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lated to seeking, managing, giving, using, and produc-
ing information in context. This thesis concentrates on the 
information practices of the researchers in the scientific 
domain of biomedicine. The object of this study has been 
to understand the special nature of the information related 
work and practices as a part of the biomedical research 
work. It is argued that to be able to build efficient tools and 
advantageous information services for researchers in the 
biomedical domain, these efforts should be based on the 
understanding of knowledge creation processes and work 
practices in this domain.

The domain analytical approach forms an alternative 
view to those models, which try to identify similarities in 
patterns of seeking and use of information across the re-
search domains. In this study, this approach has been used 

as an alternative to the generalizing model. The findings of 
the thesis support the arguments, which oppose the gen-
eral view of information needs and uses.

In information science, the study of information practic-
es is quite a new research orientation. There are no previ-
ous studies, where the domain of biomedicine would have 
been in focus.  Another important contribution of this study 
is the use of the activity theory as a theoretical research 
frame in the study of information practices. The activity 
theory appeared to be very helpful in setting information 
practices in the context. When implementing the activity 
theoretical research framework, information practices are 
comprehended as one mediating tool in the activity system 
of the research work.  It aids the researcher to achieve the 
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PREFACE 

Why do research while there are so many other valuable things in life? Why spend spare 
time by searching information, reading and writing about the information practices in 
the biomedical domain? Because it has been so rewarding to study, learn and think. 
Because it had to be done to be able to understand. Sometimes it has been heavy to try 
to express thoughts with words that are reasonable and shareable with others. Even 
harder has been to admit that much more than understanding and writing words are 
needed in order to change the practices. 

It has been a privilege, during this long project, to work with many, wonderful people. 
You are so many that the list of your names would take the whole page, or maybe two 
pages. Because of this, I will just express my warmest thanks to all of you, my dear 
colleagues, friends and coworkers at the National Public Health Institute, Hanken School 
of Economics and University of Helsinki.  

In addition to this, however, some special expressions of gratitude are absolutely 
necessary. For the first, I want to thank my pre-examiners, Dr. Carol Tenopir and Dr. 
Sanna Talja. Their comments and suggestions were very helpful and promoted the 
outcome of the work. Warm thanks go to professor Tenopir for acting as an opponent. 

Thank you professor Bo-Christer Björk for giving a home for my scholarly life. The 
deepest and warmest thanks to my supervisor, Dr. Turid Hedlund. This work would not 
have been possible without your positive attitude and always encouraging support.  

Thank you, co-authors Dr. Sanna Kumpulainen and Dr. Kalle Järvelin. It was a pleasure 
to work with you. Warm thanks to Eeva-Liisa Aatola, Tiina Heino, Katri Larmo and Mari 
Elisa Kuusniemi from Meilahti Campus Library Terkko. Your collaboration and support 
were essential during the process. I want to express my thanks to the whole personnel of 
the medical library. You know that you are doing a very important work. You are 
committed to it and appreciate what you do. That is great! I am grateful to Dr. Kimmo 
Tuominen for his comments and support. 

Warm thanks to Dr. Marjo Kestilä and Dr. Iiris Hovatta for unforgettable help and 
support. Marjo, you taught me basics on molecular genetics and helped in many other 
ways. Thank you for sharing your workroom with me and three other doctoral students 
(of your own). 

Thanks for financial support to Suomen kirjastosäätiö and Stiftelsen Svenska 
Handelshögskolan.  

Warm thanks to Staffan Dellringer and Barbara Cavonius from the Hanken Library for 
helping me to finalize the thesis physically. 

Marru, I owe you a lot. Thank you so much for discussions and support. Thank you Olli 
and Eero, Liisa, mother and father, you have always been there to support and encourage. 

Dear Thomas, Emilia and Tove, this would not have been possible without you – and it 
would have been meaningless. I am so happy to share this day with you. 
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1 BACKGROUND 

The origin of this work is in practice. It is possible to examine the thesis as a result of an 
interactive historical process, where the general social and scholarly contexts interact 
with my personal history. There are a few elements, which deserve to be named and made 
explicit. In the first place comes my education as a social scientist, and a long experience 
as a librarian and as an information specialist. In the second place are the effects of 
various scholarly environments and the impact of different professional cultures. 
Specialization to computer systems and involvement in several development projects has 
also had an impact on my professional development.  Most of the recent scholarly 
environments that I have been working in, have been dominated by experts with a 
natural scientific background, and the medical tradition and practices have been 
especially valued in them.  My background as a social scientist specialized in 
predominantly practice oriented information science seems to constitute a contradiction 
to this. It has made me feel like an outsider or an observer, and created an opportunity 
to recognize the strong belief in methods of (natural) sciences that are dominant in these 
scholarly research environments. I would prefer, like Latour and Woolgar (Latour & 
Woolgar 1986) when studying laboratory science, to maintain a neutral position and rely 
on the premise that scientific work is only one social arena where knowledge is 
constructed. On the other hand, this situation has generated a distance to my own 
profession and its dominating thinking, too.  

At the end of the 1990’s and in the beginning of the 20th century, a huge technological 
change was in progress. Medicine was in the forefront in the developments of technical 
solutions in research as well as in adapting advancements in scientific publishing, which 
was turning to be more and more in electronic format. During that time, I had the 
opportunity to work together with scientists who were solving the riddle of diseases with 
the help of molecular genetic techniques and tools. It was a very stimulating experience 
and made me realize actually for the first time the significance of research data as a 
relevant part of the information environment and the overall importance of the domain 
knowledge to be able to be involved as information professional in the research process.  
At the same time, the general discussion among the library professionals seemed mainly 
to follow the traditional lines concentrating on argument for and against the importance 
of electronic collection development. 

I realize now that this contradicting situation, where these different research traditions 
met my everyday work practices, was actually the starting point to my learning process 
leading to research work. I was not able to find discussions, where information work and 
practices in the biomedical research domain had been set into a proper context and 
approached in a way that the characteristics of the domain would have been taken into 
consideration. There seemed to be no such studies, relying on thorough analyses of the 
biomedical domain and the information related practices. There were studies from the 
point of view of isolated user or studies from the point of view of systems, programs and 
solutions. The goal of these studies has often been to observe the role of the medical 
library in the biomedical researchers’ or medical scientists work. Another typical 
research question has been to study the use of various information objects in biomedicine 
and other scientific fields. Research, where biomedical researchers’ information 
practices would have been analyzed thoroughly in context, i.e., as a part of the research 
work were missing. In this thesis I have attempted to understand and interpret the 
phenomenon of information practices in this scientific domain comprehensively. In the 
background, in my mind, there were many questions, which had been waiting answers 
for a long time. How do biomedical researchers work? Does the biomedical knowledge 
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creation process differ from the processes of other disciplines? How does the research 
work proceed? What kind of information is needed during this process? In order to 
support research work, are we doing the right thing in information services and libraries?  
To be able to find answers, I had to make a turn from practice to theory and start my own 
research work. During the progress of the research work, the questions became more 
specified. With the help of the activity theoretical research framework and the domain 
specific approach, I intend to be capable of approaching and understanding information 
practices in biomedicine. My final ambition is to return to practice with that knowledge 
and in order to develop better services for researchers, if needed, try to transform it. 

The thesis is structured as follows. The research topic is introduced by reviewing the 
relevant literature in the next chapter (Chapter 2). That section includes the presentation 
of the central concepts of the thesis and analyzes the domain of biomedicine. After that 
follows the presentation of the theoretical frame (Chapter 3). The chapter starts with the 
general representation of the metatheoretical thinking in information science and 
continues with the description of activity theory and its’ main principles. In the following 
chapter (Chapter 4), the research objectives and methods are presented. The results of 
the thesis are introduced in chapter 5. The last chapter  (Chapter 6) includes the 
discussion, limitations and conclusions of the thesis. 
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2 INTRODUCTION 

The literature of information science contains a great deal of research, which handle the 
needs, seeking and use of information and studies of various user groups (Case 2006; 
Fisher & Julien 2009; Wilson 2006b). Biomedicine and health related fields have often 
been an object of research in information science (Case 2012; Johnson & Case 2012). 
Information needs, searching, resources and services that health professionals, clinicians 
or researchers use or does not use, are quite well known. 

Systematic overviews on conducted research in information science report a variety of 
methods: surveys, individual or collective interviews, formal or informal observation 
methods, mixed methods etc.  (Detlefsen 1998). According to Ellen Detlefsen (1998), a 
part of the studies have been conducted by the physicians themselves (e.g. Timpka & 
Arborelius 1990) and particularly this part had as an aim to show how the use of 
information has affected the patient care and research outcomes (Detlefsen 1998). 
Actually, in this area, where the focus is on information needs and uses in the clinical 
work, as well as on library’s role in supporting it, a considerable amount of research work 
has been done. Gorman (1999) reviewed studies about physicians’ information needs and 
uses. Brettle et al. (2011) identified 18 relevant studies between 2001-2009 in their 
systematic review. An example of a more recent study, where the value of the library and 
information services in patient care have been investigated is Marshall et al. (2013). This 
extensive, multisite study, which used multiple methods found out, that library and 
information resources were perceived valuable, and had a positive impact on patient 
care. 

Interesting examples of quantitative studies are Tenopir and her colleagues (2004; 2009; 
2015) longitudinal studies about scholars reading patterns since 1977. They have 
concentrated mainly on the study of how scientific journal articles are used. From these 
studies we know, for instance, that members of the medical faculty are reading more than 
faculty members from other scientific fields. Medical faculty members read mainly for 
current awareness purposes. 

An example of an interesting survey is a study of 6023 individual academic researchers’ 
information searching, use, information storage behaviors and the use of the library in 
natural science, engineering and medicine (Niu et al. 2010; Niu & Hemminger 2012). 
The information behavior in this study consisted, for example, of reading hours, 
frequency of use for different resource types, articles retrieved from specific sources and 
searchers’ confidence in the search process. The results of this survey, which compared 
the information behavior of academic researchers working in five different universities 
in the USA, are reported in separate articles. In the analysis of the results, many factors 
are found, which have an effect on the information seeking behavior of scientists. 
Academic position and department type had the strongest effect on the frequency of the 
using of information resources. However, the statistical method of regression analyses, 
which was used in this study, did not show broad disciplinary differences. There were 
differences, but these were not consistent across all information activities. This study 
came to the conclusion that information behavior was related more to individual than 
disciplinary factors. 

The studies conducted by Haglund and Olson (2008) and Haines et al. (2010) are 
examples of qualitative studies, which have analyzed researchers’ information needs in 
order to develop library services. In their study of three universities in Stockholm, 
Sweden, Haglund and Olson (2008, p. 54) used “participant observation in according to 
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the methodology applied in ethnology”. They complemented the results of observations 
with interviews. Haines et al. used semi-structured interviews in their study at the Dana 
Medical Library in the University of Vermont, USA. Haglund and Olsen (2008) focused 
in their study on younger researchers from various scholarly fields. When these 
researchers use of information was compared, the most obvious differences were 
between researchers who represented the humanities/social sciences and hard sciences. 
Differences occur within the use of information sources (books, journal articles), the age 
of the used information, as well as the use of the library building. They noticed that 
researchers representing the medical domain almost never visited the library. The 
findings of Haines et al. (2010) and Roos (2015), match well up with most of the findings 
of Haglund and Olsen. Haines et al. concentrate on a particular segment of the medical 
library’s potential customers, namely the researchers of the basic science departments. 
With “the researchers of the basic science department”, they apparently meant 
researchers, who are not doing clinical work. The results confirm that the popularity of 
PubMed and Google are evident also among basic scientists. Searches with these tools 
are done by the simplest possible interface, colleagues are important sources of 
information and the services of the library are not well known and rarely used. Haines et 
al. (2010) noticed that some researchers named molecular and genetic databases from 
the National Center for Biotechnology (NCBI) as their information sources. Younger 
(2010) studied doctors’ and nurses’ online information seeking by reviewing 23 studies. 
She found, among other things, that colleagues are important in information related 
tasks, and that library is not considered as an option in relation to the information access 
of training issues.  

However, there are much fewer examples of studies that concentrate on information 
practices in bioinformatics, molecular biology or molecular medicine. The earliest 
studies concentrated on problematizing the development of information use and needs 
in these fields from the point of view of the role of the library. Among the first reports is 
the study written by Grefsheim et al. (1991), which laid foundations on NCBI as a division 
of the National Library of Medicine in the USA. The main function of this, as well as 
similar studies (e.g. Yarfitz & Ketchell 2000), was to evaluate information needs of 
researchers in the developing field of biotechnology, mainly from the point of view of the 
role and practices in the library. It became apparent in this study, for example, that the 
most likely way for researchers to gain access to databanks was through colleagues inside 
or outside their own department. In general, researchers were skeptical about the need 
of the library in the research process. (Cunningham et al. 1991; Grefsheim et al. 1991). 
Brown (2003) presents in her study how researchers used the genomic and proteomic 
databases and how it has changed scientific communication. The results of this survey 
and case study showed that these databases belonged to daily activities as well as to the 
literature cycle of molecular biologists.  

The attention among the information science practitioners and researchers was later 
turning to the research questions of understanding users and developing ways to 
facilitate access to resources as well as in helping researchers’ work during their 
biomedical work processes (Bartlett 2001; e.g. Bartlett & Toms 2002). MacMullen and 
Denn (2005) presented the information related problems in molecular biology and 
bioinformatics on a general level. They also described some information-oriented tasks 
in the field and suggested the information needs and characteristics of molecular 
biologists as a research object for information science.  

As a result of my investigation and review into the earlier literature of information 
science in the biomedical field, it became apparent that many studies are very topic 
specific and thus become fragmentary and isolated from the context of the practices. 
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There also exist numerous pragmatic studies without the theoretical background. A 
thorough exploration of information practices in the biomedical research work context 
is lacking. In the following text, I will clarify various approaches to the context of the 
study of information seeking and use in more detail. My theoretical position in the 
research tradition of information science will also be illuminated. At the beginning of this 
chapter, the concepts of information behavior and information practices will be declared, 
after that follows a discussion about the task-based and domain specific approaches. 

2.1 Information behavior vs. information practices 

In information science, the phenomena of information seeking and use is dominantly 
called information behavior, which Wilson describes as “the totality of human behavior 
in relation to sources and channels of information, including both active and passive 
information seeking, and information use” (T. D. Wilson 2000).  

Information behavior is generally situated and takes place in a “context”, which is 
according to Talja et al. (1999) often understood as “some kind of background for 
something that the researcher wishes to understand and explain”. In many cases, the 
context refers to some distinct factors and variables that are seen to have an effect on 
these, above mentioned events, that are in the main focus of these investigations. The 
aim of information science has often been to find universal laws or patterns of 
information behavior, which could be explained by the influence of various factors. When 
context is understood as a scattered background, it means according to Talja et al. (1999) 
that it is apprehended in an objectified way. They name, as an alternative to it, the 
interpretative approach to context, where the context is a carrier of meaning and is not 
separable from the comprehensive theoretical perspective from which the research 
object is conceptualized. In this, interpretative approach of the context, the information 
related activities are instead of “information behavior” called “information practices”.  

My position in this thesis is as a social scientist, and because of this I have also chosen, 
basing my considerations mainly to Savolainen (2008; 2007) and Talja (2010), to use 
the concept “information practices” when I refer to those human activities, which are 
related to seeking, managing, giving, using, and producing information in context. This 
position has deep philosophical foundations, which I will clarify more in the following 
text by comparing the concepts of information behavior and information practices. 

Basically, the metatheoretical frame behind these concepts is different. Information 
behavior has its background in the cognitivist research tradition in information science, 
where the main focus is in processes, which happen in individual minds. According to 
this approach, the experienced need of information causes information behavior. 
Information use may be understood as the addition of pieces of information to the 
knowledge stored in an individual’s mind.  The presumption embedded in the concept of 
information practices is that information seeking, use and the production of information 
are constituted socially rather than based on the ideas and motives of individuals. An 
approach like this is the study of Johannisson and Sundin (2007).  They have used 
discourses as a tool in the analyses of the information practices of nurses. In information 
practices, the emphasis is on the contextual factors of information seeking, sharing and 
use. Information practices are continual activities, which are affected and shaped by 
social and cultural elements. The historical, collective and material aspects of the context 
of the practice affect and modify the information practice itself. (Savolainen 2008; 
Savolainen 2007; Rivera & Cox 2014; Talja 2010). 
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In conclusion, with information practices I understand information related, object 
oriented human activities in social and cultural context. Information related activities 
may include seeking, managing, giving, using and producing information or data.   

2.2 Task approach vs. practice approach 

Work tasks in information science are often understood as the context of the information 
access and use. This is typical to the cognitive constructivist approach. (Talja et al. 2005). 
Different kinds of tasks affect people’s information behavior causing different strategies 
for information seeking and use. Because of this, the focus of research in this approach 
is often to find out how the characteristics of tasks are related to information search 
strategies and the characteristics of information objects and systems. Byström has 
demonstrated in her studies (Byström & Järvelin 1995; Byström 2002), how the variation 
of the complexity of search tasks may require diverse amount of knowledge and expertise 
from the actors. In addition to complexity, for example size, urgency, reasons for 
difficulty, and dependencies with other tasks are features, which affect the needed 
information or information sources (Ingwersen & Järvelin 2005).  Spink (2004) has 
studied multitasking and information task switching behavior. Information seeking and 
searching are often seen belonging as a part, a sub-task to a broader work task 
performance, which may also be collaborative in nature (Talja & Nyce 2015).  

Bartlett and Toms (2005) combined the information behavior research frame and task 
analysis in their analyses of bioinformatics processes. Grounded in the information 
behavior approach, they provided a holistic, integrated perspective to the bioinformatics 
processes by using the concepts of information need, seeking and use. The concept of a 
task, as they use it, comes from work analysis and ergonomics, meaning a unit of activity 
within work situation. In this qualitative study, they interviewed 20 bioinformatics 
experts, analyzed and coded the data, and were able to model one particular task, the 
process of functional analysis of a gene sequence, to consist of 16 steps. The model was 
compared with some general models of information seeking. It was found that 
bioinformatics processes involve different types of analyses when using various 
information and data resources. The results of several analyses are collected in an 
iterative process, each new piece of information compared with previous information 
and this way added together to form a reasonable outcome. The process was more like a 
laboratory protocol, than followed traditional information seeking models presented in 
information science. Our findings (Roos et al. 2008) seem to be in agreement in this 
respect with these results. (Bartlett & Toms 2005; Bartlett 2004; Bartlett & Toms 2002; 
Bartlett 2001; Bartlett & Toms 2003). 

Kumpulainen and Järvelin (2010) have used the task-based approach in the research of 
information access in molecular medicine. They collected the data by shadowing of real 
work tasks of the researchers. With information access, they mean “retrieval, browsing 
and navigation in all kinds of collections of data” (Kumpulainen & Järvelin 2010 p. 97), 
among others literature databases. They focus on tasks, where various tools are 
integrated for information access and therefore, understand an information related task 
as a subtask to work tasks. Their findings show that when the tasks were more complex, 
the use of different tools and services were more integrated and varied. They argue that 
work tasks are the generating power behind the information need and are leading to 
information access (Kumpulainen & Järvelin 2010). Kumpulainen and Järvelin (2012) 
classified the barriers, that researchers face in their daily tasks to information access, to 
conceptual, syntactic or technological. When they examine the barriers, they use the 
model of Kekäläinen and Järvelin (2002) to illustrate the nested context. According to 
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this model, the context consists on four, embedded levels: socio-organizational and 
cultural context, work task context, seeking context and information retrieval context. 
The first level of the context is external to task processes, the three following are internal 
to the task processes. (Kumpulainen & Järvelin 2012). 

According to practice theory, however, the task view is incomplete, because it does not 
take into consideration the overall background of the tasks, the context, which may be a 
practice, domain, or sociocultural activity setting.  There is also a difference in the 
conception of the context and nature of problem solving, the nature of work, information, 
knowledge, and expertise. Knowledge in the cognitive view is understood to result from 
storing and the internalization of acquired information in the human memory. In 
practice theories, knowledge and expertise are context embedded, based on acting in 
situations and become part of the practice as it unfolds. The cognitive view is focused on 
problem solving and decision making with the help of information. However, when 
practices are seen through a practice theoretical lens, the most important thing is the 
interconnectedness between material conditions and resources for activity, actors and 
activity settings. It is possible, anyhow, to use practice theory as a theoretical framework 
for work tasks. Then tasks can consequently be understood as a distinct part of situated 
activity setting. (Talja & Nyce 2015). 

2.3 Domain analytic approach 

The domain analytic approach forms an extreme view to those models, which try to 
identify similarities in patterns of seeking and use of information across the research 
domains. A well-known example of a general model is Ellis’ model (Ellis 2005). Initial 
domain analytic studies in information science aimed to form a thorough understanding 
of scholarly communities’ work and communication practices and therefore embedded 
researchers’ information practices within the general context of disciplinary differences. 
Later research results (Fry & Talja 2007; Fry 2006a; Fry 2006b; Kling & McKim 2000; 
Palmer & Cragin 2009; Talja et al. 2007) have indicated that there are crucial domain 
specific differences in scholarly work and information practices related to it. (Talja 
2005). My choice to use the domain analytical approach in this thesis is based on the fact 
that this approach provides an alternative view to the generalizing models of information 
behavior. 

Hjørland and Albrechtsen (1995) present the domain analytic approach of information 
science and state in their pioneering article “that the best way to understand information 
is to study the knowledge domains as thought or discourse communities” (Hjørland & 
Albrechtsen 1995 p. 400). Their main thesis is that instead of focusing the study on 
individuals’ knowledge and information needs, or users in general, as is the case in 
research works presenting the cognitive approach, a more fruitful ground would be to 
see individuals as members of their discourse community or a discipline and interpret 
the properties of individual from this perspective. In this respect, as Savolainen states 
(2007), the discourse of information practice is closely connected to the domain analytic 
approach. Then the culturally mediating factors and people’s relation to information will 
come to the fore instead of “the generalized person’s relation to something termed 
information” (Hjørland 2002).  

Fry (2006a) and Whitley (2000) have noticed that there is a limitation in the domain 
analytic approach, because information practices as well as work organization may vary 
a great deal inside intellectual fields within a broad discipline. Because of this, it would 
be better to take a narrower approach, namely intellectual fields as the unit of the 
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analysis. Another problem, which rises from this approach according to Fry, is how to 
process multidisciplinary, interdisciplinary as well as trans-epistemic fields. Fry suggests 
and has, by herself and together with Talja (Fry & Talja 2007; Fry 2006a; Fry 2006b; Fry 
& Talja 2004; Talja et al. 2007), successfully used Whitley’s theory as an explanatory 
framework. Whitley (2000) explains cultural difference across science, taking into 
consideration as well intellectual as social structures within disciplines. The cultural 
difference is based on two dimensions of cultural identity, namely mutual dependence 
and task uncertainty. It is possible to integrate intellectual and social considerations into 
a joined theoretical framework with the help of these concepts. (Fry 2006a). 

Studies, where the domain specific approach would serve as a context to information 
related activities in the biomedical field seem to be rare. One interesting example of the 
application of the domain analytic approach is Covi’s work (1999), which explains the 
differences in the use of electronic materials by the differences on the work practices of 
researchers in different disciplines. She found that the nature of the molecular biology, 
namely the hard competition of funding, affected the pressure of creating, finding and 
using information as fast as possible.   

2.4 Biomedicine and molecular medicine 

Biomedicine is understood as medicine, which is based on “the application of the 
principles of the natural sciences, especially biology and biochemistry”1. The 
philosophical bases of biomedicine, is on empiricism and positivism. Because of this, the 
experimental method is highly valued in biomedical research. Medical education in the 
western part of the world is based explicitly on biomedicine. (H. J. Wilson 2000).  

Biomedical research can be divided into three broad, partly overlapping categories: basic 
science research, clinical research and translational research (e.g. Henderson & Bunton 
2013).  Basic research often contains research for example from biochemistry, 
microbiology and pharmacology and is in this way typically interdisciplinary in nature. 
It concentrates mainly on the underlying mechanisms of diseases and factors behind 
health. Clinical research is more applied, patient- and disease-oriented. Clinical research 
on its part can be divided into several sub-fields according to clinical specialties, for 
example endocrinology, gynecology, and pediatrics. Translational, or bench-to-bedside 
research is a rather new category of research in biomedicine. The aim of translational 
research is to distribute the outcomes from the basic research to clinical research. The 
categorization of biomedicine is presented in the following figure (Figure 1). 

1 http://www.merriam-webster.com/dictionary/biomedicine 
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Figure 1 Biomedical research domain 

In this thesis, the focus in Articles 1 and 2 is on molecular medicine. Article 3 is 
concentrating mainly on the category of clinical research. The analysis in Article 4 
approaches the whole biomedical domain. 

Molecular medicine can be comprehended as a subfield of biomedicine. It may be 
described as an applied science, which is interdisciplinary and practice-oriented.  In 
molecular medicine human diseases are studied using molecular and genetic techniques 
(Roos et al. 2008; Trent 2012). In MeSH (Medical Subjects Headings thesaurus) it is 
defined as  

“the field of medicine concerned with understanding the biochemical basis of health and disease 
involved in developing diagnostic and therapeutic methods that utilize molecular biology 
techniques”.2  

Molecular and genetic techniques are used in the study of the biological mechanisms and 
processes behind human diseases. Because of this, molecular medicine needs and is 
linked to biochemistry, cell biology, molecular biology and molecular genetics. (Roos 
2012). 

In molecular medicine, an enormous amount of divergent data is produced and 
processed. The mapping and sequencing of the human genome between 1990-2003 
produced huge and complex databases, which has caused a transformation in the study 
of practically all life processes (Collins et al. 2003). Research in molecular medicine 
focuses partly on diseases caused by mutations in a single gene, Single gene Mendelian 
disorders, and for the most part in Complex genetic disorders. Single gene Mendelian 

2 http://www.ncbi.nlm.nih.gov/mesh/?term=molecular+medicine 
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disorders are quite rare in population but the complex diseases, like cancer, heart 
diseases and diabetes form a real challenge to public health as well as to the research 
work. “Omics”, like genomics, the study of the whole genome (Pohlhaus & Cook-Deegan 
2008), developed in the 20th century after Human Genome Project, is the answer to the 
questions rising from the study of complex disorders. In Omics, all or many molecules 
within an organism, a tissue or a cell, are characterized. (Trent 2012). 

2.5 Information environment 

The precise description of the concept “information environment” is lacking in 
information research. There is an example, where it has been used as a synonym for the 
context where information research is situated (Srinivasan & Pyati 2007). Taylor (1991) 
is very well known about the term “information use environment”. With it, he means 
components, which are related to the environment where information is used as well as 
to users and the use of information. In this thesis, information environment is defined to 
mean “the entirety of information resources, consisting of various information objects, 
like data in databases, published documents etc., and tools and services that are needed 
to retrieve, manage and analyze them” (Roos et al. 2008). By using this term, which is 
broad and holistic enough, the variety of resources and tools along with their relations 
can be taken into account. In this way, the difference between the two concepts, 
information use environment and information environment, will become apparent. 
(Roos et al. 2008). 
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3 THE THEORETICAL FRAME OF THE THESIS 

All research is based on some more or less explicit philosophical assumptions behind the 
studied phenomenon. Particularly in social sciences, it is important to make these 
assumptions visible. That is needed in order to be conscious about the effect of various 
presumptions in the study of a social phenomenon, like information practices. In this 
chapter, my aim is first, to introduce the epistemological basis and explore some 
influential metatheories in information science. Secondly, I intend to introduce the 
theoretical orientation and philosophical positions, which are on the background of my 
study and relate it to the other works in information science. The chapter ends with the 
representation of activity theory, which is the most significant theoretical approach in 
this thesis.  

3.1 About the metatheories in information science 

In information science there has been some discussion quite recently about the 
epistemological basis of the domain around the metatheories of the discipline. (e.g. Bates 
2005; Dervin 2005; Ingwersen & Järvelin 2005; Savolainen 2009; Talja et al. 2005; 
Urquhart 2011). Metatheory can be understood as an analysis or description of the theory 
itself, the philosophy behind it (Bates 2005). Hjørland (1998; 2005) has analyzed the 
epistemological assumptions in information science and pointed out how profoundly the  
different views of knowledge are influencing and determining  all major topics in the 
research field. He strongly argues that also practical solutions are developed on the basis 
of epistemological assumptions. An example of this is the empiricistic and positivistic 
approach in collection development in libraries, where the quality of the collection 
development is based on the empirical studies of the user’s demands and experiences 
with the collections instead of the judgements of qualified staff who are able to read 
reviews, study epistemological trends and other kinds of evaluations. (Hjørland, 1998, 
2005).  Ingwersen and Järvelin (2005) for their part highlight the implicit, unarticulated 
and socially shared nature of metatheories: “there is always a community reproducing 
the discourse and sharing the understanding”. 

According to Hjørland (1998) it is possible to use a very simplified grouping of  the main 
epistemological approaches: empiricism, rationalism and historicism. According to 
empiricism, knowledge is generated on the bases of experiences, observations or sense 
data. Rationalism regards rational intuitions or reasoning as the most important way to 
achieve knowledge. Positivism has been regarded as a form of empiricism. Logical 
positivism (logical empiricism) on its part is a combination of empiricism and 
rationalism (Hjørland 2005). The third group, historicism, emphasizes the importance 
of language, culture, our pre-understanding and “horizon”  (including scientific theories) 
to thinking and understanding. Historicism has expanded to scientific realism, which is 
one approach in the philosophy of science.  

Hjørland (1998) analyses the way the main epistemological approaches  view the “users” 
in information science. In the empiricist approach users are “tabula rasa”, their 
experiences individual and fragmentary. According to rationalism, sense experiences are 
a limited way to acquire knowledge because sense data must be interpreted by means of 
some inborn concepts. In historicism it is understood that cultural factors determine the 
interpretation. This last named approach has brought more socio-epistemological view 
in information science. According to Hjørland (1998), there are several different schools, 
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which operate under the heading of historicism, for example hermeneutics, pragmatism, 
social constructivism, and activity theory/cultural-historical school. 

The critics of the positivistic approach have pointed out several weaknesses in it. One 
important, often highlighted positivistic idea is the unity of the science which results in 
the application of a universal research method in all research fields (see e.g. Whitley 
2000 p. 2-4). In social sciences this has in part led to the dominance of quantitative data 
in the methodological unity as well as to the demand of precisely formulated theories.  
Among others, the critics in the form of historical relativism have brought up the 
problems with objectivity. According to it, neutral observations are not possible. Facts 
cannot be neutral, because these are always colored with the nature of the theory of the 
observer. Positivism may also isolate social phenomena and lead to methodological 
individualism. (Hjørland 2005; McKelvey 2003). 

My point of view to the critics of positivism is that to be able to understand deeply a social 
and cultural phenomenon, like information practices, the positivistic approach is not 
applicable. If it is used, just isolated details and views might be discovered. The 
prerequisite for a thorough insight is to use the socio-epistemic approach.  

