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Introduction  

“From its inception just half a century ago, computing has become the defining technology of 
our age.”  1 

Computer science (CS)2, as one of the core disciplines within the broad area of 
information technology, has become one of today’s most important disciplines by 
virtue of its influence on the shaping of technology and thus also society. There is 
little technical research, development and production done today that does not, in 
one way or another, involve results from (mostly in the form of applications of) CS. 
Computer science thus strongly influences the direction and content of technical 
research and development. It is reasonable to assume that this influence of CS on 
the current and future developments of technology will continue to grow, and that 
the discipline will continue to be located at the centre of information technology. 
This centrality means that what happens within CS will have effects that reach far 
beyond the discipline as such, having consequences for the whole of society. Thus, 
CS as a field of knowledge and technology holds a dominant position, and because 
of this dominant position, there is a need for CS to be a broader, multifaceted 
discipline with many angles of approach.  By this we mean a broader understanding 
of the core of the discipline, rather than including more areas in CS. 

Equally important as a broadly defined discipline is the issue of broad representation 
of developers of knowledge and technology within CS. We wish to explore the 
connections between these two issues. A broader understanding is likely to result in a 
more diverse representation of people being attracted to the field. However, this is 

                                                 
1ACM and IEEE-CS Computing Curricula 2001, Computer Science Volume, chapter 3. The report 
can be found at http://www.acm.org/sigcse/cc2001/. ACM (Association of Computing 
Machinery) and IEEE-CS (Computer Society of the Institute for Electrical and Electronic 
Engineers) are probably the largest international professional organisations within CS. These 
organisations regularly appoint committees to oversee recommendations for curricula within 
computer science.  
2 We use the term ‘computer science’ (CS) in a broad sense, including software engineering and all 
relevant parts of computer engineering. For a comment on the usage of ‘computing’ and ‘computer 
science’, see the section ‘Computer Science and its Paradigmatic Basis’. 
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not the case today. It is well known that CS has a low percentage of women, even 
when compared to most other technically oriented disciplines. The under-
representation of women in CS is becoming increasingly serious in a society more 
and more dependent on research and technical development. The reason(s) why CS 
is so male-dominated and what can be done to remedy the situation have been the 
focus of much research and concern, and many different approaches and actions 
have been tried3. It has been recognised that women in CS face obstacles on 
different levels: the individual level (for example they often have much less 
experience with computers and programming than their male peers when they enter 
the academic education system); the structural level (in the form of the structure, 
curricula and pedagogy of the education programmes); and symbolic (the obviously 
and strongly male-dominated culture within the field as well as prevailing images of 
men, women and what it is to be a computer scientist). Traditionally, most initiatives 
taken to increase the number of women in CS started by focusing on issues of 
information and the individual level. However, there is now increasing interest in 
and focus on questions regarding the structure and content of education as well as 
social and cultural issues surrounding CS. What seems to be lacking in many of these 
discussions, however, is deliberation of the ‘nature’ of the discipline itself. So far, 
most efforts have not led to a stable increase in the participation of women within 
core areas of CS4. This fact, together with our own experiences of working with 
female students of CS (Björkman 2000, 2001), has led us to conclude that the prob-
lem is more complex. Apart from the issues mentioned above, it also includes issues 
concerning computer science itself and its knowledge processes. These conclusions 
are supported by other researchers, who have underlined the importance of focusing 
research on issues related to the discipline itself (see the section ‘Gender Research 
within Computer Science’, p. 84 below). Thus, the question of the under-
representation of women within the discipline takes us right into the very heart and 
core of CS paradigms and understandings. How these are formed, mediated and 
mirrored, e.g. in education, is a large, but so far mostly overlooked, part of the 
complex problem of low female participation in CS. 

We claim that the under-representation of women is one indication that the 
understanding of CS and the basis for recruitment into the discipline are too narrow. 
It is likely that this means that many men too choose not to go into CS, for the same 
reasons. There is a need to get rid of the ‘nerd’ image, which is a very prevailing 
image of the ‘pure’ computer scientist, and which is known to cause many talented 
students, both male and female, to choose more application and socially oriented 
subjects (or other disciplines that they find broader and thus more interesting) 
instead of choosing core CS. This demand for change is gaining recognition within 
the community of computer scientists. Maria Klawe, President of the ACM, 
expresses this (Klawe 2001 p. 67-68): 

                                                 
3 For an extensive discussion on women and CS, see Björkman 2002. 
4 Within Sweden, several initiatives to recruit women into CS are evaluated in Wistedt (2001). 
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“The point here is that computer science also needs to attract students with broader interests 
and abilities than the traditional computer scientists—nerds.[…] But nerds are not enough. 
We need more computer scientists whose passions are art, language, literature, education, 
entertainment, psychology, biology, music, history, or political science. We need them because 
computers have an impact on all areas in our world. We need people with passion and vision 
from every area to drive the development of computer technology as well as the applications. 
[…]We need non-nerds in computer science, so let’s figure out the proper approaches to 
integrate their talents and perspectives into our field.”  

