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Abstract

From the perspective of smart learning space, this study aims to take a look at the learning space of college students who do online
remote learning in the COVID-19 era, and analyze their demands on what smart learning space they want. Furthermore, this study
intends to provide valuable implications for the technology-enhanced learning environments by deriving design elements that make up
the university’s smart learning space. To achieve these goals, we conducted a review of prior studies, interviews with experts, and case
analysis on smart learning spaces of major Korean and foreign universities, which are considered as innovative cases. Additionally, in
order to confirm the difference between the importance level recognized by the college students and the current performance level for nine
components of technology and for ten components of spaces and facilities, a paired t-test and an Importance-Performance Analysis (IPA)
were carried out. According to the result of IPA analysis, Internet of Things from the technological aspects, a desk that can supply power
and a flexible learning space from the aspects of spaces and facilities were found to have much lower performance than the importance.
This result is meaningful in suggesting key design components for smart campus development in the post-COVID-19 world.
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Table 1. Characteristics of experts who participate in interviews
(M2 HE 2Ho] T2 E4)

Expert| Degree Field .Of Major career
expertise
e Smart education related research
Learning | Conducting research related to
Ph.D.in | environment | future school learning environment
A Education/ design, and design
Associate | Instructional | ¢ Subjects are operated in smart
Professor | design, Smart | learning spaces (eg, Active
education Learning Classroom established in
universities.
. e Conducting research related to
. Learning . . . .
Ph.D. in : interactive learning environment
. science, .
B | Education/ Mobile e Conducting research on future
Professor . school learning environment and
learning, HCI .
design
e Conducting research on intelligent
. .y latform development
Ph.D.in Artificial p . P .
o e Operating a number of subjects
Computer | intelligence, Che 1 .
C L . such as artificial intelligence,
Engineering/| Interactive .
computer programming, and
Professor | technology . .
algorithms using learner—centered
teaching methods
Ph.D. in computer | * Operating a number of subjects
D Computer | network, such as computer programming
Engineering/| Internet of | and algorithms using learner—
Professor Things centered teaching methods

11) Norman, G. R., &Streiner, D. L. (2008). Biostatistics: the bare
essentials. PMPH USA.

12) Grant, J. S., &Davis, L. L. (1997). Selection and use of content
experts for instrument development. Research in nursing
&health, 20(3), 269-274.
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Table 2. Major characteristics of case analysis
(A2l 24 72 53)

Division Major characteristics
N * Building a cutting—edge learning space
.. | *Considering learning activities and collaboration
. university
Singapore space for each team
N e Establishment of classrooms with mobile desks,
university | chairs, and group study space

*Building active learning studio and active
T learning classroom

university | ¢ Equipped with 4-sided wireless projectors and

whiteboards of various sizes

Japan

14) Graham, R. (2018). The global state of the art in engineering
education. Massachusetts Institute of Technology (MIT) Report,
Massachusetts, USA.

15) Lee, J. W. Y. (2017). Learning spaces around the university:

Factors that affect the preferences for a space. In Third International
Conference on Higher Education Advances. Universitat Politecnica de
Valeéncia, Valencia, Spain (pp. 21-23).

16) Mizokami, S. (2018). Deep active learning from the perspective of

active learning theory. In Deep active learning (pp. 79-91). Springer,

Singapore.

16 = gAAes =24 278 A58 54 A|138%

Division Major characteristics

W e Selected as the most innovative university for 4
years

universi . . .
Y | o Establishment of active learning classroom

* Establishing a flexible environment that can be

C transformed according to teaching and learning
university | methods such as lecture—based, project—based
learning, and problem—based learning.

America

* Considering various activities and convergent
‘H approaches

university | Organizing an environment where seminars and

team activities can be promoted
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Table 3. Questionnaire composition
HE F814)

Domain Item Cronbach’s a
Mobile technology infrastructure
Cloud (computing) service
Internet of Things
Personal learning data collection and
analysis technology
Technology Online learning using LMS 180

Online learning progress tracking and
notification technology

Social networking service

Augmented/Virtual Reality technology

Automated response system

Different types of desks and chairs 852

Portable desks and chairs

Desks with power supply

Group projectors

Group speakers

Space facilities Idea exhibition space 790

Transparent and open space

Flexible learning space that can divide the
space in various ways

Independent learning space for individual
learning

Collaborative learning space
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Table 4. Characteristics of survey respondent
(H2 3E2EY)
el F(%)
Division Number of
respondents
Male 44(38.9)
Gender
Female 69(61.1)
Undergraduate/ sophomore 35(31.0)
Undergraduate/Junior 3127.4)
Grade
Undergraduate/Senior 46(40.7)
Graduate 1(0.9)
Business 13(11.5)
Economics 6(5.3)
Enginerring 13(11.5)
Liberal Arts 9(8.0)
Education 24(21.2)
Social Sciences 14(12.4)
Biotechnology 21,8
Software 9(8.0)
College Pharmacy 2(1.8)
Arts 32.7)
Confuc1ariD Elfﬁiﬁf) ;l;ld Eastern 100.9)
Convergence 8(7.1)
Medicine 1(0.9)
Science 2(1.8)
Informatign and 435)
Communication
Non-classification 2(1.8)
Total 113(100.0)

