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Abstract- University undergraduate pro-
grams in computing disciplines are updated
regularly to adapt to advancements in the field
and emerging, fast-growing industry demand.
This paper reports the current status of a
selected set of undergraduate programs in com-
puting fields in Saudi Arabia and compares them
to other programs from international universi-
ties in light of the 2020 Computing Curricula
Report (CCR). This comparative study aims
to enlighten future efforts for designing cur-
ricula and updating undergraduate computing
programs in Saudi Arabia. A sample of 26
Saudi universities (15 public and 11 private)
and 15 international universities offering 161
programs is selected. The comparison criteria
include program discipline, duration, number
of units, accreditation, required training, and
others. We find significant differences between
programs offered by Saudi public and private
universities compared to international university
programs. For example, programs offered by
Saudi universities, especially the public, require
more units compared to international programs
(median of 143 units vs. 120 units). Our findings
would guide future undergraduate computing
program developments in Saudi Arabia.

Keywords- Computing disciplines; Under-
graduate programs; Saudi universities

I. Introduction

Technological competitiveness and emerging tech-
nologies are more necessary in the organizational strat-
egy to maximize efficiency and profitability as well as
cope with business advances and improve the nation’s
economy [1]. Furthermore, it is vital for businesses to
keep informed of emerging technologies in the same way

that they must remain vigilant of changes in consumer
demands. This rapid change in technologies and busi-
ness requirements are reflected in the profound advances
in the field of computing. Consequently, academic insti-
tutions should offer programs that evolve to keep pace
with these changes, attracting and graduating qualified
students. For instance, back in 2005, the Computing
Curricula Report (CCR) [2] reflected the need for such
change back then by introducing Information Technol-
ogy (IT), among other changes, as a new computing dis-
cipline for undergraduate programs. Similarly but more
recently in 2017 and 2020, Cybersecurity and Data Sci-
ence have emerged CCRs [3], respectively, to cope with
the wave of interest and reflect that need for change in
the marketplace. Currently, undergraduate computing
programs offered by Saudi Arabian academic institutions
are experiencing a surge in course enrollments, which is
straining program resources at many academic institu-
tions in Saudi Arabia and causing concern among fac-
ulty and administrators about how best to respond to
the rapidly growing demand. There is also significant
interest about what this growth will mean for the future
of computing programs, and the role of the different com-
puting specialties in academic institutions, the field as a
whole, and Saudi Arabian society more broadly. Various
studies in the literature were found aiming to differen-
tiate between the computing specialties. Very limited
studies in the literature looked at the specific speciali-
ties within the field of computing, rather the majority
focuses on the skill sets within computing as ways to in-
crease the student success and retention and meet the
job market needs. This is without linking such skill sets
with programs that can be introduced or expanded by
educational institutes. Although such studies are cru-
cial to help gain a better understanding of the skill sets
needed in the field of computing in general, such articles,
however, fail to provide a comprehensive study to help
gain clarity on the various specialities in Saudi academic
institutes’ undergraduate programs at a granular level,
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see Section V. for details. This shortage limits educa-
tional institutes from strategically planning to expand
their undergraduate programs to build the needed ca-
pabilities and skill sets to meet the job market. This,
however, would widen the gap between academia and
the job market leading to unemployment. Therefore, the
study conducted in this article bridges this gap and over-
comes the shortage in the literature by, first, comparing
bachelor degree programs offered by public and private
universities in Saudi Arabia. Second, shedding light on
the major differences between these programs and some
reputable international universities. Finally, assessing
whether related courses are offered in these programs to
fulfill the needs of Saudi Arabia as a country and a na-
tion [4]. In particular, this paper tries to answer the
following questions:

1) How do undergraduate computing programs offered
by Saudi public and private universities compare?

2) How do undergraduate computing programs offered
by Saudi universities compare with computing pro-
grams offered by international universities?

3) How do the disciplines of undergraduate computing
programs offered by Saudi universities match with
the newly proposed disciplines of the 2020 CCR?

