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ABSTRACT
Computing education research applies theories from the social
sciences to build deep understanding of factors that influence stu-
dents’ learning process in different educational settings; but in
recent years, computing education researchers have increasingly
developed domain-specific theories and models that address the
challenges and phenomena specific to computing education. Several
literature surveys have addressed these developments. However,
little attention has been given to whether these domain-specific the-
ories and models have actually been applied to improve pedagogical
practices in computing education.

In this paper, we explore domain-specific theories and models
that are related to teaching computing. We present these constructs
and report our findings about their impact on computing educa-
tion pedagogies, based on our analysis of publications that cite the
original papers presenting these theories or models. Based on the
analysis of 1048 papers published between 2005 and 2022 in the
International Computing Education Research Conference (ICER)
and the journals Computer Science Education and ACM Transac-
tions on Computing Education, we identified 31 papers that present
relevant theoretical developments in these areas. We further ana-
lyze how these papers have been cited and discuss their identified
pedagogical use cases in the citing papers. In general, our results
show that while many papers refer to these theories and mod-
els, there are few concrete connections to presented pedagogical
settings and few implications for further research. However, the
papers themselves present interesting and relevant pedagogical
ideas. We discuss these observations and make recommendations
for reporting such connections and implications.

CCS CONCEPTS
• Social and professional topics→ Computing education.

This work is licensed under a Creative Commons Attribution International
4.0 License.

Koli Calling ’23, November 13–18, 2023, Koli, Finland
© 2023 Copyright held by the owner/author(s).
ACM ISBN 979-8-4007-1653-9/23/11.
https://doi.org/10.1145/3631802.3631810

KEYWORDS
computing education, theory, theoretical construct, research,method,
pedagogy
ACM Reference Format:
Lauri Malmi, Judy Sheard, Jane Sinclair, Päivi Kinnunen, and Simon. 2023.
Domain-Specific Theories of Teaching Computing: Do they Inform Prac-
tice?. In 23rd Koli Calling International Conference on Computing Education
Research (Koli Calling ’23), November 13–18, 2023, Koli, Finland. ACM, New
York, NY, USA, 15 pages. https://doi.org/10.1145/3631802.3631810

1 INTRODUCTION
In recent years there has been substantial interest in the use of the-
ory in computing education research (CER). Theories can guide re-
search designs and support the interpretation of collected empirical
data. Theories also have the potential to guide research-based peda-
gogical development work in many ways, from making sense of our
everyday observations to guiding methodological choices [40, 71].
Several reviews have explored the state of the art as evidenced
in the CER literature [30, 35, 66, 67]. In 2019 Computer Science
Education published a special issue ‘Advancing Theory about the
Novice Programmer’ [38], and in 2022-2023 ACM Transactions on
Computing Education published two special issues ‘Conceptualiz-
ing and Using Theory in Computing Education Research’ [36, 72],
which present reviews of specific theories or families of theories,
along with novel theoretical approaches to address the teaching
and learning of computing.

Most of the works mentioned above explore the use of theories
from the social sciences, particularly education and psychology.
There is, however, a growing body of literature that seeks to build
domain-specific theories to support computing education in partic-
ular. Some examples include a model for students’ programming
process by Carter et al. [7], a theory of teaching programming by
Xie et al. [82], and a theory of API knowledge by Thayer et al. [73].
Nelson and Ko promoted the need for such work in their position
paper in ICER 2018 [41]. We have surveyed such developments in
several reviews [32–34].

However, from the point of view of a computing educator, the
value of theories may remain somewhat obscure. Educators are
essentially interested in improving their teaching practice and sup-
porting their students’ learning. While theories can certainly give
insights to help interpret observations on learning processes and
learning outcomes, practitioners are more often looking for rec-
ommendations for selecting or tuning pedagogical practices. They
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would especially value theories that give concise guidance in this
regard. However, such theories are rare. In our recent review [34],
we explored domain-specific theories in the broad area of students’
learning process, underlying factors, and learning outcomes. We
identified 80 theoretical constructs, but found only three that we
classed as fitting Gregor’s label of ‘design & action’ theories [23].
This finding raises the question of whether domain-specific theories
have done anything to improve pedagogical practice in comput-
ing education. We therefore set out to explore the impact of these
theories in some depth, while acknowledging the challenge of this
endeavour. Research that involves surveying or interviewing com-
puting teachers might reveal some of the impact, but while teachers
might articulate when and in what course they adopted the idea
for a change in their teaching, it is unlikely that they would refer
explicitly to a theoretical development in a paper that they have
read or heard about from a colleague. This is especially true for
domain-specific theories, which are unlikely to be discussed in any
pedagogical courses that teachers may have taken, and are not a
common topic of discussion among teachers. We therefore chose
to consider published papers as our data source. If a paper cites
another paper that proposes a domain-specific theory, we are more
likely to find explicit connections between theory and practice in
the authors’ chain of argumentation. Our overall research question
is: What domain-specific theories focusing on teaching have been
developed in CER and what evidence is there of their impact on com-
puting education pedagogical practice, as reported in the literature?

Our previouswork [32–34] focusedmainly on aspects of students’
learning process, such as students’ understanding of computing
topics, errors/misconceptions therein, and their behaviour, perfor-
mance, emotions, and attitudes related to studying. While theories
in these areas might inspire teachers contemplating pedagogical de-
signs, we now complement the work by addressing domain-specific
theories for teaching, pedagogical content knowledge, goal setting,
and assessment, and seeking evidence in the literature as to whether
these have impacted on pedagogical practice.

2 RELATEDWORK
The relationship between an academic discipline and relevant the-
ory has been investigated from a number of different perspectives.
Perhaps most obviously, significant attention has been paid to the
benefits (and indeed the necessity) of theory as a solid basis for
research. The use of theory has been identified as an indicator of
a mature research area [39] and the development of new theories
within a domain is seen as one of the characteristics of an indepen-
dent discipline [17]. Research feeds back by developing and refining
theory in a process that shapes the development of the discipline
itself [14, 76]. Another significant dimension to the relationship is
practice: how do theory and practical application in a discipline
relate to each other? How, and to what extent, can each inform
the other? This section presents some of the existing work that
informs current understanding of these relationships in general,
and describes research that maps the use of theory specifically in
the CER domain.

2.1 Theory in Research and Pedagogical
Development

The development and use of theory have long been seen as fun-
damental to the conduct of research in the sciences, but even in
that context, the concept of a ‘theory’ is hard to define: as Sup-
pes wrote in 1964, “If someone asks ‘What is a scientific theory?’
it seems to me there is no simple answer to be given” [64, p63].
Nevertheless, scientific theory is understood to be a mechanism
that can capture causal relationships, allowing phenomena to be
understood and predicted and providing the accepted bedrock for
research [14]. The interaction between theory and research, char-
acterised by continuing rounds of investigation and refinement,
may be seen as a framework for understanding the evolution of the
subject itself [14, 76].

