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Abstract

The objectives of this research were to 1) develop and evaluate the quality of an Embedded
Systems and Internet of Things (loT) training kit using Raspberry Pi Pico W for practical learning of
Information Technology students, 2) test the efficiency of the training kit according to the standard
criterion E1/E2 = 75/75, and 3) compare the learning achievement of students before and after using the
training kit. The sample group consisted of 24 second-year Higher Vocational Certificate students from
an institution under the Office of the Vocational Education Commission, selected via convenience
sampling. The research employed a one-group pretest-posttest design. The research instruments
included the training kit, worksheets, and a learning achievement test. Data were analyzed using
descriptive statistics and a t-test for dependent samples.

The results revealed that 1) The training kit had quality as evaluated by experts at the highest
level (X = 4.63, SD = 0.41). 2) The efficiency of the training kit (E1/E2) was 75.15/76.63, which was higher
than the specified criterion. and 3) The post-learning achievement was significantly higher than
the pre-learning achievement at the .05 level (H23) = 15.32, p < .001), with a mean difference of 10.45
points (95% CI [9.04, 11.86]) and a very large effect size (Cohen’s di,) = 3.13). The research results indicate
that the training kit, which integrates learning modules onto a single platform, helps reduce hardware
complexity. This results in learners being able to focus on programming and problem-solving more
efficiently, making it suitable for practical learning management.

Keywords: Embedded Systems, Internet of Things (loT), Raspberry Pi Pico W, Training Kit, Vocational
Education, Learning Achievement.
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fideauriuazanssaurlunisaiassduinnssuanianssjin dshegisiusnglugui 6

msa\noamunuua-
nowuuaauiau

U 6 fhegnsnnihiawensussandldyaiinausenailsiuazdumesiinvasassndsie Raspberry Pi Pico W



3.3 YUNEIN151AADI (Post-test) NAABUNAFNONTNIINITLIEUNF U EUAIBLUUNAADUNAFUND

MINseuRtUReIiU Pre-test
4. MIBATIEvoya

4.1 Aesigrimuszdnsainvesyai nlagAuinaA1UsEENSAINYeINTEUIUNITLALNAS NS E1/E2

\Wieuinest 75/75
411 E1fo Azuuundedosasildanlunuseviaou
412 E2 fie Azuuuedsiesasildanuuuvaaeundaiou

12 Anreiisuiisunadugrininisdeu Tngldadfnmaaeuafidmiunguiogisiilifudasy
e (ttest for Dependent Samples) Ll aLUSsuifisuazuuunowsou - ndusou ndouseaurads
t (t-statistic) A1 p (p-value) Frepdosiu 95% (95% C) Yaanan19AYUIY (Post — Pre) WATULIASIUING
Cohen’s d)

43 msieszinunmeiesile Tinswiaeds dudenvunsgiu Adedauaenndos (10C)
ANAINEINGIE (p) ANBIUIITHUN (1) wazeATatuveUUNAFBUTIRTU (KR-20) il Han1snsvdey
aunmedesiiofananlssenuliluiide 2.3 deuthlulflunsifudoyasss

5. MnMsdaduaun Wilenny asavaeunuAm way Jusesmsldnuvesysiinaussnailifiuazdumesida
¥e3a53WAINY Raspberry Pi Pico W nasnaugileuszneunsldam Tnefidervgysiuiu 5 viwu sl
uarUszaunsainssdusrUUANoInailea uay IoT uarnsdnnindeunisaeu wuin yainfigideianniu
1AUYNADINIUNENIYINTT @BAASBINUANTIOULIIWIVY WATa1N13050TUAINTIUNITITOUS 1WaUfUR

Y
a § 1

Wogamunzan §iisrmgianuiuaenndesin sutuunsysannisgunsalasuusuasinitisan
Anudutourastunousiaing uandedensimuvinueniadeulusunsuwasnauddgmidmesnevesiFou
Ipghaiiusednsam

uennil Feiauenuzniidemaligmirluuiuuslunouhsiinluléase vhl fidefienmdestu

TuaanIw Ammnzay waraunienveunisadedmiunsilldlunsfusivsudeyadiungudiedng
Tudunaunsvaaswsialy