The answers provided in this article should uncover key
differences in the curricula of the studied program to en-
lighten future efforts for designing curricula that both
emphasize relevant scientific theory and best satisfy in-
dustry demand. This would equip educational institutes
to expand their programs to build the needed capabilities
and skill sets to meet the job market. The remainder of
this paper is organized as follows. Section II. provides es-
sential background information about various computing
disciplines. Section III. explains the methodology of this
study, while the analysis and discussion of the results are
presented in Section IV.. Related and future work are
discussed in Section V. and Section VI., respectively.

II. Computing Disciplines

In academia, the term computing is often used to cap-
ture all disciplines that focus on the scientific-oriented
study of computers. One may define computing as “any
goal-oriented activity requiring, benefiting from, or cre-
ating computers” [2]. Before studying university pro-
grams, we review the recognized undergraduate degree
programs in various computing disciplines. The Asso-
ciation for Computing Machinery (ACM), IEEE Com-
puter Society (IEEE-CS) and others list seven comput-
ing disciplines for undergraduate degree programs in
their 2020 CCR [3]. These disciplines are Computer
Engineering, Computer Science, Information Systems,
Information Technology, Software Engineering, Cyber-
security, and Data Science. We describe below these
seven disciplines and discuss their commonalities and
differences [2, 3], providing sufficient background to un-
derstand various undergraduate computing programs of-
fered in Saudi Arabia.

A- Computer Engineering (CE)
CE joins computing and electrical engineering to
prepare graduates to design and build computers
and computer-based systems. It includes the study
of hardware, software, and communications. It en-
ables graduates to design circuits, computer and
networking hardware components.

B- Computer Science (CS)
CS covers the theoretical foundations of computing
with the focus on programming and software devel-
opment. Significant number of CS curriculum hours
is allocated to algorithms and complexity, program-
ming languages, software development fundamen-
tals, and software engineering.

C- Information Systems (IS)
IS focuses on information and its various tasks, in-
cluding collecting, processing, analysis and storage
of information. Moreover, it covers organizational
aspects of building information systems. IS dis-
cipline requires both technical and business skills
to harness computing capabilities to serve business
needs and enable transformative change within or-
ganizations in various domains. IS programs may
be offered in computing or business schools. IS pro-
grams offered in computing schools emphasize on
technical skills while IS programs offered in business
schools emphasize on managerial skills, covering or-
ganizational and behavioral aspects of IS.

D- Information Technology (IT)
IT focuses on technology to serve the needs of busi-
ness and various types of organizations. It provides
knowledge and practical aspects, preparing gradu-
ates for various IT tasks, such as selecting hardware
and software products, installing, customizing and
maintaining applications. Moreover, responsibilities
of IT graduates may include installing networks, de-
signing web pages and managing systems.

E- Software Engineering (SE)
SE is an engineering discipline that focuses on de-
veloping and maintaining software. SE emphasizes
on using best development practices and designing
software, with strong focus on quality, usability, re-
liability and security requirements. CS and SE pro-
grams are expected to share common courses related
to software development.

F- Cybersecurity (CSEC)
CSEC is an interdisciplinary field covering security
in several aspects, including data, software, com-
ponent, connection, system, human, organizational
and societal. CSEC requires both technical skills for
areas, such as cryptography and network defense,
and managerial skills for areas, such as policy and
compliance.
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G- Data Science (DS)
DS is a new discipline that is related to data analyt-
ics. It is a multidisciplinary field, covering knowl-
edge areas in computing, mathematics, statistics
and business domains [5]. It focuses on extract-
ing knowledge from data using several data-related
tasks, such as acquisition, storage, management,
analysis, and visualization.

These seven computing disciplines have their com-
monality and differences. For instance, CS has a strong
theoretical focus. It provides computing foundations
that are necessary, at different levels, for other comput-
ing disciplines. CE heavily focuses on hardware while
covering limited aspects related to software. The area
of software is related mostly to CS, SE, and IT. SE is
unique in its focus on designing and developing soft-
ware. IT focuses on technology which involves select-
ing and developing software and hardware solutions to
serve organizational needs. The goal of satisfying orga-
nizational needs is most emphasized by IT, IS, and DS.
IS is unique in its focus on information and understand-
ing of business aspects to enable transformative change
within organizations. DS shares that goal with IS to en-
able digital intelligence and transformation by focusing
on data and extracting knowledge. DS covers knowledge
areas across various disciplines, including mathematics,
statistics, and business. Last, CSEC primarily focuses
on security, which is an important aspect in all areas of
computing.