For disciplines such as education, in which multiple epistemo-
logical and methodological approaches have been applied, there
are varying understandings of the role of theory. For instance, a
case has had to be made for the beneficial role that theory can play
in underpinning qualitative research [14, 49, 50, 65]. Recent work
still indicates the need to “build upon the case that a balanced and
centered use of the theoretical framework can bolster the qualita-
tive approach” [11, p1]. A central issue here is the nature of theory:
where human behaviour is involved, to what extent is it possible to
identify causal theories that can effectively explain and predict [55]?
For such areas of investigation the explanatory and interpretive
roles of theory may be particularly beneficial, allowing aspects of
human behaviour to be modelled and investigated [44, 81]. While
such models cannot be fully predictive, they can assist the explo-
ration and understanding of complex phenomena and of the beliefs
and motivations that underlie them [44, 65]. Theories can provide
different ‘lenses’ to help researchers to frame their work and or-
ganise the analysis of data and interpretation of results [49]. Tedre
and Pajunen [69] discuss in more detail the nature of theory in
computing education.

Another interaction relevant for our work is that between the-
ory and pedagogical development. In common with educational
research in general, CER has at its heart the very practical aim
of improving student learning. As expressed by Nelson and Ko,
“A primary goal of computing education research is to discover
designs that produce better learning of computing” [41, p21]. Ed-
ucational scholarship is not solely for the purposes of furthering
understanding in research; it should also support the development
of evidence-based teaching practice that can meet educational goals
such as improving outcomes. The motivation and starting point for
development work is often the need to find a working solution for a
practical challenge encountered in teaching, not the intrinsic inter-
est of testing the accuracy of some learning theory or framework.
However, once a practical problem has been identified, learning
theories and field-specific theoretical constructs and frameworks
have great potential to guide pedagogical development work in
many ways [71]. Theories may provide us with powerful lenses to
make sense of what is happening in challenging situations. They
help us to organise our observations and see beyond the immediate
mundane observations muddled with a pool of details, clarifying
the needs for development. Theories may also suggest suitable re-
search methods to guide the research-based development work, as
methodological and theoretical perspectives are at least partially
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aligned [40]. Finally, if we aim to contribute to our community’s
knowledge about teaching and learning beyond our immediate
classrooms or institutions we need to be able to communicate what
we have learned in a way that is transferable. In this endeavour,
theorising about one’s research findings on pedagogical innova-
tions and their effects is a powerful tool. Chick [9, p57] summarises
the role of theory in development work as follows “... researchers
can benefit from being aware of their philosophical approach and
theoretical assumptions about learning because it will help them ask
new questions, design better studies, and more strongly articulate their
findings, especially to colleagues with different world views.”

In this paper we adopt our earlier approach of viewing a the-
ory as “a broad class of concepts that aim to provide a structure
for conceptual explanations or established practice, and use such
terms as ‘theories’, ‘models’, and ‘frameworks’ to describe particu-
lar manifestations of the general concept of theory” [35, p29]. The
definition makes reference not only to conceptual explanations but
to a relationship with practice. This paper seeks both to map the
use and development of theory in computing pedagogic research
and to conduct an initial examination of the relationship between
that theory and pedagogic practice.

2.2 The CER Domain
Research in computing education obviously shares common theory
with educational research in general [66, 67], with many of the the-
ories and frameworks used in education and in other social sciences
providing useful structure in CER. The ‘grand theories’ of education
are certainly applicable, and there is clear relevance in approaches
such as the ‘design studies’ methodology examined by diSessa and
Cobb (“iterative, situated, and theory-based attempts simultane-
ously to understand and improve educational processes” [14, p80]).

However, theory relevant to CER is not purely a subdomain
of general education theory: it has considerable crossover with
computing in general in, for example, the development of novel
software and hardware artifacts [34]. Computing research itself
draws on theories and traditions of a number of other disciplines
such as mathematics and engineering [70]. The development of
artifacts and pedagogic frameworks also aligns strongly with re-
search in design science, hence linking it to theory in that field [76].
Some topics are more specifically domain-based. For example, ped-
agogy for teaching programming, a central theme in computing
education, requires a deep understanding of programming as well
as knowledge of more general educational theories such as learning
and cognitive load [34].

CER is a relatively new area of research that grew out of a com-
bination of teaching practice and general pedagogic theory, with
early papers often reporting teaching tools and initiatives [18]. By
2014, Malmi et al. were able to report that while CER was drawing
extensively on theory from other disciplines, CER-specific theories
were much less frequently observed [35]. Eight years later, evidence
from our extensive review of CER publications indicated that a wide
range of new theoretical constructs were emerging, but there was
little refinement of or building upon that theory [34]. According to
models of discipline development, as an emerging area grows and
establishes its own identity, new domain-specific theory is gener-
ated [17, 39] and there is a systematic building of theory based on

previous work [17]. It appears that CER is currently developing in
the first aspect but is yet to fully establish the second.

2.3 Mapping the Use of Theoretical Constructs
within CER

A number of papers have noted the increasing use of theory within
CER [32–34, 41]. Based on our comprehensive review of papers from
three major CER publication venues from 2005 to 2015, we cate-
gorised emerging theories into the following 11 subject areas [32]: 1)
learning/understanding, 2) emotions/attitudes/beliefs/self-efficacy,
3) study choice/orientation, 4) performance/progression/retention,
5) learning behaviour/strategies, 6) perceptions of computer sci-
ence/computing, 7) teaching/pedagogical content knowledge, 8)
assessment/self-assessment, 9) content/curriculum/learning goals,
10) errors/misconceptions, and 11) computing education research.

We defined a theoretical construct (TC) as “a theory, model, frame-
work, or instrument developed through application of some rigor-
ous empirical or theoretical approach” [32, p188], and we examined
citations to TCs in the areas of learning/understanding and learning
behaviour/strategies, finding that domain-specific TCs are increas-
ingly emerging, but 90% of papers that cite them do not actually use
the TC. In our further work, we reviewed the development and use
of theory in the areas of emotions/attitudes/beliefs/self-efficacy [33]
and student learning, studying and progression [34]. Again, there
were many good examples of new CER-specific TCs, but there was
very little evidence of studies being replicated to provide stronger
evidence for a suggested TC.