There is thus a growing need to broaden the understanding of knowledge 
production and research processes within computer science, for two reasons:  

• The under-representation (indeed, near absence) of women in the area of CS is 
becoming an increasingly serious problem in a society more and more dependent on 
research and technical development 
• The influence of CS on the current and future development of technology is 
escalating. 
These issues are interrelated and are both of vital importance in the development of 
computer science.  

In this paper, we argue the need for research that examines the fundamental 
knowledge grounds and epistemology of computer science. We discuss how gender 
research from within CS enables us to develop broader and more complex 
understandings and interpretations of CS. We strongly believe that this is important 
for the development of CS and its practices, especially education, and will give 
possibilities to obtain a sustainable increase in women’s participation in the 
discipline.  

Computer Science and its Paradigmatic Basis 

What is computer science? What constitutes the ‘core’ of the discipline? Is CS a 
mixture of other disciplines or does it have its own unique core? What fundamental 
paradigms guide knowledge production within the discipline?  

CS is fairly young as a discipline in its own right and is still being formed and the 
subject of many discussions regarding its core character and content. The boundaries 
of CS are constantly debated: what is to be considered to be within the discipline and 
what is to be considered to be outside (but connected to) it, for example where does 
software engineering belong? The paradigmatic basis for computer science, on which 
all education and research, as well as development of applications, are based, is 
fundamental for the production of knowledge. However, this basis has not been 
subject to much reflection or research. 

One dilemma we face is related to the terminology. The term ‘computing’ is often 
used in a more inclusive sense than computer science. Some researchers use the term 
computing to mean (more or less) the whole field of IT, some use it to disconnect 
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the discipline from the physical computer (Dijkstra, see McGuffee 2000), and others 
use it to mean “all of computer science and computer engineering” (Denning et al 
1989 p.10). In the works referred to below, we have taken pains to identify what the 
authors mean when they use the word ‘computing’, and unless otherwise stated, it 
can be understood as synonymous to our use of the term ‘computer science’ in all 
relevant matters5.  

One of the most well-known contributions and attempts to define computing was 
made in 1989 by the ACM Task Force on the Core of Computer Science (Denning 
et al 1989). They identify three major paradigms or “cultural styles”: theory, rooted 
in mathematics; abstraction (modelling), rooted in the experimental scientific 
method; and design, rooted in engineering. These processes are seen as closely 
intertwined; they cannot be separated but they are nevertheless distinct, since they 
each represent different competences. Thus, the task force concludes: “Computing 
sits at the crossroads among the central processes of applied mathematics, science 
and engineering” (Denning et al 1989 p.11). A short definition of computing is given 
as:  

“The discipline of computing is the systematic study of algorithmic processes that describe and 
transform information: their theory, analysis, design, efficiency, implementation and 
application. The fundamental question underlying all of computing is, “What can be 
(efficiently) automated?”” (Ibid p. 12). 

In this definition, the notion of ‘algorithm’ is seen as a central concept in CS.  

The algorithmic side of computer science is emphasized by Judith Gal-Ezer and 
David Harel in their discussion “What is CS” (Gal-Ezer and Harel 1998 p. 78):  

“The point is that CS is not only the scientific basis of a major technological revolution, but 
has at its heart a special and powerful way of thinking—algorithmically—which is required 
in dealing with the ever-complex modern world, and which is becoming crucial in many other 
scientific and engineering disciplines, too.”  

So then, what does an algorithmic definition of CS entail for the understanding of 
knowledge within the discipline? Abelson and Sussman directly address this 
(Abelson and Sussman 19856, quoted in Denning et al. 1989 p.11-12):  

“The computer revolution is a revolution in the way we think and in the way we express what 
we think. The essence of this change is the emergence of what might best be called procedural 
epistemology – the study of the structure of knowledge from an imperative point of view, as 
opposed to the more declarative point of view taken by classical mathematical subjects. 
Mathematics provides a framework for dealing precisely with notions of ‘what is’. 
Computation 7provides a framework for dealing precisely with notions of ‘how to’”. 

                                                 
5 We use CS to emphasise the discipline aspect, an aspect that is not always clear from the word 
‘computing’, and at the same time argue for a broadened understanding of the discipline of CS. 
6 Abelson, Sussman, 1985: Structure and interpretations of computer programs. MIT Press. 
7 ‘Computation’ in this quote should be understood in the same sense as ‘computing’. 
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What are the implications of this “procedural epistemology” for knowing within the 
discipline? 

