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Abstract: This study aims to analyze the effect of the Project Based Learning 
model integrated with the Merdeka Curriculum on the learning outcomes 
of Grade X students in Biotechnology material at SMK Islam Al-Azhar 
Jember. The study employed a quasi-experimental approach with a pretest-
posttest non-equivalent control group design. The sample consisted of 34 
students who were given pretests and posttests to measure their 
biotechnology learning outcomes, using a learning outcome test as the 
instrument. The results showed a significant improvement in students’ 
learning outcomes after the implementation of the Project Based Learning 
model integrated with the Merdeka Curriculum, with the experimental 
group achieving a posttest average score of 89.73, compared to 76.21 in the 
control group. The N-Gain score for the experimental group reached 0.73 
(73%), which is categorized as high, while the control group scored 0.56 
(56%). A t-test indicated a significant difference between the two groups (p 
= 0.000 < 0.05). These findings indicate that the Project Based Learning 
model integrated with the Merdeka Curriculum is proven to be effective in 
improving Biotechnology learning outcomes. 
 
Keywords: Independent curriculum; Learning outcomes; Project based 

learning 

  
 

Introduction  
 

Twevnty-first cevntury evducation devmands that 
studevnts possevss critical, crevativev, collaborativev, and 
communicativev thinking skills (Devwi & Arifin, 2024). In 
an evffort to addrevss challevngevs in thev fievld of evducation, 
thev Indonevsian govevrnmevnt has initiatevd thev Mevrdevka 
Curriculum as an evducational approach that evmphasizevs 
diffevrevntiatevd levarning, charactevr devvevlopmevnt, and 
compevtevncy evnhancevmevnt through contevxt-basevd 
projevcts (Kevmevndikbudristevk, 2023). This curriculum 
providevs spacev for tevachevrs and studevnts to devvevlop a 
morev flevxiblev, mevaningful, and studevnt-cevntevrevd 
levarning procevss tailorevd to individual nevevds (Indarta evt 

al., 2022). Although thev Mevrdevka Curriculum has bevevn 
implevmevntevd in Indonevsia’s evducation systevm, 
instructional modevls that arev intevgratevd with this 
curriculum havev not yevt bevevn thoroughly studievd. This 
study aims to evxaminev thev evffevctivevnevss or impact of 
levarning modevls intevgratevd with thev Mevrdevka 
Curriculum as an innovation in instructional revform to 
improvev thev quality of evducation in Indonevsia. 

This study prevsevnts sevvevral significant aspevcts of 
novevlty. By direvctly intevgrating thev Projevct Basevd 
Levarning modevl into thev framevwork of thev Mevrdevka 
Curriculum at thev vocational high school (SMK) levvevl 
(Evrlangga evt al., 2024), it adopts an approach that has 
bevevn rarevly evxplorevd in prevvious revsevarch. In thev contevxt 
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of biology evducation at thev SMK levvevl, biotevchnology is 
onev of thev subjevcts in Biology that is both applicativev in 
naturev and revquirevs concevptual undevrstanding as wevll as 
scievncev procevss skills (Oba & Yildirim, 2021). At SMK Al-
Azhar Jevmbevr, thev biology tevachevr revportevd that studevnts 
strugglevd thev most with thev Biotevchnology topic, with 
57.6% of studevnts failing to mastevr thev matevrial. 
Traditional tevaching mevthods that revly on tevxtbook-
basevd instruction lack thev intevractivev and visual 
evlevmevnts nevcevssary to support devevpevr undevrstanding. 
Prevvious evfforts to improvev levarning outcomevs includevd 
levcturevs supplevmevntevd by tevxtbook revading, but this 
mevthod has not bevevn sufficievnt to ovevrcomev studevnts’ 
levarning difficultievs. 

A nevevds assevssmevnt and intevrvievws with tevachevrs at 
this school revvevalevd an urgevnt nevevd for innovativev, 
evngaging, and revsevarch- or projevct-basevd levarning 
modevls to bridgev thev gap bevtwevevn thevorevtical knowlevdgev 
and practical undevrstanding (Sumilat evt al., 2023). Onev 
promising approach to evnhancev biology levarning is thev 
devvevlopmevnt of a levarning modevl that aligns with thev 
charactevristics of studevnt pancasila and studevnts' nevevds. 
Thev Projevct Basevd Levarning modevl is onev such approach 
that aligns with thev spirit of thev Indevpevndevnt 
Curriculum. 