3.1.1 Three influential metatheories in information science 

The constructivist approach in social sciences was developed as a response to the 
positivist tradition. Constructivism is often used to describe various post-empiricist 
approaches. (Delanty, 2005). Gergen (1999) defines constructivism to mean “a view in 
which an individual mind constructs reality but within a systematic relationship to the 
external world” (Talja et al. 2005, p. 81). Gergen categorizes constructivism into three 
subgroups; constructivism, social constructivism and constructionism. When Talja et al. 
(2005) compared the central properties of three influential metatheories in information 
science, they exploited Gergen’s categorization. In information science, the constructivist 
approach is commonly called the cognitive viewpoint or cognitive constructivism, which 
assumes that the most important arena for knowledge creation is the individual mind, 
which creates structures and mental models (e.g. Cole 1997; Zhang 2008) that represent 
world and filter information. Because of this, constructivist studies in information 
science have focused on the ways in which individuals with a particular state of 
knowledge, like a junior scientist or a senior interact with information resources and 
various information retrieval systems. In the cognitive constructivist approach, the 
research focus is on emotions or cognitive states, like uncertainty, and work tasks, and 
in which way these affect individuals’ information needs, seeking and use. More recently 
the focus has been in the greater extent in the interaction of the individual and socio-
organizational environment, and on situational relevance. Talja et al. (2005) notice that 
individual cognitive view has moved toward the socio-cognitive position, which is 
presented especially by Ingwersen and Järvelin (2005; Järvelin & Ingwersen 2004). 
Cognitive constructivism has been a theoretical research frame in numerous information 
needs and task-based information seeking studies, like in cases of municipal 
administrators (Byström & Järvelin 1995; Byström 2002) and patent engineers (Hansen 
& Järvelin 2000). In these studies, work tasks provide the main context for individuals’ 
information behaviour. (Talja et al. 2005). 

According to social constructivism, reality is constructed in the relationship between the 
mind and the world.  Social customs, history and interaction with other people affect this 
mental process significantly. In the knowledge formation both cognitive processes and 
the social environments are important, the origin of understanding is social. The 
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individual knowledge construction process occurs in interaction with the environment 
and during that process, both parts, the individual as well as the environment are 
changed. This dialectical relationship between the individual and the environment 
becomes the subject of the study. Knowledge is constructed and embedded within action 
and can be explicit and implicit, tacit and embedded within activities. (Talja et al. 2005). 

The borderline between cognitive constructivism and social constructivism is not explicit 
and in information science, these approaches are overlapping. To be able to describe 
approaches more adequately, Talja et al. (2005) use a broader term, “collectivism” 
instead of social constructivism. In this way, they want to highlight the change of the level 
of the study from the individual to the social, organizational or disciplinary levels. In 
information science the collectivist approach is often called the socio-cognitive viewpoint 
or domain analytic approach. Examples of studies using this approach are Fry’s (2006a; 
2006b) studies on scholarly research, scholarly web and information practices, various 
studies of  how the intellectual and social organization shape the use of digital resources 
by Fry et. al. (Fry & Talja 2007; Fry & Talja 2004; Talja et al. 2007) and studies on 
information literacy as an information practice by Lloyd et al. (Lloyd 2010b; Lloyd 
2010a; Fafeita & Lloyd 2012). The activity theoretical approach, which is described in 
detail later, may also be seen as an instance of this approach. According to activity theory, 
the consciousness emerges through human activity in relation to the external world 
(Wilson 2013). Social constructivist viewpoints argue against the general models of 
information needs, information behavior or the validity of studies, which approach users 
“in general”. (Talja et al. 2005). 

Constructionism emphasizes discourse as the channel through which the self and the 
world are outspoken. The attention in this approach is on linguistic processes. The main 
presumption is that knowledge is always positioned.  In information science this 
approach leads to presume that information, information systems and information needs 
are produced within existing discourses. Language, discourse and vocabularies have 
played an important role in information science, research and development work of 
information retrieval and especially in professional practices related to knowledge 
organization and knowledge management. (Talja et al. 2005). 

The categorization of constructivism to the three above described subcategories of 
constructivism, social constructivism (collectivism) and constructionism is just an 
option. As Urquhart (Urquhart, 2011) notices, there are also other ways of partitioning 
constructivism and even voices that argue for integrating it with critical realism (Delanty 
2005). However, the described sub-categorization of constructivism, which is based on 
different background philosophical assumptions as described above, seems to be helpful 
in explaining the entity of information science. It assists in the understanding of the 
various fields of application within information science.  

3.2 About the theoretical frame of the thesis  

In this thesis, I am concentrating on a thorough study of information practices in a 
biomedical research work context. The choice of the research object highlights my 
position: it is against a general model, universalism and for the domain specificity. In 
this respect, my approach matches well up with collectivism described above. The focus 
of this study is on information practices that are seen as a part of shared, mediated 
activities, not as individual’s isolated actions or directed towards the study of cognitive 
processes inside a human mind. The base of knowledge is understood to be on activity. 
As Miettinen (2006) expresses it, the foundation of knowledge is composed of   
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“the interaction between man and his environment, mediated by tools and language”. 

In this approach, language is important, however, it is just one of the mediating tools of 
the activity. The significance of the material artefacts makes a difference when the 
activity theoretical approach is compared for example with constructionism. The level of 
the study is not in the research of an individual mind, or a discourse. The aim is to focus 
on information practices as a part of biomedical research work activity. In the 
background there might be some distant echoes of critical thinking, which would like to 
make the information professionals more conscious of the prevailing presumptions 
behind professional work and more willing to change it.  

Activity theoretical and domain specific approaches are used as a framework in this 
thesis. In the following chapter, the activity theoretical framework, which was named 
above as an instance of social constructivism-collectivism is explained in more detail. 

3.2.1  Activity theory 

Cultural historical activity theory (shortly activity theory) is a philosophical and 
multidisciplinary framework that has been used in the study of human activity or 
practice. It is based on Marx’s thinking and originated in Russia, at the beginning of the 
19th century by Lev Vygotsky and colleagues as an alternative to the Western, then 
prevailing dominant psychological theory, behaviorism. (Engeström & Miettinen 1999; 
Miettinen et al. 2009; Nicolini 2012; Wilson 2013). The theoretical framework that 
activity theory supplies is valuable particularly for the study of various individual or 
social practices and actions as development processes (Spasser 1999). 

There are various lines of activity theory. The general activity theory, also denominated 
the Scandinavian activity theory, is founded on the concepts of Vygotsky and Leontev 
(Leontev 1978), and has been complemented predominantly by Yrjö Engeström (1999; 
1987; 1995; 2001). An alternative model is called the systemic-structural model and is 
developed by Bedny and colleagues (2007). Wilson (2006a) has identified some 
differences between the models, even though these are closely related. Engeström’s 
model is the leading model (e.g. Wilson 2006a; Wilson 2013) and is used also in this 
thesis.  

3.2.1.1 The main principles of activity theory 

All activity of any subject, analyzed from the activity theoretical perspective, is a 
purposeful interaction with the world. The essence of activity theory is often summarized 
into central principles. The number, order and even the contents of the principles may 
vary according to time and the progress of the theory (Engeström 2001; Kaptelinin et al. 
1999; Nicolini 2012; Wilson 2013). Undoubtedly, the first tenet is that the prime unit of 
analyses is the activity system. Individual, human behavior is not in the focus, but 
collective, object-oriented and artifact-mediated activity, which is seen in a network of 
other activity systems. Activity is hierarchical in its nature, consisting of automatic 
operations, goal-directed actions and activity.  Individual or group operations and 
actions are relatively independent, however, the subordinate units of analyses and 
understandable only when explained against the entire activity system.(Engeström 2001; 
Nicolini 2012). 

The central role of mediation is the second principle, which means that all activity is 
mediated by tools, which are some cultural means, such as signs and artefacts. According 
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to Vygotsky these “mediated means” are drawn from our cultural heritage and social 
milieu. Because of this, mediation makes all practices a historically situated and social 
phenomenon. (Nicolini 2012). Engeström presents the concepts and their relations in 
the famous triangular model of the activity system (Engeström 1987). 

Figure 2 The structure of human activity system (Engeström 2001, p. 135)3 

As can be noticed from this systemic model, all the elements are related to each other. 
Between subject, object and community is a mutual relationship, which is mediated by 
signs, tools and artefacts. Signs (like language) and tools (like programs or instruments) 
mediate between the subject and the object. The relationship between the community 
and the subject is mediated by rules (for example laws). The division of labor is mediating 
the relationship between the object and the community. The mediating artefacts are 
historically formed and open to all kinds of modifications. (Kuutti 1995). 

The third tenet of activity theory is object orientation. All activities are fundamentally 
object oriented. The object of the activity may be a material thing, less concrete or totally 
abstract entity. It can be shared and socially constructed. Because the object is not visible 
in entirety to any of the participants of the activity, there is also a possibility for 
contradictory objects. An object may also act as an element to another activity system 
and in this way tie several activity systems together. (Nicolini 2012). 

The hierarchical process, where the object is transformed into outcomes, consists of 
several steps. Wilson (2013) counts this hierarchical structure of activity, which is a 
major contribution of Leontev, also a principal of activity theory. Leontev (1978) 
distinguishes activities, actions and operations and relates these terms to motivations, 
goals and operations under which the activity is performed. The relationship between the 
different levels can be presented by the following example. Motives (earn ones living) 
generate activities (complete a software program), and determine goals (make some new 
code), which result in actions (write new code) or chains or network of actions. Actions 
are composed of operations (using programming language constructs), which are 
determined by conditions (available time). The levels of activity are not fixed and can 
change during time, e.g. via internalization from actions to operations and via 
externalization operations can become actions. In every activity, there is both an external 
and internal side. (Kuutti 1995). It is not possible to understand these sides separately 
because they transform into each other. Internalization is the process where external 

3 Source: Engeström Y., 2001, Expansive learning at work, Journal of Education and Work, p. 135. 
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activities are transformed into internal ones. (Kaptelinin et al. 1995). When the object 
affects the subject in a way that transforms him/her, this is called internalization. 
(Kuutti, 1995). Externalization is a process, where internal activities are transformed into 
external ones (Kaptelinin et al. 1995), for example in the form of new artifacts. The 
process is described in the following figure.  

Figure 3 Hierarchy of activity. Adapted from Wilson (2006a)4 

The central role of contradictions as a source of change is the fifth principle of activity 
theory. Contradictions inside and between activity systems are historically accumulated 
structural tensions. This aspect of the activity theory is a direct heritage from Marxism. 
Tensions and conflicts, which emerge from these contradictions, are also 
transformational efforts to change the activity. The fifth principle is the possibility of 
expansive changes in activity systems. This may happen when the contradictions or 
disturbances make the activity worse and some participants begin to question and deflect 
from the traditional rules. An expansive transformation happens, when the object and 
motive of the activity are re-conceptualized to contain radically wider scope of 
possibilities than in the earlier form of the activity. (Engeström 2001; Nicolini 2012). 

3.2.1.2 Applications of activity theory 

Activity theory has been applied to broad research areas reaching from psychology, 
education and learning to organizational studies. The most interesting applications in 
respect for information science in general and in this thesis particularly, are in work 
studies (e.g. Engeström et al. 1996; Engeström 1995; Engeström 2001), and information 
systems research (e.g. Kaptelinin & Nardi 2006; Korpela et al. 2002; Mursu et al. 2007), 
especially human-computer interaction (e.g. Kuutti 1995; Nardi 1996). In human-

4 Wilson, T.D., 2006, A re-examination of information seeking behaviour in the context of activity theory. 
Information Research- An International Electronic Journal, 11(4), Figure 3. Available in 
http://www.informationr.net/ir/11-4/paper260.html 



17 

computer interaction, the use of activity theory has lead to a turn to contextual 
approaches (Kaptelinin & Nardi 2006). 

Hjørland (1997) presented activity theory to actors in the information science field in his 
book in 1997. To the pioneers of the domain belong also Spasser (1999; 2002), who 
adapted the activity theoretical framework to the study of digital library evaluation. T.D. 
Wilson (2013; 2006a; 2008) is perhaps the most important informant and advocate of 
activity theory in this field. Wilson has pointed out the usefulness of the activity theory 
in offering a conceptual framework and a methodological tool for the analyses of the 
information related activities.  

Allen et al. (2011) note the possibility to analyze information behavior by using activity 
theory as an analysis tool. The hierarchical structure of activity provides awareness for 
the sequential process of information seeking and to the tools, which are related to it 
within context. The processes of internalization and externalization are also pointed out 
in aiding to observe and apprehend the absorption of information into practice and the 
manifestation in the form of knowledge and skills. The notification of Engeström’s term 
”knotworking” as a form of work organization, just for a specific activity is also 
significant. Knotworking can be understood as a tool, when information services are 
arranged for example to certain user groups.  

Xu (Xu & Liu 2007; Xu 2007) has adopted the activity theoretical framework in a 
quantitative study of interactive information retrieval. Because this study was an 
experimental simulation and carried out in a laboratory environment, it presents an 
anomalous approach among the activity theoretical studies in information science. The 
results showed, however, that the framework was an applicable theoretical lens to view 
interactive information retrieval, because it provides an option for cognitive and 
behavioral perspectives, and argues for the activity system as the unit of analyses. In this 
way, Xu (ibid.) claims, it might help in discovering the interdependent effects between 
users’ cognitive states and expressed behavior.  

Perhaps the most important benefit of the activity theoretical approach to information 
science has been that it has given a tool to examine the context of information practices. 
Another important advantage is that it has provided concepts for analyzing the hierarchy 
of information related activities both on individual and collective levels. It seems, 
however, that until now both the theoretical and practical breakthroughs of this 
approach are still missing.   

3.2.1.3 Limitations of activity theory 

Activity theory has been significantly criticized. For example, the object-orientedness of 
an activity gives prominence to purposive actions. Social interactions, which are based 
on non-instrumental sources of activity, like fear, desire or passion are discounted. A 
critique has been conducted also to the way that the powerful analyses tool, Engeström’s 
triangle, might turn the activity as “a thing”, to a series of analyzable factors. (Nicolini 
2012). Power relationships in organizations are also missing from the model (Wilson 
2013).  

Regardless of the limitations and critiques of activity theory, it is an interesting and quite 
a radical tool, which has been used very successfully in the analyses of human activities 
in the social context. It has also proved to be efficient in the practical development work. 
Actually, the principle of activity theory, which takes the activity system as the basic unit 
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of analyses is invaluable. It connects the psychological, cultural, and institutional 
perspectives in the analysis (Miettinen 1999). Because of this, activity theory was chosen 
as a research frame in this thesis. 
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4 THE RESEARCH OBJECTIVES AND METHODS  

4.1 The aim and scope of the thesis 

The overall aim of this thesis is to understand information practices in the biomedical 
research work context. Information practices are approached from the domain analytical 
perspective and using activity theory as a theoretical frame and a research method. 

My theses started from the task-based approach of the study of the information 
environment in molecular medicine. In the beginning, the aim was to describe and 
understand information environment in the context of research work tasks. However, it 
turned out, that to be able to understand the context of the research work, the scientific 
domain of molecular medicine had to be understood more thoroughly. The background 
that the work task approach offered was not comprehensive enough for this purpose. 
This made me to turn from the study of information behavior, using work tasks as the 
context, to the study of information practices using the domain specific approach with 
activity theory as the research frame. By approaching information practices from this 
perspective, it was possible to combine the epistemological and social aspects in the 
study and in this way uncover this phenomenon and understand it extensively in the 
context. It is broadly understood in information science that information practices are 
embedded in the context, and they do not even exist alone. To be able to understand 
information practices, the phenomenon should be studied thoroughly, in the context.  

The research questions of the thesis are: 

1) What is the nature of the information environment in molecular medicine? 

2) How could the domain approach help in explaining the information practices in the 
biomedical context? 

3) Why should information practices in biomedicine be studied in the research work 
context? 

4) Does the activity theoretical research framework help in setting the information 
practices into the research work context? 

4.2 Methods 

As noticed in literature (e.g. Case 2012; Williams & Vogt 2011) there is a connection 
between the character of the domain or discipline and the used research methods. The 
paradigms and theories of the domain as well as the epistemological position in the study 
will affect the choices. The methodological approach in turn may shape the discipline. 
An example of this is the “cultural turn” in European sociology, which lead to the 
avoidance or even the rejection of the quantitative methods in the social sciences 
(Williams & Vogt 2011). 

Information science has until quite recently been dominantly a practice oriented field or 
discipline, lacking explicit theories (see e.g. Pettigrew & McKechnie 2001; Tuomaala et 
al. 2014).  The general philosophical framework, which would guide the development of 
research methods, seems to be rather weak. As indicated in the previous chapter, the 
positivist perspective has dominated even though this standpoint has been mostly 
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implicit or unspoken. The lack of the theoretical framework may lead to the mechanical 
application of the research methods. (Hjørland 2005; Wilson 2003). 

This thesis is a qualitative case study, where mixed methods are used. Case study is a 
common research method in social sciences when there is a need to understand a 
complex, social, real-life phenomena in depth, especially when the boundaries between 
phenomenon and context are not obvious (Yin 2009).  

4.2.1 How the information environment was studied? 

The beginning of the thesis was the analyses and description of the information 
environment of molecular medicine in the research work context. Research work was 
understood as a process consisting of a series of work tasks, which formed the means to 
achieving the goal of the research work. As mentioned earlier, the cognitive constructivist 
approach has often been used in works where information behaviour has been studied. 
Ingwersen and Järvelin’s (2005) cognitive constructivist model of information seeking 
was used, likewise, as a theoretical frame at the starting point of this thesis.  

Two case units, A and B, were chosen in the domain of the molecular medicine. To be 
able to obtain a broad view of researchers’ information environment in their current 
project, two web surveys were organized. The surveys were conducted in the winter 2007 
in the Unit A and in a slightly modified form in the summer in the Unit B. Even though 
there were some differences between the two surveys, it is evident that the outcomes can 
be generalized to be applicable to both research units because of the similarity of research 
domains and the information environment, and the researchers’ resembling education. 

The purpose of the survey was to be able to achieve an overall picture of how the research 
proceeds, and an impression of the connection between the work tasks and the various 
information resources associated to these. Researchers were asked to think about their 
current project and the current work task in it when answering. In this way it was thought 
to be able to get more accurate answers than asking questions about the research work 
in general.  

4.2.1.1 Surveys and interviews 

The data collected from two surveys were merged and analyzed as a whole. The 
respondents were categorized according to their main discipline, the state of the research 
career (junior/senior) and present research subject. After that, the information resources 
and current work tasks were classified. In the analysis of the data retrieval tools and 
services, we used the database classification that was used in Nucleic Acid Research 
(Galperin 2007). 

After collecting and analyzing the data from surveys, it was soon noticed that there was 
a need to elucidate the acquired data. With the solid survey data, it was possible to build 
a picture of the information environment, but impossible to explain properly how data 
and information were actually used and for which purpose. Because of this, it was 
decided to make supplementary interviews. 

Interviewing is a common research method especially in qualitative research. It is 
declared to be the central resource for current social science (Rapley 2004). The 
epistemological approach affects the estimation of the interviews’ usability as research 
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data. From the constructionist approach, interviews are interactional events, where both 
parts participate. The talk on interviews is locally and collaboratively produced. From 
the point of view of for example ethnomethodological research, interviews are an 
unreliable source of information about what actually happens in particular situations. 
(Rapley 2004; Silverman 2005).  However, because our approach in Article 1 is closest 
to cognitive constructivist and empiricistic views, it was found reasonable to use 
interview data as an objective resource. 

The decision was to make semi-structured, focused interviews. Focused interviews are 
used both with individuals and groups and can be used as a primary means of qualitative 
data collection or as an addition to other methods. People are interviewed for quite a 
short period, for example about an hour.  Interviews may remain open-ended, 
conversational and free-flowing, but follow a guide. The major purpose of a focused 
interview may be to corroborate certain facts that seem to be rising for example from the 
theoretical scrutiny. (Rapley 2004; Yin 2009). 

The aim of the interviews was to clarify how the various data and information resources 
were actually used. The aim was also to achieve more understanding about the process 
and perhaps even about the tasks to which information related activities were connected. 
Researchers at various stages of their career were interviewed in order to achieve an 
extensive view about how the research proceeds. Because of this, the selected cases 
represented distinct research fields inside molecular medicine, various stages of the 
research process and researchers in different phases in their career. Two supervising 
senior researchers and their doctoral students at Unit A, and two doctoral students at 
Unit B were interviewed. The researchers were, during the interviews asked to describe 
the most current data and literature retrieval processes. The duration of the interviews 
was on average approximately forty-five minutes. 

Article 1 describes the questionnaires and all the results in detail. A copy of the survey 
form and the interview guide used in Unit A are attached in Appendix 1 and 2. 

4.2.2 Deeper to the context: from tasks to activity 

In the beginning, the information environment, the research process and the related 
work tasks were presumed to be interdependent. However, it seemed that the cognitive 
constructivist approach of the task-based information access did not enable us to have a 
thorough enough view into the phenomenon. To be able to do this, it seemed necessary 
to obtain more understanding about the background, the context of information access 
and use in molecular medicine. The research approach had to be turned towards a social 
constructivist epistemology. Activity theory was implemented as a theoretical framework 
and as a method to the study of the contextual issues.  

The change in the epistemological background affected the way research work and 
information related activities as a part of it were explored. In the beginning (Article 1), 
research work was understood as a process consisting of a set of work tasks, which 
formed the tools to achieve the research goal. The individual actions were regarded as 
the unit of analyses. Later (in Article 2 and Article 3), when turning to a more thorough 
perspective, the research work in biomedicine was understood as human activity, which 
was understood as an object oriented, culturally and socially mediated system, with 
division of labor and rules, which regulate the interaction between the participants 
(Miettinen 1998). There arose a need to proceed from the scrutiny of the access and use 
of information objects to the study of information practices. With information practices 
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was meant “needs, seeking, management, giving, and using information in context” 
(Roos 2012; comp. Palmer et al. 2009). By using the term ”information practices”, the 
intention was to emphasize the contextual factors of the process and consider the actors 
in their social context (comp. Fisher et al. 2005; Savolainen 2007).  

Information practices in molecular medicine (Article 2) were studied by setting them in 
the activity theoretical framework and using its concepts as a toolkit in analyzing 
information practices as a part of the research work in molecular medicine.  

The data collected at earlier stage was used and enriched with interviews, which were 
semi-structured. The work practices of two research groups in molecular medicine were 
also observed. These groups, A and B, had varied research objects and were because of 
this, appropriate research subjects. Group A was investigating a disease, which was 
known to have a polygenetic background, while Group B’s focus was in monogenic 
diseases, which means that these disorders are caused by mutations in a single gene. 
These groups were chosen because author’s intention was to get a picture, as thorough 
as possible, of the research work in the domain. The presupposition was that the named 
difference of research objects would cause the groups to have various research methods 
and tools. Both groups comprised of principal investigators, who were senior scientists, 
PhD students and graduate students. 

As a first step, to be able to have a general view to the work of the research unit, ten group 
leaders and the director of the whole research unit were briefly interviewed. This helped 
the author in the selection of the suitable, information-rich research groups for a 
profounder study. The group leaders of these two groups and PhD students were 
interviewed by using semi-structured interviews. The interviews were conducted in the 
offices of the interviewees. Totally nine interviews were recorded. The interview guide is 
included as an attachment (Appendix 3) in this thesis. The author shared a workroom 
with the members of the Group B between October and December 2007 and took part 
several times to the group meetings of both of the groups. Numerous short discussions 
and unofficial interaction happened all the time during the visit of the author in the unit. 
The author made notes on these occasions in her workbook. 

4.2.3 Widening focus from molecular medicine to clinical settings 

In order to gain a more comprehensive picture of the information practices of biomedical 
researchers, the study proceeded to the study of researchers in clinical settings. Activity 
theory and the qualitative approach were used again (Article 3), because the intention 
was to get a detailed and deep understanding of the information practices as a part of 
medical scientists’ research work. From the previous studies considering medical 
professionals, we knew that questionnaires or surveys had been the dominant method 
(see e.g. the review of Younger 2010). In this case, the decision was to use semi-
structured interviews because they are open enough and enable the development of 
supplementary, advanced questions during the interview. In this way, it was possible to 
collect personal experiences for the analyses. The used interview guide is based on the 
results of previous studies (Articles 1 and 2) and is as an attachment of this thesis 
(Appendix 4). 

The sampling was purposeful, as is customary in qualitative case studies (Fletcher & 
Plakoyiannaki 2010). My objective was to get as information-rich cases as possible. The 
strategy was to cover the topic of medicine as broadly as possible and to recruit 
researchers representing diverse phases of their research carrier and various 
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organizational positions in their units. The snowball sampling technique was used to 
engage the interviewees. In the snowball sampling the research is started with those 
subjects that are conveniently available and ask them to select others (Auerbach & 
Silverstein, 2003). Interviews were started in most cases from senior researchers from 
whom new contacts were asked for the subsequent interviews. With the help of the senior 
researchers, we were able to recruit PhD students from the seniors’ own research groups. 

Twelve researchers were interviewed. Six of them were clinicians, one pediatrist and 
three pharmacogenetics, who were also using clinical material in their research. Two of 
the interviewees were representing the field of public health and were using register data 
as the main source of their study. One of the interviewed researchers showed during the 
interview in practice how she was making searches from databases. 

The interviews were done mainly in pairs during the summer and autumn 2012. All the 
five interviewers were working in the medical library, four were information specialists 
and one, the author, the director of the library. All interviews were preserved in iPad by 
using an application called SoundNote. Relevant parts of the recordings were 
transcribed. The author used thematic analysis to structure and code the data. Dedoose, 
5 an application for the analyses of qualitative and mixed data, was used to help in 
grouping and coding the material. These interviews that were transcribed, were loaded 
in Dedoose, were read carefully and the most important sections of the texts were 
highlighted and chosen for further scrutiny. The stored interviews were available during 
the analysis and the author listened parts of the recorded files during the process of 
examination. The grouping of the text was based for the most part to the main elements 
of activity theory.  

4.2.4 The domain specificity in biomedicine 

To be able to understand the biomedical domain and interpret its’ specificity, Whitley’s 
(2000) theory of the nature of the scientific work was used as a starting point. According 
to him, scientific work may be understood in similar ways as work organizations. The 
differences between various disciplines and scientific fields are caused by the variation 
of the degree of mutual dependence and task uncertainty. This was presumed to shape 
the information practices, in one way or another. The used approach may be called 
abductive, because I and my research colleague started from the general theory and 
analyzed our data against it. Abduction is often called also as “inference to the best 
explanation”, because of the special status of the explanatory considerations in the 
inference. Whitley’s theoretical concepts were opened up, interpreted and categorized in 
the biomedical context.  

Data, collected earlier, in 2007 and 2012 and reported on articles 1, 2 and 3, was 
reanalyzed. As presented above, at the first stage data was collected by two surveys and 
semi-structured interviews from two units representing the domain of molecular 
medicine.  The analysis of this data focused mainly on the quantitative part of the data 
(Article 1). In Article 2, the activity theoretical research frame was used in the analyses 
of that data, which was improved by interviews and observations in the research unit A 
(see Article 1 above). Data, which was used in Article 3 was collected by interviewing 
researchers from Helsinki University Central Hospital, and the University of Helsinki. 
The majority of these researchers were medical scientists, which means that they were 
doing biomedical research in clinical settings. Again, in the analyses of that data, the 
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activity theoretical research frame was used. In this final stage of the thesis, the entire 
data set was approached in using Whitley’s theoretical frame to explore the domain 
specific characteristics in biomedicine, which in turn shape the information practices. In 
the following table, the overview of the datasets is presented. 

 

Table 1 Overview of the datasets 

Date Type Field 

Case unit 

Year 2007 Survey data 

116 answers 

Molecular medicine 

Unit A and B 

Year 2007 Interview data  

6 interviews 

Molecular medicine 

Unit A and B 

Year 2007 Interview data 

9 interviews 

Molecular medicine 

Unit A 
Group A and Group B 

Year 2012 Interview data 

12 interviews 

Biomedical research in clinical 
settings 

 

4.3 Research settings 

In the first article, the research objects came from two molecular medicine research units 
from Finland. The author worked in the institute where the Research Unit A was a part. 
The main reason for choosing this unit was the nature of the research work that was 
conducted in the unit. This unit was among the most successful research units in the 
institute, perhaps among the best in Finland at that time. It comprised ten research 
groups with 91 researchers. The number of the PhD students was 57 and five 
undergraduate students were working in the group too. The quantity of the senior 
researchers was 29 among them were also the group leaders. The scientific work in the 
unit focused on the molecular background of cardiovascular, immunological and 
neuropsychiatric disorders. There were research groups that concentrated on complex 
diseases, some of them were studying single gene disorders. There were groups for 
bioinformatics and systems biology. One “omics” group existed as well as two groups that 
were focusing mainly on the cell and molecular biology of specific diseases. Researchers 
from Unit A were research objects also in the second article of the thesis. 

Research Unit B was chosen because a good point of comparison to Unit A was wanted. 
Unit B consisted of fourteen research groups where totally 103 researchers were working. 
The number of the PhD students was 50. Groups included totally 53 senior researchers 
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comprising 14 group leaders.  The research programs of the groups covered the molecular 
genetics of human diseases and the molecular mechanisms of immune responses and 
disorders. The pathogenesis of cancer and the role of mitochondrial mutations were the 
focus of the molecular genetic research program. The immunology program included 
studies on autoimmune disorders, like APECED and coeliac. There was also a 
bioinformatics group. 

The focus on the third article was on researchers and research groups from the Helsinki 
University Central Hospital and the University of Helsinki. The university hospital in 
Helsinki is the biggest university hospital in Finland. All the major medical specialties, 
totally 49, are represented there. The hospital has a national responsibility for caring 
severe and rare illnesses and ones calling for special expertise and technology. The 
medical faculty of the University of Helsinki is the oldest medical faculty in Finland, 
established at the Academy of Turku in 1640. The faculty carries out high-quality 
multidisciplinary research, educates doctors and dentists, and supervises students’ 
either research-oriented or professionally oriented postgraduate education. The relation 
between the medical faculty and the hospital is very close, as is the case in all university 
hospitals in Finland. For example, almost all the professors in the faculty have positions 
in the hospital and there is a very intensive research collaboration between these 
institutes. In 2014, the University Central Hospital, the Faculty of Medicine and Institute 
for Molecular Medicine Finland formed the Academic Medical Centre Helsinki. 
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5 RESULTS 

This chapter briefly represents the results of this thesis, concluding remarks are included 
at the end of the chapter. The full papers are comprised in Appendix 5. 

5.1 Article 1: The Information Environment of Researchers in Molecular 
Medicine 

The object of this co-authored study was to characterize and analyze the information 
environment in the context of research work in molecular medicine. It was presumed 
that the information environment, the research process and the related work tasks are 
dependent on each other. The information was collected by a survey and supplementary 
interviews. There were a total 116 respondents to the survey (in Unit A 63, in Unit B 53). 
The response rate was 59.8 % of which 56.9 % were junior researchers and 43.1 % were 
seniors. We asked the respondents to think about the current project when answering 
the survey. Totally six researchers were interviewed in the supplementary interviews. 

5.1.1 Work tasks 

The tasks in the survey were expressed on a quite general level, anyhow, we found that 
there were some differences between the senior and junior researchers, as well as 
between researchers from different disciplinary backgrounds. It was more common 
among the junior researchers to read literature, search literature from the databases and 
work in the laboratory. Seniors on the other hand were writing articles, doing planning 
work and searching data from databases more than juniors. Retrieving literature was 
more common (46.6 % of all researchers) than retrieving bioinformatics data (27.6 %). 
Laboratory work was more common among researchers who were representing 
molecular and cell biology, biochemistry or medicine. It became apparent from the 
interviews, that in finding an answer to the basic problem in molecular and cellular 
biology and genetics, which is to locate genes that cause a specific disorder, laboratory 
work is an essential part of the working process. Juniors seemed to participate in this 
work more often than seniors. Researchers from the field of bioinformatics, genetics and 
biotechnology were searching data from databases more than researchers from other 
fields.   