Judith Gal-Ezer and David Harel recognise two sides of CS: the algorithmic side and 
the systems side, and claim that “CS itself is an unusually dichotomic subject – one 
facet is more mathematical and the other is a type of engineering” (Gal-Ezer and 
Harel 1998 p. 79). They argue that there are also dichotomies within these facets: 
mathematics encompasses computability, complexity and logic on the one hand as 
well as numerical analysis on the other, while engineering encompasses the design 
and construction of hardware as well as the development of software. 

So, what are the implications of a discipline based on inherent dichotomies, and 
what tensions, useful as well as restrictive, exist because of this dichotomic nature? 
Can we deconstruct and go beyond these dichotomies, and if so, what would that 
entail for the discipline? 

One side of the dichotomy discussed above refers to mathematics. Abelson and 
Sussman bring up issues of knowledge in connection to the discussion of 
mathematics vs. computing (see above). The role of mathematics in and for 
computer science is a cause of much dissent within the community of computer 
scientists. A fairly strong and influential group within CS defines the discipline as 
closely related to mathematics. In a famous paper from 1989: “On the cruelty of 
really teaching computing science”, Edsger Dijkstra claims that “computing science 
is - and will always be - concerned with the interplay between mechanized and 
human symbol manipulation usually referred to as ‘computing’ and ‘programming’, 
respectively” (Dijkstra 1989 p. 1401), and that computing should be localised in “the 
direction of formal mathematics and applied logic” (Ibid p. 1402). He even goes so 
far so as to propose that computing science be called ‘VLSAL’ (Very Large Scale 
Application of Logic) (Ibid p. 1402). The discussion about mathematics is far more 
complex than a mere discipline issue; to a large extent it is also about power, about 
‘who is best/right’, and about what counts as ‘superior’ knowledge8.  

Many other definitions of CS have been suggested too, some quite simple: 
“computer science is the study of computers” (Newell, Perlis and Simon9 quoted in 
McGuffee 2000 p. 74), or the Computing Sciences Accreditation Board: CS is “a 
discipline that involves the understanding and design of computers and 
computational processes” (McGuffee 2000 p.74). 

Another interesting question is whether any recent changes can be seen in the view 
of computer science. In the ACM Computing Curricula 2001, the Computer Science 
Volume (ACM CC2001), the rapid evolution of the discipline is discussed. There is 

                                                 
8 The issues of knowledge and the role of mathematics are treated by gender researchers in CS, see 
below. 
9 Newell, Perlis, Simon: “What is Computer Science?”, Science, No 157 (1967), 1373-1374. 
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no attempt to define CS in this document10, since the report is focused on curricula 
for CS education, but the report observes that technology has undergone radical 
changes during the last decade, not the least with the development of networking 
and the WWW. It also recognises that cultural factors affect computer science and 
CS education. What this report calls computing11 has become broader, encompassing 
more areas. However, this is not the same thing as we argued for in the introduction 
above: the need for a broad understanding of the core of the discipline of computer 
science. The acceptance and inclusion of more areas does not necessarily entail a 
fundamental change in the core. 

One of the central changes that can be seen in CC2001 is the inclusion of 
professional practice as an integral component in the CS curricula. Where the 1989 
report identified three paradigms, this could now be seen as expanded: “All 
computer science students must learn to integrate theory and practice, to recognize 
the importance of abstraction, and to appreciate the value of good engineering 
design” (ACM CC2001, chapter 4, our italics). However, whether the integration of 
practice in the curricula should be interpreted as a change in the view of the 
discipline is not clear, and many computer scientists are likely to argue that practice 
might be part of the profession, but it is not part of the discipline. What would it 
mean if practice were actually regarded as part of the discipline? Such a change could 
be fundamental, if it were really incorporated into the core of the discipline.  

Computer scientist Peter Denning is one of the prime movers in the ongoing 
discussion of “the profession of IT” and the related topic of practice within 
computing12. He argues for accepting the importance of professional practice: 
“Practices are as important a part of knowledge as discourses, mental models, 
conceptual frameworks, processes and rules” (Denning 1999 p. 2). He claims that 
“applications domains are the front lines of the profession” (Ibid p. 2) and that 
“Value skills connect a professional’s technical performance with the customer” 
(Denning and Dunham 2001, p. 24). He regards computing as the discipline and IT 
as the profession, and he claims that there is currently a gap between the two. 
Computing is no longer the driving force, controlling the field, and he advocates that 
it should cross the chasm and seek leadership within the new profession, by for 
example accommodating “embodied professional knowledge” (Denning 2001, p. 
24). A similar argument is made by Steve Cunningham: “Any computing education 
that does not pay attention to the user’s role in computing is missing the most 
vibrant and exciting part of computing today” (Cunningham 1998, p. 4a). 