To summarize and compare these computing disci-
plines, we use the six main knowledge areas identified in
the 2020 CCR [3]. These knowledge areas are hardware,
software fundamentals, software development, systems
Architecture and infrastructure, systems modeling, and
users and organizations. Each of these areas has different
relative importance to the above computing disciplines,
as shown in Figure 1. For example, it is clear that CE
focuses on the knowledge area of hardware. In contrast,
IS focuses on systems modeling, and users and organiza-
tions.

Area
Computing Discipline

CE CS IS IT SE CSEC
Hardware
Software Fundamentals
Software Development
Systems Architecture and Infrastructure
Systems Modeling
Users and Organizations 10

7
8
3
7
1

12
9
9
15
10
1

11
7
17
6
6
2

18
11
8
6
7
1

8
6
11
7
18
5

5
5
14
5
11
15

1 18
Relative Imprtance

Fig. 1: Relative importance of different knowledge areas
across computing disciplines [3].

III. Methodology

For the purpose of this paper, we study 26 Saudi uni-
versities (15 public and 11 private), and 15 international
universities, offering a total of 161 programs. The selec-
tion process is as follows. Selecting a sample of Saudi
public universities is less straightforward as reputable
rankings of computing schools involve a limited number
of Saudi universities. For instance, the 2020 Shanghai

subject ranking for computer science and engineering
lists only three Saudi universities, which are King Ab-
dulaziz University, King Abdullah University of Science
and Technology (KAUST), and King Saud University [6].
Yet, KAUST does not offer undergraduate programs in
computing, which is the focus of this study. As a re-
sult, we select the 15 oldest public universities in Saudi
Arabia, see Table 2a. These universities cover 9 of the
13 provinces in Saudi Arabia. For the private sector,
there are only 11 universities which offer undergraduate
programs in computing, all of them are selected, see Ta-
ble 2b.

To compare with international universities, the top 15
universities are selected based on the 2020 Shanghai sub-
ject ranking for computer science and engineering [6], see
Table 2.1 The list includes universities from five coun-
tries, such as the United States, United Kingdom and
Australia, representing a variety of educational systems.

Information in this study is gathered from university
websites, which typically list programs that are offered
and provide details about these programs. Such details
often include information such as program specialized
tracks (or concentrations), admission requirements, pro-
gram curriculum, accreditation agency names, etc. This
paper considers each track as a standalone program to
recognize its specialty. These programs are compared
based on several criteria, such as program discipline and
accreditation status, see Table 3 for details. Moreover,
this study assesses if programs offer courses in AI and
Security as these fields are attracting attention in Saudi
Arabia and have high demands to fulfill the needs of the
country [7, 8, 9, 4]. The second column of Table 3 pro-
vides a brief description for each comparison criterion.
We provide necessary details about some of them as fol-
lows:

• Program Discipline
We classify each program based on the seven com-
puting disciplines described in Section II.. A pro-
gram is classified into a specific computing disci-
pline if its name or specialized track is the same as
that computing discipline. If the program name and
specialized track represent two different computing
disciplines, the program is classified as Mixed. For
example, King Saud University offers a program in
Information Technology with specialization in Data
Science, which is classified as a mixed program.
However, if the program name and specialized track
are not the same as any of the seven computing dis-
ciplines, it is classified as Others. For example, the
University of Prince Mugrin, offers a program in Ar-
tificial Intelligence which is classified as others.

• Number of Units
The number of required units to earn a degree is

1ETH Zurich and Tsinghua University are replaced by the Uni-
versity of Texas at Austin and University of North Carolina at
Chapel Hill, respectively, because their program information is not
provided in English.
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Table 1: List of selected Saudi universities

King Saud University
King Abdulaziz University
King Fahd University of Petroleum
and Minerals
Imam Muhammad Ibn Saud Islamic
University
Imam Abdulrahman Bin Faisal
University
King Faisal University
Umm Al-Qura University
King Khalid University
Taibah University
Taif University
Qassim University
Yanbu University College
Jouf University
Jazan University
Al-Baha University

