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Abstract—This work presents a large scale literature review on
the question of what a laboratory in computer science is. This
question arises since computer science has different traditions
and is thus harder to grasp compared to more traditional
fields of study. A total of 83 papers from the IEEE and ACM
digital libraries were inductively categorised. All reviewed papers
were published between the years 2017 and 2021. The results
show that most laboratories are described in the context of
teaching (course development and broader education / laboratory
pedagogy research). One big problem in current laboratories
seems to be that most are described without any didactical
concepts, and the didactical concepts described by the included
papers cover a wide range of principles. The disciplines of the
reviewed laboratories are highly diverse and span across a wide
spectrum with most papers either focussing on programming
/ software development or do not have a specific laboratory
description.

Index Terms—computer science education, laboratories, labo-
ratory pedagogy, didactics

I. INTRODUCTION

When we look at STEM education, laboratories are usually
considered as an important part of the curriculum [1]. They
provide hands-on training and allow students to better under-
stand the topics they are learning [2] as well as allow students
to learn important skills for their future lives [3]. Much
research has gone into the topic of what learning outcomes
should be provided by laboratories [4], [5].

One can argue that computer science is a special case in
terms of STEM education. If we look at the historic develop-
ment of the discipline according to Tedre and Sutinen [6], the
computing discipline is based on three traditions: the math-
ematical tradition (based on theoretical structures and formal
proofs), the scientific tradition (studying information processes
which can be found naturally and artificially) and the engineer-
ing tradition (constructing computing artefacts e.g. through
electrical engineering). Coy [7] named three disciplines of
American universities: Computer Engineering (based on elec-
trical / electronical engineering), Computer Science (based on
applied mathematics) and Information Science (based on tech-
nological science). In addition, Coy [7] describes the German
word Informatik, which can not directly be translated to any of
the American disciplines. Denning [8] divides computing into
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Mechanics (structure and operation of computation), Design
(use the mechanics to build abstract objects) and Computing
Practices (construct systems for users). For the remainder of
this work, the term ’computer science’ is used to describe
all areas mentioned in this paragraph. This allows us to
take a view over the whole discipline of computer science,
even if we loose a clear definition of what computer science
actually is.

No matter which definition or context of computer science
we use, computer science is a field of study that can not easily
be grasped or compared to more traditional fields of studies
like chemistry or biology. In addition, some properties one
might expect from a laboratory like a physical room [9] do
not necessarily make sense for all computer science disciplines
(e.g. programming can be done at a normal computer). This
brings up the question: What exactly is a laboratory in com-
puter science? For this study, we want to define a laboratory
in the sense of an ostensive definition [10]: Instead of giving a
lexical definition, a number of computer science laboratories
are viewed (and aggregated). That way, it is possible to get an
understanding of what is currently understood as a computer
science laboratory.

To answer that question, this work focusses on three aspects
to get an understanding of computer science laboratories:
Q1: In what contexts are laboratories used in computer

science?
Q2: If used in teaching: What didactical concepts are used?
Q3: What disciplines are represented as a laboratory?

II. METHOD: LITERATURE REVIEW

To find an answer to the three aspects Q1 to Q3, a literature
review was performed. To get a good impression of what is
understood as a laboratory in computer science, the digital
libraries of the IEEE1 and the ACM2 were used for retrieving
papers. All papers are from the last five years, i.e. they were
published between 2017 and 2021.

Two search terms were chosen for this literature research:
Laboratory and Computer Science. However, searching for
them everywhere in the document posed a problem: In many
cases, a laboratory was mentioned in the authors’ bio and
nowhere else. Such a paper would not be included into the

1IEEE Xplore - https://ieeexplore.ieee.org/
2ACM Digital Library - https://dl.acm.org/



Fig. 1. Type of publication of all included papers (n = 83).

Fig. 2. Year of publication of all included papers (n = 83).

literature research due to the inclusion criterion I1 not being
fullfilled (see below). To counter this, both search terms had
to appear in the abstract (which reduces the total number of
papers found and thus might exclude some relevant papers in
this literature review).

To be included into this literature research, a paper must
fulfil all of the following inclusion criteria:

I1: The paper describes at least some details of a laboratory.
A simple mention of a laboratory with no details is not
enough.

