This article was downloaded by: [Statsbiblioteket Tidsskriftafdeling]

On: 19 February 2015, At: 05:43

Publisher: Routledge

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Studies in Higher Education

"
. ‘{":_ Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/cshe20

Identifying and formulating teachers’
beliefs and motivational orientations

e for computer science teacher
education
CRHE v Elena Bender®, Niclas Schaper®, Michael E. Caspersen”, Melanie

Margaritis® & Peter Hubwieser®
& Department of Social and Human Sciences, University of

C Mark Paderborn, Paderborn, Germany
rossiiar b Department of Computer Science, Aarhus University, Aarhus,

Click f dat Denmark
ICK TOF LDAAES ¢ Department of Computer Science, University of Paderborn,

Paderborn, Germany

4 TUM School of Education, Computer studies teaching, Technical
University Munich, Munich, Germany
Published online: 03 Feb 2015.

To cite this article: Elena Bender, Niclas Schaper, Michael E. Caspersen, Melanie Margaritis
& Peter Hubwieser (2015): Identifying and formulating teachers’ beliefs and motivational
orientations for computer science teacher education, Studies in Higher Education, DOI:
10.1080/03075079.2015.1004233

To link to this article: http://dx.doi.org/10.1080/03075079.2015.1004233

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the
“Content”) contained in the publications on our platform. However, Taylor & Francis,
our agents, and our licensors make no representations or warranties whatsoever as to
the accuracy, completeness, or suitability for any purpose of the Content. Any opinions
and views expressed in this publication are the opinions and views of the authors,

and are not the views of or endorsed by Taylor & Francis. The accuracy of the Content
should not be relied upon and should be independently verified with primary sources
of information. Taylor and Francis shall not be liable for any losses, actions, claims,
proceedings, demands, costs, expenses, damages, and other liabilities whatsoever or
howsoever caused arising directly or indirectly in connection with, in relation to or arising
out of the use of the Content.



http://crossmark.crossref.org/dialog/?doi=10.1080/03075079.2015.1004233&domain=pdf&date_stamp=2015-02-03
http://www.tandfonline.com/loi/cshe20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/03075079.2015.1004233
http://dx.doi.org/10.1080/03075079.2015.1004233

Downloaded by [Statshiblioteket Tidsskriftafdeling] at 05:43 19 February 2015

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden. Terms &
Conditions of access and use can be found at http://www.tandfonline.com/page/terms-
and-conditions



http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Statshiblioteket Tidsskriftafdeling] at 05:43 19 February 2015

Studies in Higher Education, 2015 % Routledge
http://dx.doi.org/10.1080/03075079.2015.1004233

Taylor & Francis Group

Identifying and formulating teachers’ beliefs and motivational
orientations for computer science teacher education

Elena Bender™®, Niclas Schaper”, Michael E. Caspersen®, Melanie Margaritis® and
Peter Hubwieser®

“Department of Social and Human Sciences, University of Paderborn, Paderborn, Germany;
bDepartment of Computer Science, Aarhus University, Aarhus, Denmark; Department of
Computer Science, University of Paderborn, Paderborn, Germany; “TUM School of
Education, Computer studies teaching, Technical University Munich, Munich, Germany

How teachers are able to adapt to a changing environment is essentially dependent on
their beliefs and motivational orientations. The development of these aspects in the
context of professional competence takes place during teachers’ educational phase
and professional practice. The overall understanding of professional competence
for teaching computer science follows the notion of empirical educational research
including beliefs and motivational aspects. This article aims to investigate relevant
domain-specific beliefs and motivational orientations for teaching computer
science and their consideration in curricula for computer science teacher education.
Therefore, results of an expert interview study based on the critical incident
technique lead to appropriate descriptions for domain-relevant beliefs and
motivational orientations. Results of a broad curriculum analysis indicate how
those aspects are normatively considered in computer science university and
school education in Germany. The data were analyzed by qualitative content analysis.

Keywords: teachers’ beliefs; motivational orientations; teacher education;
computer science; competence modeling

Introduction

Recent research in teacher education is expanded by questioning which characteristics
can be changed and thus can be acquired by learning. The teacher is in the center of a
learning process and research seeks to explain how teachers themselves are learning
and how they are able to adapt to their changing environment (Kunter and Pohlmann
2009). Most requirements necessary for the teachers’ profession are factors that individ-
uals develop during their educational phase or professional practice. Next to cognitive
aspects, beliefs and motivational orientations belong to the core of professional compe-
tence which can be acquired in structured learning environments. In this context, the
teachers’ phase of education is assumed to be the most important opportunity for the
development of these aspects (Kunter and Pohlmann 2009).