(a) Public Universities

Prince Sultan University
Effat University
Dar Al-Hekma University
Arab Open University
Fahd bin Sultan University
Mustaqbal University
Al-Yamamah University
Prince Mohammad Bin Fahd University
Alfaisal University
Almaarefa University
University of Prince Mugrin

(b) Private Universities

Table 2: List of selected international universities
University Name Country
Massachusetts Institute of
Technology

United States

Stanford University United States
University of California,
Berkeley

United States

Carnegie Mellon University United States
Harvard University United States
Nanyang Technological
University

Singapore

University of Toronto Canda

University of Oxford
United
Kingdom

University of California, Los
Angeles

United States

Princeton University United States
University of Technology
Sydney

Australia

Cornell University United States
University of Southern
California

United States

University of Texas at Austin United States
University of North Carolina at
Chapel Hill

United States

computed differently across various educational sys-
tems, making them incomparable [10]. Universities
in the United States follow the American Academic
Credit System, on a semester or quarter basis. In
contrast, European universities follow the European
Credit Transfer and Accumulation System (ECTS).
All Saudi universities follow the American Academic
Credit System on semester basis. Consequently, this

study gathers the number of units for international
universities following the same system to compare
them with Saudi universities.

• Number of Electives
Electives are courses that are selected based on the
preference of students. For the purpose of this study,
we only consider computing electives and not free
electives. Computing electives are courses that are
selected from a list of courses in the computing field.

IV. Analysis and Discussion

Following the methodology explained in the previous
section, this section focuses on conducting a benchmark
comparison for undergraduate degree programs in vari-
ous computing disciplines offered nationally and interna-
tionally.

A. University Type
We study 161 bachelor programs offered by the se-

lected 36 Saudi and 15 international universities. The
Saudi public universities offer 54 programs (33% of to-
tal) while private universities offer 40 programs (25%
of total). The remaining 67 programs (42% of total)
are offered by international universities from 5 countries
around the globe, see Table 2.

B. Program Discipline
As mentioned in Section III., we follow the 2020 CCR

suggested paradigm for undergraduate computing pro-
grams, which lists the seven computing disciplines de-
scribed in Section II.. The two disciplines with the
largest numbers of programs are computer science (60
programs, 37% of total), and computer engineering (22
programs, 14% of total) as depicted in Figure 2. It is
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Table 3: Comparison criteria between computing programs.
Criteria Description

University Type
The type of the university offering the program, which maybe
Saudi Private, Saudi Public, or International

Program Discipline
The computing discipline of the program based on the 2020
CCR [3]

ABET Accreditation
Whether the program is accredited by the Accreditation Board
for Engineering and Technology (ABET) or not.

NCAAA Accreditation
Whether the program is accredited by the National Center for
Academic Accreditation and evaluation (NCAAA) [11] or not.
This applies for Saudi universities only

Program Duration The expected number of years to finish the program
Number of Units The number of required units to complete the program
Number of Elective Units The number of computing elective units in the program
Number of Capstone Project
Courses

The number of capstone project courses in the program

Required Training
Whether the program requires long cooperative training
(COOP), short internship training, or none.

Number of Required AI Courses
The number of Artificial Intelligence (AI) courses that must be
taken in the program

Number of Required Security
Courses

The number of security courses that must be taken in the
program

important to note that, of the programs we study, there
are 8 that may not fit under any of the seven 2020 CCR
program disciplines. Those programs, such as Artificial
Intelligence (AI), are classified as Others. AI is emerg-
ing as an independent computing program. Currently, it
is being offered by Carnegie Mellon University and the
University of Prince Mugrin, among the universities in-
cluded in this study. It is anticipated that AI will be
included in future CCRs. Additionally, there are 25 pro-
grams that combine two or more of the computing disci-
plines in their curricula, e.g., the computer engineering
and computer science program offered by the University
of Southern California and the computer science and en-
gineering program from the University of California, Los
Angeles. These programs are classified as Mixed.
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CE CS IS IT SE CSEC DS Others Mixed
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Program discipline

Fig. 2: Number of programs for each program discipline.

Furthermore, when we look into the distribution of
programs over the three university types (i.e., public,
private, and international), about a half (49%) of the in-
ternational programs are CS programs, a percentage that
is considerably high compared to the Saudi CS programs

(see Figure 3). One reason for the dominance of CS is
because it is a fundamental discipline as it covers the
theoretical foundations of computing. It is worth point-
ing out that some may consider CS to cover all aspects
of computing [3].

