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<ABSTRACT>

The purpose of this study is to develop a framework and a scale to measure perceived digital competency based
on learning outcomes at the level of college engineering students. A survey was conducted on 293 engineering
students and evidence of the validity and reliability of the scale is presented. As a result, it finds that digital
competency can be measured and conceptualized as four domains: Digital literacy, Information and data literacy,
Digital contents creation, and Cyber-ethics. It also reveals that freshmen show the lower level of digital
competency as compared with other graders, especially in computational thinking, skills about data and information,
coding skills, and digital contents creation. On the other hand, female students have strong professional
accountabilities in data and a better understanding of digital citizenship. It implies that engineering education
necessarily emphasizes the importance of proving digital training to freshmen year curricula and gives opportunities
so they can continuously adapt to the changes that occurred by technologies. It is also important to consider
teaching a problem skill in data analyzing, transform, visualization, and evaluation, also establish their
computational thinking. The scale has been developed can be used to measure college students' learning outcomes

and it will provide practical implementations for college engineering education.
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1. Introduction
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LRSI I e o TR S N R T o e v s M s
FAAD AAAAE 43 AbIALE Al &b, o
= ATz AEAEA d9e E2eola AR
ALY Ao dFS 5 UTHWEF,
2016). 53]

Hqrielel WstE JhAdstow ARE Jhestal A
5 B2 KRl At sl A
o 1 =t}H(Beniger, 2009).
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II. Materials and Methods

1. Participants and Data Collection

Brain, Digital, & Learning, 10(3)

ANET g ddsidt. & 273w oAl
1129, 4100000] AR FHE A AR &
@t th(<Table 1> 1)
<Table 1> Participants of study
Grade Male Female Total
Freshman 66 39 105
Sophomore 32 24 56
Junior 31 26 57
Senior 32 23 55
Total 161 112 273

2. Framework of Digital Competency

S5 J1wke ARG Y AAET AR 9
A WA OARg P W HAATE wFgow
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<Table 2> Framework of digital competencies based on learning outcomes of KEC2015

Engineering Learning Outcomes (KEC2015)

Digital Competencies

Understanding Digital Society

Societal Understanding Digital . 4o
Knowledges ' = ] Online Communication
Applying Knowledge Literacy Computational Thinking
Identify Problems . Data .Anal.ys1§ Sklll_
Information Data Visualization Skill
Analysis & Interpret Data & Data Data Management Skill
. Information Resources
: . . . Literacy
Skills Engineering Techniques = Management Skill
& Practice .. Information Use Skill
Digital Contents - :
o . Creat Coding Practice
Engineering Design reation Creation Digital Contents
Teamwork & Communication Information Accountability
Attitudes Engineering Ethics = Cyber Ethics Information Security

Life-long Learning

Digital Citizenship

- 324 -



e, 9o g3 BANAY AHES HA
st AgsE HANAY 94D 2A=E P
71 A8l AEd ARE olgstn, 2P %S u

(Information Use Skill)”#} ICT 7]7] &8§ 7]&
i, 7IAISke] ATE fE ZEagd o
sta, ZH3ste AAHA “zmd  FH(Coding
Practice)”, ©lX| &g A oA v} 2o =

s AFeAY, #AdH FAHE T3 e 534

Q Aol Aua(zeay, wod 9 H)E B

ofr My

3t “ZeEl= 7] (Creation Digital Contents)”
o] sfgEh

upxjato 2 “Alelw] {94 (Cyber Ethics) &
AR dHolHE A, &v], AP, Wx &&=
HAoll Al A Ak st FHES ¢, MAFR]
84N gAY AvIoZ Ao Az HEE

o Fea el 544 mEs7
FRAE GEH ALE, 3G ARMAL ¥
%2, A7 AN} Bl glom, Fz ARIRA
o HEH geiz waol k. AgHon oy
9 BN 2R Ausd, AGHE A4
3 O Awelse] ole] Pl FAHom
Wb gAY aul, Ael, WE, B HAo