5.1.2 Information environment 

The information environment appeared to be very diverse, consisting of data, tools, 
literature and interpersonal communication. Altogether 91 % of the researchers were 
using data from some databases during their current project. With the help of the 
supplementary interviews, we found out that when the data was retrieved from the 
databases, it was processed with various analysis tools, either locally on the researcher’s 
own computer, on local servers, or with some other tool over the Internet. The most 
commonly named were the bioinformatics portals, National Center for Biotechnology 
Information's (NCBI) Entrez and EMBL-EBI, which enable the interlaced use of various 
resources. Totally 97 various tools and programs were named. However, it appeared that 
the quantity of really relevant, heavily used databases was quite limited. If there were 
several, rather similar databases or tools available, there might be one, which was 
considered as an authority in the field, or had better functionalities in a certain respect. 
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In relation to some tools, the force of habit was named as a reason for the choice. Also 
the research group’s preferences, what the other members of the group were using, could 
affect the selection of the tool. Especially in relation to the tools, methods and laboratory 
protocols, the most important source of information was colleagues.  

Published articles were the most popular sources of literature. All researchers were 
reading articles from scientific journals and 39 % named scholarly books as a source of 
information in their current project. Literature is searched at various stages of the 
research work by using diverse strategies. At the beginning of the project, the database 
is searched generally by key words or even by the name of a known expert. Later, when 
the central literature is at researcher’s disposal, the subject is followed by a composed 
search profile in PubMed or in a similar service. This brings the latest articles 
automatically to the researcher. General scientific journals, Nature and Science, arouse 
as the most popular titles. An interesting phenomenon was that 10 % of the respondents, 
mainly PhD students, responded that they follow only topics in PubMed, not particular 
journal titles. In all, 99 % of the researchers searched literature from PubMed database. 
The usage of other databases, like Google, Web of Science, Google Scholar was 
considerably smaller for literature searches, between 10-19%. Instead, Google was a 
highly favored tool for searching general information from the Internet. Almost half, 
namely 47 % of the researchers named Wikipedia as a source of general information. 

5.1.3 Experienced problems 

A clear majority (71 %) of the researchers in Unit B expressed in the survey that while 
seeking information they had encountered some difficulties in their current project. The 
most common problems were that the resources and tools were difficult to use (48 %), 
and lacking access to resources (22 %). Other difficulties were the lack of information 
about suitable resources (14 %) and information overflow (8 %). Interviews supported 
these results. We learned for example that the information overflow was experienced as 
a bigger problem in the research of complex diseases, because the more complex the 
disease, the higher the amount of published material which have to be searched through 
and followed. 

5.1.4 Concluding remarks 

Characteristic of the information seeking and searching was the overlapping use of 
resources. During the research work process, data and published information seem to be 
interlaced and are sought and used simultaneously by using various resources. It looks 
that the resources that NCBI offer, are developed this in mind, because relatively large 
amount of integration between data, literature and tools is already provided for the 
information seeker. However, we claimed that even more integration between different 
databases and tools would be profitable. 

In this study, we were able to picture the information environment and get a rough idea 
about the research process in molecular medicine. At this point, our own research group 
was divided into two parts, which continued in different directions. To be able to better 
understand the problems in information searching and integration of various sources, 
Sanna Kumpulainen proceeded with her colleagues to study task-based information 
access. Because we wanted to achieve a more thorough and a broader understanding of 
the information practices, we realized that we needed to tackle the research process of 
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molecular medicine, the context, and information practices as a part of it. This made us 
to turn to practice approach and activity theoretical framework. 

Table 2 Key facts in Article 1 

Full reference Roos, A., Kumpulainen, S., Järvelin, K., & Hedlund, T. 
(2008). The information environment of researchers in 
molecular medicine. Information Research, 13(3) 

Research questions 
addressed 

1) What are the general information related features of 
the research process in molecular medicine? 

2) Which are the most commonly used information 
resources in molecular medicine, categorized 
according to purpose of use and type, e.g., resources 
for research literature, research data (gene and 
protein sequences etc.) and local vs. Internet-based 
tools for analysis? 

3) What problems do researchers in molecular 
medicine experience and describe when accessing 
and using the information resources and tools? 

4) How do the researchers integrate various resources 
in their research process? 

Aim The aim of the article is to describe and analyze the 
information environment in the context of research work in 
molecular medicine. 

Data and research 
method 

Mixed methods were used. Data was collected from two 
molecular medicine research units by two separate surveys. 
Survey data was completed by semi-structured interviews. 

Proposed 
contribution 

The varied information environment in molecular medicine 
can be categorized broadly to data, tools, literature and 
interpersonal communication. The use of integrated 
resources was significant. Researchers experienced 
difficulties because of the lack of expertise or access to the 
resources. Available resources were typically used in an 
interlaced way. 

 

5.2 Article 2: Activity theory as a theoretical framework in the study of 
the information practices in molecular medicine 

This article studies the possibilities of activity theory in the research of information 
practices. The aim is in this way to set the information practices of researchers in the 
domain of molecular medicine in a broader context. In this paper, I have studied 
information practices using activity theory as a framework. My intention has been by 
using the activity theoretical framework to gain a deeper understanding about the effects 
of the domain of molecular medicine on the way that researchers seek and use 
information. That information, which was collected by a survey and interviews for the 
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Article 1 constitute the background material for this article. In addition, more data was 
collected by observing and interviewing members of two diverse research groups. These 
two groups were selected in order to achieve as comprehensive view of the domain as 
possible. Group A was studying a disorder, which was known to have a polygenetic 
background. Group B was concentrating on diseases, which were known to be 
monogenetic, meaning that these are caused by mutations in a single gene.   

5.2.1 The domain of molecular medicine 

Even a short study of the history and development of the domain of molecular medicine 
made apparent, that a fundamental, expansive change has occurred within the activity 
system of the research work in this scientific domain. The development of various tools, 
especially technology and research methods related to it, has been rapid and huge, 
affecting other elements of the activity system. Because of this development, the 
community, which is involved in this activity, has changed. In addition, this has affected 
the rules that mediate between the actor and the community, as well as the division of 
labor. New professions, like bioinformaticians, have been evolved. Even the role of small, 
individual laboratories has declined when at the same time, the importance of 
international cooperation has expanded as the genome-wide research has emerged.  

When the collected data was analyzed and the research process of the molecular 
medicine was examined by using the activity theoretical framework, two main objects to 
the research work were found: a) to find out, which gene or genes cause the particular 
disease or a disorder, and, b) to examine, what is the molecular mechanism behind the 
disorder in the gene. The outcome of this activity is to help in preventing or curing the 
disease that the mutations are causing.  

5.2.2 The web of activity systems in molecular medicine 

The activity theoretical framework helped in realizing that the activity system of the 
research work in molecular medicine was not an isolated entity. It was connected to 
different concurrent activity systems, which, it seemed, might have contrasting objects. 
Examples of the contrasting objects were the activity system of education in the 
university, the activity system of information services in the library or the activity system 
of administration and management in the university or the institute. These activity 
systems formed an embedded web of activity systems where various activities have their 
own place. In this web, research work may be understood as the central activity system, 
the treatment and prevention of diseases as the object activity system. The central 
activity system was surrounded by the neighboring activities, which were activity systems 
that produced instruments or tools, rules and subjects to the main activity. Information 
services as well as bioinformatics or laboratory work may be comprehended as 
instruments producing activity systems to the research work. The web of the activity 
system is described in the following Figure 4. 
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Figure 4 The web of activity systems in MM. Adapted from Engeström (1987)6 

5.2.3 Research work and information practices in MM 

The next step was to investigate the research work more precisely. It was possible to 
describe the research process as a chain of actions. This chain seemed to include the 
following actions: inventing the research idea, planning the laboratory implementation, 
laboratory work, the analysis of the results, the reporting of the results.  Three of these, 
the actions of the research idea creation, the analysis of the results and the reporting 
were identified as information intensive stages. Basing on the interviews, the most 
relevant information related actions in each information intensive stage were recognized. 

In this way, the information practices were placed in the broader context of the research 
work in molecular medicine. When the hierarchical aspect of activity theory was applied, 
the dynamic relation between different stages of actions was demonstrated and the 
generating motive behind the activity became explicit. As an example, I present in Article 
3, how the activity generating motive, in this example to understand the function of a 
gene, generates the activity to research a function of a gene. This activity is composed of 
actions, one option being searching existing information and leading to operations, for 

6 Engeström, Y., 1987. Learning by expanding, p.89. 
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example searching literature from PubMed. Conditions, like the time limit or ability to 
use the tool, determine these operations. 

From the perspective of the central activity system, the information related practices 
belong to the lower level in the activity hierarchy, to actions and operations. Information 
services may also be understood as one of the instrument producing tools. As already 
indicated in the Article 1, the information environment in the domain is varied and the 
amount of available databases and other tools is huge. In this study I found, however, 
that even though researchers were aware of the tools, only a small number of these were 
used. Researchers in two groups made conscious choices according to the familiarity of 
the tool. Lack of time seemed to be the main condition that affected them to choose 
among the most well known tools. There was, however a difference between the members 
of the two groups in relation to how they experienced the searching of literature from 
PubMed. The members of the “monogenic” Group B stated that searching was easy as 
the “multigenetic” Group A declared difficulties with searching and overflow of 
information. It seems that the domain is not consistent. 

5.2.4 Concluding remarks 

The notice, that various activity systems in the research work combine together a web, is 
significant. It explains contradictions, which are caused, when subjects, as individuals or 
a group, were involved simultaneously in various activity systems, which had different 
objects. Different actors, like the senior researcher, PhD student or a graduate students 
have different motives and roles in various activity systems. Because of this, they might 
have different needs for information. The results of the survey indicated that, when 
searching literature, only a quarter of the researchers utilized directly services that the 
library provided. This brought up a very important point, denoting to a possible 
contradiction between the separate activity systems of research work in molecular 
medicine and the information services provided by the library. It is likely, that the activity 
of research work is not understood in a satisfactory manner when constructing 
information services. Because of this, the tools provided by information services might 
partly be contradicting to the object of the research work.  

One of the main principles of activity theory is that the activity system should be the main 
object of the analyses. Then the analyses have to be extended from the tasks to a 
meaningful context of subjects’ interaction with the world, which includes the social 
context (Kaptelinin & Nardi, 2006). This is my intention with this article. It has helped 
in understanding more thoroughly the domain of molecular medicine and the elements 
of the research work compared with the earlier work (Article 1). Activity theory has 
provided a thorough approach in the study of information practices and put it in the 
context, as a mediating tool in the activity system of the research work.  
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Table 3 Key facts in Article 2 

Full reference Roos, A. (2012). Activity theory as a theoretical framework 
in the study of the information practices in molecular 
medicine. Information Research, 17(3). 

Research questions 
addressed 

1) Is activity theory a useful theoretical frame for
studying the contextual issues of information
practices in molecular medicine?

2) What are the possible benefits of activity theory
framework to the research of information practices?

Aim The aim of the article is to understand information practices 
of researchers in the domain of molecular medicine by using 
the activity theoretical framework. 

Data and research 
method 

This is a qualitative case study where activity theory is used 
as a method. Data collected for Article 1, was enriched by 
semi-structured interviews and observations. 

Proposed 
contribution 

Activity theory seems to provide a thorough approach to the 
study of information practices in the context. Information 
practices are understood as mediating tools in the research 
process and significant only in relation to the main activity, 
research work. 

5.3 Article 3: Medical scientists’ information practices in the research 
work context 

The aim of this paper was to study and understand medical scientists’ information 
practices in the research work context. The activity theoretical perspective was used in 
order to put information practices in a broader context.  

In this study, I was concentrating on biomedical researchers in clinical settings. Medical 
scientists or physician scientists are often involved in clinical research. In the clinical 
research, human beings directly, or material from humans, are included in the research. 
The activity theoretical framework was used in the analyses of the research work and 
information practices. Data was gathered by interviewing 12 researchers, who were 
representing different medical fields and various stages in their career. The data was 
structured primarily using the elements of activity theory. 

5.3.1 Medical scientists’ research work 

The research work was carried out in groups with quite clear division of labor. PhD 
students were involved in the collection of the data and were the main authors of the 
articles, where the results were reported. Seniors were usually originators of research 
ideas and supervisors of the whole research process. The central activity system also in 
this case study, is the research work. The web of the activity system consisted of several 
neighboring activity systems, which seemed to have varying importance to the members 
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of the research groups. In this respect, the situation is quite similar to the cases in the 
previous article (Article 2). However, depending on the organizational status and 
experience of the researcher, the activity of the clinical work had a different impact on 
the research work and vice versa. Seniors had the possibility to combine their clinical and 
research work while clinicians, who were PhD students, conducted these different works 
separately. 

The chain of actions in the medical research work was introduced. An astonishing 
laboratory result, some examples in the clinical work combined with the scientist’s own 
experience, discussion with colleagues and reading of published literature, may be 
factors that are giving an idea to the medical scientist for a new research project. Because 
of the clinical context, humans as research objects, special attention has to be paid to the 
stage where the research plan is made. These, as well as the reporting of results, were the 
most information intensive stages during the research work.  

5.3.2 Information practices 

The central activity system generates the motive to information related actions. As an 
isolated entity, these actions do not have any explicit meaning. When the information 
related actions were studied in more detailed way, we noticed that published information 
was searched mainly from PubMed, sometimes with the help of Google, in a very simple 
way, often like laymen use the general search engines. Conditions, like the familiarity of 
the subject, knowledge of the tool, access and time limits were affecting in these cases 
how the searches were really conducted. All researchers monitored literature during the 
whole process, at every stage of the research work. Especially seniors followed their own 
citations from the Web of Science to be able to follow the development in their own 
specialty.  

The information environment seemed to be rather consistent and was composed mainly 
of scientific journal articles and the most important searching tool, PubMed. PhD 
students used also books for collecting general information, in Evidence Based Medicine 
terms this type of information is called as “background information” (Straus 2011). 
Samples and tissues, as well as data from patient registers, are an integral part of the 
information environment in clinical research.  

Senior researchers, who were in these cases also principal investigators, were very 
important sources of information to PhD students, especially at the beginning of the 
research work. The members of the research groups shared information particularly in 
the regular journal clubs, which is a normal habit in the clinical environment. 

The main problems that researchers experienced were associated to the conditions that 
determine information seeking operations: lack of time, access and skills. It became 
apparent, that the clinicians worked under a very heavy workload. Because of that, it is 
obvious that different objects of various activity systems, for example clinical work, 
administration, education and research work, caused contradictions and problems. 

5.3.3 Concluding remarks 

In this article, information practices in the context of medical scientists’ research work 
appear as a tool, an instrument producing activity to the research work. Researchers 
themselves regarded that their information related skills were insufficient but good 
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enough to do the work properly. One interpretation to this might be, that information 
related skills were not appreciated as such, but considered as pure technique, which is 
subordinate to their subject knowledge and expertise. In addition, the best help and 
advice to the problematic situations came from the research community physically and 
intellectually nearby, researchers sitting in the same room or sharing the same 
laboratory. From the perspective of researchers, information professionals seemed to be 
far a way in their own activity system, speaking their professional jargon, which seemed 
not to be understandable. 

It seems that both studies (Articles 2 and 3) where activity theory has been used as a 
theoretical research frame, opens up the specific nature of the context. This makes it 
possible to compare the way the context affects information practices. When the chain of 
actions in the research processes is compared in these two cases, there are slight 
differences. One of the most apparent differences is caused by the direct involvement of 
humans as research objects in the research work of medical scientists. The web of activity 
systems is also divergent in some extent in these cases.  The activity system of clinical 
work causes a clear tension in the medical scientists research work. In molecular 
medicine, the instrument producing activity system of bioinformatics and the activity 
system of pure laboratory work are important parts of the activity system of the research 
work.  

The effects of these on information practices are obvious. In clinical research, the medical 
scientists need to pay a special attention to the validity of the research plan and all 
possible information has to be searched in order to be able to conduct the work in the 
planned course of action. The activity system of clinical work and inclusion of living 
patients makes the context of the research work particularly demanding. Lack of time, 
lack of access and lack of skills are conditions that often determine information related 
actions in clinical medicine. In the extremely busy work conditions, the demands for the 
information services producing activity systems are high.   The situation in more 
laboratory based molecular medicine is different.  In molecular medicine, the integration 
of various bioinformatics tools and services is more significant. 
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Table 4 Key facts in Article 3 

Full reference Roos, A. (2015). Medical scientists' information practices in 
the research work context. Health Information & Libraries 
Journal 32(1): 23-36 

Research questions 
addressed 

1) What are the most information intensive stages in
medical scientists’ research work?

2) What are medical scientists’ most common
information practices and tools?

3) Do researchers experience information related
problems (and what kind of problems) during the
research work?

Aim The aim of this study was to investigate and understand the 
medical scientists information practices using domain 
analytical approach and activity theoretical research frame. 

Data and research 
method 

This is a qualitative case study where activity theory is used 
as a method. 12 researchers from different medical fields 
were interviewed using semi-structured interviews. 

Proposed 
contribution 

Information practices appear as instrument producing 
activity, as a tool to the central activity system, research 
work. The core activity system generates the motives of 
information related actions, like searching and using 
information. 

5.4 Article 4: Using the domain analytical approach in the study of the 
information practices in biomedicine 

In this article information practices in biomedicine were studied from the domain 
analytical perspective. The domain of biomedicine was approached by using Whitley’s 
(2000) theory of the social and intellectual organization of academic fields. Because the 
analysis was based on a general theory, the used approach may be named as an abductive 
approach. My intention was firstly to interpret the concepts of “mutual dependence” and 
“task uncertainty” in the biomedical field. Secondly, the aim was to explore how factors 
that indicate these two dimensions are related to and shape the information practices. 

Several indicators, which were related to low task uncertainty and high mutual 
dependence, were found. In the following table (Table 4), the concepts of Whitley are 
presented on the left column. Those concepts, which are associated to Whitley’s concepts 
and were found in our data, are placed on the right column.  
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Table 5 Characteristics representing “low task uncertainty” and “high mutual 
dependence” in biomedicine 

Task uncertainty (Whitley) Low task uncertainty (biomedicine)  
Characterized by: the degree of 
predictability and visibility of the 
outcomes and research processes. This 
dimension is associated with patterns of 
work organization and control 

Represented by:  
• a common goal for research
• strong emphasis on research groups
• clear division of labor
• clear leadership and supervision.

Mutual dependence (Whitley) High mutual dependence (biomedicine) 
Characterized by the extent that a field is 
dependent on knowledge produced in 
order to make a contribution to science. 
This dimension might for example 
influence the extent that the researchers 
need to use specific research 
procedures and earlier results in order 
to convince their scientific field of the 
legitimacy of research results 

Represented by:  
• sharing of resources
• dependence on new technology to

produce competitive research
• collaboration within the research unit

as well as national and international
collaboration

• strong competition in the research
field

Some of the indicators seemed to be interrelated. An example of this is dependence on 
expensive technology, which causes research groups to seek collaborators. However, 
a clear tension in the field appears because of the need for collaboration when at the 
same time there prevails a hard competition between the research groups.  

The analysis of information practices against the indicators of low task uncertainty and 
high mutual dependence brought up some features, which helped to understand 
the specialty of the domain and requirements that this generates to information 
services. Hard competition is one of the elements, which has many effects on 
information practices. It is on its part behind the explosion of publications and data 
in the field and straight related to the way information is searched, used and 
reproduced. In these circumstances, the need to be informed about the most recent 
research results in the field is utterly important. Because the amount of biomedical 
literature is rising exponentially, the invocation of text mining technologies becomes 
more significant.   

The continuous competition seems also to be related to the direction that the 
publishing sector has developed in biomedicine.  There the status of commercial 
publishers is strong. The established system of commercial scientific journals controls 
the novelty and value of the new biomedical research. Researchers are well aware of 
the clear ranking system of the impact factors. They take into the consideration the 
status of the journal when planning to publish the results of the research work. 

In conclusion, our study supports the view that in the biomedical domain, the 
task uncertainty is low and mutual dependence high. It seems, that when the degree of 
mutual dependence between researchers is increasing, competition increases and the 
methods in scientific communication become more standardized and controlled. In this 
situation, the journals in the highest rank and impact factors indicating that are 
emphasized.  



 
 

 

37 

The domain analytical approach seemed to be useful in the study of the information 
practices of biomedical researchers, because with the help of the theory of Whitley we 
were able to make a thorough analysis of the cultural and social nature of biomedicine. 
This aided in the examination and understanding of the information practices of 
researchers in the biomedical domain. 

 

Table 6 Key facts in Article 4 

Full reference Roos, A. & Hedlund T. (2015). Using the domain analytical 
approach in the study of the information practices in 
biomedicine. An unpublished essay. 

Research questions 
addressed 

1) How can we describe and interpret the concepts of 
“mutual dependence” and “task uncertainty” in the 
domain of biomedicine? 

2) In which way the domain affects to information 
practices in biomedicine? 

Aim The aim was to understand thoroughly the biomedical 
domain and apply the domain analytical perspective in the 
study of information practices in the domain. 

Data and research 
method 

This is a qualitative study, based on the reanalyzed data from 
two case studies reported in Article 2 and 3. The approach of 
the article is abductive. 

Proposed 
contribution 

This study supports the view that biomedical domain has a 
low task uncertainty and a high mutual dependence. We 
identified several indicators, which represent these factors. 
The analyses helped in understanding biomedicine and 
some information related practices in biomedical research 
work. 
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6 DISCUSSION 

The aim of this thesis was to understand information practices in the biomedical research 
work context. Information practices are embedded in context, they do not exist by 
themselves. The context is understood as socially constructed, and not separable from 
the other activities of the actors (comp. Courtright 2007). Therefore, I have focused my 
analyses on the scientific domain of biomedicine and to the activity system of research 
work. At the beginning of this chapter, the nature of the information environment in 
molecular medicine is explored. The ways that it interacts and is interconnected with 
information practices is considered. After that follows the discussion about information 
practices in the research work in biomedicine from the domain specific approach. The 
viewpoint that activity theory opens to the study of information practices will be in focus 
after that. This chapter ends with concluding discussion about the theoretical and 
practical implications of this thesis. 

6.1 Information environment in molecular medicine 

The information environment in molecular medicine consists of numerous different 
resources. It can be categorized into broad groups of data, literature, tools and 
interpersonal communication. The amount of various databases and tools is tremendous. 
Researchers themselves produce data in order to update these globally shared databases. 
The volume of data is huge and is rising exponentially. The extent of the published 
articles on biomedicine is also rising exponentially (Lu 2011). In 2015, the most 
important literature database, PubMed, comprises over 24 million references 7. It is 
possible that even on some very specialized “hot” topics, the number of relevant, new 
literature is increasing at such rate that it is inconceivable to any researcher to follow all 
of it. (Jensen et al. 2006).  

The case study in Article 1 showed that 91 % of the researchers used databases and tools 
in their current project. Researchers used various resources simultaneously and in an 
interlaced way. Information or data was searched from one source, analyzed in another 
resource or a tool and the result put in use again in some other resource. Literature, 
mainly in the form of scientific articles was searched from PubMed, which includes built-
in Boolean operators and integration in MeSH (Medical Subject Headings) terms (Lu 
2011). This makes searching much easier and reliable for the busy researchers. New 
research results are followed by using an automated current awareness service of 
PubMed or by browsing the table of contents from general scientific journals. PubMed is 
linked to various other databases, which makes the work easier for researchers. When 
NCBI’s Entrez system is used to searchers, it integrates literature search for 39 other 
literature and molecular databases 8 in NCBI’s resources. 

Colleagues were the most important sources of information when a research group was 
making a choice of the method they were going to use in the laboratory. Informal 
communication with peers and colleagues was found to be significant also to the 
development of a new research idea. 

Researchers’ work tasks varied slightly between different research fields. Molecular and 
cellular biologists were working more in the laboratory and using less varied assortment 

                                                        
7 http://www.ncbi.nlm.nih.gov/books/NBK3827/#pubmedhelp.FAQs 
8 http://www.ncbi.nlm.nih.gov/books/NBK3837/ 
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of databases, compared with scientists from research groups representing other scientific 
fields. Bioinformaticians were doing only “in silico” work, with computers, and they 
named more molecular databases and tools than other researchers. It was not a surprise 
that the members of research groups in the field of genetics named databases from 
human and other vertebrate category more than any other database category. Senior 
researchers were doing more searchers from bioinformatics databases than juniors. 
Junior researchers were writing articles more than seniors. Seniors were administrating 
the whole research process and, in the background, planning and preparing the next 
project. 

The information environment of researchers in the interdisciplinary domain of 
molecular medicine is diverse. Globally produced and shared research data is an integral 
part of every day work of almost all of the researchers. PubMed, which is integrated into 
multiple databases, is the dominant tool for searching literature. However, we noticed 
that the domain was not totally consistent. Molecular and cellular biologists on the one 
hand and bioinformaticians on the other hand represented the opposite poles in relation 
to the amount of different databases. The members of the research group, which had a 
complex disease as a research object, told that they had more difficulties in searching 
and following literature than researchers in the group, which had a monogenic disease 
as an object. A simple explanation for this may be the difference in the amount of 
published research results. When the research object is more complicated, searching 
becomes more difficult than when the research object is straightforward. In the case of 
the complex diseases, the number of new articles becomes much larger in comparison 
with monogenic diseases and causes more work to keep on track of it. Perhaps this was 
also the reason why 10 % of the researchers, all of them PhD students, were not following 
any particular journal titles. Maybe, they had time just to read new papers that the 
current awareness service from PubMed was delivering to them about their research 
subject. It is possible that senior researchers manage the overflow of information better 
because of their deeper knowledge of the subject.  

Even though the information environment was manifold, the number of resources that 
the members of our case groups were actively using was rather small. The variety itself, 
it seemed, did not compose a problem. Some of the resources were selected because of 
familiarity, some because other members of the group were already using them. This 
corroborates the findings of Bartlett (Bartlett & Toms 2002; Bartlett 2001), that 
bioinformatics expertise is based most on oral tradition, not disseminated on a 
systematic way.   

The philosophical bases of molecular medicine, as in biomedicine in general is 
empiricism and positivism. Experimental methods are valued and laboratory work is 
needed quite often to the testing of hypotheses. Globally shared and updated databases 
are an indication of high mutual dependence between researchers in this domain. A 
similar signal is the popularity of the single literature database as well as commonly used 
portals of EMBL and NCBI. Task uncertainty, in turn, is low. An example of this is 
genome wide studies, which are conducted in broad, global collaboration.  

It may be concluded that the information environment in molecular medicine is varied, 
partly integrated and the amount of information is growing exponentially. However, it is 
not an isolated entity, something that exists outside the research work of the researchers 
and is just adapted and used. Knowledge and data are produced in research groups with 
global collaboration with other scientists. Results are published in scientific journals and 
data is loaded in globally shared databases. In this way, researchers in collaboration with 
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each other and other professionals create and recreate information environment using 
the outcome of one project, data or a publication, as an instrument in another. 

6.2 Domain specificity of information practices in biomedicine 

The scientific domain of biomedicine means medicine, which is based on the application 
of the principles of natural sciences, particularly biology and biochemistry. One of its 
various sub-fields is molecular medicine. The molecular and gene techniques that are 
used in molecular medicine are increasingly applied in the research work of all medical 
fields and even in the medical practice. Biomedicine is an interdisciplinary scientific 
domain, which has a positivistic approach and as noticed, is based considerably on 
experiments and laboratory analyses. Humans are directly involved in clinical research. 
In molecular medicine research, animal models are used more often in testing hypothesis 
in the laboratory.  In addition, pure “in silico” research exists. 

There seems to be quite apparent consensus about the goals and priorities in research 
and the domain is quite stable. Research work proceeds in a rather established manner 
as we described in our studies. Because of this, it is possible to argue that the task 
uncertainty in biomedicine is quite low, even though the domain is involved in the rapid 
technological development. The biomedical field is highly competitive and there is a 
constant contest of resources and reputation. The status of commercial publishers in the 
biomedical sector is strong. The novelty and the value of the contribution of new research 
are controlled by the established system of commercial scientific journals. Almost every 
biomedical sub-field seems to have some leading journals. However, there exist few 
really respected general scientific journals (Nature, Science, PLoS One), which have wide 
circulation among researchers over whole natural sciences. Researchers in our case 
studies seemed to follow either Nature or Science, or both of them. Journals have a clear 
ranking system according to the impact factor (by Thomson Reuters) and articles in 
journals have an established structure. Researchers and research groups are building 
their work on the work of other researchers in the field. Taking into account this, it seems 
clear that they are mutually highly dependent on each other. It seems, that only in fields 
where the mutual dependence is high and task uncertainty low, the rise of “hot topics” in 
research is possible. 

Biomedical researchers work in groups and write articles collaboratively. Usually, they 
have a clear division of labor during the whole research process. When writing, one 
researcher has the main responsibility of the article and others have a more supportive 
role. Our case groups did not use any common reference tools or any other group ware 
for this purpose.  

PubMed is the dominant, globally used, free searching tool for literature in biomedicine. 
The policy in PubMed producing NCBI has been to open all the data in the database. This 
has caused the development of many other tools, which are based on the data and 
metadata stored in PubMed. Monitoring of new research articles belongs to the routines 
of every biomedical researcher. This happens at every stage of the research process. 
Openly available research databases are essential part of information practices in 
molecular medicine. The significance of the databases is increasing also to other 
biomedical subfields, but researchers do not have enough knowledge or ability to exploit 
them.  

Researchers were satisfied with their information seeking and searching skills even 
though they were well aware that they could be more skilful. However, the intelligence 
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behind PubMed helped a great deal in the literature searching actions. Medical scientists 
ability to use research databases was poor. 

Information sharing within our case groups was not as common as we expected. Medical 
scientists who were doing clinical work had so called “journal clubs”, regular meetings 
where mainly young researchers reviewed certain topics.  In addition, supervisors had a 
special role in sharing information resources and other knowledge with their PhD 
students. Talja (Talja 2002) classify this as directive information sharing. Apart from 
directive sharing, social sharing in the form of advice to practical information related 
questions occurred among researchers, who were working in the physically shared space. 
However, sharing data and publications in the level of the whole biomedical domain, in 
centralized manner, is typical. This feature confirms the high mutual dependence of 
researchers in biomedicine. Together with technological advancements, it has deeply 
shaped research work practices in the long term and in this way affected information 
practices. It is evident, that processing, using and collaborative producing of centralized 
resources has enabled the creation of new knowledge, tools and inventions quicker in all 
areas of biomedicine. An example of this is the use of sequence data in various medical 
processes, like finding functioning pharmacotherapy for patients with severe, difficult 
leukaemia.  

Hard competition causes pressure to research groups to publish their results as soon as 
possible, at least before any other group, which is working on the same problem. This 
causes an overall deluge of publications, which may generate a real overflow of 
information in certain subjects, which are rising to “hot” topics. These topics consist of a 
real challenge to research groups and individual scientist who are working on to find 
answers to that “hot” subject. The option in these cases is a program, which would mine 
text for researchers. Clinical work might be a source of research ideas but at the same 
time clinicians are busy and packed with many responsibilities. Against this background, 
it is easier to understand why information related actions have to be simple, easy and 
embedded on that virtual environment which is familiar to researchers. A new, 
wonderful search tool with a fancy interface is not as such in these cases welcomed. In 
this respect, the thorough understanding of the nature of the research work on the 
domain of biomedicine helps.  

6.3 Domain specific information practices seen through activity 
theoretical lens 

According to activity theory, all activity of any individual or collective subject is a 
purposeful interaction with the world. The analyses of any activity should be started from 
the activity system. This is the only way to extend the study from the tasks to the 
meaningful context of the subjects’ interaction with the world, including social context. 
In this way it is possible to understand the activity thoroughly in context. 

