the 

collective choice, no matter what identification you hold. It thus become natural to 

move further to discard the link between a researcher’s disciplinary identity and the 

position he holds, but designed collectively within the interaction-networks. Chapter 2 

presents a notion of the interaction-network; in this chapter it is more clearly defined as 

the ways by which two or more cultures become related with one another. In this 

interaction-network, status group members as adherents of different cultures 

compromise, so as to draw upon their common policy choices to successfully claim and 

defend a shared good. Certainly, institutional arrangements and individual actions both 

matter. But the way they work can only be clarified if we avoid a false dichotomy of 

political life and biotechnology industry R&D activity, which would inevitably lead to 

                                                        
72  With a dominant culture of fatalism, individuals work under strong regulation (grid) but with 

weak commitment to their identification (group).  

73  In that case, the combination of fatalism and hierarchy posed by bureaucracy gives rise to 

totalitarianism (Thompson et al., 1990, as cited in Grendstad and Selle 1995). 
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an exogenous perspective on policy-making. Therefore, CT combining value and social 

relations as cultural types, a perspective of the new institutionalism, and some tenets of 

SSK, are all encompassed in further examining the socialization of policy-making in the 

mode of homogenization in an incremental manner. 

6.3.2 Institutions in socialization across cultural types 

In theoretical discussion across the fields of the social sciences, CT is conventionally 

taken as tightly connected with the rise of the new institutionalism (NI). For instance, 

CT is considered to be ‘a dynamic typology of the new institutionalism’ (Grendstad and 

Selle 1995, p.6). However, NI addresses the issue of whether and how institutional 

arrangements and social processes matter (DiMaggio and Powell 1991a, p. 3, as cited in 

Grendstad and Selle 1995). A central tenet in the sociological new institutionalism 

perspective employed in this section lies in also including factors of informal forms and 

actions in a more incremental manner, in analysing social interactions. In particular, it 

sheds light on to how the structural and informal components of political life involved 

in policy-making for the governance of China’s biotechnology industry R&D work.  

 By definition, “institution” refers to a relatively enduring collection of rules and 

organized practices (March and Olsen, 2000). Being embedded in structures of meaning 

and resources that are relatively invariant in the face of turnover of individuals, an 

institution is less susceptible to the preferences and expectations of individuals and 

remains stable in changing external circumstances (March and Olsen 1989, 1995, as 

cited in March and Olsen 2000). With such robustness comes a greater or lesser degree 

of inertia
74

; the institution furthermore tends to both constrain and enable outcomes 

without being the immediate and direct cause, even in the face of radical social, 

economic, technical or cultural change (March and Olsen, 2000). Study of the 

socialization crossing the cultural types which have emerged and co-exist around the 

IDR projects in the BGI will empirically further our understanding of how the 

institution can be understood as descriptive, as normative, and as performative. In 

particular, an institution as discussed in this study is maintained via organizational 

                                                        
74  ‘The force that keeps an object in the same position or keeps it moving until it is moved or 

stopped by another force’ (http://www.ldoceonline.com/dictionary/inertia). 
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structures, rules, law, contracts, hierarchies, standard operating procedures (SOPs), 

professional codes, and social norms playing a partly autonomous role in the social 

interactions that emerged in constructing the paradiscipline. According to Weber (1978, 

pp.40-43; as cited in March and Olsen 2006, p.7), institutions give order to social 

relations, reduce flexibility and variability in behaviour, and further restrict the 

possibilities of an exclusive pursuit of self-interest. By ordering socialization, 

institutions, namely rules, regulations, administrative measures, among others, are 

defended by insiders and validated by outsiders. Using institutions to explain local 

experience, or the creation of institutions out of local experience only makes sense 

within social interaction where institutions provide codes of appropriate behaviour, 

affective ties, and a belief in legitimate order. In doing so, the institution simplifies 

political life via normative standards, as per works in the field of political science by the 

NI theorists (March and Olsen 2006, for instance). To be specific, for the purpose of this 

study, institution are studied and interpreted here as cross-sections of the lives of the 

people involved. It is of overriding importance that organizations of social interaction 

adapt through turnover. In the case of the BGI, the institution making a difference in the 

R&D activities is driven by the transitions in structural elements of cultural types. In 

particular, the pursuit of careers and professional standards out of the academic 

communities dictate the flow of social mobility and interaction.  
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Table 6.3.2  External Regulations on Personnel, Recruitment, and Household Registration 

Promulgator Title Date 

Ministry of Human Resources 

and Social Security of the 

People’s Republic of China 

(Formerly known as Ministry of 

Personnel) 

 

Ministry of Human Resources 

and Social Security of the 

People’s Republic of China 

(Formerly known as Ministry of 

Personnel) 

 

Ministry of Human Resources 

and Social Security of the 

People's Republic of China 

(Formerly known as Ministry of 

Personnel) 

 

Ministry of Human Resources 

and Social Security of the 

People's Republic of China 

(Formerly known as Ministry of 

Personnel) 

 

Ministry of Human Resources 

and Social Security of the 

People's Republic of China 

(Formerly known as Ministry of 

Personnel) 

 

State Council of the People's 

Republic of China 

 

 

Guangdong Provincial Public 

Security Department 

 

Supplementary Specifications to the Interim 

Regulation on the Issues Concerning 

Recruitment of Professional and Technical Posts 

in Enterprise and Public Institution 

 

 

Specifications to the Interim Regulation on the 

Issues Concerning Recruitment of Professional 

and Technical Posts in Enterprise and Public 

Institution  

 

 

Interim Provisions on Continuation Education 

for Professional and Technical Staff in China 

 

 

 

 

Interim Regulation on the Issues Concerning 

Recruitment of Professional and Technical Posts 

in Enterprise and Public Institution 

 

 

 

Notification on Implementing Structural 

Proportion Management of Professional and 

Technical Posts in Public Institution 

 

 

 

Provisions on Implementing Appointive 

Employment in Recruitment of Professional and 

Technical Posts 

 

Guidelines on Further Reforming Administrative 

System of Household Registration in Guangdong 

Province 

15 October, 

1991 

 

 

 

 

20 May, 1991 

 

  

 

 

 

1 November, 

1995 

 

 

 

 

10 November, 

1990 

 

 

 

 

17 June, 1999 

 

 

 

 

 

18 February 

1986 

 

 

15 October 

2001 

    Industry R&D gives rise to a transition in lifestyle from to the world of the 

university to working for corporate laboratories (Rabinow, 1996). In the case of this 

study, scientists nonetheless embraced such a transition in a situation combining the 

government’s efforts in promoting a ‘knowledge-economy’ and the employability 
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extended by the IDR as an organization strategy adopted in China’s biotechnology 

industry R&D. Having experienced the ‘shake-up of the academy’ in the 1990s, 

scientists previously working for institutional organizations with affiliation to 

government began to seek posts in enterprises’ R&D sectors and public institutions, for 

a variety of motives.
75

 Regulations as categorized in Table 6.3.2 mainly focus on the 

issues of personnel and recruitment resulting from this trend, for example the ‘Interim 

Regulation on the Issues Concerning Recruitment of Professional and Technical Posts in 

Enterprise and Public Institution’ by the Ministry of Human Resources and Social 

Security of the People’s Republic of China (Formerly known as the Ministry of 

Personnel) on 20
th
 May 1991. It is important to note that after around 10 years, 

guidelines on reforming household registration also emerged in the body of regulatory 

documents, see those by Guangdong (where the BGI headquarter is located) Provincial 

Public Security Department on 15
th
 October 2001. Socialization crossing cultural types 

from that of scholar-bureaucrats to the commercial market began to become viable and 

to make inroads into the homogenization of the policy-making process. 

 While focusing on those formal regulations, the NI also highlights the importance 

of symbolic action to an understanding of political order beyond hierarchies and 

markets. March and Olsen (1984) point out this ordering force of symbols, rituals, 

ceremonies, stories, and drama in political life. It is the ordering force that enables 

symbolic action to further transform more instrumental behaviour. Arguably, symbols 

permeate the socialization across cultures, but in a subtle and diffuse way, via providing 

interpretative coherence to the management of the IDR projects, thus shaping the 

behaviour not only of the players involved but of the society as a whole. The external 

regulations and policy alternatives are not defined completely by exogenous factors out 

of the R&D institutes where they are applied, but are shaped by existing social 

interactions fostered by the internal administrative system. In particular, easily ignored 

symbols make a difference by creating elements of order and predictability. As 

identified in the fieldwork, the incremental steps through propaganda efforts by the 

administrators of the BGI can produce transformative results. Propaganda in the 

                                                        
75  See Chapter 2 for the details of China's further reform in its governance of S&T enterprises 

and some outstanding impacts it had on the Chinese scientist community. 
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workplace, primarily slogan catch-phrases, defines and defends interests affecting the 

distribution of resources, namely financial income, social standing, reputation for 

power, knowledge of alternatives, amongst others. By these means, more informal 

symbols affect the power of political actors, and thereby consolidate the institutional 

coherence of policy-making in China’s biotechnology industry. See the selected slogan 

catch-phrases
76

 and the cultural symbols of the BGI workplace that they invoke. 

