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ABSTRACT

This study aims to develop and validate a software competency diagnostic tool that can assess the effectiveness of software
education in higher education. First, based on prior research and university curricula, the fundamental concepts and compo-
nents of software competency were derived and pilot items were developed. The items were validated for content validity
through expert review. Through item analysis and construct validity verification, 24 items for major related competencies and
37 items for general competencies were finalized. Specifically, software major related competencies include computing mind-
set and programming skills, data analysis competency, creative problem-solving skills, and software integration competency.
General competencies consist of self-management skills, conflict resolution skills, collaboration skills, field adaptation skills, in-
tercultural understanding skills, and software engineering ethics competency. In addition, a 5-point Likert scale appeared ap-
propriate for this tool, and the distribution of subjects’ ahilities and item difficulty was satisfactory. Lastly, the reliability of
this diagnostic tool was high, with a Cronbach’s alpha of .95 for both major and general competencies. In the future, this
assessment can be utilized to gauge the software competency levels of university students and assess the effectiveness of
related courses. The results are expected to provide valuable information for quality control in software education.

Keywords: Software Education, Software Competency, Quality Control in Software Education
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Table 1. Summary of Previous Research for
Software Competency

Researchers Competencies

Turley & Task accomplishment
Bieman(1995) | o Leverages / reuses / code
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Researchers Competencies Researchers Competencies
¢ Uses methodical problem solving e Writing
« Mastery of skills and techniques » Team and group communication
e Writes / automates tests with code Professionalism
» Prior experience » Accreditation, certification, and licensing
¢ Obtains necessary training / learning * Codes of ethics and professional conduct
e Uses of new methods or tools » Social, legal, historical, and professional
¢ Schedules and estimates well issues and concerns
e Use of prototypes to assess design » The nature and role of professional
» Possesses unique domain knowledge societies
e Uses structured techniques for » The nature and role of software
communications engineering standards
Personal attributes » The economic impact of software
« Driven by desire to contribute * Employment contracts
» Pride in quality and productivity Cognitive skills
e Sense of fun * Reasoning
e Lack of ego e Analytical skills
» Perseverance  Problem-solving
¢ Desire to improve things ¢ Innovation
» Proactive / initiator / driver Behavioral attributes and skills
¢ Maintains “big picture” view e Aptitude
» Desire to do / bias for action * Initiative
¢ Thoroughness - methodical, organized,  enthusiasm
cautious IEEE(2014) e Work ethic
« Driven by sense of mission » Willingness
¢ Exhibits and articulates strong convictions e Trustworthiness
e Mixes personal and work goals » Cultural sensitivity
« Proactive skills competencies e Communication skills
Situational skills competencies * Team participation skills
» Concerns for reliability and quality * Technical leadership skills
«+ Focus on user or customer needs Technical skills
+ Thinking - strong analytic skills Requisite knowledge
+ Emphasizes elegant and simple solutions Related disciplines
¢ Innovation Analytical Competency
« Attention to detail » Problem Identification
» Design style » Problem Understanding
¢ Responds to schedule pressure by ¢ Data Collection
sacrificing parts of design process e Data Analysis
Interpersonal skills competencies Design Competency
+ Seeks help  Solution Proposal
« Team oriented Lee & » Solution Evaluation
 Help others Jang(2017) ¢ Solution Improvement
« Willingness to confront others * Solution Expression
Technical Implementation Competency
« Technical knowledge » Tool Selection Ability, Resource Utilization
« Use of technology Ability, Resource Management Ability
Social . gogtware Soildmg Evaluat
. * Interpersonal relations ® Software Qutcome Evaluation
Ré\t/e;la(—égzix(;a » Cooperation and work in a team » Software Coding Execution
. + Handling and solving conflicts Kang(2017) Software content competency
Personal Software Development competency
¢ Development in the job environment Compq@aponal Hmﬂqng o
« Personal Development e Utilizing bas!c concepts and pnnaples of
« Rights and limits computer science and computing systems
- » Understanding problems in real life and
Gro%gndmmclf andldfgyc‘hotlogy q various academic fields
. amics of working in teams and groups . ; ; ; :
¢ Individual cognition (e.g., limits) Lim & chl(f]%tgrfgly implementing and applying
s | o Sogtve problem conplety Kim020) | collaborative Problem-Salving
IEEE(015 | » Dealing with uncertainty and ambiguity Sharing diverse knowledge and learning