The activity system of research work in biomedicine is the starting point of analyses in 
this thesis. The process, where the object of the activity is turning to outcomes is 
hierarchical and very complicated consisting of several steps. Information practices in 
the scientific domain of biomedicine appear as one instrument, a mediating tool between 
the subject and the object of the research work. With the help of the elements of the 
activity system, we were able to analyze the chain of information related actions in the 
research work process. This helped us to notice that in the research work context, 
information practices belong to the lower level of actions and operations. They have no 
meaning in themselves to researchers. However, this does not mean that they are 
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meaningless. On the contrary, information practices seem to have an important role 
among other mediating tools between the subject and the object of the activity. These 
tools are necessary enablers of research work. 

Various activities comprise a net of activity systems. Different activity systems interact 
and contradict with each other. The object of the central activity system, in this case the 
research work, is behind of all the processes and actions in this activity system. We 
identified education, clinical work, laboratory work, management and administration as 
other, research work related activity systems. In addition, activities related to research 
funding and publishing process might also belong to the related systems. Diverse activity 
systems have various objects, which are at least partly invisible. These invisible, differing 
objects of the related activities may cause contradictions to actors and between different 
activity systems. It is quite typical, that researchers in biomedicine are involved in 
various activity systems simultaneously. Actors in different stages in their career of 
position may have various motives and goals in relation to the system of higher 
education, clinical work and management and administration. This may be the reason 
for some differences in information practices.  

The information services providing activity system, the library, is also one of the related 
systems. We discovered that only a quarter of the researchers in molecular medicine were 
using services that the library provided for searching the literature. The situation of 
medical scientists was quite similar. One explanation of this could be that when the local 
information systems and services had been developed, the structure and the hierarchy of 
the activity system of the research work had not been comprehended well enough. As a 
result of this, the object of the information services providing system might be in 
contradiction to the one of the research work. Moreover, when interviewing the medical 
scientists, we noticed that the language of the interviewers and researchers differed. It 
appeared, that researchers did not understand some of the terms that interviewers were 
using about information seeking tools or services. These findings might be explained by 
a contradiction between the two activity systems. It seemed also that information 
services providing activity and research work in biomedicine are intellectually so apart 
from each other, that there is lack of a common language. These findings might at least 
partly be related or a consequence to each other. Researchers are not able to benefit from 
the information services, which do not take into consideration the nature of the research 
work in the biomedical domain. If the nature of the research work, the hierarchy and 
interaction of actions is not understood and a common language with researchers and 
information professionals is missing, the development of services that researchers would 
find beneficial and useful is difficult, if not impossible. 

6.4 Implications to the theory and practice 

The web of the activity systems is according to activity theoretical framework the context 
of the research work in biomedicine. With the help of this framework, information 
practices are positioned to the context of the research work, which is in the center of the 
activities. It aids in understanding the hierarchy of the research work and the way the 
different stages, the chains of actions, are related to the central activity as well as to each 
other. In the activity system of research work, information practices are comprehended 
as a mediating tool, which helps the researcher to achieve the object of the research work. 
In the hierarchy of activities in the research work, they belong to the lower level, actions 
which are generated by the motive of the whole activity. 
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From the point of view of the research work activity system, studies in information 
science have concentrated typically either on one aspect of the activity system, mostly on 
tools, or to the functionality of one type of an instrument, namely information searching 
and use. The complexity, dialectical nature of the activity system and the effect of other 
elements of the system to the information practices, have not been in the focus of the 
research. This has made the perspective of information science research in the past quite 
often atomistic and fragmentary. When we are informed about the domain specific 
motive and goal, we are able to understand information related actions and the 
conditions, which affect them. Then research, which is focused on information related 
actions and conditions, is situated in the context. 

Whitley’s theory about the explanation of differences across sciences is built on two 
dimensions of cultural identity: task uncertainty and mutual dependence. These 
concepts integrate the social and intellectual structures within a discipline. We found 
that for example the centralized, global information and data resources are expressions 
of the high mutual dependence. Widely shared research outcomes, which are organized 
to a quite coherent system of publications in scientific journals and data in databases, 
are indications of the low task uncertainty. High mutual dependence and low task 
uncertainty seem to explain the rise of the “hot topics” in biomedicine. When organizing 
information services to scientists, it is very important to understand the cultural 
differences behind various scientific fields. When research goals in a scientific field are 
common and the competition is distinctive, the nature of information services should be 
different compared with fields where mutual dependence is low and task uncertainty is 
high. The services should not be planned to support a “general user”, but to a scientific 
field or a domain, which has special requirements because of its special nature.  

I have used the activity theoretical research framework to analyze information practices 
as an activity in the broad, social context of the research work in biomedicine. Whitley’s 
theory has offered an option to combine the social and intellectual aspects in explaining 
the domain specificity with two dimensions of cultural identity. These views are 
supplementary and make the analyses more thorough. Together these approaches have 
assisted in forming an in-depth view to information practices in biomedicine. The 
advantage of activity theory is that it opens up the context of information practices and 
helps to see them as a mediating tool in the research process. Activity theory is an 
extensive analyses tool because the elements that it provides are beneficial in the 
research and structuring of information practices.  Whitley’s theory on its part gives a 
deep perspective to the comparison of the differences between various intellectual fields. 
It helps in comprehending and making the nature of scientific domains explicit. 

From the activity theoretical perspective, cultural identity in biomedicine could be 
understood as a dialectical relationship between the research group (collective or 
individual subject), the study of biological processes and mechanisms in human diseases 
(object) and the biomedical research community (community). The relationship between 
the research group and the biomedical community is mediated by various rules, which 
make the biomedical community mutually highly dependent on each other. Whitley’s 
theory, in turn, helps in the analyses of the relation between the epistemic and social 
structure behind biomedical science in a unique manner. For example, it makes the 
emergence of the centrally produced information resources and the coherent publishing 
system more understandable.  

If the tools and services to researchers in biomedicine are planned and designed in 
isolation, out of the context of the activity system of research work, the development 
work may lead to impractical or even worthless systems from the point of view of the 
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actors. Examples of this are information systems for searching literature and data. The 
usefulness of a general search portal, which covers all disciplines, is dubious. For 
example, it may be argued that Finnish Nelli-portal has been for the most part 
unnecessary from the point of view of biomedical researchers. As a whole, there is no 
“general scientist” who needs this kind of a portal. Nelli has certainly been useful to 
researchers from certain domains, or to librarians who have a broad category of 
disciplines to cover in their work. The construction and maintenance of a search engine 
or a portal at a national level is a huge investment. Because of this, the need, focus, 
benefit and target groups of these kinds of tools should be carefully examined before 
implementation in the future. The requests to support interdisciplinary research are 
legitimate. However, it should be carefully considered, what could be the right way to do 
it. The integration and interoperability of various, domain specific tools might be a better 
solution. It is evident, that the development of information systems should be done 
within a close collaboration with the researchers. One suitable approach for this could be 
the use of agile methods (Dingsøyr et al. 2012).  

To be able to help researches to achieve the object of their work, domain specificity needs 
to be taken into account. Researchers in biomedicine will use tools and services, which 
are virtually and physically achievable for them and easy to use. If tools are developed in 
isolation of the context of the research work, the chance that these would serve the 
planned purpose, is much more improbable. It would benefit both the researchers and 
information professionals if they were able to work together in research projects. This 
would enhance mutual understanding and in this way assist in communication as well as 
in the development of the tools and services. Perhaps the methods of co-configuration 
and knotworking would be useful in this respect. These methods are generated by 
Engeström and refer to a very demanding mode of collaborative development of work 
and production. (see e.g. Engeström 2004). For information practitioners, it is important 
to understand the limits of the universal information science laws and models and realize 
the differences between scientific fields and domains. The key to successful, research 
work supportive services is the ability to understand when the universal laws in 
information science are applicable and when the domain specific approach is needed. 

6.5 Future research 

The study of information science would benefit from the implementation of activity 
theory in the research of information practices in other scientific domains than 
biomedicine. The difference between various biomedical fields would also be worth an 
analysis. This might provide more illumination for the usefulness to the domain specific 
approach and comparison between disciplines would also be advantageous. 
Contradictions, transition and change in information practices need to be studied. The 
analyses of the development of the information science itself using the activity theoretical 
research framework would be an interesting option. 

The use of the domain analytical approach in the further analyses of publishing practices 
would be advantageous. More understanding of the specialty of various domains in 
relation to the publishing of the research results is needed.   

There is lack of the “interventions” of information science to practice. The courageous 
implementation of new ways to work and manage the changing information practices in 
the changing information environment. The results of the collaboration between 
information science researchers and professionals need to be followed and studied. In 
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this way the theory and practice interact in a fertile manner and new, beneficial practices 
and knowledge are initiated.  

6.6 Limitations 

There are several limitations in this study. In relation to the use of activity theory, 
transformation and the historical nature of the activity was not included in the analyses 
in that amount it might and should have been. During the analyses, the concepts of 
activity theory sometimes felt abstract and even vague. For example, the boundary 
between an activity and an action is not always totally definite. 

With using ethnographical methods, it would have been possible to gather an even more 
thorough view to research groups’ daily work and information practices. We realized that 
in the interviews the busy clinicians perhaps did not tell the interviewing information 
specialist “the objective truth” about their situation. The interviews were, however, 
interactive occasions, where also observations were made. Results, which are reported in 
this thesis are, however, the author’s interpretation of the phenomenon. 

One limitation was related to the restricted number of the research groups that were 
included in the studies. Because of this, it has been quite difficult for example to make 
comparisons between groups. However, because of the global nature of biomedical 
research, it is rather reliable to make conclusions based on the collected data.  

In this thesis, the information practices are analyzed on quite a general level. Thorough 
understanding of a more specified part of the practices would be valuable for the 
development of the theoretical background of the application of the practice theory in 
information science.  

6.7 Conclusions 

Information practices should be studied in the biomedical research work context because 
it is the only way to achieve a thorough understanding of the phenomenon. The domain 
analytical approach has helped to understand information practices in biomedical 
research work context by brightening up the effect of intellectual and social organization 
on the information practices. The variety of information environment is typical to 
molecular medicine. In biomedicine, the amount of data and publications are growing 
exponentially. Researchers are mutually highly dependent on each other when they 
collaboratively create new knowledge. In this work, they base on already existing data 
and publications and in this way recreate the information environment.  

The elements of the activity system helped in the analyses and in elucidating the 
character of information practices as a mediating tool for researchers when they labor to 
achieve the objects of the research work. The chain of actions and the web of activity 
systems helped putting them in the context. The net of activity systems on their part 
explicated the domain specificity of biomedicine by uncovering the role of various 
neighboring activities. 

My aim in this thesis was to understand information practices thoroughly in the social 
and epistemological context of research work in biomedicine. From the social 
constructivist metatheoretical viewpoint, I wanted to contribute to the discussion of the 
utility of the domain approach in information science. The findings of this thesis support 
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arguments, which oppose the general model of information needs and uses. Information 
practices are at least in certain parts domain specific. There is a serious need to consider 
this in further research and in practice. 
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APPENDIX 1 THE SURVEY FORM 
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APPENDIX 2 THE TOPIC GUIDE FOR THE FOCUSED INTERVIEWS  

The aim of these interviews was to get additional information about the researchers’ work 
tasks and information resources related to those tasks. Interviews were based on data, 
which was collected by the survey (Appendix 1). The nature of the interviews was 
conversational, open-ended and free-flowing. There was, however, a structure, which 
included the following subjects: 

 

1. Research process and research work 

 The current research topic 

 The description of the research group (whom you work with?) 

 The description of the research process 

 The present work task 

 Information intensive stages during the research process in general 

2. Information resources 

 What information resources are needed during the research process?  

 Why these resources? 

 How information is searched? 

 Which data resources are used? 

 How is data searched? 

 Did you experience any difficulties? 

At the end, researchers were asked a demonstration about how they search information 
or data.  
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APPENDIX 3 THE TOPIC GUIDE FOR THE FOCUSED INTERVIEWS OF 
THE GROUP LEADERS 

The nature of these interviews was conversational, open-ended and free-flowing. The 
following structure was used: 

 

1. Research topics in your group 

 The main research questions 

 Describe the research focus of your group in relation to the work committed in 
the other groups of the unit. 

2. Research process 

 The main stages of the research process? 

 A typical task in your group? 

3. Information/data intensive stages during the research process 

4. Information related problems during the various stages of the research process 
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APPENDIX 4 THE TOPIC GUIDE OF MEDICAL SCIENTISTS’ SEMI-
STRUCTURED INTERVIEWS 

1.Background information about the researcher 

 Education 

 Phase of studies/Research history 

 If a part-time researcher, the proportion of research work 

 If a clinician, about the relation of the clinical work and the research work 

 Basic information about the research group 

2. The research subject 

 Partners, collaborators, network.  

 Describe the research process. 

 What are the information intensive stages in the research process? 

 Which information sources and tools are used? 

 What information-related problems or challenges are encountered? 

3. Other 

 Working space 
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Abstract  
Introduction. Describes and analyses the information environment of research work 
in molecular medicine. We presume an interdependence between the information 
environment, the research process and the related work tasks. 
Method. This is a qualitative case study using mixed methods. Empirical data were 
gathered using two surveys and six semi-structured thematic interviews. 
Analysis. Analysis was carried out on the merged data of the two surveys. 
Respondents were divided into groups and information resources were categorized.  
Results. The information environment consists of broad categories of data, tools, 
published material and interpersonal communication. The usage of portals and other 
integrated resources was substantial. The role of PubMed was central in searching 
scientific facts. Google was used to locate general Web pages, research groups, methods 
and tools. Interpersonal communication seemed to be effective in providing 
information about methods and tools among groups which do laboratory work. The 
problems reported concerned lack of knowledge about useful resources and how to use 
them properly, some query formulation problems were also reported, e.g. problems 
with acronyms, personal names and gene name synonymy. 
Conclusions. The information related tasks occupied much of the researchers' time. If 
information problems were solved, more time to the research would be released. The 
database and tool interfaces should be easier to use.  
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INTRODUCTION 

This work is the first part of a broader set of studies where our intention is to model the 
information practices related to the research process of molecular medicine. The meta-
theoretical frame for our research is Ingwersen and Järvelin's model of interactive 
information seeking ( Ingwersen and Järvelin 2005; Järvelin and Ingwersen 2004). We 
share the view of the authors of the meta-theory about the importance of context, task 
context and information systems context in information retrieval and search research. 
We also realize that the interaction between numerous factors in the context is very 
complicated and should be better understood. This knowledge is a prerequisite for the 
development of systems and tools which benefit users, which could be one of the final, 
practical aspirations of research in information studies.  

Molecular medicine is seen as consisting of several different areas/domains like genetics, 
biochemistry, bioinformatics etc. and studies on human diseases on the molecular level. 
In this paper, we concentrate on the description and analysis of the information 
environment of molecular medicine. There are two reasons for choosing this approach 
instead of devoting this paper, for example, to information behaviour or information 
practices. Firstly, we have found it necessary for increasing our understanding of the 
domain. Our findings will serve as working knowledge for the forthcoming research 
which will focus more on tasks and context related to the information practices in this 
domain. As Ingwersen and Järvelin (2005) urge information practices and activities 
should not be studied in isolation but in context. We have chosen molecular medicine as 
a study object because this scientific field seems to have an exceptionally rich and varied 
context. We believe that the effects of context to the developed information practices are 
not well understood in information science or information retrieval. Secondly, it is well 
known that molecular medicine as a discipline is developing rapidly and that the growth 
of information as well as tools for handling and analyzing it are developing at increasing 
speed. Even though we do not know how different factors in the context of the research 
process interact, we assume that the environment is closely related to the research work 
and the information practices developed by the researchers, and some characteristics of 
it might affect the development of the whole domain. Because of this, the information 
environment in molecular medicine deserves special attention.  

The term information environment has often been used without precise description. For 
example, Srinivasan and Pyati (2007) used the term to express the context in which 
information research must be situated. We want to pose the difference between 
information environment and information use environment. By information use 
environment, Taylor (1991) means elements related to users and the uses of information, 
and the framework within which the information is used. In the present study we define 
information environment as the entirety of information resources, consisting of various 
information objects, like data in databases, published documents etc., and the tools and 
services that are needed to retrieve, manage and analyse them. We have chosen to use 
this term because it is sufficiently broad and holistic in its nature. By using it, the variety 
of resources and tools as well as their relations can be taken into consideration.  

In research work, the research process can be described as a set of work tasks forming 
the means to achieve the research goals. Information related activities form work tasks, 
which are the focus of this study. Information activities refer to the implemented actions 
used to interact with the information environment (Järvelin and Ingwersen 2004). The 
work task components and activities related to the handling of information form the 
information practices of the research field. Information activities are not necessarily easy 
to perceive or study because of their informal or implicit nature (Barry 1995). 
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Information activities include the following three types of activities: information seeking, 
handling of produced data, and handling of research output.  

In this study we have presumed that there is interdependence between the information 
environment, the research process and the related work tasks (see Ingwersen and 
Järvelin 2005: 313-356; compare also to Bartlett and Toms 2005). We need a better 
understanding of the relationships and interaction to be able to develop new information 
systems for effective access and use of various information resources. 

The aim of the present study is to describe and analyse the information environment in 
the context of research work in molecular medicine. The study object consisted of two 
research units in molecular medicine and the empirical data were collected from the 
documentation of the units and the researchers working in them. We focused on three 
problem areas. Firstly, the characteristics of the research work and resources used in 
current work tasks, also looking at the researchers' experience in research, background 
disciplines and the current research groups. Secondly, categorizing information 
resources by their type and main purpose of use. Thirdly, describing the difficulties and 
hurdles that the users reported when using information resources. 

The research questions related to these problem areas were: 

 What are the general information related features of the research process in 
molecular medicine? 

 Which are the most commonly used information resources in molecular 
medicine, categorized according to purpose of use and type, e.g., resources for 
research literature, research data (gene and protein sequences etc.) and local vs. 
Internet-based tools for analysis? 

 What problems do researchers in molecular medicine experience and describe 
when accessing and using the information resources and tools? 

 How do the researchers integrate various resources in their research process? 

This study was performed as a qualitative case study in order to get a deeper 
understanding about the research process and the information resources used. We chose 
two applicable, high quality research units from Finland as research objects. Even though 
we were aware that the size of these units is smaller compared to the largest international 
centres, we knew that they were performing well and had a high impact in the research 
community. This was verified by measuring the number of citations that some recent 
articles of the researchers received. This paper presents findings from an online 
questionnaire and semi-structured interviews, thus providing both a broad overview and 
deeper insight for the analysis. 

The data collected from the surveys from the two units were merged and the results and 
the analysis cover the whole data set. The follow-up interviews were used for gathering 
information about the use, integration and problems with the information resources. 

The outline of the paper is as follows: firstly, definitions of central concepts and 
background information on related research and the research units that are the focus of 
the study are presented. Secondly, the methods are described and the results reported. 
The paper ends with discussion and conclusions.  
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BACKGROUND 

Related research 

Related studies can be classified into the following categories. First, the large category of 
studies on the general usage of information resources (Curtis et al. 1997; De Groote and 
Dorsch 2003; Knowlton 2007; Tenopir et al. 2004). These studies, mainly based on 
survey data, concentrate on user behaviour towards the change process from print to 
electronic for scientific journals or to the impact of new information technologies. 
Secondly, studies that analyse the high level tasks of molecular biology or classifying of 
bioinformatics tasks, where the aim is planning better query systems and other tools 
(e.g., MacMullen and Denn 2005; Stevens et al. 2001; Tran et al. 2004). Thirdly, user 
studies on bioinformatics. As Geer notices, there are few studies about bioinformatics 
user groups and their special information needs (Geer 2006). We were not able to find 
much literature about the information environment of molecular medicine as a whole. 
There are two papers that describe information-oriented tasks in molecular biology and 
bioinformatics and consider the research processes of these disciplines from the point of 
view of information science (Bartlett and Toms 2005; MacMullen and Denn 2005). 

According to the study by Grefsheim et al. (1991) from the late 1980s, there were three 
major sources of information among the biotechnologists, namely their own 
experiments, personal communication with other scientists, and print or electronic 
textual material. Personal communication was mentioned as the most important source 
for timely information in this as well as many other earlier studies (see also Bartlett and 
Toms 2005). Already in the late 1980s, 60% of the respondents in Grefsheim's study 
mentioned special databanks as a very useful source of information. Almost ten years 
later in a study by Yarfirz and Ketchell (2000), the share had risen to 83%. Brown (2003) 
analysed the use and acceptance of genome and proteomic databases from the 
perspective of scientific discourse at the beginning of this decade. In her study, 93% of 
the respondents were accessing such databases at least once a month. She noticed that 
the databases played an integral role in the daily activities as well as in scientific 
communication among molecular biologists. 

Bartlett and Toms (2005) took another perspective to the use of information in 
bioinformatics. They combined information behaviour research and task analysis in 
bioinformatics by taking one specific task, the functional analysis of a gene, as their focus 
and they succeeded in modelling its protocol. The choice of the task was based on a 
recommendation made by one bioinformatics expert. 

Geer (2006) had the practical goal of establishing the educational and supportive 
programmes for researchers in mind when she described different user classes according 
to their apparent skills and information needs. She pointed out that the effective use of 
the available bioinformatics resources is obstructed by being unaware of the resources 
and the lack of skills to use them. She divided the users of bioinformatics resources 
according to their awareness of resources, skills in searching and the critical analysis of 
data. Besides noticing the difference between academic degrees she also pointed to 
people who have some special work tasks, namely researchers working mainly in 
laboratories and those with scientific computing tasks (computational biologists) (Geer 
2006). 

Bioinformatics resources are an essential part of the scientific discourse and the work 
processes of researchers in molecular biology and related fields. As Bartlett and Toms 
(2005) argue, knowing this is not enough. To be able, for example, to develop intelligent 
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systems to facilitate access to the resources, there is a need to have a more detailed 
picture of a) the high goals of the domain, work processes and tasks aimed at achieving 
them, b) the needs and skills of different user groups, and c) the information 
environment as an entity. In this study, our starting point is the information 
environment. We will also give some attention to the different user groups, proposing 
that it will give a good background to the forthcoming research. 

The field of molecular medicine 

Molecular medicine, mainly understood as one sub-discipline of biomedicine, is 
composed of biomedical and molecular biological research. Molecular biology again is a 
combination of biochemistry, cell biology, genetics and virology. Molecular medicine is 
an interdisciplinary, practice-oriented and applied science, which utilizes molecular and 
genetic techniques in the study of biological processes and mechanisms of diseases. Its 
final, practical task is to provide new and more efficient approaches to the diagnosis, 
prevention, and treatment of a wide spectrum of congenital and acquired disorders 
(Goossens 1999; MacMullen and Denn 2005; Miettinen et al. 2006). More information 
on the basic concepts can be found at the 2Can Web resource or in the resources of the 
National Center for Biotechnology Information. 

The discipline of molecular medicine is evolving and growing exponentially. Research is 
often highly competitive and teams worldwide are working on similar projects 
(Wellcome Trust 2003). Growth has been explained by many simultaneous factors, like 
the substantial increase in government support, the continued development of the 
biotechnology industry, and the increasing adoption of molecular-based medicine 
(Buetow 2005). Together with this development and the overall technological 
development, especially Web-technology, the amount of data, databases, documents and 
different analysis and management tools have increased enormously.  

The situation of the GenBank, a comprehensive public database of nucleotide sequences 
and supporting bibliographic and biological annotation, is a good example on the growth 
rate of data. This database doubles in size about every eighteen months. At the beginning 
of 2007, it contained over sixty-five billion nucleotide bases from more than sixty-one 
million individual sequences (Benton 1996). 

It is characteristic of most of the research databases that they are cooperatively updated 
and globally shared. The types of data in the databases are diverse and change constantly. 
There also exist needs to integrate different kinds of data, e.g., to move between the 
biological and chemical processes, organelle, cell, organ, organ system, disease specific, 
individual, family, community and population (Buetow 2005). As Butler notices, some 
software already exists that allows data from different sources to be combined 
seamlessly. For example, a researcher can retrieve a gene sequence from the GenBank 
database, its homologues using the BLAST alignment service, and the resulting protein 
structures from the Swiss-Model site in one step (Butler 2006). 

One actively maintained directory of bioinformatics links describes well the growing 
number of different tools needed for data retrieval, analysis and management. It lists 
almost 1200 Web resources, servers and other useful tools, databases and resources for 
bioinformatics and molecular biology research in 2007 (Fox et al. 2007). 

The most important bibliographic reference database in biomedicine, PubMed, indexed 
about 5,200 journal titles in 2007 and consisted of seventeen million references. The 
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growth rate of the database is about 12,000 references every week, which means over 
600,000 new references annually. The majority of the indexed titles are available online 
and the references include a link to the full text. The number of online journals in science, 
technology and medicine in general is estimated to be over 93% of all titles (Ware 2006). 

It could be concluded that some of the most typical features of the information 
environment in molecular medicine are: a large, and constantly growing, volume of data 
and published online material; diversity of data types; and a great number of retrieval, 
analysis and other tools. The environment is interdisciplinary, globally shared (open) 
and updated, and there is disintegration between databases, published material and 
tools. This information environment comprises a fertile ground for research work and 
for the creation of new knowledge and inventions. However, the great variety and the 
lack of integration is an increasing challenge to the development.  

In line with the previous literature, it might be expected that in this study also the 
number of named resources will be large and the respondents might experience 
problems in relation to the variety of the resources and tools. 

 

STUDY SETTINGS, METHODS AND DATA COLLECTION 

Participating institutions 

For our study, two Finnish research units were selected from high quality international 
Finnish research organizations in the field of molecular medicine. The researchers from 
these two Finnish research units were selected as participants. 

Research Unit A consisted of ten research groups with ninety-one researchers. Among 
them there were fifty-seven PhD students, five undergraduate students and twenty-nine 
group leaders and other senior researchers. The unit declares that it produces top-level 
research into the molecular background of cardiovascular, immunological and 
neuropsychiatric diseases. Some of the research groups were concentrating on the 
genetic background of common diseases (complex diseases, for example, coronary heart 
disease), some mainly on molecular genetics of monogenic diseases, like the Meckel 
Syndrome. There was also one bioinformatics group and one which specialized mainly 
in systems biology, one in quantitative genetics and two groups focused mainly on the 
cell and molecular biology of specific diseases. 

The second research unit, Unit B, harboured fourteen research groups with 103 
researchers, fifty of whom were doctoral students, thirty-nine senior researchers and 
fourteen group leaders. The research programmes of the groups cover molecular genetics 
of human diseases, and molecular mechanisms of immune responses and disorders. The 
genetic programs focus on cytoskeletal and genetic aberrations in the pathogenesis of 
cancer, and on the role of mitochondrial mutations in human disorders. The topics of the 
immunology programmes include the basis of the autoimmune disorders APECED and 
cœliac diseases, as well as HIV-1 pathogenicity factor Nef, and cytokine- and antigen-
induced transcriptional regulation. There was also a bioinformatics group concentrating 
on the structural basis of inherited human immunodeficiency syndromes. 
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Data and Methods 

In this study mixed methods were used. Empirical data were gathered using two surveys 
and six semi-structured thematic interviews. The survey data were collected during 
winter (Unit A) and summer (Unit B) 2007 and the interviews were conducted during 
summer and autumn 2007.  

The surveys were conducted to find out the components of the evolving information 
environment in molecular medicine. The interviews aimed at understanding more deeply 
how the researchers interacted in the information environment, i.e., how they used the 
services available, and why they used them. Observation and thinking aloud, when the 
interviewees were asked to demonstrate their information seeking procedure using their 
most recently accomplished seeking incident, were used. The case study was based on 
the interviews and is an interpretation of how a research case could look in a molecular 
medicine research unit. 

Surveys 

Two Web questionnaires were distributed to the researchers at the two units. The 
purpose of the surveys was to get an extensive view of the information environment of 
the researchers in their current research projects and current work tasks. We intended 
to get at least a rough overview of the research process and an idea about the relationship 
between work tasks and different information objects connected to them. 

At the beginning of the questionnaire we collected some background information about 
the researcher, concerning their main discipline, current research subjects, duration of 
their research work, and about their research group and supervisor (if applicable). 

The categories of current work tasks were based on the common knowledge about the 
general stages of the research process (e.g., Blaxter 2001) and on some information 
sources where stages of experimental research were described more precisely (e.g., Denn 
and MacMullen 2002, Hyvä 2002). One senior scientist in Unit A was also consulted. 
Work tasks were asked about at a general level to find out what kind of tasks they were 
occupied with and whether they performed any information or data retrieval within their 
current tasks. For the type of current work tasks, there were nine alternatives. 
Researchers were also able to add new tasks if none of the given matched. 

The information environment was explored through questions on the information 
resources and preferred information channels used in current research projects. The 
researchers were asked what services they used to search for literature, as well as which 
collections of bioinformatics data they were using. There were many open questions and 
the respondents were advised to describe the resources they were using whilst 
performing their work tasks. The researchers were also asked to comment on their future 
publication plans. 

The questionnaires directed to Units A and B contained minor differences. At Unit A, the 
respondents were asked to choose one of the named channels as the most important 
source of information. At Unit B, the researchers were asked about the problems and 
hurdles they were facing while seeking information. However, as the research domains 
and the components of the information environments match, and the researchers have 
similar education, we believe that the results can be generalized to pertain to both 
research units. 
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At Unit A, the group leaders were informed about the survey in one of their normal 
weekly meetings and after that an email containing the link to the Web-questionnaire 
was sent to all researchers at the unit. One general reminder was sent via email to all and 
after that non-respondents were invited to participate via a personal email. 63 
researchers responded at Unit A, which gave a response rate of 69.2%. 41 (65%) were 
students and 22 (35%) were senior researchers, post-doctoral researchers and group 
leaders. Altogether 66.1% of the juniors and 75.9% of the seniors responded. 

At Unit B, a motivation letter was sent by email. The purpose of the study was explained 
in the letter and the researchers were asked to fill in the Web-questionnaire. There were 
problems getting the researchers motivated, so three reminder letters were sent. 
Researchers of the larger research groups, who had not responded, were sent a personal 
email. There were total of 53 respondents and the response rate was 51.5% at this unit. 
There were 25 junior researchers (doctoral students) (47%) and 28 senior researchers 
(53%). In Unit B, the response rates were 50% (juniors) and 52.8% (seniors). 

From both units together, there were a total of 116 responses. The combined response 
rate was 59.8%. There were 66 (56.9%) junior researchers and 50 (43.1%) senior 
researchers. The corresponding response rates were 58.9 % of the students and 61% of 
the senior researchers. 

The information collected by the surveys does not allow the elicitation of the motives and 
the ways the researchers use the services in their information environment. Hence, six 
researchers were interviewed to collect information, which is presented in the analysis of 
results and in the narrative case descriptions in the results section. 

Interviews 

The interviews were designed to gather information about how the data and information 
resources were actually used. The case interviews made it possible to describe and 
analyse the value of the services from the users' point of view. The data also allowed the 
capturing of events which occurred during the research work and which might influence 
a researcher's ability to go forward in the process. 

There were six complementary case interviews. Firstly, the interviews were conducted to 
elucidate the use of the tools for information/literature and data retrieval. Secondly, the 
aim was to obtain a picture of the process or the task which they were actually doing in 
their research projects when searching, using or analysing information or data. Thirdly, 
researchers at different phases of their career were included to be able to acquire a 
comprehensive view of the research process. 

The interviews were semi-structured. Each interview began with a question where the 
respondent was asked to recall a recent critical incident and to demonstrate it. The 
interviewees were then asked to describe their typical routines accessing bioinformatics 
databases and searching relevant literature. Six researchers were interviewed, four from 
Unit A and two from Unit B. The cases were selected to represent different research areas 
within molecular medicine, different phases of the research projects and researchers in 
different stages of their research career. Because of this, two doctoral students and their 
supervisors were interviewed at Unit A. During the interviews, the researchers were also 
asked to describe and to demonstrate their most recently accomplished data retrieval 
process and literature retrieval process. The interviews lasted on average forty-five 
minutes. 
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The interviewees belonged to three broad sub-disciplinary classes and they were at 
different stages in their career: bioinformatics (one PhD student), molecular and cellular 
biology (one PhD student and one group leader) and genetics (two doctoral students and 
one group leader).  