NaN133Y

n9iseatsiitnguszasdiile auuasmiguam AnvissAviam way Wisuifiounadugn’
yensiSeuannsianisiSeusieysilinaussnailafiiuardumesidnuesassnds ¢ae Raspberry Pi Pico W
dmsufizouavalulafansauna Tnefidveiauonanisiesesitoyanudidu feil

1. wamsiauasUseiiunuamussysinavesnailsuasumesidavasassnds fe Raspberry Pi Pico W

11 sansauyad nanesnaisidnazdumesidnvosassnd i Raspberry Pi Pico W i3y
Ifeenuuunazaiiyainauesnailsinazdumesiinvesassndasie Raspberry Pi Pico W aulddunuy
fanysal d8nwarduinanosuysannsuuusuIsesfiss (integrated PCB-based Platform) #5338 umnm
wulwe$ uazlendnesndudenisiFoudlivuvesaiien woannisznsredtsasuazduasunisinufua
Feusnglugui 6



JUT 6 yatlnauenailsiuazdumesiinvasassnds ¢ae Raspberry Pi Pico W iy

9N3UT 6 ApiRlnUsznausedudAy 4 sy léun
1) nueUsENIaNaNa19 Raspberry Pi Pico W
2) dudunm WU @Ind Aeunuliua wazwuosvaneyia (DHT11, DS18B20, LM35, LDR,
HC-SR04)
3) dulkanana Wy LCD 12C, 7-Segment, LED, LED-RGB, RGB WS28128
4) druduiaiou 1y DC Motor wiaallasiies L91105, Relay, Buzzer
12 wansUssiiununmeeiinlnegideamngy wansussiiugeiinlnegideamydiuam 5 viv aseungy
fruifovn nmssenuuy uazUszansnmnsldam Usngdmnssd 1

o

A13199 1 nansUssdiugunmsinaueinailiwas Sumesilnvosasinas
¢e Raspberry Pi Pico W IﬂEJEEL‘TIEn‘mzy

F19n15UsEIIY X SD FTAUAUMUIZEN
1. oy (Content)
1.1 MNuERAAReIUANTIAUYSIE3N 4.20 0.45 1N
1.2 mmgné’aqLLazﬁuaﬂwaaLﬁam 4.60 0.55 wniign
wieduilomn 4.40 0.50 10
2. fuNTeBALU (Design)
2.1 AUMINEaNYaeNsIAsgUnTal 4.40 0.55 1N
2.2 anagaIntun1sldaiu (Usability) 4.80 0.45 wnilan
ldssuNMseeNUUY 4.60 0.50 wniige
3. fuusEansnmnisliden (Performance)
3.1 ANYNABIYBINITVINIUYBINTT 5.00 0.00 wniige
3.2 YseAvsnmlunisdaaiunisiseus 4.80 0.45 wniign
WAsfuUsEAEa MmNl 4.90 0.22 wniige
sy 4.63 0.41 wniign

AN Inausinnsulan e Leae (Best, 1981, w11 19) [15] afl 4.51-5.00 = mﬂﬁqﬂ, 3.51-4.50 = 170, 2.51-3.50 = U1unang
,1.51-2.50 = oy, 1.00-1.50 = Yosign



NM5N9 1 nudmansUszifiuaan . gernatesnalsianarSumesidnuesassnda ¢ Raspberry

Pi Pico W Tnefidervgduu 5 viw Tnenmsufinnsssnzaneglussdu snnflan (X = 4.63, SD = 0.41)
defiorsandusiedu wuit dudszansamnisldon deiedsgean (X = 4.90, SD = 0.22) azviouliiiui
yaRnaunsavihalagnees lafies warduasunisiseuiitauAvesisouldegeliussdnsam sesawn fie
sumseenuuy (X = 4.60, SD = 0.50) auandliiifiuinnisdansgunsaiuazanuazmnlunsldnueglusedu
wnzansonaiFeud ved dudem faadsegluseduinn (X = 4.40, SD = 0.50) Vsidniomvesysiin
fianuaenndosivansTaueseInN danugndesasivadenuuiunveanalulaglagiu nvaranuwdsusiu
fogluszdusifaunasuandiiuinfidsmgianuiusonadesiulufiamaientu Vel manisusuidu
Fana1fududnyalnd waund uil qaarmmsnganwararunsadluldidud en1sifeugid s fUALE
pgellUsEaANEA N