‘To establish a new industry-academy-research system in fulfilling the 

scientific outlook on development’(S 1-2) 

‘The value system of the BGI is the criterion for judging any of our 

performance at any time: to lead genomics science, to promote industrial 

revolution, to realize a valuable life, and to contribute to national rejuvenation.’ 

(S 1-6) 

‘There must be criteria for monitoring and recording of all conducts, [In the 

BGI], all must be reproachable.’ (S 7-2) 

‘Possessing data is the absolute principle in utilizing genomics science to 

promote the well-being of mankind’ (S 8-3) 

‘To accomplish the construction of Enshang village, to ensure housing for the 

leading researchers, to ensure their income at medium level’ (S 11-7) 

‘To understand the concern of central government, to ease people’s worry’ 

(President Hu Jintao’s words, S 11-9)  

Among the reminders, R&D strategies, lifestyles, housing and incomes which are 

more accessible in the researchers’ daily life and routine work are all included and 

displayed in the workplace. In the meantime, reminders of a comparatively higher level 

to cover honours, responsibilities, and values are also inscribed as cultural symbols in 

the slogan catch-phrases. In this way, informal institutions endogenously construct the 

social formation of policy-making through the social interaction between actors from all 

sides. As per Barnes’ work on responsible action, voluntaristic discourse serves as the 

crucial medium through which human beings affect one another’s actions (Barnes 2000, 

p.112). Efforts to intensify organized interaction but on a voluntaristic basis, make it 

possible for the researchers to sustain differences in disciplinary backgrounds while 

                                                        
76  Original Slogan Catch-phrases are in Chinese and displayed on the walls in the main building 

of the BGI-Shenzhen, the new headquarter of the BGI. S-Slogan catch-phase; Floor number-serious 

number, for example, 'S 7-2' refers to the second slogan catch-phrase displayed on the floor 7. 
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still, as responsible team members, achieving co-operation crossing disciplinary 

boundaries, and to larger extent, crossing cultural types. 

Moreover, this process becomes more natural when cultural factors in the form of 

‘consensus’ and ‘common sense’ are built and shared by all actors, as was emphasized 

by one interviewee. To put it precisely, researchers organize themselves and act in 

accordance with socially constructed institutions and practices, formal or informal. 

[Interview (Shenzhen, 17
th

 February 2011) excerpt - 1] Director Li, 

who is currently in charge of the System of Science and Technology 

(SST) which was recently extended from the R&D unit formerly 

known as ‘Special Force’. Li has worked in BGI-Shenzhen since 

2006; and he is running the system with more than six hundred 

researchers. Working on major research projects, Li has co-authored 

an impressive list of published papers in the top academic journals 

including Science and Nature. Li graduated from Peking University 

with a Bachelor’s Degree in Biology Science in 2008. Arguably, Li 

holds the second to highest post in the BGI.  

Li: Truly they (cultures) are very ideal binders. Cultural 

symbols are to large extent very important to an organization. 

When it comes to an organization, it will not perform 

smoothly if it does not handle the issues related to culture 

well, for the resistance to its performance becomes massive 

without cultural elements to serve as binders. On the one 

hand, culture affects significantly the specific work 

performance of the departments. Take the science and 

technology system [formerly known as ‘Special Force’, see 

Chapters 3 and 4] in the BGI for instance; culturally, it is 

hard to require the researchers to work following the same 

time schedule as the one for administrative staff, say from 

9am to 5pm. Researchers may find it too hard to get up early 
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in the morning, instead, they prefer to work in the night for 

the relatively more peaceful environment. It could be even 

harder to standardize researchers’ behaviour on many more 

occasions, such as to keep their desk in a tidy and clean state, 

for they are more radical and creative in thinking. On the 

contrary, if the administrative staff members, in particular 

those working in the financial department, keep the 

documents and other paperwork in a mess on their desks, it 

may cause big problems. Thus there might well be some major 

points about the cultural issues in the BGI. On the one hand, 

the BGI is currently in a booming period with radical 

development. To a larger extent, its culture operates on a 

basis of united values and ideologies, or at least it works in 

this direction. United value and ideology are desirable for the 

BGI to keep stable even during fast development; it is hard to 

keep the organization stable in experiencing radical 

development with no such a culture. Specifically, what we are 

doing here in the BGI is not merely a job; rather, it is our 

career. Therefore, as we work we follow the same direction. In 

doing so, we perform effectively and function well in many 

aspects. On the other hand, we have sub-cultures in our 

departments in addition to the united values, as mentioned 

above. Comparatively speaking, the sub-culture is equally 

important in improving the integration of a department and 

the performance by its different parts as well, which is truly 

important.  

These slogan catch-phrases hanging above our heads as well 

as the reminders in the workplace are very useful. Generally 

speaking, we lay emphasis on ‘consensus’ and ‘common 

sense’ in the BGI. Neither ‘consensus’ nor ‘common sense’ is 
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built by formal regulations and rules on most occasions. Why 

is it called ‘consensus’? Because values, preferences, and 

ideology all accord well with each other to the larger extent 

here in the BGI. Indeed, as long as we have this accordance 

at a high level, things do not necessarily need to be regulated 

or controlled via formal regulatory efforts. For instance, we 

now all know that we are lacking funds, and we have to 

calculate carefully and budget strictly, which is rather 

natural. However, it does not mean we need regulations, 

rules, or checking and monitoring systems to guarantee the 

BGI runs effectively in this regard. We do not need a checking 

and monitoring system specifically for this purpose. Ample 

examples can be found easily. The other one is ‘common 

sense’, which means to ask the question - how would I act if 

the BGI were my home? For example, the last person will 

check if the windows are all closed, if all lights are turned off, 

if the drinks machines are switched off before he leaves. 

Doing this is even more like an institution. It is common sense 

that if this is your home, you will naturally turn off the lights 

and close all windows. Therefore, we tend not to lay heavy 

emphasis on the formal regulations or rule. We need to be 

culturally united so that researchers behave in the way we 

expected collectively. Our purpose is to encourage 

researchers to behave under their own acquiescence, say on a 

voluntary basis, which will create a highly effective 

environment for performance. Otherwise, if we adopt formal 

regulations here on this occasion, they are promissory and 

likely slow down our pace in doing jobs. In fact, we do not 

have to do it in that way, instead, we can do it more 

effectively. It is true that we have no choice but to adopt 
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formal regulations and rules on some specific occasions in 

real situations. But for sure, we lay our major emphasis on 

the process of system building; as for other issues with lower 

relevance, we prefer them to be handled culturally. Of course, 

I have not worked in any other institute; I do not know the 

real situation there. But I know it is the case in the BGI. Here, 

we have integrated consideration.  

6.4 Governing the IDR in Scientific Knowledge Production 

... It is difficult to change the direction of ... large sociotechnical systems in 

general, but such systems are not autonomous. Those who seek to control and 

direct them must acknowledge the fact that systems are evolving cultural 

artifacts rather than isolated technologies. As cultural artifacts, they reflect that 

past as well as the present. Attempting to reform technology without 

systematically taking into account the shaping context and the intricacies of 

internal dynamics may well be futile. ... values may need to be changed, 

institutions reformed, or legislation recast. 

 (Hughes 1983, p. 466) 

The divergence between political life and academic inquiry has long existed in how 

studies of China's policy making have been set up, which is largely a result of the 

historic tradition of deprivation of traditional Chinese intellectuals’ participation in 

social interactions, especially in economic life. As discussed in Chapter 2, traditional 

Chinese intellectuals had to pass the examinations called ‘Ke Ju’ to become 

scholar-bureaucrats so as to get themselves recognized politically and economically. 

Before that, studying and reciting Confucian classics was their top priority. If not born 

rich, they normally did private tutoring to support themselves, with extremely poor 

conditions for learning, and this stage is conventionally called ‘ten year’s hard study 

behind cold window’. Derived of this tradition, the dichotomy between scientific 

knowledge production and political activities, at first glance, is plausible in examining 

China’s biotechnology industry R&D. Nonetheless, scientific knowledge production in 

this study is taken to be by nature a social process. This false dichotomy must therefore 

be jettisoned, and this serves as the starting point for a further discussion on governing 
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the IDR, both as R&D strategy and as a form of social interaction. Rather, to follow-up 

the examination of the roles played by institutions in socialization crossing cultural 

types, NI in this sector provides guidelines to study the policy-making process in the 

case of China’s biotechnology industry R&D, with a focus on the IDR.   

