Supplementary Material: Evaluating the Use of Virtual Twins in a Control Systems Course

SUPPLEMENTARY MATERIAL

for paper:
(S. Prohaska, L. Kennes)

Supplementary Material 1: Search Strategy

TABLE 1: SEARCH STRATEGY

Evaluating the Use of Virtual Twins in a Control Systems Course

Database

Search
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Results

IEEE

(("remote lab*" OR "virtual lab*" OR "online lab*" OR "distance
learning™) AND (in-person OR hands-on OR on-campus OR evaluation))
AND education

2010 - 2022

876

Web Of Science

(("remote lab*" OR "virtual lab*" OR "online lab*" OR "distance
learning™) AND (in-person OR hands-on OR on-campus OR evaluation))
AND education

2010 - 2022

1.126

Reference lists
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M. Abdulwahed, Z. K. Nagy, and A. R. Crawford, “Development and evaluation of open
educational resources for enhancing engineering students’ learning experience,” in Proceedings
of IEEE International Conference on Teaching, Assessment, and Learning for Engineering
(TALE) 2012, Aug. 2012, pp. H4C-14-H4C-18. doi: 10.1109/TALE.2012.6360363.

Control group

S. AbuShanab, M. Winzker, and R. Briick, “Teaching low-power design with an FPGA-based
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E.-S. Aziz, J. E. Corter, Y. Chang, S. K. Esche, and C. Chassapis, “Evaluation of the learning
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Conference Proceedings, Seattle, WA, USA, Oct. 2012, pp. 1-6. doi: 10.1109/FIE.2012.6462269.

No full-text
available

A. Barrios et al., “Academic Evaluation Protocol for Monitoring Modalities of Use at an
Automatic Control Laboratory: Local vs. Remote,” INTERNATIONAL JOURNAL OF
ENGINEERING EDUCATION, vol. 29, no. 6. TEMPUS PUBLICATIONS, UEE ,
ROSSMORE,, DURRUS, BANTRY, COUNTY CORK 00000, IRELAND, pp. 1551-1563, 2013.

Results

M. A. Bochicchio, A. Longo, L. Vaira, and M. Zappatore, “Fostering online scientific
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International Conference (exp.at’15), Jun. 2015, pp- 337-342. doi:
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Control group

10
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“VirTUal remoTe labORatories Management System (TUTORES): Using Cloud Computing to
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Control group




Supplementary Material: Evaluating the Use of Virtual Twins in a Control Systems Course

12

E. J. Davis, K. L. Breno, D. D. Ojennus, T. A. Russell, K. E. Stevens, and K. Wheeler,
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WASHINGTON, DC 20036 USA, pp. 4078-4087, Dec. 14, 2021. doi:
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257-262, Jun. 2019. doi: 10.1002/bmb.21221.
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pp. 149-156, May 2017. doi: 10.1109/TE.2016.2608790.

Control group

16
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10.1109/EXPAT.2017.7984369.
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17

G. Makransky et al., “Simulation based virtual learning environment in medical genetics
counseling: an example of bridging the gap between theory and practice in medical education,”
BMC MEDICAL EDUCATION, vol. 16. BIOMED CENTRAL LTD, 236 GRAYS INN RD,
FLOOR 6, LONDON WC1X 8HL, ENGLAND, Mar. 25, 2016. doi: 10.1186/s12909-016-0620-
6

Control group

18

D. May, “Cross Reality Spaces in Engineering Education Online Laboratories for Supporting
International Student Collaboration in Merging Realities,” INTERNATIONAL JOURNAL OF
ONLINE AND BIOMEDICAL ENGINEERING, vol. 16, no. 3. INT ASSOC ONLINE
ENGINEERING, KIRCHENGASSE 10-200, WIEN, A-1070, AUSTRIA, pp. 4-26, 2020. doi:
10.3991/ijoe.v16i03.12849.

Control group

19

D. May, B. Morkos, A. Jackson, N. J. Hunsu, A. Ingalls, and F. Beyette, “Rapid transition of
traditionally hands-on labs to online instruction in engineering courses,” EUROPEAN JOURNAL
OF ENGINEERING EDUCATION. TAYLOR & FRANCIS LTD, 2-4 PARK SQUARE,
MILTON PARK, ABINGDON OR14 4RN, OXON, ENGLAND, 2022. doi:
10.1080/03043797.2022.2046707.

No full-text
available

20

M. Mitjans et al., “E-LEARNING OF ANATOMY: VIRTUAL PLATFORMS AS A
SURROGATE FOR THE IN-PERSON ANATOMY LABORATORY CLASSROOM,” in
EDULEARNZ22 Proceedings, 2022, pp. 5451-5457. doi: 10.21125/edulearn.2022.1289.