Dealing with multicultural environments
Communication skills
¢ Reading, understanding, and summarizing

reading

communities in a networked computing
environment

 Efficient communication and collaboration
for creative problem-solving
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Investigation of software competency
assessment tools

r]:\g@tg?d Review of previous research related to
defermination software competency

of Identification of software competency
measurement constructs and setting operational
constructs definitions

Expert review and determination of
measurement constructs
&

Development of item specifications and
Item items

development Verification of content validity and
determination of prior Items
&
[ Pilot test | | Pilot test |
&
Item analysis Item analysis
and validity and Validity and reliability analysis
reliability Revision and confirmation of
analysis final items

Figure 1. Study Procedure
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Table 2. Operational Definitions of Software Competencies
Constructs

Constructs Operational definitions
The ability to abstract and
proceduralize  large  and
complex  problems  into
algorithms and  automate
them with computers for
resolution, and the capability
to  utlize  programming
languages to perform this
process
The possession of knowledge
and skills necessary for data
collection, processing, and
analysis to extract insights or
knowledge from data, and
the capacity to apply these
abilities
The competency to identify
problems that need to be
solved in the software
Creative domain, gather necessary
problem-solv | resources, seek new
ing skills executable solutions, derive
optimal strategies for
resolution, and implement
them

Category

Computing
mindset and
programming

skills

Major-
related
competencies

Data analysis
competency

Software The capacity to integrate and
integration utilize the structure of data
competency | based on algorithmic thinking

The capacity to set and
execute plans for achieving
Self- personal goals as a software
management | major, while proactively
skills learning and managing one’s
own resources (time, social

resources)
The ability to recognize and
resolve conflicts with others

Conflict that arise during
resolution software-related tasks, by

skills analyzing the causes and
actively and  effectively

mediating the conflict

The capability to create new
value and solve problems in
a hyper-connected society,
where virtual and real spaces
Collaboration | are linked, by sharing

skills information and exhibiting
collective  intelligence with
global talents from various
backgrounds, aiming for a

General COmMmON purpose

competencies The competence to adapt
effectively to the actual
Filed industry ~ through  field
adaptation practical experience, based
skills on the self-efficacy of one’s
identity as a software major
and adaptation to the field

The ability to develop
software effectively through

Eﬁaerrcslgﬁrﬁ open-minded  interactions

il with people from diverse

8 Sk backgrounds, respecting
cultural diversity

The capacity to

autonomously make ethical

decisions and act upon them

Software in” thg development 'and

engineering utilization of spftware, with a

ethics focus on public interest and

competency safety, and  possessing

professional expertise as a
software major, while being
sensitive to the ethical issues
that may arise

AFE RS =24 Q74 2%)
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Agte BA(item fit analysis)2 HEE)7} 0301811 &8 YA &8ith
AAsIE e, AFHF AulEe tig EAA70=
el

