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1 Introduction

What is Computing Education Research (CER), who is doing research in the field,
and what characterizes different types of CER? We address these questions in this
chapter from our perspectives as active researchers in the field for the last almost
30 years. It is not our purpose to act as gatekeepers but rather to provide views on
CER and discuss how the research fields and community have evolved. The goal
is to provide the reader with a historical perspective and a structure to understand
CER, in which we hope the CER community will feel at home. One particular aspect
of CER is change, which provides a challenge in framing this chapter. Changes
in CER have been considerable, from its early history in computer science to the
vast diversity of computing education at all educational levels as well as in non-
formal settings of today. This change stems partly from far-reaching changes in the
nature and scope of computing education over the past 50 years. Early efforts in
computer science education in the middle of the twentieth century were restricted
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to university settings and narrowly defined as related to the teaching of Computer
Science. Over the last ten to fifteen years, the field has broadened to include many
fields and levels of education. The shift from the term computer science education
research to computing education research also reflects the change of scope.

It seems clear from the development of the computing field, and the consequent
evolution in computing education over the past 30 years that research plays an
essential role in the development of relevant and innovative delivery of computing
education. Researchers must be computing professionals with skills in other relevant
disciplines capable of identifying fundamental teaching and learning issues unique
to computing education. The researchers should be able to focus on meaningful
research on those issues and challenges and interpret and disseminate the results. We
posit that the key contribution of computing education researchers is their ability to
illuminate and address domain-specific teaching and learning issues in computing
education. CER researchers are central to identifying relevant research, either in
higher education or in computing itself, and applying this to computing education,
developing practical insight and new approaches to teaching and learning tailored
to the computing education domain.

Given the rapid growth of Computing as a discipline and the complexity of
the research foci aligned with educational transformation, it is clear that a single
definition of CER is not possible. However, taking a historical perspective, including
the development of a sense of scholarship, allows us to analyze the focus of CER
over time. Furthermore, we will provide an environmental structure for CER, that
includes the components computing in general, learning and teaching computing,
and educational research, to discuss the interaction and overlap between CER and
the other aspects of the field of Computing. The concept of scholarship gives a
common ground for valuing CER. To that end, we provide a short introduction to
scholarship based on a framework developed by Glassick [19] as a basis for the CER
community.

Finally, we will reflect on the status of CER as a discipline. In this, we will use
some criteria for a discipline, presented originally for Science Education Research
by Fensham [15] and provide our assessment of how well CER fulfills these criteria.
We argue that CER has matured to be seen as a legitimate research discipline,
and conclude by relating CER to other examples of Discipline Based Education
Research (DBER).

2 The History of CER

As we approach tracing the history of what today is called Computing Education
Research (CER), it seems relevant to provide an overview of the organizations and
activities that contributed to establishing the field. In particular, the publication
venues that developed from the late 1960s to the present and the types of publi-
cations and discussions that have been dominant in different phases of development
reflect the field’s maturation. Other chapters in this book present a more extensive
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analysis of the publication trends, topic shifts, and influential research groups and
authors.

2.1 Dissemination of Results

The Association for Computing Machinery (ACM) Special Interest Group in
Computer Science Education (SIGCSE) emerged as an organizational structure
within the ACM in the late 1960s, with the first issue of the quarterly newsletter,
the SIGCSE Bulletin, appearing in 1969. The first SIGCSE Technical Symposium
followed this initiative in November of 1970. There ensued a considerable delay
in terms of the internationalization of the SIGCSE conferences and workshops.
Scholars outside North America would have to wait until the 1990s and the
establishment of the Innovation and Technology in Computer Science Education
(ITiCSE) conference series and the Australasian Computing Education Conference
(ACE) in 1996, followed by Koli Calling in 2001 and the International Workshop
on Computing Education Research (ICER) in 2005. The most recent new SIGCSE-
sponsored conference targeting fields outside the US, Europe, and Austral-Asia is
CompEd, first organized in 2019. In recent 10 years, also several other new CER-
focused conferences have been launched in Europe, such as UKICER and CSERC,
as well as WiPCSE which focuses on K-12 computing education.

On the other hand, while the conferences mentioned above have focused solely
on CER, they are certainly not the only venues in which CER papers are published.
There is a long history of research on professional programming, beginning, for
instance, with Weinberg’s studies on the psychology of programming [71] and
Soloway’s empirical studies of programming, e.g. [63], in the 1970s and 1980s. This
work has also addressed learning programming, for example, by comparing experts’
and novices’ conceptions of programming and working patterns. Psychology of
programming interest group (PPIG) has organized relevant workshops since 1986,
where CER papers are published. Moreover, engineering education conferences,
such as Frontiers in Education (FIE), founded in 1971, frequently publish computing
education research at the tertiary and school levels. There are several relevant
journals that have emerged over time in addition to the conferences. Some of
the more influential in the development of the field are the Taylor and Francis
publication “Computer Science Education”, ACM Transactions on Computing
Education (TOCE), and the IEEE Transactions on Education. In addition, numerous
educational journals and engineering education journals have accepted CER papers
for a long time.