3 RESEARCH QUESTIONS AND METHOD
Our goal is to explore domain-specific theories and models in com-
puting education that have had an impact on pedagogical prac-
tice. We build on our previous work [32–34], because the broad
definition of theoretical construct (TC) fits very well with our cur-
rent goals. We include first under this definition various statistical
models explaining the relationships between identified concepts.
However, we exclude simple hypothesis testing (which would cover
too much literature to be practical for our purpose). Second, we
include qualitative data-driven categorisations that seek to build
higher-level abstract descriptions of the data, e.g., grounded the-
ories, taxonomies or typologies, but not simple sets of categories
with no further structure. Third, we include models presented as
diagrams or equations with accompanying explanations and ar-
guments. Fourth, we include validated instruments for measuring
particular theory-based concepts, as instruments are often used as
tools for building new theoretical constructs, and they can also be
used in assessment, as we shall see below. Finally, we note that if a
construct (in most cases an instrument) was initially developed in
another discipline and adapted to computing education context, it
was included as a domain-specific TC.

Our previous work focused on literature that revolves around
students, their conceptions, behaviour, and factors affecting them.
In contrast, we now focus on theories and models related to teach-
ing. Using our above-mentioned categorisation of CER literature
(Section 2.3), we are especially interested in literature focusing on
teaching/pedagogical content knowledge, content/curriculum/learning
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goals, and assessment/self-assessment. We are not aware of any de-
tailed analysis of domain-specific theoretical developments in these
areas. Our specific research questions are:

RQ1 What domain-specific theoretical constructs have been
developed in the CER literature to address teaching, peda-
gogical content knowledge, goal setting, curriculum design,
and assessment?

RQ2 How were these theoretical constructs developed?
RQ3 What are the main goals of these theoretical constructs?
RQ4 Towhat degree canwe find evidence that these theoretical

constructs have informed pedagogical practice?

3.1 Data
Our data pool covers all full papers from the ICER conference
and two journals, Computer Science Education (CSE) and ACM
Transactions on Computing Education (TOCE), from 2005 to the
end of 2022. These venues were selected as they all publish long
research papers, where theoretical developments are likely to be
presented. Moreover, during our previous work [32, 34], we had
already analysed the papers in these three venues till the end of
2020. We complemented the data with papers published in 2021-
2022. The total pool comprises 1048 papers: 385 from ICER, 281
from CSE, and 382 from TOCE.

3.2 Method
From our previous work, we have taken the published lists of theo-
retical constructs within our areas of interest from 2005 to 2015 [32,
Table 2] and 2005 to 2020 [34, Appendixes A and B (Area of focus:
assessment/self-assessment)], and used our previous analysis of
these TCs to partially address our RQ1, RQ2, and RQ3. We augment
the results with an analysis of more recent literature, and comple-
ment the previous work by analysing TCs that were not covered in
the published papers.

For the more recent literature, published in 2021-2022, two peo-
ple read through all papers and identified candidate papers that
appeared to present some new theoretical development. These pa-
pers were individually discussed until consensus was reached. We
excluded pedagogical models and frameworks and design principles
for learning resources, unless they were based on rigorous empiri-
cal evaluation to validate the model or framework, such as in Xie
et al. [82]. An example of an excluded TC is the Block model [56]
because in the paper introducing it the empirical study included
only 10 students, split between treatment and control groups.

The final agreed set of constructs was then listed for the subse-
quent analysis. For each of these new constructs, two researchers
discussed their focus area and the research methods by which they
were developed until consensus was reached. The same technique
was used in the categorisation process for addressing the goals of
TCs (RQ3) and their use cases (RQ4). We use the term source papers
for papers that introduce a TC.

For RQ3, we used, as in our earlier work [34], the taxonomy
developed by Gregor [23] to classify the nature of theories. While
this taxonomy was developed for information systems research,
its five categories appear well suited to classifying theories and
models in CER. Analysis theories focus on ‘what is’: analysis and
description of a phenomenon with no purpose of identifying causal

relationships or making predictions. Explanation theories focus
on ‘what is, how, why, when, and where’, thus explaining some
aspects of a phenomenon. However, they do not aim at predicting
anything. Prediction theories state ‘what is and what will be’. They
offer some form of predictions of future findings, but with no clear
explanation of why this happens. Gregor agrees that these cases are
rare; they describe observed regularities with no clear explanation
(yet). Explanation & prediction theories combine prediction with
explaining what is happening. Design & action theories state or
guide how something should be carried out.

To address RQ4, for each source paper in our list that presents a
TC, we collected details of up to 30 most recent publications (as at
the end of 2022) listed as its citing papers in Google Scholar (GS). If
our previous work had included such citation analysis for a TC, we
included it in our current results. When searching for citing papers,
we included theses, and excluded short abstracts, papers that we
could not access due to paywalls, papers in languages other than
English, and duplicate publications. We continued the analysis back
in time until at least 30 citing papers had been analysed, if there
were that many. For each citing paper, one researcher scanned the
full paper searching for citations of the corresponding source paper.
In all identified cases, the citing text was read to identify whether
the paper was cited because of the TC, or possibly for some other
reason, such as its conclusions. When a TC was clearly addressed,
the use case was categorised using our existing scheme [33] (see
Table 1). This scheme categorises the type of TC usage according
to one of 13 descriptors organised into four groups. Of particular
pertinence is the category (A6) of a TC ‘used to design a new
pedagogical method’. However, we shall also report other use cases
where appropriate. For each identified case, another researcher read
the same paper and the case was discussed to reach consensus on
the categorisation or to omit the use case if it was too vague.

Each citing paper with a use case of A6 was read more closely to
identify how the TC had informed the reported pedagogical design
or whether it was discussed in the context of ‘pedagogical implica-
tions’ or some similar part of the paper. In most source papers, the
developed TC was validated in some particular pedagogical setting
and context. We do not report these validations, but focus instead
on pedagogical implications for other contexts that we found in the
source papers by carefully reading their discussion and conclusion
sections.

4 RESULTS
We present our results of analysis of the literature to address our
research questions.

4.1 Domain-Specific TCs in our Areas of Focus
(RQ1)

Our analysis of the literature in the three venues of CSE, ICER
and TOCE from 2005 to 2022 found 31 source papers reporting the
development of TCs in the areas of teaching/pedagogical content
knowledge, content/curriculum/learning goals, and assessment/self-
assessment. One paper [6] in the area of teaching/pedagogical con-
tent knowledge reported two outcome spaces for their phenomeno-
graphical study of conceptions of successful and unsuccessful teach-
ing. Another paper in the same area [63] included two models, one
for describing the involvement of external stakeholders in a project
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Table 1: Categories of use of TCs: D – description; A – application; C – construction; V – validation (Malmi et. al [33])

Code Description
D Cited in related work, possibly described and critiqued but not used in the work
A1 Used as a framework to scope a study
A2 Used to develop a data collection instrument
A3 Used as a framework for data analysis
A4 Used to predict results of a study
A5 Used to interpret/compare/explain results of a study
A6 Used to design a new pedagogical method
A7 Used as an instrument in a study
C1 Modified and/or extended existing construct for use in a new context
C2 Developed new construct from existing construct and empirical work
C3 Developed new construct from existing construct and argumentation
V1 Used in a test to improve or discount an existing/new construct
V2 Tested the construct in a new context

course and another one for designing such an involvement. Finally,
one paper [4] in the area of assessment/self-assessment reported
the development of two instruments. In total we found 34 TCs in
the 31 source papers.

