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Analyzes the Changes in the Curricula of Computer and Software-Related Majors in
Line with the Fourth Industrial Revolution, Comparing the Periods Before and After the
COVID-19 Pandemic in KOREA.
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ABSTRACT

This paper analyzed the changes in the curriculum of computer and software-related majors that educate the core ICT
technologies needed for the 4th Industrial Revolution, before and after the COVID-19 pandemic. According to the standard
classification of university education units, 172 majors classified into Applied Software Engineering, Computer
Science-Computer Engineering, and Artificial Intelligence Engineering were targeted, and the curricula of 2023 and 2019
were compared and analyzed. As a result of the analysis, the introduction of the related curriculum for each curriculum
group increased by about 2.6%p before and after the COVID-19 pandemic (2023 84.2%, 2019 81.6%). and the 4th Industrial
Revolution response index increased by 9.5 points (37.0 in 2023, 27.5 in 2019)
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| . Introduction

With the declaration of the end of the COVID-19
pandemic that started in 2019, many studies are
being published on the changes in the educational
environment, such as the shift to online-centered
classes, triggered by this social phenomenon.
According to research, due to the impact of online
classes conducted during the COVID-19 period, it
was found that the level of professor-student
interaction has generally decreased compared to
before, and it is a fact that it has brought about
many changes in computer and software-related
education[1-2].

The COVID-19 pandemic is accelerating the era
of Information and Communication Technology
(ICT) in both  domestically —and

internationally, bringing about innovative changes in

countries

curricula, educational content, and
teaching methods. Artificial Intelligence(Al), the
core of the Fourth Industrial Revolution, is at the
center of this educational paradigm shift[3].

In the era of the Fourth Industrial
Revolution(4™R), the use of ICT technologies such
Things(IoT),  Artificial
and Big Data 1is essential

university

as the Internet of
Intelligence(Al),
Especially, experts say that ICT personnel in the
era of the 4th Industrial Revolution must have
adaptability to technological changes and coding
skills[4, 5].

As we usher in the era of the 4th Industrial
Revolution in its full swing, the significance of
software education is escalating. This form of

education, which fosters the development of
mnnovative knowledge through collaboration and
communication underpinned by critical thinking, is
becoming an indispensable element in our rapidly
evolving society[6].

The software education curriculum, which is
4th Industrial Revolution, 1is

closely linked to the cultivation of key professionals

responsive to the
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in the field of intelligent information technology.
This is a domain where technologies such as
Artificial Intelligence (AI), Internet of Things (IoT),
Cloud Computing, Big Data, and Mobile converge to
create new value(Table 1)[7-10].

This paper aims to present the implications for
the direction of changes in the curriculum of
computer and software-related majors in the
post-COVID era, through the analysis of curriculum
changes before and after COVID-19, amidst these

societal changes.

Table 1. Classification of the 4th Industrial
Revolution—oriented Curriculum

Curriculum Keyword
- Technology that collects
0T & .
. data from all machines

Mobile
and humans
Technology to accumulate » Data creation of

Cloud & and analyze data through all things

Big data advanced information e Real-time
processing reaction
Technology for judging + Autonomous

Al and deciding by cognition, evolution
learning and reasoning * Unmanned
Technology that protects decision making

Information | systems and data through

Security protection, detection, and
response

II. Comparative Analysis of Curriculum
Implementation Before and After the
COVID-19 Pandemic

The status analysis was conducted based on the

standard  classification of  educational  units

organized by the Korean Council for University
Education. Data analysis was conducted on 172

computer and software-related majors  with
engineering category, divisions in electricity,
electronics and computers, and subdivisions

classified as applied software, computer science and
computer engineering, and Al engineering (added in
2022). Out of the 489 related majors listed in the
standard classification, majors in the field of games
majors  without enrolled

and media content,
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students, and majors where the curriculum could
not be confirmed, were excluded from the analysis
[11-13].

