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Abstract

The transition of the automotive industry toward electric vehicle technology has created
significant challenges for engineering and vocational education, particularly in developing students’
practical competencies to align with increasingly complex technological systems. However, instruction
in automotive air-conditioning systems continues to face limitations due to the lack of practice-based
instructional media that accurately reflects real-world systems. As a result, students are often unable to
effectively develop practical skills and problem-solving abilities. This research aimed to: (1) design and
develop an electric vehicle air-conditioning system training kit, (2) evaluate the instructional efficiency of
the training kit based on the E1/E; criterion (80/80), (3) compare students’ learning achievement before
and after using the training kit, and (4) investigate students’ satisfaction with the learning activities. The
study employed a Research and Development (R&D) methodology with a sample group consisting of 35
undergraduate students. The research instruments were validated for content validity (I0C = 0.99) and
demonstrated good reliability (Cronbach’s alpha = 0.89). Data were analyzed using descriptive statistics
and paired-samples t-test. The findings revealed that the developed training kit was rated at a good
quality level (Mean = 4.42), and the instructional documents were also evaluated at a good quality level
(Mean = 4.43). The instructional efficiency yielded an E1/E, value of 84.64/82.25, which exceeded the
established criterion of 80/80. Furthermore, the post-test scores were significantly higher than the pre-
test scores (t = 27.09, p < .001), with a very large effect size (Cohen’s d = 4.58), indicating the substantial
effectiveness of the training kit in enhancing students’ learning achievement. In addition, students
reported the highest level of satisfaction with the instructional activities (Mean = 4.58).

The results indicate that the implementation of a training kit designed based on real-world
systems and integrated with experiential learning approaches can effectively enhance students’
knowledge, practical skills, and attitudes. These findings provide important implications for curriculum

development and workforce preparation in the electric vehicle industry.

Keyword : Training kit, Electric automotive air conditioning system, Instructional efficiency, Student

satisfaction
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1. myesueLdenaln (Mechanism-Based Explanation)

ansiRzuuudTouganineusussildeddynain asviouliifiuiinsiFoudtugeilniy
n15asiloufjUR (Hands-on leaming) ¥I8nTeAuNI¥UIUNITSEUILTIEN (Deep learning) TS euaNTaasNg
psfmNSHYsEaUMIaings Manaaes wazmsuidam Feaenndestunguinisfeusidaszaunsaives
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2. MIATIEATNUIBUTIBU (Comparative Discussion)

dewssuisufunuisedeund nuimadwsvesnsfnuniiinuaeandasiuauves (7, (8], [6]
fissnuinnsi3ouiidsgn (Active leaming) ansnsariiusadugusnianisFeulfedsddoddy oeslsfinu
sAdeilldussesdamudifulag 1) Tuumanizves seuulivenialugiusudini Ssienududougs
2) Iwﬂﬂﬂ‘w 9492UU354 (Real-system based training) B Simulation tile9a819LA 7 3) UsgLiluNaLuy
yIuINITe E/E; S ttest ua satisfaction uenandl wieiusuiisuiu (1] Fdldszuuinluianss
jialu euAdeildnadwsiiaenndoatu uniaulanuludiu “ Contextual relevance” fogmamnss EV
Fudumaliladiimdaiulnegeing

3. MTAATIZAUIUIAENSNE (Effect Size Interpretation)

NWANITNAABY t-test TTAN t gaun (t ~ 27) axsioudisvuindvina (Effect size) fioglusziugaann
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4. msdexleatunseunusfn (Theoretical Integration)
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5. AnUNNTY9$1UITY (Research Contributions)
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2) AMUMSBUNUR (Practical Contribution)
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6. dositamosmsife (Limitations) wiHneuddedaslvinadnsiidnau widsddodiin Thun
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3) geliladanisaelewinuwedaniudsznaunisase asdinisd@nwidadaninluaniuusenouns
(Workplace-Based Assessment) tieUsziiunsanglowsinwe (Skill Transfer) veiseu

d3Unan15338 (Conclusion)
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2) {Reuinadugrnemsouiutuegiedidediy

3) Fulianuiiswelalusedugann

Tugangug mﬁﬁ’aﬁaﬁuaquumﬁﬂ Experiential learning ag Competency-based education lag
wandliiiuinsiseusinuusunasensaimuvinuedednldegaivsyavanm

lugaugus mu%%&ﬁﬂwLaua'gﬂLLUUﬂﬁﬁ’mmﬁ;m‘E‘Jﬂﬁmmmﬁﬂiﬂﬂizqﬂm‘iﬁi’ﬂwé’ﬂqm%mmimas
9w lewFenanumionvesindsaulugnamnssueueusdliii

lavasy nsysanmamalulagaislvididndunisdnnisseusidalsraunisalldiiiesundisenseau
wadugninenasou uidadunalnddgylunsimumuuysslaenadesiuanudeinisuonasugia
Tummssuil 21