While these venues have mainly focused on adult learning of computing, it is
essential to recall early studies on children and programming. Examples are the
LOGO language for teaching programming to children developed around 1970 and
Papert’s seminal work “Mindstorms” in 1980 [46, 62].
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In this chapter, we discuss CER from the perspective of its main publishing
venues and thematic research foci. For instance, in another chapter in this book,
we cover computing in schools.

2.2 Views on CER

In the early years, there was little if any discussion regarding CER and the nature of
the field. For instance, general discussions of CER’s status as a discipline emerged
after the turn of the century. Early studies and research relevant to computing
education were not considered a separate research field, CER. In many cases,
they were reports that described teaching practice and learning approaches broadly
assessed as successful. The discussion of theory, structure, and research expectations
first emerged in panel discussions on what CER should be in the early 2000s,
followed by the release of two seminal handbooks on CER.

2.2.1 Early Panel Debates

During the early 2000s, there was considerable debate around the nature of
computing education research, its structure, and its rigor. An example from 2002
is the description of Computing Education Research (CER) and the models and
methods associated with such research [48]. Early discussions of the nature of
what has become CER can also be found in the ACM community proceedings
of the 2004 SIGCSE symposium and ITiCSE and ACE conferences somewhat
later [4, 11, 20, 47].

Two panel debates at ITiCSE 2004 presented perspectives on research. Ben-
Ari et al. [4] argued that theoretically sound research enabled generalization of
results beyond a single context and allowed comparison and contrasting results
from comparable studies in multiple settings. They exemplified with the swathe
of multi-national and multi-institutional studies produced from the Bootstrapping
project [18, 52]. They also traced the discourse on research methods and rigor back
to their work in 1998 [12].

Goldweber et al. [21], on the other hand, presented four perspectives on CS
Education research as a field and what it meant to do good research. Martyn
Clarke argued that rigorous research could only be conducted with acceptable
quality using research methods and interpretation as a collaborative interdisciplinary
exercise between educational science and computing. Sally Fincher advanced the
view that the field was concerned with noticing phenomena in the computing
education context and, through research, providing insight and explanations for
both the phenomenon and its impact on learning. Michael Goldweber described
the field as about exchanging ideas and innovations among professionals. Arnold
Pears summed up the panel by arguing that all of these approaches had merit and
that the vital aspect of working in the field was to be honest about the nature of the
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contribution in relation to the three paradigms presented by the other speakers. Each
type of contribution has value to a particular audience. However, they are focused on
different aspects of the domain and vary in their level of relevance to other educators.

The main argument was that computing domain expertise was vital to success
and that it is essential to devote time to establishing a common understanding of
the role of the SIGCSE and ITiCSE communities in defining the scope and focus of
CER.

2.2.2 Handbooks on CER

The first book in the field of CER, by Fincher and Petre [16], emerged at about
the same time as the above-mentioned panel debates. While they did not give
a comprehensive definition of the field, they described the scope and diversity
of the work by dividing the field into ten subfields of research. These included
student understanding which explores students’ mental and conceptual models,
their perceptions, and misconceptions; animation, visualization, and simulation
focuses on building and researching various software tools to support teaching and
learning various topics in computer science; teaching methods, a broad field that
covers aspects such as scaffolding learning, supporting interaction, collaboration,
and teamwork among students, and different aspects of project work; assessment
that covers assessment methods, including validity, as well as automated assessment
and feedback, and plagiarism detection; educational technology focuses on how
new learning and teaching platforms and technologies can be used and integrated
into computing education, as well as development and impact of tailored learning
environments for computing, such as specialized programming environments; trans-
ferring professional practice into the classroom aims at understanding professional
work practices and how these could be applied in computing education; incorporat-
ing new developments and new technologies explores how recent new developments
and technologies in computing can be incorporated into classroom and courses;
transferring from campus-based teaching to distance education investigates how
educational content and methods can be transferred into online settings; recruitment
and retention is a subfield that explores ways to attract and retain students
into computing, including broadening participation by attracting underrepresented
minorities and studying equity and diversity issues in computing education contexts;
and finally construction of the discipline, a subfield that addresses the curriculum
development, building academic qualifications, and explores the nature of discipline
itself.