The distribution of related majors was examined

based on the subcategories of the standard
classification. In 2019, there were 120 majors

(759%) in the category of Computer Science(CS)
and Computer Engineering(CE), and 38 majors
(24.1%) were classified under the Applied Software
Engineering category. And in 2023, there were 112
majors (65.1%) in the category of Computer Science
and Computer Engineering, 39 majors (22.7%) were
classified under the Applied Software Engineering
category, and 21 majors (122%) were in the

Artificial Intelligence Engineering category(Table 2).

Table 2. Status of Established Majors Related to
Computer and Software

Standard Classification Total
majors CS & Applied Al Big Num of | ratio
CE SW Eng. | Majos | (%)
Computer ;
engineering(CE.) & ! 0 8| 366
9 | Software(applied-, 17 » 0 9| »7
0 |convergence- etc) )
g | Combuter 10 1| of 1| 64
3 science(CS)
Specialization . =
for the 4"IR 23 15 21 59 | 343
Totall 112 9 21 172 11000
Computer B
engineering(CE) m 0 | e
9 | Software(applied-, » x B 50| 317
0 |convergence- etc)
| Computer 10 0| - 10| 63
9 science(CS)
Specialization R
for the 4"IR 1 10 15| 133
Totall 112 9 - 172 {1000

* Excluding majors classified as information and communication engineering

When observing the changes in the names of
specific departments, in 2019, out of the 158 majors,
the Computer Engineering major accounted for 77,
making up 48.7% of the total, thus forming the
majority. In 2023, the Computer Engineering major
still made up the majority with 36.6%, however, the
number decreased to 62. This decrease is due to a
significant increase of over 20 percentage points in
the proportion of specialized departments that use
terms such as artificial

intelligence, big data,

information security, and the Internet of Things in
response to the Fourth Industrial Revolution, which
now account for 34.3%.

In 2019, a total of 21 specialized majors were
established, with 2 each in the fields of Internet of
Things, Artificial Intelligence, and Big Data, and 6
in the field of Information Security. The distribution
of specialized majors for the 2023, which increased
to 59,
Internet of Things, 38 majors related to artificial

is as follows: 2 majors related to the
intelligence, 11 majors related to big data, 4 majors
related to information security, 1 major related to
mobile, and 3 other majors. During the COVID-19
observed that
numerous new establishments or changes in the

pandemic, it was there were

majors of specialized departments, particularly in

the fields of artificial intelligence and big data.

Table 3. Education fields and major education contents
in the standard classification

S.C. Education fields Education contents
Basic computing, Computer
To adapt to the application, Hardware system,
information society, learm | Database, Multimedia, Computer
CS & computer- related skills, communication, Programming
CE such as computer language, Computer structure,
systems, and apply them | Computer Al Software
to each field. engineering, Computer graphics,
efc.
Various technologies Basmv Compu'ter science,
S Software design and
required in computer .
: . development, Various
Applied | science and computer rogrammine langtiages
SW engineering are developed DD g gh BUag C
En and apolied to iscrete mat] emagcs, omputer
6 structure, Information
software-related
: . management, Computer systems
industries.
and networks, etc.
The development and Computer Basics, Computer
operation of systems that | Applications, Hardware Systems,
can precisely analyze, Database, Multimedia, Computer
infer, and predict various | Communications, Programming
societal problems by Language, Computer
acquiring abilities such as | Architecture, Software
Al En language intelligence, Engineering, Neural Network
| visual intelligence, voice Theory, Machine Learning,
intelligence, interaction, Deep Learning, Computer Vision,
and performance, which Data Mining, Natural Language
mimic human learning Processing, Detection and
ability, inference ability, Estimation, Speech Recognition,
perception ahility, etc., Linear Algebra, Data Analysis,
through machine learning. | Neuroengineering

027



JKIECS, vol. 19, no. 03, 625-632, 2024

Major subjects according to the existing standard
classification are as follows, and basic subjects
traditionally trained in existing majors, such as
basic programming, software design, network, and
basic computer hardware, were excluded from the
analysis(Table 3)[14].

The analysis was conducted targeting 158 majors
established in the 2019 academic year with secured
curriculums and 172 majors established in the 2023
academic year. The curriculum status analysis was
conducted based on the subjects shown in Table 4.
The classification of subjects was divided into the
Internet of Things, mobile, cloud and big data,
artificial intelligence, and information security[8-10].