The numbers of papers for each area of focus reported in each
venue are shown in Table 2. The total number of TCs is fairly evenly
distributed across the venues, but less so within each focus area.

There were 14 papers reporting the development of a TC in the
teaching/pedagogical content knowledge area, five papers in the
content/curriculum/learning goals area, and 12 papers in assessment/self-
assessment. In Appendixes A and B we list the TCs, giving a brief
description of each, its method of development, and the number of
citations for its source paper. Twelve papers reporting the develop-
ment of instruments are included in a separate table.

Table 3 shows the numbers of papers found in each three-year
period from 2005 to 2022 for each area of focus. More than half
(58%) of the TCs were developed in the past three years (2020–2022),
indicating a recent high increase in interest in the development of
TCs in the area of teaching and assessment. Finally, we note that
we did not find any TCs that fell outside the focus areas initially
identified in our earlier work [32].

4.2 HowWere the TCs Developed? (RQ2)
When investigating the source papers we identified a variety of
approaches to developing the TCs. For 32% of the TCs, the develop-
ment involved the use of an existing theory, model, or instrument.
Table 4 lists the source papers for each focus area where such a
construct was used in developing the new construct.

In most cases the development of the TCs involved a combination
of methods. Almost half the cases (45%) used literature analysis or
argumentation, often in combination. Quantitative methods were
used in 55% of the cases, with factor analysis and regression the
most used techniques. Qualitative methods were used in 18% of the
cases, with approaches such as the Delphi method, phenomenogra-
phy, grounded theory, and thematic analysis. The methods used to
develop each TC are shown in Appendixes A and B.

4.3 Main Goals of the TCs (RQ3)
The counts of TCs that match each purpose in Gregor’s taxon-
omy [23] are shown in Table 5. It is not surprising that most TCs in

the area of assessment/self-assessment are instruments and there-
fore out of scope of the taxonomy. In addition, the most common
type of TC in the area of teaching/pedagogical content knowledge
is design & action, as we would expect. We did not find any TCs
of type prediction, which is understandable as these cases are rare
[23].

4.4 Evidence that the TCs Have Informed
Pedagogical Practice (RQ4)

We found 479 papers that cited the 31 source papers that introduced
the theory or model. Analysing these citing papers according to
the ‘type of use’ classification scheme (Table 1), we found that a
huge majority of citing papers just mentioned or described the TC.
In only 11% of the papers was the TC applied in some form, and in
very few cases was it used in construction (1%) or validation (1%).
Table 6 summarises the levels of use found for each area of focus.
Note that some citing papers have several use cases of the same
type, which does not show in the table.

Of the 31 source papers, only 16 (Table 7) had cases where the
TC was used beyond mere description. In looking for evidence
of a TC informing pedagogical practice we carefully examined
the citing papers categorised as A6, ‘TC used to design a new
pedagogical method’. Somewhat surprisingly, we found only six
TCs that had been applied in actual pedagogical design or discussion
of pedagogical implications. However, when counting the total
number of different use cases, the A6 cases were most frequent. For
the six source papers, we identified 19 citing papers where the TC
was used to inform pedagogy. The second most common use case
was A5, ‘TC used to interpret/compare/explain results’ (13 citing
papers for seven different source papers). Other frequent use cases
were A2 ‘TC used to develop an instrument’ and A7 ‘TC used as
instrument’. BDSI [47] was clearly the most used instrument.

In the following, we present a detailed discussion of the peda-
gogical use cases, splitting our findings into three parts. First, we
report on the cases (A6) where the impact was clearly visible in
the citing papers. However, as many of the source papers are very
recently published and there has been little time for evidence of
their impact, we also present TCs where the pedagogical implica-
tions are discussed in the source paper itself in some form. Finally,
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Table 2: Numbers of source papers reporting the development of a TC in one of the three areas of focus in each venue

Focus Area CSEd ICER TOCE Total
teaching/pedagogical content knowledge 4 4 6 14
content/curriculum/learning goals 0 1 4 5
assessment/self-assessment 5 5 2 12
Total 9 10 12 31

Table 3: Numbers of source papers reporting the development of a TC in one of the three areas of focus in each three-year
period from 2005 to 2022

Year teaching/pedagogical content/curriculum/ assessment/ Total
content knowledge learning goals self-assessment

2005-2007 1 0 0 1
2008-2010 1 1 0 2
2011-2013 0 1 2 3
2014-2016 0 0 1 1
2017-2019 3 0 3 6
2020-2022 9 3 6 18
Total 14 5 12 31

Table 4: Source papers reporting the development of a theoretical construct based on an existing theory, model, or instrument

Theoretical construct teaching/pedagogical content/curricul- assessment/
involved in development content knowledge um/learning goals self-assessment
Theory (apply, combine, extend, modify, use) [2, 13, 15] [1, 37, 43, 82, 84]
Model (extend) [80] [52]
Instrument (adapt, extend, validate) [29]

Table 5: Purpose of the theoretical constructs in each of the three areas of focus; note that there are 37 TCs listed as three
source papers each contained two TCs, and in three cases the TC matched two categories; note also that as there were no cases
found for prediction, this has not been shown in the table. N/A cases denote TCs that are instruments.

Area of Focus Analysis Explanation Explanation Design N/A
& prediction & action

assessment/self-assessment 1 0 2 0 10
content/curriculum/learning goals 3 0 1 1 1
teaching/pedag. content knowledge 3 3 2 7 3
Total 7 3 5 8 14

we briefly list the TCs for which we found no clear pedagogical
implications.

4.4.1 Pedagogical impact reported in citing papers.

Teaching/pedagogical content knowledge. Xie et al’s. work, A the-
ory of instruction for introductory programming skills [82], is a very
good example of developing a domain-specific theory in CER, thus
providing an extensive analysis of previous research and theoreti-
cal approaches to explain the development of programming skills.
The authors construct a theory of instruction for four program-
ming skills across two dimensions: reading/writing and seman-
tics/templates. Reading semantics denotes that when given code, a
student can determine the intermediate and final states of the code.

Writing semantics means that when given an unambiguous descrip-
tion, the student can translate it to code. Reading templates involves
recognising structures/patterns in the code and using that infor-
mation to conclude what the code does. Finally, writing templates
corresponds to the case that when given a problem description, the
student is able to construct a plan that uses some structure/pattern
to solve the problem. The core idea of the theory is to give a clear
structure for learning: reading before writing and semantics before
templates. The authors present an extensive discussion of how to
instruct each of these skills, followed by an empirical study provid-
ing evidence that students learn better when instructed using these
guidelines. The source paper for this work is the most cited work
among the papers that we found to be presenting TCs.
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Table 6: Counts of the levels of use of TCs in the citing papers for the three areas of focus; note that some citing papers use a
TC in more than one way. Description is not counted as using a TC.