Regarding computer science teacher education, many challenges can be observed.
First, implemented curricula contain a variety of didactical concepts, goals and learning
contents creating an inconsistent situation. That leads to computer science teachers
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believing that they are not properly prepared to fulfill their job tasks due to (missing)
qualifications (Diethelm, Hildebrandt, and Krekeler 2009).

Second, computer science teachers practicing at schools seem to be in an unfavor-
able situation. Rapid changes in their subject due to fast changing technologies create
high pressure to stay up to date. Furthermore, they are a minor group within the teach-
ing community. With (often) only one computer science teacher at a school, collabor-
ation, for example, to develop teaching material, is quite complicated (Diethelm,
Hildebrandt, and Krekeler 2009). Computer science teachers are also not satisfied
with their own planning and success in teaching (Hubwieser, Miihling, and Brinda
2010). The study conducted in the German State of Bavaria revealed that despite exist-
ing challenging teaching concepts, their implementation in the classroom seems to be
difficult.

To address these challenges, the role of beliefs and motivational orientations is par-
ticularly important. They are supposed to influence how teachers behave in the class-
room and how they cope with a changing environment. The beliefs have the effect
of a lens through which teachers view their world and this influences how they interpret
and evaluate the relevance of incoming information (Reusser, Pauli, and Elmer 2011).
Thus, analyzing teachers’ beliefs addresses challenges of how to implement didactical
concepts or choose contents and learning goals out of various possibilities with few
existing standards.

Furthermore, motivational orientations include the individual motives, goals and
values attributed to their own teaching abilities and thus influence how teachers are
able to cope with the daily job requirements (Kunter and Pohlmann 2009). For compu-
ter science teachers, the daily job requirements are mainly the described insecurities
regarding cooperation and the pressure posed by rapid technological change.

Recent empirical approaches from related subject areas, like mathematics (Kunter,
Baumert et al. 2013; Blomeke, Kaiser, and Lehmann 2008) and the natural sciences
(Riese and Reinhold 2008), include beliefs and motivational factors as a part of pro-
fessional teaching competence, showing the increasing importance of modeling
beliefs and motivational orientations as relevant ability facets. Assuming that they
are acquired and can be changed by learning, competences are understood as perform-
ance dispositions to solve complex situations (Weinert 2001). One further core assump-
tion of recent approaches is ‘domain specificity’, which favors profession-specific
factors over generic attributes. Empirical evidence supports the validity of these
domain-specific approaches (Kunter, Klusmann et al. 2013).

Which domain-specific beliefs and motivational orientations are relevant for teaching
computer science and which importance these aspects actually have for university and
school education remain unclear. Thus, main goals of this article are to investigate and
qualitatively model the relevant domain-specific beliefs and motivational orientations
for teaching computer science at secondary school level and to analyze their implemen-
tation in current guidelines for computer science university and school education.

The research is embedded in the initiative ‘Modeling and Measuring Competencies
in Higher Education’ (KoKoHs; Blomeke and Zlatkin-Troitschanskaia 2013) funded by
the German Federal Ministry of Education and Research (BMBF).

Theoretical framework of teachers’ beliefs

A central challenge in computer science education is that teachers have difficulties in
implementing existing didactical concepts in class (Hubwieser, Miihling, and Brinda
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2010). Teachers’ beliefs are considered a responsible factor of influence in this context.
Beliefs in general represent opinions, evaluations or subjective explanation systems of
individuals (Pajares 1992) and they are responsible for the way individuals are dealing
with information and taking their decisions (Bandura 1986). Literature lacks a consist-
ent definition, but the main idea of the belief construct in the teaching context is that it
structures the teachers’ interactions with students and thus influences perception and
behavior (Voss et al. 2011). Teachers’ beliefs contain understandings and assumptions
about phenomena and processes related to schools and lessons including an evaluating
component (Kunter and Pohlmann 2009). They do not exist independently, but build a
bundle of more or less complex thoughts (Reusser, Pauli, and Elmer 2011). The intro-
ductorily described lens or filter effect of beliefs for evaluating and interpreting incom-
ing information (Reusser, Pauli, and Elmer 2011) makes them important for research in
teacher education. Teachers’ beliefs are highly responsible for behavior in class and for
differences in instructional behavior (Fennema, Carpenter, and Loef 1990; Stipek et al.
2001). They are closely related to a subject area, as Koballa et al. (2000) could confirm
in the natural sciences. Various interdependencies of teachers’ beliefs and professional
learning are reported in the subject mathematics (Goldsmith, Doerr, and Lewis 2014).
For example, whether teachers reject or embrace elements of their professional devel-
opment depends on their beliefs (Warfield, Wood, and Lehman 2005).