6.4.1 From institutions to the New Institutionalism 

Among the basic building blocks of an institution are its rules and regulations. They 

embody historical experience, stabilized norms, expectations and resources, which in 

return interpret and justify themselves as standard ways of doing things (March and 

Olsen 1989, 1995, as cited in March and Olsen, 2000). As in China’s biotechnology 

industry, these administrative regulations seem external, say enforced by the powers 

outside the on-site scientific knowledge production in the R&D sector. However, seen 

through a cultural lens, regulations or rules are in fact connected and sustained trough 

identities assigned within the paradiscipline. Embedded in the social interaction, the 

individual researcher behaves responsively to modification from cultural dicta and 

social norms. Specifically, researchers become defined in terms of these identities, and 

they act to fulfil them, rather than calculating expected consequences (Simon 1965, p. 

115, 136). In this way, social interactions in the form of identification and habituation 

fundamentally shape behaviour via a sense of membership in groups and recognition of 

roles (March and Olsen, 2000). On the other hand, rules or regulations order 

organizational action subject to available resources and capabilities.  

 ‘Taken-for-granted scripts, rules and classifications are the stuff of which 

institutions are made’ (Dimaggio and Powell 1991a, p. 15, as cited in Grendstad and 

Selle, 1995). Moreover, institutions comprise ‘a reciprocal typification of habitualized 

actions by types of actors’ (Ibid). Institutional elements collectively channel an 

individual’s preferences, and in doing so enhance the credibility of the knowledge that 

informs those preferences. In employing a set of theoretical works focused on the roles 

played by institutions as they are adopted in examining political life, March and Olsen 

(1984, 2000) elaborate the NI, providing an epistemological perspective for this study. 

While emphasizing ‘the centrality of meaning and symbolic action’ so as to reveal ‘how 
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incremental steps can produce transformative results’, they also point out that the 

regulations and rules are actually shaped by constructive interpretations embedded in 

the specific cultural types of experience, memory, and trust. In this regard, it is the 

social processes of interaction, deliberation, and reasoning across cultural types that 

saved the coherence of the interaction-network of China’s biotechnology industry R&D 

from being threatened by players’ strong identification with a specific organization, 

institution, or role in certain cultures, including disciplinary background. Furthermore, 

sociological questions of particular interest to this study of China’s biotechnology 

industrial R&D governance might well be formulated as follows: What particular kinds 

of institutions do the researchers in given social circumstance of the X cultural type
77

 

construct for themselves? And how can policy-making foster the interactions both 

between researchers and other players from varied cultural types, whilst maintaining the 

high level of collective actions by status groups members, who might otherwise become 

segmented due to free-riding on others? This new institutionalist approach, on the one 

hand, dodges the false dichotomy between political activism and academic inquiry. On 

the other hand, it redefines the context and environment of policy-making; specifically, 

by drawing on common ground, conflicts can be marginalised in favour of seeking the 

common good.  

 As can be identified in the BGI, researchers involved in the IDR project are in fact 

related to more than one context, thus not in just one culture at a time. They do not 

follow a single path to becoming socialized. Despite their differences in terms of 

disciplinary backgrounds, positions, and roles, they manage to formulate their common 

preferences in policy making when they work as status group members. Otherwise, we 

would no longer be able to see the contours of the compatibility of management 

systems, which is discussed in Chapter 4. It is next to impossible to predict how 

problems will emerge in a policy-making process with no basis for compromise. To 

achieve the shared goals of all actors involved in the IDR project requires higher levels 

                                                        
77    For the specific purpose of discussion in this section, I tag a cultural type to X. None the less, it 

is in nature differentiated from the concept of ‘cultural type’ defined in both the ‘GGA’ and cultural 

theories. Specifically, the X cultural type studied here is conceived of as a changeable and unstable 

state existing only in the dynamic process of homogenization. See the same X in section 6.3 on 

p.207. 
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of compatibility, not only in management practices but in policy-making as well. In 

order to avoid the imminent danger of becoming segmented into highly routinized 

procedures, researchers from different status groups initiate, on a disciplinary basis, the 

construction of X cultural type, where institutions socially shape and mould preferences 

of all parts. All participants in the IDR project, academic, industrial, or governmental, 

share the same goals, so conflicts among them could be readily managed through 

regulation, agreements, or employment contracts. In this way, the political institutions 

and social life become interdependent. On the one hand, researchers’ preferences for 

R&D strategy and project organization develop within the context of X institutional 

action. And there are times and places when socialization crossing boundaries becomes 

even more direct, particularly when researchers from previously different projects teams 

are eating together in the staff canteen and travelling together on the 

dormitory-laboratory shuttle. In their leisure time, they even hold membership of the 

same sports club. On the other hand, within such an organized context, problems are not 

only looking for solutions, but solutions are looking for problems, given the 

mission-oriented feature that becomes dominant in the organization. Policy alternatives 

therefore come to decision makers out of the social interaction, alongside the 

homogenization of cultural factors. More importantly, all parts tend to behave as 

responsible agents of each other. They become systematically co-operative and 

concerned for the good of the other, or the joint good of both. Instead of calculating in 

isolation and acting independently, they constantly take into account other players who 

are also part of the environment (Barnes 2000, p51). The obligation to render assistance 

to those who are also involved in the interaction-network of the IDR is heavily 

emphasized through institutional actions. Being constituted of responsible agents, policy 

making in the X cultural type, in return, acts efficiently in solving collective action 

problems, by subjecting individuals to institutional and social influences. 

6.4.2 On-site policy making  

Cultural factors, particularly institutional actions, create differences in the 

policy-making process, albeit in an incremental way. To further our understanding of 

policy-making in the governance of China’s biotechnology industry R&D, we still need 
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to turn to the social process of scientific knowledge production. It is in the process of 

social interactions where policy alternatives emerge. Inspired by the approach proposed 

by SSK, specifically, the naturalistic understanding of how scientific knowledge is 

produced in social settings (for a quick briefing, see the interview with Barry Barnes in 

Hwang, et al. 2010, 602-611), I argue that policy-making in China’s biotechnology 

industry must be embedded within the specific process of scientific knowledge 

production, which is social in nature. Empirical evidence is also collected from the 

fieldwork to substantiate this argument. 

 Individual researchers, and players from other parts, become locally 

institutionalized in constructing the paradiscipline situated in the X cultural type. 

Thereby, they are all enrolled into the social process of scientific knowledge production. 

In the process, the IDR project organization is inevitably channelled by the institution’s 

values, norms, attitudes and the aggregation of interest judgments. In particular, the 

cultural structure of science should not be ignored. Specifically, science as institution, 

together with the lifestyle of scientists (consciousness of self as an integral element of 

society with corresponding obligations and interests, see Merton 1973, pp. 268-269) 

works in the specific situation of this study. In addition, the specified environmental 

impacts on on-site policy-making must also be taken into account. In delineating the 

compatibility of management systems in Chapter 4, I compared the bureaucratic 

administration and dynamic management which coexist in the BGI. Accordingly, two 

kinds of environments are to be discussed in this study: institutional environments, and 

technical environments. In the meantime, I also argue that the technical environment 

penetrates into all aspects of the biotechnology industry R&D in the BGI. According to 

works in fields of CT and NI, institutional environments are differentiated from 

technical environments primarily by how the organizations within them get controlled. 

Given the massive efforts it has so far made in industrializing the outcomes of genome 

sequencing, the BGI is characterised as an organisation by its technical environments. It 

becomes particularly true in the BGI’s case that ‘a product or service is exchanged in a 

market such that organizations are rewarded for effective and efficient control of the 

work process’ (Scott and Meyer, 1983). The BGI provides supporting evidence to the 
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claim that environments exercise controls over the outputs of organizations. This is 

shown by the fact that innovation is heavily emphasized in the BGI as the key to 

nurturing the bio-economy and enhancing and sustaining the high performance of the 

institute. This is not the whole picture of the environmental factors working in the BGI, 

of course. As can readily be observed in the BGI, institutional environments ‘are 

characterized by the elaboration of rules and requirements to which individual 

organizations must conform if they are to receive support and legitimacy from the 

environment’ (Scott 1990, p. 46, as cited in Grendstad and Selle 1995).  