The local Saudi university programs are more uni-
formly distributed over the different disciplines. In con-
trast, international universities offer a higher percentage
of mixed programs, compared to Saudi universities (24%
vs 10%). In addition, there are significantly fewer IS pro-
grams offered by the international computing schools.
This may be attributed to the fact that IS programs
have long been offered by the computing schools in Saudi
Arabia while the majority of IS-related programs (often
named Management Information Systems, MIS) are of-
fered by the business schools in North America [12, 13].
We do not consider the MIS programs in this study.
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Fig. 3: The distribution of programs by program disci-
plines and university types.
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C. Accreditation
Academic accreditation from ABET is one of the

comparative criteria of this study. It is noticeable that
ABET academic accreditation is related to the type of
university as Figure 4 shows. Less than 15% of the in-
ternational and Saudi private university programs are
ABET accredited while over 68% of the public Saudi
programs are accredited, as shown in Figure 4. This
may be attributed to the fact that many of the Saudi
public universities sought, at early stages, to obtain aca-
demic accreditation for most undergraduate programs in
scientific majors [14]. We find that over half of accred-
ited programs in our study received their first ABET
accreditation during the period from 2010 and 2015.

Moreover, the National Commission for Academic
Accreditation and Assessment, NCAAA [11] grants aca-
demic accreditation to the Saudi academic programs. Of
those programs we study, NCAAA has only granted aca-
demic accreditation to 14 programs (26% of total public
university programs) offered by four public universities,
and four other programs (10% of total private university
programs), all are from Effat University.
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Fig. 4: The distribution of ABET accredited programs
by university types.

D. Program Duration and Required Units
There is a clear difference between the Saudi- and the

internationally- offered programs in terms of the number
of required units to complete the programs. It can be
seen from Figure 5 that programs offered by the pub-
lic Saudi universities generally have a higher number of
required units (median of 143 units), followed by pri-
vate Saudi university programs (median of 134 units),
while the international university programs are the least
in terms of required units (median of 120 units). One
main reason for this variance is the number of required
major units, both core and elective. International pro-
grams require an average of 54 computing units. In con-
trast, Saudi public and private programs require an av-
erage of 83 and 68 computing units, respectively.2 As a
result, over 55% of the public Saudi university programs
are five-year programs, while all the international pro-
grams are four or less years, and only 15% of the Saudi
private university programs are five-year programs. For

2The number of required computing units reaches 116 in the
computer science program offered by King Khalid University [15].

the public Saudi university programs, it is interesting to
see the relationship between the disciplines and their re-
quired years of study. Figure 6 shows that 9 CE (out
of 11—over 80%) are 5-year programs. CE programs
are generally the longest programs (with a median of
156 required units—about 11 more units than the me-
dian of the SE programs, the second longest discipline
programs). Comparing the 5-year computer engineer-
ing with the 4-year computer science programs offered
by King Saud University, the computer engineering pro-
gram has 29 additional units.3

Fig. 5: Number of required units by university type.
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Fig. 6: Counts of 4-year and 5-year programs by pro-
grams discipline for the public Saudi universities.

Another interesting observation is the number of elec-
tive course units. Offering more elective courses enables
students to select their desired courses, tailoring the pro-
grams toward their needs. Elective course units are less
in local programs compared to their international coun-
terparts. Saudi public and private programs have an
average of 10 and 9 elective units, respectively, while in-
ternational programs have an average of 21 elective units,
as seen in Figure 7. One possible reason for this variance
is that Saudi universities select to offer more programs
across the six computing disciplines, see Figure 3, rather
than offering more electives. In contrast, about a half of
the international programs are CS programs, which re-
quire offering more electives to cover various computing
disciplines. Another possible reason to opt for offering

3These units are mainly electrical engineering courses (7 units),
additional math courses (6 units), and additional major courses (9
units).
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less electives is the associated financial and administra-
tive burdens due to creating and managing more courses.

Fig. 7: Number of elective units by university type.