As the subject area of computer science is sparsely investigated, relevant domain-
specific teachers’ beliefs are derived from corresponding results of recent empirical
studies, particularly in mathematics and the natural sciences. For further analysis,
two domain-specific ‘bundles’ of teachers’ beliefs are described. First, beliefs about
the subject area of computer science and its teaching and learning are relevant, for
example, for implementing didactical concepts in class. Second, beliefs affecting the
use of information systems and the handling of data are relevant for teaching computer
science. These beliefs already have high relevance in school education (CSTA 2011).
Students should become sensitive to the use of media and computer systems in early
educational stages. Consequently, their teachers play an important role as they are
expected to develop this sensitivity and the appropriate underlying beliefs.

Beliefs about the subject computer science and its teaching and learning

One major type of belief investigated in mathematics teacher education focuses on the
subject area and its teaching and learning (Goldsmith, Doerr, and Lewis 2014). These
beliefs contain two different aspects. On the one hand, they contain epistemological
beliefs about the subject area, in this case computer science. Epistemological beliefs
are commonly referring to the nature of knowing and the process of knowing (Hofer
2001). On the other hand, they include beliefs about concepts of teaching and learning
in computer science, based on learning theories, and mainly divided into transmissive
and constructivist-orientated beliefs (Dubberke et al. 2008). From a constructivist view-
point, learning is understood to be dependent on the individual’s own constructive cog-
nitive processes and on the role of the subject’s prior knowledge concerning these
constructive processes. This viewpoint is contrasted with the transmission approach
which assumes that students pick up the content presented in the classroom so that
knowledge is transferred directly from the teacher to the students (Dubberke et al.
2008). Positive effects of constructivist beliefs on student achievement are found in
mathematics education (Kunter, Klusmann et al. 2013). Furthermore, in teaching math-
ematics, higher level subject-matter knowledge and pedagogical content knowledge is
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connected to more dynamic beliefs about the subject. These beliefs influence the way
teachers view their teaching and learning either in a constructivist or in a transmissive
way (Blomeke 2012). Referring to results from mathematics, beliefs about the subject
and its teaching and learning are considered highly relevant to computer science subject
area with the underlying assumption that constructivist views enhance learning pro-
cesses of computer science students.

Beliefs about data security and privacy

Beliefs affecting the use of information systems and the handling of data already have
high relevance in standards for school education (for example, the K—12 Computer
Science Standards; CSTA 2011) as a sensitive behavior in the context of data and
legal aspects is particularly important for the use of media and computer systems.
Regarding university education, the taskforce of ACM (Association for Computing
Machinery) and IEEE (Institute of Electrical and Electronics Engineers 2012) in the
USA includes these aspects in their standards for studies in the subject of computer
science. They put a strong focus on aspects concerning intellectual property, privacy
and civil liberties, security policies, laws and computer crimes. This has implications
for related teachers’ beliefs, especially the sensitivity for using and handling data,
often with regard to the internet. These beliefs contain a sensitive understanding of
community values and the laws by which we live, maintaining awareness of conse-
quences, of ethical dissent and whistle blowing with regard to information systems.
By being sensitive in this way, ethical issues that arise, for example, in software devel-
opment, are adequately identified and candidates are able to determine how to address
them technically and ethically (ACM/IEEE 2012). Moreover, these beliefs include a
critical attitude towards reliability, authenticity and accuracy of information (CSTA
2011). For further analysis, the named aspects are summarized as beliefs about data
security and privacy.

Theoretical framework of teachers’ motivational orientations

The teaching profession requires high concentration, abilities to cope with failures, to
get along with new situations and self-responsibly to take care of learning opportu-
nities (Kunter and Pohlmann 2009). Whether a teacher is able to cope with the
daily job requirements is dependent on the overall motives, goals or values attributed
to his/her own teaching abilities, summarily referred to as motivational orientations.
Motivational orientations describe the individually varying reasons for initiation,
direction, intensity and maintenance of behavior (Kunter and Pohlmann 2009, 273).
Referring to research in mathematics teacher education (Kunter, Baumert et al.
2013), motivational orientations that cover aspects of intrinsic motivational orien-
tations and teaching efficacy can be described and specified for teaching computer
science.

Intrinsic motivational orientations: aspects of enthusiasm and interest belonging
to teaching computer science

