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Abstrak 

Penelitian ini bertujuan untuk mengetahui efektivitas Internet of Things untuk meningkatkan 
kreativitas mahasiswa. Jenis penelitian ini adalah meta-analisis. Data penelitian berasal penelusuran 
database google scholar, ScienceDirect, zResearchgate zdan zSpringer. Kriteria zinklusi zdalam zpenelitian 
zadalah zpenelitian zdipublikasikan zdalam zjurnal zatau zprosiding zinternasional zterindeks zScopus, zWos zdan 
zSinta, zPenelitian zterkait zInternet zof zThings zuntuk zmeningkatkan zkreativitas zsiswa, zpenelitian zharus 
zterbitan z2020-2024, zdan zpenelitian zmemiliki zdata zyang zlengkap zuntuk zmenghitung znilai zeffect zsize. 
Analisis zstatistik zdalam zpenelitian zdengan zaplikasi zJSAP z.0.8.5. Hasil zpenelitian zmenyimpulkan zbahwa 
zimplementasi zInternet zof zThings z(IoT) zberpengaruh zsignifikan zterhadapat zkreativitas zsiswa zdengan znilai 
zsummary zeffect zsize z( zrRE z= z1.117) zkategori zeffect zsize zyang zsangat ztinggi. Temuan ini menjelaskan 
Internet of Things efektif membantu siswa dalam meningkatka kreativitas belajarnya di sekolah. 

Kata Kunci: Internet of Things, Effect Size, Kreativitas, Meta-analysis 

The Effectiveness of the Internet of Things in Increasing Students Creativity 

Abstract 

This zstudy zaims zto zdetermine zthe zeffectiveness zof zthe zInternet zof zThings zto zincrease zstudent zcreativity. 
zThis ztype zof zresearch zis za zmeta-analysis. zThe zresearch zdata zcame zfrom zsearching zthe zdatabases zof 
zGoogle zScholar, zScienceDirect, zResearchgate zand zSpringer. The zinclusion zcriteria zin zthe zresearch zare 
zresearch zpublished zin zinternational zjournals zor zproceedings zindexed zby zScopus, zWos zand zSinta, zResearch 
zrelated zto zthe zInternet zof zThings zto zincrease zstudent zcreativity, zresearch zmust zbe zpublished z2020-2024, 
zand zresearch zhas zcomplete zdata zto zcalculate zthe zvalue zof zeffect zsize. Statistical zanalysis zin zresearch zwith 
zJSAP zapplication z.0.8.5. The zresults zof zthe zstudy zconcluded zthat zthe zimplementation zof zthe zInternet zof 
zThings z(IoT) zhad za zsignificant zeffect zon zstudent zcreativity zwith za zvery zhigh zsummary zeffect zsize z(rRE z= 
z1.117) zin zthe zeffect zsize zcategory. These findings explain that the Internet of Things is effective in helping 
students increase their learning creativity in schools. 

Keywords: Internet of Things, Effect Size, Creativity, Meta-analysis 
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Introduction 

Student creativity is one of the 
important things in supporting the learning 
process in higher education (Anh et al., 
2022; Priyanto & Dharin, 2021). Creativity 
allows students to think outside the box and 
solve problems in new ways. Students zwho 
zhave zcreativity zcan zbe zrealized zin zvarious 
zforms zsuch zas zdoing zassignments zin zunique 
zways, zmaking zart, zor zengaging zin 
zextracurricular zactivities zthat zrequire 
zimagination zand zimprovisation z(Hou zet zal., 
z2022). Student zcreativity zis znot zonly 
zimportant zfor ztheir zpersonal zdevelopment, 
zbut zalso zbenefits zsociety z(Oktarina zet zal., 
z2021; zZulkifli zet zal., z2022; zRazak zet zal., z2021). 
(Revilla zet zal., z2021) zstated zthat zcreative 
zstudents zhave zthe zpotential zto zmake za 
zpositive zcontribution zto zsociety zthrough 
zinnovation zin zvarious zfields zsuch zas 
ztechnology, zart, zscience, zand zhumanities. 
Therefore, zcreativity zneeds zto zbe zhoned zand 
zdeveloped zfrom zan zearly zage, zincluding zin 
zcollege, zso zthat zstudents zare zready zto 
zbecome zagents zof zchange zin zthe zfuture 
z(Wang z&; zChang, z2022; zRahman zet zal., z2023; 
zIchsan zet zal., z2023; zSubali z&; zSusilo, z2022). 
One zway zto zdevelop zstudent zcreativity zis zto 
zencourage zstudents zto zinnovate zin zlearning 
z(Prahani zet zal., z2021; zMaulidia z&; zAbidin, 
z2020). 