Data analysis 

The survey data from the two study units were merged before the analysis. The 
respondents were divided into groups by their background discipline, research career 
(junior and senior) and current research subject. The information resources and current 
work tasks were categorized. The aim was to make the actual information environment 
visible and articulated in these two research units. 

The cases were analysed based on emergent themes and the themes were compared to 
the research questions. The case descriptions were written to explain why and how the 
services were used to acquire literature and bioinformatics data, and to find typical 
features of the interaction with the information environment. Similar features of the 
cases were explored. The detailed cases reveal the sequence of events of interactions 
within the information environment. Why and how they are using the systems or tools is 
explained.  

 

RESULTS FROM THE SURVEYS 

Tasks 

Current work tasks were asked about at a general level. As the tasks may be overlapping, 
and the researchers were able to choose among several tasks, the total task percentage 
was over 100%. We nevertheless obtain a frequency distribution of tasks. The current 
work tasks of junior and senior researchers are illustrated in Figure 1. 

 
 
Figure 1: Current tasks of senior and junior researchers (n=116) 

According to the responses to the questionnaire, the junior researchers were at the 
moment of the survey mostly writing articles, retrieving and reading literature and 
working in the laboratory. 50% of the senior researchers were also reading and an even 
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larger part, almost 70%, were occupied with writing articles. The seniors were also, more 
than the juniors, doing planning work and research administration or other 
administrative duties. The senior researchers were retrieving bioinformatics data more 
often than the juniors. When asked about the information activities on which this study 
focuses the results showed that literature retrieval was a more common task than the 
retrieval of bioinformatics data. These information retrieval tasks and the laboratory 
work task are shown by discipline in Figure 2. An average of 46.6% of all researchers 
were retrieving information on literature and 27.6% were retrieving bioinformatics data. 
There were differences between the disciplines: in medicine and biochemistry the data 
were produced in laboratories, not retrieved from databases to the same extent as in 
bioinformatics, genetics or biotechnology. In bioinformatics, there were no laboratory 
work tasks at all. A considerably large share of their tasks consisted of information 
retrieval tasks, both of literature and of bioinformatics data. 

 
 
Figure 2: Current tasks: search tasks and laboratory work by discipline (n=116) 

First source of information 

The researchers from Unit A were asked to choose which channel they prefer as the first 
source of information in their current project. In all, 68% of the respondents named the 
Internet or intranet as their first source of information, while 27% preferred contacting 
colleagues. The more experienced the researchers were, the higher was the proportion 
preferring the Internet or intranet. Personal contacts were named as the first source of 
information by 37,5% of graduate students and 23% of senior researchers.  

Literature retrieval and resources 

When the researchers were asked about the literature search services they use, most of 
them used PubMed, which was mentioned by 99% of the researchers. Google (19%) was 
used quite often; Web of Science (15%), Google Scholar (14%), and the Finnish University 
Libraries' search portal Nelli (10%) were also used. The Nelli portal was available at Unit 
B and to a small portion of the researchers at Unit A. When asked about which kind of 
published material the respondents had used, all of them named scientific articles and 
39% mentioned that they also use scholarly books. Databases and Internet pages were 
named by 13.5% of the respondents. Some special material, like laboratory protocols or 
computer program manuals, was also mentioned. 
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The respondents were asked to name the journals which they follow on a regularly basis. 
The most popular titles were the general scientific journals Nature and Science. The 
number of followed journal titles named per respondent varied between 0 and 15. 
Interestingly, 10% of the respondents replied that they do not follow any particular 
journals, but rather follow topics using the PubMed alerting service. 

General Internet resources 

Google is a very popular tool to search general information on the Internet among 
researchers in molecular medicine. It was named by 90% of the respondents when asked 
which tools they use when trying to find essential information concerning their current 
project on the Internet. Wikipedia was named by 47% (54/116) and Web pages in general, 
like pages of suppliers, or pages of other research groups were named by 10% (12/116). 
Only 5% (6/116) of respondents named collaborative news sites or forums as their 
sources of information. 

Data retrieval and resources 

The data were retrieved predominantly from different Web-based databases, which 
includegene and protein sequence, structure and function information and genome 
databases. Up to 91% of the respondents declared that they had used some database 
during their current project. Data were retrieved from databases and processed with 
various analysis tools either locally in the researchers' own computers, in other local 
computers or on a local server or with other tools over the Internet. Bioinformatics 
database portals, like National Center for Biotechnology Information's Entrez and 
EMBL-EBI, were popular. Many of these portals enable interlaced use of different 
databases. Below we show the databases, first by the main discipline of the researchers, 
and, secondly, by broad research subjects of the research groups. Table 1 shows the 
average popularity of database types in Nucleic Acid Research's Database Categories (see 
Galperin 2007). The participants are divided by discipline. The Nucleic Acid Research 
categories are used at a broad level. The numbers in Table 1 corroborate the findings 
above that the least database search tasks are performed in biochemistry and medicine, 
and the most of all in bioinformatics; here the smallest number of databases is mentioned 
in biochemistry and medicine, and a large number of databases were mentioned among 
the bioinformatics researchers. 
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Table 1: How many times on average a database in a category is mentioned by a 
researcher in a certain discipline. 

NAR 
category 

Discipline 

Bio- 
chem
istry 
(N=1
5) 

Molecular 
and 
cellular 
biology 
(N=28) 

Gene
tics 
(N=4
0) 

Bio- 
technology 
(N=7) 

Bio- 
inform
atics 
(N=9) 

Medi- 
cine 
(N=11) 

Other 
(N=6) 

All 
(N=1
16) 

Portals 0.80 1.07 1.05 1.00 1.00 0.73 0.17 0.95 

Nucleotide 
sequence 
databases  

0.00 0.25 0.08 0.43 0.67 0.09 0.17 0.18 

RNA 
sequence 
databases 

0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.03 

Protein 
sequence 
databases 

0.13 0.07 0.03 0.14 1.00 0.00 0.17 0.14 

Genomics 
databases 
(non-
vertebrate) 

0.00 0.14 0.00 0.14 0.00 0.18 0.00 0.06 

Metabolic 
and 
signaling 
pathways 

0.07 0.11 0.00 0.00 0.00 0.09 0.00 0.04 

Human and 
other 
vertebrate 
genomes 

0.53 0.50 1.35 0.29 1.00 0.64 0.00 0.81 

Human 
genes and 
diseases 

0.07 0.11 0.58 0.00 0.11 0.09 0.00 0.25 

Microarray 
data and 
other gene 
expression 
databases 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 

Proteomics 
resources 0.13 0.00 0.03 0.14 0.00 0.00 0.00 0.03 

Other 0.07 0.11 0.03 0.00 0.22 0.00 0.17 0.07 

Sum 1.80 2.50 3.20 2.14 4.11 1.82 0.67 2.59 

Note: The value 1 indicates that on average every researcher in each discipline group mentioned 
one database of that type. Categories are based on NAR categories ( Galperin 2007), the category 
Portals is additional.  

The most frequently mentioned databases fell in to the additional category Portals. These 
include,for example, the Entrez database portal and the EMBL portal. These services 



 
 

 

80 

include several integrated or separate databases that fall into different Nucleic Acid 
Research categories. 

In Table 2, the respondents are divided differently according to the broad research 
subjects of their research groups. Some of the headings are similar to Table 1, but the 
headings stand for the generalized research subjects and thus the distribution is 
different. 

Table 2: How many times on average a database in a category is 

NAR category 

Research subject of research groups 

Molecular 
and cellular 
biology 
(N=36) 

Genetics 
(N=66) 

Bio- 
informatics 
(N=8) 

Systems 
biology 
(N=6) 

All 
(N=116) 

Portals 0.92 0.88 1.25 1.50 0.95 

Nucleotide 
sequence 
databases 

0.22 0.14 0.50 0.00 0.18 

RNA sequence 
databases 0.00 0.05 0.00 0.00 0.03 

Protein sequence 
databases 0.11 0.05 1.13 0.00 0.14 

Genomics 
databases (non-
vertebrate) 

0.06 0.06 0.00 0.17 0.06 

Metabolic and 
signaling 
pathways 

0.08 0.03 0.00 0.00 0.04 

Human and 
other vertebrate 
genomes 

0.31 1.08 1.00 0.67 0.81 

Human genes 
and diseases 0.06 0.39 0.13 0.00 0.25 

Microarray data 
and other gene 
expression 
databases 

0.00 0.03 0.00 0.33 0.03 

Proteomics 
resources 0.11 0.00 0.00 0.00 0.03 

Other 0.03 0.06 0.25 0.17 0.07 

Sum 1.89 2.76 4.25 2.83 2.59 

Note: The value 1 indicates that on average every researcher in each group mentioned one database 
of that type. Categories are based on NAR categories ( Galperin 2007), the category Portals is 
additional.) 

The research groups with research subjects related to molecular and cellular biology 
seem to use a less varied assortment of databases than on average. The bioinformatics 
research groups used more varied databases than the other groups, and specifically 
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protein databases. The genetics research groups used more databases from the category 
Human genes and diseases than the other groups. When both tables are considered, the 
most commonly mentioned databases fell into the Portals category, and into the Human 
and other vertebrate genomes category.  

Tools 

Many research databases integrate or include tools for analysis. The category of tools is 
very broad and could be grouped in several ways (for example: data analysis tools, 
laboratory data analysis tools, literature analysis tools, programming tools, statistical 
tools, and taxonomies and ontologies). However, we will only mention here the most 
important ones regardless of their type and leave out the grouping possibility.  

In total, ninety-seven different tools and software were named, most of which were open 
or free software, and twenty-five of them were named more than once. Primer3 
(mentioned thirty-eight times) and BLAST (mentioned nineteen times) were the most 
popular tools. Primer3 is a tool for designing polymerases chain reactions primers which 
are used in amplifying specific regions in a DNA strand. BLAST is a tool for sequence 
alignment, searching similarities between sequences. Among the twenty-five most often 
named tools, there were at least three that were made at the research units in question 
and two were statistical tools (R and SPSS). 

Problems experienced 

The researchers at Unit B were asked about problems and hurdles they experienced while 
seeking information (see the subsection on surveys under Data and methods). The 
majority of the researchers (71%) answered that they had experienced some difficulties. 

The perceived problems while seeking information or data in general were classified in 
five categories: (a) information overflow, (b) lack of information about suitable sources, 
(c) difficulties in use (lack of skills/difficult interfaces/poor documentation), (d) 
technical problems (slow connections etc.), and (e) limited access/no access to desired 
sources. The categories were formed according to the answers: if the amount of 
information was emphasized, the category (a) was chosen and if difficulties, for example 
in search key selection or query phrase formulation, were mentioned, category (c) was 
chosen.  

Most of the problems that were reported fell into category (c), difficulties in use. These 
kinds of problems were experienced by 43% of the respondents who reported problems. 
Some of the interfaces were too difficult to use and some of the data structures were not 
suitable for the required use. The subjects' searching skills were not satisfactory and the 
results of literature searches were inexact. Limited access or no access to desired sources, 
(e), was problematic to 22% due to lack of institutional subscriptions to some scientific 
sources. Lack of information on suitable sources, (b), was reported by 14% of the 
respondents. Information overflow, (a), was the issue in 8% of the reported problems. 
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RESULTS FROM THE INTERVIEWS 

The case interviews were recorded for the analysis. The cases were analysed based on the 
emergent themes and on the themes reflected in the interview and the research 
questions. The case descriptions were written after the interviews to explain why and 
how the services to acquire literature and data were used. The aim was to find typical 
features describing the interaction of the researchers (as users) with the information 
environment. The case descriptions were therefore analysed for similar features. The 
narrative case description below reveals the sequence of events of interactions within the 
information environment. Why and how the interviewed researchers are using the 
systems or tools is also explained. 

The work tasks 

The basic research problem in molecular and cellular biology and genetics is to find genes 
which cause a particular disease, and to understand their functional characteristics. 
Laboratory work is an essential part of the research work. Bioinformatics research is, on 
the other hand, pure "in silico" work, including database maintenance and development 
as well as designing Web services and tools to analyse the data. Two of the PhD students 
were, at the time of the study, working in the laboratory, the third one was searching 
information and the fourth writing an article. The seniors were mainly concentrating on 
research administration, planning and other administrative duties. It became evident 
that all of them were doing several tasks simultaneously. 

Literature 

Literature is used at different stages of the research work and it is accessed in several 
ways. In the beginning of a project it is typical to search by focal terms or even by the 
name of a known specialist through PubMed.  

When the core literature is available, current awareness about the topic is arranged by 
setting up an automated update service in PubMed or using PubCrawler for this purpose. 
Seniors follow citations to their own, most important articles in Web of Science, a service 
provided by Thomson Scientific. Table of contents or alerting services for the most 
important journal titles were also used for current awareness. When the project 
proceeds, new interests and questions appear and thus a new process for information 
searching and retrieval starts. Researchers get tips from colleagues or supervisors and 
might start a chaining process from a new reference. Literature seeking may also start 
from a homepage of a research group or in some cases from a homepage of a journal. 
Using links from bioinformatics databases to references of literature services was typical 
in these cases.  

Databases 

According to the interviews, the number of relevant databases used was rather limited. 
Protein Data Bank (PDB) was used by the bioinformatics researcher because it was 
recognized as an authority in that field. The database was used to find structural 
information about proteins. Even though the needed data were downloaded to the local 
computer, PDB's Web service was used continuously to check out some details. Usually, 
the code of the structure was used as a search key to be able to directly get to the structure 
information. Links to Medline and literature are provided in the database and this 
feature was frequently used.  



83 

Genetics researchers used NCBI's databases frequently. From the Entrez portal, the 
databases Gene, OMIM, SNP and Protein were named as the most popular. When the 
gene is not known, SNP array data was used to find homozygote areas from DNA strands. 
Interesting homozygote areas were found through an analysis tool. These areas were then 
searched from general gene databases (e.g., Gene) to find out which genes are situated 
in these areas. There were several genome browsers, and dissimilar opinions existed 
about the reasons to choose one. Some of the interviewees said that it is mainly the force 
of habit; some others said that every browser has special functionality which means that 
they are chosen according to the specific purpose of use. The research group's 
preferences could affect the selection; if others in the group used some particular service, 
it was more likely other researchers would choose the same service. Usability (ease of 
use) and simplicity were also named as the reasons to choose between almost similar 
services. Genes were searched by the code or abbreviation and links were used to access 
published articles and other databases for deeper information. Google was used to locate 
different databases on the Internet. 

Tools, methods and protocols 

It appeared that colleagues are an important source of information when tools, methods 
and laboratory protocols are chosen. This was especially apparent in the research areas 
where laboratory work is done. In the bioinformatics case, Google and Web-pages 
functioned as information sources. 

Problems experienced 

Problems concerning information retrieval emerged from the case interviews. These 
corroborate the findings from the questionnaire. The researchers were using the 
databases to find evidence from previous research to support their laboratory findings 
and to interpret new information from the available data. It is hard work to plough 
through the vast amount of information to find out if the subject has already been 
investigated and what is known about it (category a). It seemed, however, that there 
might be differences in this respect between the research areas. The more complex the 
disease, the higher the amount of published material. There was also a lack of knowledge 
about the useful sources (category b), or how to use some resources (category c). The 
documentation of some available databases was found poor or lacking (category c). It 
was impossible to reuse data, if there existed no information about the format of the data. 
The limited access to sources, especially to published material was present in the case 
interviews (category e). The cases showed some query formulation problems (category 
a). The researchers were having problems with acronyms and short names or with 
popular names (e.g. Chinese personal names). Gene name synonymy was also a problem: 
e.g., literature had to be searched with several gene names appearing in PubMed.

The case story 

The case story is an interpretation of the data collected for this study. The case focuses 
on the information resources used and the problems encountered in the retrieval and 
usage of information resources, it is not a complete report on the research process. The 
complete process is much more complicated and not within the focus of this study. 

We present a case of a fictional doctoral student in the midstream of her dissertation 
project. Her research subject is the genetic background of a common, complex disease. 
There exists an animal model of the disease and a part of the project is to test it. She is 
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working as a member of a research group which has collaborators outside the primary 
unit both nationally and internationally. This group is led by a distinguished senior, who 
has been working in the field for about ten to fifteen years. 

A long process of hypothesis creation preceded the start of this new project. The 
supervisor of the interviewee had, among other things, had discussions about this new, 
interesting subject with some colleagues and made searches from PubMed using some 
focal terms as search keys. As a result the supervisor got a list of core articles about the 
subject which she gave to the interviewee. She started reading at the same time as some 
routine laboratory work was done. 

The selection of the research method and laboratory protocol has, according to the 
doctoral student, been one of the most essential decisions during the research process. 
At their unit, many have the habit of making very practical decisions: the method will be 
selected from those that are already well known or utilized in some other group. The 
choice is made after discussions with colleagues. She knows that there are some 
researchers who use, for example, Google or some known research fellow's home pages 
for this or other general search purposes.  

When she worked with the laboratory data she used an analysis tool which was created 
at the unit. She used one database, dbSNP from the NCBI's Entrez portal to find the 
positions of genetic markers and the surrounding sequence. Haploview, open access 
software available on the Internet, was used to view the dependencies between genetic 
markers.  

After screening some interesting candidate genes, broader information about them was 
searched for from PubMed. If the genes were totally unknown to her, she started from 
OMIM (NCBI), which consists of the core literature of all human genes. She can also 
search by the acronym of the gene from Entrez Gene (NCBI), which contains links to 
many tools and related databases where she can proceed deeper. Sometimes she also 
uses UCSC Genome Browser, which she knows to be quite popular in many groups 
because of its simplicity. At the time of the interview she was using Ensembl because she 
needed clear pictures for her next article and, in her opinion, Ensembl is best in this 
respect. Her working habit is, like many others at the unit, to use many resources 
simultaneously and repeatedly even during the writing process.  

She keeps up to date during the whole process by using the current awareness service of 
PubMed where she has a profile which consists of the name of the disease and the codes 
or acronyms of the possible candidate genes. Every week she gets an email from PubMed, 
via PubCrawler, which contains the most recent references. PubCrawler is a free update 
alerting service for PubMed and GenBank. The email contains links to PubMed, and from 
PubMed it is easy to continue to the full text, presuming that the unit has a license to the 
journal in question. Recently, she has also started to order table of contents from some 
journals in which they are planning to publish their research results. 

Problems are mostly related to the amount of, and access to, information and lack of 
knowledge about how to use different tools and databases. She named filtering essential 
information from the unessential as one of the main problems. 
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DISCUSSION 

The information environment in molecular medicine appeared to be as varied as was 
expected. It can be categorized broadly into data, tools, literature and interpersonal 
communication. Every category has at least some sub-groups. In this study, laboratory 
work was important to all but the groups in bioinformatics. There are some extensive 
portals, like NCBI's Entrez which integrate different databases and enable simultaneous 
searching from different resources. In addition, there are more resources that are 
connected via links to these databases. 

The usage of portals and other integrated resources was substantial. The role of PubMed 
is central in searching scientific literature and facts, whereas Google is a search engine 
used to locate general Web pages, research groups, methods and tools. Interpersonal 
communication seemed to be an effective way to provide information about methods and 
tools among those groups which do laboratory work. One reason for the importance of 
interpersonal communication among these groups might be insufficient documentation 
of laboratory-related work processes. 

It is noteworthy that even though scientific articles are a very important source of 
information to all of the respondents, the importance of journals as the basic object of 
interest is not equally self-evident. We are not able to explain in this study the causes of 
this result. A deeper process of change might be happening, this might be just a feature 
in certain sub-disciplines or it might depend on the career stage of researchers. 

Most of the resources in molecular medicine are globally shared and updated, and 
changing constantly. Compared with other disciplines, database and tool development 
has been based more often on the common effort and open access/source, in contrast to 
commercial actors in other disciplines. Researchers are information users and, at the 
same time, also creators of data and information, and developers of tools. Even though 
the researchers use a considerable number of different databases, there is not enough 
time to learn the full potential of these services.  

Emblematic features of the information and data seeking was the interlaced use of the 
resources available. Data and information are sought seamlessly through different 
databases and there appeared not to be a lucid border between information services. 
Some of the resources, e.g., Entrez databases, are well integrated and therefore the data 
found in bioinformatics databases was used to find literature within the same interface 
without the researcher ever constructing an explicit query and vice versa. It seems that 
in this respect database creators have succeeded well in understanding how the research 
process proceeds. Even though we were not able in this study to find out how research 
work actually proceeds in molecular medicine and at which point a certain type of 
information is typically needed, we assume that the workflow may involve iterative steps 
of querying, analysis and optimization (compare with Castro et al. 2005). 

Research in information science has seldom concentrated on other than more or less 
traditional textual information objects (see e.g., Ingwersen and Järvelin 2005 or 
compare with Chaim 2007). 

Our study suggests that the integration between documents and data is becoming more 
and more important in molecular medicine research work, and it might be profitable to 
information science in general to focus more on this aspect and to examine the whole 
information environment comprehensively.  
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Limitations 

There are some limitations in the present study. As in most Web surveys, there was some 
bias in terms of who responded; some of the research groups are under-represented. The 
research groups interested in the development of novel information systems were more 
likely to answer the questionnaire. Response was voluntary, so presumably the most 
active researchers did respond. The survey was, however, complemented by the case 
interviews. 

The interviews and the surveys convey ex-post-facto accounts of performance and, 
therefore, may suffer from omissions, gaps and rationalizations that are not entirely 
faithful to the actual process. The interviews were valuable in augmenting the survey 
data. More generally, a study on task-based information access in molecular medicine 
should start with the information requirements triggered by the actual work situations. 

Future research 

Information access and use in molecular medicine needs more investigation. But as 
Barry (1995) noticed, at least some parts of the information practices and activities might 
be implicit and not realized by the respondents. It is possible that there are problems that 
were not expressed in this stage of the present study. If the problems are not expressed 
by the researchers, they should be observed in their work when accessing information. 

Cognitive work analysis has been found to be an effective way to identify potentially 
desirable system features and useful bioinformatics tools, and to provide better 
understanding of some of the unmet needs of the researchers (Bartlett and Toms 2005). 
The starting point of the research into information practices in molecular medicine 
should be trying to understand the research processes of these domains, and the work 
tasks performed to achieve research goals, in more detail. It is presumable that the 
progress and other changes in the information environment affect research processes 
and this relationship also needs to be understood (cf. Ingwersen and Järvelin 2005: 78). 
The extensive collaboration may also have implications for the information environment. 
One approach to studying the possibilities for enhancing access to information in this 
field is to observe the researchers while they are conducting their daily work tasks. If the 
information activities and the work process can be described, it contributes to the design 
of novel systems. 

 

CONCLUSIONS 

This paper addressed the information environment in molecular medicine. The 
information environment consists of several types of databases, information retrieval 
systems and analysis tools. These are used seamlessly so that data located (or 
constructed) in one are used to access the other. The most used resources are firstly, for 
data retrieval, different portals and genome databases. Bioinformatics researchers use 
more databases than others, both when the distribution is dissected by discipline or 
research subjects. For acquiring literature, the bibliographic information database 
PubMed is the most used. The service provides links to the full text documents. In 
molecular medicine researchers use several data analysis tools , either for the data 
produced by themselves in laboratories or for the data retrieved from the open databases 
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over the Internet. A typical feature of the domain is the vast number of open source 
databases, which offer research data for reuse. 

The researchers in molecular medicine described lots of problems they experience while 
they access and use the information resources and tools. Some of the information 
systems were too difficult to use and some of the data structures were not suitable for 
any use. The researchers did not have time to learn how to use the services properly. Even 
when the open source databases and journals are quite typical to the domain, the limited 
access to the information sources is a big problem. Up-to-date research literature is 
extremely important to the researchers. 

Information related tasks took much of the researchers' time. If the information 
problems could be relieved, it would release more time for other research work. The 
database and tool interfaces should be easier to use. There is consequently a need for 
more research in order to be able to build systems that enhance access to information. 
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Abstract  
Introduction. It is widely agreed that studies in information science should be 
situated in a broad or holistic context. Some researchers have highlighted the potential 
of the cultural historical activity theory in this respect. In this study we have used the 
activity theory framework to test how well activity theory contributed to the 
understanding of the information practices of two research groups in molecular 
medicine. 
Method. The paper is a qualitative study where activity theory is implemented as a 
method to study contextual issues in information practices.  
Results. In this study the research work in molecular medicine is the central activity. 
It is studied in the web of neighbouring activity systems, like information services, 
which is understood as an instrument-producing activity.  
Conclusions. The activity theoretical framework appeared to be useful in providing a 
holistic approach for the study of information practices in research work on the domain 
of molecular medicine. The hierarchical structure of activities helped to situate 
information practices as a tool, which mediates between the subject and the object of 
the molecular medicine research work. It came apparent that information practices 
belong to the lower level of activities in the system.  
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INTRODUCTION 

It is widely agreed that studies in information science should be situated in a broad or 
holistic context (see for example Ingwersen and Järvelin 2005). Wilson (2006, 2008) 
and Allen et al. (2011) have highlighted the potential of the cultural historical activity 
theory (or simply activity theory) in this respect. According to Wilson (2006), the context 
of information needs and information uses is understood more deeply using the activity 
theoretical base. Activity theory enables the discovery of contradictions that affect 
information practices. Activity theory might also provide an overarching paradigm which 
might combine different problem areas (information seeking, information retrieval) of 
information studies (Wilson 2006). This article will set the material from a previous 
study (Roos et al. 2008) in the theoretical framework of activity theory and test how that 
will contribute to the understanding of the information practices of a research group in 
molecular medicine. 

The article starts with descriptions of central concepts for information practices, 
followed by basic concepts and principles of activity theory. Some examples of the use of 
activity theory in information science are described. After that the domain of molecular 
medicine is introduced and the activity theory framework is applied as a method to 
understand research work in molecular medicine. In the later part of the article 
information practices in molecular medicine are examined with the help of the activity 
theory framework and the contribution of this method discussed.  

 

BACKGROUND 

Information related practices, or information practices, are understood to comprise 
needs, seeking, management, giving, and using information in context. (Palmer and 
Cragin 2009). In this study, information practices is used instead of the concept of 
information behaviour. The reason for this is to try to emphasise the contextual factors 
of information seeking, use and sharing and consider information seekers in their social 
context (compare. Fisher et al. 2005 and Savolainen 2007). As Palmer and Cragin (2009) 
conclude, understanding the nature of information practices and their relation to the 
production of knowledge is important for theoretical as well as practical work in 
information science.  

In the early stages of information seeking research (1960-1985), the studies concentrated 
mainly on the information systems viewpoint: systems needs. People involved were 
considered as passive users of institutions or systems. Since 1985 the theoretical 
understanding has expanded and the interactive nature of the situations or context, work 
tasks, information seeking and information systems is understood to be included. There 
has been an alteration from systems-oriented to actor-oriented research. This means that 
individuals are analysed in concrete situations. Because of the emphasis on individuals, 
some researchers have claimed a more social or holistic approach to the research 
(Ingwersen and Järvelin 2005). 

Several critical voices have been raised towards the situation in information research. 
They are expressed by researchers from both the information seeking and information 
retrieval communities. Hjørland formed the radical opinion about the situation in 
information research that it has always been in crisis (Hjørland 1997: 3). He believes that 
the user studies' perspective has often been about users' relationship to the system of 
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information sources and notes that retrieval research typically adopts a very atomistic 
perspective in studying the match between a query and a document. He assumes that the 
solution could be a critical analysis of the positivistic and idealistic assumptions about 
knowledge and science. Hjørland's alternative view of knowledge is realistic and he 
understands it as a tool that is a historically and culturally developed product. He is also 
of the opinion that this view, based on activity theoretical framework, could unite user 
studies and information retrieval studies in information science (Hjørland, 1997).  

Hjørland and Albrechtsen have promoted the idea of domain analysis as a new paradigm 
in information science. They have stated that the best way to understand information 
could be to study ‘the knowledge-domains as thought or discourse communities, which 
are parts of society's division of labor' (Hjørland and Albrechtsen 1995: 400). 
Knowledge organization, language, communication forms and even information systems 
are reflections of the objects of the work in these domains and their role in the society. 
Because of this, it would be necessary to consider, for example, an individual person's 
information needs from this perspective (Hjørland and Albrechtsen 1995) 

An approach where information seeking research is directed towards both tasks and 
technology is presented by Ingwersen and Järvelin (2005). The authors emphasise the 
need for more empirical research that could empirically answer research questions on 
characteristics of contexts and task situations, actors, information, seeking processes, 
sources, systems and use of information. It would be fruitful from the point of view of 
the design of information retrieval systems to conduct studies where the features of 
systems and features of tasks and information seeking process are related (Ingwersen 
and Järvelin 2005). 

Activity theory is a framework that provides clarity to the concept of context in 
information science research (Allen et al. 2011). It may be helpful in several ways: in 
guiding the development of research instruments, providing a framework for the analysis 
of data, understanding of user behaviour that can help in the design of systems, and 
providing understanding of the wider contextual issues that affect systems use and 
usability (Wilson 2008). 

In this article the activity theoretical framework (described below in Activity theory and 
its applications) is used to understand the information practices of researchers in the 
molecular medicine research environment. Molecular medicine is an interdisciplinary 
scientific field that utilizes molecular and genetic techniques in the study of the biological 
processes and mechanisms of diseases. Its aims are to provide new approaches to the 
diagnosis, prevention and treatment of disorders and diseases.  

The principles of activity theory are studied and applied in order to gain a deeper 
understanding of the ways in which the context of a domain such as molecular medicine 
might affect how researchers use and seek information.  

The main research questions are: 

 Is activity theory a useful theoretical frame for studying the contextual issues of 
information practices in molecular medicine? 

 What are the possible benefits of activity theory framework to the research of 
information practices? 
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METHOD 

This is a qualitative study where activity theory is used as a theoretical framework. The 
present study uses qualitative methods in re-analysing the data which was originally 
collected in a survey conducted in 2007 (Roos et al. 2008). The information gathered 
from the survey questionnaire was enriched by semi-structured interviews and 
observations of the work practices of two research groups in molecular medicine. The 
groups consisted of a responsible, senior researcher, PhD students and graduate 
students. Group A was doing research on a disorder which was known to have a 
polygenetic background and Group B's research objects were diseases which were known 
to be monogenic, caused by mutations in a single gene. 

These two groups of one research institute in Finland were chosen as subjects because of 
their diverse research objects. It was presupposed that the methods and tools of research 
would differ considerably as a consequence, and that was intended to give a holistic 
picture of the research work of the domain of molecular medicine. 

Activity theory is a philosophical and multidisciplinary framework that can be used to 
examine human activity or practice. It was initiated in Russia by Lev Vygotsky at the 
beginning of the 19th century as a psychological theory of human consciousness, thinking 
and learning (Miettinen et al. 2009). Activity theory provides a philosophical framework 
for studying different forms of practices and actions as developmental processes 
interlinking individual and social levels (Spasser 1999).  

Different models or tendencies of activity theory exist. The general activity theory, 
sometimes called Scandinavian activity theory is based to the concepts of Vygotsky and 
Leont'ev (1978), and has been enhanced mainly by Engeström (1987, 1995, 1999). The 
alternative model of the activity theory is called the systemic-structural activity theory, 
which has been developed by Bedny and colleagues. Although these models are closely 
related, there are some conceptual and other differences which Wilson (2006) identifies 
(see also Bedny and Karwowski 2007). This study will mainly use the approach of the 
general activity theory. 