Area of Focus Description Analysis Construction Validation

assessment/self-assessment 169 20 4 4
content/curriculum/learning goals 73 13 0 0
teaching/pedagogical content knowledge 174 21 1 0
Total 416 54 5 4

Table 7: Source papers in each focus area that are cited for each level of use; note that there may be more that one citing for
each paper listed, and that levels A4 & C1 are not shown in the table as there were no cases for these.

Use of Construct teaching/pedagogical content/curriculum/ assessment/
content knowledge learning goals self-assessment

A1 – framework to scope study [47]
A2 – develop an instrument [6] [73, 80] [13, 62]
A3 – data analysis framework [12, 22] [47]
A5 – interpret/compare/explain results [6, 63, 74, 82, 83] [12, 22]
A6 – design a new pedagogical method [1, 52, 63, 82] [12] [47]
A7 – use as an instrument [22] [47]
C2 – new construct from empirical [4]
C3 – new construct from argumentation [1] [4, 13, 62]
V1 – improve/discount existing theory [13, 68]
V2 – tested construct in new context [47]

Fowler et al. [20], inspired by Xie’s work, propose interesting
pedagogical opportunities where each skill can be supported with
appropriate instruction, practice, and feedback for students. This
would support the building of different suites of exercises testing
different skill orderings. Note that while Xie’s theory states that
students should learn skills in a certain order, this does not mean
that students would first learn only reading semantics, followed
by learning writing semantics, etc. The skills should be exercised
repeatedly with new content, allowing possibilities for different
types of exercise suite, as Fowler et al. suggest. On the other hand,
Margulieux et al. [37] cite Xie’s theory when considering gaps
in learning. They note that formative assessments can be used to
identify gaps in discrete programming skills. While this may at first
glance seem obvious, it is worth noting that formative assessments,
whether multiple choice quizzes or exercises, are often not designed
to match the progress of skills, as guided in Xie’s theory, but rather
to match the general course content progression.

Finnie-Ansley et al. explored how students categorise simple al-
gorithmic problem statements in a card sorting exercise [19]. They
were interested in the arguments used by students when categoris-
ing the statements; where experts recognise certain patterns in
such statements, novices often recognise something else, possibly
only surface-level observations. When discussing pedagogical im-
plications, they note that the explicit teaching of patterns has been
reported to improve learning results in different settings. They note
that this fits well with Xie’s theory where learning to read and
write templates are central steps in learning programming skills.
A similar argument is given by Weinman et al. [78], who studied
teaching and learning programming patterns with faded Parsons
problems.

PRIMM (Predict, Run, Investigate, Modify, Make) is a structured
pedagogical approach to teaching programming [59]. It builds on
the abstraction transition taxonomy, ATT [12], which separates pro-
gramming discussion into three levels: English, CS speak, and code
(ATT is described in more detail below). When explaining the the-
oretical background of PRIMM, the authors describe “ATT as a
discourse intensive teaching model of student understanding of
programs, ... A clear recommendation of this research, which drew
on situated cognition, was to support learners to be able to tran-
sition across all levels.” [p140]. When explaining the practice of
PRIMM, they continue: “In PRIMM, students transition from the
program or code level to the execution level and may also sum-
marise in English to the problem or with CS speak to the algorithm.
During the run stage they check to see if their prediction was cor-
rect using English, CS speak and code as they accommodate or
assimilate their understanding with language and vocabulary be-
coming the oil to facilitate the transitions.” [p148]. Sentance et al.
[58] note that “discussion of the question should ideally take place
in pairs or groups to enable students to develop the vocabulary
they need to talk about the program.” [p478]. Another paper apply-
ing PRIMM pedagogy also builds on ATT, noting that the goal is
to “improve students’ programming vocabulary and facilitate CS
speak” [46, Section 3.2].

Rich et al. have carried out substantial work in defining learning
trajectories to support learning computational thinking, modelling
the gradual development of K-8 students’ understanding of vari-
ables [52], sequence, repetition, conditionals [54], debugging [53],
and decomposition [51]. Gane et al. [21] used these to build a set
of computational thinking assessments for this age group, and Luo
et al. [31] report how they designed the ‘action fractions’ lessons,
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integrating mathematics and computational thinking, based on the
same learning trajectory works.

Many capstone projects integrate external collaborators with
teaching, which is beneficial for students’ learning. However, this
integration is not always successful, which may lead to frustra-
tion among the different stakeholders. This challenge is explored
by Steghöfer et al. [63], who present a model of how external stake-
holders can be involved in course design. This model has been used to
identify common risks, aims, and mitigation strategies; through dis-
cussion with course teachers, they have built another, conceptual,
model of external stakeholder involvement that can guide course
design. Thereafter they discuss experiences of applying the model
in several different project courses mainly in software engineering.
Steghöfer’s models are used by Hashim et al. [25], who report on
developing a first-year engineering design course. They note that
engaging the stakeholders is a key element in the course, and give
a detailed description of the objectives of stakeholder consultations
based on this model. In another example, Chiang [8] discusses the
pedagogical implementation of an experiential learning project,
emphasising how important it is to consider these challenges care-
fully: “Therefore, guidelines that can be used to guide the action
of lecturers (internal stakeholders) and external stakeholders in
the entire process of collaboration are included in the developed
pedagogical model” [p48].

Ahmad et al. [1] build a gamification framework, based on liter-
ature analysis, which integrates different types of goal (goal ori-
entation, achievements, reinforcements, competition, and fun ori-
entation) and various game elements. The framework can be used
in designing gamified environments for computer science courses.
Ahmad’s framework was explicitly applied by Ishaq et al. [28], who
present a serious games design model for language learning in the
cultural context, giving arguments for selecting the constructs for
their own design: goal orientation, accomplishments, reinforce-
ments, and fun orientation.

Content/curriculum/learning goals. Exploring introductory pro-
gramming lecturematerials, Cutts et al. [12] examined how students
are asked to answer questions. They identified three different types
of abstraction, English, CS speak, and code, and based on this they
defined the abstraction transition taxonomy, ATT, which helps to
interpret different types of task set for students. The taxonomy
clarifies different levels of expression that students need to learn to
be able to fluently discuss programming topics and to solve tasks.
Especially relevant is understanding the challenge that students
have when they need to work in two different abstraction levels.
ATT has been used as a building block in some pedagogical models,
as mentioned above.