                                                 
10 In chapter 4 of the report, the committee lists what they see as the areas encompassing the body 
of knowledge within CS. This list includes for example Software Engineering, Human–Computer 
Interaction and Information Management. 
11 The computing curricula 2001 also includes information systems in what they term computing, 
an area that we do not include when we talk about computer science. 
12 Peter Denning uses the term ‘computing’ in the same sense as defined on page 80, i. e. as 
equivalent to our use of CS. 
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Another noteworthy point in CC2001 concerns what the committee regards as 
important for a curriculum, in the sentence: “Development of a computer science 
curriculum must be sensitive to changes in technology, new developments in 
pedagogy, and the importance of lifelong learning” (ACM CC2001, chapter four). 
This puts the focus on technology and knowledge, but no reference is made to 
society or issues such as sustainability etc. 

A discipline does not exist on its own; it is defined and held together by its 
practitioners. Computer science and computer scientists are constructing, and are 
constructed by, each other in a mutual and constantly ongoing process. What then is 
a computer scientist? How is a computer scientist ‘created’? How do computer 
scientists understand CS, what ideas and concepts do they find central to the 
discipline, how do they understand and create knowledge and images of concepts, 
and how do they do research? How is CS ‘thought’ and ‘talked’?  

James McGuffee (McGuffee 2000) argues that a good alternative to defining CS is to 
describe what a computer scientist does. He quotes Dirk Siefkes: “As computer 
scientists we discuss problems, describe solutions, design and use computers and 
formalisms” (Siefkes 199713, quoted in McGuffee p.76). But how broadly accepted is 
this definition within the community? There is a tendency to discuss CS as 
something separate from computer scientists, existing on its own. This becomes 
especially clear when we look at the issues of women and computer science, where 
focus is almost always and solely on the first word: women, and the discipline itself is 
usually taken for granted as something given (Björkman 2002). From this kind of 
perspective, adaptation comes solely from the side of the (prospective) computer 
scientist, and the mutually constructed character of the relationship is obscured. 

We introduced this section by asking what fundamental paradigms exist within CS. 
Above, we have acknowledged the notion of algorithm and the mathematical 
foundations as paradigms of this nature. As another example of a fundamental 
paradigm within CS, we can consider the digital nature of computers. In simplified 
terms, modern computers can be regarded as based on discrete mathematics, algebra 
and logic. As a complement or alternative to these, could we have had computers 
based on continuous mathematics, if research and development had taken a different 
path? Apart from the technological problems with such solutions (there have been 
attempts to develop different models for construction of computers, for example 
analogue machines for solving differential equations), is there not perhaps also 
subconscious resistance to the idea, simply because we are so used to the systems we 
have? Is this not a prime example of technological inertia? 

As it is now, the word ‘digital’ has come to represent much more than merely the 
digital logic used in computers; for example, it is frequently used to represent 
virtuality or simply the fact that something is computer-based. In that sense, ‘digital’ 
is no longer used as the opposite of ‘analogue’, and thus that dichotomy has been 

                                                 
13 Siefkes, Dirk, 1997: “Computer Science as Cultural Development: Toward a Broader Theory”, in 
Foundations of Computer Science: Potential-Theory-Cognition, Springer. 
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blurred. This is an example of the effect of a paradigm reaching far beyond the 
technology itself, getting adopted and changing meaning in unexpected areas and 
ways.  

What other fundamental paradigms exist within CS, and are some of them hidden? 
What effects do the paradigms have both inside and outside the immediate core of 
CS (as in the example of ‘digital’ above)? 

What constitutes the core and the fundamental paradigms of a discipline can always 
be the focus of study, it can be debated and perhaps reformulated, broadened and 
changed, since production of knowledge and our understanding of it are ongoing 
processes. We need to consider the possibility of creating new, additional views of 
the core of CS, that in turn can render new approaches to the discipline.  

In our opinion, one of the most central concepts in CS is that of programming and 
its paradigms14. This concept is one of the first things that students learn. How has 
the knowledge foundation in programming (theories, methodologies, methods and 
languages) evolved? What constitutes the fundamental knowledge base, and what 
assumptions and choices have been made during the course of time? Is there 
support for different styles of approaching programming (see for example Turkle 
1984, Turkle and Papert 1990), and what would be the implications of that? Does 
object-orientation in any substantive way constitute a paradigm shift in the sense 
defined by Thomas Kuhn (Kuhn 1970)? Or is it just a minor change in 
methodology, neatly incorporated into existing paradigms? And if it is a new 
paradigm, what would that mean for the discipline and its practices? For example, 
Abelson and Sussman (p. 80 above) talked about the “procedural epistemology” 
within CS. Does object-orientation have an effect on this? Sherry Turkle and 
Seymour Papert argue that a shift towards object-orientation might potentially mean 
a shift in thinking and the legitimising of alternative methods of programming (what 
they term ‘bricolage’ as contrasting with the commonly taught ‘planning’ approach, 
Turkle and Papert 1990).  