 At the heart of this analysis of on-site policy making lie bridging environments of 

two kinds. I shall learn from the politics studies of their approaches, particularly, 

Dunlop’s (2009) work detailing the relationships between epistemic communities and 

policy makers. As she puts it, epistemic communities are conventionally empowered by 

their control over the production of knowledge and information to articulate 

cause-and-effect relationships. Thus, they are able to frame issues for collective debate 

and export their policy projects globally (Dunlop, 2009). It then becomes natural that 

even though decision-makers may know their own policy preferences, they still call 

upon experts to offer advice when they are confronted with high levels of technical 

uncertainty associated with an issue (Weiss, 1979, as cited in Dunlop, 2009). In this 

situation, expertise from technical environments is used to legitimize and endorse 

learning that has already taken place as agents from institutional environments get 

involved in the social process of scientific knowledge production. Arguably, on-site 

policy-making is by definition a mechanism to enable scientific expertise and social 

institutions to be assembled crossing environments so as to provide technical and 

normative guidance. Both substantive policy details and policy objectives are 

profoundly influenced by such a move away from policy-making based on unregulated 

free trade (Dunlop 2009). Truly, in the BGI’s case status group members at various 

levels are deeply socialized and committed in every action to seeking the collective 

good. Comparably, all parts in the policy-making process are working in contact with, 

and in the knowledge of, the work of numerous players from other cultural types and 

environments, maintaining a continuing dimension of interaction.  
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 S&T policy and governance is not a zero-sum game. On-site policy-making is 

highly promising in improving the efficiency of China’s biotechnology industry 

governance via the bridging role it plays. On the whole, a new technology governance 

regime is designed to foster technological cooperation, to expand market opportunities 

for all major players, and to improve the prospects for wider acceptance of products 

(Juma and Konde, 2001). The field of China’s biotechnology industry remains 

under-studied. This is largely because it has not received the same level of public policy 

attention as has technology in other sectors of China’s hi-tech industry. Thus this 

analysis is to make a contribution to understanding not only China’s biotechnology 

industry governance but also the nation’s policies influencing industrial technologies 

which are still in the early stages of development. All efforts in this regard will 

undoubtedly be consolidated into the body of China’s S&T governance. The elements of 

such a governance system include improvements in understanding scientific knowledge 

and its production as social, cultural, and institutional. 

6.5 Conclusion 

Advances in biotechnology as well as related fields are transforming China’s hi-tech 

industry development and governance landscape. Nonetheless, few studies have so far 

managed to set the examination of China’s biotechnology industry governance against 

the specific social process of scientific knowledge production. This chapter is my 

attempt to understand how policy making is organized in the real situation of the R&D 

sectors. I approach the task from the perspective of a student of SSK, CT and NI. The 

argument, however, extends beyond political theory to a more general view of the 

sociology of interaction crossing boundaries of any form. 

 The IDR, as it is widely adopted in the BGI, has profoundly influenced not merely 

the way scientific knowledge is produced socially, but more importantly, it has affected 

the social interactions between all players from varied sides involved in the network of 

China’s biotechnology industry. Policy making in this sector therefore must be based 

on: 1) rethinking the modes of policy making in China’s public administration; 2) 

re-emphasizing the social nature of the scientific knowledge production in China’s 
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biotechnology industry R&D sectors. CT, in this study, promotes generalization of 

informal and irregular factors by reducing the overall diversity of players involved in 

the management practices in the BGI. This is followed by an examination of the 

socialization crossing cultural types, doing so to delineate how varied individuals’ 

behaviour could become through social interpretations and interactions, without 

building institutions of their own. In this section, a set of central doctrines from CT are 

employed to make explicit the connections between institution construction and social 

circumstance. Based on the empirical evidence, namely interview data, scientific reports 

and official documentation, I argue it is in the social interaction of institutions that status 

group members formulate their preferences. Furthermore, this preference serves as a 

crucial basis for policy-making proceeds.. 

 The aim of this analysis is to make a contribution to our limited knowledge of 

China’s biotechnology industry R&D governance in general and how the IDR mediates 

social interactions and thereby the policy-making process. To anchor this argument, I 

portray individual researchers in R&D activities as agents of social institutions, interests 

and preferences. In the meantime, I hold one point shared by both CT and NT that 

individuals do not act exclusively in a calculating or functional manner, but most of the 

time in accordance with routines, scripts and schemas (Grendstad and Selle 1995, p21). 

Truly, this is not the full picture of China’s biotechnology industry governance. China’s 

biotechnology industry is in its infancy, and policy-making modes or any guidelines 

indicated in this study are subject to change. On-site policy-making as proposed in this 

study must be a mechanism for a dynamic process. 
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CHAPTER SEVEN 

CONCLUSIONS 

 

In this study, I have investigated the interdisciplinarity that has emerged in the R&D 

sector within China’s biotechnology industry, where the IDR works as the pattern of 

collective actions in the social process of scientific knowledge production. In order to 

gain a better sense of how explanation and understanding derived from this study can 

contribute to answering the research questions and more generally amount to a 

sociological study of scientific knowledge production, the IDR patterns were critically 

assessed in the process of socialization within the given social setting, in the form of an 

interaction-network. In doing so, insight into what factors constrain them is also 

obtained so as to further yield relevant implications for how to design better governing 

practices for China’s biotechnology industry R&D, at both management and 

policy-making levels.  

 In the first section of this final chapter, I recapitulate the main flow of the argument 

by reviewing the findings, so as to highlight and reflect further on some of the issues it 

raises. In section two, I will then point towards some more general speculations, and 

indications of possible directions which arise from the arguments made within the thesis 

for further exploration in the future. 

7.1 From Social Aspects of Explanation to Study of Social Process 

At the start of this dissertation, I said that my intention was initially to explore how the 

IDR patterns as R&D strategy have evolved in China’s social setting. As the chapters 

have proceeded, this intention has been extended to cover a number of related 

sociological topics intersecting with several connected aspects of the social process of 

scientific knowledge production. In particular, social functionality was highlighted in 
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scrutinizing the definitions of both ‘discipline’ and ‘interdisciplinarity’. Sociological 

accounts applied in delineating the interaction-network further add up to a wider 

perspective for re-thinking the evolution of China’s S&T enterprise, as well as its 

governance in the modern age. Consequently, insights derived from these general-level 

discussions have been applied to and tested in the case study, so as to shed new light on 

our understanding of more specific issues, including disciplines working as status 

groups, and social power generation and re-distribution in organizing IDR practice. In 

light of work at both levels, general and specific, the later part of this dissertation 

appraised management systems and policy-making schemes on the basis of 

understanding scientific research under IDR patterns as a social phenomenon. 

 I also said in the introductory part that one aim of the dissertation was to reveal how 

these explanations and understandings with regards to the IDR became effective in 

investigating the process of socialization, rather than to find any definite answers to the 

relevant problems. After presenting my research work as the main body of this 

dissertation, I now hope to be in a better place to elaborate on this exploration. To put it 

more clearly, it is to elucidate the position of this study as well as the reasons why it has 

been presented in this way, rather than to repeat the objectives of this study as detailed 

in the introduction. Admittedly, perspectives adopted in this exploration varied across 

chapters; those in the case study of collective actions in scientific knowledge 

production, for instance, are more sociological than those used in presenting China’s 

historical heritage and cultural traditions. When it comes to governance issues, the fields 

of organizational management and innovation studies provided insights into the way I 

analysed specific R&D management systems in the BGI. Cultural theory and new 

institutionalism were also introduced in the analysis of the political life of the diverse 

actors enrolled into the broader process. Moreover, a mixture of most of these 

perspectives was applied in examining the mobility of scientific expertise, as well as its 

interaction with power. 

 This study is an attempt to study scientific knowledge production in China as 

human activities which are not exempt from sociological scrutiny. The central tenet of 

this standpoint is actually derived from the fundamental attitude of naturalism. And as 
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Barnes and Dupré (2008) urged that ‘[…] the need for a naturalistic understanding of 

genetics and now genomics is particularly acute because of the longstanding tendency to 

assume that they are in some sense exceptional sciences […]’ (p. 244), I honoured this 

attitude by imitation in this original research on the sequencing-based R&D under IDR 

patterns implemented in one prominent genomics research institute in China, the BGI. I 

hope this study has already made clear that scientific knowledge production, in 

genomics research within China’s biotechnology industry R&D, is by no means 

exceptional in any fundamental sense. Of course, there are more reasons for the 

existence of exceptionalism of the kind highlighted by Barnes and Dupré. Specifically, 

it is tightly connected to the ignorance of the social study of scientific knowledge 

production in the biotechnology industry R&D sector in China. One of the most 

frequently cited reasons for exceptionalism is lack of access to the empirical materials, 

due to the fact that scientific research in biotechnology industry R&D sector is normally 

classified, for commercial or security considerations. On the other hand, there is a 

long-existing form of exceptionalistic misconception against social studies of science 

and technology - that science, especially natural science, gains prestige from objectivity, 

thus is largely immune to social processes, which are generally taken as harmful to said 

objectivity.   