I2: The paper is written in English.
In addition, it must fulfil none of the following exclusion
criteria.
E1: The paper is not available online as full-text.
E2: The paper is not about computer science (or is interdis-

ciplinary and no computer science is included).
The search on the digital libraries as well as the download

of all papers were performed on 20th of July 2022. A total
of 163 papers were downloaded (IEEE: 120, ACM: 43).
After eliminating duplicates (1 paper) and applying inclusion
and exclusion criteria, a total of 83 (IEEE: 59, ACM: 24)
papers were included in the literature research. The type of
publication of all included papers can be seen in Fig. 1 (mostly

TABLE I
PUBLICATION VENUE OF ANALYSED PAPERS. VENUES WITH ONLY ONE

PAPER INCLUDED IN THE REVIEW ARE COMBINED TO A SINGLE
CATEGORY BASED ON DIGITAL LIBRARY

Venue Number
ACM Journal of Computing Sciences in Colleges 9
IEEE Global Engineering Education Conference
(EDUCON)

8

ACM Technical Symposium on Computer Science Ed-
ucation

7

IEEE Frontiers in Education Conference (FIE) 5
IEEE International Convention on Information and
Communication Technology, Electronics and Micro-
electronics (MIPRO)

5

IEEE International Conference on Computer Systems,
Electronics and Control (ICCSE)

3

ACM Conference on Innovation and Technology in
Computer Science Education (ItiCSE)

2

ACM other venues 6
IEEE other venues 38

conference proceedings) and the year in Fig. 2 (around the
same number for each year). In addition, the venues of the
publication can be found in Tab. I. Please note that the majority
of papers reviewed belonged to a venue where only one paper
was included in this literature review.

To answer the three research questions Q1-Q3, all papers
were inductively categorised. Each paper can be added to
multiple categories but is only counted once for each single
category.

III. Q1: IN WHAT CONTEXTS ARE LABORATORIES USED IN
COMPUTER SCIENCE?

To answer the first research question, all papers were
categorised by the context of the laboratory described in the
paper. The detailed results can be seen in Fig. 3. The following
contexts were identified for laboratories in computer science:

• mentioned in course: The laboratory is mentioned in the
context of course development, but no focus has been put
on describing the laboratory.

• course development: The laboratory is described in the
development of a (new) course.

• curriculum development: The laboratory is described
in larger curriculum development, e.g in multiple courses
that are not directly related.

• laboratory technology (education/non-education): The
technology used for building a laboratory is described
in detail. It is important to note that all described labo-
ratories are used in education, with two [84], [86] also
designed for general research.

• educational research / laboratory pedagogy research:
The laboratory is used for educational research / labora-
tory pedagogy research.

• learning analytics research: The laboratory is used for
learning analytics research.

• general university development: Laboratories are dis-
cussed in the context of the whole university instead of
specific courses.



Fig. 3. Context in which the laboratory is described.

• general computer science research: The laboratory is
not used for education but instead for general computer
science research.

In general, most laboratories are described in a teaching
context. To be more specific, two major categories can be seen:
course development as well as broader teaching research (con-
taining laboratory technology as well as educational research
/ laboratory pedagogy research).

There are three factors which might introduce some bias to
the results:

1) It is possible that these results are influenced by the deci-
sion of forcing all search terms to appear in the abstract.
However, it is hard to estimate in which direction this
bias might be.

2) Researchers, especially in didactics and pedagogy, have
a high motivation of publishing the laboratory they built.
In contrast, researchers working in laboratories do might
not have a high motivation, while some companies might
even forbid publishing exact details about their labora-
tory. Therefore, it can be assumed that a bias towards
teaching laboratories exists in scientific literature.

3) It can be assumed that research papers in computer
science do not describe the laboratory of their exper-
iments in detail but instead focus on the experiment and
the outcome. This would further screw the distribution
towards labotatories in a teaching context.

IV. Q2: IF USED IN TEACHING: WHAT DIDACTICAL
CONCEPTS ARE USED?

The target of this question is to understand how the creators
of a laboratory understand the didactical concepts they use.
Because of this, no further interpretation of the concepts
described in the reviewed paper was done (with the exception
of learning objectives and learning outcomes). This might lead
to more and finer categories, but better describes the current
status of computer science laboratories as understood in lit-
erature. A statement like ’Furthermore, a complete didactical
concept was developed to integrate this platform into teaching
and learning of Computer Science in engineering courses at
our university of Applied Sciences.’ [66, p. 478] without more
context is interpreted as no didactical concept, since a reader
can not extract any useful information from it. The found
didactical concepts are (see Fig. 4 for distribution):

• no didactical concept mentioned
• not used for teaching, e.g. research laboratory
• learning objectives (knowledge) [11]
• learning outcomes [11]
• APOS theory [12]
• work-related learning [13]
• game-based learning [14]
• gamification [15]
• evidence-based education [16]
• team-based learning [17]
• constructivist education / learning theory [18]
• experiential learning theory [19]
• problem-based learning [20]
• personalized learning [21]
• Bloom’s taxonomy [22]
• active learning [23]
• social constructivism learning [24]
• peer-led team learning [25]
• blended learning [26]
• competency model [27]
• flipped classroom [28]
• students attentiveness [29]
• learning styles / learning types [30]
• just-in-time teaching [31]
• learning-by-doing [32]
• computer supported collaborative learning [33]
• online collaborative learning [34]
• project-oriented learning [20]
• Merrill’s first principles [35]
• Gagne’s 9 events of instruction [36]
The first thing to note is the high number of papers

not including any didactical concept. The number of papers
without a didactical concept amounts to 37 papers (IEEE: 29,
ACM: 8) or 48% of all laboratories described as being used
for teaching. Based on this, the conclusion could be drawn that
didactical is often neglected in learning laboratory design.