Thev Projevct Basevd Levarning modevl is an innovativev 
instructional approach that positions studevnts as activev 
agevnts in complevting reval-world projevcts revlatevd to thevir 
daily livevs (Syawaludin evt al., 2022). This modevl 
evmphasizevs studevnts' activev evngagevmevnt in devsigning, 
devvevloping, and complevting levarning projevcts basevd on 
reval-lifev problevms (Nurhidayah evt al., 2021). Projevct 
Basevd Levarning has bevevn provevn evffevctivev in evnhancing 
critical thinking skills, levarning indevpevndevncev, and 
studevnts’ collaborativev abilitievs (Sarjani evt al., 2023). 
Morevovevr, it offevrs authevntic and mevaningful levarning 
evxpevrievncevs by intevgrating thevorevtical concevpts with 
hands-on practicev in thev fievld. Unlikev convevntional 
levarning modevls that arev tevachevr-cevntevrevd and 
dominatevd by levcturevs and assignmevnts—oftevn 
evmphasizing direvct mastevry of matevrial and revlying 
hevavily on mevmorization (Jafar, 2021). Projevct Basevd 
Levarning capturevs studevnts’ attevntion and sustains thevir 
intevrevst throughout thev levarning sevssions. Revsevarch has 
shown that wevll-devsignevd levarning modevls significantly 
improvev information revtevntion and levarning motivation 
(Sophian evt al., 2025). 

This study addrevssevs thev gap in biology evducation 
at vocational high schools (SMK) by implevmevnting thev 
Projevct Basevd Levarning modevl intevgratevd with thev 
Mevrdevka Curriculum, spevcifically in thev Biotevchnology 
topic. Through this approach, studevnts not only levarn 
biotevchnology concevpts thevorevtically but also activevly 
evngagev in simplev revsevarch-basevd projevcts, such as 
producing probiotic products (Qosimah evt al., 2023). 

This approach is important as it combinevs projevct-basevd 
levarning with thev valuevs of thev Pancasila studevnt profilev, 
thevrevby evnhancing studevnt evngagevmevnt, crevativity, and 
practical undevrstanding. By providing contevxtual and 
mevaningful levarning evxpevrievncevs, this modevl promotevs 
scievntific litevracy and prevparevs studevnts for futurev 
acadevmic challevngevs or evntry into thev workforcev 
(Rahmadhni & Chatri, 2023). 

In summary, this study is important for sevvevral 
revasons. First, it fills a gap in evducational practicev by 
devvevloping a Projevct Basevd Levarning modevl intevgratevd 
with thev Mevrdevka Curriculum for Biotevchnology 
matevrial, which has rarevly bevevn optimally implevmevntevd 
in vocational high schools. Sevcond, it addrevssevs thev 
challevngevs facevd by vocational studevnts in 
undevrstanding biotevchnology concevpts through 
convevntional levarning by introducing a projevct-basevd 
approach that involvevs reval evxploration and hands-on 
activitievs. Third, it offevrs a modevl that intevgratevs thev 
principlevs of thev Mevrdevka Curriculum with projevct-
basevd levarning practicevs, devmonstrating how Projevct 
Basevd Levarning can sevrvev as a bridgev bevtwevevn thevory 
and practicev in scievncev evducation. Ultimatevly, this study 
aims to evnhancev both thev quality of thev levarning procevss 
and outcomevs, whilev also fostevring studevnts' intevrevst and 
scievntific litevracy in biology, particularly in thev fievld of 
biotevchnology (Kuway evt al., 2023). 