A A AR k= qtile &al, FE

BE A%ae

EFstn RI3sEE ‘AR 2 <dZ(Information
Accountability)”, BH K] TS QA2 A
BEcok 9 JdARRTE 93 Mgy 71E4 o
S WS g3 J"HY bH T HE A|EE ‘A
B o)A (Information Security)”, YA E &% A
o] AHloZ Aol AQIztS zhal UEL A Frolst
o JH Az YAE 4o dHdAS A7 9
3 =93l “YAg ATl e (Digital Citizenship)”
o] gt

[

. Assessment Tool
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<Table 3> Result of contents validity

Content Validity

Major
Mean S.D.
Engineering (1) 4.59 0.50
Engineering (2) 4.51 0.56
Natural Science 4.70 0.57
Education (1) 4.57 0.63
Education (2) 4.38 0.67
Social Science 4.49 0.51
Total 4.54 0.57

4. Data Analysis

ARFHL G5l Lvpel WERAE AR
om, £7E AnE wgow FAH 2Pl
o3 AYEe FARTES AEsD PAET A
dug FAsdch £, AEF AAEFL ol g
of st el B ¥UY £ES F4%
i, AE, shdd, el E4e sdolry] $lste]
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III. Results and Discussions

1. Validation of Scale

ArtETo 44 B3 EE FQlsr] fdte] a9l
S AAE 23 HAF A=Y 4 adow
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Haoss B HS Add HA=Te 2904
o <Table 4>¢} 7t}

2. Results of Measuring Digital Competency
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2) Digital Competency level by Grade
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<Table 4> Result of factor analysis

. Item Commu- Factor Loading Cronbach
Sub-categories o
No. nalities Factor 1 Factor 2 Factor 3 Factor 4 Alpha(a)
Understanding 1 0.645 0.550
o ] 2 0.713 0.510
Digital Society 3 0.396 0.424
4 0.593 0.604 0.444
o Online Communication 5 0.532 0.491 0.446
Digital 6 0.622 0.604  0.481 0.943
Literacy 7 0.691 0.825 :
8 0.534 0.805
Computational 9 0.670 0.811
Thinking 10 0.633 0.666
11 0.568 0.728
12 0.618 0.686
13 0.630 0.466 0.432
Data Analysis Skill 14 0.656 0.524 0.487
15 0.792 0.552 0.510
16 0.759 0.561 0.455
Information  Data Visualization Skill 17 0.752 0.563 0.543
18 0.720 0.463 0.437
& Data 19 0.465 0.565 0.901
Literacy Data Management Skill 20 0.669 0.543
21 0.578 0.691
. 22 0.539 0.585
Inf t R
nformation Resources % 0.645 0.403
Management Skill 24 0.456 0.577
25 0.596 0.718
Information Use Skill 26 0.383 0.645
27 0.494 0.764
28 0.579 0.728
Digital Coding Practice 29 0.566 0.649
30 0.698 0.700
Conteflts 31 0.722 0.604 0910
Creation 32 0.779 0.758
. .. 33 0.740 0.856
Creation Digital Contents 34 0683 0.852
35 0.683 0.807 0.417
36 0.592 0.794
37 0.380 0.374
. - 38 0.576 0.685
Information Accountability 39 0.589 0.580
40 0.579 0.580
41 0.414 0.433 0.412
Cyber . . 42 0.400 0.551
Ethics Information Security 43 0.692 0.593 0.565 0.899
44 0.489 0.651
45 0.601 0.658
.. .. . 46 0.450 0.624
D | h
igital Citizenship 47 0.608 0.699
48 0.536 0.691
Eigenvalues 11.135 6.350 6.252 4.959 0.970
% of Variance 23.199 13.228 13.046  10.331 '

KMO Measure of Sampling Adequacy=.874, = 5893.583 (df=1128, p<0.001)
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<Table 5> Result of perceived digital competencies by gender and grade