Table 4. Example of Subjects by Area for Analysis

Classification subjects
Internet of Things, IoT communication systems,
intelligent IoT systems, ICT convergence, robot software
IoT & (drone,  robotics, etc.) embedded  systems  and
Mobile programming, sensors and interfaces, VR and AR
systems,  mobile  systems and  programming,
human-computer interaction (HCI), etc.
Cloud (computing) systems, data science, big data and
Cl machine learning, big data and deep learning, big data
oud & . . . .
Big data (computing, programming, platform, analysis), big data

mining (text mining, search mining, data science), data
center programming, etc.

AT Overview, Artificial Intelligence, Artificial Intelligence
System, Artificial Intelligence and Robot, Virtual Reality
Al and Augmented Reality, Machine Learning (Mechanical
Learning), Deep Learning, Human-Computer Interaction
(HCI), Artificial Intelligence, Computer Vision, etc.
Information protection overview, information protection
system, computer system security, network/Internet
security, blockchain, etc.

Information
Security

* The classification of some subjects may vary depending on the curriculum
contents, etc. of each major.

Table 5 shows the results of an analysis of the
changes in the curriculum before and after the
COVID-19 pandemic in each field of computer and
software-related majors classified according to the
standard classification. The status of the operation
of the 4th Industrial Revolution-related curriculum
in the respective departments was analyzed using
the data submitted by each department to the
University Education Council and the information
university’s  website. The

available on each
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determination of whether to introduce a curriculum
for each field was made based on the operation
track and related subjects in the curriculum of each
department[11-13].

Table 5. Current Status of Subjects for Response to
the 4"R by Standard Classification

S &CE | Aplied Al Bng. Total
Field SW Eng.
¢ Num. of | ratio |Num of| ratio |Num of| ratio |Num of| ratio
Majors | (%) | Majors | (%) | Majors | (%) | Majors | (%)
Total 112 1000 39| 1000 21 1000 172 1000
o & 04 wo| | @3 | er] 1 w05
9 | Mobile
0 |Cloud & -
3 ). 5.2
2 |Big dta 81 mO| 36| 23| 0| %2| 140 84
3 |AI 104 929 36| R3 21 1000 161 936
Informatio\ g5l sl 1| 75 7| 3| 1| 7
n Security
Total 1201 1000 38 1000 - - 158 100.0
IoT & N
5 [Mobile 108 900 6| U7 - - 144 911
0 |Cloud & P _ _
1 |Big data 81| 675 8| 137 109 690
9 A 103 &3] B[ %638 - - 13| sl
Informatio) g/ 73l x| geg|  -| -] 127 w3
n Security
As of 2023, the proportion of curriculum

introduction by major showed that the field of
artificial intelligence had the highest establishment
rate of 93.6%, with 161 out of 172 target majors
introducing related subjects. Compared to the
survey in 2019, before the COVID-19 pandemic, the
field with the largest increase in the number of
established majors was the cloud and hig data field,
showing an increase of 20.5 percentage points in
the establishment ratio compared to 2019.

In the 2022 curriculum standard classification,
Artificial Intelligence Engineering was added as a
subcategory. As of 2023, 21 of the majors analyzed
Artificial
Engineering. It was found that these majors were

were classified  under Intelligence

relatively focused on the establishment of courses
in the fields of Artificial Intelligence and Cloud and
Big Data.
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lIl. Analysis of 4"IR-oriented curriculum

In this paper, the 'Curriculum Response Index
for the 4R (CRLy)' was introduced to quantify
the degree of response to the 4R by each major.

The calculation of the Response Index, denoted
as ‘CRLy, is based on a weighted scheme that
encapsulates the progression of course introduction
across various domains pertinent to the Fourth
Industrial Revolution[6].

The index ‘CRLyw was calculated according to
formula (1).

(1X Np)+ (83X Npp) +(5X N, p)
CRI,, = P NTEP AP, (1)

In this formula, N;p, Ngp, and Nap are defined as
follows.