In conclusion, this study bridgevs thev gap bevtwevevn 
scievntific revsevarch and evducational practicev by 
devvevloping a Projevct Basevd Levarning modevl intevgratevd 
with thev Mevrdevka Curriculum, using a biotevchnology 
projevct as thev levarning contevxt. This approach not only 
evnrichevs thev levarning procevss but also addrevssevs 
pevdagogical challevngevs facevd by vocational school 
studevnts in undevrstanding biotevchnology concevpts. Thev 
evxpevctevd outcomevs of implevmevnting this Projevct Basevd 
Levarning modevl includev increvasevd studevnt evngagevmevnt, 
devevpevr concevptual undevrstanding, and thev usev of 
projevct-basevd levarning matevrials that support 
diffevrevntiatevd instruction (Alia & Mulyono, 2025). Thus, 
this revsevarch contributevs to improving thev quality of 
biology evducation and providevs evvidevncev that 
intevgrating Projevct Basevd Levarning into thev Mevrdevka 
Curriculum can crevatev mevaningful and contevxtual 
levarning evxpevrievncevs (Susilawati evt al., 2017). 
 

Method 
 

This study evmployevd a quasi-evxpevrimevntal 
approach using a prevtevst-posttevst non-evquivalevnt control 
group devsign (Zhao evt al., 2023). This devsign involvevs 
two groups: an evxpevrimevntal group and a control group. 
Both groups wevrev givevn a prevtevst bevforev thev 
intevrvevntion, with thev evxpevrimevntal group revceviving thev 
trevatmevnt, whilev thev control group did not. Aftevrwards, 



Jurnal Penelitian Pendidikan IPA (JPPIPA) June 2025, Volume 11, Issue 6, 206-214 
 

208 

both groups wevrev givevn a posttevst to mevasurev thev evffevct 
of thev intevrvevntion. 
 
Tablev 1. Prevtevst-posttevst non-evquivalevnt control group 
Prevtevst Evxpevrievncev Posttevst 

O1 X1 O3 
O2 X2 O4 

(Sugiyono, 2020) 
Explanation: 
O1, O2: bevforev obsevrvation, prevtevst 
X1, X2: control, evxpevrimevnt 
O3, O4: aftevr obsevrvation, posttevst 
 

This revsevarch was conductevd at SMK Islam Al-
Azhar Jevmbevr, locatevd in Karang Birevh Villagev, Sumbevr 
Levsung, Levdokombo, Jevmbevr. Thev study population 
consistevd of 68 studevnts divide vd into two classevs. To tevst 
the v evffevct of thev levarning modevl, thev population was 
randomly dividevd into two groups: thev evxpevrimevntal 
class and thev control class. This division aimevd to 
maintain intevrnal validity and avoid sevlevction bias. Thev 
sampling tevchniquev usevd was total sampling, mevaning 
all mevmbevrs of thev population who mevt thev critevria wevrev 
includevd as thev samplev (Sugiyono, 2020). Thev total 
numbevr of revspondevnts usevd was 34. 

Thev revsevarch instrumevnt includevd a levarning 
outcomev tevst consisting of 20 objevctivev quevstions that 
had bevevn tevstevd for validity and revliability. Thev Pevarson 
correvlation coevfficievnt valuevs rangevd from 0.348 to 1, all 
of which evxcevevdevd thev rtablev valuev of 0.338 (for N = 34), 
indicating that all itevms wevrev valid. A revliability tevst was 
also conductevd to assevss thev consistevncy of thev 
instrumevnt in mevasurevmevnt. Basevd on thev revsults, a 
Cronbach’s Alpha valuev of 0.928 was obtainevd for thev 20 
itevms, indicating a vevry high levvevl of revliability, as it 
evxcevevdevd thev minimum standard of 0.70. It can bev 
concludevd that thev instrume vnt is highly revliablev and 
suitablev for usev. 

Thev obsevrvation shevevt was usevd to systevmatically 
evvaluatev thev implevmevntation of thev Projevct Basevd 
Levarning modevl in thev Biotevchnology levarning procevss 
(Hauko evt al., 2025). This instrumevnt was devsignevd to 
obsevrvev levarning activitievs basevd on thev main stagevs of 
the v Projevct Basevd Levarning modevl intevgratevd with thev 
Me vrdevka Curriculum, including thev introduction, 
assevssmevnt, corev activitievs following thev Projevct Basevd 
Levarning syntax intevgrate vd with thev Mevrdevka 
Curriculum, and thev closing phasev (Revhani & Mustofa, 
2023). Thev obsevrvevd indicators includevd levsson 
ope vnings, prevtevst administration, group formation, 
pre vsevntation of triggevr que vstions, projevct planning, 
schevduling of projevct implevmevntation, group activity 
monitoring, projevct tevsting and prevsevntation, as wevll as 
revflevction and evvaluation at thev evnd of thev levsson (Farhin 
evt al., 2023). 

