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Abstract. This study aims to see the effect of the STEM integrated project-based 

learning model on Optical Instruments material. This type of research is a quasi-

experimental (quasi-experimental) because the class used for treatment is the control 

class and the experimental class. two study groups were used as the research sample 
which was divided into the experimental class category with the STEM-integrated 

project-based learning model and the control class with the conventional model. This 

research was conducted on students of class XI even semester at SMA N 15 Takengon. 

The results showed that the average value of the experimental class was greater than that 
of the control class which was known by the Manova test. So it can be concluded that 

there is a significant influence of the STEM-based project-based learning model on 

students' critical and creative thinking skills in the material of Optical Instruments. 
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1 Introduction 

E ldu lcation is a velry important hulman neleld, belcaulsel eldu lcation can crelatel qulality and 

charactelrfull hulman belings who havel broad insights so that thely can achie lvel thel elxpelcteld 

goals. Thel progrelss of a nation is deltelrmineld by eldulcation and thel advancelmelnt of eldulcation 

in thel peloplel of that nation. This can bel relalizeld by organizing elffelctivel, elfficie lnt and fuln 

eldu lcation. 

E ldu lcation plays an important rolel in prelparing a gelnelration that is ablel to compeltel in thel 21st 

celntulry accompanield by rapid advancels in modelrn telchnology. In thel 21st celntulry, stuldelnts 

neleld to bel formeld to bel skilleld in problelm solving, both in making delcisions, thinking 

crelativelly, having skills in dellibelrations, commulnicating idelas elffe lctivelly, and beling ablel to 

work elfficielntly both individulally and in telams. E ldulcation mulst bel immeldiatelly changeld or 

transformeld from traditional lelarning to modelrn lelarning [1]. Onel of thel 21st celntulry skills 

that stuldelnts neleld to havel is highelr ordelr thinking skills (HOTS). 

HOTS  is a thinking procelss that relqulirels stuldelnts to manipullatel elxisting information and 

idelas by combining facts and idelas in thel procelss of synthelsizing, gelnelralizing, elxplaining, 

condulcting hypothelsels and analysis, to thel ability to concluldel [2]. HOTS is thel ability to 

analyzel somelthing baseld on availablel data and find many possiblel answelrs to a problelm with 

an elmphasis on qulantity, elffelctivelnelss and varielty of answelrs [3]. Thel main charactelristic of 

HOTS is thel ability to think critically and bel ablel to think crelativelly [4]. 
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Critical thinking skills arel a procelss that aims to makel relasonablel delcisions aboult what to 

bellielvel and what to do [5]. In addition to critical thinking skills, onel important aspelct of 

HOTS is crelativel thinking [6]. Crelativel thinking is a thinking activity that produlcels nelw 

melthods, concelpts, delfinitions, discovelriels and works. Critical and crelativel thinking skills arel 

velry important for stuldelnts to mastelr in ordelr to bel ablel to solvel problelms faceld in a world 

that is constantly changing [7]. 

Onel of thel caulsels of stuldelnts' low critical thinking skills is thel habit of stuldelnts who arel morel 

likelly to alrelady felell comfortablel with thel telachelr's elxplanation withoult qulelstioning morel 

delelply. Thel low ability of critical thinking in stuldelnts is cau lseld by selvelral factors. Onel of 

thelm, wheln stuldelnts in a class actulally do not carry elmpty knowleldgel, bult thely have l 

knowleldgel that is fragmelnteld, so that stuldelnts elxpelrielncel difficulltiels wheln associating a 

concelpt with onel anothelr. 

Convelntional lelarning applield by telachelrs in schools cannot form stuldelnts' critical and 

crelativel thinking skills propelrly. Baseld on thel delscription of thel problelm, it is nelcelssary to 

makel elfforts to ovelrcomel thel problelm abovel. Onel of thelm is by applying an elffelctivel lelarning 

modell, which attracts stuldelnts' attelntion, gelnelratels motivation, involvels stuldelnts activelly, and 

trains stuldelnts' critical and crelativel thinking skills to improvel thel qulality of lelarning procelssels 

and oultcomels. Onel altelrnativel that can bel ulseld to ovelrcomel thelsel difficulltiels is to crelatel 

lelarning activitiels that aim to gulidel stuldelnts in critical and crelativel thinking. Thel projelct 

baseld lelarning (PjBL) lelarning modell intelgrateld with thel scielncel, telchnology, elnginelelring and 

mathelmatics (STElM) approach is onel of thel crelativel and activel lelarning that can hellp stuldelnts 

delvellop critical and crelativel thinking skills. 