Table 33 zth BAAz BAS Zglow wAohdt Table 4. Item Analysis Result of General Competencies
& = WA E(nfit) Fro] 1.5 o)<l 3+-& ek Rasch Model
UA ofgky RS Bad Bgow AR 4 gle tems | Gifor™ | lem | hemFt | Jom
Aol 2443 A 4(point-measure correlation; ¥4 V| dificuty | Statistic o]
)7} 0.3 o3kl B Ueh}A] Qo nE S Item 1 3.08 1.00 116 0.59
2 Item 2 3.19 0.94 1.05 0.61
AR Item 3 352 0.46 0.98 0.61
Item 4 3.92 -0.02 117 0.48
Table 3. Item Analysis Result of Major-related ltem 5 34 0.62 112 0.57
Competendies Item 6 3.05 1.1 173 0.37
Item 7 3.37 0.76 1.2 0.54
Rasch Model Item 8 434 -0.98 0.88 0.54
CTT item ) Item Item 9 4.16 -0.49 0.9 0.57
ftems 1 dificuty djflftiiﬂty pem b | discrim Item 10 3.80 011 087 | 064
Ination Ttem 11 371 0.19 0.92 0.61
Trem 1 307 -0.14 1.20 0.5 Ttem 12 363 0.27 0.94 0.61
Trem 2 247 0.95 131 0.52 Item 13 3.98 047 0.93 0.58
Item 3 315 0.30 0.94 0.65 Ttem 14 416 -0.37 0.81 0.62
Item 4 374 119 1.06 0.61 Item 15 400 -0.01 0.92 0.58
Item 5 2.90 0.01 0.87 0.69 Ttem 16 4.23 20.38 0.80 0.6
Item 6 2.32 1.19 0.82 0.71 Ttem 17 417 2031 0.83 0.6
Item 7 3.9 174 0.93 0.64 Item 18 402 0.24 1.00 0.53
Trem 8 254 0.49 0.98 0.67 Ttem 19 434 ~0.99 113 0.37
Ttem 9 252 0.76 0.88 0.69 Ttem 20 3.9 ~0.47 0.94 0.59
Item 10 3.31 -0.41 1.06 0.60 Ttem 21 366 2016 0.78 0.7
Item 11 2.61 0.55 110 0.63 Ttem 22 378 20.24 0.81 0.66
Item 12 2.69 0.65 0.74 0.74 Ttem 23 359 0.20 0.95 0.62
Item 13 2.79 0.43 0.72 0.75 Ttem 24 382 2027 0.80 0.66
Item 14 3.39 -0.66 0.92 0.66 Ttem 25 4.97 2067 0.90 0.55
Item 15 3.19 -0.28 0.83 0.70 Item 26 3.95 ~0.27 1.07 0.52
Item 16 2.79 0.26 0.71 0.76 Ttem 27 378 20.25 0.91 0.62
Item 17 3.22 -0.35 0.82 0.71 Item 28 324 0.68 117 0.57
Item 18 2.83 0.40 0.83 0.70 Ttem 29 347 0.2 0.9 0.62
Item 19 2.71 0.47 1.04 0.63 Ttem 30 3.85 0.00 1.07 0.53
Item 20 3.29 -0.55 1.41 0.50 Item 31 2.90 1.40 1.07 0.61
Item 21 320 -0.37 0.91 0.67 Ttem 32 2.72 167 176 0.42
Item 22 3.38 -0.73 118 0.55 Ttem 33 4.98 20.68 0.90 0.54
Item 23 311 -0.25 113 0.59 Ttem 34 3.88 0.19 0.86 0.64
Item 24 2.63 0.77 1.24 0.55 Item 35 4.15 -0.75 0.89 0.58
Item 25 3.23 -0.33 118 0.59 Ttem 36 414 2067 105 051
Item 26 2.76 0.39 115 0.60 Ttem 37 421 20.49 0.97 0.54
Itern 38 4.00 -0.35 1.04 0.54
Ttern 39 4.38 -0.96 1.10 0.45
412 Qureer B R Az} Item 40 3.93 0.05 0.87 0.61
Item 41 3.86 -0.35 0.89 0.61
Qi BT FUT BHE $9) 2P0 BRI MWW O e
ZAZ3l5 Tk Table 490 #AAE B4A3) 23 612
oy} 718o] Y7t sk Yol 93-S FA gethat
%@03;(1}}5] A% lj&e; EZ&]E‘]% ey 5o wa e 42 TAHRE A%
AFAEE 7 Jrhe] WAR=E(Infine] kel 27t
1735 17602 F43 2302 Bekd 4 gl 150140 T wHE S8 o] HAA BYE oRE
e e oo wel, 23 63 23 328 AHAlET golste] BAAE Eae 245 T, FogYES
W, Ho|A A3 (point-measure correlation; AZ=37] 98] 13 2z golnMe Aasih
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Table 5. Factor Loadings of
Major-related Competencies Items