Assessment/self-assessment. BDSI, Concept Inventory for Basic
Data Structures [47] focuses on linked lists and binary trees. Webb
et al. [77] present the instrument in depth, question by question,
recommending how it should be used. Two papers report the use
of BDSI for evaluating prerequisite skills for further computing
studies in industry-collaboration programs [3, 24]. Taking another
perspective, a 2020 ITiCSE working group [42] explored assessment
questions in basic data structures and algorithms, seeking to iden-
tify the impact of prerequisite knowledge on students’ performance
in such a course. Poor performance may be due to shortcomings in

prerequisite knowledge rather than poor learning of actual course
topics; they therefore tried to build an assessment tool that could
identify such shortcomings. As a validated instrument, BDSI was
used extensively in the study. Its questions were analysed to deter-
mine whether they can diagnose difficulties with prerequisite skills;
many questions are not suitable for this. Their contribution to miti-
gate this problem is defining patterns and principles for building
differentiated assessments, advanced topic assessment questions that
can also diagnose relevant prerequisite knowledge.

4.4.2 Pedagogical implications of theoretical constructs discussed in
the source papers.

Teaching/pedagogical content knowledge. Margulieux et al. [37]
point out that results concerning the impact of direct instruction
versus constructivism are inconsistent. While the former method
can produce better short-term results, the same does not hold for re-
tention and transfer. Constructive approaches appear better in this
sense, but this result is unreliable. The authors therefore propose
themultiple conceptions theory, stating that “learners develop better
conceptual knowledge when they are guided to compare multiple
conceptions of a concept during instruction” [p184]. They discuss
several instructional techniques that guide students to compare
multiple conceptions. These include, as direct instruction methods,
test-enhanced learning, erroneous examples, analogical reasoning,
and refutation texts; and as constructivist techniques, productive
failure, ambitious pedagogy, problem-based learning, and inquiry
learning. The authors compare how these techniques support com-
parison of different conceptions (correct, incomplete, incorrect and
misconception) and several concept-building mechanisms (vicar-
ious failure, self-explanation, inductive or case-based reasoning,
conceptual growth, and conceptual change). They further present
concrete guidance on how these mechanisms can be supported in
instruction, and discuss how their theory can explain success in two
well-known pedagogies, peer instruction and Parsons problems.

Clarke et al. [10] also introduce an approach that combines dif-
ferent learning and engagement strategies (collaborative learning,
gamification, problem-based learning, and social interaction), seek-
ing to integrate them in classroom and online learning. However,
they take the bold view that the combination could be presented
and evaluated in a quantified way, using a mathematical model. The
model gives weights, which should be empirically evaluated, by
which different strategies can be combined to improve student learn-
ing and engagement. The model was tested in long-term research
over many semesters in a software testing course, and resulted in
improved student performance. Such an engineering approach to
pedagogical design is very rare in literature.

A quite different educational context is analysed by Sharma et al.
[60], who have developed a grounded theory presenting systemic
misalignments in implementing undergraduate research experi-
ences (UREs). While UREs are generally considered effective ways
to motivate students for research work and graduate studies, their
implementation involves numerous challenges. Students and se-
nior researchers have different goals and expectations, which are
likely to cause conflicts or frustration. The paper presents an in-
depth analysis of the existing tensions, followed by concrete design
implications for how these barriers could be overcome.
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Content/Curriculum/Learning Goals. Thayer et al. [73] present a
theory of robust API knowledge, seeking to identify core knowledge
components related to APIs. These include domain concepts, exe-
cution facts, and usage patterns. Moreover, each of these classes is
considered from the perspective of its role in understanding code,
and what the design space of the component would include, that is,
what concepts and potential API calls may be available with APIs
and potential programs that could use an API. Together these three
components form a coherent whole that supports understanding of
APIs. The paper concludes with concrete implications for designing
pertinent learning material.

A broader aspect in programming is discussed by Sharmin [61],
who carried out a literature survey of creativity in computer sci-
ence. Through the analysis the author builds a categorisation of
creative components in CS1, which include collaboration, relevance,
autonomy, ownership, learning by doing / iterative learning, and
visual feedback. Each of these components is discussed from the per-
spective of relevant creativity/education theories, with numerous
examples from literature for each component. This categorisation
can be highly useful for teachers who seek to include creative ac-
tivities in their courses.

Finally, Werner et al. [80] analysed the projects of middle school
students who had developed 3D games with Alice. They analysed
different features used in the games (objects, operations, interaction
types, variables) to build a measure of game computational sophis-
tication covering game complexity and richness. The framework
can be used to support assessment frameworks in game design, as
well as when discussing various game features with students.
4.4.3 Other theoretical constructs. Here we list TCs for which we
found no clear pedagogical implications, either in the source paper
or in any citing paper. Most of these are validated instruments and
would appear to have potential to support pedagogical develop-
ment [4, 6, 13, 15, 26, 27, 29, 43, 48, 62, 74, 83, 84]. See Appendix B
for more information.

5 DISCUSSION
5.1 General Observations
We have explored a significant share of the computing education
literature, covering 18 years of publications in three major venues.
Our work complements and also contrasts our previous surveys of
TCs [32, 34]. Our previous work focused on exploring student per-
spectives, that is, learning/understanding, errors/misconceptions,
learning behaviour and strategies, assessment, learning results and
performance, aswell as factors relating to emotions/attitudes/beliefs
and self-efficacy [33]. In the current research, we have explored
literature from the teacher’s perspective, including assessment.
Naturally, these areas have much overlap, as teaching practices
influence students’ behaviour and learning results, and student
feedback, along with teachers’ observations of students’ work and
learning outcomes, encourages reflections and improvements in
future teaching. It is beyond the scope of this paper to compile a
holistic compilation of TCs from both of these perspectives. We
leave that for future research, and here only summarise some con-
trasting findings.

In our data pool we found 31 papers presenting new constructs,
three of them presenting more than one. Fifteen of these papers
were published in 2021–2022, which strongly highlights the fast

growing community interest in developing TCs. Our previous anal-
ysis identified 73 papers presenting TCs related to student learning
during 2005–2020 (excluding assessment/self-assessment, which
are counted in the current analysis). While these aspects were not
in our focus, when searching for TCs we also found many cases
related to the student perspective, and we recorded 15 of these
(which are not discussed in this paper). The total counts highlight
the prevalence of research on the student perspective in earlier
work, while our current findings suggest an increasing balance in
the research. We appreciate this finding, as the instructional process
is a whole in which students and teachers are equally relevant.

Another significant difference between our current findings and
our earlier results [32, 34] is that previously we found only three
TCs of the type design & action, while now we have found eight
such cases in a much smaller pool of TCs. Moreover, the previous
analysis found 15 indications of TCs used to inform pedagogy (case
A6), while we found 19. These numbers suggest that teaching-
oriented TCs are more often used to inform pedagogy than student-
oriented TCs. However, we do find it concerning that in both cases
the numbers are low.