E. Number of Capstone Project Courses
The number of required capstone project courses is

one of the elements that vary across the program types.
For example, Figure 8 shows that the majority of pro-
grams offered by public universities (91%) have two cap-
stone project courses, a similar observation is noted for
private university programs, but at a lower percentage
(68%), as seen in Figure 8 However, this percentage is
much lower (9%) for the international university pro-
grams, as most programs either require a single cap-
stone project course (36%) or do not require any cap-
stone project courses (55%).4
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Fig. 8: Percentage of programs with 0, 1, or 2 required
capstone project courses by university types.

F. Required Training
It can be seen from Figure 9 that whether practi-

cal training—either long cooperative training (COOP)
or short internships—is a requirement by programs we
study in this paper. For example, over 75% of the pro-
grams of the international universities do not require stu-
dents to complete any training credits, while training is
required by over 85% of Saudi university programs, ei-
ther as COOP training (of approximately six months)
or as short internships (ranging typically between two

4Many universities offer, among the elective courses for se-
nior students, research-based courses that are similar to capstone
projects, but the decision of whether to take such courses is left to
students.

to three months). For both types of Saudi universities
(i.e., public and private), the requirement of internships
is apparently more common.
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Fig. 9: Percentage of programs with long, short, or not
requiring practical training by university types.

G. Number of Required AI and Cybersecurity
Courses

As mentioned, AI and cybersecurity are two fields
that are receiving considerable attention in recent years,
both nationally and internationally. Most Saudi public
university programs (54%) require AI courses (core or
elective) in their curricula, 31 percentage points more
than other university programs (both private and inter-
national programs have the same percentage of 23%).
The 2005 and 2020 CCRs suggest that the DS and CS
are the two disciplines that intersect with AI the most,
a fact observed in our data, e.g., all DS programs and
about a half of the CS programs require students to take
at least one core AI course. Limited programs falling un-
der other disciplines have core AI courses. Additionally,
core cybersecurity courses (one or more) are seen in the
curricula of the majority of Saudi public university pro-
grams (81%),5 compared to 62% for the Saudi private
university and to 13% for the international university
programs. For both AI and cybersecurity, courses are
often offered as electives in programs that do not have
core AI and cybersecurity courses.

V. Related Work

This paper is different from previous work because
it focuses on undergraduate computing programs offered
by Saudi universities. These programs are reviewed and
compared with a set of international programs to under-
stand their commonalities and differences. Locally, Al-
Baity et al. [17] report their experience of reviewing and
designing the IT undergraduate program offered by the
College of Computer and Information Sciences at King
Saud University to meet ACM/ABET requirements and
reflect local and global IT trends.

Various studies, in the literature, were found aim-
ing to differentiate between computing specialties. Re-
searchers’ consideration of the computing specialties var-
ied from coarse-grained, to fine-grained beyond and

5Some cybersecurity programs have over 10 core cybersecurity
courses. See [16] as an example.
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within computer specialties. The researchers’ perspec-
tive in the comparison also varied as many focused on
how computing programs could be improved while oth-
ers looked at how to increase the student success and
retention and meet the job market needs.

A group of researchers considered the perception of
the computing professionals who are involved in the de-
velopment of software across a variety of industries when
suggesting the improvements in different studies. A sur-
vey of nearly 300 professionals in one study suggested
the required knowledge and skill-sets, and highlighted
the value of breadth and flexibility in both soft and hard
skill-sets including: the technical skill-sets and the global
importance of the critical thinking, problem solving, on-
the-job learning, and the ability to work well in cross-
disciplinary teams [18]. These findings align with recom-
mendations by the ACM/IEEE task force on computing
curricula [2, 3]. Faculties’ perspectives and perception
on approaches to problem solving, reflective learning and
social learning [19] and academia-industry gap in current
programs were also considered [20]. Furthermore, other
researchers looked at the computing curricula in general
and suggested elements that could be considered to im-
prove computing programs. Authors in [21] looked at the
effect of the ABET program accreditation on the success
of the students and suggested that educational institu-
tions include student-centered measures as the program
accreditation failed to show notable improvement in the
students’ success. Moreover, authors in [22] studied the
effect of using open-source technologies to build redun-
dant virtual servers that enable infrastructure stability
and resiliency. Another study [23] proposed a model that
uses the Bildung concept which should contribute to in-
creasing the relevance and value of the educational pro-
gram content. The model deploys the Bildung concept to
suggest a computing education framework about one-self
by understanding what defines human beings, their role
in life and society; and self-determination contribution.
It emphasises on the importance of building a curricu-
lum centered around the mutual interaction between a
human and a digital artefact. Eventually, however, the
above group’s main focus was on the individual learning
outcomes in relation to hard and soft skill-sets gained
without distinguishing between the different specialties.