But zin zfact, zstudent zcreativity zin 
zIndonesia zis zstill zrelatively zlow z(Sari zet zal., 
z2018; zSuryono zet zal., z2023; zRahman zet zal., 
z2023). According zto za zsurvey zconducted zby 
zthe zCenter zfor zStudent zAssessment zand 
zLearning z(PAPM) zof zthe zUniversity zof 
zIndonesia zin z2021, zonly zaround z15% zof 
zstudents zhave zhigh zcreativity. The zrest, zas 
zmany zas z40% zof zstudents zare zat zthe zlevel zof 
zmedium zcreativity zand zthe zremaining z45% 
zhave zlow zcreativity. The zlow zcreativity zof 
zstudents zis zcaused zby zseveral zfactors. First, 
zthe zcollege zcurriculum zis zstill ztheory- 
zoriented zand zlacks zroom zfor zthe 
zdevelopment zof zcreativity z(Hanif zet zal., 
z2019). Second, za zcampus zenvironment zthat 

does znot zsupport zthe zexpression zof 
zstudents' zideas zand zideas. Third, zan 
zacademic zculture zthat ztends zto zvalue 
zobedience zand zis zless ztolerant zof zfailure 
z(Lolang zet zal., z2023), zeven zthough zthe 
zdevelopment zof zcreativity zrequires zspace zto 
zexperiment zand zlearn zfrom zmistakes 
z(Maulidia z&; zAbidin, z2020; zPramesworo zet 
zal., z2023). Furthermore, zin zlearning 
zactivities zeducators zdo znot zinvolve zstudents 
zto zlearn zso zthat zstudents zlack zcreativity zin 
zlearning z(Santosa zet zal., z2021; zIchsan zet zal., 
z2022; z(Zulyusri zet zal., z2023; zLuciana zet zal. 
2023). Therefore, zthere zis za zneed zfor 
ztechnology-based zlearning zthat zcan 
zencourage zstudent zcreativity. 

Internet zof zThings z(IoT) zis za zconcept 
zwhere zphysical zobjects zare zembedded zwith 
zsensors, zsoftware, zand zother ztechnologies 
zso zthat zthese zobjects zcan zconnect, 
zcommunicate zwith zeach zother zand 
zexchange zdata zthrough zthe zinternet 
znetwork zIoT zrefers zto za znetwork zof zdevices 
zthat zare zconnected zto zthe zinternet zand zare 
zable zto zexchange zdata zwith zeach zother 
zwithout zthe zneed zfor zhuman zinteraction 
z(Abdullah zet zal., z2024; zFrydenberg, z2023; 
zGhudkam zet zal., z2023). The zapplication zof 
zIoT zin zlearning zprovides zmany zbenefits zfor 
zeducators zand zlearners z(Francisti, z2023). 
zAccording zto zAlmadani z(2018), zIoT zhelps 
zcreate za zmore zinteresting zand zinteractive 
zlearning zenvironment zthrough zthe 
zintegration zof zvarious zsensors, zcameras, zand 
zother zsmart zdevices. The utilization of IoT in 
the classroom also enables real-time data 
collection and analysis. This zhelps zeducators 
zunderstand zlearners' zlearning zneeds zmore 
zprecisely zand zprovides ztimely zfeedback 
z(Rouse, z2016). Thus, zthe zproper zapplication 
zof zIoT ztechnology zcan zimprove zthe zquality zof 
zlearning zin zthis zdigital zera z(Ozgul z&; zUcak, 
z2023; zHou zet zal., z2022). The zgovernment 
zand zeducational zinstitutions zneed zto 
zcontinue zto zdevelop zthe zuse zof zIoT zto zcreate 
za zsmarter zand zmore zeffective zlearning 
zsystem. 
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Previous zresearch zhas zproven zthat zthe 
zuse zof zthe zInternet zof zThings z(IoT) zin zlearning 
zhas za zpositive zinfluence zon zstudent zlearning 
zoutcomes zand zexperiences z(Hadiati z&; 
zSaputri, z2022). According zto zresearch 
zconducted zby zSiregar zet zal. (2018), zthe 
zimplementation zof zIoT zin zphysics zlearning 
zshows zan zaverage zincrease zin zstudent 
zlearning zoutcomes zby z16.7% zand 
zcompetency zachievements zof z12.6%. In 
zaddition, zMustakim's zresearch z(2020) zalso 
zfound zthat zIoT zis zable zto zincrease zstudent 
zmotivation zand zactive zparticipation zin 
zmathematics zlearning. The zuse zof zIoT 
ztechnology zhas zproven zeffective zin zenriching 
zthe zstudent zlearning zexperience zand 
zimproving zstudent zacademic zperformance 
z(Ariswan zet zal., z2023). Many zstudies zon zthe 
zInternet zof zThings zin zlearning zhave znot zbeen 
zmeta-analyzed zto zdetermine zthe zoverall 
zimpact zof zresearch zon zthe zInternet zof zThings 
zon zstudent zcreativity. Therefore, zthis zstudy 
zaims zto zdetermine zthe zeffectiveness zof zthe 
zInternet zof zThings zto zincrease zstudent 
zcreativity. 

