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Abstract. The paper gives an overview of the results of a research project which was undertaken to analyze the
‘computer concepts’ or ‘computer world views’ of teachers. The topics in question concern the teachers’ concepts of
computer science as a scientific discipline and as a school subject, their concepts of good teaching, a change of
teaching paradigms in German computer sciences classes, and the teachers’ attitudes towards computers.
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Background

In recent years, great efforts have been made to introduce computers and new media into schools. It is widely
thought that the effective teaching of computer science is predominantly influenced by the teachers’ cognitive skills,
with emphasis on up-to-date technical knowledge. However, as a study by the author has revealed, a teacher’s indi-
vidual ‘computer concept’ or ‘computer world view’, i.e. a complex structure with cognitive, affective, and opera-
tional components, also influences the teaching process considerably. The present paper gives an overview of some
results of this study, i.e. a research project which analyses the computer world views of German mathematics and
computer science teachers (cf. Berger 1997, 1998b—d). This project is related to the international research program of
the MAVI (mathematical views) group which has been initiated by G. Térner (Duisburg) and E. Pehkonen (Hel-
sinki).! MAVI is undertaking research into the mathematical and related world views of teachers, pupils, scientists,
and similar groups.

The computer world view (or mathematical world view) can be loosely described as an individual’s view or phi-
losophy of the ‘world of computers’ (of mathematics). More precisely, it can be understood as a complex system
(‘belief system”) of individual images, convictions, opinions, and attitudes towards a certain topic or context with a
strong and, in part, subconscious influence on the manner in which the individual deals with this topic — on his
thoughts, emotions, and behavior, for example as a pupil or as a teacher. World views gain didactic relevance, not
least in that they may play the part of a ‘hidden curriculum’, having a selective and directive impact on the teacher’s
performance. (For a survey of the concept of ‘belief systems’, see Thompson 1992, T6rner 1995, Pehkonen & Torner
19964, 1996b, and Térner & Pehkonen 1996.)

The central notion of attitude is defined by psychology as an acquired, not necessarily consciously performed,
and long-lasting readiness of an individual to react in a consistent manner towards persons, objects, ideas, etc. Atti-
tudes allow an individual to tackle successfully unknown situations without each time having to construct new con-
cepts of actions and explications. Attitudes consist of three components: a cognitive component (knowledge of the
item), an affective one (emotional relationship to the item), and an operative one (disposition of behavior towards the
item). Attitudes affect the individual’s mental constructs in a directive, selective, and consistent way, and they have a
highlighting and structuring effect on the individual’s view of reality (reduction of the multitude of environmental
stimuli) and thus contribute to the forming of a schematized behavior of the individual in a certain situation.

The study is methodologically based on instruments of modern qualitative social research (cf. Lincoln & Guba
1984 and Tesch 1990), which are, apart from participant observation, mainly characterized by detailed analyses of
exemplary single cases with the help of intensive in-depth interviews. The analysis of the interviews followed the
principles of modern hermeneutics (cf. Berger 1998a). Qualitative methods in general seem to be more suitable for
the exploration of attitudes than quantitative would, even if based on a large number of random tests. Qualitative
methods have become emancipated from mere preliminaries to quantitative research — in order to achieve the status
of important tools for the development of theories which, as they are grounded in empirical findings, will better fit to
social reality.

The investigation proceeded in two phases: the first being an exploratory preliminary study with open and non-
standardized interviews, which was followed by the main study — designed on the basis of the outcomes of the pre-
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liminary study — with a questionnaire and open and standardized interviews. The empirical material consists of the
video-taped interviews (1-2 hours each) of 28 computer science teachers and two computer scientists (in leading po-
sitions of the school administration) as well as the transcriptions of these interviews (250,000 words). The teachers
work in German grammar schools and comprehensive schools and most of them teach mathematics as a second sub-
ject. 50% have degrees in computer science; another 39% have undergone a two-year intensive teacher training pro-
gram in computer science.

Three social roles — three fields of experience

An investigation of the computer world views of mathematics and computer science teachers should not regard
teachers only as teachers. The individual acts in specifically different social roles: in the role of a teacher, in the role
of an expert (on mathematics and computer science), and last but not least in the role of a private person, i.e. an ac-
tive member of society. Corresponding to these social roles, there are three experiential domains forming a teacher’s
views of the computer, i.e. school, science, and society. Based on experiences in these domains, each social role
separately may have shaped the computer world view of the individual, resulting in specific facets and in overlap-
ping and sometimes even inconsistent partial views. Corresponding to these domains of experience, the interviews
and the questionnaire included three thematical domains, in which the partial views, analogous to the attitudinal
components, were manifested and thus could be analyzed as opinions (judgements on the truth or probability of
statements about reality), as affects (feelings of attraction or rejection), and as dispositions of behavior (predisposi-
tions for actions).