Factors Items Loadings

[ know the fundamental mathematics 696
required in my field of study. )

I possess the mathematical reasoning
and applied skills necessary for learning | .652

Computin | ;" 1 Field of study.

mindset |1 can use more than two programing

1 .692
and anguages.

programm | My  proficiency  in  programming 735
ing skills | languages is intermediate or above. :

I possess coding skills that meet the

requirements of industry standards. 488

I can structure complex problems into a| .505

format suitable for computer-based
solutions.
I can automate efficient solutions to 5%
various problems using a computer. ’
I can apply the problem-solving process 551
using a computer to similar problems. )
I can collect data through programming,
such as big data collection and web| .795
crawling.
I can analyze data using various data
analysis techniques to derive insights| .755
Data | tajlored to specific objectives.
analyils I can analyze and logically organize data.| .520
comé);z en I can implement databases necessary for 556
various data management purposes. i
I can abstract the key elements of 593
various collected data. )
I know the knowledge underlying big 7
data analysis. )
I have the knowledge retrieval skills
(e.g. Googlingd needed to develop| .629
software.
I can think of ways to improve software
already developed in the field related to| .508
. my major.
Cr%a}tlve_ I can combine various methods that can
pgglvierg be solved when solving complex| .730
skills problems.
I tend to stop when I find problems
during software development and look | .777
for new alternatives.
During team projects, my team members
tend to ask me for advice on problem| .568
solving.
I am aware of the security threats that
exist at each layer of the computer| .544
network.
Sof I know about computer algorithms. .688
m?eg:; I understand many ways to process the
n basic structure of data (arrangements, 592
records, stacks, queues, lists, graphs,| °
competen trees, etc.).
R I can derive solutions through 646
algorithmic thinking. ’
I understand the basic concept of 480
artificial intelligence. )
I AT TRIEFFES] Aol whel /oA of
A2 1A B3] 2Ao] JATh WA, ‘U=
el FRES Fgokol 253k FHONA ol
18} S AA=GA = Heltk g
T2 ArHE 9FoE NAEHUo Y, T WEE
A A g aglol AetshA] eFe Ao R AThEo
A% AAste Aoz AMEUT 25N APl
Ao AFslde Bag 97 AT dF £

i)
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r

A A27A Als -

‘Ue A o)ds AAToEN W oA &1,
254 A0 BRI E A 2910z o i e o T ] o
TR, 2FY gFolA AT F7F 3MC I can reorganize collected information for | ..
T U AT A ES A4S 28 | = ;ngn;f)l}tfegiegeﬁewtio\ff L')I'OCESS of combining .
EAES FYIT, vhs 2kl SUE AT verifying, and leaming from diverse | 591
H AR A tlFo] Wske AL ol + 3l nfomaton s
s 11 s - - I utilize my capabilities to achieve the
o, U AZEdOIE AR 98 UFe] & gl of the Communty, 516
TE Febg £ 9tk )E QIR 23 U I can share the content I developed or
2 Az eglel AoA a3 FY ¥ o7 Aos} %?dmug%zgﬁgon with others for the| .304
o 2¥Y GHFOE o] FIAUTE AR E ‘U= [ carry out team projects using information
FTo] B DA5ly] 95 A 2Ye] 2o = or knowledge from various occupational | .565
. N ol =l 3 STOUpS.
asitta AR oF U= gdRt AgEol ¥ I can understand what the public wants by
3 PR FEA ) A Y 72He F uge gathering the information provided on the | .
T IEE FT5H THe = thering the informati ided on th 762
s L - online platform.