These are some of the questions that we believe it is important to ask and to pursue 
in research.  

Gender Research15 within Technical Science  

When trying to find strategies for dealing with questions concerning CS and its 
paradigmatic basis, we turn our attention towards gender research. A certain kind of 
gender research has developed within the field of technology. Before looking at what 

                                                 
14 It is common to call, for example, functional programming, declarative programming and 
object-oriented programming different programming paradigms. However, we use the word also in 
the sense of the paradigms underlying the concept of programming as such.  
15 We use the term ‘gender research’, which is the most commonly used term in Sweden. However, 
many researchers, mainly from Anglo-Saxon countries, use the term ‘feminist research’.  
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gender research within CS has to offer, we will make a short presentation of gender 
research more generally within technical disciplines. 

Gender research has two general ‘objects of study’: 

• Women/men/gender/sex and power relations 
• Science itself, its theories, methods and knowledge processes. 
Gender research within technical disciplines concentrates mainly on the second 
object defined above. Thorough reflexive work has been done on theory and 
method (Haraway 1991, 1997, Harding 1986, 1991, Fox Keller 1985, 1992), which 
has made science observable as discourse16 by illustrating the kinds of 
understandings represented in knowledge production as well as by formulating 
additional understandings. 

Fifteen years ago, an explicit turn was suggested in gender research by focusing 
attention on the discipline core (the science question) more than on the woman 
question (Harding 1986). This turn has been called the Harding turn and entails 
moving towards the epistemological bases of the disciplines. Technology as well as 
natural science is built on classification, standardisation and formalisation. These 
standards make up, in one way or another, the basis of the discipline. Gender 
research discusses this basis and develops additional ways of thinking to help us 
approach the foundations of the discipline and its knowledge production. The work 
of Donna Haraway (e.g. Haraway 1991, 1997) is of uttermost importance in 
advancing this type of gender research and its relevance within technical disciplines. 

This shift in the axis away from women’s and gender issues and towards the 
theoretical methodological foundation of the individual discipline is not unique to 
gender research in the technical sciences (Wahl 1996, 1997). What probably 
distinguishes gender research in technical disciplines from gender research in other 
areas is that it moves beyond gender as an object of study relatively quickly. For 
example, it is obvious that the advanced technical research into and development of 
speech prostheses for female cancer victims who have had a laryngectomy is not a 
natural object of study for gender research in its own right; rather, it is an 
unprioritised part of normal science that has given precedence to the development 
of speech prostheses for men. This type of research is often labelled addition 
research – women are ‘added’ on as an extra category in the existing research. 
Addition research can have a considerable value, if it is founded on documented and 
applied gender research theory; however, most frequently this is not the case.  

                                                 
16 Discourse is a concept that refers to certain understandings or patterns of thinking, which 
manifest themselves in official documents, media and discussions. “Discourse is a regulated 
method of dialogue that determines what is ‘allowed’ to be said or done and what is not allowed to 
be said or done.” (Johansson, Nissen, Sturesson: ”IT-ism” Informationstekniken som vision och verklighet. 
Telematik 2001, KFB och Teldok , KFB-rapport 1998:11 p. 39). Our relationship to reality is 
expressed through discourses – the discourse that we are in controls our perception of reality. 
(Swedish National Encyclopaedia). 
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In order to make gender research within technical disciplines understood as a field of 
scientific knowledge, there are two important demarcations that it is necessary to 
keep explicit. The first is the importance of differentiating between work to promote 
equality between the sexes and gender research. In order to be able to regard and 
understand gender research as a scientific field of research, it must be made clear 
that this activity is separate and distinct from equality work. If this distinction is not 
made clear, gender research risks finding itself in a serious dilemma of relevance, and 
particularly so in the technical sciences. It is not difficult to see why issues of equality 
easily become very dominant when the gender perspective is applied to technology. 
The number of women following technical courses of education, doing technical 
research and employed in technically oriented jobs is remarkably low and constitutes 
a problem that has proven to be particularly difficult to resolve. Nevertheless, 
equality issues are primarily about achieving a more balanced representation of 
women and men and equal conditions and opportunities in – in this context – the 
technical-scientific sphere. Gender research entails the development of special 
scientific competences in technical-scientific fields of research. However, this paper 
presents a different approach to the Harding turn by attempting to bridge these two 
positions (equality issues, the ‘woman question’ and gender research, the ‘science 
question’) in order to facilitate strategies for sustainable change in computer science.  