Concepts of computer science as a scientific discipline

As one result of the study, it turned out that the interviewed teachers actually do not see computer science predomi-
nantly as a ‘science of the computer’. The interview statements regarding computer science as a scientific discipline
are, rather, thoroughly characterised by a distinct computer-distant point of view. This is also confirmed by a quanti-
tative observation, i.e. in the statements describing the essentials of computer science as a scientific discipline, the
frequency of the terms ‘computer’ and ‘machine’ is significantly low. More than 60% of the respondents do not use
the terms at all, or only once. If it is used, it is often done with the intention of restriction and distancing. Some of
the interviewees have rather subjective conceptions of computer science, coming up with a broad spectrum of indi-
vidual characterisations.

For the most part, the teachers see computer science as a dominantly formal science, they see it as ‘information
science’, ‘structural science such as mathematics’, ‘computer science oriented towards foundations’, ‘computer sci-
ence oriented towards applications’, ‘theory of algorithms’, ‘theory of formal languages and machines’, ‘system
analysis *, “formal philosophy’, ‘science of complexity’. Even some who regard computer science as ‘science of the
computer’ emphasise its foundational aspects.
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Figure 1. Teachers’ assessments of the rank of computer science as a school subject.

Concepts of computer science as a school subject

Although the interviewed teachers for the most part are highly committed to their subject (without this commitment
they would not have gone to so much trouble as to study computer science while already being employed as teach-
ers), they do not seem to overestimate the rank of computer science within the scope of the other school subjects. On



the one hand, most of the interviewees state that in the future computer science should play the important role of a
fundamental school subject, emphasizing that computer science will be able to develop the students’ skills of solving
complex problems better than other subjects would (even better than mathematics).

On the other hand, they answer rather conservatively to the hypothetical question of which subjects they would pre-
scribe for senior students if a set of six compulsory subjects had to be decided upon (see Fig. 1). Everybody chooses
mathematics and a foreign language, almost everybody German and 70% history, but only half of them choose com-
puter science. Computer science, however, like as music and art, is being ranked higher than natural science.

In the preliminary study, three aspects of computer science have been named as the most central ones at school:
namely ‘computer’, ‘programming language’, and “algorithm’. Fig. 2 shows how the teachers assess the centrality of
these aspects and how this assessment changed during their years of teaching experience. The answers (distribution
of 100 points to the three items) are represented by barycentric co-ordinates, where the pin-heads show the present
and the pin-points the former positions. The diagram shows a distinct orientation towards algorithm which, on the
basis of a detailed analysis of the interviews, may be understood as a general tendency from phenomena towards es-
sentials, i.e. as a didactic concentration on the fundamental aspects. This turning away from the engineer’s fascina-
tion with hardware and software aspects, which had been accentuated in prior times, and the turning towards the
concept of algorithm, which is regarded as fundamental nowadays, is especially prominent among computer science
teachers with an academic background.

Algorithm

Computer Programming
Language

Figure 2. The view of central concepts of computer science.

While the period of introducing computers into schools was shaped by a ‘pioneering spirit” which quite uncriti-
cally accepted the challenge of the new medium, most of the interviewed teachers today show a more skeptical atti-
tude. The acceleration of hardware and software innovations is experienced as an inflationary process, rapidly ren-
dering technical knowledge outdated. As an answer to this ‘race for innovation’, the interviewees tend to favor fun-
damental aspects as the basis of a long-term computer literacy.

Following an increasingly intensive didactic reflection on the actual situation of computer science as a school
subject and highlighting its contribution to the aims of general education, the basis for a confident and competent
handling of the medium computer is increasingly seen to lie in the emancipation of the human from the machine. The
teaching of local tactics (e.g. detailed knowledge of a certain programming language) recedes in favor of the teaching
of global strategies (problem solving, thinking in complex structures of processes and systems).