The other group of researchers focused on specific el-
ements beyond or within the computing specialties. Re-
searchers in [24] focused on the undergraduate research
programs in Computer Science (CS) to study the early
benefits of undergraduate research. While in [25], the re-
searchers focused on gender-oriented success rate in the
computing specialties. This study suggested that the dif-
ferences between male and female students are not fun-
damental, as performance differences only occur in spe-
cific circumstances, and in both directions. Another set
of studies investigated the introduction of some concepts
to improve current computing academic programs and
develop the students’ skill-sets. This introduction could
happen through the courses or the capstone projects
within the computing specialties such as Quantum com-

puting [26], web science [27], and Internet of Thing [28].
The researchers within this group fall short in provid-
ing a holistic overview of the computing specialties but
rather focus on a fine-grained element beyond or within
the specialty.

The final group of researchers focus on computing
specialty specifics as defined in this research. The CCRs
are an initiative launched jointly by several professional
computing societies including the Association for Com-
puting Machinery (ACM) and the IEEE Computer Soci-
ety (IEEE-CS). The aim of the project is to summarize
and synthesize the current state of curricular guidelines
for academic programs that grant baccalaureate-level de-
grees in computing as well as propose a vision for future
curricular guidelines [3, 29, 30]. The very first publica-
tion of the computing curricula was in 1968 [31]. Since
then and as the field of computing has grown and diversi-
fied, the curricular recommendations, and their special-
ties have evolved to adapt with this growth. Volumes are
updated regularly for the specializations with the aim of
keeping computing curricula modern and relevant. The
2005 CCR [2] consists of an overview document, and
model curricula for the different specialties introduced
earlier such as: Computer Engineering (CE2004), In-
formation Systems (IS2002), and Software Engineering
(SE2004) in addition to Computer Science (CS2001). In
2008, the first Information Technologies CCR (IT2008)
was published. Cybersecurity CSE 2017 is the latest
volume of the IEEE-CS/ACM joint task force on CCR
series. At the August 2017 ACM Education Council
meeting, a task force was formed to explore a process to
add to the broad, interdisciplinary conversation on data
science, with an articulation of the role of computing
discipline-specific contributions to this emerging field.
The 2020 CCR consists of a task force of more than forty
academic, industry, and government representatives rep-
resenting seventeen countries from six continents. The
2020 CCR provides a vision for the future of computing,
to produce a comprehensive report that contrasts cur-
ricular guidelines, and to contextualize those guidelines
within a landscape of computing education based on a
framework of competency-based educational principles.
Competency in this project considers knowledge, skills,
and dispositions.

VI. Conclusion and Future Work

Results show that computer science dominates un-
dergraduate computing programs locally (29% of local
programs) and internationally (49% of international pro-
grams). Local Saudi university programs are more uni-
formly distributed over the different disciplines. In con-
trast, international universities offer considerably more
mixed programs, 24% compared to 10%. It becomes
crucial to assess the value of offering undergraduate com-
puting programs in the defined disciplines by the 2020
CCR [3] or a mix of them. One future direction of this
study is to evaluate how these computing disciplines are
perceived from the job market point of view. This in-
cludes collecting data about graduates holding degrees

INTERNATIONAL JOURNAL OF EDUCATION AND INFORMATION TECHNOLOGIES 
DOI: 10.46300/9109.2021.15.14 Volume 15, 2021

E-ISSN: 2074-1316 144



of various computing disciplines to evaluate if they were
preferred for certain jobs or had been recruited differ-
ently. Furthermore, it is notable that programs offered
by Saudi universities, especially public, have more units,
extending the study duration. These programs have sig-
nificantly more computing units compared to interna-
tional programs, see Section IV. for details, a note that
may need to be considered for future program plan up-
dates.
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