 In many ways, my exploration challenged restrictions from both sides: limited 

access to industrial R&D practice, and the exceptionalist attitude towards scientific 

research in natural sciences. Lack of access, compared with the exceptionalistic 

misconceptions, was relatively easier to handle in this study. Given the international and 

interdisciplinary nature of ‘Big Science’, sequencing-based R&D in China’s 

biotechnology industry is apt to remain a profitable place for observation from social 

sciences. Besides, as demonstrated in the brief overview of the history of China’s 

genomics study, international collaboration has been imprinted on the leading scientists’ 

minds from the very beginning, and the majority of them were educated or trained 

overseas. All of these factors paved the way for this close examination of the social 

process of IDR projects in the BGI by a social science student from an overseas 

institute. In practice, communications prior to my fieldwork served as solid groundwork 
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upon which the scope and extent of the examination was clearly articulated, so as to be 

mutually acceptable. Additionally, careful consideration of issues related to ethics and 

commercial sensitivities also consolidated the feasibility of gaining access to the R&D 

activities. It is notable that the focus of this study has been on the social activities by the 

wide range of actors involved in the IDR projects in various forms, rather than limited 

to the technical layer of researchers’ laboratory practices. This definitely widened the 

opportunities for empirical materials to become accessible. Having overcome the 

potential limitations of this sort, scientific knowledge production under the IDR patterns 

clearly appeared as a continuous process, with full socialization of cognitive labours and 

authorities, and with full mobility of disciplinary expertise in the interaction between 

social, cultural, and institutional factors. It is within this socialization that scientific 

knowledge generates social esteem, which not only justifies the credit paid to scientific 

expertise, but also suggests how science contributes to social change.  

 Moreover, this empirical investigation into interdisciplinarity has unfolded as a 

study of scientific knowledge production as a social process, which rejects the 

exceptionalistic conception of genomics. Rather than defining the IDR patterns merely 

as a convenient R&D strategy in a collection of scientific research activities, my 

research work is dedicated to a comprehensive understanding of the IDR in terms of 

social patterns of scientific knowledge production, so as to formulate revealing 

perspectives for further sociological interrogation. Bearing this in mind, I saw the IDR 

as being built out of the boundaries of social actions on an individuated disciplinary 

basis. Under IDR patterns, disciplines worked as status groups in defining and 

defending respectively the collective good of their own. The IDR patterns serve as 

effective devices in achieving solidarity of social members, though this is not free from 

the danger of social fragmentation if monopolizing remains the dominant collective 

action of disciplinary status groups. This issue was further examined in a system of 

status groups, where disciplines only worked as part of a larger collection of groups. 

Seen in this system, compromising, rather than monopolizing collective actions by 

disciplinary status groups, provides space for collaboration across disciplinary 

boundaries. By depicting this social process and further emphasizing that it is 
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interaction that makes sense of the IDR patterns in scientific knowledge production, I 

argue that scientific research is neither exceptional nor immune to socialization, as is 

still widely conceived in China’s academic community. Such a naturalistic position must 

be highlighted before presenting any further proposals concerning the governance of 

China’s biotechnology industry R&D. 

7.2 Governance of R&D as a Sociological Problem  

Another consideration incorporated throughout this study is the governance of scientific 

research in China’s biotechnology industry. In accordance with the standpoint of 

naturalism clarified in previous chapters, in emphasizing the groundlessness of 

exceptionalist claims for ‘science worship’
78

, issues that emerge in scientific research 

management and policy-making practices are tackled as sociological problems in the 

later part of this dissertation. Specifically, governance of China’s biotechnology industry 

R&D has been depicted against a background in which the politics of belief change 

within scientific knowledge production possess no prestige over that of ordinary social 

communities of believers. Governance in this study is firstly seen as embedded within 

the social process of collective interaction in scientific knowledge production. It is no 

longer presumed merely as a set of exogenous measurements and efforts in regulating or 

legitimating R&D activities. Governance schemes at both organizational management 

and policy-making levels are collections of interactions which are also part of the social 

process of scientific knowledge production. 

 The first kind of strong interactive connections exist in the form of the 

academic-industry relationship (AIR). Biotechnologies are processes that seek to 

preserve or transform biological materials of animal, vegetable, microbial or viral origin 

into products of commercial, economic, social and/or hygienic utility and value (Hulse, 

2004). It is now evident that classical chemical engineering is inadequate for modern 

and advancing techniques of biosynthesis, extraction, isolation and purification of 

biological materials produced by various cell cultures and genetically modified 

                                                        
78  See Campbell's introduction to Kim's (1994) work on scientific consensus. In explaining the 

central tenets of SSK, he put 'scientific worship' under sociological scrutiny from the perspectives 

derived from discussion on the claims for certainty in science. 
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organisms in the biotechnology industry (Ibid). The broad scope of problems and 

approaches relevant to modern biotechnology industry R&D requires an open 

community that provides an unimpeded flow of ideas amongst a large number of 

disciplines. Built on a task-oriented and commercially driven basis, scientific 

knowledge production in China’s biotechnology industry R&D has enrolled a large 

diversity of approaches, involving varied disciplinary expertise. Under this trend, the 

IDR projects, as seen in the BGI, promise a fundamental re-conceptualization of the life 

sciences, developing quantitative and predictive models to describe crucial biological 

processes. As one outcome of the interaction between the university world and 

industrial researchers which constitutes the AIR, the academic qualifications and 

experience needed in industrial R&D are rapidly changing. Although the in-house 

training programmes by industry significantly provide knowledge and skills desirable in 

real situations, universities in China could contribute more efficiently to building 

interdisciplinary communities by significant revision of their curricula and 

reorganization of academic departments related to life sciences and biotechnologies.  

 Accordingly, the scope of China’s biotechnology industry R&D governance has 

extended to also cover AIR, ranging from training research personnel to directing the 

country’s innovation system. In particular, the AIR provides a new political arena where 

the academic community overlaps with the industrial world in China. Through working 

in collaboration with industrial researchers on biological problems, scientists are 

learning how to create new knowledge in their own disciplines, which is greatly 

encouraged by the governmental body of China’s S&T enterprise, as the 

‘knowledge-economy’ model has been promoted nationwide by governmental bodies. 

To be truly effective, structures of socialization within this overlapping area must be 

built to facilitate the interaction of researchers, educators and students from multiple 

disciplines. Consequently, governance efforts aimed at integrating multiple interests into 

one community of practice are defined within the interaction-network. As demonstrated 

by the ‘innovation programme’ in the case study, educational programmes in a 

collection of universities are being re-cast to produce a new breed of researchers 

prepared and suited to working at the interface of multiple disciplines. Modification of 
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the disciplinary structure of China’s academic community provides another piece of 

evidence (MOE, 2011). To achieve higher degrees of integration in the social process of 

scientific knowledge production, such a new learning community is moreover fostering 

the interaction of players from academic, industrial, and governmental sides. Within it, 

researchers opt to acquire more awareness of civil society’s concerns and the ability to 

communicate with commercial investors, politicians and the media. As one outcome, 

the range of policy-making initiators has been significantly enlarged, as shown in 

Chapter 6.  

 On the other hand, the enforcement of R&D governance derives equal, if not more, 

strength from the structure of collective cultural and institutional interactions in the 

social process of scientific knowledge production than it does from formal regulatory 

measurements. Truly, formal regulations are generally endorsed by governmental power. 

In the case of China’s biotechnology industry R&D governance, they are nonetheless 

apt to be either less efficient control measures, due to being out of step with the swiftly 

progressing R&D practice in IDR projects, or even harmful to interaction by putting a 

stop to the mobility of expertise and resources across boundaries. With disciplines 

working as status groups in the larger system of collective interaction, the structure of 

the social process serves as a vehicle carrying the collective knowledge of the research 

objectives for the R&D practice in China’s biotechnology industry. The wider 

implications of approaching sequencing-based industrial R&D from an IDR perspective 

in the case study have the potential to revolutionize our knowledge of not only the 

fundamental organization of scientific research in China’s biotechnology industry, but 

also its governance. A key paradigm in this research approach is the collective interplay 

of social, cultural, and institutional elements. More than a way of thinking, an approach 

to formulating questions and knowledge, and a framework for solving problems, IDR is 

a pattern directing socialization, thus shaping the political lifestyle of players interacting 

within it.  

 The introduction of a networking process of interpolymerisation in Chapter 2 

detailed the major components in the socialization of scientific expertise and how they 

worked in fostering interaction. This technological process, borrowed from Chemistry 
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as a metaphor, represents a fundamental departure from a more centralized model for 

describing the governance of the social process of scientific knowledge production. 

Based on a brief overview of the changes which China’s S&T enterprises have 

undergone since China’s opening-up and reform since 1978, transformations in S&T 

governance were implied by the shifting yet intertwined connections between cultural 

and institutional factors of social process within the context of contemporary China’s 

S&T evolution. Given this multiple-angle perspective on the interaction-network, 

governance of China’s biotechnology industry R&D is better seen through the lens of 

networking as a social phenomenon, involving cultural types, institutional identities and 

social powers, amongst others. As empirically illustrated by the case study of the BGI, 

researchers of varied disciplinary backgrounds within IDR project teams work together. 