Fifteen years later, the Cambridge Handbook of Computing Education
Research [17], currently the most comprehensive source for work in CER, splits
work in a new way reflecting the development of the field. The first field is systemic
issues, topics that persist in the field. These include research on introductory and
more advanced programming, various pedagogical approaches, assessment and
plagiarism research, and questions addressing equity and diversity. The second
broad field, labeled as new milieux, addresses more recent issues which have arisen
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when computing education has spread beyond the “traditional” university settings
in formal classrooms and departments of computing. The new milleux covers
research on computational thinking and computing in schools (K-12), computing
for other disciplines, and new programming paradigms. A third field is systems
software and technology, where research focuses on how software and hardware
tools, tangible computing, and integrated learning environments can support
learning. Finally, teacher and student knowledge is an field investigating issues
concerning the production and acquisition of computing knowledge, for example,
teacher knowledge and teacher training, professional development, learning outside
classrooms, student knowledge and misconceptions, students’ motivation, attitudes,
and dispositions, as well as students as teachers and communicators.

While the CER handbook covers the field widely, there are some additional fields
that are not minor and thus worth adding. Broadening participation is closely related
to equity and diversity, but it also covers work that seeks to find ways to attract
new people, especially children, to consider computing as their future choice of
study. Games and gamification have been widely used in computing education to
support students’ motivation and encourage studying. Construction of the discipline
addresses curriculum development, building academic qualifications, and exploring
the nature of the CER itself. Finally, learning analytics and educational data mining
are increasingly used to investigate various aspects of students’ behavior while
studying by exploring data sets collected with software (e.g., [22, 25]).

The above seminal books split the field into subfields based on the topic of
research. Other approaches describing the field have considered the nature or type
of work that is carried out, as well as the impact of the work.

2.3 Classification of CER Papers

In 2004, David Valentine published his paper presenting a meta-analysis of 20 years
of CS1 papers in SIGCSE proceedings [69]. Valentine produced what can be
considered the first attempt to provide a taxonomy of work in CER. He divided
the contributions published to date in the SIGCSE proceedings into the following
categories: Experimental analysis with a focus on positivist experimentation, Marco
Polo “I went there and saw this” experience reports, Philosophy debating a general
issue in the field, Tools technology in education, Nifty cool tips and tricks, and John
Henry extreme experimentation.

Pears et al. [49] sought to identify the core literature for the field that all CER
researchers should be aware of. While this may have been a feasible goal in 2005,
the growth and development of the field challenge whether such a goal is relevant
anymore. However, in many subfields, it is possible to identify influential and
seminal papers which have guided future work by opening new avenues for research
and/or having a clear impact on future work. During the last 10 years, the field
has also seen a significant number of synthesis papers that summarize and classify
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substantial work. Most of these are reviews, often systematic reviews, while there
are also papers defining taxonomies seeking to categorize work in an field.

Simon [58, 60] developed a different categorization system with four dimensions.
He separated the research target into two dimensions. Context described the
curricular context where the research was carried out (if any), such as program-
ming, software engineering, databases, data structures and algorithms, information
systems, or networks. Theme/Topic, on the other hand, described what was actually
investigated, such as teaching/learning techniques or tools, assessment, students’
ability/aptitude, distance/online delivery, ethics/professional issues, gender issues
and diversity, recruitment, etc. Scope described how wide the community addressed
was, ranging from a single course to multi-institutional studies. Finally, the nature
dimension classified the papers on whether they were collecting and analyzing
empirical data, or just reporting on experiences or stating a position.

2.4 Frameworks for CER

Pears proposed that a CER framework was a fundamental first step towards the
goal of helping the field to interpret and structure its future. Such a framework
would be valuable in the computing education community and in the wider
interdisciplinary context of Discipline Based Education Research (DBER) [61],
of which CER is a part. This work was further developed through efforts to
define the core literature [49] and to analyze and try to establish criteria through
which to understand the impact of publications on shaping this emerging field.
The fundamental argument behind the core literature effort was establishing an
understanding of CER work. Such an understanding was widely agreed to be a vital
background for younger colleagues and Ph.D. students in their research. It would
help to define what the field was about, and what important publications had shaped
the discourse and conduct of research. These research frameworks and a discussion
of theory’s role in CER are covered in detail in chapter “Theory and Approaches to
Computing Education Research”.

3 CER Today

Today, CER is an increasingly diverse field. Using Simon’s classification
scheme [58, 60] as a framework, CER addresses questions relevant in a wide
selection of curricular contexts within ACM curriculum recommendations [2] in
addition to informal learning of computing. However, the focal fields of research
are very much skewed. Introductory programming education is a persistent subfield
in CER, which receives a large share of attention. This skew is visible, for example,
in the systematic literature review by Luxton-Reilly et al. [30], which identified
1666 papers focusing on this field from 2003 to 2017. Moreover, Robins’ review
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of research on novice programmers [56] in the Cambridge Handbook is the most
extensive chapter in the book. In general, many popular topical fields in CER
are easy to map to typical first and second-year courses in computing programs.
However, in recent years, a fast-growing number of research papers have emerged
focusing on K-12 computing education, mostly concerning challenges in learning
programming from pre-school to high school levels. CER in schools and the general
topical fields in CER are discussed in more depth in two other chapters in this book.