*Nzp @ The number of majors in the Initial Phase,
which are operating 1-2 subjects in each course
area. (Weight of 1)

*Nep
Phase, which are operating 3-4 subjects in each

The number of majors in the Expansion

course area. (Weight of 3)

*Ngp : The number of majors in the Active Phase
that organize a track and operate more than 5
subjects over more than 3 semesters. (Weight 5)

* N7 : Total number of majors by year for analysis.

Table 6. Analysis Results of CRLy,

Number of Majors in Each Area
CRLyn IoT & |Cloud & AL Information| ~Total
Mobile |Big data Security
2 Nip 77 76 68 107 .
0 Ner 5 a1 I 0|\
2 Nap 22 23 44 7
3| CRIm 409 365 50.6 20.0 37.0
2 N 67 89 104 111 158
0 Nep 59 16 29 9 Majors
1 Na 13 4 3 7
9 CRlIL4th 42.3 199 26.1 219 215

The response index(CRLy), based on the majors
surveyed in 2023, was analyzed to be an average

of 37.0 points, an increase of 9.5 points compared
to the 275 points shown in the 2019 survey
results. The response index(CRLy,) was highest in
the field of artificial intelligence, and the increase in
the response index(CRIy,) was highest in the fields
of ‘Artificial Intelligence’ and ‘Cloud and Big Data’,
respectively(Table 6).

Table 7. Status of Course Subject Establishment in
Response to the 4™MR.

Number of Majors Offering | Number of Subjects Offered
G An Cources in Each Area in Each Area
ources Area - -
. . Establishment | Avg. Num. of .
Num. o Vs ratio(%)* Estavlishments SD
T & - .
Mobile 14 89.5 2.49 1.539
9 | Cloud & . .
o | Big data 140 814 240 2314
2 Al 161 93.6 358 3.030
3 -
Information| 19 7.1 1% 1940
Security
Total 172 Majors 9.82 Subjects/major
10T & o= .
Mobile 144 91.1 2.59 1.569
9 | Cloud &
0| Big data 109 69.0 1.18 1.218
1 Al 136 86.1 1.67 1.164
9 -
Information | .7 804 1.48 1.805
Security
Total 158 Majors 6.92 Subjects/major

«The course establishment ratio for the year 2023 was calculated based on a
total of 172 target majors, and the course establishment ratio for the year
2019 was calculated based on a total of 158 target majors.

The analysis results showed that as of 2023, the
average number of subjects established across 172
majors in response to the 4th Industrial Revolution
was 9.82
compared to the 6.92 established across 158 majors
in 2019. By field, artificial intelligence showed the
highest average with 358 in 2023(Table 7).

According to the analysis results based on the

This represents an increase of 2.90

characteristics of each university’s establishment
type, both in 2023 and 2019, private universities
showed a higher response index than national and
public universities in all fields except for the field
of artificial intelligence. Based on the 2023 analysis
the overall response

results, index of private
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universities was 381, which is 4.9 points higher
than the 33.2 of national and public universities.
This is similar to the deviation of 5.1 points in
2019(Table 8).

Table 8. CRLy, by University's establishment type

University's establishment type
Cources Area Privae(A) | public®) | 7P
2023
Number of Majors 134 38 -
IoT& Mobile 42.2 36.3 59
Cloud& Big 393 %8 124
data
CRLn Al 50.1 52.1 -2.0
Information 207 174 34
Security
Total 381 33.2 49
2019
Number of Majors 125 33 -
IoT& Mobile 438 36.4 74
Cloud& Big 213 145 68
data
CRLyn Al 259 26.7 -0.8
Information 234 164 70
Security
Total 286 235 5.1

Table 9. CRLy, by Location of Universities

Location of Universities

Seoul _
Cources Area Metropolitan L(og;al (A) B
area(A)
2023
Number of Majors 83 84 -

IoT& Mobile 23 395 27
Cloud& Big 430 28 132
data

CRLyn Al 51.8 493 25
Information 182 219 37
Security
Total 38 3.1 37

2019

Number of Majors 66 2 -

IoT& Mobile 439 411 2.8
Cloud& Big 36 172 64
data

CRILy Al 294 237 57
Information 01 %57 14
Security
Total 318 269 48

The response index(CRLgw), according to the

location of the university was found to be 388

630

points in the Seoul metropolitan area and 35.1
points in the Local, indicating that the response
index of universities located in the metropolitan
area was 3.7 points higher. This is somewhat
reduced compared to the deviation of 4.8 points in
the 2019 survey(Table 9).