Through the networking of, for example, principles and techniques from engineering, 

and concepts and algorithms from computer science, they act collectively to solve 

research problems. As the R&D projects of this sort progress, the political life of all 

status groups involved in executing IDR projects, governing the process and outcomes, 

and enforcing regulations, is modified to a significant extent in the localized 

socialization. For instance, assigning identity of institutional organization is not merely 

to guarantee the external support researchers working in the BGI can receive from 

governmental bodies; it also builds a solid basis upon which status groups at different 

levels access higher levels of solidarity and mobility, so as to maximize their collective 

good in terms of social resources and power through organized interaction between a 

larger range of players in the network, which affects structures of opportunity and 

modifies individual behaviours. This is specifically demonstrated by the co-existence of 

management systems in the BGI, which cover both stability and efficiency 

considerations for collective actions. 

 In a similar fashion, cultural and institutional factors define the structure of this 

social process of scientific knowledge production, shaping governance, albeit in an 

incremental manner. In order to further explore what the IDR, as patterns directing 

collective actions by status groups, can feed back to the society the status groups came 

from, Chapter 6 contains a description of interaction between social status groups in 
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China’s biotechnology industry as leading to a process of homogenization at cultural 

and institutional levels. Notably, this dynamic process brings cultural components 

together as a synthesis working on governance, as management systems and 

policy-making schemes evolve within the subsequent diffusion of environments. By the 

typological approach of GGA, the cultural dimensions of group and grid were applied to 

an analysis of diffusing traits from both bureaucracy and commercial market cultures in 

blending both institutional and technical environments, so as to reveal how they give 

rise to a new cultural type of paradiscipline. Given the changing nature of socialization 

at the stage of the paradiscipline, governance over R&D is becoming embedded within 

the homogenization process, where political considerations rely more on a relatively 

stable basis created and maintained by institutionalization. Meanwhile, this exploration 

focused on the cultural traits of China’s bureaucratic administration tradition and 

market-oriented trend, as well as interaction between them, in creating a paradiscipline 

culture for collective actions following IDR patterns. A new institutionalist reading of 

this process provided further revealing perspectives on how formal and informal 

institutional factors reinforce each other in constructing an on-site mode of 

policy-making for governance of China’s biotechnology industry R&D.  

 To be precise, ‘on-site’ here connotes that governance of China’s biotechnology 

industry R&D is socially embedded within the organizational structure of scientific 

knowledge production. Collectivism was seen to feature in both collective action 

producing scientific knowledge and in identifying policy alternatives. While hierarchy 

of social relations remains prominent in governing collective actions by the ascribed 

positional rules, compromise interactions between status groups feed mediated 

elements, factors, and principles back to governance. By and large, governance of 

China’s biotechnology industry R&D is redirected by values, norms, attitudes and the 

aggregation of interest judgments, which are defined gradually in interactions within the 

internal and external ‘trading zones’. Empirically, however, this ‘on-site’ governance 

works better in modelling internal management practice in BGI than in policy-making 

pervasively penetrating China’s biotechnology industry R&D. This leads to further 

discussions of a set of basic issues related to boundaries of legitimating the validity of 
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scientific knowledge to the larger society. Some relevant questions were partially 

answered in later chapters; more careful study of these topics, though suggested for 

future consideration, is unfortunately beyond the scope of this dissertation.  

 In conclusion, I shall stress the limitations of a static understanding of science and 

the need for sociological examination of scientific knowledge production as a dynamic 

social process in studying China’s modern S&T enterprise. Due to the widely spread 

exceptionalism in China’s academic community, the spectrum of scientific research as a 

social process remains largely limited to Science and Technology Studies (STS). In 

recent years, a notion of ‘innovation system’ in science and technology has frequently 

been emphasized in China’s campaign for economic and social progress. Scholarly 

debate, however, rarely moves beyond the extent to which modern science and 

technology (particularly technological outcomes) contributes to material good in a 

rather fixed state. This contribution is largely based on the functionality of the outcomes 

of scientific research, omitting discussions of how it makes sense in socialization. In 

recently published STS works around Chinese topics or by analysts in China, statistics 

with regards to inputs and outputs are commonly highlighted in measuring and 

evaluating such a contribution. Although it could be contested for being overly 

simplistic to link up inputs (grants, personnel, and other social resources), scientific 

research (especially those related to industry), and outputs (publications, patents, 

especially on technologies with commercial potentials) in a linear manner, it did reveal 

the central tenet of the Chinese version of the ‘knowledge economy’ as being 

self-evidently utilitarian. Additionally, a sociological study of the scientific research in 

the R&D sector within industry is to embrace openness and solidarity as fundamental 

values of science, which were represented through interactions among social actors in 

this research. This approach indeed is not only crucial to the field of STS in China, but 

touches on one of the most important questions for the future trends of China’s S&T 

governance: How does science gain its strength to innovate and contribute to social 

change in China’s social setting? 

 This investigation into interdisciplinarity as it has emerged in R&D sectors within 

China’s biotechnology industry is such an attempt to answer the previous question. It 
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received new impulse amidst a renewed sense of crisis against exceptionalism and a 

static understanding of scientific research in China. The predominant approach towards 

the research questions is sociological, though a rich collection of perspectives including 

Cultural Theory and New Institutionalism incorporated into the analysis. For the 

moment, it is difficult to predict whether the social process of scientific knowledge 

production in the case study will develop to a degree sufficient to represent a full picture 

of China’s S&T enterprise. This research work on the IDR patterns directing interaction 

in the social process of scientific knowledge production, and the chain reactions that 

have so far been initiated in larger society, sheds new light on our understanding of 

sociological topics, including collective actions by status groups, and social power 

generation and redistribution when scientific knowledge becomes social esteem, via 

socialization across boundaries. Models derived from this case study may be debunked 

by fellow academics’ work on the future development of China’s biotechnology, or its 

implications may not survive in the governance practice of real situations; however, the 

naturalistic standpoint and sociological perspectives adopted in this study to reach these 

perspectives shall not, I trust, become worn out.  

  

 

       



 

 238 

APPENDICES 

ANNEX 1: CERTIFICATE OF ETHICAL APPROVAL 

 



 

 239 

ANNEX 2: INFORMATION/CONSENT FORM FOR INTERVIEWS 

 

Title of Research Project  

An Investigation of Interdisciplinarity in the R&D Sector of China’s Biotechnology Industry 

Details of Project 

This project is to uncover, identify and analyse common underlying patterns in research strategies 

widely adopted in R&D sector. My primary research aim is to examine how Interdisciplinary 

Research (IDR) patterns develop in the form of evolving networks within social context, and to 

identify what distinctive strategies are used in interdisciplinary research groups for solving research 

problems. The data I collected from both interviews and questionnaire will be used solely for 

academic research purpose without any commercial interests.  

Contact Details 

For further information about the research or your interview data, please contact: 

Kai Wang, ESRC Centre for Genomics in Society (Egenis), Exeter University, Devon, UK, EX4 

4PJ 

Tel: 00 44 (0) 1392 269142, kw257@exeter.ac.uk  

If you have concerns/questions about the research you would like to discuss with someone else 

at the University, please contact: 

John Dupre, Professor of Philosophy of Science and Director, ESRC Centre for Genomics in 

Society (Egenis), Exeter University, Devon, UK, EX4 4PJ 

Tel: 00 44 (0) 1392 269127, J.A.Dupre@exeter.ac.uk 

Confidentiality 

Interview tapes and transcripts will be held in confidence. They will not be used other than for the 

purposes described above and third parties will not be allowed access to them (except as may be 

required by the law). However, if you request it, you will be supplied with a copy of your interview 

transcript so that you can comment on and edit it as you see fit (please give your email below). Your 

data will be held indefinitely on an anonymous basis in accordance with the Data Protection Act. 

Anonymity 

Interview data will be held and used on an anonymous basis, with no mention of your name, but 

we will refer to the group of which you are a member. 

Consent  

I voluntarily agree to participate and to the use of my data for the purposes specified above. I 

can withdraw consent at any time by contacting the interviewers.  

 

TICK HERE:      DATE…………………………..... 

 

Note: Your contact details are kept separately from your interview data 
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Name of interviewee:....................................................................... 

Signature: ......................................................................................... 

Email/phone:..................................................................................... 

Signature of researcher…………………………………………………. 

 

2 copies to be signed by both interviewee and researcher, one kept by each 
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ANNEX 3: LIST OF QUESTIONS FOR FIELDWORK (STAGE-1) 

 

1. What disciplinary major at which university did you graduate from? What kind of factors affected 

you as you chose your major? 

 

2. Can you tell me a bit about how you came to work in BGI-Shenzhen? (Probe what they were 

doing previously, what is their current work) 

 

3. What factors did you take into account as you chose your job? 

 

4. What does your job involve? What kinds of projects do you work on; can you give me some 

examples? Which kind of work do you prefer, administrative or technical practice in the R&D 

sector? 

 

5. I’m interested in interdisciplinary work, how it really works in practice; firstly, how would you 

define ‘interdisciplinarity’ yourself. Can you think of some examples to illustrate that? 