Yaiduawuz (Recommendations)
mﬂwamﬁﬁaL%Q‘LJ33fa”méuazﬂ%ﬂﬂﬁimaQﬂWﬁﬁﬂwﬂﬂ%dﬁ annsaLaueuzuIMIioldlunsamn
Ns¥ANSISEUNTaoU N15RRNLUUNENENT wazn15IdelueuAnaunsAnyImnssueueudliin Faioludl
1. JalauslurauN1TIANISIEUNITaaU
anugauAnuiilnaoundngasiueusuduagimnssuamsysannmsyilnuiiRnuiioonuuuianey
dmsumaluladormsudlniindignisdaniniounisasu Tnslanigluseinifsrdesiuszuugosi
fenududeu Wy szuvdivemasasudlinnanisideduduinnsliyeiinfidesduszneussuuaisanansa
gnszAuUTEAnNEAmMNsSsuTLarNsiALTnweBU URlAnIINsaR UL LU IENeITBIeE 1R ) o
nsdnanmuIndounisiieufidsuszaunisalaisgnysannisegadussuuifieatuayunisianisdne
EAGHERRIVE
2. JelausuugmMUMINAUIANENS
Hosnuuuvdngnsmsusulsdasaimdngnsiusuudiasimnssues sanalsiaenadesiunsiUaeusiu
yamelulafinszuueiessuidunumelulugssuueusudlaih Tnsmsensedudemfussuuuivernia
smaum‘lﬂﬂﬂwLﬂwuaummmauswmﬂm \osnfiunumdeyszansammdanunaznsinnisanuiou
YIUUALABT MIBBNLUUMLIENSTBLSITsU TRTdonadesiuinnsgIugnamnI Az tIsni oA n S ou
Yo udinsianNfBINITURImaIALIIUluaIAN
3. JelausuuidaulouiswaznsInassninensvesan1tu
an1funsAnmenslimnuddyfunsamudulasadsiuguuasdeniaiiousfiasiounalulad
gnugudlnfiludagdunazeunan miamaismwmﬂil,wa‘wwmﬁumﬂwmumimmaauL‘Uaﬂsuaﬂw MUy
HosUftifin1s uaznismudneniweransdiaeurstisenssdunmuamnisdanisinyog iy uenaini
ﬂ’JiﬁﬂLﬁimﬂ’J’]MﬂmmE]ﬂUﬂ’]ﬂQG\ﬁWMﬂiillEJ’MEJUG]LLauEJWuﬂumﬂlWﬂ’lLWaiﬂ‘lﬁﬂ’s’m%uﬁmEJLLauﬂTlﬁ,JﬁE]ﬂﬂaEN
VBWANGATAUUTUNNTHINNUDTS



4. YoraupkurmMUNTUTEIUNALAZNTUTEAUAA N
msUssdiuansiBeuimsjatiunsinaussousnnsuiiRnusse eelfiededleussiliudsussavsam
U Nt E/E, Seanansnasdieunianssuiunaiisusiasnadnsniaiieusldesadususssunmstnssuiy
nsnTRdeUANNnTILarALT o uveas oslleon It Sudiuviwossruudseiununimazdioiaiuaing
mnidefioveanmsinnisifeunsaousuimnssy

tatauauuzdmiunsidelusunan

1. msveensanulignisinniunanisasegvewinueluszezen nisanglouaussaurgnsuuifauass
Tuaniutszneunis wagn1svetenisvaasdlugsaniiunis@nuiinainuats uenandarsimuiyaiin
Tinsounquszuugastuguasusudlnin 1wy ssuudanisanufeuresuumned ssuuitadedaniosuas
STUUAIUANLULYSANMS WlaLiLvaunLasAaIANIf3vIN15veInsAne iy BV educationlusziuaina

2. ysamamaluladdugelunistamngen Tnsysanniamaluled Wu szuvidadeauiaund
shedlynyUseAug (A-based Diagnostics) Llesnszsunisieuiifefinliasnadesiumaluladeuesud
afglu lageenuuuszuufianunsaiiesesidoyaainisuesvosszuutivenmalii waglvideiausuuy
SnlusiRungSeunuuSsalngd

GHERELRNGE

[1] H. Q. Ang & B. Domingo., “An innovative and universal teaching model in engineering education
to foster Industry 5.0 skills-EPIC principles,” Education Sciences, vol. 15, no. 9, pp. 1-15, 2025,
doi: 10.3390/educsci15091096.

[2] A. Poolkrajang, & R. Papanai, “Learning outcomes in electric vehicle technology: Competency-based
learning management according to the TVET curriculum,” Journal of Engineering Education
Transformations, vol, 39, no. 2, pp. 162-175, 2025., doi: 10.16920/jeet/2025/v39i2/25151.

