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Abstract

This research aimed at the following objectives: (1) to design and develop a learning
media set on sound waves and light using a smartphone sensor as a measuring tool based on
the engineering design process for STEM education learning management; (2) to evaluate the
efficiency of the learning media set on sound waves and light using a smartphone sensor as a
measuring tool based on the engineering design process for STEM education learning
management; and (3) to trial and evaluate the use of the learning media set on sound waves
and light using a smartphone sensor as a measuring tool based on the engineering design process
for STEM education learning management. The population and samples used in the trial use of
the learning media set were 1) 4 physics teachers from School A and 4 from School B; 2) 12
student teachers; and 3) 50 high school students from School A and 45 from School B. The
research instruments consisted of the learning media set on sound waves and light using a
smartphone sensor as a measuring tool based on the engineering design process for STEM
education learning management, the teacher’s manual and learning activity record sheets for
the learning media set, the learning media set efficiency evaluation form, and the learning
achievement test. The statistics used in the research were mean, standard deviation, t-test, and
the normalized gain.

The research found that: 1) Learning media set on sound waves and light using
Smartphone sensors as measuring tools according to the engineering design process for
organizing learning according to STEM education guidelines which developed in this research can
be used to measure various variables and parameters that need to be studied with accuracy and
precision. 2) The results of evaluating the effectiveness of the learning media set on sound
waves and light using Smartphone sensors as measurement tools according to the engineering

design process for organizing learning according to the STEM education approach, found that, it
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was appropriate at a high level, consisting of essential content/learning content, and methods
for measuring and evaluating learning outcomes with target groups and is most appropriate,
consisting of learning objectives Learning activities with competency-based learning. The Learning
equipment set and manual and learning activities. The total average evaluation score was 4.55,
and the standard deviation was 0.512, which is in the highest quality criteria. 3) Learning
achievement of organizing learning with learning media sets on sound waves and light. For
learning management according to the STEM approach, after class was significantly higher than
before class at the .05 level. The normalized gain for the physics content teachers at School A
had higher (<g> = 0.73, <g> = 0.81) than physics content teacher of School B (<g> = 0.67, <g> =
0.79). Student teachers had normalized gain on the light topic (<g> = 0.68) than the sound wave
topic (<g> = 0.67), and students of School A had higher normalized gain (<g> = 0.68, <g> = 0.66)
than students of School B (<g> = 0.61, <g> = 0.59), respectively.

Keyworks sound and light media set Smartphone sensors engineering design process STEM

Education
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Pretest 7.00 1.31
A 2.50 1.51 0.81 4.68* 0.001
Posttest | 9.50 0.54

Pretest 8.00 0.82
B 1.50 0.58 0.79 5.20* 0.007
Posttest | 9.50 0.58

*yd1AnanAnszavu .05

5N

91nA15197 2 Wudn ArazuuuneulFiunsanisieuinunssuIunsuAnazLdy
Anwoais 2 lsadsuiazuuulsiunnsstunnin vdsnldfumsdanaSeudmunssuaumsuunio
azfuAnudeyafanssunsiioud Bes edudssuazuas Ineldansnlvumuwosiluedosdedn vos
Astfaouidemaeiniandii 2 TsaFou wuiazuuuvesis 2 lsudsuiidgenieuldsunsdans
Seuiuazatnziuuveanglsuseu A ndilasun1sinnsiseuinunszuIunsLAnasiuAnYI A1
nAzuuyresrslsaSeu B ogsdidudidy  Wefisananuiindwieimunmsmanisiiouinui
AgtieudomneiniAndlsadeu A SanudrvivEeRauinimnamaBsusieningous (<gsmus
= 0.73, <g>ua = 0.81) ganINIUTEU B (<g>naudss = 0.67, <g>uas = 0.79) wiludes Aaudsuases
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2) nqudiegeinAnyIAg
A13197 3 Aede dndeauuninggiu Aadfnaaaudl A1 Normalized gain wagseutitd1feyvnaaia
lummegeulUSouiiuasiuunoulssuLasnaUS sUYetinAnwAg

113 _ I Sig. (1-
YANAAD X S.D. D | SDo | <g> t >
' NAdau tailed)
4 A Pretest 4.39 0.86
AAULAYN 3.79 0.74 0.67 31.53* 0.000

Posttest | 8.18 1.04
Pretest 4.39 0.86
%N 3.79 0.74 0.68 31.53* 0.000
Posttest | 8.18 1.04

N9ADANTTAU .05

*
pid )
=
[as]
=

e

R

31NA15197 3 WU ArAzLuLraTlaSuNIsIanIsSBusmunsTUIuNTLUIRRASLAY
AnwivesinAnwiagaendineuTeunsluiies AGuALLAZLAY KaEAUAIMTININITITOUNTE
WALINITNNNITITOUS 1399 Uad (<g> = 0.68) HAgandT 1309 AR (<g> = 0.67)