A a7t A& Felsky] 918 IPA 4 (Importance—
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High
importance

Quadrant 2 Quadrant 1
: High importance, Low performance | : Highimportance, High performance

(Consider first) Status quo

Importance
average
Quadrant 3 Quadrant 4

: Low importance, Low performance | :Low importance, high performance

: (Considering next priority) (Avoiding excessive effort)
ow

importance

Performance average

Low performance High performance

Figure 2. Quadrant for IPA analysis and result interpretation
(IPA 2M2 2|8t Ar2H} 22t 5H4A)

17) Martilla, J. A., James, J. C. (1977). Importance— Performance
Analysis for Developing Effective Marketing Strategies. Journal of
Marketing, 41(1), 77-79.
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Table 5. Detailed elements of smart learning space source
(AOE &3t MR 2L) Domian itmes - —
literature interview case
source :
Domian itmes - - - Different types Interviewee A, |A, C,
literature interview case of desks and B.C NS T
chairs ’ T
Mobile | Atif et al.(2015), —
technology  |Kim et al.(2018), Portagleddesks ;}é(ﬁ 6). Nam Interviwee A, |A, C,
infrastructure |Nie(2013) chairs & Pardo(2011) B,D N,S, T
Atif et Desks with .
Int A
Cloud |2 (2015)", Kim power Bn et A e N
. |etal.2018)", , supply
(compgtmg) Nie(2013)” Interviwee A Group _
service Villegas—Ch et projectors Interviwee A
al.(2019) Group Interviwee A,
speakers B
Atif
aln(thl 5 Kim Idea exhibition Interviwee A, AH
Internet of |et al.(2018)", Interviewee A Space B.D ’
Things Nie(2013)%, Transparent Interviwee A, N
Villegas—Ch et Space  |and open space B,C
al.(2019)*" Facilities Flexible
Personal|Kim et ot e Inervivee A, |y
learning data |al.(2018)", the space B.C.D
collection  |Nie(2013)?, Interviewee A in various ways
and analysis | Villegas—Ch et e
Technology | technology |al.(2019)*” Indepepdent ;}& O‘_l 62
Online learning Atif et al.(2015)" slle)zi??ogr Crampton et Interviwee A, NS
using LMS ik et al. individual al.(2013), Nam |[B, C,D ’
learnin & Pardo(2011)%),
Online learning |Kim et & Nie(2013)
progress  |al.(2018)", -
tracking and |Nie(2013)", HEd »
notification | Villegas—Ch et ) £]2016), )
21 ollaborative . |Interviwee A,
technology |al.(2019)*" Collab APKM(2015) I A N. T
learning space |Crampton et B,C D ’
Social al.(2013)%,
- 20)
networking | Atif et al.(2015)"® Nie(2013)
service
Augmented/
Virtual Atif et al.2015)" 21) Villegas—=Ch, W., Molina-Enriquez, J., Chicaiza-Tamayo,
f;eahlty . C., Ortiz—=Garcés, 1., &Lujan-Mora, S. (2019). Application
fechmology of a Big Data Framework for Data Monitoring on a Smart
Automated Kimm e Campus. Sustainability, 11(20), 5552.
1] -
TESpOnse |1 o)1g)1 22) 4, o130, ofoks, 224 (2016). APHE fm A FANES
system S mHAY2 AT 8 ol 2. fREEEIFAT, 144),

19-31.

18) Atif, Y., Mathew, S. S., &Lakas, A. (2015). Building a smart campus
to support ubiquitous learning. Journal of Ambient Intelligence and
Humanized Computing, 6(2), 223-238.

19) Kim, Y., Soyata, T., & Behnagh, R. F. (2018). Towards emotionally
aware Al smart classroom: Current issues and directions for
engineering and education. IEEE Access, 6, 5308-5331.

20) Nie, X. (2013). Constructing smart campus based on the cloud
computing platform and the internet of things. In proceedings of the
2nd International Conference on Computer Science and Electronics

Engineering. Atlantis Press.