[3] G. Tembrevilla, A. Phillion, & M. Zeadin, “Experiential learning in engineering education: A systematic
literature review,” Journal of Engineering Education, vol. 113, no. 1, pp. 195-218, 2023,
doi: 10.1002/jee.20575

[4] S. Chuenchomnakjad, P. Sema, M. Tantrabandit, W. Yingyuen & P. Promseenong, “Teaching and
learning development for enhance of electric vehicle technology competency,” Journal of Technical
and Engineering Education, vol. 15, no. 3, pp. 1-9, 2024., [in Thai]

[5] J. G. Halls, C. Tomas, J. S. Owen, & K. Hawwash, “Mapping out the landscape of literature on
assessment in engineering education,” European Journal of Engineering Education, vol. 47, no. 3,
pp 373-393, 2021., doi: 10.1080/03043797.2021.1990346.

[6] U. Karakus & G Ceviker-Ay, “Hands-on leaming in STEM education: Effects on academic achievement,
motivation, and engagement—A meta-analysis,” International Journal of Science and Mathematics
Education, vol. 21, no. 8, pp 2367-2392, 2023., doi: 10.1007/510763-022-10344-4

[7] S. Freeman, S. L. Eddy, M. McDonough, M. K. Smith, N. Okoroafor, H. Jordt & M. P Wenderoth, “Active
learning increases student performance in science, engineering, and mathematics,” Proceedings of the

National Academy of Sciences, vol. 119, no. 19, 2022., doi: 10.1073/pnas.2119728119


https://doi.org/10.3390/educsci15091096
https://doi.org/10.16920/jeet/2025/v39i2/25151
https://doi.org/10.1002/jee.20575
https://doi.org/10.1080/03043797.2021.1990346
https://doi.org/10.1007/s10763-022-10344-4
https://doi.org/10.1073/pnas.2119728119

[8] R. M. Lima, P. H. Andersson & E, Saalman “Active learning in engineering education: A

(re)introduction,” European Journal of Engineering Education, vol. 47, no. 1, pp. 1-4, 2022., doi:
10.1080/03043797.2021.2010461

[9]1 A. Negahban, “Simulation in engineering education: The transition from physical experimentation to
digital immersive simulated environments,” Simulation, vol. 100, no. 7, pp. 695-708, 2024., doi:
10.1177/00375497231225178

[10]N Fang & Y. Guo, “Improving student learning of impulse and momentum in particle dynamics
through computer simulation and animation,” Journal of Educational Computing Research, vol. 60,
no. 8, pp. 1969-1990, 2023., doi: 10.1177/07356331221113551

[11] Calandra, D., De Lorenzis, F., Cannavo, A., & Lamberti, F, “Immersive virtual reality and passive haptic
interfaces to improve procedural learning in a formal training course for first responders,” Virtual
Reality, vol. 27, no. 2, pp. 985-1012, 2023., doi: 10.1007/510055-022-00649-7.

[12] Kuo, Y.-C., Walker, A. E., Schroder, K. E. E., &Belland, B. R, “Peer interaction and collaborative learmning in online
environments: A meta-analysis,” Computers and Education Open, 2022, doi: 10.1016/j.cae0.2022.100093.

[13] R. Satriawan, B. Sudarsono, F. A. Ghozali & W. Pratama, “Development and feasibility evaluation of
Electric Vehicle Learning Kit (EV-KIT) based learing media for vocational high school students,”
VANOS Journal of Mechanical Engineering Education, vol. 10, no. 2, pp. 272-286, 2025., doi:
10.35468/vanos.v10i2.xxxx.

[14] R. Shadiev & M. Yang, “Review of studies on technology-enhanced language learning and teaching,”

Sustainability, vol. 15, no. 4, 2023.,

nsi1eBaunauil
APA Promseenong, P., Chimparos, S., & Sema, P., (2026). Development of Car's Electric Air
Conditioning System Training Kit. Journal of Technical and Engineering Education, 17(2), 1- 14
Thaijo. https://doi.org/10.14416/j.ftee.2026.08.01

MLA Promseenong, Prataeb et al. “Development of Car's Electric Air Conditioning System Training
Kit” Journal of Technical and Engineering Education, vol. 17, no. 2, Aug. 2026, pp. 1-14,
https://doi.org/10.14416/].ftee.2026.08.01. Thaijo.

ISO690 P- Promseenong, S. Chimparos, & P. Sema, “Development of Car's Electric Air Conditioning
System Training Kit” Journal of Technical and Engineering Education, vol. 17, no. 2,
pp. 1-14, Aug. 2026, doi: https://doi.org/10.14416/j.ftee.2026.08.01


https://doi.org/10.1080/03043797.2021.2010461
https://doi.org/10.1177/00375497231225178
https://doi.org/10.1177/07356331221113551
https://doi.org/10.1007/s10055-022-00649-7
https://doi.org/10.1016/j.caeo.2022.100093
https://doi.org/10.35468/vanos.v10i2.xxxx
https://doi.org/10.14416/j.ftee.2026.08.01
https://doi.org/10.14416/j.ftee.2026.08.01