Even the academically trained computer science teachers emphasize that the gap between computer users and de-
velopers of hardware and software is today nearly unbridgeable. While during the pioneering period the computer
science teachers, for the most part, saw themselves as specialists with an up-to-date technical knowledge who wanted
their students to acquire the same expertise, nowadays the teachers aim at making themselves and their students con-
fident and competent computer users provided with a sound background knowledge, at least in the ideal case. In pre-
sent-day computer science classes, the computer is no longer seen as a ‘magic machine’ placed at the center of teach-
ing and learning activities. It is, rather, from the perspective of the fundamental aspect of algorithms, seen at a rela-
tivized position.



Concepts of teaching computer science — innovation vs. tradition

Within the interview context concerning the teaching of computer science, we asked the question “Are you a differ-
ent type of teacher in computer science classes (compared to math or other subjects)?”. The spontaneous individual
answers given in the interviews are, in a standardized form, shown in Fig. 3. By far the majority of the respondents
see their role in computer science classes as different from that in their other subjects, especially in mathematics.

Yes, definitely
Yes
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| don't know

Not really

No

Definitely not

0% 10% 20% 30% 40% 50%

Figure 3. ‘Are you a different type of teacher in computer science classes?’

How do the interviewees describe the roles of a computer science teacher in detail? If we extract each ‘meaning
unit” (statement or term) referring to the description of a teacher role from the totality of the interview transcripts, we
find a clear grouping of nine main roles. Some teachers focus on one or two aspects. Most name several different
roles. In detail, they refer to the roles of a ...

® [lecturer: ‘gives a lecture’; ‘imparts knowledge’; “carries knowledge over to students’; ‘says what things are
like’;
distributor of marks: ‘makes assessments of students’ achievements’; ‘gives marks’;
mediator: ‘trouble-shooter’; ‘mediator of conflicts between students’;
problem designer: ‘stimulator’; ‘presents problems’; ‘brings up problems’; ‘invests much time to find prob-
lems, in co-operation with students’;
serviceman: ‘net administrator’; ‘provides the technical environment’; ‘has to take care that it works’;
teamwork manager: ‘planner of projects and teamwork’; ‘project manager’; ‘organizer of the working proc-
ess, planned along with or by the students’; ‘moderator of teamwork’; ‘helps students to make a product’;

® consultant/coach: ‘I’d like best to be a mere answerer of questions’; ‘provider of information’; ‘like a
coach’; ‘walks around or just sitting down until the students come to ask’; “plays the part of a consultant, not
of a “pusher’, an expert, being at the students’ disposal, but keeping out of the way most of the time’;
chairman: ‘chairman’; ‘moderator of discussions’;
member of a team: ‘after overcoming the first difficulties, 1 see myself rather as a member of different
teams’.

teamwork manager
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problem designer
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distributor of marks
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Figure 4. Roles of a computer science teacher.



Fig. 4 shows how many teachers mentioned each particular role. While some of these roles (lecturer, distributor of
marks, mediator) are traditional teacher roles, some are distinctly innovative (teamwork manager, consultant/coach,
chairman, member of a team). Some roles are situated in the border zone between innovation and tradition (problem
designer, serviceman). However, according to the characterizations of these roles given in the interview, they rather
tend towards the innovative side.

teamwork manager
consultant, coach
chairman lecturer
member of a team 62% traditional distributor of marks
roles mediator
26%

innovative roles

problem designer
serviceman

Figure 5. Innovative vs. traditional teacher roles.

It is remarkable that there are more innovative roles than traditional ones and, moreover, that innovative roles are
significantly mentioned more frequently. Only in third place do we find the first traditional role of a lecturer. The
two most frequently named roles (teamwork manager and consultant, coach) are innovative; more than 75% named
at least one of these two roles. Only three teachers did not refer to an innovative role at all. If the frequencies of the
teacher roles are counted not on the basis of the totality of teachers, but on the totality of comments on teacher roles,
the outcome is as shown in Fig. 5. In the spectrum of teacher roles, a dominant part of all comments (62%) refer to
innovative roles.

Computer science versus mathematics — contrasting views and attitudes

As a thorough analysis of the interview statements reveals, this orientation towards innovation may not be under-
stood as a general attitude applying also to the teachers’ other subjects. It is, rather, closely connected to some spe-
cific aspects of the teachers’ conceptions of computer science, which is seen to be in remarkable contrast to the case
of mathematics. In the following, this will be illustrated by some typical quotations referring to three main aspects,
i.e. the educational essentials of mathematics and computer science, the styles of teaching and learning, and the
‘evolutionary status’ of both subjects. The interview questions did not explicitly ask about teaching mathematics.
However, an average of about 8% of all interview texts are comments on mathematics, brought up by the teachers of
their own accord.