PjBL is an elffelctivel lelarning modell for improving critical thinking skills belcaulsel in elach 

phasel it elncoulragels stu ldelnts to bel activel in lelarning, sulch as in thel planning stagel stuldelnts arel 

traineld to bel ablel to delcidel on an action. Lelarning with thel STElM approach can shapel thel 

charactelr of stuldelnts who arel ablel to relason highly and think critically, logically and 

systelmatically [8]. STElM-intelgrateld PjBL can increlasel lelarning elffelctivelnelss, produlce l 

melaningfull lelarning, and sulpport fultulrel carelelrs [9]. 

Baseld on thel backgroulnd abovel, thel formullation of thel problelm in this stuldy is obtaineld, 

namelly: 1) Is thelrel a significant influlelncel of thel STElM intelgrateld projelct baseld lelarning 

modell on stuldelnts' critical and crelativel thinking skills? 2) Is thelrel an increlasel in stuldelnts' 

critical thinking skills taulght ulsing thel STElM intelgrateld projelct baseld lelarning modell? 3) Is 

thelrel an increlasel in stuldelnts' crelativel thinking skills taulght ulsing thel STE lM intelgrateld projelct 

baseld lelarning modell? 

Baseld on thel formullation of thel problelm, this stuldy aims to 1) deltelrminel thel significant elffelct 

of thel STElM intelgrateld projelct baseld lelarning modell on stuldelnts' critical and crelativel thinking 

skills 2) deltelrminel thel improvelmelnt of stuldelnts' critical thinking skills taulght ulsing thel STElM 

intelgrateld projelct baseld lelarning modell? 3) find oult thel increlasel in stuldelnts' crelativel thinking 

skills taulght ulsing thel STElM intelgrateld projelct baseld lelarning modell? 

2 Research Method 
Qu lasi-elxpelrimelntal stu ldy with a two groulp preltelst-posttelst delsign. Wheln thel relselarch was 

condulcteld in thel elveln selmelstelr of April 2022. Baseld on thel relselarch objelctivels, thel 



 

 

 

 

 

popullation in this stuldy was all of SMA N 15 Takelngon . Thel samplel in this stuldy consisteld 

of class XI IPA 2 and XI IPA 3 which welrel takeln by simplel random sampling telchniqulel. In 

this stuldy, data welrel obtaineld by selvelral melthods, namelly: direlct obselrvation, intelrvielws, and 

doculmelntation. Thel data analysis telchniqulel ulseld in this stuldy is thel normality telst, 

homogelnelity telst, n gain telst, manova telst and correllation telst. 

3 Results And Discussion 

This relselarch was carrield oult in class XI selmelstelr II SMA N 15 Takelngon TA 2021/2022. Thel 

popullation in this stuldy welrel all stuldelnts of class XI consisting of 4 classels with a total 

popullation of 128 peloplel. This typel of relselarch is a qulasi elxpelrimelnt involving 2 classels. 

Class XI MIA 2 consists of 28 stuldelnts as an elxpelrimelntal class ulsing thel PjBL STE lM modell 

and class XI MIA 3 as many as 28 stuldelnts as a control class ulsing a convelntional modell. 

Post-telst data hypothelsis telsting can bel donel if thel post-telst data melelts thel relqulirelmelnts, 

namelly thel data is normally distribulteld and homogelnelouls. Baseld on thel calcullation relsullts, it 

can bel concluldeld that thel post-telst data arel normally distribulteld and homogelnelouls so that thel 

hypothelsis telsting in this stuldy ulsels thel post-telst avelragel similarity telst ulsing thel Manova telst 

with thel hellp of SPSS 21.0. 

Table 1. Relsullts of thel Manova Posttelst Critical and Crelativel Thinking Skills 

No Effects Sig 

1 Piilai’s Tracel 0,00 

2 Wilk’s Lambda 0,00 

3 Hotellling’s Tracel 0,00 

4 Roy’s Largelst Root 0,00 

Tablel 1 aims to selel whelthelr thelrel arel diffelrelncels beltweleln stuldelnts who arel taulght ulsing the l 

convelntional modell and thel PjBL STE lM modell on stuldelnts' ovelrall critical and crelative l 

thinking skills. Tablel 3.1 obtaineld a significancel valulel lelss than 0.05 so that H 0 was reljelcteld. 

Baseld on thelsel data it can bel concluldeld that thelrel arel diffelrelncels in critical and crelative l 

thinking skills in thel control class and thel elxpelrimelntal class. 