Some motivational characteristics, such as interest and intrinsic motivation, can be
observed as a group of socio-cognitive constructs forming a basis for functional behav-
ior in the school context (Pintrich 2003). These constructs have an experiential
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component of joy and excitement in common during the engagement with an object or
activity. Several studies revealed two dimensions of intrinsic motivational orientations
(atopic and an activity related dimension) being relevant for students’ adaptive and per-
sistent learning (Eccles and Wigfield 2002). Furthermore, intrinsic motivation is
assumed to be context-specific as it arises from individuals’ interactions with a
certain context and thus can vary across different situations and contexts (Deci and
Ryan 2000). Also, teacher enthusiasm is closely related to intrinsic motivational orien-
tations; it can be defined as a degree of positive experience during teaching in the
subject area (Kunter et al. 2011). Implicitly, it is considered to be demonstrated by
certain behavior such as a motivating teaching style (Long and Hoy 2006). A central
assumption concerning this construct is that teachers who are enthusiastic about their
profession invest more effort in teaching, have higher endurance and receive better
results (Eccles and Wigfield 2002). Teacher enthusiasm is assumed to be highly respon-
sible for effective instruction and student motivation (Long and Hoy 2006). As context
specificity is assumed for intrinsic motivational factors in general, this may also be true
for teacher enthusiasm. In the context of computer science, this means interest regard-
ing the rapidly occurring innovations in the subject area creates a willingness to stay up
to date and enhances the motivation for learning. In congruence with the construct inter-
est, the construct enthusiasm can be divided into one dimension belonging to the
subject area and another dimension belonging to teaching in the subject area (Kunter
et al. 2011).

Computer science teaching efficacy

Computer science teachers lack confidence to properly fulfill their job tasks
(Diethelm, Hildebrandt, and Krekeler 2009). The subjective appraisal of the perceived
competence (in contrast to the actual competence) has to do with teachers’ sense of
efficacy (Woolfolk Hoy and Spero 2005). Teachers’ efficacy is a judgment of their
capabilities to yield desired outcomes of student engagement and learning (Woolfolk
Hoy and Spero 2005). It influences thoughts and emotions that are responsible for
expending substantial effort in pursuing goals or in persisting in case of difficulties.
Teachers’ efficacy is strongly related to behavior in the classroom. In mathematics
teaching, it influences especially the implementation of new content in class (Gold-
smith, Doerr, and Lewis 2014). Furthermore, it has an effect on students’ achievement
(Ross 1992) and on students’ motivational orientations (Midgley, Feldlaufer, and
Eccles 1989). Teaching efficacy is defined as context- and subject matter-specific
(Tschannen-Moran and Woolfolk Hoy 2001). Thus, this research seeks to specify rel-
evant aspects of self-efficacy for teaching computer science. With regard to refinement
of the category, research has mainly confirmed the existence of two factors (Hoy and
Woolfolk 1993) distinguishing personal teaching efficacy reflecting self-efficacy
beliefs about one’s own abilities to teach, and (general) teaching efficacy, reflecting
profession-related outcome expectancies based on Bandura’s (1986) social cognitive
theory. Although researchers agree on teachers’ efficacy being situation-specific,
defining the level of specificity is one of the most difficult issues to be resolved (Pin-
trich and Schunk 1996). Despite some attempts at measuring subject-specific efficacy
(Riggs and Enochs 1990), existing research efforts do not seem to be applicable to
refine the category of efficacy for teaching computer science. This approach
assumes teachers’ efficacy being specific for teaching computer science with regard
to subject-specific challenges.
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Research questions

The described theoretical analysis leads to assumptions that two main areas of beliefs
(beliefs about the subject and its teaching and learning, and beliefs about data security
and privacy) and two main areas of motivational orientations (intrinsic motivational
orientations and teaching efficacy) are particularly important for teaching computer
science. These assumptions are made by referring to results from related subject
areas (like mathematics and the natural sciences) and overall standards for computer
science school education and subject-matter education at universities, although
without considering the specific form or requirements of these beliefs for computer
science teachers. How the specific description of these types of beliefs and motivational
orientations exactly looks and what importance these aspects actually have in the edu-
cational process for teaching computer science still remain unclear.

Thus, this research should clarify at first, how domain-specific beliefs and motiva-
tional orientations can be described adequately for teaching computer science in the
overall context of modeling professional competence.

The second remaining question is how the defined aspects of beliefs and motiva-
tional orientations are currently taken into consideration in computer science teacher
education and school education.

Methodology

Two empirical steps are conducted to clarify how computer science-specific beliefs and
motivational orientations can be described and modeled adequately and which impor-
tance they have in the educational process for teaching computer science. An expert
interview study should give answers to the first research question. A broad document
analysis of curricula for teacher education at universities and for school education is
used to answer the question of how these aspects are considered in the educational
process.

Expert interview study

To address the first research question regarding the refinement and the adequate
description of computer science-specific teachers’ beliefs and motivational orientations,
an expert interview study serves as an empirical approach and as the basis to accom-
plish this goal.

The interviews are conducted based on the critical incident technique. The method
was modified slightly so that the experts were confronted with challenging situations
(teaching scenarios developed by us) and had to answer the question how to cope best
with the teaching demands in the situation. In the interview study, we used separate
scenarios for the empirical elaboration of pedagogical content knowledge and tea-
chers’ beliefs and motivational orientations. Each scenario was embedded into a con-
crete computer science teaching context. To address each of the four described beliefs
and motivational orientations, specific scenarios were developed. The experts were
interviewed with open questions to describe all relevant requirements in the given
situations. At the beginning of the interview, the experts received detailed information
about the research background, the interview technique and the understanding of
competences. Every interview lasted about one hour and included two or three
scenarios.