Total Gender Grade
Sub_categories M F M ‘SD’ ¢ diff. M (SD) F post-
(S.D.) p Male Female p (M-F) 1st 2nd 3rd 4th P hoc
Digital Lit 4.01 405396 08 0436 009 oo 38 431433 o0 h 001 1<34
1211a 1terac - - . . . . . K
8 Y077 (0.71) (0.86) (0.80) (0.77) (0.70) (0.56)
Digital 415 422 407 3.99 392 445 453
Society  (0.78) 0.73) (0.85) 124 0-216 014" g5y (0.73) (0.64) (0.51) 7>1 0-001 1<3.4
Online  4.44 L, 448 441 437 439 453 463
Communication (0.67) >80 00017 (4 63y (0.72) 0-73 0456 007 5 56) (0.71) (0.65) (0.60) 3> 0204 -
Computational 3.72 375 3.68 347 354 412 4.08
Thinking  (1.06) (1.00) (1.17) 044 0657 0.07 4 14y (1 18) (0.86) (0.72) >3! 0:002 1<3.4
Information _ 4.04 401 4.10 387 409 425 423
& Do Liomey 0690~ " (067 @13 08 0900 009 (e oo 06wy (0.65) 405 0.008 1<3
Data 4.40 441 442 438 433 441 459
Analysus  (0.65) 0.64) (0.65) "0:09 0926 -0.01" 5 61y (0.62) (0.69) (0.70) 110 0349 -
T 3 351 3.68 321 383 414 3.60
Visualization {73, 2657 0002 (12 (116) -0.98 0.330 -0.17" 753y (1.03) (0.94) (0.89) 7-20 0001 1<2.3
Data 410 26870. 411 409 3.90 399 431 450
Management (0.86) 0.84) (0.92) 012 0907 0.02" 5 g5y (9.98) (0.68) (0.82) 14 0:002 1<4
IR 4.08 403 421 398 419 416 423
Management (0.77) 0.80) (0.71) ~1-64 0103 019 g7y (0.67) (0.74) (0.63) 12> 0292 -
Digital Contents 4.52 454 452 443 447 458 480
. S 0.24 0.812 0.02 336 0020 1<4
Creation (0.62) (0.61) (0.61) (0.61) (0.66) (0.62) (0.45)
Information  4.47 448 449 438 448 449 472
Use  (0.65) 0.66) (0.64) 013 0896 0.0 65y 0 65) (0.64) (0.61) 234 0074 -
Coding 447 455 437 436 444 447 483
Practice  (0.77) 127 0256 068y (0.88) 13 0127 017 88y (0.70) (0.69) (0.42) 323 0023 1<4
Creation  4.57 457 46l 449 448 467 483
Contents  (0.62) (0.61) (0.58) 041 0-681 004 4 50) (0.67) (0.66) (0.41) 327 0-022 14
Cober Eities 49 433 452 o0 432 44l 450 4d6 o
T 1 - - -4 . -U. . . -
yoer BHIES T 0.58) (0.59) (0.50) (0.54) (0.57) (0.64) (0.52)
Information  4.41 438 450 429 446 442 474
Accountability (0.65) (0.67) (0.56) "1:26 0-208 012 56y (0.65) (0.77) (0.48) 43 0004 1<4
Information 4.43 435 456 430 440 4.66 455
Security  (0.62) 200 0495 g 64y (0.55) 234 0:020 -021 4 61y (0.60) (0.59) (0.60) 33 0-016 134
Digital  4.32 425 448 437 438 443 411
Citizenship (0.71) (0.73) (0.64) 228 0:024 024 67) (0.59) (0.74) (0.83) 1-60 0192 -
424 423 427 411 420 441 446
Total 27.26 0.001% -0.48 0.631 -0.04 : U443 0.005 1<4
o (0.58) 0.57) (0.59) (0.55) (0.58) (0.62) (0.48)

1) Computational Thinking< Digital Society< Online Communication
2) Visualization, IR Management< Data Management< Data Analysus
3) Digital Literacy, Information & Data Literacy < Cyber Ethics, Digital Contents Creation

HE BA(F=110, p=0349)3tx FFsl= & A 8& FolAE AU AF FFo] Ei, 1ot
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