uennuantsUssiudeimmadanauds fldsamgia 5 vuddldliteAnunazdoiausuuy
L%mmmwﬁLi‘]uﬂivia‘uﬁﬁiamsﬁwmmﬂmﬁmﬁu Tnawiunsaiudn yalnauesnallsianazdumesiinves
as3WA s Raspberry Pi Pico W finnwasnndesivanssouzmedvinasingusy avAnIaEeuFAUMANgRT
Jueged nsesnuuuuesaiinnumuizausonishianuasa mmmammﬂmwawawumaummLmu,au
BoromaiFeusifeufoR (Hands-on Learning) Idoesdau il fieamayldiausuusnifisidudn aasdavin
Aflevdslunuiinugididuionssunaidouianssdudelugseduen WoaduayudSoufidlaiifugu
Fuassnailsiauarsruy loT Wanunsndeusldosnadussuuuasdoiionnndsdy

2. namsvaaeulsEavsamvesyaiinaussnailsiuardumosiinueasswdwne Raspberry Pi Pico W

NANTIATIZ9 UszAvBnmuessiinaussnailsiauas Bumediinvesassnds ¢y Raspbery Pi Pico W
WU ATLUUTEIIaSouEsldlunsAwnUsEavE nnuensEuums (E1, Avuuuifiy 100 Azuuwy) daads
Souay 75.15 druaviuundasoudddlunmsmuiaysyansnmuomadns (2, Asuuuiiy 30 azuuw) daads
Youaz 76.63 WlenSvuifisutiuinasiinasgiu 75/75 nuimeiindussaviammgeniunasifiivun

A33ulaasuAUsEdnSaanainazuuunisvilususendtaseu (E1) 91u7u 10 Tuau wazshuunagey
Sy (£2) veanguinegisdiuam 24 au nadauandlumssdi 2

A15197 2 wansAaszilsEaAnSa i nauesnailsianas Sumesidnuesassnds ¢ Raspberry Pi Pico W

s78n15Us2LEU AZLUULAY X Sauaz
UssansnTmuaenszuIunIg (E1) 100 75.15 75.15
- azuuuseInaseu (luau)

Usens nnvaanaans (E2) 30 22.99 76.63

- ﬂ%LLu‘UVIﬂﬁE)UMé’QL%EJu
wuBWe E1 = (ﬂzLLuuLa?{mdeSau +100) x 100, E2 = (ﬂzLLuumﬁlwé’qﬁﬂu =+ 30) x 100

911A15199 2 nu Yeilnausanailsiiuarfuinesiinuesassnd aiay Raspberry Pi Pico W
fUszAvBamvesnsEUIUNT (E1) Winfy 75.15% uazUssavBamussuadns (£2) windu 76.63% lasaniade
84 E1 (75.15) 1nanaziuulfin 100 AzuuY LagA1adsves E2 (22.99) unainaziuuliy 30 azuuuy Lile
wandufesazaugns E1/E2 udn nuieinduszavsamlagsiuwiniu 75.15/76.63 Fsgsninnasisnnsgu
75/75 Afmual

3. wansisuiisunadugriniinisidouvesii3ouneunasndsnmsliyfinanosnailsinarumesiie
YoaTINAWE Raspberry Pi Pico W



WallSeuiisunadugrsmenisiseuvesind@nwineuuazndinisldyalnauesnatlwiuazdumesiin
YB3a5INES fE Raspberry Pi Pico W §33eldthazuunainnisiuuunageuianadugrauninsginieaia
t-test for Dependent Samples Nan15ATIZRALEASIUAITIIN 3

M15797 3 wan1slSeuidisunadugrsvnenisiSeuneuuazndinisldyetinauenailsiuazdumesiin
UBIETINEQ 978 Raspberry Pi Pico W

NINAFHIU n ATLUULAL X SD t Sig. (2-tailed)
noauseY (Pre-test) 24 30 12.54 2.81

NAAUTEU (Post-test) 24 30 22.99 2.55

Nasig (Post-Pre) 24 - A=1045 - 15.32 p < .001

RUYLNA: WA paired t-test Wan93n t(23) = 15.32, p<.001; HaRNLRae (Post-Pre) 10.45 azluu, 95% Cl[9.04, 11.86], hay
Cohen’s d = 3.13 (Wualvgjuin)