Downloaded by [Statshiblioteket Tidsskriftafdeling] at 05:43 19 February 2015

Studies in Higher Education 7

The following scenario is an example of a teaching scenario we used to identify and
refine beliefs about the subject computer science and its teaching and learning. Scen-
arios with similar challenging situations were used with regard to the other types of
beliefs and motivational orientations.

Imagine starting your career as a computer science teacher at a new school. The contextual
conditions offer enough room for your own ideas regarding the subject computer science.
You are now facing the challenge to prepare and structure your lessons to adequately acti-
vate all students.

The main questions for the experts are:

* Which beliefs about the subject computer science do you assume being useful and
conducive in this situation?

* Which beliefs about teaching and learning in computer science enhance students’
active learning?

The interviews were conducted with a sample of 17 experts. Eight of them (three female and
five male experts) are experienced computer science teachers practicing in secondary
schools. They all passed a university degree in computer science (diploma or state exam-
ination) and are aged between 31 and 60 years, with a work experience between 3 and 30
years of teaching in the subject. Nine experts (two female and seven male experts) were
selected from the domain of teacher education at university. This includes six professors
and three assistant professors for computer science teacher education. They are aged
between 36 and 60 years, and hold their current position at least for 1 year and at
maximum for 14 years. Beyond experience from their current position, this group has a pro-
found background of teaching practice and/or research in teacher education. When acquir-
ing the sample, certain criteria are considered as described to represent different fields in the
educational system and different federal states in Germany and to ensure an experienced
and broad view on competent behavior, helpful beliefs and motivational orientations.

Allinterviews were recorded and systematically transcribed to ensure a reliable analy-
sis. The data were analyzed (1) by a structuring qualitative content analysis technique and
(2) a summarizing qualitative content analysis technique, according to Mayring (2010).
Both types are analytical techniques for the coding of text material and follow certain
strict rules. For the structuring analysis technique (see Mayring 2010, 93 ff.), the
coders agreed on a coding manual in which the constructs of beliefs and motivational
orientations are defined theoretically and the rules for extracting and coding the intervie-
wees statements (called ‘coding units’) are determined. Essentially, one coding unit con-
tains one sense-making unit. Working with the text material, the relevant statements of the
interviewees were identified and in this step deductively allocated to the four categories of
beliefs and motivational orientations described in the theoretical framework.

After structuring the text material, the summarizing analysis technique (see
Mayring 2010, 68 ff.) was used to generate the refining descriptions of the beliefs
and motivational orientations. Therefore, the structured statements of the experts
within each category of beliefs and motivational orientations are paraphrased and gen-
eralized according to Mayring’s (2010, 70) Z1- and Z2-rules. The raw statements of the
experts are transformed into abstracted statements by reducing them to their core
content. That includes withdrawing all text parts which are not directly content-relevant
(e.g. explaining or repeating passages) and transforming the statements to a similar
level of language regarding their level of abstraction. To interpret and generalize the
statements, also theoretical assumptions relevant to the investigated constructs of
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beliefs and motivational orientations are considered. In a further step, the generalized
paraphrases within the categories of beliefs and motivational orientations are reduced
according to Mayring’s (2010, 70) Z3- and Z4-rules. Synonymous paraphrases are
withdrawn. Paraphrases including similar contents are bundled and integrated into
one and thus finally, the remaining central paraphrases serve in a rather inductive
way for refining and specifying the four overall categories of beliefs and motivational
orientations for teaching computer science and are described in the results section.

To take care of reliability issues concerning the use of the structuring technique, 20%
of the expert interviews were analyzed by two raters using Cohen’s (1960) Kappa as a
measure for inter-rater agreement. For the interpretation of Kappa, Landis and Koch
(1977) propose that values of more than .61 show substantial agreement and more
than .81 confirm (almost) perfect agreement. The inter-rater agreement for the raters
was found to be outstanding for the interview study with Kappa =.86 (p <.001) concern-
ing the first-level categories of the beliefs and motivational orientations.

Curricular analysis

To address the second research question of how beliefs and motivational orientations
are taken into consideration in computer science teacher education, a document analysis
of curricula for secondary education in Germany is undertaken. As curricula represent
the normative contents and objectives of computer science university and school
education, the intended implementation of aspects in these guidelines indicates
which relevance they normatively have for the education in computer science. Curricula
for universities and schools were considered in parallel because they both contain
learning goals about computer science education with regard to knowledge, abilities
and attitudes that should be taught in computer science classes.

To conduct this research step, all available curricula (43) for computer science
teacher education from German universities and school curricula of six federal states
were collected. Three university curricula were being revised, and were thus not avail-
able at the point of our data collection. Selection criteria for school curricula are the
three most recently developed ones and curricula of the three largest German federal
states by population.