ACTIVITY THEORY AND ITS APPLICATIONS 

From the activity theoretical perspective, the activity of any subject is a purposeful 
interaction of the subject with the world. It is a process in which mutual transformations 
between the subject and the object are achieved. The subject and the object of an activity 
transform each other. In activity theory, this central process is called internalization. 
Through the analysis of activities, it is possible to understand both the subject and the 
object of the activity (Kaptelinin and Nardi 2006: 31; Kuutti 1995). 

Engeström's well-known triangular model of the complex activity system is presented in 
Figure 1. 
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Figure 1: A complex model of an activity system (Engeström, 2001)  

The model is systemic and all the elements are related to each other. According to Kuutti 
(1995) it contains mutual relationships between subject, object and community. There 
are always various artefacts included in the activities. Tools and signs, Rules and Division 
of labour involve artefacts which have a mediating role. The relationship between subject 
and object is mediated by tools (like instruments or programs) and signs (e.g., language), 
the relationship between subject and community is mediated by rules (for example laws) 
and the relationship between object and community is mediated by the division of 
labour. The mediating terms are also historically formed and open to change (Kuutti 
1995). 

In the activity system the object is transformed into outcomes through a hierarchical 
process of activity. The hierarchy was developed by Leont'ev (1978) and it distinguishes 
between activity, actions and operations and relates these terms to motives, goals and 
the conditions under which the activity is performed. 

Activity, a collective phenomenon with a shared object and motive, can be divided to 
actions according to the division of work. Actions are conducted by individuals or a 
collective using a physical, or intellectual or abstract tool. For example, an abstract tool 
can be knowledge or skills (Mursu et al. 2007). Activity systems are networked and 
interact with other activity systems. Even though individual or group actions are goal-
directed and might be independent, they are understandable only against the 
background of the whole activity system. According to activity theory the prime unit of 
analysis should be the activity system (Engeström 2001). 

Contradictions have a central role in the development and change of activities. 
Contradictions mean historically accumulated structural tensions within and between 
activity systems. These tensions might be caused by adopting a new element such as a 
technology from outside the system. Contradictions might not produce disturbances and 
conflicts exclusively, but may also produce innovative solutions to change the activities. 
When the object and motive are reconceptualised to involve a radically wider horizon of 
possibilities than in the previous mode of the activity, an expansive transformation 
happens (Engeström 2001). According to Kaptelinin and Nardi (2006: 71) all practice is 
a result of certain historical developments under certain conditions. The development is 
both an object of study and general research methodology in activity theory. 
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The area where activity theory is applied is very broad, ranging from psychology and 
educational development to organization studies. The most interesting applications of 
activity theory in respect to the present study are work studies, information systems 
development and human-computer interaction (e.g., Wilson 2008). The usefulness of 
activity theory for human computer interaction has been proposed by (among others) by 
Kuutti (1991), Kaptelinin et al. (1995) and Nardi (1996). According to Kaptelinin and 
Nardi (2006) the use of activity theory meant a turn towards contextual approaches in 
human-computer interaction. 

Activity theory in information science 

There are few researchers in information science who have used activity theory as a 
theoretical frame; Hjørland and Wilson belong to the pioneers. Wilson (2006, 2008) has 
made a thorough analysis of the situation and is among the main proponents for activity 
theory in information science, demonstrating the potential of activity theory to offer a 
conceptual framework and a new methodological instrument. He noted that use of the 
framework can draw the researcher's attention to the aspects of the context of activity 
that otherwise might be missed. According to Wilson the concept of tool is particularly 
helpful in information searching (2006, 2008). Hjørland (1997) urges a nonidealistic, 
realistic or pragmatic view of knowledge as a base for information seeking research, and 
concludes that human knowledge is object-oriented and this fact determines information 
seeking. 

According to Wilson (2006), the hierarchy of activity is very valuable in research into 
information seeking behaviour (see Figure 2).  

 
 
Figure 2: Activity, actions and operations (Wilson 2006)  

The distinction between activity, actions and operations could give a broader perspective 
to the role of information behaviour in human life. The role of information seeking could 
be more realistic when it is not understood as an activity, but a set of actions that support 
some higher level activity. Wilson suggests also that a re-examination of previous studies 
in the light of activity theory might be useful in providing insights that could have been 
missing in previous analysis (2006, 2008). 

Spasser (1999) proposes that activity theory provides a conceptual framework that will 
facilitate the continual improvement of practice and the transferability and cumulation 
of knowledge in information science. He considers activity theory to be especially 
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applicable with regard to information systems development, use and evaluation (Spasser 
1999) and he has applied activity theory to the study of digital library evaluation (Spasser 
2002). 

Widén-Wulff and Davenport (2007) have used activity theory in their study of 
information sharing and creation of knowledge in two organizations. They used data 
which was collected without activity theory–analysis in mind. According to them activity 
theory was useful because it forced them to clarify the terminology and to expand the 
horizons within which they observed and explored behaviour (Widén-Wulff and 
Davenport 2007). 

Allen et al. (2011) argue that one of the greatest benefits of activity theory in the study of 
information practices is that it takes into account context. It concentrates on the cultural 
and technical mediation of human activity instead of an isolated human being. On the 
other hand, the hierarchical structure of the activity (activity-action-operations) provides 
the opportunity to reduce activity into its components, the deconstruction of an activity 
is possible and makes the analysis of information practices fruitful. In addition, activity 
theory provides a theoretical lens which helps in explaining activity mediation and this 
may improve the development of practical solutions, like the design or development of 
systems (Allen et al. 2011). 

Despite the examples above, the situation in the research of information practices has 
often been quite similar to the one described by Kaptelinin and Nardi (2006) in human-
computer interaction: studies have focused on the usage of a system or a tool, as if the 
use of the system or tool would have its own purpose. If the theoretical frame of activity 
theory is applied, the focus will be extended to a meaningful context of the subject's 
interaction with the world, including the social context. In the following section, the 
activity theoretical lens will be used in the analyses of information practices in two 
research groups of molecular medicine. The aim is to connect information practices to 
other object-oriented activities and their social context. 

 

RESEARCH WORK IN MOLECULAR MEDICINE 

Molecular medicine 

To be able to understand information practices of researchers in molecular medicine, the 
nature of the domain and its historical development need to be comprehended. 

Molecular medicine is an interdisciplinary, applied scientific field which uses molecular 
and genetic techniques in the study of the biological processes and the mechanisms of 
human diseases. It is understood mainly as one sub-discipline of biomedicine but is also 
connected closely to biochemistry, cell biology, molecular biology and molecular 
genetics. Molecular medicine is data intensive, producing and processing a huge amount 
of all kinds of data. Dependence on expensive equipment and technology of acquiring 
and analysing data is characteristic of this domain. This is why the variety of methods 
and data analysing tools used in research work is broad (Roos et al. 2008). Because the 
task in molecular medicine seems to be quite unified, results are produced in 
standardized ways and are clearly linked to theoretical goals. The reporting systems are 
also stable, standardized and hierarchically ordered (see Hedlund and Roos 2007). This 
means that it is easier to co-ordinate and control work procedures, the channels of 
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communication, and interconnected goals across the domain. The mutual dependence in 
the domain of molecular medicine is quite high (see Whitley 2000) and the control of 
and competition for reputation in the field is challenging. 

The human genome was mapped and sequenced in the Human Genome Project between 
1990 and 2003. According to Collins et al. (2003) the Project has generated massive and 
complex databases which have transformed the study of virtually all life processes. 
Advances in genetics, comparative genomics, biochemistry and bioinformatics have 
made it possible to analyse and study the health and diseases of organisms on a 
molecular level. The increased understanding of the interactions between the entire 
genome and nongenomic factors has caused a change from the era of genetic medicine 
(i.e., knowledge about single genes is used to improve the diagnosis and treatment of 
single-gene disorders) to genomic medicine. This has meant a significant change from 
small, individual laboratories to broad international research collaboration. Genomics, 
the study of whole genomes (Pohlhaus and Cook-Deegan 2008), has become central to 
the research field of biomedicine (Collins et al. 2003; Feero et al. 2010; Kellenberger 
2004). 

From the activity theoretical perspective, a fundamental, expansive change has occurred 
in the activity systems of molecular medicine research. The development of the physical 
tools, like technology, has been huge and rapid. It has changed the community involved, 
the rules mediating the relationship between the actor and the community and also the 
division of labour. For example, the development of effective and appropriate genomics 
methods highlights new ethical, legal and social questions. Totally new professions such 
as bioinformaticians have been born. The role of small, individual laboratories has 
diminished and the importance of international collaboration has increased as genome 
research has emerged.  

Research work and information practices 

One of the major tasks of molecular medicine is to identify genetic factors that cause a 
certain disease or increase an individual's risk of a disease (see Runge and Patterson 
2006). When studying biological processes and the mechanisms of human diseases, 
molecular medicine uses molecular and genetic techniques and tools such as 
bioinformatics or animal models. 

MacMullen and Denn (2005) have analysed the problems in molecular biology and 
grouped them into three general classes: problems related to the structure of protein 
molecules, the function of genes and proteins, and communication (i.e., information flow 
through DNA, RNA, protein transcription and translation). The problems of structure, 
function and communication are interrelated. Tran et al. (2004) have applied task 
analysis when studying researchers' work in genomics and proteomics. The four major 
categories of work tasks were gene analysis, protein analysis, biostatistical analysis, and 
literature searching. 

Denn and MacMullen (2002) have also analysed the experimental cycle of molecular 
biology and the role and possibilities of information science in it. According to them, the 
experimental cycle includes the following steps: problem/question, experimental design, 
sample preparation, data acquisition, data transformation, analysis and comparison, 
modelling and simulation and replication or duplication. There is likely to be a broad 
range of information science activities, each at different stages of the research process of 
the molecular biology. Denn and MacMullen classify them into three categories: the 
development of new tools and methods for managing, integrating and visualizing data, 
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the application of tools and methods for integration, inference and discovery, and 
theoretical approaches to biological information. 

According to Roos et al. (2008) the information environment in molecular medicine is 
varied. It consists of huge amounts of data which is stored in several types of databases, 
searched through different information retrieval systems and used by diverse analysis 
tools. Research and bibliographic databases as well as full-text articles are used 
seamlessly so that data located (or constructed) in one are used to access the other. 
Bioinformatics database portals are very popular probably because many of them enable 
the interlaced use of different databases (Buetow 2005; Roos et al. 2008). 

Fry (2006) has applied Whitley's theory (2000) in the study of information practices in 
different domains. Her findings show that in fields like molecular medicine, which have 
high degree of mutual dependence, low degree of task uncertainty and which co-ordinate 
and control reporting channels, researchers work willingly together with field-based 
digital information resources. This fits well with the observation made by Roos et al. 
(2008) that bioinformatics portals are very popular among the researchers in molecular 
medicine. In other fields, such as the social sciences, where the degree of mutual 
dependence is low, the degree of task uncertainty is high and communication channels 
are less controlled, field-based digital resources are not integrated into the epistemic and 
social structures of the field in the same way. 

The activity system in molecular medicine 

The following analysis is based on the survey conducted in the 2007 (Roos et al. 2008). 
The information collected via the survey was improved with interviews and the 
observation of work practices in two research groups. These groups were chosen on the 
basis that they had diverse research objects and so would together give a holistic picture 
of the research work in this domain. In total, seven interviews were conducted, during 
which researchers were asked to describe the research process, how it proceeds and 
which stages it includes. Special attention was paid to information intensive stages and 
the problems researchers experienced during these stages. Both senior researchers and 
research students were interviewed. 

According to the interviews and the observation of the work practices, the main objects 
(or activity on the highest level) of the research work were twofold: a) which gene or 
genes cause the specified disorder or disease, and, b) what is the molecular mechanism 
behind the disease in the gene. The outcome of such research could be to help in 
preventing or treating the disorder caused by the mutations. This activity system could 
be called research work in molecular medicine. As an example, the elements of the 
activity system are represented in a rough, non-exclusive way in the Table 1.  
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Table 1: An example of the elements in the activity system of molecular 
medicine 

Element An example of the element  
Subject or actor The research group 
Outcome Prevent a disease (e.g. breast cancer) and find 

treatment for it 
Object/motive The study of the biological processes and the 

mechanisms of the human disease  
Tools Molecular and genetic techniques. Previous research 

results. Research data and databanks. Tools and 
applications 

Rules Rules for scientific work and communication in the 
domain, incl. ethical rules. Mechanisms for financing. 
Organizational rules 

Community Global scientific community, financing agencies, 
publishers, research institutes, universities, research 
groups, teams, individual researchers with different 
roles 

Division of labour Laboratory work, scientific computing, 
administrative work, browsing and searching 
information and data, analysing results, publishing 
results etc. 

It is evident that the activity system of research work in molecular medicine does not sit 
in isolation but is connected to various simultaneous activity systems which have 
different objects. Examples of these are the activity system of information services in the 
library, the activity system of education in the university, or the activity system of 
management and administration of the university or research institute. Thus, following 
Engeström (1987), we see the activity system as part of an embedded web of activity 
systems. When we apply this to the present study and the activity system of research 
work in molecular medicine (Figure 3), we find that the research work appears as the 
central activity and the prevention or treatment of the diseases as the object-activity. 
According to Engeström, the object-activity includes activities where the objects and 
outcomes of the central activity system are embedded. The central activity system is 
surrounded also with other ‘neighbour activities', which are instrument-producing 
activity, subject-producing activity and rule-producing activity (Engeström 1987: 89, 
1995: 63). 

From this same viewpoint and depicted in Figure 3, education could be understood as a 
subject-producing activity. Some members of the research groups were involved in this 
activity and had as their main objective to finish their studies and get a PhD in genetics. 
This objective might to some extent be contradictory to the objective of the central 
activity system of research. Management could be an example of the rule-producing 
activity. The responsible researcher had to be at the same time also an administrative 
manager and in charge in financing. The situation was challenging when some of the 
researchers belonged to different organizations or to two or even more institutions 
concurrently, each of which had their own infrastructure and at least some differing 
objectives. Information services or bioinformatics could be comprehended as examples 
of instrument producing activities. This web of activity systems is presented in Figure 3. 
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Figure 3: The web of activity systems in the research work of molecular medicine  
(see Engeström 1987: 89, 1995: 63)  

The process in the activity system where the object is transformed to outcomes is 
hierarchical and actually very complicated. Activities are influenced by other activities, 
they change constantly and there is always a web of connected activity systems that have 
different objects. At every level of the activities, the processes of change are interactive 
(Allen et al. 2011; Hasan and Gould 2001).  

Based on the interviews and observations, the activity system of research work in 
molecular medicine could, for example, consist of the following actions: inventing the 
research idea, planning the laboratory implementation, laboratory work, the analysis of 
the results, the reporting of the results. The chain of actions is described roughly and 
non-exclusively in the Figure 4 below. Our intention was to highlight the nature of the 
research work as a long-lasting process but the result is not very successful. Wilson 
(2006) has pointed to the static nature of the diagrammatic representations of activities 
(see above). This becomes evident in this study when the research process is the target 
of the analysis. One possibility to highlight the process nature of the activity is to describe 
its normal flow of actions. This is the approach in the following figure.  
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Figure 4: The chain of actions in the research work of molecular medicine 

At every stage of the process, the outcome of the activity system is extremely significant 
for the development of the next stage. Each action has a differing object and the subject 
might also differ. For example in the idea creation stage, the role of the principal 
investigator or the group leader is central as is her/his knowledge, skills and networks in 
the research community. Financial challenges might be the directing elements (rules, 
community) especially for the experiment planning. The role of the mediating tools in 
actions is central. They can modify the existing actions and open possibilities for new 
ones (Allen et al. 2011). Information technology has been very important for the 
development of the domain of molecular medicine. The mediating role of the 
technological development has caused an expansive change in the community, the 
division of labour and the role of other tools in the domain.  
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ACTIVITY THEORY AS A BASIS FOR UNDERSTANDING 
RESEARCHERS' INFORMATION PRACTICES IN MOLECULAR 
MEDICINE 

Applying the principles of activity theory to the analysis of information practices in 
molecular medicine means that information practices will not be taken out of context; 
otherwise they would be seen as isolated entities that cannot be properly understood or 
developed.  

The web of activity systems described in Figure 3 and the chain of actions in Figure 4 
help to put information practices in their broader context. From previous research we 
know that certain actions in the research work are more information intensive than 
others (see for example Palmer and Cragin 2009). According to the data collected by 
interviewing the researchers, idea creation, analysis (setting the results in the context) 
and reporting of the results were the most important actions in relation to information 
practices. The main information-intensive actions and the most relevant information 
practices related to them are presented in Table 2. 

 
Table 2: The main information intensive actions in the research work of 
molecular medicine and related information practices 

Action Information practices 
Research idea 
creation 

 Reading 
 Discussions with colleagues 
 Conferences 

Analysis of 
results 

 Searching facts from bioinformatics databases, using 
analysis tools 

 Reading literature 

Reporting results  Reading literature: results from previous studies 
 Searching references from PubMed and OMIM (Online 

Mendelian Inheritance in Man) 
 Searching facts from bioinformatics databases 

Reading the literature, discussions with colleagues and conferences were the most 
important information practices in the action of idea creation. Reading and searching 
the literature was considered as the most critical but also the most time-consuming and 
difficult in the following actions: idea creation, analysis and reporting. The huge amount 
of published literature (i.e., articles in the domain) was perceived as a big problem and 
the need to filter out the irrelevant and evaluate the relevant information was expressed 
as a challenge. One fourth of the survey respondents named library catalogues or portals 
as a finding tool for the literature, one third named Google, Google Scholar or both. 
PubMed was without doubt the most important single literature search tool for the 
researchers. Some of the interviewees expressed difficulties in choosing the search terms 
in PubMed, and there was a significant difference between the two research groups in 
this respect. Those researchers who were studying a disease which had a multi genetic 
background reported that they had difficulties in choosing the search terms, while 
researchers of monogenic diseases did not express similar problems.  
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Searching the literature from PubMed was named by both research teams as an 
important part of the reporting of results action. Various databases and tools are very 
important in the analysis of results action. For example, UCSC Genome Browser and 
similar services provided by the National Center for Biotechnology Information are 
frequently used. Some analysis or other tools were not used because of the lack of 
knowledge or ability to use them. Numerous tools, web services and databases were well 
known, but the interviewees expressed little interest in them because they lacked the time 
to get to know and use them. In conclusion, it could be said that information practices 
were experienced as necessary but difficult and time-consuming throughout the research 
work. 

From the activity theoretical perspective, information practices of researchers could be 
considered mainly as one tool that mediates between the subject and the object of the 
activity system of research work. Information services could be regarded as one 
neighbouring activity, i.e., they are an instrument-producing activity system for the 
central activity of research work in molecular medicine (see Figure 3). Whitley's (2000) 
theory of the intellectual and social organization of academic fields could be understood 
as one explaining component of the activity theory element rules.  

The hierarchical aspect of activities in activity theory has been pointed out as one 
possible major benefit of implementation of activity theory to information science 
(Wilson 2008). When the activity is divided into three hierarchical levels across the 
whole process, the path from activities, actions and operations to outcome becomes more 
understandable and clearer. It also becomes easier to analyse the problems and 
hindrances affecting the activity and to try to find solutions to them. 

In the following figure (Figure 5) one example of the hierarchy of information related 
practices in molecular medicine is represented. In this example, the activity generating 
motive is to understand the function of a certain gene. This motive produces the activity 
of researching the function of a gene and determines the goal of finding all known facts 
about the gene. The goal results in numerous parallel actions, an example being to search 
existing information about the gene from different sources. Searching the Online 
Mendelian Inheritance in Man is an example of an operation which is affected by the 
conditions like the availability of the tool or knowledge to use it. The motive (understand 
the function of the gene) rather than the goal explains the emergence of all the actions, 
such as searching existing information (see Engeström 1999). 
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Figure 5: An example of the hierarchy of information related practices in molecular 
medicine 

From this perspective, it seems evident that information practices belong to the lower 
level of activities in the activity system of research work in molecular medicine. This does 
not necessarily mean that the significance of information practices to the outcome of the 
activity should be low. This example also clarifies the importance of relationships and 
dependencies between different elements and levels of activities. A simplified example: 
when information specialists advise researchers in the use of a particular search device 
the advice is more efficient if they are acquainted with the higher level goals of the 
researchers. If the technical functionality of the search device is the main focus of this 
action, it might be more difficult for researchers to find real benefit from the guidance.  

Researchers are not just using a certain tool or device; they are actors who make choices 
consciously. It became evident that the researchers used familiarity as one of the main 
grounds to choose to use a certain tool, for example, the Genome Browser. When the 
information environment is as manifold as in molecular biology and medicine this is a 
very sensible way to proceed. 

Another important consequence from the adaption of principles of activity theory is that 
the focus of the research into information practices should be more about problems and 
contradictions. Researchers in one of the target groups noted particularly the problems 
they had choosing search terms that enabled them to keep track of the relevant 
information in the large amount of published material. The number of available 
databases and tools in the domain is huge. Researchers were aware of this but were able 
to use only a small number of them. It appeared also that at least some of them had 
problems using even the more familiar tools. Lack of time was also stated as a reason for 
not studying to use new tools which were known to be available.  

DISCUSSION 

Typically, research in information science has concentrated either on one aspect of the 
activity system (mostly in the category of tools) or on the functionality of one kind of tool 
(information use, searching for information, etc.). The relationship between the subject 
and the tools has also been a focus. The complexity of the whole activity system as well 
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as the objective of the activity has often been left out of the analysis. As described earlier 
(Järvelin and Ingwersen 2004), using a system or a tool appears as a purpose in its own 
right in information science. The research object of information science is presented in 
the triangle form in Figure 6. 

Figure 6: Research object of information science and the triangle of activity theory 

The first principle of activity theory, that the activity system is taken as the prime object 
of analysis, implies that ‘the scope of analysis needs to be extended from tasks to a 
meaningful context of subject's interaction with the world including the social context' 
(Kaptelinin and Nardi 2006: 34). Activity theory seems to provide a holistic approach to 
studying information practices in the context. 

According to the activity theoretical framework, information practices are understood as 
tools which have a mediating role between the outcome and the subject in the net of 
activity systems of research work in molecular medicine. In the hierarchy of activities, 
information practices belong to lower level of actions and operations and do not have a 
meaning in themselves, but rather should be understood as one tool among others. In 
this case it seemed that the activity system of local information services did not provide 
much support to the researchers when, for example, only a quarter of the researchers 
used library-related services as a tool in the literature searching actions. This could be an 
indication of a contradiction between the separate activity systems of research work in 
molecular medicine and information services provided by the library. An explanation 
could be that the structure and hierarchy of the activity system of research work has not 
been understood well enough in the planning of local information services, and because 
of this, objects of these systems might be at least partly contradicting. If the tools are 
designed in isolation, out of the context of the net of activity systems, there is a risk that 
these tools will be impractical and even useless in the research work context. 

When planning the information services to researchers it is essential to be aware of 
hierarchy of actions, objects and outcomes of activity systems in the research process and 
to understand the rules subjects follow when interacting with the molecular medicine 
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community. The study of the hierarchy of activities in this case helped to situate 
information practices in the activity system of the research process, i.e., to see them in 
context. It became apparent that collaboration between members of these activity 
systems would be needed if the tools and systems were to support the activities of the 
researchers suitably.  

As stated earlier in this study information practices were considered to be necessary but 
hard to do and time-consuming. They belonged to lower level of activities in the net of 
activity systems of research work in molecular medicine. On this basis, it might be 
possible to claim that in this case there seemed to exist almost a lack of interest to the 
information practices.  

The activity theoretical viewpoint also raises the role of other activity systems where 
some members of the research groups are involved simultaneously. An example of this 
is the system of higher education. Different actors, such as senior researchers and PhD 
or graduate students may have different needs for information because they have 
different (if similar) motives and roles in the various activity systems. The viewpoint 
could be useful when planning the training of information resources or services to these 
researcher groups, for example. 

This case had made it clear that from the perspective of information practices, molecular 
medicine is not a unified domain. Research directed to multi genetic diseases, monogenic 
diseases or examination of the genome have more or less different information-related 
problems. 

Activity theory-based analysis helps in highlighting and systematizing various factors 
that exist in the research work. It would be profitable if attention could be given to all 
elements and their relations and interconnections when researching information 
practices. This might be helpful in planning information services to researchers or 
research groups because it would help in being active or at least in reacting in a timely 
way to the changes which seem to be forthcoming in some areas of the activity system. 

The concepts of activity theory might be abstract or even vague. The boundary between 
an activity and an action for example is not always clear in practice. It might depend on 
the viewpoint whether certain activities in the research work are understood as actions 
or tools which mediate between the actor and the object of the research work. 

 

LIMITATIONS OF THE STUDY 

The most notable limitation of this study is that the analysis and conclusions are based 
on a limited number of researchers and research groups in single research institute. The 
examination is also on a quite general level and a more detailed inquiry might have given 
results that would have been practically more useful. However the understanding of 
information practices in molecular medicine has been deepened by this case study. 

Historicity is one of the principles in activity theory. Deeper historical perspective and 
analysis might have been needed in this study. This limitation might lead to deficiencies 
in the analysis of problems and potential in the activity system of molecular medicine.  
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It also became evident that the activity theoretical model used in this study offered a 
relatively static model for the analyses of processes. 

 

CONCLUSIONS 

The activity theoretical framework seems to be useful in providing a holistic approach 
for the study of information practices in research work in the domain of molecular 
medicine. It helps in pointing out the complex nature of the process where researchers 
work towards achieving particular goals. Activity theory helps to understand more deeply 
the domain of molecular medicine and the structure of research work when compared to 
the previous study of Roos et al. (2008). The most important benefit in using this 
framework for information science might be that it puts information practices in their 
context, as a mediating tool in the research process, and helps to structure them; thus it 
highlights important elements which otherwise might have been missed. It focuses 
attention on factors like the object and the hierarchy of activities in the research work. 
Activity theory shows the true importance of how the historical development of the 
domain has affected information practices and especially the development of the 
information environment. 

The activity system of research work in molecular medicine consists of various embedded 
actions and related activities. Research work was presented in this study as a central 
activity with education, management and (for example) information services as neigbour 
activities. In the research work activity system, the most information intensive actions 
were the creation of the research idea, the analysis of the results and the reporting of 
results. There also existed other simultaneous activities which had at least partly 
differing and sometimes even contradicting objects. 

In the hierarchy of activities, information practices belonged to the lower level, i.e., to 
actions and operations. From the point of view of researchers, these activities and 
operations seemed not to be significant on their own, only in relation to the main activity. 
Information practices have their place in the hierarchy of other object oriented activities 
of researchers.  

It appeared that the activity system of information services did not provide much support 
to the researchers when, for example, only a quarter of the researchers used library-
related services as a literature searching tool. This could be an indication of a 
contradiction between the separate activity systems of research work in molecular 
medicine and information services provided by the library. An explanation for this could 
be that the activity system of research work is not understood well enough when 
information services are being constructed and that the object of these systems might be 
partly contradicting.  

Another benefit from the use of the activity theory was that it helped us to understand 
that researchers who work in the same domain and even in the same field might have 
various objectives and motives because of other simultaneous activities. Every field also 
has its own history and context which have an impact on the use of and need for specific 
tools. These differences need to be understood and applied when information services, 
systems or tools are designed for these actors.  
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In the end it became obvious that in the light of the activity theory the term user should 
be replaced by the term actor in the information environment. According to activity 
theory, activities are conscious, motivated and dynamic. Actor in information 
environment takes into account the interactive nature of the process where the actor 
transforms the goals to outcomes better than user.  

In practice, activity theory might be useful when it directs information practitioners to 
think about the objective of researchers' activities. It seems evident that information 
practitioners need to cooperate with the actors in the research work in order to develop 
tools and practices that support as effectively as possible the main objective of the 
research work. It would be even more advantageous if other related activity systems were 
to be included in this work. This might lead information system scientists and 
information scientists together with researchers in molecular medicine to combine their 
efforts and skills for the design of information systems and their interfaces. A real 
collaboration between members of these activity systems would be needed if the tools 
and systems are to support the activities of the researchers suitably. More 
interdisciplinary research using the frame of activity theory could be conducted to attain 
this goal. It might also be able to test the usefulness of the expansive work development 
method in the research of information practices.  
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Abstract

Objective: The aim of the study was to investigate the information practices of medical scientists in the
research work context.
Methods: This is a qualitative study based on semi-structured interviews. The interviews were transcribed
and analysed in a web tool for qualitative analysis. Activity theory was used as the theoretical framework.
Results: The generating motives for the information related activity come from the core activity, research
work. The motives result in actions such as searching and using information. Usability, accessibility and
ease of use are the most important conditions that determine information related operations. Medical scien-
tists search and use information most of all in the beginning and at the end of the research work.
Conclusions: Information practices appear as an instrument producing activity to the central activity. Infor-
mation services should be embedded in this core activity and in practice libraries should follow research-
ers’ workflow and embed their tools and services in it.

Keywords: case studies; information seeking behaviour; Interprofessional relations; research design

Key Messages

• Medical scientists search and use information most at the beginning (idea creation and research
planning) and end (reporting) of their research work.

• Although researchers mention lack of skill or knowledge about tools as sources as a barrier to their
information seeking, they do not see it as a hindrance in the same way a librarian might.

• If information services wish to support researchers and their information related practice,
characteristics of the researchers discipline need to be understood and taken into account.

• Informal communication and dialogue with researchers would enable the development of a
common language for discussions about information related services, increasing the perceived
relevance of library and information services within the research community.

Introduction

The aim of this study was to investigate and
understand the information practices of researchers
in the biomedical domain. The purpose was to put
medical scientists information related practices into
a broader, research work context and analyse the
practices through the activity theoretical
perspective. The intension was also to contribute
to the domain-analytic discussion within

information science research, as introduced by
Hjørland and Albrechtsen.1 The domain-analytic
approach argues that domain or discipline is
important in understanding the information
practices of researchers. The managerial
implications of this study will be to find and
present new approaches to develop information
services for medical scientists.
The main focus is on the information practices

of the ‘medical scientists or physician-scientists’
which means biomedical researchers in clinical
settings. Biomedicine means ‘medicine based onCorrespondence: Annikki Roos, Helsinki University Library, Helsinki,
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the application of the principles of the natural
sciences and especially biology and biochemistry’.2

Medical scientists engage frequently, but not
always in clinical research, which means that the
research involves directly a human being or a
group of people or that it uses materials from
humans, such as samples of tissues.
The main research questions of the study are as

follows:

• What are the most information intensive
stages in medical scientists’ research work?

• What are medical scientists’ most common
information practices and tools?

• Do researchers experience information related
problems (and what kind of problems) during
the research work?