The interviews manifest a general difference in the respondents’ views of mathematics and computer science
with regard to educational essentials. The teaching of the two subjects is seen to be “totally different’. While mathe-
matics is seen to be ‘too dry’ and oriented towards theory and formalism, computer science is characterized as ‘more
relaxed’, ‘practical’, ‘concrete’, ‘interdisciplinary’, oriented towards applications, projects, and problem solving. ‘“To
me, the problem with math is that the questions are normally not as practical as they are in computer science. In
math, many problems do not come to that point of everyday life. That’s more distant.’

This contrast is also reflected in the teachers’ different conceptions regarding the styles of teaching and learning
in mathematics compared with computer science classes. In math — where teachers ‘often fall back on class teaching’
— teaching is characterized as ‘more formal’, “frontal’, ‘teacher-centered’, and ‘dogmatic’, whereas teaching com-
puter science — where the teacher ‘can let students manage things in their own way’ — is associated with keywords
such as ‘teamwork’, ‘creative’, ‘active’, ‘co-operative’, ‘co-determined’. ‘In computer science you are rather ‘a peer
amongst his peers’ and sometimes you have to take care not to be too close friends with your students: this might
happen frequently in computer science, whereas in math you still tend to a teacher-centered lecturing.’

Some teachers explain their contrasting concepts of mathematics as opposed to computer science by the different
‘evolutionary status’ of both subjects. They regard mathematics — where “all is stiffness and inflexibility’ — as “old’,
‘completed’, ‘formalized’, and ‘inflexible’ and in contrast to this, computer science — ‘there is always a kind of
change and evolution’ —as ‘new’, “in a state of flow’, and ‘open-ended’. The fact that in computer science ‘things are
changing and still developing’ is seen as a ‘chance to try out new things’, while in math “old teaching patterns and



methods are irresistible’. ‘In computer science, one is engaged in developing things further, whereas in math one
sticks to didactic concepts which have been used a thousand times.’

In order to understand the causal connection between the teachers’ readiness for innovation on the one hand and the
circumstances of computer science as a school subject on the other hand, we may consider two basic approaches, two
models of interpretation:

Model 1 Computer science teachers a priori are innovative. Only innovative teachers will choose computer
science as a new subject and will be motivated to undergo the trouble of lengthy in-service training programs
or university studies of this subject, as most German computer science teachers actually did.

But if this interpretation applied, the innovational attitude of computer science teachers should be manifest also in
their other subjects. However, from the interviews it became evident that for most of the interviewed teachers inno-
vation is confined to their activities in computer science. On the basis of the interview material, along with an analy-
sis of the situation of a computer science teacher in Germany, the following model can claim more validity:

Model 2 Computer science teachers a posteriori are innovative. Teaching computer science ‘makes’ a teacher
innovative. Computer science as a school subject is not yet supplied with a sound background of didactic ori-
entation and specific teaching methods. In this situation, and in contrast to math, teachers are forced — and
free — to search for suitable models, even outside traditional schooling.

At present, we can observe a change of teaching paradigms in German computer science classes. The traditional
paradigm ‘school’ — characterized by keywords such as ‘lesson’, ‘homework’, ‘classroom test’, ‘teaching’, ‘assess-
ing’, ‘examining’, ‘educating’ etc. — has not yet been replaced, but is increasingly paralleled and superposed by the
new paradigm of ‘professional life’ with the leading concepts of ‘project’, ‘product’, ‘team’, ‘discussion’, ‘consult-
ing’, ‘delegating’, and ‘co-operating’ (cf. Fig. 6).

school
lesson
. homework
professional classroom
life test ...
project to teach
product to assess
team to examine
discussion ... to educate ...
to consult
to delegate
to co-operate ...

Figure 6. Two paradigms of teaching computer science.

This ongoing change, however, follows a process of intentional didactic innovation and purposeful development
of a new teaching style only in particular cases. More often, it occurs by adopting a ready-made system of approved
social patterns from a domain outside school. This domain is the world of computer and software professionals,
which has (consciously or subconsciously), in most teachers’ views, obtained the status of a réle model. The orienta-
tion of a school subject towards a model from outside school is a feature specific for computer science, revealing one
characteristic aspect of the nature of ‘computer world views’. Even in computer science as an innovative school sub-
ject, innovation appears not to be achieved by the innovative teacher, who creates a new paradigm of teaching — but
rather by a new paradigm that makes a traditional teacher act in an increasingly innovative style.