The data were also analyzed by a structuring qualitative content analysis technique
according to Mayring (2010). All relevant text parts of the curricula are systematically
allocated to the four theoretically described types of beliefs and motivational orien-
tations. Additional aspects that may arise in the curricula would be analyzed to comp-
lement the aspects of beliefs and motivational orientations. The coders also agreed on a
coding manual in which the categories are defined and the coding units are determined.
For example, coding units to describe a category minimally consist of a word or a part
of a sentence (like ‘critical openness’) and at maximum include complete sentences or
even passages. The inter-rater agreement was found to be substantial with Kappa = .63
(p <.001) for the curricular analysis concerning the first-level categories of the beliefs
and motivational orientations.

Results

The results from the interview study are considered to describe and define teachers’
beliefs and motivational orientations in computer science referring to experts’ knowl-
edge. Experts’ statements lead to a subject-specific refinement of these aspects in
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terms of specific subject-related formulations of beliefs and motivational orientations.
The results from the curricular analysis reveal how beliefs and motivational aspects are
intended to be implemented in these documents and thus indicate the normative impor-
tance of these aspects for the educational process.

Formulations of teachers’ beliefs with regard to computer science

The formulations of relevant beliefs for teaching computer science are refining the two
areas of beliefs described in the theoretical framework: beliefs about the subject area
computer science and its teaching and learning, and beliefs about data security and
privacy.

Beliefs about the subject area computer science and its teaching and learning refer to
concepts of epistemological beliefs and a constructivist view on teaching and learning
which have proven to be empirically relevant. The interview partners paid a high atten-
tion to beliefs about computer science and its teaching and learning. The above-
described integrative view on epistemological and learning-theoretical beliefs
suggested for the subject area mathematics seems to be suitable, too, in the case of com-
puter science. In line with those results, expert statements led to conclusions that the
view on the subject area computer science and how knowledge is structured in this
area is closely connected to the view on how students’ subject-specific learning pro-
cesses take place (Table 1). The subject computer science is often seen as a discipline
where office applications or programming languages can be learned. But experts
strongly underline that a complex view on the subject area is necessary for students’
learning processes. This complex view on the subject is mainly expressed twofold.
First, the subject should be conceived as a discipline which is guided by superordinate
strategies and principles (Table 1, 1.1.1.). Second, a process view on the subject is
strongly conducive (Table 1, 1.1.2.).

The strong connection between beliefs about the subject and beliefs about teaching
and learning is also shown by the expert statements. Teachers should not only believe
that the subject of computer science consists of superordinate strategies and principles,
but they should also be convinced that the learning processes of students take place in
the context of those strategies and principles (Table 1, 1.2.1). Experts also consider a
constructivist view on learning and teaching in computer science as the most conducive
(Table 1, 1.2.2).

Table 1. Formulation of competence-relevant beliefs about the subject computer science and
its teaching and learning.

1. Competence-relevant beliefs about the subject computer science and its teaching and
learning

1.1. Beliefs about the subject computer science

1.1.1. Teachers are convinced that superordinate strategies and principles make up the subject
computer science and are relevant to all sections of subject

1.1.2. Teachers are convinced that the core of computer science consists of processes that can
always be traced back to relationships between information and data

1.2. Beliefs about teaching and learning in computer science

1.2.1 Teachers believe that learning in all parts of computer science takes place in the context of
the superordinate strategies and principles of the subject

1.2.2. Teachers are convinced that students are learning in an autonomous way and by critically
approaching computer science contents
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Table 2. Formulation of competence-relevant beliefs about data security and privacy.

2. Competence-relevant beliefs about data security and privacy

2.1. Teachers are convinced that sensitivity to the responsible use of their own and other
persons’ data is important content for computer science lessons

2.2 Teachers have a critical and evaluative attitude towards dealing with computer science
systems and always check on their credibility and authenticity

2.3. Teachers are convinced that knowledge of the legal framework is essential for responsibly
dealing with computer science systems

Beliefs about data security and privacy have an even higher degree of subject speci-
ficity. The described theoretical derivation of these beliefs is mainly based on subject-
specific standard documents from university education in the subject matter and from
school education, without considering the special requirements for teachers. The
experts’ statements led to formulations in this belief area considering specific require-
ments in teaching computer science. The formulations described in Table 2 focus on
three main aspects: concerning sensitivity to the use of data (Table 2, 2.1.), a critical
and evaluative attitude when dealing with information systems (Table 2, 2.2.)
and the conviction that legal aspects are an essential part of computer science
(Table 2, 2.3.).