Background

‘Information practices’ is a concept often
discussed but lacking a fixed meaning in
information studies. If compared with the term
‘information behaviour’, the focal point in
‘information practices’ is in the social and cultural
dimensions of the information related activities
and the nature of the relationship with the
environment.3–5 With ‘information practices’, we
mean practices of seeking, managing, giving and
using information in context.6

Earlier studies confirm that journals are the most
important source of published information in the
biomedical domain, and PubMed the most
important reference tool for information seeking.7–
11 PubMed is used mainly on recommendation of
colleagues or supervisors.8 Google is also an
important tool.12 Haines et al.16 described more
varied information sources, which were accessed
depending on the nature of the information need.
Researchers prefer convenience, accuracy and

ease of access to their information
acquisition.8,9,13,14 They use a ‘trial and error’ –
tactic, simple, single box search interfaces without
any search strategy. Subject searches by index
terms are rare; searching is generally carried out
by typing keywords and browsing through
retrieved titles.15 Researchers do searches by
themselves, without the help of manuals or the
library.8,9 Colleagues are also important in

providing the most recent information about
articles and other resources.12,16

Most scholars are satisfied with their
information skills. Because researchers are self-
taught or have learned how to search from their
colleagues, their skills are similar to the way lay
people use general search engines10,15,17 They are
not interested in instruction organised by the
library8,16 and do not consider librarians to be of
value in enabling them to solve their information
related problems.18 Some of the main findings of
the previous studies are presented in Table 1.
Even though researchers mentioned barriers to

information seeking being:

• Lack of time

• Lack of skills or knowledge about tools and
sources

they do not see their lack of skills as a
hindrance, as librarians might.8

Activity theory and research work as an activity

Previous research on information practices of
biomedical researchers has been mostly pragmatic
and fragmentary without a theoretical background
or analysis of the context of the practices. The
author found a lack of studies, where biomedical
information practices would have been set in a
broader context of the research work.
To be able to construct a holistic picture, a

theoretical framework was chosen, which assists in
analysing and understanding information practices
more deeply. Activity theory is one of the
theoretical frames that helps to analyse human
activities or practices.19

According to cultural–historical activity theory
(short: activity theory), all activity is purposeful
interaction between the subject and the material
world. An activity system, which according to
Engestr€om should be the prime unit of analyses
for all activities, is composed of interacting
elements. The basic elements of the activity
system are presented in Fig 1.20

The object of activity, ‘why’, is behind the
whole activity. The object will be transformed to
outcomes through a hierarchical process.21 The
relationships between subject, object and
community are mutual. Mediating artifacts are
always included in the relationships; tools, rules
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and the division of labour are mediating artifacts.
Contradictions between the elements and between

different activity systems are central to the change
and development of activities and learning.19,20,22

The activity system can be seen as a part of the
embedded web of activity systems including
central activity and object activity. Object activity
includes activities where the objects and outcomes
of the central activity system are embedded.
Central activity is surrounded by subject-,
instrument- or rules-producing activities.23,24 When
we want to understand information practices
(human activities) of medical scientists (subject),
we have to take into account that these practices
are situated, meaning that the physical and social
context determine them.25 Figure 2 outlines the

Table 1 Main findings from previous studies

Information practice/source Findings Research method (sample size)

Source of published information Most important source: journals

• Survey (902)9

• participant
observation + interviews (24)8

• Telephone survey (500)12

• Survey (2063)13

Reference tool Most important tool: PubMed

• Interviews + focus groups
(40)10

• Survey + interviews (116)11

First source of information PubMed or Google

• Interviews (9)16

• Participant observation and
interviews (24)8

• Survey (116) + interviews11

Researchers preference in

information acquisition

Convenience, accuracy, ease of access

• Participant observation and
interviews (24)8

• Survey (902)9

• Interviews + focus groups
(40)10

Search tactics Trial and error

Very basic strategies • Participant
observation + Interviews (24)8

• Think aloud + qualitative
Observations (32)15

• survey (902)9

Information-related problems or

barriers

No information-related problems, lack of

time • Telephone survey (500)12

Researchers are satisfied with their

information finding skills •Interviews + focus groups (40)10

Figure 1 Engestr€om’s complex model of the activity

system20
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web of activities in medical scientists’ research
work (central activity), clarifies the variety of
activities and the complexity of the context and
helps in situating information practices to it.
Scientific research work has some special

features compared with other work activities. The
dominant value of modern sciences is to produce
new knowledge.26 Because of this, the outcomes
of the research work tasks are uncertain and non-
routine compared with the tasks and outcomes of
many other work organisations. Scientific fields
are different in relation to the degree of control,
that is how research should be carried out and
competence evaluated (mutual dependence), and in
the degree of uncertainty of tasks.26 Task
uncertainty in the biomedical disciplines is lower
and the degree of mutual dependence higher than
for example in humanities or social sciences. This
is reflected27 in the creation of knowledge and
communication. In biomedicine, research results
are produced in quite a standardised way and
reported in a formalised manner in journal
articles.28

In information science, activity theory has been
said to be useful in providing a holistic approach
to the study of information practices or
information behaviour in context. A few
researchers have pointed to the benefits of the

terminology of the activity theoretical frame and
the hierarchical nature of activities in studying
information practices in context.21,29–31

We have chosen to examine our data against the
activity theoretical framework to obtain a more
holistic understanding of the information practices
of medical scientists.

Methods and settings

Because the aim of the study was to get detailed
and deep understanding of information practices,
a qualitative approach was motivated.32,33 We
think that the qualitative approach gives
possibilities for the collection and deeper analysis
of personal experiences compared to surveys,
which have previously been the common method
for researchers to study information practices.16,34

We have found semi-structured interviews as the
most appropriate way to collect data. Semi-
structured interviews are open and give the
ability to develop new, advanced questions during
the interview. The guide that we used in the
interviews is based on the results of a previous
study by the author, and it is attached as a
supplement to this article.
The strategy to choose the interviewees was

purposeful sampling or theory-based sampling

Figure 2 Web of activity systems in medical scientists’ research work context. Adapted from Engestr€om23,24
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using the activity theoretical framework.35 We
used the snowball technique (see e.g.36) by asking,
mainly from senior researchers, to provide new
contacts for the future interviews. The strategy
was initially to cover as broadly as possible the
topic of medicine and second, to recruit
researchers from different stages of their research
career and different positions in the research
community.
We focused on researchers and research groups

from the Helsinki University Central Hospital and
the University of Helsinki. We included
researchers from various medical fields and at
different stages in their research career. Twelve
researchers were interviewed. We were also able to
recruit one researcher to demonstrate her search
procedures. Six of the researchers were clinicians,
one paediatrist and three pharmacogenetic
researchers who were also using clinical material
in their work. Two researchers came from the
public health domain and based their research on
register data. More detailed information about the
researchers (n = 12) is included in Table 2.
There were five interviewers, from the medical

library, four of them being information specialists
and one the director of the library.
The interviews were recorded and transcribed to

relevant parts, and thematic analysis was used to
segment and code the data. An analysis tool called
Dedoose (http://www.dedoose.com) was used to
structure and code the material. All the transcribed
interviews were loaded into the tool, were read
thoroughly and relevant parts of the texts were
highlighted and selected for further analysis. Texts
were excerpted and grouped basically according to
the main elements of the activity system.

Results

Division of labour in the research community

Research was carried out in groups. The
participants and their roles in these groups may
vary depending on the group and the research
object. A group consists of the principal senior
researcher, other senior researchers and PhD
students, who in most of the cases are physicians
specialising in a medical field. Some of the groups
had collaborative partners in different universities
in Finland and abroad.
PhD students were the main authors of the

articles. Seniors, especially principal investigators,
supervise the work. Other members of the research
group contribute to the writing mainly by
commenting on the contents. The groups did not
use any group work tool to assist in the sharing of
documents during the writing process. Researchers
were working in laboratories, departments and
clinics, where they have access to all the necessary
material including published information. They
visit the library only when absolutely necessary.
Seniors hardly ever come to the library and if
necessary, they will send a junior.

The web of activities in research work

The web of activities in research work (see Fig 2
above) is dynamic, and all the elements of the
activity systems interact with each other. Every
activity system consists of various, hierarchical
activities. When the activity system is studied
from the point of view of a research group or a
single researcher, the web of activity systems is
slightly different. The importance of the
neighbouring activity systems or the object of the
activity may vary. A specialising clinician, for
example a PhD student, might in practice focus on
the exam, whereas the objective of seniors or
principal investigators was clearly in developing
new knowledge to prevent and cure diseases. The
aspects of scientific reputation and securing of
funding also seemed present in their objectives.
One of the PhD students indicated that her object
had changed during the work. Clinical work
activity had a different impact on research work
and vice versa depending on the organisational

Table 2 Information about the interviewed researchers

Medical field

PhD

Students Seniors

From which

Clinicians

Obstetrics &

gynaecology

2 0 2

Otorhinolaryngology 1 1 2

Paediatrics 2 1 2

Pharmacogenetics 2 1 0

Public health 1 1 0

Total 8 4 6
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status and experience of the researcher. Seniors
and principal investigators could combine their
clinical and research work, while clinicians who
were PhD students said that these two were
completely separate. The information work activity
system includes ICT and information services.

The chain of actions in the research work

activity

The idea for a new research project might come
from:

• An astonishing laboratory result,

• Clinical cases,

• Experience of the researcher,

• Discussions with colleagues

• Published literature.
The idea matures gradually with the help of

colleagues and the literature, which is searched at
this stage usually from PubMed database. When
the research plan is completed, it will go through
the ethical evaluation process. After permissions,
the research will be launched. What follows
depends on the research frame. In some cases, the
next stage is to recruit the patients. The recruited

patients will be examined and laboratory samples
collected. In other cases, where the samples
already exist, the laboratory and statistical analysis
might be conducted instantly, and the preliminary
results will be in hand, then the proper research
work will start. Literature will be searched and
used during the reflection stage, perhaps a new
idea for a totally different project for the future
will appear and the writing stage will start. During
the process of writing the role of searching and
reading, the previously published literature is
important. Maintaining awareness of developments
in a field through the monitoring37 of particular
sources is done continuously during the research
process.
The process is described here at a general level

and differs between different subjects, for example
senior and junior researchers. PhD students who
are starting their research careers for example
receive their research subject, at least at the
beginning of the project mainly from their
supervisor or from other seniors. However, the
information intensive stages are similar. How
various actions flow – the chain of actions31 – in
the medical research work is presented in Table 3.

Table 3 The chain of actions in the medical research work

Action Subject Tools Object Outcome

1. Research idea

construction

(Senior) researcher, PI Prev. results, experience,

dialogues, clinical cases

A new idea Research

questions

2. Making research

plan

(Senior) researcher, group leader

or PI

Literature, dialogues Make research plan Research

plan

3. Ethical evaluation Ethical committee Ethical principles Get approval Permission

(4. Recruit patients) . . . . . . . . . . . .

(5. Examine patients) . . . . . . . . . . . .

(6. Take samples) . . . . . . . . . . . .

7. Laboratory

analyses

Laboratory personnel, chemists Laboratory tools and

methods

Analyse samples Laboratory

results

8. Statistical analyses Researcher Statistical tools and

samples

Analyse results Statistical

results

9. Reflecting Researcher Experience, knowledge,

research results

Find reportable final

research results

Final research

results

10. Writing results Researcher with the other

members of the research

group

Previous literature, writing

tools

Report the results Scientific

article

11. Publishing results Researcher, research group Dialogues, correspondence Publish the results Published

article

12. Observing the

impact of the article

Senior researcher, PI Bibliometric or/and

altmetric tools

Evaluate the impact

of the work

Evaluation of

the impact
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The stages 4–6 are in parenthesis because they
occur occasionally.
Researchers pointed out that searching and

using published information was carried out
mostly in the beginning, at the idea creation and
research plan writing stages, and also towards the
end, in the results reporting phase. In clinical
research, where patients are often directly
involved, the research plan writing stage needs
special attention. The research plan may be strictly
binding, and it has to be made as skilfully as
possible because fatal changes, for example, in the
research frame would lead to the need for a new
ethical evaluation and could cause the end of the
whole experiment. Because of this, the research

plan stage from the point of view of information
seeking appears to be even more important in
clinical research than in, for example, more
laboratory-based molecular medicine, where
patients are seldom directly recruited.

Information related actions

In this section, we analyse more precisely the
structure and hierarchy of researchers’ information-
related actions during the research process. The
central activity system, research work, generates
the motive for information related actions. We
present in Table 4 the goals and related actions
that we were able to identify from our material.

Table 4 The chain of information-related actions in the medical research work

The chain of action Goal Information-related action

Research idea

• Find out if the research idea is
relevant

• Be aware of new knowledge about
the subject

• Dialogues with colleagues

• Follow (monitor) development of
knowledge in the subject

Research plan

• Understand the phenomenon/
subject

• Refine the research questions

• Make a consistent research plan

• Be aware of new knowledge about
the subject

• Find all existing information about
the phenomenon

• Search information about methods

• Read about former results and
think

• Discuss with colleagues/supervisor

• Follow (monitor) development of
knowledge in the subject

Reflecting

• Find and construct answers to the
research questions

• Be aware of new knowledge about
the subject

• Find support from previous
literature to the reflecting process

• Follow (monitor) development of
knowledge in the subject

Reporting

• Ensure that all existing information
is taken into consideration

• Be aware of new knowledge about
the subject

• Find all existing information about
the subject

• Follow (monitor) development of
knowledge in the subject

Observe the impact of

the published article • Find out the impact of the
published work

• Be aware of new knowledge about
the subject

• Follow citations of the article

• Follow (monitor) development of
knowledge in the subject
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After this stage, a more accurate exploration of the
most important information related actions follows.

Search information. The most common and
perhaps the most important information related
action is searching references of published articles.
Researchers used always PubMed tool for
searching the literature. Searching by subject is
carried out almost always by writing few words in
the search field. ‘In the beginning I’ll just write a
few, relevant words in the particular [search] field
– and I’ll see a horrible amount [of references]’. If
the search turns out to be too broad, give too
many references, or too narrow, gives only a few
or no references at all, a new search will be
carried out by modifying it a little. ‘I will make
more specified and detailed searches later in
PubMed with authors’ names and publishing
years. . .’. If the subject is unfamiliar or there are
no results from the PubMed search, Google is
used to find more general information about the
subject and to help in constructing a new search,
which is nearly always carried out in PubMed.
‘I’ll use Google if I’m not able to find anything
sensible from PubMed’. One PhD student named
review articles as a helpful tool in cases where the
search term had given too many references. In
these cases, if a review article was available, she
exploited.
One senior researcher used search strings and

Boolean operators in his searches. He combined the
searches in the PubMed Advanced Search Builder.
This researcher used different search strategies
depending on the familiarity of the subject. In cases

where the topic is unfamiliar or where he is writing
a review article or similar comprehensive work, a
systematic search will be carried out. After the
search, all the abstracts will be printed and the
researcher will go through these thoroughly
choosing the most important ones. When working
with a more familiar subject, a more focused search
will be carried out, which is not so systematic,
going directly from the references to the articles and
extracting the information needed.
The hierarchy of the activity of finding all

existing information about a phenomenon is
analysed roughly in Fig 3.
The conditions, like the familiarity with the

subject, knowledge of the tool, access and time
limits determine how the operations of information
searching are actually performed. The conditions
seem to vary according to how experienced or
busy the researcher is.

Monitor and chain. One information related
action, monitoring37 appears continuously during
the research process. All researchers want to be
aware of new knowledge about the studied
phenomenon, and they emphasise the importance
of continually following the most recent
publications. Monitoring was not, however,
performed very systematically. Three PhD students
had a constant subject search with email alerts on
PubMed. One senior made searches manually from
PubMed. Most of the PhD students and some
seniors searched occasionally, ‘checked’
information from PubMed. Two seniors followed
mainly citations to their own articles from the Web

Figure 3 The hierarchy of actions of searching information about a phenomenon
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of Science, one PhD student used Scopus for this
purpose. One senior used his limited time just in
browsing general, printed, scientific journals and
used juniors as a source for more specified
information. All researchers followed the contents
of some important journals mainly by ordering the
table of contents from publisher’s site or directly
from the journal. One researcher could name the
library’s RSS feed tool but, like all the others, was
not using it.
The Web of Science was used in order to follow

citations (called chaining34) to the researchers’ own
works. The following of their own citations served
some of seniors as a way to follow developments
in their specialty. Other information sources
mentioned, were the portal of the Finnish Medical
Society (3/12), the web services of the library (3/
12) and web pages of some health or drug
authorities. The portal of the Finnish National
Electronic Library (2/12) was mentioned only in
occasions where the researcher was not able to
access the article directly from PubMed. One
senior said that he was using a library service
called ‘Scholar Chart’, which helps to follow and
compare the impact of different researchers.

Tools and artifacts. The most important single
source of information, journal articles, seems to
act as a source for ‘foreground knowledge’ to
researchers. This is to be expected based on the
publishing culture of biomedicine. However, books
– mainly textbooks – are used by most (6/8) of the
PhD students mainly for looking up basic or
general information, ‘background knowledge’
about a subject. Wikipedia was equally popular for
the same purpose and could also be used instead
of a printed book, if the book was not available.
The concepts of ‘background and foreground
knowledge’ originate from evidence-based
medicine, where the distinction between the
concepts is defined by the amount of experience of
the physician and by the quality of the information
needed.38 Google had an important role (10/12)
both among seniors and PhD students for many
purposes; for checking a single fact, verifying a
term, getting to know a laboratory method, etc.
Clinical research work is usually based on

samples. Various data resources, such as data from

patient registers and laboratory data, are
commonly used. One senior researcher brought up
the significance of combining or integrating the
data from different sources for research purposes.
The researchers, who were doing clinical
pharmacological research, used NCBI databases,
such as Gene or SNP. Different registers are the
main sources for public health researchers.
Almost all PhD students said that their

supervisor had shared published information with
them. The supervisor seems to be an important
adviser during the whole process but specifically
in the beginning acting as a valuable source of
information and knowledge. Later, however, the
roles may change and the students may act as
messengers disseminating some of the most recent
information to the busy seniors.
For sharing information, the researchers used to

meet regularly for a so-called ‘journal club’ where
published information and knowledge in general
were distributed within the whole research group.
Reference tools such as RefWorks or EndNote,
which otherwise were popular among researchers,
were not applied in information sharing. One PhD
student said that when she was writing an article
with another candidate, they shared a reference
library. However, it appeared that the members of
the research group discussed the literature and
shared single references during the writing
process. None of the research groups used a
groupware throughout the research work.
Two of the researchers had participated in a

course or session on the use of a reference
management tool, organised by the library. One
supervisor told his PhD student, who was at the
beginning of his studies about the usefulness of
the library’s courses, and he was planning to
attend some of them. Another PhD student, almost
at the end stage of her studies, admitted that
information seeking would probably have been
easier if she had taken part in these courses. In
conclusion, information practices skills were
learned by doing or with the help of a supervisor
or a colleague.

Contradictions and problems. The main
information related problems experienced by
researchers were related to conditions that
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determine information seeking operations: lack of
time, lack of access to information resources and
lack of skills.
Lack of time was the senior researchers’ biggest

problem. Several PhD students who were
clinicians described the same problem. This could
be an expression of a contradiction between
objectives of different activity systems, for
example research, education, administration or
clinical work, in which researchers are involved.
Lack of access to the most recent or older

material was mentioned as a problem by almost all
of the researchers. They usually started searching
from PubMed, found a relevant reference, but
many times the full text of the article was missing.
From the reference, they had to go to the library’s
web page and use the service provided by the
library to search the reference again to be
identified as a licensed user of the published
material. This was found complicated and
frustrating. One of the PhD students called this
process as ‘a detour’ to the resources: ‘It’s a
problem when you’re not able to get the full text
directly from PubMed. Perhaps the clinic has not
ordered the journal or I don’t know – because you
are able to get it on kind a roundabout way [. . .]
yes the Journal Navigator [library’s catalog] is one
of the detours’. It seems that the local information
services provider has not been able to integrate
licensed information resources with the main
search tool, PubMed.
The interlibrary loan or ordering a copy of an

article seemed to be ‘a twisty detour’, because
many of the interviewees who said they would
rather try to find another resource (PhD students)
‘. . .ordered an article [from the library]? No, no,
or perhaps once or twice a few years ago [. . .] I
rather try to find something similar’ or ask a copy
directly from the author (a senior) than to use the
service of the library. The interlibrary loan service
of the library was, however, used by several
researchers.
A majority of the PhD students found that their

skills were inadequate for searching. Basic
problems are a) to limit the search in a reasonable
way (i.e. too low precision) and b) cover the
subject in a way that confirms the inclusion of all
the important, relevant material (i.e. recall). Many
of them reported that they had difficulties in

finding the right search terms. As one of the PhD
students concluded, it was easy to get along, but
when a more sophisticated search of information
was needed, problems arose. PhD students, who
said they would need gene data, said that they
could not properly search for or read the results.
Three of the researchers, however, described

that they have experienced information seeking
quite easy. The first of them had started her
studies a few months before she was interviewed,
the second researcher was finishing her thesis and
the third one was an experienced senior.
According to the senior, junior researches probably
find information seeking difficult because they
don’t have enough subject knowledge to be able
to filter the relevant from irrelevant. A couple of
the PhD students commented alike in their
interview that not the searching, but acquiring and
processing of the information and knowledge was
the biggest problem.
Some of the interviewees were of the opinion

that information practices are ‘learned by doing’
during the PhD process. When we asked about the
training of the researching physicians on how to
use for example gene databases, we learned that
there was no one who actually had concrete
training to use these tools but ‘they are learned
like folklore’.
PhD students had problems or lacked skills in

using different programs such as drawing or
writing tools. They, as well as one senior, reported
about problems or the lack of knowledge related
to the practices of the remote use of information
resources. In problems like these, some PhD
students named friends or colleagues as a source
of support and help.

Discussion

The information environment of the medical
scientists in this study was quite consistent,
comprising mainly of journal articles and one
main searching tool, PubMed, compared, for
example, with researchers in data intensive
molecular medicine.11

In the context of research work, information
practices appear as an instrument producing
activity,23,24 as a tool to the central activity
system. The generating motives for information
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related activity come from the core activity, and
those result in actions such as searching and using
information. Evidently, usability, accessibility and
ease of use are the most important conditions that
determine information related operations. The main
information-related problems that researchers
experienced were related to these conditions,
namely lack of time, lack of access and lack of
skills. It was obvious that different objects of
various activity systems, for example administration
and research work, were causing contradictions and
problems.
Even though medical scientists experienced

information related activities as necessary tools in
their research work activity, they did not feel the
need to learn any particular skills that would help
them manage these activities better. The reason for
this could be that information related activities
belong to the lower level actions on their activity
hierarchy. Researchers realised that their skills
were at least partly inadequate but good enough to
manage to do the work properly. It is possible that
researchers did not appreciate information related
skills as such but considered them as a pure
technique that is subordinate to their substance
knowledge.
In this case, it seemed that from the research

work perspective, the information work activity
system that provided information services (library)
was quite separate and isolated from the core work
of researchers. Actors who provided these services
to researchers were physically located far away
from researchers. Even the language differed,
interviewers noticed that the terms they used about
the services and tools were only partially familiar
to the interviewees. The best advisers in relation to
information artifacts and other tools came from the
physically and intellectually nearest research
community, colleagues and senior scientists. These
‘informal’ information sources, discussions and
dialogues with colleagues were particularly
important at the beginning of the research work.
Senior researchers and principal investigators

seem to hold a key position in relation to advising
information related practices to juniors. In addition
to providing courses for PhD students, libraries
and information services could take principal
investigators as one focus group for their
marketing. Informal communication and dialogue

with researchers in their premises, offices and
laboratories should be increased to be able to find
a common language for discussions about
information related services which would be
helpful for them. The formal occasions of the
research groups should also be utilised to bring
forward, for example good practices in information
searching and managing. Virtual tools should be
integrated into the researchers’ normal workflows
and services provided in an everyday environment.
It appeared unfortunately, that most of the
progressive tools developed in the medical library
had not found their way to the toolboxes of
researchers.
How domain specific, different from other

disciplines, are medical scientists’ information
practices? In biomedicine, research methods and
techniques are formal and standardised. The
publishing patterns and channels of
communication between researchers are also quite
standardised. Research is cumulative, new research
is founded accurately on the previous results and
researches are mutually dependent on each other
in a way that differs, for example from humanities
and social sciences. With the help of the activity
theoretical framework, the net of the activity
systems of medical scientist becomes apparent. It
brings up the variety of interconnected activity
systems and indicates the challenges that every
researcher faces in this domain. Particularly, the
clinical work activity system, which includes
human living patients in clinical trials, differs from
mainly laboratory based biomedical domains, such
as molecular medicine (see31). It is evident that
information work activity, which aims to produce
instruments for the research work activity is not
able to do that if it is physically or intellectually
too far from the core activity.
The earlier research of the information practices

in the biomedical domain has been mainly
fragmentary and positivistic. The reason for this
might be the nature of the research culture of
biomedicine. Information studies in biomedicine
have perhaps tried to follow that tradition. This
seems to be a mistake. If the aim of information
services is to support researchers in their
information related practices, it is evident that the
domain-specific features need to be understood
and taken into account. This is possible when
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information practices are approached from
sociological perspective.

Limits

A limitation of this study might be the research
method used. When using only interviews, we will
only capture what people want to tell us. The
actual doing will still be in hidden. The fact that
the interviewers were from the library might also
have an effect on the results. If interviewed by a
colleague or an outsider, the outcome might have
been slightly different. Participant observation or a
similar ethnological method might have given a
more realistic picture.
We were able to achieve a broad but still

shallow view of the information practices of
medical scientists. These researchers comprised
from different medical disciplines, and it would
have been useful and interesting to study each of
those more precisely. That would comprise a target
for a further study.

Conclusions

The main contribution of this study is that with
the help of the activity theoretical framework
medical scientists’ information practices have been
established in a broader research work context.
Information practices appear as an instrument
producing activity to the central activity and
belong to the lower level of activities in
researchers’ core work activity.
Medical scientists search and use information

most of all in the beginning and at the end of the
research work. They search mainly the references
of journal articles from PubMed – database.
Researchers’ main formal sources of information
are journal articles where they also publish their
own results. If needed, they find help and support
from fellow or senior researchers from the
physically and intellectually nearest community.
Ease of access and use are the most important
conditions that determine medical scientists’
information related operations.
Finally, this study argues that if the aim of the

information services is to support researchers in
their information related practices, it is evident that
the domain specific features, the characteristics of

the biomedical discipline, need to be understood
and taken into account. This means that
information services should be embedded in the
researchers’ core activity. In practice, libraries
should follow researchers’ workflow and embed
their tools and services in it; link full text
resources directly to those tools that researchers
use, put library web pages as a part of those web
resources researchers are constantly using, etc.
There is a need for a virtual presence of the
library services and tools in researchers’ virtual
work environment. Perhaps the biggest challenge
is to be able to have a common language with
researchers. This might be possible to achieve if
work in medical libraries could be more integrated
to biomedical research and clinical work context.
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Appendix 1
The topic guide of the interviews
A Background information

• Education

• Phase of studies/research history

• If a part-time researcher, the proportion of
research work

• If clinician, about the relation of clinical work
and research work

• Basic information about the research group
B Research subject

• Partners, collaborators, networks

• Describe the research process

• What are the information-intensive stages in
the research process?

• Which information sources and tools are
used?

• What information-related problems or
challenges are encountered?

• Other

• Working space
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Using the domain analytical approach in the study of the 
information practices in biomedicine 
 
 
Annikki Roos and Turid Hedlund 
 
 
 
 
 
 
INTRODUCTION TO THE DOMAIN ANALYTICAL 
PERSPECTIVE  
 
Within the field of Information science (IS) we can find early trends of research 
studying domains in the form of scientific and scholarly disciplines. Also the practice 
and frequent creation by librarians of bibliographies covering research literature in 
different areas of science was a pre-internet phenomenon that helped the researcher to 
find relevant literature for their research. Bibliometric studies covering certain research 
fields and the creation of citation indexes are other examples of the interest in scholarly 
research and its outputs (Garvey 1979; de Solla Price 1969). Sociology of science 
(Latour & Woolgar 1986; Merton 1973; Whitley 2000; Becher & Trowler 2001) and 
scientific communication (Borgman 2003) research have given a historical perspective 
and influenced the research and theoretical understanding of scientific domains in 
information science. 

Hjørland and Albrechtsen (1995) introduced a new terminology “domain analysis” and 
argue that the best way to understand information is to study the domains where 
knowledge is presented and that knowledge domains should be studied as thought and 
discourse communities. The domain analytical approach, according to Hjørland and 
Albrechtsen (1995), suggest a social perspective, that individuals should be seen as a 
member of a discourse community, a research or working group or a discipline.  

Palmer and Cragin (2009) point out that in recent decades research on disciplinary 
practice has been growing in the social sciences in general. In IS, the number of 
disciplinary oriented studies has also increased. However, numerous existing studies 
(see e.g. Nicholas et al. 2006), which aim to look at access and use of information 
resources in scientific domains, consider the use of a resource as an isolated entity. 
According to Talja (2005) it is well known that there are field differences in 
researchers’ information practices but a comprehensive understanding about factors 
that determine the differences is missing. Domain analysis as an approach to 
understand scientific or scholarly research and the information practices in a discipline 
or research field or even as small a unit as a research group is not widely used in IS 
research. Advocates of the domain analytical approach are Jenny Fry (2006) and Sanna 
Talja (2005). Both Fry and Talja see the domain analytical approach as a mean to 
understand and explain the field differences in scientific and scholarly work and the 
information practices and use. They also find Whitey’s theory (2000) on the factors 
that constitute the main differences between disciplines useful.  

According to Whitley (2000) scientific disciplines may be understood in similar ways as 
work organizations. However, compared with other work organizations, there are a few 
differences. The outcomes of the work tasks are more uncertain because a key feature in 
research work is the commitment to innovative and new knowledge. This uncertainty 
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leads to a particular structure for organizing and controlling research. Only the novelty 
of research results is rewarded. Scientific community, researchers in the same field in 
co-operation control and evaluate the novelty of the research work. Whitley (2000) 
explains, that there exists variation between scientific fields in how the work is 
controlled and organized. He represents the differences between scientific fields by two 
factors: the “degree of mutual dependence” between researchers and the “degree of 
task uncertainty”.  

According to Whitley (2000), the dimension of mutual dependence is related to the 
extent that a field is dependent on knowledge produced in order to make a contribution 
to science. There are two analytically distinct aspects to mutual dependence: the 
“degree of functional dependence” and the “degree of strategic dependence” (ibid), 
where the degree of the functional dependence refers to the extent to which researchers 
need to use specific results, procedures and ideas to be able to make competent 
contributions to the field. The degree of strategic dependence is related to the amount 
that researchers have to convince the scientific field of the significance of the chosen 
research problem and research approach (ibid). These dimensions might for example 
influence the extent that the researchers need to use specific research procedures and 
earlier results in order to convince their scientific field of the legitimacy of research 
results.  

The dimension of task uncertainty (Whitley 2000) refers to the degree of predictability 
and visibility of the outcomes and research processes. This dimension is associated with 
the patterns of work organization and control. According to Whitley there are two 
aspects in task uncertainty: technical and strategic. Technical task uncertainty is 
related to the visibility, stability and uniformity of task outcomes. Strategic task 
uncertainty refers to the similarity, stability and integration of research goals and 
strategies (ibid). When task uncertainty is low, a consensus about the technical 
procedures and goals and priorities of research exists. In most cases, Whitley emphasis, 
both aspects of the high degree of mutual dependence and task uncertainty are unlikely 
to occur with a very low aspect of that dimension’s other aspect. Because of this, we, as 
Fry and Talja (2007)  comprehend it as increasing and decreasing continuum of mutual 
dependence and task uncertainty.  

Fry and Talja (2007) join forces in an article contributing to the theoretical 
understanding of differences in scientific disciplines and how the differences affect the 
shaping of for example net-based resources. The findings of their study support 
Whitley’s theory. In environmental biology and high-energy physics, where the task 
uncertainty is low and mutual dependence high, scientists “know where their research 
is located in relation to the rest of the field and how to make a contribution to it. This 
means that they have no need to use unrestricted topic-oriented lists as an aid to 
scanning the field and assessing where their research fits.” (Fry & Talja 2007 p. 123) 
This happens in the fields where mutual dependence is lower and task uncertainty 
higher, like in social/cultural geography or literature and cultural studies.      