We have made some additional observations. Almost all TCs
that we found relate solely to course-level teaching. This is not
surprising, as pedagogy most often informs classroom practice
and online learning. However, pedagogy can also inform wider
educational practices at the program and curriculum levels. We
hope to see more curriculum/program-level TCs in the future. An-
other observation is that even though there is a strong emphasis on
student-centered pedagogical practices, we found no evidence of
cases where students have been integrated into pedagogical devel-
opment. Co-creating pedagogies with students seems a promising
idea that deserves more attention.

5.2 Are TCs Informing Pedagogy?
Our findings show that at least in the literature, there is still limited
evidence that domain-specific TCs are informing the development
of pedagogy. While we found many interesting cases of new TCs
emerging in the area, as we reported when answering RQ4, we
found pedagogical use cases for only a fraction of the TCs we
had identified. There are several possible reasons for this. Many
CS teachers do not read, and perhaps do not even have access to,
scientific publications in computing education; and even if they
do, most of them do not write papers for computing education
venues. We recognise a growing risk that a reader familiar only
with science papers might find that CER papers introduce new chal-
lenges (e.g., understanding and accepting multiple epistemological
stances, educational theories, and methodological choices and their
consequences). Reading a long theoretically and methodologically
rigorous paper takes effort, and if there are no clear practical impli-
cations discussed, there may be no message conveyed to the teacher.
This does not mean that CER should retreat to publishing mainly
‘practice papers’. Rather, we would encourage authors to include
sections such as ‘practical implications’ or ‘how this research in-
forms pedagogy’ in structured abstracts and within discussion or
conclusion sections.

It appears likely that those with the greatest potential to ap-
ply domain-specific TCs and publish the results are themselves
active researchers in CER. However, our observations suggest that
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when writing papers for the three venues covered in this paper,
the authors may be more focused on writing about their research
results than on practical applications of their work. Such applica-
tions could easily be covered in discussion and conclusion sections,
but we found limited evidence of this. It is possible, but seems im-
plausible, that the practical applications of presented TCs are not
considered relevant from their perspective. It is possible that more
evidence of the applications can be found in shorter conference
papers and in practice-oriented sessions and submission categories,
but again, our citation analysis did not uncover much evidence of
this, even though the search for citing papers was not limited to
the three source venues, ICER, CSE, and TOCE.

5.3 Research, Theory, and Practice
Computing education researchers are themselves generally comput-
ing educators, so in one sense CER is certainly grounded in practice.
However, wider classroom practice is obviously different from re-
search publication, and knowledge developed through experience
by practitioners in the field is far wider than can be investigated
by a limited number of researchers. Several authors point to pos-
sible dangers of a narrow focus on theory as a driver for good
pedagogy. For example, Nelson and Ko [41] discuss the tension
between the depth of theory and the breadth of practice. Collins
and Stockton [11] point out that theoretical results should never
be used uncritically. This may lead us to consider what a healthy
relationship between research, theory, and practice would look like.
In their work on adult education, Usher and Bryant refer to the
relationship between theory, research, and practice as a ‘captive tri-
angle’ [75]. Their thesis is that theory and research have commonly
been viewed as the base elements in the relationship, with practice
built on as the apex; but this conception can limit our thinking
(making us ‘captive’ to a particular view of how pedagogy should
develop). They make the case for a different view of the triangle in
which no single element is privileged. This is especially important
in computing education, which emphasises, far more than other
disciplines, educational domain-specific tools – which can support
new types of pedagogical actions that are not clearly informed by
theory.

Currently it appears that although the importance of theory in
CER is increasingly recognised, the evidence for the influence of the-
ory on practice is weaker. Overall, work mapping the use and reuse
of theory in CER [32–35] paints a picture of TCs being increasingly
developed but less often built on, tested by further practical trials,
or applied to influence wider teaching practice within the commu-
nity. This resonates with the situation described by Disessa and
Cobb in their consideration of educational design studies: “Theories
concerning educational matters seem to replace one another, rather
than subsume, extend, or complement other theories. Although
the state of the art constantly changes, it is often difficult to tell
that progress is being made” [14, p79]. The picture emerges of a
sort of primordial soup of CER theories, many of which will not be
widely useful, and indeed on further investigation may not even be
correct. Allowing theories to be tested and retested by practice (or
rather, ensuring that this happens) can certainly help to identify the
species that will survive. However, this in itself is a reinforcement of
the captive triangle. It is also necessary to recognise the importance

of experiential knowledge as the starting point for theory and to
find ways in which the triangle can be rebalanced.

5.4 Limitations
Our data pool in searching for TCs is limited to papers in three
highly research-oriented venues. CER is being published in many
other conferences, sometimes with special tracks or sessions focus-
ing on teaching practice. It was beyond our resources to extend our
analysis to papers in SIGCSE, ITiCSE, or Koli Calling, for exam-
ple, or to carry out backward snowballing from the source papers.
On the other hand, selecting the same venues as in our previous
surveys [32, 34] allowed us to make some better comparisons.

The definition of TC that we used is broad and subject to interpre-
tation. Using such a definition was, however, a practical decision, as
there is no common consensus of the concepts of ‘theory’, ‘model’,
or ‘theoretical framework’. Moreover, as the field has few, if any,
rigid theories, taking a strict stance would have given us a very
thin recall. We note that Tedre and Pajunen [69] also promote the
advantage of developing models, which are more flexible and still
highly useful, whereas theories can have additional load from the
natural science tradition, such as a requirement of falsifiability. In
practice, many of the TCs we have identified are models, but they
are always models that are based on clear empirical research. We
mitigated the challenge of identifying TCs by using two researchers,
who independently read the papers and identified potential TCs
which were jointly discussed until a consensus was reached. The
same method was applied when categorising the TCs in various
ways, as well as when categorising the use cases of TCs in the citing
papers.

Our data pool for finding TCs was intentionally focused on
research-oriented venues, whereas we had no such venue limita-
tion for the citing papers. We thus found many use cases from
more practice-oriented venues. When searching for pedagogical
applications of the TCs, we decided to limit the scope of work by
considering as our guideline about the 30 most recent citing papers
for each source paper. Many source papers had fewer citations
listed in Google Scholar, while some had considerably more. We
acknowledge the missed opportunity to find pedagogical use cases
of TCs in citing papers that we did not analyse. However, as there is
clearly a growing interest in using theories and developing domain-
specific theories, the most recent citing papers would presumably
reflect this interest and better reveal whether and how TCs have
been used. Our analysis of the literature covered the period from
2005 to 2022 and the Google citations were downloaded at the end
of 2022. Understandably, we found very few citations for source
papers from 2022, which comprise 29% of our dataset. It is likely
that the future will bring evidence of use of these TCs.