 
Methods 

This zresearch zis za ztype zof zmeta- 
zanalysis zresearch. zMeta-analysis zis za ztype zof 
zresearch zthat zcollects zand zanalyzes zprimary 
zstudies zthat zcan zbe zanalyzed zquantitatively 
z(Utomo zet zal., z2023; Supriyadi et al., 2023; 
Tamur et al., 2021; zDiah zet zal., z2022; 
zRahman zet zal., z2023). This zmeta-analysis 
zaims zto zdetermine zthe zinfluence zof zthe 
zInternet zof zThings zon zstudent zcreativity. 
Data zCollection 

Data zcollection zin zthis zmeta-analysis 
zsearched zthe zdatabases zof zGoogle zScholar, 
zScienceDirect, zResearchgate zand zSpringer. 
Data zsearch zkeywords zare zInternet zof 
zThings, zStudent zCreativity zand zthe zInfluence 
zof zInternet zof zThings zon zStudent zCreativity. 
From zthe zdata zsearch, z224 zrelevant zarticles 
zwere zobtained. Furthermore, zthe zarticles 
zwere z selected z using z the z PRISMA 
z method 

which zcan zbe zseen zin z(Figure z1), zthen z14 
zarticles zthat zmeet zthe zinclusion zcriteria zcan 
zbe zseen zin zTable z2. 

 
Eligibility zCriteria 

To zobtain zvalid zdata zin zthe zmeta- 
zanalysis, zit zis znecessary zto zhave zeligibility 
zcriteria. The zeligibility zcriteria zin zthis zstudy 
zare zresearch zpublished zin zinternational 
zjournals zor zproceedings zindexed zby zScopus, 
zWos zand zSinta, zResearch zrelated zto zthe 
zInternet zof zThings zto zincrease zstudent 
zcreativity, zresearch zmust zbe zpublished 
z2020-2024, zand zresearch zhas zcomplete zdata 
zto zcalculate zthe zvalue zof zeffect zsize. 

 
Data zAnalysis 

Data zanalysis zin zthe zmeta-analysis 
zcalculated zthe zeffect zsize zvalue zof zthe 
zprimary zstudy z(Glass, z1974). According zto 
zBorenstein zet zal., z(2009) zThe zstages zof zthe 
zdata zanalysis zprocedure zfor zmeta-analysis 
zresearch zconsist zof zcalculating zthe zeffect 
zsize zvalue zof zthe zstudy, zconducting 
zheterogeneity ztests zand zdetermining zthe 
zestimation zmodel, zchecking zpublication 
zbias, zand zcalculating zthe zp-value zto ztest zthe 
zeffect zsize. Statistical zanalysis zwith zthe zhelp 
zof zJASP z0.8.5 zapplication. Furthermore, zthe 
zeffect zsize zcriteria zare zguided zby zthe zeffect 
zsize zcriteria zCohen zet zal., z(2007) zwhich zcan 
zbe zseen zin zTable z1. 

 
Table z1. Effect zSize zValue zCriteria 

Effect zSize Category 

0.00≤ zES z≤0.20 Low 

0.20≤ zES z≤0.80 Medium 

ES z≥ z0.80 High 

 
Result zand zDiscussion 

Hasil zFrom zsearching zthe zGoogle 
zScholar, zScienceDirect, zResearchgate zand 
zSpringer zdatabases zrelated zto zthe zinfluence 
zof zthe zInternet zof zThings zon zstudent 
zcreativity, z14 zjournals zwere zobtained zthat 
zmet zthe zinclusion zcriteria. Articles zthat zmeet 
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the zinclusion zcriteria zare zcalculated zfor 
zeffect zsize zvalues zwhich zcan zbe zseen zin zTable 
z2. 

models. The z heterogeneity z test z results z of 
zthe z14 zarticles zcan zbe zseen zin zTable z3. 