 

6. How would you describe the cooperation crossing disciplines here in BGI-Shenzhen? Can you 

think of some examples to illustrate that? 

 

7. To what extent is any interdisciplinary cooperation carried out in your research work? At what 

point in the project might interdisciplinary working arise? Can you give me some examples? 

 

8 When you confront some research problem of great complexity in your research, do you tend to 

use the knowledge from your own discipline to tackle it or do you also discuss it with those from 

other disciplines, and communicate and cooperate with them? Can you give me some instances of 

that? 

 

9. Based on your own disciplinary background, you might also need some expertise from biological, 

computer, medical science or some other disciplines related in your work. What are the connections 

between these neighbouring disciplines here in BGI-Shenzhen? 

 

10. What do you think are the main benefits of interdisciplinary working in your research centre? 

 

11. What are the main problems with interdisciplinary working? Are there any examples that spring 

to mind? (E.g. can you identify any barriers in your communication with your colleagues due to the 

different disciplinary backgrounds? Are you all working on the same research objectives?) 

 

12. How do you understand the role of non-human factors, such as equipment, facilities or reagent, 

in your research practice? 

 

13. In the process, R&D staff in BGI-Shenzhen to a larger extend are identified as project members, 

rather than biologists, computer engineers or mathematicians, right? Why do you think that is? What 
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about when you go outside BGI-Shenzhen, say to another research facility or conferences, how do 

people tend to identify themselves then? 

 

14. To your knowledge of BGI-Shenzhen, how important is R&D to the institute? 

 

15. In causing your feeling of proximity to other staff, which factor overweighs others, having 

graduated from same university, same disciplinary major, or having come from same area? 

 

16. Is there any strong linkage between your disciplinary background and the work you are now 

engaged in? 

 

17. Have you ever been involved in interdisciplinary research project since you came to 

BGI-Shenzhen and worked as R&D staff? How often did it happen? 

 

18. Have you ever confronted any problem in your research the complexity of which exceeding the 

capacity of your own disciplinary major? Could you tell me about how it worked out in practice? 

 

19. Can you tell me about any kind of guidance/training in your department to encourage staff to 

cooperate crossing disciplines? 

 

20. In technical practice, who decides the strategy for detailed research approaches or 

interdisciplinary working (e.g. R&D staff or administrative powers?) 

 

21. Could you tell me the reason why you chose to work in industrial R&D rather than attempt to 

enter the ‘scholar-bureaucrat’ career which is more conventional to China’s intelligentsia? 

 

22. Are there specific academic requirements in terms of discipline that staff members are required 

to have in your department? Is the requirement also applied to the staff operating equipment and 

machines? 

 

23. Overall, can you sum up for me how you would describe interdisciplinary working in practice in 

your organization? 
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ANNEX 4: LIST OF QUESTIONS FOR FIELDWORK (STAGE-2) 

 

1. According to the profiles provided by the personnel department, a high level of diversity is seen in 

the R&D staff members’ disciplinary backgrounds in the BGI. Is this necessary? Why?   

 

2. Does it cause you problems of any kind? If so, what are they? How do you try to reduce them? 

Could you please give me an example? 

 

3. What is the main goal of the R&D management’s efforts in the BGI? Could you give me some 

examples? 

 

4. In the course of the development and expansion of the BGI, has any external opposition had to be 

overcome? Is this typical in the biotechnology industry of China or are aspects of it specific to the 

BGI? 

 

5. As for the R&D staff members with non-biology disciplinary backgrounds, how can their 

contribution in the R&D practices be evaluated? Is there any peer review based on academic 

discipline adopted in the BGI? 

 

6. The BGI is rooted in China; but in the meantime, it is expanding globally. Is this feature of the 

institute also embedded in the management of R&D staff and R&D projects?  

 

7. In my fieldwork of last year, the efforts of the BGI in creating organizational culture impressed me 

deeply. Such subtle consideration is not so common in other institutes, for example the kind 

reminders in the corners of the building. What do you think of these factors related to organizational 

culture? 

 

8. Is there any concerns about connecting R&D staff members varied in disciplinary backgrounds to 

each other and to the organization as a whole? 

 

9. As can be read in the history of the BGI and its mission, senses of collective honour and those of 

responsibility to the nation and genomics science are highlighted. Does such a sense of honour and 

responsibility play an important role in the management of the institute? 

 

10. A kind of ‘Big Science’ is promoted in the BGI. Could it be also taken to mean the scientific 

knowledge production based on collaboration crossing disciplinary backgrounds? Or what do think 

of the ‘Big’? How does it become distinguishable?    

 

11. In facilitating ‘Big Science’, have any obstacles emerged so far? Could you please give me some 

examples? 

 

12. Higher levels of acceptance and proximity could be formed more easily between R&D research 
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staff members with the same disciplinary backgrounds, as was mentioned by some interviewees in 

my previous fieldwork. Do you think such kinds of acceptance and proximity are strong enough in 

the BGI to give rise to and to sustain any subgroups based on academic disciplines? Does this 

matter? 

 

13. Are there any particular regulations, protocols, or guidance assigned from the highest levels of 

the administrative structure [within or above the top of the BGI] to R&D practices? Do these levels 

also influence the enrolment of research project team members? 

 

14. Could you please tell me something specifically about organizing and managing an R&D project 

team? Could you give me one example? What do you think of the dual-identity of a researcher being 

both, say biologist, and research project team member? 
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ANNEX 5: SEMI-STRUCTURED INTERVIEWS SCHEDULES 

 

5.1 Interviews with R&D staff members in the stage-1 fieldwork at BGI-Shenzhen 

(In total: 10) 

 

5.2 Interviews with Manager and Directors in the stage-2 fieldwork at BGI-Shenzhen 

 

Time and Date Name and Job Title Responsibility Area INT. Location 

15:00 16/02/2111 Y; Manager Marketing in the UK Seminar Room, 

Building One 

12:30 17/02/2011 L; Director The System of Science and 

Technology (SST) 

Conference Room, 

Building Two 

14:00 18/02/2011 X; Director Marketing in China Area Consulting Room, 

Building one 

(In total: 3) 

 

Time and Date Name and Background Working Unit INT. Location 

09:45 11/03/2010 H; Biotechnology Healthcare Platform Reception, SRD 

10:30 11/03/2010 M; Bioengineering Production Platform Corridor, PP 

14:30 16/03/2010 H; Biotechnology, 

Mathematics 

Special Force Meeting Area, SF 

15:15 16/03/2010 L; Information and 

Computer Science 

Special Force Meeting Area, SF 

15:45 16/03/2010 L; Biology Bioinformatics Corridor, BI 

16:30 16/03/2010 L; Physics Computing Platform Corridor, CP 

13:30 17/03/2010 X; Biology Technology System Reception, TS 

23:30 17/03/2010 T; Bioengineering Healthcare Platform Dormitory 

(Linchang) 

00:45 18/03/2010 H; Biotechnology Healthcare Platform Dormitory 

(Linchang) 

09:15 18/03/2010 L; Traditional Chinese 

Medical Science 

Healthcare Platform Reception, HP 
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ANNEX 6: FIELDWORK NOTES 

 

 

 

5
th

 March 2010, Friday. I arrived in Shenzhen at 5pm after passing the Shatoujiao Customs between 

Mainland China and Hong Kong, the Special Administrative Region (SAR). Around 6pm, I stepped 

into BGI headquarter (BGI-Shenzhen) located in Beishan Industrial Zone, Yantian district, Shenzhen, 

China. The first impression of it is as shown in the picture (above) which was taken from the other 

side of the highway in front of it.  

 

At the entrance, I was stopped by security, and I borrowed a handset from one of them to call Prof. 

Yang. Ten minutes later, the head of Scientific Research Department (SRD), Dr. C, came to greet me 

in reception, close to the dining hall where I had supper on the ground floor. On the wall there was a 

brief history of the BGI along the timeline of Genomics development in recent years (picture above) 

which indicates it is a scientific research institute, albeit located in an industrial zone. 

 

Also on the ground floor, a copy of a local newspaper 

was displayed on the notice board, in a highlighted 

location (Left). It is a featured news report on three 

BGI researchers as representing ‘youth and brilliance’. 

They, according to the report, achieved the status of 

being ‘brilliant’ by having publications in leading 

scientific journals, namely Science and Nature 

Biotechnology while still being undergraduates. The 

article concluded with their favourable reflections and 

comments on the Innovation Programme in BGI.



 

 247 

8th March 2010, Monday, International Women’s Day. 

Although it was the second time I had entered the 

main building, I was still stopped by the security staff 

at the entrance, where I had to verify my identity and 

confirm an established appointment by phone call. 