18 =A== 2738 A58 54 A|138%

23) Nam, T., & Pardo, T. A. (2011, September). Smart city as urban
innovation: Focusing on management, policy, and context.
In Proceedings of the 5th international conference on theory and
practice of electronic governance (pp. 185-194).

24) Crampton, J. W., Graham, M., Poorthuis, A., Shelton, T., Stephens,
M., Wilson, M. W., &Zook, M. (2013). Beyond the geotag: situating
‘big data’and leveraging the potential of the geoweb. Cartography and
geographic information science, 40(2), 130-139.

25) APKM(2015). “Smart campus guidelines—draft report”. Retrieved
fromhttp://knowledgemission.ap.gov.in/docs/Smart%20campus%20
guidelines_draft %2023-05-2015.pdf,2015
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Table 7. Key characteristics of cases

(AlfE =2 H&FaL)

case

key characteristics in each case
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Table 6. Results from expert interviews
(ME7t HEH Zap)
Expert Technology Space facilities

A | Provide individual devices with
a power supply

Projectors and speakers that
support group activities
Analyzing and monitoring
the learning process using
technology

Space where various teaching
methods can be applied flexibly
A square learning space that
does not scatter to either side,
but enables concentration.
Flexible use of space at the
learner level

B | Develop technologies /device/
programs for technology-
embedded environments and
selectively easily accessible by
the professor.

A technology that supports and
promotes seamless learning that
breaks the boundaries of online
and offline.

Transparent, open space for
displaying and sharing ideas
Use flexible space for various
purposes

C | Wi-Fi and power supply to
personal devices for student
practice

A display that effectively
conveys what the class deals
with. For example, two or
more screens.

A space where professors can
observe the entire learning
situation.

desks and chairs that support
student group activities. e.g.
desks and chairs that are easy
to make and move groups.
Place tables and power near the
classroom (the corridor) so that
team activities can continue
after class.

D | Question and answer and
share results among professors
(TAs) and students using cloud
services

Monitoring and feedback of
the students’ practice

A learning space that is not
dense due to the appropriate
number of students.

HHE 99 HeolEol JeH, 3o
A& 7PEA Bz 4

‘N’ Univ.

Singapore

* Group desks and monitors

* Desks with power supply

e Portable desks and chairs

* Learning space on transparent walls

¢ Individual learning spaces located close to the
group learning space

‘S Univ.

 Mobile desks and stools in various shapes
e Individual learning spaces located close to the
group learning space

Japan | ‘T" Univ.

* Movable desks and stools in various shapes
for individual or team learning in the shape of
beans

e Group monitor

e Group whiteboard

‘A’ Univ.

US.A

e Group desk

* A chair that is easy to move
o Wall Monitor

* Desks with power supply

‘C’ Univ.

* Desks with power supply
» Movable desks and stools in various shapes




case key characteristics in each case

» Movable desks and stools in various shapes
* Exhibition space for sharing ideas by group

USA | ‘H Univ.

3.2 Hi8} 2A0tE Stgg7to] titt tistEe] S8 5=
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Table 8. Paired t-test for differences in importance and performance

Z250 MYE 30| i3 IS EE t A3)
Domain Item Average Starlldz%rd t df | p—value
Deviation
Mobile
technology 239 658 | 3858 | 112 .000”
infrastructure
Cloud
(computing) 363 | 1.181 | 3267 | 112 0017
service
Internet of 1354 | 1457 | 9877 | 112 000"
Things
Personal learning
data collection | 519 1906 | 6317 | 112 | 000"
and analysis
technology
Techno |Online learning | 0| 50 | 508 [ 112 836
logy |using LMS
Online learning
progress tracking| 70 | 3300 | 5013 | 11p 029"
and notification
technology
Social
networking 637 | 1488 | 4551 | 112 .000™
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Augmented/
Virtual Reality 735 | 1.000 | 7.807 | 112 .000”
technology
Automated 204 | 1233 | 1755 | 112 082
response system
Different types of - 991 | 504 | 6652 | 112 | 000"
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Space |Portable desks | g5 |y 4g7 | 5756 [ 112 | 000
facilities |and chairs
Desks with 1602 | 1497 [11372 | 112 | 000"
power supply

20 =AMt =R A27d AST 5 A138%
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Space |Flexible learning
facilities |space thatcan |y 306 | 1473 10089 | 112 | 000"
divide the space
in various ways
Independent
learning space 841 | 1366 | 6.540 | 112 000
for individual
learning
1C°”3‘.b°fanve 956 | 1277 | 7953 | 112 | 000"
earning space
“p<.05, “p<.01
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Figure 3. IPA analysis result : Components in the technology domain
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