Indicators wevrev assevssevd using a 4-point Likevrt 
scalev: 4 (vevry good), 3 (good), 2 (poor), and 1 (vevry poor), 
with a devscriptivev rubric providevd for evach scorev to 
evnsurev that obsevrvevrs could givev objevctivev and consistevnt 
ratings (Simamora, 2022). Obsevrvations wevrev conductevd 
by thev revsevarchevr, and to evnsurev thev quality of thev 
instrumevnt, thev contevnt validity of thev obsevrvation shevevt 
was tevstevd by evducational evxpevrts. Thev revliability of thev 
instrumevnt was assevssevd through intevr-ratevr revliability 
tevsting, which devmonstratevd consistevncy in obsevrvation 
revsults bevtwevevn obsevrvevrs. Thus, this obsevrvation shevevt 
mevevts thev fevasibility critevria for usev in revsevarch on thev 
implevmevntation of projevct-basevd levarning. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

Figurev 1. Revsevrch flow 
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tevst was usevd to devtevrminev whevthevr thev collevctevd data 
wevrev normally distributevd, using thev Kolmogorov-
Smirnov tevst. A variablev is considevrevd normally 
distributevd if thev significancev valuev is grevatevr than 0.05. 
Thev homogevnevity tevst was pevrformevd to assevss thev 
variancev bevtwevevn thev two groups using Levvevnev’s tevst. 
Subsevquevntly, to tevst the v hypothevsis revgarding thev e vffevct 
of thev Projevct Basevd Levarning modevl intevgratevd with thev 
Mevrdevka Curriculum on levarning outcomevs, an 
indevpevndevnt t-tevst was conductevd with a significancev 
levvevl of 0.05. 
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Tablev 2. N-Gain assevssmevnt indicators 
Scorev N-Gain Crytevria 

N-Gain > 0.7 Hight 
0.7 < N-Gain < 0.3 Mevdium 
N-Gain < 0.3 Low 

 
In addition, thev N-Gain scorev was calculatevd to 

me vasurev thev levvevl of improvevmevnt in evach studevnt’s 
levarning outcomevs individually. All statistical analysevs 
we vrev conductevd using SPSS. With this devsign and 
procevdurev, thev study is evxpevctevd to providev a valid and 
revliablev ovevrvievw of thev evffevctivevnevss of thev Projevct 
Basevd Levarning modevl intevgratevd with thev Mevrdevka 
Curriculum on studevnt levarning outcomevs. 
 

Result and Discussion 
 
Result 

This study is a quantitativev revsevarch using a quasi-
evxpevrimevntal devsign, prevsevnting findings on thev evffevct of 
thev Projevct Basevd Levarning modevl intevgratevd with thev 
Mevrdevka Curriculum on studevnt levarning outcomevs. Thev 
revsults of thev data analysis includev thev frevquevncy 
distribution of revspondevnts basevd on thevir prevtevst and 
posttevst scorevs following thev implevmevntation of thev 
Projevct Basevd Levarning modevl intevgratevd with thev 
Mevrdevka Curriculum (Mughni & Sari, 2024). 
 
Tablev 3. Implevmevntation of prevtevst scorevs of thev projevct 
basevd levarning modevl intevgratevd with thev indevpevndevnt 
curriculum 
Prevtevst 
scorev 

Frevquevncy 
Pevrcevntage 

(%) 
Valid 

pevrcevntage (%) 
Cumulativev 

pevrcevntage (%) 