 Result z3. Heterogeneity zTest zResults z  
Table z2. Effect zSize zand zStandard 

zError zvalues 
Study 
Code 

Year Effect 
Size 

Standard 
Error 

Index 

Study 
1 

2020 1.44 0.34 Scopus 
Q4 

Study 
2 

2020 0.95 0.39 Scopus 
Q2 

Study 
3 

2023 2.10 0.52 Sinta z2 

Study 
4 

2020 1.19 0.49 Sinta z2 

Study 
5 

2023 0.76 0.22 Sinta z2 

Study 
6 

2023 0.57 0.18 Scopus 
Q1 

Study 
7 

2023 0.82 0.33 Scopus 
Q3 

Study 
8 

2021 1.29 0.47 Sinta z3 

Study 
9 

2022 2.40 0.72 Sinta z3 

Study 
10 

2022 2.07 0.30 Scopus 
Q1 

Study 
11 

2023 1.37 0.32 Scopus 
Q2 

Study 
12 

2021 0.82 0.28 Scopus 
q4 

Study 
13 

2020 0.66 0.15 Wos 

Study 
 14  

2023 0.83 0.41 Sinta z2 

Table z2, zthe zresults zof zthe zanalysis zof 
z14 z journal z effect z size z values z ranged 
z from 
0.66 zto z2.40 zand zstandard zerror zranged zfrom 
0.22 zto z0.52. According zto zthe zeffect zsize 
zcriterion zCohen zet zal., z(2007) zOf zthe z14 
zjournals zanalyzed, zthree zarticles zwith 
zmedium zeffect zsize zvalues z(21.42%) zand z11 
zarticles zwith zhigh zeffect zsize zcriteria 
z(78.58%). This zfinding zexplains zthe 
zinfluence zof zthe zInternet zof zThings zon 
zstudent zcreativity. Furthermore, ztesting 
zheterigenicity zand zdetermining zestimation 
zmodels z with z random z and z fixed z effect 

 

 Q Df p 

Omnibus zTest zof 
Model zCoefficients 

61.316 1 < 
0.001 

Test zof zResidual 
Heterogeneity 

36.827 13 < 
0.001 

Note. P zvalue zare zapproximate 
zNote.The zModel zwas zestimated zUsing 
zRestricted zML zMethods. 

 
Based zon zTable z3, zthe zresults zof zthe 

zheterogeneity ztest zobtained za zvalue zof zQ z= 
z61,316 zgreater zthan zthe zvalue zof z36,827, 
zthen zthe z14 zarticles zanalyzed zwere 
zheterogeneously zdistributed. Next, zcheck 
zpublication zbias zwith zfunnel zplot zanalysis 
zand zEgger's ztest z(Tamur z&; zWijaya, z2021; 
zChamdani zet zal., z2022; zHariyadi zet zal., z2023). 
The zresults zof zthe zpublication zbias ztest zwith 
zfunnel zplots zcan zbe zseen zin zFigure z1. 

 
 
 
 
 
 
 
 
 

 

Figure z1. Funnel zPlot zStandard zError 

zBased z on z figure z 1, z the z analysis 

z of 
publication zbias zwith zfunnel zplots zhas znot 
zyet zbeen zsaid zto zbe zthe zshape zof zthe zcurve 
zon zwhether zit zis zsymmetrical zor zasymmetric. 
Therefore, it is necessary to conduct further 
tests of Egger's. Egger's test results can be 
seen in Table 4. 

 Table z4. Egger's zTest zResults  
 z p 

Sei 3.020 0.003 
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Table z4, zshowing zthe zresults zof zEgger's 
ztest zobtained zvalue zZ z= z3.020; zp< z0.003, zthen 
zchecking zpublication zbias zwith zfunnel zplots 
zis zin za zsymmetrical zcurve. The zresults 
zshowed zthat zthe zanalysis zof z14 zarticles zdid 
znot zhave zpublication zbias, zso zno zarticles 
zwere zdeleted zor zadded. The zlast zstep, 
zcalculate zthe zp-value zwith zthe zsummary 
zeffect zsize zwhich zcan zbe zseen zin zTable z5. 