. = 7P E3be] opd dA I3l o] bzl I can gather information from online
A9 9uE Addte FHF }\Lxﬂ 32 AASY platforms to understand public needs for| .709
- ftware development.

o} Yukelere] A Ea}a) ala-e Table 63 2k . 4
AR o g AT 27 3 214 REWI I consider how what I am currently studying 597
AN Mo 2 HFAHF 27 £ A 3 H N can be applied in the field.
asl 20 £ QuelBe 5 84 b F 07l e o
91, A% 377 Bao| 2T EF AT Fgk ©T7o] H | related to my major. '
= FE3lo g AAHUTH a dl;l?z;itio I tend to demonstrate my competence well 162
n Eld]ls in practice-related courses. ’
Table 6. Factor Loadings of General Competencies Items stg}lﬁv; ﬂ&fﬁeﬁ;ﬂgﬁ&g major will be | g7
Factors Ttems Loadings I possess the abilities and skills needed for
I have a specific plan for my career. .804 ?glt;tijd ]t%bmsegggame in the industry| 367
! am anlemen@ng the plan I have .849 I understand that people with the same
established to achieve the goals I have set. altural backgrond can have  different 5%
Self-man | I seek and leamn the knowledge and skills beliefs and val '
agement | necessary for my studies on my own. 6% i knoj« gllll(l)wvtou;t along well withh people
Slls |1 efflaenﬂy complepe 855181@ tasks and 357 who have different beliefs and values from| .755
roles within the designated time frame. Intercultu | mine
I have people around me whom I can ask - -
T 650 ral I respect and get along well with people
{;Lhelp vl/iilig I fz;ce dlfﬁqﬂezfl — understa | from different cultures and values. 78
€11 WOrKINg On earm projects, en o ndng |1 don't feel awkward or uncomfortable
others opinions rather then just asserting| 669 skills | when 1 encounter people of different a7
my OWT. — — cutures and races in school or|
I listen to others’ opinions to objectively 626 neigtborhoods.
asSess my v'1ews‘ — S— . I would like to participate if I have the
When conflicts arise m‘relaUOnshlAps with 636 opportunity to work with people from| .37
others, I tend to recognize them first. ) diverse cultural and ethnic backgrounds.
.. | When a conflict arises, 1 look at the AS a Soff ior. 1 feel il
Conflict | a software major, I feel a responsibility
resojution | difference between the other person and | 744 o pursue the public interest and safety. 710
sills my pogtlon i [ think software professionals should have
742
I consider the cause of the conflict from both expertise and ethics :
many perspectives 597 Software >
- . engineeri I am aware of the ethical issues that can
I'tend to try to find a solution when when 5% arise in software development and| .63
conflicts occur. ) ng utilization.
- - ethics
If I find a way to resolve a conflict, I tend 138 ten | 1 can autonomously judge ethical issues that
to implement it. ' competen <6 duri
0 Implement 1 cy | may arise during software development and | 571
When conflicts arise, I seek cooperation 196 utilization.
from others to find a solution. ) I follow the learning ethics or research
Collabora L actively utilize dlg;tal commmqaﬁon t,0015 ethics required of students. 593
tion skills | MECESSAY to share information with various | .522
talented people.
130 2024. 3
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Table 7. Reliability Analysis
Major-related # ot General # of
- item @ . . a
competencies s competencies | items
Computing ~
mindset and Self
. 8 .89 | management 5 .83
programming skills
skills
. Conflict
Data analysis .
competency 6 .87 rez%llfslon 8 .89
Creative .
problem—solving | 5 | 81 Couii‘i’ﬁsm“ 9 | 8
skills
Software Filed
integration 5 .80 | adaptation 5 .79
competency skills
Intercultural
understandin 5 .84
g skills
Software
engineering
ethics > 85
competency
Total [ 4] % Total 37 | %
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