Formulations of motivational orientations for teaching computer science

Expert statements were strongly supporting the domain-specific refinement of the two
theoretically described aspects of motivational orientations for teaching computer
science: intrinsic motivational orientations and computer science teaching efficacy.
Intrinsic motivational orientations contain context-specific aspects of joy and exci-
tement with regard to a certain topic or action. The results from the expert interview
study led to a domain-specific refinement of these aspects for teaching computer
science that go in line with previous empirical findings from the subject area of math-
ematics (see Kunter et al. 2011). Statements of the experts mainly reinforce aspects of
enthusiasm or interest, on the one hand, with regard to the subject area, and on the other,
with regard to teaching in the subject area (shown in Table 3). The specific formulations
belonging to enthusiasm and interest with regard to the subject area focus on enthu-
siasm with regard to content in the subject area in general (Table 3, 3.1.1.), on the
one hand, and on interest for technical innovations, leading to a willingness to
expand the own knowledge (Table 3, 3.1.2.), on the other hand. The descriptions

Table 3. Formulation of competence-relevant intrinsic motivational orientations.

3. Competence-relevant intrinsic motivational orientations

3.1. Enthusiasm and interest with regard to the subject

3.1.1. Teachers have a high level of enthusiasm for the subject content in computer science

3.1.2. Teachers have a high level of interest for technical innovations in computer science and
are willing to expand their own skills and knowledge

3.2. Enthusiasm and interest with regard to teaching in the subject

3.2.1. Teachers positively experience their teaching in computer science and convey joy and
enthusiasm to their students

3.2.2. Teachers have a strong interest in the learning development of their students in computer
science
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Table 4. Formulation of competence-relevant computer science teaching efficacy facets.

4. Competence-relevant computer science teaching efficacy facets

4.1. Efficacy referring to the specific tasks in computer science

4.1.1. Teachers trust in their abilities to deal with the contents of the subject, in particular with
respect to innovations and aspects of the legal framework

4.1.2. Teachers trust in their abilities to develop subject-specific solutions in computer science
lessons ad hoc

4.2. Efficacy referring to the profession as computer science teacher

4.2.1. Teachers trust in their abilities to perform competently in computer science lessons with
regard to changes belonging to subject content and the handling of data

4.2.2. Teachers feel able to solve critical situations in computer science lessons (i.e. in dealing
with students or technical equipment)

referring to teaching in the subject area mention a positive experience with the teaching
process itself (Table 3, 3.2.1.) and also interest in the learning development of computer
science students (Table 3, 3.2.2.).

The second area of the motivational orientations assumed in theory to be relevant
for teaching computer science is the construct of teaching efficacy. It is described as
a judgment of their own teaching capabilities in the context of subject-matter teaching
competences with only a few existing attempts of subject-specific descriptions. Results
from the interview study led to a domain-specific teaching efficacy referring to subject-
specific tasks and to profession-specific tasks for teaching computer science (described
in Table 4). These dimensions seem to be related to each other as (prospective) teachers
should not only trust in their abilities to deal with new developments in the subject
(Table 4, 4.1.1.), but should also trust in performing competently in front of students
with regard to these new contents (Table 4, 4.2.1.). Further aspects of domain-specific
teaching efficacy of computer science teachers refer to trust in their own abilities to
develop subject-specific solutions ad hoc in class (Table 4, 4.1.2.) and the conviction
of the ability to solve critical situations in lessons (Table 4, 4.2.2.).

In summary, the interview study supports the domain-specific refinement of the areas
of beliefs and motivational orientations described in the theoretical framework. Results
can be considered as the first attempt for concrete subject-specific formulations in the
depicted fields of computer science teachers’ beliefs and motivational orientations.

Consideration of beliefs and motivational orientations in curricula for university
and school education

The described results show how the defined beliefs and motivational aspects are
implemented in curricula for university and school education and indicate which impor-
tance these aspects normatively have for the educational process.

Referring to 49 analyzed documents (43 university curricula and 6 school curri-
cula), 60% (29) of the curricula contain aspects regarding the described beliefs and
30% (15) of the curricula consider aspects of the depicted motivational orientations
as described in Table 5.

According to the four investigated types of beliefs and motivational orientations,
their consideration varies among the analyzed documents. The beliefs about data
security and privacy have the highest relevance in the analyzed curricula; 40% of
all documents include these beliefs. The 6 examined school curricula all focus
on aspects concerning beliefs about data security and privacy and one-third of
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Table 5. Number of curricula which consider the specific types of beliefs and motivational
orientations.

Categories

Motivational
Beliefs orientations

1. Beliefs about the
subject computer 2. Beliefs about 3. Self- 4. Intrinsic

science and its data security  efficacy motivational
Number of curricula teaching and learning and privacy facets  orientations
University curricula 8 14 1 12
(total: 43)
School curricula (total: 6) 1 6 2 0
Curricula (total: 49) 9 20 3 12

the 43 university curricula do, too. For example, a text passage of a school curri-
culum belonging to this type of beliefs is called ‘respect of intellectual property’
(translated from Ministry of Cultural affairs, Youth and Sports Baden Wiirttemberg
2004, 441).