9nA9197 3 WU AzuueREVANSe (X = 22.99) ganiineudeu (X = 12.56) sgailduddnmaadia
fisvsu .05 (t23) = 1532, p < .001) ) Ineilnzuuunasnands (A) Wt 1045 Azwuu (95% CI [9.04, 11.86)

Yena1ndl Yu1msIunna (Effect Size) wuyu Cohen’s diy = 3.13 amae‘luivmu Tngiun (Very Large
Effect Size) @eazsioufauunliudauinuag mﬂamwmaqmﬂwmﬂﬂammﬂaé‘lﬂmua vBumesiinvosasinds
#78 Raspberry Pi Pico W wwwuwuiumiml,aiumitiaug%wwu oghlsfin iesmnmsidendeillduuy
LHUNNSNARBILUUNGURBITAReY — nAY adNSTlFTsmsTiansansmduanudululdvesdvinaainaa
YBININAFOUT (testing effect) Fafudosinveiniside

aAUs8na
mﬁ%’aLLazﬂ’wmmﬂnauaaﬂaﬁlaﬁqLLazSuma%Lﬁm"uaqaiiwéaﬁqsJ Raspberry Pi Pico W #iTnguseasd

ileWaLuazaTIvdeUAMAM Anwiuszavam LLavL‘Usa‘umauwaaquﬁmqmmaummwLsaummmrﬂuiaa
ansaume namsITeaunsaeAuTelalulsziuddny fsil

1. Usziiudnunanmuaznsann1sznslean mamsﬂszl,ﬁuﬂmmwsumsqm?]ﬂima@%mmm wud A
wingaulagsmeglusedu ndige (X = 4.63, SD = 0.41) azvieuliiiuiinisesniuuyei nludnuas
uwanvleFunsFeudiuuysanns Ssrmduns - L dnmuasiugesidniuliuuueiaien fdwtisanainy
Fudausuasauisuazannisemeleyaitlisidu (Extraneous Cognitive Load) Aungunsenelaan
(Cognitive Load Theory) 984 Sweller [16] ?fﬂszq’jﬂmiammizmummﬁm‘ﬁmﬁ’uLﬁamwé’ﬂ%maLﬁuﬁuﬁ
mireANuSUFTRNT (Working Memory) d1uunisiseusiuiiass (Germane Load) fi3sudaannsasjaniny
aulalufinsdeulusunsy nsimszinsyhauvesssuy waznsuidgnndmssnyldegeaivszdnsam
NasananaenAdosdUILATBYR Juikumjorn et al. [4] waz Sornla and Weerasin [8] fiwuiinisldaeiin
UjuRnsdisagutievdndymanugeinuazanuianainlunisredns (Wiring Errors) iligiseuilauns
antetuidomunissulduiniu uenanilsiaenndosiu Bajracharya et al. [14] fsryinganisidous o
fleenuuuiametasdaasuanudladuruuiidunmanguiuasujonlsedienay

2. UssinusudszansnmuastdulAenisisews nansfnuuss@vinmeesyeindanviniu 75.15/76.63
Fagandunasiunsgiu 75/75 il yelnanunsnduaiuuszansninligs Ineddadeddyananiinensau
209UB$A Raspberry Pi Pico W fis833uni®1 MicroPython sﬁaﬁimqa%mmmﬁL%&JU&WEJLLaxLﬂunWﬁzﬁuqq
(High-level Language) %iaﬁlarﬂmm%’m’fau’iumiLﬁﬁ'auﬁwé’amuquaﬁmLL’;?‘LLazmsL%ammm?aﬂha Wi-Fi
dleifteutuamyluwnansieiudafiy dwalidulfansFoud (Leaming Curve) vosfiFouanas §iFoudldinam
HewaslunisunledeRianaianisliennsal (Syntax Error) wazinannniulunsianudilonssuiunsan