The second demarcation concerns technical science as an area of research for gender 
research and is related to discussions about perspectives from within. Studies 
performed in fields such as sociology, economics, history, education, work-
organisation, etc. from a gender perspective, in which technology is the research 
object, have attracted a great deal of interest. What characterises this research is that 
women and gender or gender–power relations are the focus of the research and not 
the technical-scientific knowledge production per se. This research is marked by an 
outside–in perspective in relation to technology with its specific qualities and is 
situated beyond the field of gender research in technical science. Science and 
technology studies (STS) is an example of research mainly within social science and 
the humanities where technology, natural science and the relations between 
technology, natural science and society constitute the ‘object of study’. Within STS, 
feminist STS is as old as ‘mainstream’ STS. Although feminist STS has tended to be 
and still is dominated by social scientists, strong alliances have been formed with 
actors from the humanities, natural sciences and technical sciences.  

A common characteristic of gender research is the emphasis on its ambitions to 
change research. In many ways, this is a self-evident starting point. From the very 
beginning, it was inadequacies and imbalances in established research that motivated 
gender researchers’ work. Thus, gender research is critical of science. If we regard 
gender research as a research-changing project, it appears in an international context 
as part of a long-term, far-more radical project of change (Genusforskningens 
relevans (“The relevance of gender research”) 2000 p. 11). 



 

87 

Gender Research within Computer Science  

The body of gender research into computer science done by computer scientists is 
still small, but it is growing. Although at present this area is much less explored than 
that of gender research within the natural sciences and some technical disciplines, 
work has been done that inspires us to continue and intensify research within the 
field. In this section, we will mention some important work done by computer 
scientists, and show how gender research provides us with the means and the 
opportunity to explore issues related to computer science and its paradigmatic basis, 
which we discussed earlier in this paper. 

Norwegian informaticians17 Tone Bratteteig and Guri Verne discuss gender 
perspectives within CS. In the article “Feminist, or merely Critical? In search of 
Gender Perspectives in Informatics” (Bratteteig and Verne 1997), they discuss the 
potentials yielded by gender research for the establishment of alternative 
understandings of knowledge within CS. Using the work of Sandra Harding as their 
starting point (Harding 1986), they discuss different ‘research programmes’ for 
gender studies, where they see “epistemological inquiries to establish alternative 
understandings of knowledge” (Bratteteig and Verne, p. 60) as the most challenging, 
with the greatest potential for contributing to change within the discipline. They 
believe that use of technology and applications ought to be included as an integrated 
part of computer science (cf. Denning and the discussion of practice earlier in this 
paper), and that alternative understandings of knowledge are developed through the 
experience of application. One way of influencing computer science from within 
could be to demonstrate how different “models of the world” result in different 
computer systems – and thus also different consequences for the users. The complex 
understandings that gender research and other disciplines that are critical of science 
contribute, illustrate the reality-producing dimensions of computer science.  

The suggestion to broaden the concept of what computer science is, to include 
previously excluded aspects, is also put forward by other gender researchers within 
CS, for example Ulrike Erb. In her research, she interviewed female faculty in CS. 
She found marginalisation of so-called ‘non-technical’ skills, but also that the views 
of what it means to be competent in computer technology or be a “technical insider” 
are vague within the community of computer scientists. She discusses issues of what 
is excluded from CS, in terms of the missing accountability, the absence of 
subjectivity and the excluded views of the system users. Referring to excluded issues 
of this kind, she argues that “in particular if we do feminist research inside the 
discipline of computer science, one main purpose of this research might be to 
explore forgotten and excluded aspects of computer science. [.…] to reveal the 
excluded and to integrate the excluded in order to enrich computer science by means 
of the forgotten perspectives” (Erb 1997 p. 206). 

                                                 
17“ Informatics is the term for computer science departments in universities in Norway, indicating 
that the discipline is defined more broadly than in traditional computer science departments” 
(Bratteteig and Verne 1997, p. 59). 
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Bratteteig and Verne touch on the process of naturalisation18, whereby something is 
stripped of its origins, context and consequences and seen as given, i.e. it is taken for 
granted. This is further developed by Christina Mörtberg. As an example, she 
discusses object-oriented design and programming, where “objectification entails the 
loss of the situation and localization that were implicit in the basic pre-conditions 
and point of departure for the development” (Mörtberg 1999 p. 56). She argues that 
models and programming languages can reinforce this objectification process, plus 
the fact that high-level languages on the whole tend to lead to increased abstraction, 
and she queries the implications of this. Designers, machines and software are made 
invisible, thus hiding the choices that have been made during the process. “There is a 
mutual process in which the views of knowledge, experience, values and needs are 
integrated in the development of artefacts, programs, networks, databases, etc” 
(Mörtberg 1999 p. 58). 