15 2 5.9 5.9 5.9 

20 2 5.9 5.9 11.8 

25 3 8.8 8.8 20.6 

30 3 8.8 8.8 29.4 

35 4 11.8 11.8 41.2 

40 3 8.8 8.8 50.0 

45 4 11.8 11.8 61.8 

50 1 2.9 2.9 64.7 

55 3 8.8 8.8 73.5 

60 3 8.8 8.8 82.4 

65 2 5.9 5.9 88.2 

75 3 8.8 8.8 97.1 

80 1 2.9 2.9 100.0 

Total 34 100.0 100.0  

 
Basevd on Tablev 3, thev frevquevncy distribution of 

revspondevnts according to thevir prevtevst scorevs in biology 
levarning outcomevs is as follows: a scorev of 45 with 4 
revspondevnts (11.8%), 35 with 4 revspondevnts (11.8%), 25 
with 3 revspondevnts (8.8%), 30 with 3 revspondevnts (8.8%), 
40 with 3 revspondevnts (8.8%), 55 with 3 revspondevnts 
(8.8%), 60 with 3 revspondevnts (8.8%), 75 with 3 
revspondevnts (8.8%), 15 with 2 revspondevnts (5.9%), 20 

with 2 revspondevnts (5.9%), 65 with 2 revspondevnts (5.9%), 
50 with 1 revspondevnt (2.9%), and 80 with 1 revspondevnt 
(2.9%). 
 
Table v 4. Implevmevntation of post-tevst scorevs of thev proje vct 
basevd levarning levarning mode vl intevgratevd with the v 
inde vpevnde vnt curriculum 

Posttevst 
scorev 

Frevquevncy 
Pevrcevntage 

(%) 

Valid 
pevrcevntage 

(%) 

Cumulativev 
pevrcevntage (%) 

35 1 2.9 2.9 2.9 

40 1 2.9 2.9 5.9 

45 1 2.9 2.9 8.8 

50 1 2.9 2.9 11.8 

55 1 2.9 2.9 14.7 

60 9 26.5 26.5 41.2 

65 1 2.9 2.9 44.1 

75 1 2.9 2.9 47.1 

90 3 8.8 8.8 55.9 

95 12 35.3 35.3 91.2 

100 3 8.8 8.8 100.0 

Total 34 100.0 100.0  

 
Tablev 4 shows thev frevquevncy distribution of 

revspondevnts basevd on posttevst scorevs in biology levarning 
outcomevs: a scorev of 95 with 12 revspondevnts (35.3%), 60 
with 9 revspondevnts (26.5%), 100 with 3 revspondevnts 
(8.8%), 90 with 3 revspondevnts (13.3%), 88 with 4 
revspondevnts (8.8%), 35 with 1 revspondevnt, 40 with 1 
revspondevnt, 45 with 1 revspondevnt, 50 with 1 revspondevnt, 
55 with 1 revspondevnt, 65 with 1 revspondevnt, and 75 with 
1 revspondevnt—evach revprevsevnting 2.9%. 
 
Table 5. Data normality tevst prevtevst – posttevst 
implevmevntation of intevgratevd projevct basevd levarning 
modevl of indevpevndevnt curriculum 

One-Sample Kolmogorov-Smirnov Test 
 Unstandardizevd revsidual 

N 34 
Normal 
paramevtevrsa,b 

Mevan .0000000 
Std. devviation 16.24220472 

Most evxtrevmev 
Diffevrevncevs 

Absolutev .200 
Positivev .123 

Nevgativev -.200 
Tevst Statistic .200 
Asymp. Sig. (2-tailevd)c .116 

a. Tevst distribution is Normal. 
b. Calculatevd from data. 
c. Lillievfors Significancev Correvction. 

 
Basevd on Tablev 5, thev revsevarch revsults show that thev 

data on levarning outcomevs bevforev (prevtevst) and aftevr 
(posttevst) in biology levarning arev normally distributevd, 
as indicatevd by thev pvaluev (0.116) > 0.05. 

Basevd on Tablev 6, thev significancev valuev basevd on thev 
mevan is 0.630, basevd on thev mevdian is 0.657, basevd on thev 
mevdian with adjustevd devgrevevs of frevevdom is 0.657, and 
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basevd on thev trimmevd mevan is 0.622. Thevrevforev, it can bev 
concludevd that thev significancev valuevs of thev levarning 
outcomevs in thev evxpevrimevntal and control classevs evxcevevd 
0.05, indicating that thev variancev of thev biology levarning 
outcomev data in both thev evxpevrimevntal and control 
classevs is evqual or homogevnevous. 
 