In this study, we will apply the domain analytical perspective when studying 
information practices in the field of biomedicine. According to the dimensions used by 
Whitley (2000) biomedicine resembles environmental biology as a field with high 
mutual dependence in research communication and controlled research and publishing 
methods (Hedlund & Roos 2007). 
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THE DOMAIN SHAPES THE INFORMATION PRACTICES 

Our focus in this study is on biomedical scholars’ information practices. We understand 
information practices as a set of socially and culturally established activities to seek, use 
and share information and data available in different sources. The basic presumption 
behind the concept of information practices is that information related activities are 
constituted socially and dialogically rather than based on individual motives, needs or 
ideas. (comp. Savolainen 2008; Savolainen 2007). We consider that among one of the 
most important factors to consider in understanding information practices, is the social 
dimension of scholars’ domain or discipline. (Palmer & Cragin 2009). The historical, 
collective and material aspects of the context of the practice, in our study, the scientific 
domain, shape and modify the information practice itself.  (Rivera & Cox 2014).  

Practices are not valuable in themselves, but become significant as tools that help in 
accomplishing the main objectives of the activities.  (Savolainen 2007; Savolainen 
2008). In the case of research work in biomedicine, the main objectives of the research 
work could be to find answers to research questions and to create new knowledge. The 
final outcome of the research work is to prevent or cure diseases. (Roos 2012). 

Hjørland (2005) finds that the domain analytic approach emphasizes domains instead 
of individuals as a unit of analysis. However, it also recognizes the individual cognitive 
information related processes and how they interrelate with others in the same domain.  
The adaption and learning process of the individual in relation to others in the same 
domain is described as what is relevant information in a certain research domain. In 
this way information practices are shaped and modified. 

In this study, the level of analysis (unit level) is the research group in biomedicine. 
However, we recognize that groups consist of individuals, and that the information 
practices of groups are shaped and developed by individual researchers resembling the 
socio-cognitive approach as described by Bates (2005).   

The domain analytical perspective allows us to concentrate on the specific features of 
the practices applied in the field of biomedicine. Our aim is to initially open up the 
concepts of mutual dependence and task uncertainty and analyze how they might be 
interpreted in the field of biomedicine. Our research approach is abductive in the sense 
that we start from the general theory described by Whitley when analyzing our data and 
in the results we are able to categorize the research practices in the field of biomedicine.   

The research questions we ask are: 

 How can we describe and interpret the concepts “mutual dependence and task 
uncertainty” in the domain of biomedicine? 

 What are the domain specific features of information practices in 
biomedicine? 

Next we describe the biomedical domain and the research settings, then follow the 
analyses of the characteristics of the biomedical domain using Whitley’s theoretical 
frame. We will continue with the analyses of information practices in biomedicine and 
end with discussion and conclusions. 
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THE DOMAIN OF BIOMEDICINE 

Biomedicine is comprehended as medicine, which is based on the application of the 
principles of natural sciences, especially biology and biochemistry1. The philosophical 
base of biomedicine is on empiricism and positivism. As a result of this, the 
experimental method, basing on hypothesis testing is valued and used in biomedical 
research. Research topics in this domain are broad and varied, covering areas from 
basic cellular biology to the treatment and medication of complex diseases and health 
services. Research in biomedicine can be divided roughly into three broad and partly 
overlapping categories: basic science research, clinical research and translational 
research (comp. Henderson & Bunton 2013). Basic research is often interdisciplinary, 
containing research for example from scientific domains like biochemistry, 
microbiology and pharmacology. Laboratory research is included in it almost by rule. 
The focus of the study on biomedicine is mainly on the underlying mechanisms behind 
diseases and health. Clinical research is more applied and patient- and disease-
oriented, aiming more directly at the prevention and treatment of diseases and health 
promotion. Clinical research can be divided into sub-fields according to numerous 
clinical specialties, for example pediatrics, geriatrics and oncology. Translational, or 
bench-to-bedside research is a rather new research category in biomedicine. It aims to 
disseminate the outcomes from the basic research to clinical research. The purpose is to 
assist in the practical application of the results of the basic research in the clinical 
research and in this way to enable the development of new therapies and medical 
procedures. An example of the outcome of translational medicine is the launching of 
the Cancer Genome Atlas (TCGA)2 where clinical data and research data has been 
integrated.  Rough and partly overlapping the categorization of the biomedical domain 
is presented in Figure 1 below. 

                                                        
1 http://www.merriam-webster.com/dictionary/biomedicine 
 
2 https://tcga-data.nci.nih.gov/tcga/ 
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Figure 1  The biomedical research domain 

Molecular medicine (MM) is an interdisciplinary, practice-oriented and applied 
subfield of biomedicine (Roos et al. 2008) mostly belonging to the basic science 
research area. It means “the field of medicine concerned with understanding the 
biochemical basis of health and disease involved in developing diagnostic and 
therapeutic methods that utilize molecular biology techniques”3. MM consists of 
biomedical and molecular biological research. Molecular biology for its part is a 
combination of biochemistry, genetics, cell biology and virology.  (Roos et al. 2008). 

Trent (2012) uses the term molecular medicine extensively to describe the effect that 
knowledge of DNA and RNA have on medical practice. In molecular medicine, the 
biological processes and the mechanisms of the human diseases are studied using 
molecular and genetic techniques. Research focuses partly on Single gene Mendelian 
disorders and for the most part on Complex genetic disorders. The former are quite 
rare in population but the complex diseases, like cancer, heart diseases and diabetes 
comprise a real challenge to public health. Understanding the molecular mechanism of 
a complex disease is also a complicated research question causing challenges to the 
research work. “Omics”, like genomics, developed in the 2000th century after Human 
Genome Project, is the answer to the questions rising from the study of complex 
disorders. In Omics, all or many molecules within an organism, a tissue or a cell are 
characterized. (Trent 2012). 

The research results in biomedicine are published dominantly in scientific journals. 
The amount of published articles has been growing at a double-exponential phase 
during the recent decades (Hunter & Cohen, 2006; Lu, 2010). In 2015, the number of 
references in PubMed, the most important searching tool of published literature in 

3 http://www.ncbi.nlm.nih.gov/mesh/?term=molecular+medicine 
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biomedicine, is over 24 million4. Researchers in biomedicine and particularly in 
molecular medicine produce and use huge amounts of research data. The amount of 
data is growing exponentially. An example of this is the growth rate of the GenBank, a 
comprehensive public database of nucleotide sequences. The size of the database has 
doubled since 1982 about every 18th month5. The amount of tools and services, which 
help in the processing and use of data is considerable (Roos et al. 2008). 

 

METHODS AND RESEARCH SETTINGS 

In this study, we have reanalyzed data, which was collected during the years 2007 and 
2012 (earlier results reported in Roos et al. 2008; Roos 2012; Roos 2015). In the 2008 
article, the analysis focused on the quantitative part of the data, while in the 2012 and 
2015 articles the activity theoretical research frame was used in the analyses and based 
on data collected from interviews and observations. In this study, the entire data set is 
approached using Whitley’s theoretical frame to explore the domain specific 
characteristics in the field which in turn form the information practices. 

In 2008 article, the data was collected from two molecular medicine research units, 
located in Helsinki (Unit A) and Tampere (Unit B), in Finland. Unit A co-operated with 
several universities and institutes nationally and internationally but was in close 
collaboration with one particular university in Finland. Some of the researchers had 
positions in several universities or institutes. The facilities were also partly divided 
between several organizations. In addition to the units 91 researchers, administrative, 
laboratory and technical personnel are included in the number of employees. 
Researchers were divided into ten groups. Two of these groups - bioinformatics and 
gene-expression analyses groups - supported or gave services internally to other 
researchers of the unit. One team used DNA techniques to provide services to external 
customers.  

Unit B consisted of fourteen research groups with 103 researchers. 50 of the 
researchers were doctoral students, 39 seniors and 14 group leaders.  The research 
programs of the groups covered the molecular genetics of human diseases and the 
molecular mechanisms of immune responses and disorders. The molecular genetic 
research program was focusing on the study of pathogenesis of cancer and on the role 
of mitochondrial mutations in human disorders. The immunology program included 
studies on autoimmune disorders, like APECED and coeliac. There was also a 
bioinformatic group. 

From these units, we gathered basic information by two separate surveys, both 
conducted in 2007. We got totally 116 answers, 63 from Unit A, and 53 from Unit B.  
The combined response rate was 59.8%. The majority (66, 56.9%) of the answers come 
from students, who were mostly doctoral students. We received 50 answers (43.1%) 
from the senior and post-doctoral researchers. After the survey six semi-structured 
interviews were made to complement the data. 

The survey data, which was collected from 63 researchers of the Unit A, was 
supplemented with additional semi-structured interview for the article, which was 
published in 2012. Totally nine semi-structured interviews were made. The director of 

                                                        
4 http://www.ncbi.nlm.nih.gov/books/NBK3827/#pubmedhelp.FAQs 
5 http://www.ncbi.nlm.nih.gov/genbank/statistics/ 
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the unit, six group leaders and two doctoral students were interviewed. In addition, the 
author shared an office with one of the research groups occasionally during the autumn 
2007, took part to the unit and group meetings and some other activities in the unit. 
The survey data included information about the publishing plans of the researchers in 
the Unit A. In 2015, PubMed was searched and the actual execution of the plans of 
researchers was checked. Those articles that the group leaders or PIs in the Unit A had 
published between 2007-2010, were searched from the database.  

In 2015 article, the data consisted of interviews from researchers and research groups 
from Helsinki University Central Hospital and the University of Helsinki. The majority 
of the researchers were medical scientists, which means that they were doing 
biomedical research in clinical settings (i.e. clinical research). We gathered data by 
interviewing totally 12 researchers. They represented five different biomedical 
subfields: obstetrics & gynecology, otorhinolaryngology, pediatrics and public health. 
Here, we include only data collected from those ten researchers who were doing clinical 
research. Three of these medical scientists were seniors and seven were doctoral 
students. 

 

CHARACTERISTICS OF THE BIOMEDICAL SCIENTIFIC 
DOMAIN ACCORDING TO THE FRAMEWORK PRESENTED BY 
WHITLEY 

Our initial starting point to the domain analysis was the fact that biomedicine appears 
to clearly possess the characteristics of a scientific field with a low level of task 
uncertainty and a high level of mutual dependence as in the framework by Whitley 
(2000), (Hedlund & Roos 2007). The aim of our exercise is to explore practical 
exemplifications of how the framework can be utilized and represented when studying 
how and why information practices have developed in the field of biomedicine.  

In Table 1, two dimensions - task uncertainty and mutual dependence - are presented 
in the left column according to the characterization of Whitley. In the right column are 
listed characteristics found in our data set on biomedicine associated with these two 
dimensions. In biomedicine low task uncertainty is represented by a common goal for 
research, strong emphasis on group work, a clear division of labor and a clear 
leadership and supervision. While again mutual dependence is represented by a 
preference for sharing resources, a strong dependence on technology, a collaborative 
approach to research within the own unit but also a favorable attitude to national and 
international collaboration.  Above all biomedicine is characterized by strong 
competition in the research field. 
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Table 1  The dimensions task uncertainty and of mutual dependence in 
biomedicine 

Task uncertainty (Whitley) Low task uncertainty (biomedicine)  
Characterized by: the degree of 
predictability and visibility of the 
outcomes and research processes. This 
dimension is associated with patterns 
of work organization and control 

Represented by:  
 a common goal for research 
 strong emphasis on research groups  
 clear division of labor  
 clear leadership and supervision. 

Mutual dependence (Whitley) High mutual dependence 
(biomedicine) 

Characterized by the extent that a field is 
dependent on knowledge produced in 
order to make a contribution to science. 
This dimension might for example 
influence the extent that the 
researchers need to use specific 
research procedures and earlier 
results in order to convince their 
scientific field of the legitimacy of 
research results 

Represented by:  
 sharing of resources  
 dependence on new technology to 

produce competitive research  
 collaboration within the research unit 

as well as national and international 
collaboration 

 strong competition in the research 
field  

 

In the following text, we present a closer analysis of the domain specific features in 
biomedicine, which indicate a low task uncertainty and high mutual dependence. 

Features indicating low task uncertainty 

Common goal 

Despite the broad variation of research topics, the final objective of biomedical research 
is clearly quite common: to prevent and make interventions to human diseases by 
combining the efforts of the physical, chemical, biological and medical sciences. In 
molecular medicine, there are usually two basic research questions: which gene/genes 
cause a disease or disorder and what is the molecular mechanism behind the disease. 
Developments in information technology and molecular biology are the main factors, 
which have generated the basis for the expansion of the molecular medicine. Clinical 
Research is concentrating more to the application of the results of the basic biomedical 
research to the prevention and treatment of diseases. 

Research groups 

The research environment in these cases is characterized by group formation. Research 
groups form the smallest entity in the molecular medicine research institute. All 
researchers work in groups, which are usually a part of a bigger research program or a 
unit. The group is lead by the principal investigator (PI), other members usually 
including post-doctoral researcher/s, doctoral student/s, often also some graduate 
students and laboratory personnel. All of the medical scientists belonged also to a 
research group. Compositions of the groups were quite similar as in molecular 
medicine. Groups could have members in other universities or institutes. However, the 
position of the researchers differed. In molecular medicine research institute research 
work was the main duty of the scientists. A part of those medical scientists who were 
PhD students were participating in the clinical work and were doing part-time research. 
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Only 50% of the medical scientists had research work as their main responsibility. The 
PIs in the clinical research groups were sharing their time mainly between clinical 
work, education, research and administrative work. In MM, the PIs were able to 
concentrate more to the research and planning of research work along with 
administrative duties. 

Division of labor 

Research students are extremely important to the research work in both of our cases. 
They carry out the laboratory experiments, collect the results, do the analysis and 
report the results. In MM, the supervision of the work of the research students is 
mainly the duty of the group leaders but many senior researchers also have the 
responsibility. In clinical research, the role of the senior medical scientists seemed to be 
quite important. The reason for this perhaps was that the PIs in our cases appeared to 
be extremely busy. The director of the research unit of molecular medicine supervises 
directly few students’ work but is actually involved partly in all of the youngest 
researchers’ work. Among the most important and time consuming duties to the PI in 
the MM research unit, was to seek funding for the group. 

Leadership and supervision 

The role of the PI is to direct the research work. In molecular medicine, she/he is the 
source of the new research topics and ideas as well as the decisions about the laboratory 
and research methods. Senior researchers in the group or colleagues from other groups 
or organizations are important partners to the PI in this stage of the research. The role 
of the senior medical scientists in clinical research was perhaps more important in 
comparison with their colleagues in the molecular medicine research unit. Previous 
research is examined before the hypothesis is ready to be tested. PIs usually design the 
work and doctoral students do it in the laboratory. Junior researchers usually do the 
first analyses of the results and will discuss them with a senior or the PI. A new test in 
the laboratory might be needed before the results are ready to be reported. 

Features indicating high mutual dependence 

Sharing of resources 

Commonly shared, globally used and produced information and data resources are 
typical to the biomedical domain.  There exist web sites or portals, which integrate 
various databases, tools and literature. Examples of these are Entrez, a federated search 
engine or web portal produced by National Centre for Biotechnology Information 
(NCBI), and collections of services, which is produced by European Molecular Biology 
Laboratory/The European Bioinformatics Institute (EMBL-EBI). Gene Ontology 
Project6 is an example of a common initiative, which has been organized by the Gene 
Ontology Consortium. The consortium consists of collaborative groups all over the 
world. NCBI is behind PubMed, the dominating search tool for biomedical literature. 
The USA federal government has a long history of supporting the development of 
PubMed and the database (MEDLINE) behind it (Weiner 2009). NCBI is a part of the 
United States National Library of Medicine (NLM), which on its’ part belong to the 
National Institute of Health (NIH). 

  

                                                        
6 http://geneontology.org/ 
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Competitive environment 

International competition in biomedicine is hard. Research groups act in a global 
environment where the research topics are rather commonly shared. In MM, the 
competition is extremely hard when for example DNA sequencing laboratories all over 
the world are in the running to the similar score. In addition they compete on funding 
from the same sources. The funders evaluate the performance of individual researchers, 
research groups and organizations by using various metrics. The most common tool for 
evaluating achievements is to use citation analyses. Medical faculties use bibliometrics 
when comparing and selecting individual researchers to open positions in the faculty. 
The competition between researchers in our cases seemed to be quite open. This was 
demonstrated by the use of a tool developed by the library. Scholar Chart makes an 
open, constantly updating ranking list of all biomedical researchers in Finland7. 

Dependence of technology 

Biomedicine is dependent on expensive equipment and technologies. (Massoud & 
Gambhir 2007; Roos 2012; Trent 2012). As noticed earlier, it is data intensive, 
producing and processing a huge amount of data. The development of DNA-sequencing 
technology for example has improved dramatically during last decade and caused the 
sequencing costs to decrease at an exponential rate (Stein 2010). However, data storage 
appears as a growing problem (Pennisi 2011). 

Collaboration 

Co-authorship is the most typical form of collaboration among researchers. The 
network of research collaboration is broad ranging from local and national to 
international cooperation. As Newman (2001) notices, it is typical to biomedical 
research that it is organized under laboratories where the PI is supervising many post 
doctoral researchers, doctoral and other students who work in different projects. This 
was the situation also in our cases. In addition, our research groups joint forces with 
researchers in various local organizations, Scandinavian and European scientists, and 
they had partners in the USA and Canada. Genome-wide analyses are an example of the 
studies where a broad international collaboration is a necessity. Many of the 
international relationships were based on the personal contacts of the senior 
researchers. 

 

INFORMATION PRACTICES IN BIOMEDICINE 

In the following analysis of the information practices in biomedicine we will use as a 
framework the domain specific features described above. We will analyze information 
practices in relation to the indicators that are signaling about the low task uncertainty 
and high mutual dependence. 

The indicators of low task uncertainty 

Common goal for research 

As noticed above, biomedical research on the highest level aims to achieve a common 
goal: prevent and cure diseases. One indication of the common goal could be the nature 
                                                        
7 https://www.terkko.helsinki.fi/scholarchart/ 
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of the publishing platforms. The results of the research work in this domain are 
reported as a rule in scientific journals. Articles are usually short, between 2000-4000 
words. Language of the articles is precise and controlled compared for example with 
social sciences and humanities. Because of this, it is quick and easy to identify the 
significance and the novelty of the new research outcomes, which is an indication of the 
low task uncertainty. (comp. Fry & Talja 2007). There are also articles, which publish 
the results of studies conducted by a big international consortium. In this way, the co-
ordination within the field becomes more certain, which in turn enables the division of 
the field into separate still interdependent specialisms (Whitley 2000 p. 130-131). In 
biomedicine, the consequence has been the emergence of various journals for every 
biomedical specialty. 

A Research group as the standard form of research work 

Biomedical researchers work in groups. The members of the research groups have 
different roles in the research work and information practices. Our cases showed that 
the principal investigator or the senior researcher was an important source of all kinds 
of information for the PhD students. They advised younger researchers with literature 
and methods as well as followed the progress of the work. Almost all (92 %) researchers 
in MM and all medical scientists used PubMed as their main literature search engine. 
When information was searched from PubMed, researchers did it by themselves. Most 
of them had a profile for current awareness service in PubMed. We noticed that in MM 
it was typical that expertise was searched and used outside the group but inside the 
unit, from other groups of the institute. This was the case especially bioinformatics or 
statistics. Researchers in general seemed to share information about the information 
and data related tools. Particularly group leaders in MM gave guidance and help with 
the use of data resources. Colleagues from other groups acted as an information source 
especially for the selection of the research/laboratory methods. The searching of 
literature was done quite alone as well as reading and writing, even though the 
connection between the members of the group was quite active during the process.  
Researchers, who work physically close each other, even though in a different group, 
seem to have a significant role. 

Division of labor 

As already mentioned, labor in biomedical research work is quite clearly divided. The 
doctoral students usually have the main responsibility of the writing process. The PI 
supervises the work of the doctoral and graduate students and is usually a co-writer in 
the articles. The amount that PIs participate may vary depending on the stage of the 
studies of the doctoral student: in the beginning perhaps more, later less. It was typical 
in our cases that the PI provided the most important literature for the doctoral student 
in the beginning. Later, perhaps after the first article, doctoral students became more 
mature to be able to follow the latest updates and search literature from PubMed by 
themselves. Usually, the PI will choose the journal where researchers aim to publish 
results. The choice is made according to the quality and scope, which is measured 
mainly by the impact factor in the field. 

Leadership and supervision 

PIs are leading and supervising the research work. The most significant implication of 
this to the information practices is perhaps the way they guide younger researchers to 
search information or data and for example which tools they prefer. They have an 
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important role also in transferring the most important elements of the biomedical 
research culture to junior researchers. An example of this is publishing practices. 

The indicators of strong mutual dependence 

Scientific publications and research data are shared widely and organized into a 
relatively coherent system. The portal of NCBI (Entrez) is an example of a centralized 
service, which has been able to integrate different data sources and literature as an 
advantageous service to the global biomedical community. In 2015, Entrez integrates 
literature and data from 39 different databases8. However, the amount of data and its 
growth rate are so extensive that the integration and interoperability of different data 
sources is a growing challenge (Buetow 2005; Gadaleta et al. 2011; Hoehndorf et al. 
2015). It is typical to many biomedical data resources that these have been based on a 
common effort and open access compared with many other domains. It is a shared rule 
that for example sequence data is deposited for the use of the whole research 
community in the common database. The amount and variety of data has caused the 
development of diverse tools. (Roos et al. 2008). 

The development and use of the biomedical ontologies has been one solution for the 
data management and integration problem. The use of ontologies started about 1998 
with the development of the Gene Ontology. Since then the amount of ontologies has 
increased and because of this, the repositories of ontologies have been established. This 
has created a need to co-ordinate them internationally as is done in efforts like Open 
Biomedical Ontologies (OBO) Foundry and the National Centre for Biomedical 
Ontologies (BioPortal).  

There is a long tradition in biomedicine to use a shared indexing tool of literature, 
called MeSH (Medical Subject Headings). This controlled vocabulary thesaurus is 
updated centrally but in global collaboration. The data of the thesaurus is also openly 
available9.   

The vast majority (91 %) of MM researchers in our case study were searching data and 
using data resources during their current project. Among medical scientists the 
situation was different. Most of the researchers did not have enough knowledge to use 
the databases even though the databases were found important for their research.  

PubMed, produced by NCBI is the most important searching tool for scientific 
literature. 95 % of MM researchers and all medical scientists in our studies were using 
it. Information is searched from PubMed in a very simple way, often like laymen use 
the general search engines. (Roos et al. 2008; Roos 2015).  

Even though commercial publishers dominate in the biomedical journal market, there 
has been a strong demand of open access. NIH has been among the first research 
funders who demand that research results that are financed by NIH, have to be openly 
available to all. In 2000, NIH/NLM launched an open repository for biomedical 
literature. NIH demands that even though the outcomes of the research that they are 
financing are published in traditional commercial platforms, the article has to be 
submitted also to PubMedCentral. 

  
                                                        
8 http://www.ncbi.nlm.nih.gov/books/NBK3837/ 
 
9 https://www.nlm.nih.gov/pubs/factsheets/mesh.html 
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Competitive environment 

Hard competition in biomedicine has effects on publishing speed and could be one 
reason behind the exponential growth of the number of published scientific articles. 
The contents of PubMed have been studied by using text mining techniques (e.g. 
Jensen et al. 2006; Wang & Zhu 2013; Zhou 2012). Jensen et al. (2006) have an 
example of how the popularity of some topics as a research object may vary during 
time. The increase of certain “hot” topics may be so extreme that it is impossible to a 
human read all new papers. Because of this a great number of text-mining tools have 
been developed (see e.g. Nadkarni & Parikh 2012). 

Because of the publishing speed, current awareness is very important for biomedical 
researchers. We observed that all medial scientists in our case study were actively 
following developments in their research area during every stage of the research 
process. They used varied methods and tools for this purpose. The most common 
among researchers was to make a constant search to PubMed with an email alert. This 
was also an ordinary practice among MM researchers.   

Another publishing related indication of high mutual dependence could be the selection 
of the publishing platform. Biomedical journals seem to form quite an obvious 
hierarchy where the status of commercial and commercial society publishers is strong. 
The MM researchers in our study indicated quite clearly that they intend to publish in 
those journals that have the highest impact factor (IF). As 51 % of MM researchers 
named IF as the most important selection criteria, 36.5 % named the focus of the 
journal as the most significant reason to choose the publishing platform. In our MM 
case, the researchers named totally 66 different journals when asked to name the most 
important journal titles, which they read. The most common being Science (38.1 %), 
followed by the American Journal of Human Genetics (AJHG) (23.8 %), Human 
Molecular Genetics (20.6 %) and Cell (12.7 %). When asked about publishing plans and 
suitable publishing forums they named totally 44 journals, most often Nature Genetics 
(34.1 %), Human Molecular Genetics (25 %), Molecular Psychiatry (22.7 %) and AJHG 
(20.5 %). When the actual publishing practices were checked from PubMed, it appeared 
that these researchers really published in 60 different journals between 2007-2010. 
The most popular journal was Nature Genetics (15.8 %, IF 25.556 in 2007), PLoS 
Genetics (7.6 %, IF 8.721 in 2007), AJHG (7%, IF 11.092 in 2007) and Human 
Molecular Genetics (5.8 % IF 7,806 in 2007), these four journals covered 36.3 % of the 
whole publishing volume in 2007-2010.  

Dependence on technology 

The dependence on technology is more characteristic of the researchers in MM than 
among medical scientists. The reason for this is the reliance on computational tools and 
methods that are needed in MM researchers’ work. These result in the production of 
huge amounts of data, which need to be analyzed and affects directly information 
practices. Our observation was that MM researchers named a broad category of 
different databases, tools and services, which they used interlaced. Another finding was 
that the number of actively used databases was quite limited. (Roos et al. 2008). 

Collaboration 

Co-authorship is in general the most typical form of collaboration in scientific research 
work. In biomedicine researches write articles together following a quite clear division 
of labor. PhD researchers are usually the responsible writers and PIs are normally 
included in the process. There are often several researchers from other local, national 
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or international research groups included in the writing process, but their role is 
usually more supportive. Genome-wide research needs global co-operative work and 
those articles that report the results may include hundreds of contributors10. 

We were a little surprised that none of the groups had a collective reference database or 
any group working tool which could help in the writing process. Sharing information 
about the published literature was based mainly on what Talja (2002) calls directive 
sharing. Directive sharing happened between the PI or senior and the doctoral student. 
Medical scientists had so called “journal clubs”, regular meetings in the clinic. The 
purpose of these gatherings is to inform other clinicians about new research results. 
Predominantly young researchers have the duty to review a certain topic.  

The development of certain common, collaboratively developed and centrally 
coordinated tools have been important to the development of the whole biomedical 
domain. Examples of this are the work for the biomedical ontologies, the development 
of various open databases and tools, and integrated services that NCBI and NLM have 
developed. 

 

DISCUSSION AND CONCLUSIONS 

In this study, we were able to identify several indicators, which represented task 
uncertainty and mutual dependence in biomedicine. Low task uncertainty is 
represented by a) a common goal for research b) strong emphasis on research groups c) 
clear division of labor and d) clear leadership and supervision. Following indicators 
represent high mutual dependence: a) sharing of resources b) strong competition in the 
research field c) dependence on new technology to produce competitive research and d) 
collaboration within the research unit as well as national and international 
collaboration. Some of the indicators seem to be interrelated. Dependence on an 
expensive technology may, for example be a reason for research groups to find 
collaborators. A clear tension appears in the field because of the need for collaboration 
when there is prevailing a strong competition between research groups. 

Analyzing information practices against the found indicators helped us to understand 
how the specialty of the domain may affect information practices. Hard competition in 
the field has many effects. It is one factor behind the explosion of the data and 
publications which in its part is directly related to the ways information is searched, 
followed used and produced. The need for developments in information services in this 
area is obvious. The constant competition is also related to the direction that the 
publishing sector has developed in biomedicine. The status of commercial publishers is 
strong. The novelty and the value of the contribution of new research are controlled by 
the established system of commercial scientific journals. Journals have a clear ranking 
system of impact factors. Researchers take into consideration that when aiming to 
publish their research outcomes on the most valued journals.  

Our study supports the view that biomedical domain has a quite low task uncertainty 
and the mutual dependence of the researchers is considerably high.  It seems, as 
noticed in previous studies (Hedlund & Roos 2007) that when the degree of mutual 
dependence between researchers is increasing, the methods for scientific 
communication become more controlled. In biomedicine, where researchers are 

                                                        
10 See for example http://www.nature.com/ng/journal/v46/n11/pdf/ng.3097.pdf 
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mutually dependent, competition increases and citation patterns become more 
important. This has affected publishing patterns, which have become more 
standardized and restricted, emphasizing the journals of the highest rank and impact 
factors.  

Because biomedical research culture is based on working in groups, it could be 
beneficial to exploit this feature when information services are developed and 
organized. As the work is organized according to laboratories or clinics where PI is 
supervising various projects simultaneously, this should be taken into consideration. 
From the point of view of the library it would be beneficial if that key person is well 
informed about the usefulness and availability of various tools and services that the 
library offers. It would help the other members of the group to adopt and take the 
advantage of these services. 

Hard competition and rapid publishing speed cause a real challenge to biomedical 
researchers. Information about new research results needs to be available and 
accessible as soon and as easy as possible. All researchers, during the whole research 
process need this information. To be able to organize this service in a way that supports 
researchers best to do their work is essential. It is among the most important services of 
the library to the biomedical researchers. More attention in libraries should be paid to 
the text mining technologies. These become more and more important as the amount of 
biomedical literature is rising exponentially. It is possible that in not so far future, 
traditional library services in certain biomedical fields will be replaced totally by text 
mining and related technologies. 

Biomedical researchers are busy. Medical scientists also do clinical work, which sets its 
own requirements to the research work. Information practices have to be easy, 
accessible and as integrated as possible. The status of the globally shared and centrally 
coordinated tools and services is stable. These facts need to be respected when library 
services and tools are developed. The integration of all relevant resources is a necessity. 

Domain approach in the study of information practices seems to be useful. With the 
help of Whitley’s theory, we were able to make a thorough analysis of the cultural and 
social nature of the biomedical domain. This aided in the examination of the 
information practices of researchers. We think that it would be beneficial if the research 
in information science focused, instead of the needs of a general information seeker 
and searching to the special requirements in a particular scientific field or domain. This 
understanding, we believe, would lead to tools and services that would be the most 
beneficial to the scientific community in their work of creation of new knowledge and 
innovations.  
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UndeRstAnding infoRmAtion pRActices in biomedicine:
A domAin AnAlyticAl AppRoAch

Information practices are human activities that are re-
lated to seeking, managing, giving, using, and produc-
ing information in context. This thesis concentrates on the 
information practices of the researchers in the scientific 
domain of biomedicine. The object of this study has been 
to understand the special nature of the information related 
work and practices as a part of the biomedical research 
work. It is argued that to be able to build efficient tools and 
advantageous information services for researchers in the 
biomedical domain, these efforts should be based on the 
understanding of knowledge creation processes and work 
practices in this domain.

The domain analytical approach forms an alternative 
view to those models, which try to identify similarities in 
patterns of seeking and use of information across the re-
search domains. In this study, this approach has been used 

as an alternative to the generalizing model. The findings of 
the thesis support the arguments, which oppose the gen-
eral view of information needs and uses.

In information science, the study of information practic-
es is quite a new research orientation. There are no previ-
ous studies, where the domain of biomedicine would have 
been in focus.  Another important contribution of this study 
is the use of the activity theory as a theoretical research 
frame in the study of information practices. The activity 
theory appeared to be very helpful in setting information 
practices in the context. When implementing the activity 
theoretical research framework, information practices are 
comprehended as one mediating tool in the activity system 
of the research work.  It aids the researcher to achieve the 
objectives of the research work. 
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