The second dimension, using Simon’s classification, is the research theme,
i.e., what the research is about in the specific context. This theme includes
numerous aspects, such as ability, aptitude, assessment techniques or tools, cheat-
ing and plagiarism, curriculum, distance/online delivery, educational technology,
ethics/professional issues, gender issues, recruitment, teaching/learning techniques
or tools etc. (for a more comprehensive list see appendix in [56]). All of these
aspects are addressed in CER.

Thirdly, CER covers studies with very different scopes. A large share of studies
focuses naturally on course-level research contexts or even task-level contexts.
However, on the other end, highly important international studies have collected
and analyzed data from multiple institutes internationally, e.g., [29, 40, 68].

In recent years, CER has increasingly paid attention to research rigor, which
essentially concerns applying rigorous data collection and analysis methods and
using theoretical frameworks to guide research designs and interpretation of results.
In addition, improving the quality of reporting has been addressed in many ways,
for example, with explicit definitions of research questions in papers, more accurate
reporting of applied methods and theories, and stating limitations more clearly.
This increase in rigor is also visible in more specific instructions for authors on
conference and journal websites, more explicit review criteria, and improved rigor
in review processes [53] as well as in methodological reviews of the CER literature,
e.g., [27, 31, 38, 41, 55].

Parallel with this, there has emerged a growing interest in the analysis and
discussion of the use of theories to inform CER. Multiple reviews focusing on
theories in CER have appeared in recent years [27, 32, 34, 64, 65]. Computer
Science Education published a special issue, “Advancing Theory about the Novice
Programmer”, in 2019 with several papers addressing this topic. ACM Transactions
on Computing Education publishes two special issues on “Conceptualizing and
Using Theory in Computing Education Research” in 2022–2023 [67]. Moreover,
there is an increasing interest in developing domain-specific theories and models
in CER that emerge from the field to explain the complex phenomena related to
teaching and learning computing [33, 35]. Examples are statistical models, such
as structural equation models or regression models, qualitative grounded theories,
or phenomenographical outcome spaces. Though, more elaborated theories have
emerged, such as a theory of instructing programming skills by Xie et al. [75] or
models for predicting student success based on their programming behavior and
social aspects [7, 8] by Carter et al. There is also discussion on the role of theories
in CER, whether they are always needed and if they even restrict designing new
learning innovations [44].
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All this demonstrates that the field is maturing as a research field. Rigorous
research papers have always been published in the field. However, experience
reports or practice papers dominated most CER-focused venues in the first decades.
During the last 20 years, the share of research papers among publications has been
steadily increasing [59], and a growing awareness and emphasis have emerged on
research quality. This book discusses these developments in more detail in another
chapter focusing on meta-studies in the field.

4 An Environment for CER

To complement the above, in this section, we present a more generic structure that
places CER in an environment by relating CER to aspects that are informing and/or
are being informed by CER. The environment in which CER exists has the following
components:

• Computing in general;
• Education research in general;
• Learning and teaching computing.

This structure has Computing in general as an essential object that informs
CER. Education research, which includes any relevant research approach, provides
CER with many relevant methods and theories, not least related to learning
and collaboration. Learning and teaching computing is where CER “results” are
received and also a study object for CER. Learning and teaching computing is not
restricted to higher education. There is, for instance, a large body of work on non-
formal learning computing and computational thinking. Discussing the boundaries
and overlap between these elements in the proposed structure will provide a way to
understand CER.

4.1 CER and Computing in General

Computing is essential to CER as it is the object to be understood in educational
contexts. A confounding factor is that computing is a vast field. ACM curricula
2020 identifies seven subfields: computer engineering, computer science, software
engineering, information systems, information technology, cybersecurity, and data
science [2]. Research that could be included as CER can be carried out in any of
these subdomains. Another aspect of computing is that it is used as a component
in other, often quite complex, contexts. There is, thus, a need to understand how
computing artifacts interact and influence various settings. This blurs the lines
between what is computing and what is not. In CER, a wider definition of computing
which includes understanding its role in complex contexts, is appropriate.
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In the past, CER focused much on teaching and learning computer science
topics, especially programming [6] and other basic undergraduate studies, such
as data structures, algorithms, and databases. Research on advanced computer
science topics has been rare. A fairly obvious reason is that the main challenges
in computing courses focus on the basic courses, where many students struggle
and drop out. These courses are also often large in the number of enrolled students
(ranging to hundreds or even thousands). In contrast, advanced courses have a small
or moderate size, which enables more personal level support for students.