3) nguflegsiniSeusEaulisnfAneInaulaly
A15197 4 Aade dndeauuninggiu Aadavaaaudl A1 Normalized gain wagseRutiudfgyvnaaiia
lummegeuSouiiuasiuunoussukas naussuvaaslnisaulsusyu A uay B

YA - 119 ¥ _ Sig.
: Ts93eu X S.D. D | SDo | <g t .
NAABY NnAgaU (1-tailed)
Pretest 4.37 0.73
A 3.82 0.66 0.68 56.51* 0.0000
A4 - Posttest | 8.19 0.77
ARULAYN
Pretest 3.74 0.98
B 3.83 0.94 0.61 36.88* 0.0000
Posttest | 7.57 0.57
Pretest 4.09 0.91
A 3.89 0.80 0.66 47.42* 0.0000
Posttest | 7.98 0.87
5N
Pretest 3.65 1.01
B 3.74 0.94 0.59 36.05* 0.0000
Posttest | 7.39 0.73

91nA15197 4 wudn ArazuuuneulFiunsdnnisifeuinunssuiunsuAnasLdy
AnwvesdniSeulsuiou A danzuuuganitdnifeulsausey B ndwinlasunisdnnisiseusnig
nszUILNSINANAYIANAnu T eYaRansINansSeusSes Adudswazuas Ingldaunsnlnuwuiees
JundesiioTa wuindasiuuaeuvesinGeusi 2 lsaSpuliAmaaninneulasunisdnnisseuiuasen
Azuuuvetineulsuieu A nddlasun1sdanisieudmunssuIunsuNARasANAN Y (<g>aduds =
0.68, <g>uas = 0.66) HA1AINTIIAIALUULYDITNITULTUTEU B (<g>ndudios = 0.61, <g>uas = 0.59) e
fimsonemnufmdmeinuinmniadeuividudes audsasiag
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anuUseNa

1. wan1sWmunyadeuTanssuntsiEeud e Adudsuazua

Tuns3seiidunisianngedoniadens Fes edudswuaruas Tagldandalusumosidu
\n3esilofamunszurunisesnuUULERimInsINdmIUNsiansFeudmuLmasfndnu Tag (1)
mMsveansnsmsassdedluravatsla 1 du Tngldaunsaliueuresifuadasdioanansveassd
IFaenndesiunIsnnases Hirth, Kuhn, & Miller (2015) (2) nsnaaesdnidos nan1snaaeiile
aenAdasiun1snaaeives Kuhn, Vost, and Hirth (2014) (3) nMsnaaeniuduazanundudes nans
naaesiilaaenndnsiunIsuaass Hirth, Grober, Kuhn, & Maller (2016) (4) nMsvaasinsduieudes
nan1snnaesfilaaenndesiunsnaaases Castro-Palacio et al. (2013) (5) NINARBINTSUNINABALUY
@ uveInawEss nan1sNnasilidonndasiunIsnnaniues Gonzalez & Gonzalez (2016) (6) N1
naaein1sTauSnae It uas nansvnaesfildaenadasiunisnnassaes Klein et al (2014) uae
Sans et al (2015) (7) N1snAaey Spectrophotometer nan1sNnaesfilidenndesiunisnaassves
Grasse, Torcasio & Smith (2016) Ua¢ (8) N1INARBINITRANFULALH nansvaaesfilddenadasiuns
yAABIYDs Kuntzleman & Jacobson (2016) dunansliifiuinnisuszendldaunmlnuieusesidu
Lﬂ%ﬂﬁa’i@mmmzmuﬂﬁaaﬂLL‘UUL%ﬁmﬂisuﬁm%’uma%’mmu’%auimmt.mmaazLﬁuﬁﬂmmmaaw
HuedesilofaununislitedestioTauuunaiy msrzmalula sndmlvusumesannsotluldiu
wdosilotalaluyniinnnaniidesnsinnmmeaaestdias Snfamammanosiléfimnuusiuduaniiomss
guuazfufiveniuiulussiuanadnine

2. an1sUsEiulsEAvEnnvesyadensitsuiuasdiislonansusznaun1siseuinszuaung
PANUUULBIAINTTUANUUINWEANAN Y (309 ARUHBILAZIEN
HaN1TIATIEYUSEANS AN wudn dannuwanzaneglusedunnn Yseneumiy a1sednfny/

O

'
=

a138n19iseus wagismsiauazyseiliunansiseuinunguidivung uaziianuvansausglusinian

q
4

Usznoudae gavsvasininioud Aanssunisideudsunisdouivuiugiuanssouy gagunsal
Usgnounisious wae gileuazianssunisiBeus Inefldazuuunisussiiiuedesiuintu 4.55 du
\Deauunnsgruwindy 0512 Falnunmegluinasisnniian uansinedosdeililunisidenasnausyn
donsiFeuiuardiielonansuszneunisiouinszuiumsesnuuuiiaimnssunmaLuINsasiuAng
5o rdudssuazuas Ingldaunsalriueusesiduedosdiofn fanumnzaiumsihluliyamnaeuves
msideluadsil aenndostunanisitoves wadnd wamsued Usvam ilonadu uarlosiuns Sunddse
#ina (2558) uag Tseng et al (2013)