\Bensanzuazmuitiymidessuu nadndaenndeaiuauideues Doropoulou et al. [13] fiszyinsidenld
MicroPython $21i/u Raspberry Pi Pico FasanguassasmunisideulusunsudmiugGudu siliaunsoiaun
Funu oT linsdu uazasandostu Loker [11] fiseaut Raspberry Pi Pico lugunsaifiiensimanzay
dmsunsdanisiseuanu loT lugadagdu

3. Usziffudunadugrsnianisideuuazanuiniisy nan1siseuiiisunadugns nnanisiou wui
AzkUUn RS BUgINIINowTeuag1aiidedAyn1eada ( 1(23) = 15.32, p<.001) wazllvuing1uanalusyau
Ingyuin (Cohen’s di) = 3.13) LLamﬂﬁLﬁudwmﬂﬂﬁﬁmméﬁuﬁ@w%wammiL%'aui’ﬂum@%'auaﬂwﬁﬁaﬁﬁiy
nsldyainunmsgrutaeligiFounnauldsulemalumsiinufdRaesiaviniiontu annramdeuardiu
gunsainisisews (Equity Gap) WavaenadediuwuiAnnisaseednuimenuias (Constructivism) lngianie
WIAA Constructionism w84 Papert [17] fifuinsSeudifetulddfiandlefiFouldasiioadrstunuiifusios
167 (Learning by Making) 5718911384 Nilkong and Manosuttirit [10] wa Loker [12] fiffududnaninues
wnannesuanesnatiaiauaz loT TunsimuinweniadeulusunsunasnsAndeseuuresisouldediadu
sUssan KamiTelaseuisdnsamaespiindinanlumsaiivayumsdaniandousiiefoaduaussnatle
wae loT wazusd arummzanluniniludssgnifldusznounisdaniaioudlusede 31901 - 2010
nsUsrendldszuu 1oT Tudinussdriu samdngasUssnadetnsivTndugs wasdnas 2567 ogadu
sUsIIw eglsiony nadnssinsansuiudedninvesnsideuuunguiierinneu - e uazadsiinisfnm
siluuiuntenguinedeiivarnvaneiiensaaeuauiluremantside

v

2311NYRINTIY
meiendaiidedninunssznisfimsfionsalunisinuuesinalld feil

1. madennguiiegranuuazain (convenience sampling) waznslddudouda (intact class)
wlazmngauivusunnsideluaaufnwinazlinsenudelassasanisifounisasy wie19dwa
somuaunsalunsiransIselulaly (generalizability) ﬁ’uﬂwmnsmq’uﬁu Fadu M15TENERANTTIVE
lugsthnwanvmaluladansaumaluanudnudumsnszieanuszdnse S

2. MslduuuwnunITITenLUUNauRYTIRnouLaznauseY (one-group pretest-posttest design) lnglsidl
naueauAy 01 lililanusamuuiuUsIsndeuunaUsznisldedanysal Wy naInnITAae U
(testing effect) W3oMsi3auinusTIHYIAVRIISBUANNALIAT (maturation effect) aedlsfinny wwIAgu1a
waﬁqamﬂ (Cohen's dy) = 3.13) U'ds??dwwaﬁlﬁ%’uﬁﬂﬁéﬁmL%wﬁﬁ’aazmuﬁﬁﬁd

3. yuInnguiegsreuiiadn (n = 20) whgfismedmiunsiesginsaifuaslinadnsniiddfy
winsidelusuanmsueneranguieglinnduiediuaudediulunanisive

a. {Afetminidulaousenuedunismnaesesil dsenafionfvewide (researcher bias) lalusdunil
ogalsfiny loannansznudsna §3sulaldinaminsussiliufidaaunaziduninsgiu (scoring rubrics)
Tunsliazuuuluny waslduuuneaeuystoiifiaasuuoulunsianadugyinanaideu uenand {3
IedunisaeumuununisdnnisiSouiiidmunliedaassase IngliudefSouinivanigiunside tiels
HLS B ULARINGANTTUNITTEUTIINTITNYIAUALAANANTENUIINNITT U VR T BuI MU0 luN1TNAaDY
(Hawthorne effect)