Exactly as I experienced during the first visit, the 

security officer was sufficiently kind so as to lend me 

his handset to dial the number I had stored, but this 

time, I was able to do the security officer a small 

favour, helping him explain to an English-speaking 

driver not to park her car in front of the entrance. The call to Dr. C did not get any immediate answer, 

but thankfully, Prof. Yang picked up my call instantly and asked the security to permit my entry. I 

was then directed to SRD, where a desk had been assigned to me (See picture on the left above), 

which allowed convenient access to the R&D sectors. SRD is one of the key administrative sectors, 

and one staff member, Mr. F, was appointed specifically to provide me with assistance in 

familiarizing myself with the institute and establishing connection with R&D staff members. 

 

At 11:25, we met Prof. Yang on the 9th floor. He was going to leave for Beijing, but he was very 

kind, and invited me to join him for dinner in the dining hall, where food of quite high quality was 

served. During his busy lunch time, issues with regards to travel grants, arrangement for one 

forthcoming conference hosted by BGI, etc., were discussed with department heads. I was 

particularly favoured to be seated next to him, and in our talk on my fieldwork, he also suggest that I 

might write on BGI from the perspective of the relationships between genomics research and the 

public good, BGI and the scientific community, science and society. Prof. Yang also mentioned in his 

talk that Dr. C could learn English from me; I took this as a polite compliment. 

 

The support I received from the Professor actually reminds me of the somewhat similar role played 

by the photo wall also on ground floor of the main building, set in a prominent position. There were 

carefully displayed photos of the leaders of BGI and political leaders of the country, taken when 

government leaders visited BGI or met BGI leaders on other occasions, as both a gesture of 

honouring the contributions they have made to the country and symbols of government recognition. 

In the picture below, one might easily feel the close relationship between scientific expertise and 

those in power. 
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Seen from the top of the BGI main building, Yantian Port is not far away in the mist and busy in 

transferring cargo which travels globally (Above). It reminds one of Shenzhen city, being at the heart 

of ‘Made in China’ for the world. Located in the industrial zone, the BGI is also a busy port but for 

sequencing data to travel around the world. 

 

 

Strong connections with international academic community are a key factor in the development of 

the BGI, as mentioned on different occasions by its leaders. I saw one certificate hanging on the wall 

of the exhibition hall, located on the 3
rd

 floor of the main building (Above), and it is actually a 

congratulation letter from UCLA on the performance of the BGI in their international collaboration. 

 

Being engaged in international collaboration, the BGI has its own understanding of the advancement 

of genomics science. On the wall of this working area, this understanding was presented as motto 

that: ‘World-class science must be first-class industry, and must be implemented by far-sighted teams 

with excellent capability and a high sense of responsibility’ (see picture below). It was included in a 

frame of the national flag of China. 
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On one gloomy afternoon, 8
th
 March 

2010, I got my accommodation 

arrangement solved with the help of 

Ms. Y. After having supper in the 

BGI dining hall about 6pm, I 

followed the suggestion of two 

female staff members and caught the 

shuttle bus (see picture on the left 

below) to the staff dormitory 

(Linchang, see picture left above) 

where most administrative staff and 

new-comers were allocated to shared 

flats for free.  

 

From our talks on first evening, my three flat 

mates identified themselves as university 

graduates with disciplinary backgrounds in 

biology and medicine. These job hunters could 

also be a very promising group of informants for 

the forthcoming interviews. One male staff 

expressed his admiration for the special bonus 

awarded to female staff members for Women’s 

Day, namely RMB 100 (approximately 10 in 

pounds sterling), in form of a shopping voucher. 

 

Those staff members who had stayed longer or had enrolled at another time were living in the 

dormitory (Beishan) where I was accommodated during the fieldwork of stage 2, in 2011. I was 

given a temporary staff ID card and key (see pictures below). This ID card made my visit much more 

convenient, especially when I was passing gates with security - not only in the main building I had 

visited in the previous year, but also the newly developed building II. My flat mate was from Special 

Force (SF); he admired the leading scientists working in the BGI. They were heroes to this young 

mathematician. 
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The dining hall was located on the ground floor of the main building. Staff members were 

encouraged to have food together; truly, there is no such thing as a free lunch. However, if as a BGI 

staff member you chose to eat in the dining hall, all food is covered by an allowance provided by the 

BGI. Eating together is one critical part of the socialization which extends the collaboration across 

disciplinary backgrounds in the workplace to interaction between individuals or groups in daily life. 

The picture above was taken in 2010; the new dining hall was actually located in building II when I 

revisited the BGI in 2011. 

 

Sports and games serve as good means of connecting staff members, through spending their spare 

time together. Among these activities, playing ping-pong and basketball are among the most popular 

(see pictures below). I tried both when I was there, and just as one informant mentioned in an 

interview, to make friends while playing was easy. No one asked about your disciplinary background, 

work unit, age, or hometown.  
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‘Trading Zones’ were being constructed even from the first moments that a customer arrived at the 

reception, where introductory materials were provided to help them in understanding what the BGI 

is doing and able to do (see picture above left). Further construction is also seen in separate meeting 

room for the customization of knowledge production (see picture above right).  

 

Following trade between social sectors, exchanges of ideas, knowledge, and skills were also 

facilitated in the constructing of ‘trading zones’ by research staff members of varied disciplinary 

backgrounds in laboratories, seminar rooms, conference rooms, the reception area, and even 

corridors. The pictures below were taken during the on-going seminar, group discussion, technical 

briefing, and long-distance web-camera communication. 
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Being part of a collective of people was directly visible in this way. Photo trees were quite 

commonly seen in visiting different R&D sectors in the BGI, see pictures above. There could be no 

better metaphor for making up of the collective than these trees, with trunk, branches, and leaves, but 

all made up of individual photo of staff members. 

 

 

Honour serves as a convenient but indispensable currency in socialization of groups; its value was 

endorsed by collective actions, while subscription to it by individuals was obviously one purpose of 

the in-house training and education provided to those newly recruited. A Hall of Fame and Hall of 

Shame (the first and fourth above from left); Excellent Staff (the second from above from left); One 

page of training notes taken by a new staff member, in which BGI was addressed as ‘great’ with 

‘honour’, see the third picture above from left. 

 

 

The BGI boasts one of the largest arrays of sequencing facilities in the world. The window opening 

on to these powerful machines, as seen from the picture (orange, above left), is under the slogan 

catch-phrase that ‘Possessing data is the absolute principle, one can only serve one’s nation by 

contributing scientific achievement.’ Social responsibility was again emphasized in the slogan 

catch-phrase in the sector of Digital Health (blue, picture above right) ‘Promoting genotyping test of 

Human Papillomavirus (HPV) so as to protect Chinese women from cervical carcinoma; 

popularizing the non-invasive screening of foetal aneuploidy so that there will be no more Chinese 

babies suffering from Down’s syndrome’. 
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In operation, genome sequencing as well as the relevant activities is highly routinized. There was a 

pithy formula hung on the wall to direct researchers’ operations efficiently and effectively, see the 

first picture above from left. The machines, including super computers and sequencers running here, 

are also highly automatic; see the second and third pictures above from left. Despite this, experiment 

and learning by doing (blue, a better translation in English could be ‘Don’t believe everything you 

read; discover it for yourself’) was encouraged greatly, see the two pictures below. 

 

 

 

A warning in red: ‘Preciseness; deliberateness; a case involving human life is to be treated with the 

utmost care’, see the picture below. 
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Formal regulations are imposed both from internal and external sources. The info board on the door 

to the Sample Preparation Room states persons of responsibility, encouraging people to be 

responsible (see the first picture above from left); The managing structure for Clinical Experiment in 

the Healthcare sector of BGI, see the above middle picture; ‘The practice License of Medical 

Institution of the People’s Republic of China’ issued by the Ministry of Health, see the picture above 

right. 

 

Informal mediating factors include kind reminders in the workplace or living areas (see the first 

three pictures below from left) and the internal magazine (see the last picture below).

 

 

Some designer posters are more welcomed by staff. ‘Dare to be different’ (the first picture below), 

‘Make regular self-assessments (the middle below); ‘Only you can choose your direction’ (the below 

right). 
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Two convenient examples of growth emerged as the light of sequencing-based biotechnology 

industry R&D shines on genomics science in China: the spin-off company and the massive growth 

of the R&D institute itself. BGI Ark Biotechnology Co.Ltd., see the picture above left; The newly 

developed building II housing a major part of the BGI’s R&D facilities and capability, see the 

second and third pictures above from left.  

  

A photo of Prof. Yang and his guest was displayed on the counter of a local printing shop as 

advertisement, see the picture above left; The ambitious plan for further expansion of the BGI was 

illustrated in one project proposal, see the picture above right. 

 

Wide-ranging connections with universities home and abroad were demonstrated by the nameplates 

of joint programmes hung on the gate of the BGI’s main building (first two pictures below from left), 

and the advertisement for perspective postgraduate students to be educated by BGI and Aarhus 

University of Denmark, see the third picture below from left.  
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