Thel relsullts of thel Manova telst can also bel seleln thel diffelrelncel in elach indicator shown in Table l 

2. 

Table 1. Telst Relsullts Beltweleln Sulbjelct Elffelcts on Posttelst Critical and Crelativel Thinking 

Skills 

No Effects Sig 

1 Critical Thinking Posttelst 0,00 

2 Crelativity Thinking 

Posttelst 

0,00 

Tablel 2 aims to selel whelthelr thelrel arel diffelrelncels in stuldelnts' critical thinking skills taulght 

ulsing thel convelntional modell with thel PjBL STE lM modell. Youl can selel thel diffelrelncel in elach 

skill. Baseld on Tablel 3.2, it can bel seleln that thel significancel valulels for critical and crelative l 

thinking skills arel elach smallelr than 0.05, which melans that H 0 is reljelcteld and Ha is 

accelpteld. Baseld on this, it was concluldeld that thelrel was an influlelncel of thel PjBL STE lM 

modell on stuldelnts' critical and crelativel thinking skills. 



 

 

 

 

 

Thel pelrcelntagel of stu ldelnts' critical thinking skills improvelmelnt can bel calcullateld by the l 

normalizeld gain telst (N-gain). Thel avelragel preltelst and posttelst scorels in thel control class will 

bel analyzeld as a wholel and also for elach indicator. Thel increlasel in N-gain of critical thinking 

skills as a wholel was obtaineld by 0,50 which was incluldeld in thel meldiulm catelgory. The l 

relsullts of calcullating N-gain on critical thinking skills pelr indicator can bel seleln in thel imagel 

bellow : 

 

Figure 3 N-Gain Valulel Pelr Indicator Critical Thinking Skills E lxpelrimelnt. 

Baseld on Figulrel 3 it shows that thelrel is an increlasel in stuldelnts' critical thinking skills in 

answelring elach indicator of thel critical thinking skills telst in thel elxpelrimelntal class. Thel N-

gain valulel for thel critical thinking skills indicator for thel elxpelrime lntal class is highelr than that 

for thel control class. Baseld on Figulrel 3 it shows that thelrel is an increlasel in elach indicator 

providing a simple l elxplanation of 0,50 in thel indicator bulilding basic skills by 0,52 in the l 

indicator making infelrelncels by 0,53 in thel indicator making fu lrthelr elxplanations by 0,61  and 

on indicators selt stratelgy and tactics by 0,58. 

Thel increlasel in crelativel thinking skills for elach indicator was also calcullateld and thel avelrage l 

valulel was obtaineld from thel stuldelnts' answelrs for elach indicator in thel elxpelrimelntal class 

ulsing thel prel-telst and post-telst valulels that had beleln give ln. Thel ovelrall increlasel in N-gain for 

crelativel thinking skills was 51.34% which was incluldeld in thel me ldiulm catelgory. The l 

calcullation relsullts for elach indicator of crelativel thinking skills arel shown in Figulrel 4. 



 

 

 

 

 

 

Figure 4 N-Gain Valulel Pelr Indicator Crelativel Thinking Skills E lxpelrimelnt. 

Baseld on Figulrel 4 it shows that thelrel is an increlasel in elach indicator of crelativel thinking 

skills. Thel N-gain valu lel on thel flulelncy indicator is 0,50, on thel Flelxibility indicator is 0,57, on 

thel Originality indicator is 0,53 and on thel Ellaboration indicator is 0,54 

Stuldelnts critical and crelativel thinking skills taulght ulsing thel STE lM-intelgrateld PjBL modell 

welrel highelr than thel control class. Critical thinking skills in thel elxpelrimelntal class arel seleln in 

thel first phasel of fulndamelntal qulelstions and thel fifth phasel of prelselnting thel projelct. In thel 

first phasel thel telachelr gavel problelms rellateld to elvelryday lifel and stuldelnts welrel velry 

elnthulsiastic in answelring thelm, belcaulsel in thel elxpelrimelntal class ulsing thel STE lM PjBL 

modell stuldelnts welrel giveln an initial stimu lluls in thel form of a lelarning videlo that containeld 

physics concelpts which arel onel aspelct of STElM so that stuldelnts' relasoning wheln selarching 

solu ltions rellateld to Optical Instrulmelnts matelrial in elvelryday lifel arel velry logical baseld on 

elvidelncel and direlct obselrvation. 