Control group

21

S. Odeh, G. R. Alves, M. Anabtawi, M. Jazi, M. Arekat, and 1. Gustavsson, “Experiences with
deploying VISIR at Al-Quds University in Jerusalem,” in 2014 IEEE Global Engineering
Education Conference (EDUCON), Apr. 2014, pp. 273-279. doi:
10.1109/EDUCON.2014.6826102.

Control group

22

P. Phattanawasin et al., “Students’ Perspectives and Achievements toward Online Teaching of
Medicinal Chemistry Courses at Pharmacy School in Thailand During the COVID-19 Pandemic,”
JOURNAL OF CHEMICAL EDUCATION, vol. 98, no. 10. AMER CHEMICAL SOC, 1155
16TH ST, NW, WASHINGTON, DC 20036 USA, pp. 3371-3378, Oct. 12, 2021. doi:
10.1021/acs.jchemed.1c00606.

Intervention

23

Z. B. Pinter et al., “Effectivity of Distance Learning in the Training of Basic Surgical Skills-A
Randomized Controlled Trial,” SUSTAINABILITY, vol. 14, no. 8. MDPI, ST ALBAN-
ANLAGE 66, CH-4052 BASEL, SWITZERLAND, Apr. 2022. doi: 10.3390/su14084727.

Control group

24

I. Rahman and M. Johari, “Students’ understanding and skills on voltage and current
measurements using hands-on laboratory and simulation software,” EDUCATION AND
INFORMATION TECHNOLOGIES, vol. 27, no. 5. SPRINGER, ONE NEW YORK PLAZA,
SUITE 4600, NEW YORK, NY, UNITED STATES, pp. 6393-6406, Jun. 2022. doi:
10.1007/s10639-022-10890-3.

Control group

25

D. A. H. Samuelsen and O. H. Graven, “Adopting an exercise program for electronics engineering
education utilising remote laboratories for the age of MOOC,” in 2016 IEEE Frontiers in
Education Conference (FIE), Oct. 2016, pp. 1-7. doi: 10.1109/FIE.2016.7757578.

Control group

26

I. Syamsuddin, “VILARITY - Virtual Laboratory for Information Security Practices,” TEM
JOURNAL-TECHNOLOGY EDUCATION MANAGEMENT INFORMATICS, vol. 8, no. 3.
ASSOC INFORMATION COMMUNICATION TECHNOLOGY EDUCATION & SCIENCE,
HILMA ROZAJCA 15, NOVI PAZAR, 36300, SERBIA, pp. 1011-1016, Aug. 2019. doi:
10.18421/TEM83-45.

Control group

27

A. L. Tauber, S. M. Levonis, and S. S. Schweiker, “Gamified Virtual Laboratory Experience for
In-Person and Distance Students,” JOURNAL OF CHEMICAL EDUCATION, vol. 99, no. 3.

Control group
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AMER CHEMICAL SOC, 1155 16TH ST, NW, WASHINGTON, DC 20036 USA, pp. 1183—
1189, Mar. 08, 2022. doi: 10.1021/acs.jchemed.1c00642.

28 | C. Viegas et al.,, “Impact of a remote lab on teaching practices and student learning,” | Control group
COMPUTERS & EDUCATION, vol. 126. PERGAMON-ELSEVIER SCIENCE LTD, THE
BOULEVARD, LANGFORD LANE, KIDLINGTON, OXFORD OX5 1GB, ENGLAND, pp.
201-216, Nov. 2018. doi: 10.1016/j.compedu.2018.07.012.

29 | D. Weisman, “Incorporating a Collaborative Web-Based Virtual Laboratory in an Undergraduate | Control group

Feb. 2010. doi: 10.1002/bmb.20368.

Bioinformatics Course,” BIOCHEMISTRY AND MOLECULAR BIOLOGY EDUCATION, vol.
38, no. 1. JOHN WILEY & SONS INC, 111 RIVER ST, HOBOKEN, NJ 07030 USA, pp. 4-9,
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Supplementary Material 5: Table with results of included studies

Study Country | Course | Design Learning Outcomes Evaluation Instrument Favoring
K/U/P Prac S P(S) P(I) Comm S Q E/T LR SIQ 6} LP TL NTL Comb