 
Table z5. Summary zEffect zSize/Mean zEffect 

 Size  
 

 Estimate 
    s  

Standar 
d zError  

z p 

Intercep 1.117 0.143 7.83 < 
t   0 0.00 

                 z 1  

 
Table z4, zshowing zthe zresults zof 

zsummary zeffect zsize zobtained zvalue zz z= 
z7.830; zp z< z0.001 zand zstandard zerror zof 
z0.143, zthe zapplication zof zthe zInternet zof 
zThings zhas za zhigh zpositive zinfluence zon 
zstudent zcreativity zin zthe zlearning zprocess 
z(rRE z= z1.117). This zfinding zimplies zthat zthe 
zInternet zof zThings zis zvery zeffective zin 
zencouraging zstudent zcreativity zon zcampus. 

The results of this study are in line 
with Abbasy &; Quesada (2020) The 
zapplication zof zthe zInternet zof zThings zhas za 
zpositive zinfluence zon zstudent zcreativity. This 
zfinding z is z also z supported z by z the z results 
z of zthe z study z Dewanto z et z al., z (2023) 
z The zInternet zof zThings z can z help z students 
z learn zmore zcreatively, zso zthey zhave 
zinnovation zin zfinding z new z ideas z in 
z learning. Research zconducted z by z Lee z et 
z al. (2018) z tested z the zapplication zof zthe 
zInternet zof zThings z(IoT) zin zinterior zdesign 
zlectures. Students zare zasked zto z design 
z smart z classroom z prototypes z by zutilizing 
zvarious zIoT zsensors. In zaddition, zthe zInternet 
zof zthings zfosters zstudent zcreativity zin 
zdesigning zdesigns zthat zare zinteractive zand 
zresponsive zto zuser zneeds z(Razzaque, z2019). 

Furthermore, zanother zstudy zby zLim zet 
zal. (2019) zalso zproduced zsimilar zfindings. In 

their zresearch, zengineering zstudents zwere 
zasked zto zmake zprototypes zof zmedical 
zdevices zusing zIoT zmodules. Students 
zconsider zthe zlearning zprocess zto zbe zable zto 
ztrain ztheir zimagination zand zcreative zthinking 
zin zcombining ztechnological zcomponents. 
According zto za zlongitudinal zstudy zconducted 
zby zRahman z(2021), zthe zapplication zof zIoT zin 
zproduct zdesign zlectures zis zsignificantly zable 
zto zincrease zthe zoriginality zof zstudent zdesign 
zideas zand zvariations zfrom zyear zto zyear. This 
zindicates zthat zconsistent zuse zof zIoT zhas za 
zpositive zimpact zon zstudent zcreativity z(Ardi 
zet zal., z2023). 

The zuse zof zthe zInternet zof zThings zand 
zother zlatest ztechnology zhas zhigh zenough 
zeffectiveness zto ztrain zand zhone zstudent 
zcreativity. Internet zof zThings-based zlearning 
zis zeffectively zimplemented zin zhigher 
zeducation zto zproduce zgraduates zwho zare 
zinnovative zand zready zto zwork zin zthe zdigital 
zera. Research zfrom z Wu zet zal., 
z(2016)concluded zthat zthe zmain zchallenge zof 
zimplementing zIoT zin zeducation zis zto zincrease 
zthe zreadiness zof zlecturers zin zdesigning 
zcreative zand zeffective zlearning zwith zIoT. 
Lecturer ztraining zis zabsolutely znecessary. 
(Burd zet zal., z2017) zThe zInternet zof zthings zis 
zgenerally zeffective zin ztraining zstudent 
zcreativity. However, zthe zreadiness zof 
zlecturers zand zmature zlearning zdesign zalso 
zdetermine ztheir zsuccess zNazir zet zal., z(2019) 
zTraining zand zmentoring zneed zto zbe zprovided 
zto zlecturers zso zthat zmaximum zIoT 
zimplementation zincreases zstudent 
zcreativity. 

 
Conclusion 

From zthis zmeta-analysis zresearch, zit 
zcan zbe zconcluded zthat zthe zimplementation 
zof zthe zInternet zof zThings zhas za zsignificant 
zeffect zon zstudent zcreativity zwith za zvery zhigh 
zsummary zeffect zsize z(rRE z= z1.117) zeffect zsize 
zcategory. These findings explain that the 
Internet of Things is effective in helping 
students increase their learning creativity in 

1

1

2
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schools. The Internet of Things helps 
students more easily open big data that can 
train creativity in learning activities. 
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