Table v 6. Homogevnevity of prevtevst posttevst data 
implevmevntation of the v proje vct basevd levarning mode vl 
assiste vd by the v inde vpevnde vnt curriculum 

Tevst of homogevnevity of variancev 
Levvevnev 
statistic 

df1 df2 Sig. 

Basevd on Mevan .234 1 66 .630 

Basevd on Mevdian .199 1 66 .657 
Basevd on Mevdian and with 
adjustevd df 

.199 1 65.89 .657 

Basevd on trimmevd mevan .245 1 66 .622 

 
N-Gain Score Test 

Basevd on Tablev 7, thev calculatevd N-Gain Scorev for 
thev evxpevrimevntal class shows an avevragev N-Gain valuev 

of 0.73 (73.0%). This revsult falls into thev catevgory of 
highly evffevctivev. From thev findings, it can bev concludevd 
that thev Projevct Basevd Levarning modevl intevgratevd with 
thev Mevrdevka Curriculum has an evffevct on thev levarning 
outcomevs of Gradev X studevnts at SMK Al-Azhar Jevmbevr, 
Jevmbevr Revgevncy, catevgorizevd as evffevctivev. This is 
indicatevd by thev N-Gain valuev of thev evxpevrimevntal class 
beving highevr than that of thev control class (N-Gain = 0.73 
> 0.52). 
 
Tablev 7. N-Gain 

 
 

 
Tablev 8. T-tevst calculation revsults 

 Levvevnev's tevst for evquality of 
variancevs 

T-tevst for evquality of mevans 
95% Confidevncev intevrval 

of thev diffevrevncev 

F Sig. t df Sig. (2-
tailevd) 

Mevan 
diffevrevncev 

Std. Evrror 
diffevrevncev 

Lowevr Uppevr 

Learning 
outcomes 

Evqual variancevs 
assumevd 

3.701 .059 -10.771 66 .000 -52.647 4.888 -62.407 -42.888 

Evqual variancevs 
not assumevd 

  -10.771 65.822 .000 -52.647 4.888 -62.407 -42.887 

 
Thev revsevarch revsults indicatev an improvevmevnt in 

studevnt levarning outcomevs on thev topic of 
Biotevchnology aftevr thev implevmevntation of thev Projevct 
Basevd Levarning modevl intevgratevd with thev Mevrdevka 
Curriculum. Basevd on thev revsults of thev T-tevst on thev 
post-tevst data, a significancev valuev of p (0.000 < 0.05) was 
obtainevd, indicating a significant diffevrevncev bevtwevevn thev 
levarning outcomevs of thev evxpevrimevntal and control 
groups. 

Thev avevragev post-tevst scorev of studevnts in thev 
evxpevrimevntal group was 89.73, whilev thev control group 
only revachevd 76.21. This shows that thev Projevct Basevd 
Levarning approach intevgratevd with thev Mevrdevka 
Curriculum has a positivev impact on studevnts' mastevry 
of Biotevchnology concevpts. Morevovevr, this significant 
improvevmevnt is also revflevctevd in thev highevr N-gain scorev 
of thev evxpevrimevntal group comparevd to thev control 
group, with a pevrcevntagev of 73%, revinforcing thev 
conclusion that this approach significantly evnhancevs 
levarning outcomevs. 
 
Discussion 

Schools that implevmevnt biotevchnology levarning 
play a crucial rolev in improving studevnt levarning 

outcomevs, particularly in undevrstanding scievntific 
concevpts in an applievd mannevr (Utari evt al., 2024). 
Levarning can bevgin with simplev practicum activitievs. 
Thevsev activitievs not only clarify concevpts but also 
evncouragev studevnts to bev activevly evngagevd in thev 
levarning procevss and bevttevr undevrstand thev application 
of biotevchnology in daily lifev (Aisa evt al., 2023). 

To support thev improvevmevnt of studevnt levarning 
outcomevs, tevachevrs nevevd to devsign intevractivev and 
contevxtual levarning modevls and mevdia so that studevnts 
can morev evasily undevrstand biotevchnology matevrial. 
Furthevrmorev, improving levarning outcomevs is kevy to 
mevevting thev challevngevs of 21st-cevntury evducation, which 
devmands devevp undevrstanding as wevll as critical and 
scievntific thinking skills (Chusna evt al., 2024). 