Finally, we note that our research approach cannot capture ped-
agogical solutions in classrooms or other settings that are not re-
ported in publications. As already mentioned in the introduction,
such an endeavour would be quite different, and it remains unclear
whether surveys or interviews of practising teachers would be any
better at discovering TCs that are being used to inform pedagogy.

6 CONCLUSION
The goal of this work was to find teaching-related theoretical con-
structs developed in computing education and to investigate how



Domain-Specific Theories of Teaching Computing Koli Calling ’23, November 13–18, 2023, Koli, Finland

these have influenced pedagogy. Our search and analysis of the
computing education literature from three prominent computing
education research venues found a variety of theoretical constructs.
Although some of the source papers reporting the developments
were highly cited, we found few cases where the theoretical con-
structs had been used and fewer cases where they had directly
influenced pedagogy. While this finding was disappointing and
concerning, and could be seen as showing a lack of maturity of the
computing education research field, it is encouraging that we found
evidence of a recent increase in development of theory.

We challenge researchers, scholars, and teachers in computing
education to seek out and use a theoretical basis for any peda-
gogical developments, thus building a solid theoretically-founded
understanding of how we can enhance and improve teaching prac-
tice, ultimately enhancing the learning experiences of computing
students.

We conclude with a few recommendations:

(1) An Implications for teaching and learning section should be
added to papers and to guidelines for authors.

(2) When citing theoretical work, authors should explicitly ex-
plain how they use the theory.

(3) More replication and longitudinal studies are needed to con-
firm and/or develop further existing theoretical constructs
in different educational contexts.

(4) More research is needed with theoretical development on
program- and curriculum-level pedagogical practices.

(5) More research could be targeted to co-creating pedagogical
practices with students.
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A Theoretical constructs, other than instruments, found in the study; ordered alphabetically by author name within area of focus, and
showing number of citations in Google Scholar as at 31 December 2022
Source paper Theoretical construct Methods Citations
Area of focus: assessment/self-assessment
Hundhausen et al. [27] Regression model (extending Buffardi’s model [5]) of the effect

of a team member’s GitHub contributions to the project grade
regression 1

Sheard et al. [62] Classification scheme to investigate characteristics of intro-
ductory programming exam questions

argumentation, empirical 48

Tahaei and Noelle [68] Logistic regression model for detecting plagiarism in program-
ming assessments based on patterns of resubmission

literature, argumentation, re-
gression, empirical

22

Area of focus: content/curriculum/learning goals
Cutts et al. [12] Abstraction transition (AT) taxonomy to classify the knowl-

edge and practices required to apprentice students into the
programming community

argumentation, empirical 46

Goldman et al. [22] Lists of expert-identified central concepts for programming
fundamentals, discrete math, and logic design

delphi method 99

Sharmin [61] Components of creativity-enhancing activities literature, argumentation 5
Thayer et al. [73] A theory of components of API knowledge argumentation, regression 17
Werner et al. [80] GCS 2.0 (game computational sophistication): measure of the

relationship between different types of building blocks of com-
puter games and game computational sophistication; new ver-
sion of the GCS [79]

extended model, argumenta-
tion, empirical

8

Area of focus: teaching/pedagogical content knowledge
Ahmad et al. [1] A gamification framework from literature extended theory, argumenta-

tion, empirical
42

Carbone et al. [6] Two outcome spaces: IT academics conceptions of successful
teaching (3 categories) and IT academics conceptions of un-
successful teaching (5 categories)

phenomenography 44

Clarke et al. [10] Model for maximizing the use of learning and engagement
strategies

literature, argumentation, em-
pirical

1

Duran et al. [16] A framework for identifying, organizing, and communicating
learning objectives that involve program semantics

literature, argumentation 6

Margulieux et al. [37] Multiple conceptions theory - a framework which allows anal-
ysis of various generic pedagogies and explanation of their
differences

used theory, literature, argu-
mentation

9

Rich et al. [52] Learning trajectory for variables extended model, literature, ar-
gumentation

7

Sentance and Waite [57] Amodel to frame understanding of howprogramming teachers
use classroom talk to support the learning of programming

phenomenography, thematic
analysis

4

Sharma et al. [60] A model of systemic misalignments in implementing under-
graduate research experiences

grounded theory 0

Steghöfer et al. [63] Two models: A model for analysing involvement of external
stakeholders in university courses and a model to design ac-
tions

action research 4

Tutty et al. [74] Five categories of teaching experience and practice phenomenography 25
Xie et al. [82] A holistic theory for teaching programming by splitting it into

several skills
used theory, literature, argu-
mentation

87
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B Instruments found in the study; ordered alphabetically by author name within area of focus, and showing number of citations in Google
Scholar as at 31 December 2022
Source paper Theoretical construct Methods Citations
Area of focus: assessment/self-assessment
Alaoutinen [2] Taxonomy-based scale for self-evaluation of programming

knowledge
used theory, empirical 22

Basu et al. [4] Two instruments to assess 4th-6th grade students’ CT skills literature, factor analysis, em-
pirical

8

Duran et al. [15] Instrument for self-evaluation of knowledge of programming
concepts

adapted theory, exploratory &
confirmatory factor analysis,
empirical

12

Hogenboom et al. [26] Computerized Adaptive Programming Concepts Test (CAPCT)
to measure comprehension of basic sequences, loops, if state-
ments, if-else statements, procedures, multiple agents, debug-
ging, and generalization to a different programming syntax

empirical 5

Kunkle and Allen [29] Instrument to measure understanding of fundamental and
object-oriented programming concepts

modified instrument, ex-
ploratory factor analysis,
empirical

85

Parker et al. [45] New isomorphic versions of ACES assessment tool (Assess-
ment of Computing for Elementary Students)

empirical 1

Porter et al. [47] Basic Data Structures Inventory (BDSI): validated concept
inventory for assessing knowledge of basic data structures
concepts

qualitative, empirical, CTT
(classical test theory), IRT
(item response theory)

42

Poulsen et al. [48] Cybersecurity concept inventory (validated in this paper) delphi method, CTT, IRT 2
De Ruiter and Bers [13] Instrument for assessing young children’s proficiency in the

programming language ScratchJr.
used & adapted theory, CTT,
IRT

20

Area of focus: teaching/pedagogical content knowledge
Ni et al. [43] Instrument for assessing computer science teachers’ profes-

sional identity
used theory, exploratory & con-
firmatory factor analysis

4

Yadav and Berges [83] Instrument to measure teachers computer science pedagogical
content knowledge (Rasch model used)

literature, content analysis, em-
pirical

41

Zhou et al. [84] Instrument to measure high school teachers’ self-efficacy to
teach computer science

used theory, confirmatory fac-
tor analysis,

17