However, as computing has widened as a domain field, also CER has diversified.
When computing subdisciplines have established their publication venues, it is
natural that CER papers addressing those subdisciplines are published in these
conferences and workshops. An example is software engineering education research
published in the educational track of ICSE (International Conference on Software
Engineering). Similarly, programming education research papers in engineering
education contexts are often published in engineering education venues. This
diversity forms a challenge in defining the field because the label CER is often used
in a narrow perspective which focuses on “CER only” publication venues.

If we contrast CER and computing research, we can identify similarities and
major differences worth noting. CER can be characterized as a social science that
heavily deals with human participants. As such, it applies many similar methods
and theoretical frameworks used in HCI research, usability studies, and empirical
software engineering. On the other hand, a sizable subfield of CER is research
related to developing advanced software for education, which is close to software
engineering research. Some of such work is plain engineering, i.e., designing and
implementing new software. At the same time, more specific technical research
exists, where novel technological solutions are developed, e.g., for supporting the
integration of interactive learning content [5].

Theories have quite different interpretations in CER and computing sciences. In
CER, theories focus on describing, explaining and/or predicting human behavior,
thus working in the domain of social sciences. On the other hand, theoretical
computer science, algorithms research and cryptography strongly focus on theorems
and general statements based on the mathematical research tradition. Data science,
machine learning, and data mining draw much from Statistics research, thus being
also close to mathematics research tradition. In addition, in technical fields of com-
puting, for instance, software technology, computer engineering, and cybersecurity,
mathematical and engineering traditions are strong, too.

4.2 CER and Education Research in General

Education together with computing are the “parents” of CER. Education research
generally addresses such aspects of teaching and learning which are not tied to
some specific discipline. In contrast, Disciplinary Education Research, such as CER,
focuses on education-related topics in its specific disciplines. In CER, it can, for
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instance, be researching learning obstacles or fruitful ways to motivate learners on a
particular topic in computing. Other indirect examples are studying the influence of
culture and understanding diversity issues in computing education. The aspects of
computing can vary, but computing has to be a component for research to be CER,
and CER researchers need to understand the computing aspect.

CER borrows and applies much work from Education, Psychology, and other
social sciences like Sociology. Numerous theoretical frameworks have been adopted
from these social sciences to support the investigation of various phenomena in
computing education [32, 65]. Moreover, CER applies many research methods, e.g.,
qualitative methods such as grounded theory, phenomenography, phenomenology,
and various types of content analysis, that have been used in the social sciences for
a long time.

The question can be raised, why is CER not just a subfield of Education?
There are several arguments against this claim. First, CER addresses computing-
specific concepts, processes, and phenomena, and their investigation requires a
deep understanding of these topics. Without a proper understanding of concepts
such as objects, classes, recursion, and notional machines, it is impossible to
study how students understand the topics. On the other hand, there is certainly
work in CER, where this requirement is less important, such as investigating
students’ team working in capstone projects or computing students’ experiences
in company internships. However, it is natural that such research focusing on
computing education is published in related venues.

CER also increasingly develops its theoretical frameworks in terms of various
statistical models of data collected from computing education settings or qualitative
analyses of such data [33, 34]. Much work is devoted to building new validated
instruments or concept inventories that address learning computing topics or
adapting existing more general instruments from Education or Psychology [34] into
computing contexts.

Thus, CER is gradually building its own set of theoretical tools and methods
strictly tied to knowledge and skills in computing, which general theories and
instruments cannot reach.

4.3 CER and Learning and Teaching Computing

Learning and teaching computing is in some way or another the ultimate target
of CER as it is its field of practice. This field of practice is even more complex
than the computing concept. Part of the complexity stems from the complexity of
computing itself, but further complexity arises from aspects such as the influence
of educational contexts, formal vs. non-formal education, specialized vs. integrated
learning objectives, and higher vs. K-12 education. The boundary, or rather overlap,
between CER and its field of practice is unclear. For instance, many CER researchers
are expected to provide concrete help to computing teachers.
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4.3.1 Research vs Development

There is sometimes a distinction between development and research made, espe-
cially concerning funding opportunities. This line is problematic in many cases
since many CER projects draw on action research where development is part of
the research. Furthermore, the difference between computing education research
and development of computing education is subtle since computing teachers carry
out development in more or less scholarly ways. Scholarship is a concept that
addresses the identity of teachers and provides a common ground to understand how
development and research are related and complementary with regard to influencing
teachers.

Glassick’s definition of scholarship provides a basis to calibrate our view of CER
and the maturity of the field [19]. He discusses the standards to which responsible
scholarship in a discipline might be held and establishes a framework for scholarly
quality in six fields. In his view, high-value scholarship should excel in all six
fields.

• Clear Goals—Does the scholar clearly state the basic purposes of his or her
work? Does the scholar define objectives that are realistic and achievable?

• Adequate Preparation—Does the scholar show an understanding of existing
scholarship in the field? Does the scholar bring the necessary skills to their work?