Computers and affectivity

Whereas the interview statements concerning computer science as a scientific discipline are characterized by a dis-
tinct ‘computer distant’ perspective, the role of the computer in the domain “school’ is mostly seen in a reduced, but
still central position, as mentioned above. However, the statements concerning computers and society in many ways
form a reasonable contrast to this. Most of the teachers attach great importance to the computer in this domain and
see its role here as central. Significantly, frequent individual assessments are made and the comments are often emo-
tionally charged. The assessments are highly individual, forming a wide range from euphoric agreement to vehement
disapproval, from confidence to extreme worry. As an illustration, we quote from different interviews:



® ‘The computer is the central medium — it secures our standard of living.’

® ‘] think we could not survive without the computer.’

® ‘At the moment we are living in a time where the computer is being overestimated, simply because it is a
time of radical change. In 50 years, it would be a dead-normal thing, like a kitchen appliance today.’
‘The technological instrument computer has infiltrated us.’
‘A radical change is going on. How it will develop — there are so many tendencies — it’s a horror. One could
barely describe it in words — it will crash.’

® ‘|t depends on what man makes from it, it’s another kind of atomic bomb coming our way.’

Table 1. Global interview profile.

fields of experience

science school society
. central,
role of the computer peripheral but qualified central
importance assigned to the computer little medium high
frequency of assessments low medium high
affectivity of the statements none to low medium medluhr?g';]o very
expert teacher private person
social roles

There is a widely held opinion that having been familiar with computers for a long time, a computer science
teacher’s attitude towards computers could not be characterized by fear nor fascination. Some of the interviews and
the quotations above, however, reveal a totally different view. On the one hand, some teachers describe their atti-
tudes toward computers from a subliminal perspective of fear. On the other hand, teachers with many years of com-
puter experience are revealing their high-flying expectancy of the skills of a next generation of computers, exposing
contrary positions of both euphoric agreement and extreme worry within a narrow context.

If analysis of the interviews with respect to the computer concepts is done by applying the parameters contents
(what does the interviewee say about the computers’ role in the specific field?), assessments (how, and how often,
does she or he assess this role?), and affectivity (what is the extent of emotion in the presentation of this role?), it
turns out that there is essentially one global interview-profile which characterizes all interviews (see Table 1). There
is a significant correlation between the importance assigned to the computer, the frequency of assessments, and the
affectivity coloring the corresponding statements.

private person

increasing
importance
assigned to
the computer

increasing
extent of
affectivity

Figure 7. *Shell model’.

From science via school to society, the computer views of each interviewee take a more and more emotionally
charged perspective, while the role of the computer is increasingly considered as central and relevant. According to
the hypothesis that higher affectivity refers to deeper layers of personality, we may depict the situation in a “shell



model’ as shown in Fig. 7. The more the theoretically specialized character of the field declines and social aspects
and everyday experiences become determining, the greater the importance (approving or disapproving) attached to
the role of computers becomes. The more the human being is involved, the more the phenomenon computer is seen
as ‘explosive’. The view of the expert is not, as one would expect, computer-centered, but the view of the private
person is.

Conclusions

As the study revealed, a teacher’s individual computer world view or computer concept, i.e. her or his attitudes to-
wards computers and the context in which they appear, represent a decisive factor in the teaching (and learning)
process. The cognitive components constitute only a part of these computer concepts, the other parts being the affec-
tive and the operational components. The study showed that it is first and foremost the affective component which
has a selective and directive impact on the teachers’ performance. Even young teachers who on the surface seem to
be well-equipped for their jobs as mathematics and computer science teachers did not altogether prove to be without
an apprehension of computers, if subconsciously. Such observations gain even more importance, as the outcomes of
the study indicate that a teacher’s computer concept may constitute a ‘hidden curriculum’.

In order to contribute to an adequate training of mathematics and computer science teachers, an analysis of their
computer concepts should be integrated into current research, and especially so on an intercultural level. Further
studies should be undertaken to allow a deeper insight into the affective aspects of teaching and learning processes in
the realm of mathematics and the new media.
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