Christina Mörtberg demonstrates how computer science and other technical-
scientific disciplines build their competences on consensus-marked classifications, 
standardisations and formalisations. She discusses representation in a way that can 
serve to illustrate the reasoning (Mörtberg 2000 p. 58): 

“Formal representations are created in processes that entail abstractions, quantifications, 
hierarchisations, classifications, standardisations and simplifications (Star 1995). In these 
processes, there are negotiations about borders and content and in these negotiations, 
technology and gender are shaped.” 

Categorisation is not only a means of structuring the outside world – it also limits 
and affects our way of thinking. By leaving established categories, new forms of 
understanding can be created. 

If we take the gender-marked structural and symbolic levels in knowledge 
production in CS seriously, it is important to consider what kind of presumptions, 
choices, standardisations, classifications etc. are involved in the research processes. 
So far, gender-marked representations and metaphors are neutralised, made implicit 
and integrated in the development of programming languages, models, computer 
systems, etc. The use of language has proved to be very important in our 
understanding of ideas and the images they call to mind. The presence of clearly 
gender-marked metaphors can be a factor in supporting the gender structure within 
the discipline. Metaphors create images that will be of importance in the knowledge 
process (Keller 1995).  

                                                 
18 “By naturalization I mean stripping away the contingencies of an object’s creation and its situated 
nature” (Star, Susan Leigh, 1994: “Misplaced Concretism and Concrete Situations: Feminism, 
Method and Information Technology”. In Gender-Nature-Culture Feminist Research Network Working 
paper No 11,Odense Univ, p. 21). 
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Alison Adam has focused on questions of epistemology in her work on Artificial 
Intelligence (AI)19 (Adam 1998). She discusses issues of knowledge, such as ‘whose 
knowledge’ and ‘what knowledge’ is represented in AI systems. Among other topics, 
she discusses the differences between propositional knowledge (‘knowing that’) and 
skills knowledge (‘knowing how’), or mental vs. embodied knowledge, and how the 
former has been seen as superior to the latter (Adam 1995). 

The issue of knowledge is also developed by Anne Moggridge. She discusses how an 
extended epistemology can begin to account for more practical and personalised 
aspects of knowing, situated in social and cultural contexts. She considers the 
connections between gender research and conceptions of knowledge and 
conceptions of what she terms ‘human inquiry’ (Moggridge 1997, 1998). “Knowing 
is not necessarily a matter of saying and representing what is the case but can also be 
a kind of practical involvement with the world” (Belenky et al.199720, quoted in 
Moggridge 1998, p. 34). She discusses how this can be used within computing, to 
transformatory ends.  

Questions concerning ‘what knowledge’ and ‘whose knowledge’ are among the most 
central issues for gender research to focus on. As Christina Mörtberg writes in her 
dissertation on female system developers (Mörtberg 1997, p. 25): 

“Despite new procedures and new possibilities, questions of knowledge are as central today as 
they were in the past, and the problems of translation still remain, as do questions about what 
kind of knowledge, whose knowledge and the extent to which knowledge is representable at 
all.” 

Questions concerning the ‘fundamental nature’ of the discipline of computer science 
are raised by Frances Grundy. She challenges what she sees as three paradigms 
within CS: mathematics, science and engineering (Grundy 2000a, 2000b, 1998). She 
discusses the role of mathematics in computing, including the design and analysis of 
algorithms, complexity theory, discrete mathematics and formal methods, and what 
role mathematics actually plays for abstraction. Her argument is that mathematics is 
only one type of abstraction involved in computing, and she further claims that 
mathematics is a status symbol and has been used as an argument for making CS 
into a science: “Mathematics is used to bolster the political power of computer 
‘scientists’”(Grundy 2000a)21. She also challenges the notion of CS as a ‘science’, 
comparing CS with natural sciences. Her argument is that there is nothing ‘out there’ 
for computer science to ‘discover’ and thus it is not a ‘science’ (Grundy 2000b). 
Instead she wishes CS to develop in a direction that she calls interactionism. 
Interactionism is a cluster of ideas, involving for example a blurring of the 
distinction between the subject and object (Grundy 2000b). “Interactionism 
                                                 
19 AI is often regarded as a subdiscipline of CS – or at least some aspects of AI are. It can be 
argued that AI is a separate discipline, with its own epistemology. However, the issues concerning 
knowledge are highly relevant for CS. 
20 Belenky, Clinchy, Goldberger, Tarule, 1997: Women’s ways of knowing: The development of self, voice and 
mind. New York, Basic Books. 
21 Compare with the discussion of mathematics on p. 81. 
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emphasises the practicality of computing; it also recognises that much computing is 
about communication and it recognises the importance of pluralism” (Grundy 2001). 