3. wamsnaaeslduazyszifiunanisliyndonisiSous (e aduidsnasuas Ineldaunin
TuimuwefiualssiioTaniunszuruniseanuuuidsdainssudmiunisianisBoudaauuimig
azifufne

maﬂ'mzLLuudaulé"%fumﬁﬂmiﬁauﬁmuﬂismuﬂml,mﬁmaxLﬁmﬁﬂmmaa‘ﬁa 3 naudmune
Loiun mg;ﬁaauﬁmiw%m?\l?ﬂﬁ tinfinwiag waviniSeussaudseufnwineudate Taazuuuliunnsi
fuannin vdaannldzunsdnnisBeuimunszuiumsuufnasiiudnumeyafanssunsBeus Fos
rdudosuazuas IngldansnliusuresituedosdofaseyndouinnssumsiFousiauanrsiusgng
fioddynsadnfisedu .05 aenadesfiunauideves Kaps & Stallmach (2022) Kaps, Splith &
Stallmach (2021) wag Monteiro & Marti (2022) fiuszendldauialnususesifuniosiotalunis
yasowdsnaliindnuniiianisfoudnty  WefinsanauimndmanisGeuesagiaeudoniang
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uaztinGouseiuiseudnumeulaeveslsaiou A fidmnuiamimadsugsniilsaiou B iesan
asffaeuiomildnduariinEussfulisoufnunoutasredlsuiou A ldiunsuszgndaunsaliy
wuweslunsvaasnAtduUsyansaudeanuean1uisn1snnasswes Coban & Erol (2019) 54
ansathauninliuayssendldluniseenuuui@aimnssudmiunisdanisfoudnuuuimeaziiu
ﬁﬂmlﬁaﬂ’jﬂmﬁaauﬁamﬂﬁﬂémvﬁﬂﬁﬂui”ﬁuﬁﬁwﬁﬂmmauﬂmaﬁuaﬂiaL%"&Ju B sauauiiiulein
audelrusuesannsahuldduedesdetalunisvaaedinemansléidueg1ad (Hochberg, Kuhn
& Muller, 2018; Hochberg et al, 2020, Kuhn & Vogt, 2013) w1 AT ldTinuuduiuaziisanse

YDLHUDWUL

1. dorduanuzlunisunnuideldly

fmﬂmamﬁﬁfﬂmmiaaiﬂiﬁd’mﬁﬂiuEJﬂm“L%LwﬂIuIa%m%mIWuwuwaiﬂuméaﬂﬁaﬁfmhms
EJEJﬂLL‘U‘ULLau’ﬁi’N‘UiﬂﬁEJU’mﬂ‘iiuﬂ’]iL’iEJUS’JVlEJ’\ﬁ’IﬁG]iLLawL‘VlﬂIuIaEJ‘VN 8 luga fuanunsataa-ldogng
wiuguasiiiownss  fefunme ma]ammuﬂswiwumﬂmiwalumwiﬂﬂi gndldluanssuas
anunsaldu 9 9y aﬁuﬂmiaugmﬂﬂaa Jusiy

2. fodusnulunisinisenddely

ﬂmwﬁ%’ﬁﬂLﬁuﬂiziwuﬁluﬂﬁma‘iﬁ’ﬂuﬂ%ﬂﬁlﬂﬁiaaamLLasW@umgﬂLmeié’fmﬂm%aumiaau
fruniseanwuukasinalulad (@zdudnen) lUldlunsdauanunisiSeunisaesuluanseinalulad (A3
gonuuuuazimalulad) esannwwwednisiaa1Usuimes 4 1wy lwuwesnisinAiag
(Accelerometer sensor) iguigesfadauutivan Hudu Aflegiuuvesaauinlriuiuiinnuusiug,
uazifssnsslunsindminiveding q guazduiivesiuiuiolan ausadunliiduedesieldnni
nan

AnRNIsUUIZAA

Afeiiduduniivedlasimsisonisinugndonisdeud es adudswuazias Ingld
Smartphone sensors, Arduino, Micro-Bit ta¢ KidBright LTJULﬂ%mﬁaﬁ?ﬂmmﬂismumiaamw‘uL‘?N
Aenssudmsunisdanisiseuinunwimeazidufine  auzdiTereveunszamnesudasy
Inemans 3%’8LLazui’(ﬂﬂmﬂ,uLmumu%aﬁ"aﬁugm—wﬁmma"amu@f?m dryymuianit FF66-5-003 7ilsk
msaﬁuauumsﬁﬁﬁﬂuﬂ%’aﬁ
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