• Appropriate Methods—Does the scholar use methods appropriate to the goals?
Does the scholar effectively apply the methods selected?

• Significant Results—Does the scholar’s work add consequentially to the field?
Does the scholar’s work open additional fields for further exploration?

• Effective Presentation—Does the scholar use appropriate forums for communi-
cating work to its intended audiences? Does the scholar present her message with
clarity and integrity?

• Reflective Critique—Does the scholar critically evaluate his or her work? Does
the scholar use evaluation to improve the quality of future work?

This framework provides a basis to reflect upon CER publications and the nature
of the field’s strategic research discourse.

4.3.2 Research Publication or Not?

There is a long tradition of publishing papers that present novel pedagogical
innovations, experiences of applying some existing pedagogical approaches and
methods, novel learning resources, and software tools to support education. Many
of these include not only a description of these but also some form of evaluation,
e.g., student feedback, course or task results, or teacher’s reflections. There may be
a pre/post-test analysis of learning gains in a group or a comparison with previous
years’ cohort results. There is no consensus in the field which publications should be
considered research papers that would be counted as CER contributions, and which
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are practice reports, experience reports, Marco Polo papers or some other names to
identify them as something different.

This split causes tensions within the community, as it suggests that some
published papers may be of poor quality. Yet, they may be highly valuable for
teachers looking for new ideas and resources for their teaching. However, there is
a clear trend in the field that the share of research papers is increasing in the main
publishing venues. See, for example, [59] and chapter “The Evolution of Computing
Education Research: A Meta-Analytic Perspective” in this book. This change is
also reflected in the instructions for authors in journals and conference calls for
papers. The expectations for publications have become more specific, typically
emphasizing the use of theoretical frameworks to support arguments and analyses,
as well as applying rigorous empirical methodologies and styles of reporting results.
Many conferences have developed their review processes to better address such
requirements while there is also debate on what is the main role and purpose
of conferences—presenting research publications, or meeting people, and sharing
ideas and innovations [53] as well as what is the role of theory in CER [44]. A part
of this debate follows from the practice in computing sciences, where conference
papers are considered valuable scientific merit, sometimes more valuable than
journal papers. In almost all other disciplines,research contributions are mainly
published in journals, and conferences are venues for presenting novel work and
meeting people.

There is no sign that this tension would be vanishing, and yet both types of
contributions are needed to make progress in improving computing education.

4.3.3 CER and Educational Settings

The environment in which learning and/or teaching computing occurs has evolved
from being done exclusively at higher education institutions in the early days.
Today, aspects of computing are integrated in the school system and are part
of most disciplines and degree programs at the higher education level. There is
also substantial work on understanding educational settings other than the formal
settings, for instance, coding clubs and lifelong learning.

Learning Outside Formal Settings While much research has focused on the school
environment and formal education, there is also considerable work done in the
informal arena. In the last decade, there has been considerable research effort
placed into the impact of societal initiatives, e.g. the MicroBit and Arduino systems,
learning in informal settings, the Maker movement, Code Dojos, Bebras, Hour
of Code, CS for All, and CS Unplugged to name just a few. Informal learning
in computing has also been the focus of considerable research, including the
EU-funded ComNPlay Science project. Publication of non-formal, informal, and
school-level CER has often been in different venues than those utilized by tertiary
CER researchers. Venues of interest to these communities include a range of school-
related conferences in Europe, Asia, and the Americas, often published in languages
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other than English. These activities and related research have increasingly found
their way into the last decade’s traditional ACM and IEEE publication venues.

Learning in Integrated Settings Early work by Papert in 1980 on Computational
Thinking (CT) was reawakened by Jeanette Wing in 2006 [74], who emphasized
the breadth of contexts where CT is needed. The CT trend has spawned a plethora
of works discussing the relevance and definition of CT [13, 51] and what that
might entail [37, 45, 50]. CT is also linked to informatics [9] and other European
disciplinary fields related to computation and computing machinery, as well as the
teaching of these concepts in the various levels of compulsory schooling [10, 36].

CT is also connected to future computing and a broader computing milieu,
embracing concepts like virtual and augmented reality, artificial intelligence, and
biotechnologies. This increase in technology adoption means that future citizens
should be familiar with the above mentioned concepts to stay competitive in the job
market.

In addressing these needs, educational institutions have an important role in
preparing future entrepreneurs through appropriate curricula and methods that
appeal to today’s learners. The 2021 World Economic Forum report, a Swedish
National Report on Digital Cutting Edge Competence [24, 73], and an influential
study by Tedre et al. [66] show that there is a need for a nuanced understanding of
CT, calling for extension and contextualization of CT to include explicitly Machine
Learning (ML) and AI (CT 2.0). Munasinghe [43] has recently shown that many
concepts related to CT should be further elucidated to facilitate their accessibility
to teachers. Thus, computational thinking has been actively promoted in schools
in an integrative approach, helping to enhance our definition of STEAM (Science,
Technology, Engineering, the Arts, and Mathematics) education. STEAM education
provides several benefits, such as enhancing the skills of analysis and problem-
solving and creativity enhancement [3, 70].