Table 10. CRLy, by the Selection Status of the
Government Project

Selection status of the project
Cources Area (National Program of Excellence in Softwar)
selected | non-selected | (A—
(B) B)
2023
Number of Majors R 80 -
IoT& Mobile 476 33.3 144
Cloud& Big 35 %5 150
data
CRLy | AL 570 433 137
Information 22 175 47
Security
Total 426 306 119
2019
Number of Majors 4H 113 -
IoT& Mobile M7 373 174
Cloud& Big 276 168 108
data
CRLyn | AI 329 234 2.1
Information 204 25 21
Security
Total 339 250 89
Lastly, based on the analysis of whether a

university was selected for the government's
university project(National Program of Excellence in
Software), universities that were selected for the
project scored an average of 11.9 points higher
(42.6 points for selected universities, 30.6 points for
non-selected universities) than those not selected.
This is 3 points higher than the deviation of 89
points in the 2019 survey, and it was found to be
significantly larger than the deviation depending on

the location of the university(Table 10).
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IV. Conclusion

This paper analyzes the changes in the
curriculum of computer and software-related majors
that educate the core ICT technologies needed for
the Fourth Industrial Revolution, before and after
the COVID-19 pandemic. The

conducted on 172 majors classified as ‘Applied

analysis was

Software Engineering, ‘Computer Science and
Engineering’, and ‘Artificial Intelligence Engineering’
according to the subcategory items of the standard
classification of university education unit by the
Standard Classification Committee of the University
Education Council.

in the 2023

academic year was compared with the previously

The curriculum of the major

researched curriculum analysis data of the 2019
academic year, and the changes in the curriculum
divided into the fields of Internet of Things and
Mobile, Cloud and Big Data, Artificial Intelligence,
and Information Security, which were introduced to
respond to the Fourth Industrial Revolution, were
analyzed.

The analysis results showed that on average
84.2% of the majors have arranged related subjects
in the 2023 curriculum for each given curriculum
group, which is a 26 percentage point increase
2019(81.6%).  The
Response Index for the Fourth Industrial Revolution

compared  to 'Curriculum
(CRLy,) by major, calculated by assigning weights
to the operation of tracks by education field, etc.,
increased by 9.5 points from 27.5 points in 2019 to
an average of 37.0 points on a 100-point scale.
Among the related fields, the field of Artificial
Intelligence showed the highest increase of 26.1
points to 50.6 points, and it was analyzed that the
establishment of courses centered on the field of
Artificial Intelligence significantly increased before
and after the COVID-19 pandemic.

The analysis results of the characteristics by
type of university showed that in both the 2019

and 2023 survey results, universities located in the
Seoul metropolitan area, national-public universities,
and universities selected for thegovernment’s
university project (National Program of Excellence
in Software) were relatively excellent in curriculum
organization. When comparing before and after the
COVID-19 pandemic, it can be seen that many
the
curriculum organization in the fields of Artificial
Intelligence, and Cloud and Big Data after the

pandemic compared to before.

universities have increased proportion  of

The increase in the proportion of curriculum
composition in fields such as artificial intelligence
and big data can be said to reflect the emergence
of new paradigms, such as generative artificial
intelligence like ChatGPT, which have become a
hot topic recently[15].

However, considering the recent concerns that
the emergence of the fourth-generation GPT-4 is
threatening professional jobs, including programmers,
it is thought that universities, particularly those
with computer and software-related majors, need to
seriously consider how to reflect this in their
education. Furthermore, looking at the results of
MIT’s research, which suggests that proficient use
of artificial intelligence improves work efficiency, it
is believed that the establishment of curricula
aimed at continuously enhancing students’ ability to
the
intelligence will be essential in future computer and

utilize increasingly  sophisticated  artificial

software education[16].
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