Complexity and indeterminacy are treated in the context of the object-oriented 
paradigm by Cecile Crutzen and Jack Gerrissen, in their paper “Doubting the object 
world” (Crutzen and Gerrissen 2000). This is an excellent example of feminist 
critique of a paradigm within CS. To our knowledge, this is one of the first cases 
where gender research has been used in an explicit and thorough analysis of a CS 
paradigm, and it is an inspiring example of what can be done using gender research 
and feminist theory. In this article, the authors analyse the ontology and 
epistemology of the object-oriented (OO) paradigm, and present a feminist critique 
of these. They argue that OO should not be used for the analysis of human worlds, 
but only for what it was originally intended: the realisation of software22.  OO has 
reinforced functionalism, and it enhances the idea of the controllable and 
deterministic. In OO, the process of change is modelled like a stimulus-response 
procedure. OO conforms fully to “Enlightenment traditions” (Crutzen and 
Gerrissen 2000 p.132-133):  

“[It is] based on the same illusions of objectivity and neutrality of representation; the negating 
of power and dominance by translating it into ‘natural and obvious’, and on the existence of 
truth by transforming it into progress”  

This paper too constitutes a discussion of classification and standardisation, and how 
a case is made for making hidden abstractions visible: “OBJECTS should stop acting 
behind their surface, even if this would render our self-created OBJECTS 
unpredictable or unreliable” (Ibid p. 134). It is interesting to compare this analysis of 
OO with the views expressed by Sherry Turkle and Seymour Papert ten years earlier 
(Turkle and Papert 1990, see also the discussion under ‘Computer Science and its 
Paradigmatic Basis’), where they see OO as potentially revolutionising programming 
methods and also as challenging traditional ways of thinking and knowing.  

Finally, we would also like to mention an example of gender research within 
mathematics. Leone Burton has developed an epistemological model of what it 
means to know and come to know mathematics. She has shown that broadening the 
understanding and images of “the nature of knowing” within a discipline, has gender 
implications (Burton 1995).  

Summary and conclusions 

In this paper, we have argued that there is a growing need to broaden the 
understanding of knowledge production and research processes within computer 
science. This need is based on the fact that CS has a growing influence on current 

                                                 
22 Note that what they criticise is the paradigm of object-orientation at a fairly high level, for 
example for making analysis of “human worlds”, not the low level object-oriented programming, 
used for “realisation of software”. 



 

91 

and future technological development and the need to broaden recruitment to the 
discipline.  

It is our belief that it is necessary to research the core of CS and its knowledge 
production in order to effect real improvements in recruitment to the area, and that 
this will also renew and enrich CS and its practices - not least in education.  

We have also argued that using gender research to analyse CS and its knowledge 
processes provides potentials for the development of new conceivable and broader 
understandings and interpretations of what CS is, and what it means to “know CS”, 
all of which is of vital importance for the needs we have identified.  

We consider it of vital and decisive importance that gender research is done from 
within computer science. We argue that focus should be within the discipline itself, 
and that research should go inwards in search of the core issues in CS. Since the 
focus is very clearly within the discipline, the work has to be done from within. The 
fundamental knowledge questions that need to be studied can only be fully 
understood from within, with the knowledge and experience of CS and gender 
research integrated. To work from within is necessary in order to attain a potential 
for transformation. Our goal is change, and thus we want our research and work to 
have influence within the discipline. However, integrated gender research by no 
means excludes interdisciplinary constellations.  

As we have seen above, gender researchers within CS have focused on issues such as 
naturalisation, choice of representations, knowledge and epistemology. They argue 
for changes, such as to expose decisions and assumptions made during knowledge 
processes, to explore forgotten and excluded aspects that could lead to potentially 
new and valuable directions in knowledge production, to render visible what is 
hidden, to integrate use and applications into the discipline, and to acknowledge 
complexity. Common for these researchers is the way they see gender research as a 
resource for transforming the discipline. As pointed out above, this research is still 
scarce and so far mostly has the character of raising questions and researching 
selected areas. Although its importance has been acknowledged and researchers 
within the area have pointed to important issues, much still remains to be done.  

We wish to see this research covering more areas of the knowledge foundation and 
paradigms of CS, such as for example the algorithmic core of the discipline, the 
notions of ‘digital’, the inherent dichotomies within the discipline, and programming 
paradigms. We argue the need for a comprehensive approach in gender research 
within CS. Through analyses based on theories and methodology from gender 
research, but also from traditional CS, underlying paradigms and understandings can 
be exposed, which will yield possibilities for suggesting new interpretations, and new 
conceivable and broader views and interpretations of what constitutes CS and what 
it means to “know CS”.  
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