However, there are still some challenges and issues in STEAM-related activities
integration into school and within STEAM subjects. Researchers and educators
are consequently re-examining the importance of STEAM-related activities and
programs, specifically developing computational thinking skills and integrating
maker education where learners imagine, design, and create projects that combine
learning content with practical hands-on applications. Our approach to STEAM
also emphasizes collaboration and integration. These frameworks draw on the work
of Yang et al. [76], particularly in terms of how CT could be positioned in the
curriculum by designing and implementing an integrated STEM and CT lesson.
Yang emphasizes the role of a problem-based process for integrating CT problems
and solutions into after-school programs using hands-on inquiry activities which
are exciting and engaging for students. Moreover, programming and using physical
computing objects—robots enable students to engage in scientific practices and,
in such a way, learn some engineering aspects (such as bridge design) and gain
satisfying experiences.

The design process takes place through design thinking (DT), which realizes
learning through experience and complex problem solving for motivation, openness
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to new ideas, and creative thinking in the learning process [57]. Thus, in the
literature, the need to adapt the design to learning is often emphasized by scholars
and practitioners [26]. Design thinking is seen in this context as a learning design
that facilitates a constructive way of learning due to practice-based development
of a range of target skills [57]. Learners receive several benefits from integrating
STEAM learning with computing by modeling various phenomena, such as com-
putational thinking learning [23]. However, researchers and educators still face the
challenge of defining computational thinking and getting a theoretical grounding
for what form it should take in school. One of the possible solutions proposed by
Weintrop and colleagues is to develop CT taxonomy [72]. In such a way, CT can be
embedded in the STEAM subjects’ context. CT development is then made available
through STEAM-related activities integration in school, especially through hands-
on projects [39].

5 Is CER a Discipline?

Major academic disciplines, such as history, linguistics, mathematics, and comput-
ing, comprise further lower-level disciplines. It is easy to think that each lower-level
discipline emerged and was accepted. In computing, for example, few would doubt
that cybersecurity and data science are legitimate research disciplines, although
they have emerged recently. Why is there a need to question whether computing
education research is a research discipline?

One reason is that many academics lead what Lister [28] has called a ‘double
life’: they educate students, conduct research, and keep these two activities well
apart. It simply does not occur to these academics that work regarding one’s
teaching, and one’s students’ learning might be researching.

This ‘double life’ need not matter, except that it affects such matters as research
funding, research-teaching load balance, and promotion prospects. These reasons
are why computing education researchers feel the need to persuade other computing
researchers that what they are doing is indeed research. One way to do this is to
establish that computing education is a legitimate research discipline.

Computing is not the only field whose educational researchers have felt this need.
In 2004, Fensham [15] set out the criteria by which a DBER might be assessed to
determine whether it is a research discipline. We very briefly review these criteria
here.

Structural criteria focus on organizational things.

• There are many examples of academic recognition regarding professorships in
computing education research or very close titles for the target field.

• Two prestigious research journals, ACM Transactions on Computing Education
and Computer Science Education, are focused on the field, and numerous
journals in closely related fields regularly publish CER papers.

• There are professional associations in the field, such as SIGCSE.
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• Several research conferences, such as ICER and Koli Calling, focus solely on
CER.

• There are research centers focusing on CER, for example the Center for
Computing Education Research at the IT-University of Copenhagen [1]. There
are also numerous longtime research groups globally that focus all or most of
their work on CER.

• There are regular research training activities, especially doctoral consortia
associated with major conferences in the field.

Intra-research criteria focus on how the actual research is carried out.

• There is a substantial amount of scientific knowledge in the field, evidenced
by the huge number of papers in the data pool. Applying this information for
designing and implementing new research requires substantial expertise in the
field.

• CER asks questions that can be answered only in the CER domain, e.g., how
students learn programming and what misconceptions they might have.

• CER carries out its own conceptual and theoretical development, as demon-
strated, e.g., in [33, 34].

• The field develops its own research methodologies, for example, different types
of log data collection and analysis of programming process data, creates its own
concept analysis instruments [54], and adapts methods and instruments from
other disciplines, e.g. [14, 42].

• The field has much work which builds on previous work, thus demonstrating
progression.

• CER has many highly cited model publications guiding future research and
seminal publications opening new insights, as mentioned above in [49].

In his doctoral thesis [59], Simon examined Fensham’s criteria in detail, and his
findings are summarized briefly in Sect. 2 of chapter “The Evolution of Computing
Education Research: A Meta-Analytic Perspective” of this book. In short, the
conclusion is that according to Fensham’s criteria, CER is indeed a legitimate
research discipline.