(Cz%r{ir) [i; a- | ysa E Parallel-Group Design X X X X X X

?Z%rlrit)] [S]t al. USA P Parallel-Group Design X X X =

3”?2”538;‘ [3]et USA C Feasibility Study X X X =

;”’Eg'é'lg% : 4ft USA c NA X X X X X) X =

(F;(;gg;} : 5e]t al. USA MAE I\Dﬂei;(izdr;l\l\llllittm% Convergent Research X X X X

I(-IZ%r;]g)d [g]t al. Palestine | P Quasi-Experimental Design X X X X X X =

g%‘g’gn[i]e tal. USA C Pre- and Post-Test Design X X X X =

23‘;22) e[%] | Bahrain | MB | NA X | x X X

gf_a(kzrgrl]gﬁgf t Denmark | MB Parallel-Group Design X X X X =

alvlllo(sztSia?o)u[ilg; Algeria EE Case Study with Control Group X X X X X

8%91% [eltl] al. Palestine | ICE Scenario-Based Usability Engineering X X X

o )™ UsA || et Qi Sgenal x x x :

l(?zc())sze;) [it3] al. USA p 8;1:3;)—ED);2?3nmental, Non-Equivalent X X X X

Serrano-Perez

et al. (2021) | Spain BSS Pre- and Post-Test Design X X X

[14]

(Szhglrl) ([3;5] al. China MC Case Study with Control Group X X X X X

?Ztgg%r) [ig] al. Germany | BB Cross-Over Design X X X

\(’ggrl‘g) [it7] al-| china | PH NA X X X X X X X

;(I?iz%n;izc;e[slg Greece P Comparative Evaluation X X X X

E = Engineering; P = Physics; C = Chemistry; MAE = Mechanical and Aerospace Engineering; MB = Microbiology; EE = Electrical Engineering; ICE = Instrumentation and Control Engineering; PH = Physiology; BSS =
Basic Science Subjects; MC = Mechatronics; BB = Battery Basics
K/U/P = Knowledge/ Understanding/ Performance

Prac S = Practical Skills
P(S) = Perception (Student)
P(I) = Perception (Instructor)

Comm S = Communication Skills

Q = Quiz

E/T = Exam/ Test
S/Q = Survey/ Questionnaire

O = Observation
I = Intervention

LP = Laboratory Practical

TL = Traditional Lab

NTL = Non-Traditional Lab

Comb = Combination

“="indicates no different between NTL and TL
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Most studies (14 papers) reported only two laboratory groups: traditional laboratory and non-traditional laboratories.

Three papers [2, 8, 17] evaluated three different laboratory groups: traditional laboratory, non-traditional laboratory

as replacement and non-traditional laboratory as supplement to the traditional one. Only one paper [4] investigated

the non-traditional laboratory as supplemental to the traditional laboratory in comparison to a traditional laboratory.

Supplementary Material 6: Table of Learning Outcomes

Type of rater Question / Outcome Likert-scale Refers to hypothesis
Student Perceived degree of difficulty 7-point 1)
Time spent with the laboratory content - 3)
Comparison between virtual twin and real representation 5-point 2)
Satisfaction 7-point 2)
Lab engineer Perceived preparation of students 9-point 1)
Assistance needed 9-point 1)
Professor Intermediate Assessment - 1)

Supplementary Material 7: Intermediate Assessment

1%t Intermediate Assessment (max. 32 points)

1) conceptual understanding

2a) conceptual understanding

2b) conceptual understanding

3a) conceptual understanding

3b) knowledge

2" Intermediate Assessment (max. 23 points)

1a) knowledge

1b) knowledge / conceptual understanding

1c) knowledge / conceptual understanding

2a) calculating

2b) conceptual understanding

2¢) conceptual understanding

3d) conceptual understanding

Supplementary Material 8: Formula for DistLab effect
DistLab effect = (a1 — Ua2) — (U1 — UB2)

U1 = Expected value for Sequence A in Period 1
U4y = Expected value for Sequence A in Period 2
Ug1 = Expected value for Sequence B in Period 1

Ug, = Expected value for Sequence B in Period 2

Supplementary Material 9: Transformation of 95% confidence intervals

Question / Outcome Likert-scale 95% ClI Trans{f)lrona?fog?% cl
Perceived degree of difficulty 7-point [-0.6115; 0.7931] [-10.1919; 13.2175]
Time spent with the laboratory content - [1.8523; 5.7451] [20.5811; 63.8347]
Perceived preparation of students 9-point [-0.0602; 5.6316] [-0.7527; 70.3956]
Assistance needed 9-point [-1.2067; 3.2067] [ -15.0837; 40.0837]
Intermediate Assessment - [-7.4189; 10.5389] [-7.4189, 10.5389]