In addition, many different didactical concepts are used in
the reviewed papers. Even if it would be possible to combine
some of the categories, there would still be a large number



Fig. 4. Didactical concepts in which the laboratory is described. The didactical concepts are taken from the reviewed papers without further interpretation.

Fig. 5. Discipline in which the laboratory is described.



of didactical concepts remaining. This makes laboratories not
only hard to compare, but also makes it hard for people who
want to develop new laboratories to choose the right didactical
concept. It would be useful for future research to develop
a more unified didactical concept model for laboratories in
computer science.

V. Q3: WHAT DISCIPLINES ARE REPRESENTED AS A
LABORATORY?

The last research question asks which disciplines can be
found in computer science laboratories. To get an accurate un-
derstanding, categories were taken from literature as reported
with only minimal interpretation even if it leads to more and
finer categories (same as in the last Section). The following
disciplines were found in the literature review (see Fig. 5 for
a detailed overview):

• no specific laboratory mentioned
• programming / software development laboratory
• data science laboratory
• embedded systems laboratory
• distributed systems laboratory
• learning-for-work collaborative laboratory
• network laboratory
• algorithm laboratory
• IT security laboratory
• AI laboratory
• ethical laboratory
• robotics laboratory
• IoT laboratory
• manufacturing laboratory
• circuit design laboratory
• optical motion capture laboratory
• electrical engineering laboratory
• image processing laboratory
• database laboratory
• mathematics laboratory
• e-government lab
• DevOps laboratory
• parallel computing / supercomputer laboratory

The largest group of papers (IEEE: 12, ACM: 8) is about pro-
gramming / software development laboratory, which amounts
to about 21% of all laboratories. This is not surprising since
programming and software development can be considered as
an important part of computer science education [37], [38]. A
similar number of papers (IEEE: 16, ACM: 1), about 18%, do
not have a specific laboratory description in them.

However, laboratories exist for a wide range of disciplines
within computer science. These also include more niche dis-
ciplines like e-government lab [98] and topics more leaning
to other fields of study like ethical laboratories [62] or
mathematics laboratories [96]. In total, it can be said that
laboratories are developed for a diverse set of disciplines
and it is likely that for every discipline in computer science
laboratories can be developed.

VI. CONCLUSION: WHAT EXACTLY IS A LABORATORY IN
COMPUTER SCIENCE?

Now that the research questions Q1-Q3 are answered, the
overall question of what a laboratory in computer science (as
described in recent literature) is can be answered, too.

Based on Q1, we can say that a typical laboratory in
computer science is described in the context of teaching,
although teaching here also encompasses topics like laboratory
technology and educational research / laboratory pedagogy
research. These laboratories are deployed in a wide range of
different disciplines (Q3). This can be seen as positive since
laboratories in general improve learning [2] and this study
shows that they can be used in probably every discipline.

One problem this study revealed is the lack of didactical
concepts used in computer science laboratories (Q2). Almost
half of the papers for teaching laboratories do not describe
any didactical concepts. This is not a desirable situation, since
without proper didactical concepts the design of laboratories
might not suitable for teaching and it might be hard to
evaluate the effectiveness of those laboratories. In addition, the
concepts described by the reviewed papers with a didactical
concept cover a wide range of principles. Here, a unification
of didactical concepts would be useful to make laboratories
more comparable.

VII. SUGGESTIONS FOR FUTURE RESEARCH

Based on the literature review, I would suggest the following
improvements for future research on computer science labo-
ratories:

1) Future research should not only describe laboratories
for teaching, but also interesting laboratories for re-
search. Some laboratories for research (e.g. [109]) and
combined research / teaching (e.g. [84]) are described.
However, this can be extended on.

2) Future development of laboratories should focus on a
’didactical concepts first’ approach. If laboratories are
built without a didactical concept behind them, they
might not be effective for teaching. Therefore, building
laboratories with a didactical concept will ensure the
teaching quality in those laboratories.

3) It would be helpful to focus on a few didactical concepts
instead of having a wide variety of those. That way,
laboratories would be more comparable and it might be
easier to transfer fitting parts from one laboratory to
another.

4) For further developed laboratories for teaching, learning
outcomes for laboratories as described in [4], [5] should
be taken into consideration.
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