6 CER and Other DBER Disciplines

Computing degree programs often include studies of other disciplines that support
learning computing, e.g., studies in some fields of mathematics and logic. Moreover,
computing students often study other fields as their minor or voluntary studies,
e.g., physics, economics, languages, etc. Therefore, it is natural that teaching and
learning some topics in these fields can also be addressed in CER contexts when
the target group is computing students. Correspondingly, many students from other
fields take computing, especially programming courses, and include them in their
degrees. Depending on the institutions, such courses can be given by computing
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teachers in a department of computer science (or similar), as service courses or
minor studies, or the courses can be organized independently by their departments,
e.g., in engineering schools or departments.

This overlap possibly occurs most frequently in engineering studies. Therefore,
there is a clear overlap between computing education research and Engineering Edu-
cation Research (EER). CER papers are frequently published in EER conferences
and journals, which is natural.

It is difficult to state clear differences between CER, EER, and other DBER
disciplines except in the main domain of investigation. Similar research methods
and the same theoretical frameworks from social sciences can be used in all of them.

7 Conclusions

CER is an inherently interdisciplinary research field combining research findings,
theories and research methods from several other fields in addition to developing
its own ones. Therefore, the question of what CER is, where it belongs, and even
if it is an independent research field is complex. There is no definite answer to
this question but rather a set of complementary and partly contradictory answers.
The answers are derived from different agendas regarding creating legitimacy for
the field, not least economical in relation to funding bodies. This is an interesting
question that is interesting to study further in future work.

From a high-level perspective, CER is one research field in a family of Discipline
Based Education Research (DBER) fields. The DBERs are based on education
research and informed by their respective discipline. They also rely on theories and
methods from relevant other disciplines, such as learning sciences, psychology, and
sociology. However, the nature and scope of CER are not so well defined when look-
ing more closely at the field. As discussed above in Sect. 2, the panel discussions in
ITiCSE 2004 already revealed many different perspectives on defining the field.

In their seminal book, Fincher and Petre [16] discussed the nature of work
in the field using a derivation of Pasteur’s quadrant as their framework. They
split the publication space into four fields with two axes, one addressing how
much the paper was based on evidence, especially empirical evidence, and the
other one, how much it was based on argumentation or theory. Thus, papers with
high argumentation/theory and low evidence were considered perspective pieces,
while papers with strong evidence but low in theory were considered practice
papers. CER papers should focus on the quadrant with strong evidence and strong
argumentation/theory. Followed by this, they presented the ten subfields of CER,
as described in Sect. 2.2.2. Moreover, in the first part of their book, they discussed
how to design and carry out research that would match the requirements in the CER
quadrant. Their definition thus focuses on describing two relevant aspects of the
field: quality of research and what are the research topics in the field.

The Cambridge Handbook of CER [17] provides a similar, though more descrip-
tive than definitive answer to the question of what CER is. In chapter “What is



26 M. Daniels et al.

Computing Education Research (CER)” of the handbook, “Computing Education
Research Today”, past and present Editors-in Chief of two prominent journals,
Computer Science Education and ACM Transactions on Computing Education,
discuss the state of the field. Almost the whole discussion focuses on quality aspects
of submitted papers, also considering the historical development of the field. The
scope of the field—what is included in CER—is not discussed, while the notion
that some submissions are “out of scope” is mentioned. Followed by this chapter,
the Handbook elaborates on in-depth research designs, methods, and theoretical
frameworks, i.e., research quality aspects, followed by presenting a wide coverage
of research topics in the field.

One might even argue whether the goal of defining the field is meaningful at all,
as it evolves steadily. Furthermore, the domain field Computing is not a static field
but evolves and widens rapidly; thus, Computing Education and CER necessarily
follow this development. Pragmatic approaches (such as Fincher and Petre’s book
and the Cambridge Handbook) which focus on the quality of research work and
describe the most relevant current research topics, are actually quite suitable for
capturing a “snapshot” of CER. That said, we do believe there is a place for future
work regarding classification and definitions of the field, not least as it can provide
support for future CER researchers.

One example of how the pragmatic approach can be condensed into a few
sentences is how Uppsala Computing Education Research Group [UpCERG, see
chapter “A Case Study: The Uppsala Computing Education Research Group
(UpCERG)” in this book for more on this group] in the field presents its field of
work.

CER addresses learning and teaching in the computing discipline. It is founded
on an understanding of the discipline using theories and methods from education
research and other relevant disciplines, such as psychology and sociology. Typical
fields of study (related to the computing discipline) are learning and teaching
core concepts and skills, curricula development, intercultural and interdisciplinary
collaboration, identities, and inclusion. The educational context has a focus on
higher education, but K-12 and lifelong learning, as well as both formal and
informal learning, are also addressed.
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