The beliefs about the subject area and its teaching and learning are considered by
nearly one-fifth (9) of the 49 curricula. Eight universities reinforce those aspects and
among the school curricula, one concentrates on this area of beliefs. For example,
the beliefs about the subject area and its teaching and learning are described as
‘methods to promote autonomous learning in the lessons’ (translated from Georg-
August-University of Géttingen 2011, 39).

With regard to the motivational orientations, aspects of intrinsic motivational orien-
tations are mentioned in one-quarter of the examined curriculum documents. But these
aspects are only spread among the university curricula: 12 documents (one-third) cover
aspects of intrinsic motivational orientations, but no school curriculum does. Con-
sidered aspects mainly refer to the field of openness towards new IT developments
(e.g. ©...represent a critical openness towards new IT developments’ (University of
Education Schwibisch Gmiind 2012, 81).

Finally, aspects of self-efficacy are only included by three of the examined docu-
ments, two school curricula and one university curriculum. The efficacy facets con-
sidered in those curricula only refer to subject-specific tasks. For example, a relevant
description is ‘to be confident when dealing with a software, even if the whole range
of functions cannot (yet) be mastered’ (translated from Ministry of Education and
Science of Land Schleswig-Holstein 2002, 28).

Discussion and conclusion

Results from this research reveal firstly which types of beliefs and motivational orien-
tations are relevant in the sparsely investigated field of computer science teacher edu-
cation and secondly how these aspects are currently implemented in curricula for
university and school education.

Regarding the first point, the main results from the conducted expert interview
study are the identification and formulation of concrete domain-specific beliefs and
motivational orientations. Their identification and specific description are the first
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attempt in the research field of computer science teacher education. Results are in the
long run assumed to enhance the unfavorable situation for computer science teachers at
schools. This includes, for example, uncertainties regarding the implementation of
modern constructivist didactical concepts or the fulfillment of job tasks properly as
described in the introduction. Future research should clarify which beliefs and motiva-
tional orientations teacher students in computer science actually have, how beliefs and
motivational orientations during the educational phase are related to future teaching
success in the subject, and which differences exist between beliefs and motivational
orientations in the educational phase and professional practice. Future challenges are
to develop valid measurement instruments to determine the occurrence of the described
beliefs and motivational orientations among computer science student teachers and
experienced teachers. The development of subject-specific measurement approaches
is anything but trivial. With regard to the examined constructs of teachers’ beliefs
and motivational orientations, existing measurement approaches mostly refer to self-
assessment and small convenience samples with open methodological questions
(Tschannen-Moran and Woolfolk Hoy 2001; Schraw and Olafson 2008). Moreover,
it is essential to investigate how motivational factors and beliefs should be operationa-
lized and can be measured to implement them into the educational process. Such
assessment approaches should focus on reflection processes and conscious rechecking
of the underlying explanatory systems to enable teachers to adapt their beliefs accord-
ing to more professional orientations (Kunter and Pohlmann 2009).

Regarding the second point, the main results of the curricular analysis show that the
examined types of beliefs and motivational orientations are inconsistently implemented
in curricula for computer science teacher education and school education. Beliefs are
considered in nearly twice the number of analyzed documents compared with motiva-
tional orientations. The beliefs about data security and privacy seem to have the highest
importance in the educational process, broadly implemented in curricula for school
education and mentioned in one-third of the curricula in teacher education. With
regard to the formulations describing the beliefs and motivational orientations in the
examined curricula, a rather high degree of abstraction is used. Fragmented or abstract
formulations (like ‘respect of intellectual property’) are used and complete sentences in
terms of competence-relevant formulations describing an expected outcome often miss
the curricula. This leads to conclusions that curricula development processes in some
cases do not systematically refer to research concerned with professional teaching com-
petence. Consequently, if categories of teachers’ beliefs and motivational orientations
prove to be theoretically and empirically relevant requirements, but curricula do not
consider them, then conclusions can be drawn that the curricula have deficits with
regard to these aspects. Thus, curricular gaps can be identified and curricula develop-
ment processes can be enhanced. Reinforced consideration of subject-specific beliefs
and motivational orientations in curricula can be seen as fostering these aspects norma-
tively in the educational process. Further empirical evidence is needed to draw con-
clusions for classroom situations. Especially, research about how the determined
domain-specific beliefs and motivational orientations affect future teaching success
in computer science and how they are actually spread among students and teachers
can help to resolve related questions.

To summarize, this research is intended as a first step on the way to more specific
descriptions of beliefs and motivational orientations in the context of professional com-
petence for teaching computer science with the overall goal to address the existing
domain-specific challenges in teacher education.
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