hail ufadifosaifasenan nanTedinainaruarausatiluussendldlutiunvainisianisiseu

nsaevluanufnwionTidnuniiddnvaslndidsaiuls
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1. foiausuusi s foadmiunniluld daoumaeiouanuniouduniesneufinneiuasiang
faAwIs Thonny IDE Tinseulyeu iwmmiﬁﬂmquamﬂmwwqm?]ﬂamnaul,aﬂm‘wam‘vm’mL‘Uu;ﬂ‘m
Fuuzii (Facilitator) TuthsduduresnisinUfjoR wenant yaiinifianudangugs anmnsniludszgndlilu
awdndu 4 meldssanivgaamnssuAdvanazinaluladasaundldiiuegned Tngiawie a1unin
31909 wieluladaouiiamed luseduiliunaidensegunsalanais (Computer Interfacing) uay a1v13
31906 waluladtynnuszavg Woldidugnilunsininuznadeulusunsuniw Python dmiulssgnd
T nusutlgaussvismdiugunsal 10T (AloT) dedenadesivaussauginnlundngastiag i

2. forausuuzdmiunisidedesenmsiinsiaungeiinlisesiunsidendetumeluladdearssrarlna
Tun1AgAa ML 191 LoRaWAN 130 NB-oT it eliaenadosiunuildumalulad Smart City luouran
uennil msiinAfeisufisuadugninimaieusazanuiimelasswinenguill dyefndfungud Sou
seIBnnssrassnisvieuuumeniuag (Simulation) iileBuduussansravesnisiTousiBsu iR (Hands-on)
TidnLaudeiu

3. dalausuuriBauleuny fuimsaniufnwinasnilsnududiinalsivlevigaiuayuaulssunn
TumsdamdemsiFouiussianyailnujdanisdniagy (Training Kit) AifunasgriliiissmetudmougiFoy
doanarumdendlunadiivgunsaiuaraisanimwndoniidernon1ai3ousiBeudiR (Active Learning) agns
yiafla uonanil msfinsandaadulifinisysannisnlusunsusedugs wu Python vie MicroPython 1ng
madsumsasuneiniugudnililaseoulnsanesesnaiugussm Wewdsummumiouhdnuetanulid
VinwgaenAdaiuANUABINIYRINIAERamNTsUATTIakazwAlula8 Uy Useivg (A) Tulaglu

LONAN581989

[1] Statista Research Department, “Number of Internet of Things (IoT) connected devices worldwide
from 2019 to 2030,” 2023. [Online]. Available: https://www.statista.com/statistics/1183457/iot-
connected-devices-worldwide/ (Accessed: Dec. 6, 2025).

[2] World Economic Forum, The Future of Jobs Report 2023, 2023. [Online]. Available:
https://www.weforum.org/reports/the-future-of-jobs-report-2023/ (Accessed: Dec. 6, 2025).

[3] Office of the Vocational Education Commission (VEC), Higher Vocational Certificate Curriculum
B.E. 2567: Information Technology (31901), BSQ/VEC, 2024. [Online]. Available:
https://bsq.vec.go.th/Portals/9/Course/30/2567/31900/31901v7.pdf (Accessed: Dec. 6, 2025).

[4] K.Juikumjorn, S. Angsopa, T. Pikoolthong, and W. Vigromsakulwong, “The Development of Laboratory
Exercises for the Fundamentals of Microcontroller Programming and Basic Robotics Control for
Students in Academic Collaboration Programs,” Journal of Technical and Engineering Education, vol.
15, no. 3, pp. 58-69, 2024, doi: 10.14416/j.ftee.2024.12.06 (in Thai)

[5] S. Deewanichsakul, W. Wangworawong, A. Binawaekachaeh, U. Janthontapo, and N. Jeenupong,
“The Development of Practical Set for PLC Programming to Control a Pneumatic System,” Joumal of

Technical and Engineering Education, vol. 15, no. 1, pp. 49-58, 2024, doi: 10.14416/j.ftee.2024.04.05 (in Thai)



"n”‘m\

ﬁ-mi

[6] S.Phowong, “The Development of Audio Equipment Competency Training Board SMP 88-96, Audio
Equipment Course, code of 20105-2008,” Journal of Technical and Engineering Education, vol. 15,
no. 3, pp. 82-96, 2024, doi: 10.14416/j.ftee.2024.12.08 (in Thai)

[7] S.Kongsintuand N. Suksong, “Construction of Teaching Package on Servo Motor Control with PLC,” Journal of
Technical and Engineering Education, vol. 14, no. 2, pp. 16-29, 2023, doi: 10.14416/j.ftee.2023.08.02 (in Thai)