Critical thinking skills arel also belttelr in thel procelss of delsigning a projelct, thel procelss of 

delsigning or delsigning a projelct by criticizing and elvalulating thelir own delsigns on thinking 

powelr to solvel problelms, this can train stuldelnts' critical thinking skills welll. Idelntification of 

thel right solultion in making a delsign relqulirels carelfull thinking on thel part of stuldelnts, this 

elxelrcisel relqulirels stuldelnts to elvalulatel critically and commulnicatel thel variouls belnelfits and 

drawbacks of elach delsign altelrnativel. Critical thinking skills arel also elncoulrageld to bel belttelr 

in sulbselqulelnt meleltings. 

Thel nelxt thinking skills arel stuldelnts' crelativel thinking skills. Crelativel thinking skills arel seleln 

in thel selcond phasel (delsigning thel projelct) and thel foulrth phasel (working on thel projelct). Thel 

selcond phasel is delsigning projelcts, crelativel thinking skills arel seleln wheln stuldelnts arel 

delsigning projelcts, stuldelnts arel giveln freleldom in delsigning projelcts, wheln delsigning projelcts 

rellateld to Optical Instrulmelnts stuldelnts arel velry flulelnt and original in deltelrmining what 

delsigns to makel, stuldelnts draw pattelrns and Delsigning a projelct on cardboard is onel of the l 

aspelcts of STElM, namelly elnginelelring (telchniqulels) to makel it elasielr to makel projelcts, stuldelnts 

delsign scheldullels to makel star tellelscopels, loops, and pelriscopels. Crelativel thinking skills are l 

also seleln in thel foulrth phasel, name lly working on projelcts. Thel indicator of crelativel thinking 



 

 

 

 

 

skills that can bel seleln in thel foulrth phasel is thel fle lxibility indicator , namelly wheln working on 

stuldelnt projelcts both in class and at homel, stuldelnts arel ablel to solvel thelir own problelms and 

crelatel nelw stratelgiels in making projelcts. Thel Optical Delvicels Projelct madel by stuldelnts rellatels 

to onel aspelct of STE lM, namelly telchnology (telchnology). PjBL can makel stuldelnts morel 

crelativel, both in skills and in thel attituldel thely carry oult in projelct work [10]. 

Thel improvelmelnt of stuldelnts' critical and crelativel thinking skills is melasulreld by thel N-gain 

telst. Thel increlasel in thel valulel of stuldelnts' critical thinking skills in thel elxpelrimelntal class was 

belcaulsel stuldelnts who lelarneld to ulsel thel STE lM-intelgrateld PjBL modell welrel traineld to analyze l 

thel right opinions in groulps in solving solultions. Delsigning projelcts according to stuldelnt 

findings from trulsteld su lpporting soulrcels can train stuldelnts' critical thinking skills. 

Baseld on thel elxplanation abovel, wel can selel that lelarning ulsing thel STE lM-intelgrateld PjBL 

modell can improvel stu ldelnts' crelativel thinking skills. Throulgh projelct-baseld lelarning can lelad 

to dissatisfaction to synthelsizel a phelnomelnon that is born throulgh crelativel thinking [11]. 

Thinking of choosing thel most appropriatel solultion baseld on mulltiplel solultions of crelative l 

thinking. Throulgh this procelss can grow critical and crelativel thinking skills. 

4 Conclusion 
Baseld on thel relsullts of relselarch on thel sulbjelct mattelr of Optical Instrulmelnts in class XI SMA 

N 15 Takelngon TA 2021/2022 and thel disculssion, thel following conclulsions can bel drawn 

thelrel is a significant influlelncel on thel STE lM-intelgrateld PjBL modell on stuldelnts' critical and 

crelativel thinking skills.Thel increlasel in stuldelnts' critical thinking skills is 0,50 (modelratel 

catelgory). Thel increlasel in stuldelnts' crelativel thinking skills is 0,51 (modelratel catelgory). 

Baseld on relselarch condulcteld from thel prelparation, implelme lntation and data procelssing stagels, 

thel relselarchelr has sulggelstions for fulrthelr relselarch, namelly prelparing sulfficielnt relsoulrcels in 

prelparing workshelelts and instrulmelnts to bel ulseld, elxplaining lelarning activitiels ulsing thel 

STElM-intelgrateld PjBL modell clelarly and elnsulring stuldelnts ulndelrstand it, E lxplaining the l 

STElM procelss in relselarch is clelarelr and morel deltaileld in thel lelarning procelss and on stuldelnt 

workshelelts. 
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