[8] P. Sornla and W. Weerasin, “Development and Training of User Interface Training Kit for Smart Farm
Control System,” Journal of Technical and Engineering Education, vol. 15, no. 1, pp. 40-48, 2024,
doi: 10.14416/j.ftee.2024.04.04 (in Thai)

[9] S. Chuenchomnakjad, P. Promseenong, and P. Sema, “Creation and Efficiency Determination of a
Modular Refrigeration and Air Conditioning Practice Set According to the National Skilled Labor
Standards,” Journal of Technical and Engineering Education, vol. 15, no. 1, pp. 29-39, 2024,
doi: 10.14416/j.ftee.2024.04.03 (in Thai)

[10] P. Nilkong and A. Manosuttirit, “A Development of Online Activities Package with Embedded System Board
to Enhance Coding Skill for Elementary Student,” Journal of Technical and Engineering Education, vol. 16,
no. 3, pp. 25-36, 2025. [Online]. Available: https://s010.tci-thaijo.org/index.php/FTEJournal/article/view/1890
(Accessed: Dec. 6, 2025).

[11]D. R. Loker, “Raspberry Pi Pico as an loT Device,” in Proc. ASEE Annu. Conf. & Expo., Baltimore, MD,
USA, 2023, doi: 10.18260/1-2--44016

[12] D. R. Loker, “Data Acquisition Using the Raspberry Pi Pico W,” in Proc. ASEE Annu. Conf. & Expo.,
2024. [Online]. Available: https://peer.asee.org/data-acquisition-using-the-raspberry-pi-pico-w.pdf
(Accessed: Dec. 6, 2025).

[13]D. Doropoulou, V. Angelopoulos, P. Amanatidis, T. Lagkas, and D. Karampatzakis, “Teaching
Embedded Systems and loT at the University using MicroPython and Raspberry Pi Pico,” in Proc. 27th
Pan-Hellenic Conf. on Informatics (PCl 2023), ACM, 2024, doi: 10.1145/3635059.3635079

[14] B. Bajracharya, V. G. Gondi, and D. Hua, “loT Education using Learning Kits of loT Devices,” Information
Systems Education Journal, vol. 19, no. 6, pp. 40-44, 2021. [Online]. Available: https://ised].org/2021-
19/n6/ISEDJv19n6pd0.html (Accessed: Dec. 6, 2025).

[15] J. W. Best, Research in Education, 4th ed. Englewood Cliffs, NJ, USA: Prentice-Hall, 1981.

[16] J. Sweller, "Cognitive load during problem solving: Effects on learning," Cognitive Science, vol. 12,
no. 2, pp. 257-285, 1988, doi: 10.1207/s15516709cog1202 4

[17] S. Papert, Mindstorms: Children, Computers, and Powerful Ideas. New York, NY, USA: Basic Books, 1980.



A1591999UNANNT
APA

MLA

1ISO690

Chaimongkhol, T., (2026). The Development of an Embedded Systems and Internet of Things
Training Kit using Raspberry Pi Pico W for Practical Learning for Information Technology
Students. Journal of Technical and Engineering Education, 17(1), 18- 3 3  Thaijo.
https://doi.org/10.14416/j.ftee.2026.04.02

Chaimongkhol, Tharit. “The Development of an Embedded Systems and Internet of Things
Training Kit using Raspberry Pi Pico W for Practical Learning for Information Technology
Students” Journal of Technical and Engineering Education, vol. 17, no. 1, Apr. 2026, pp. 18-33,
https://doi.org/10.14416/].ftee.2026.04.02. Thaijo.

T. Chaimongkhol, “The Development of an Embedded Systems and Internet of Things
Training Kit using Raspberry Pi Pico W for Practical Learning for Information Technology
Students” Journal of Technical and Engineering Education, vol. 17, no. 1, pp. 18-33, Apr.
2026, doi: https://doi.org/10.14416/].ftee.2026.04.02


https://doi.org/10.14416/j.ftee.2026.04.02
https://doi.org/10.14416/j.ftee.2026.04.02
https://doi.org/10.14416/j.ftee.2026.04.02