In this study, thev revsevarchevr evmployevd a 
quantitativev mevthod with a quasi-evxpevrimevntal 
approach, evnabling thev collevction of studevnt levarning 
outcomev data bevforev and aftevr thev implevmevntation of thev 
Projevct Basevd Levarning modevl intevgratevd with thev 
Mevrdevka Curriculum (Nurhadiyati evt al., 2020). 

Thev study samplev consistevd of 34 tevnth-gradev 
studevnts at SMK Islam Al-Azhar Jevmbevr. Thev revsults 
showevd that thev implevmevntation of thev Projevct Basevd 

Paramevtevrs Class                      N Min     Max   Mevan 
Std. 

Devviation 

N-Gain Scorev Prevtevst 34 0.32 1.00 0.73 0.23 

N-Gain Pevrsevnt Posttevst 34 31.58 100.0 73.00 22.79 
Valid N 
(Listwisev) 

 34     



Jurnal Penelitian Pendidikan IPA (JPPIPA) June 2025, Volume 11, Issue 6, 206-214 
 

211 

Levarning modevl intevgratevd with thev Mevrdevka 
Curriculum had a significant evffevct on studevnt levarning 
outcomevs. Thevsev findings arev in linev with prevvious 
revsevarch by Rafik evt al. (2022) and Priyatno (2025), which 
statevd that Projevct Basevd Levarning can evnhancev 
concevptual undevrstanding, critical thinking skills, and 
studevnt motivation, as it positions studevnts as activev 
participants in thev levarning procevss. 

Basevd on Tablev 3, thev distribution of prevtevst scorevs 
shows that most studevnts had varievd initial 
undevrstanding, with thev highevst frevquevncy of scorevs in 
thev mid-rangev of 35 and 45, evach revprevsevnting 11.8%. 
This indicatevs that bevforev thev trevatmevnt, studevnts had 
revlativevly homogevnevous but suboptimal prior 
knowlevdgev in mastevring biotevchnology concevpts. 

Aftevr thev implevmevntation of thev Projevct Basevd 
Levarning modevl intevgratevd with thev Mevrdevka 
Curriculum, a significant changev occurrevd as shown in 
Tablev 4. Thev posttevst scorev distribution was dominatevd 
by high scorevs—95 accountevd for 35.3% and 60 for 
26.5%—indicating improvevd studevnt undevrstanding. 
Only a small proportion of studevnts revmainevd in thev low 
scorev catevgory (≤ 55). This revflevcts thev evffevctivevnevss of 
thev Projevct Basevd Levarning modevl in evnhancing studevnt 
levarning outcomevs. 

Prior to that, to evnsurev thev validity of thev collevctevd 
data, normality and homogevnevity tevsts wevrev conductevd 
(Daga evt al., 2024). Thev normality tevst revsults, as 
prevsevntevd in Tablev 5, showevd that thev levarning outcomev 
data wevrev normally distributevd with a significancev 
valuev of 0.116 (> 0.05). Thev homogevnevity tevst in Tablev 6 
furthevr confirmevd that thev variancev bevtwevevn thev 
evxpevrimevntal and control groups was homogevnevous (p 
> 0.05), allowing thev usev of paramevtric tevsts. 

This improvevmevnt in levarning outcomevs can bev 
evxplainevd by thev charactevristics of Projevct Basevd 
Levarning, which evmphasizevs disciplinary concevpts and 
principlevs, involvevs studevnts in problevm-solving (Hasri, 
2021), and evncouragevs thevm to activevly managev projevcts 
revlatevd to biotevchnology applications, such as probiotic 
production (Lingga evt al., 2022). Probiotic-making 
projevcts direvctly evnhancev studevnts’ undevrstanding of 
biotevchnology bevcausev thevy evngagev in reval-world, 
evxpevrievncev-basevd levarning. Through thevsev activitievs, 
studevnts not only grasp biotevchnology concevpts 
thevorevtically but also obsevrvev and apply thev 
fevrmevntation procevss firsthand, which is part of 
biotevchnology. 

Whevn studevnts producev probiotics, thevy intevract 
direvctly with Lactobacillus microorganisms, which play 
a crucial rolev in biotevchnological procevssevs (Amevilia evt 
al., 2022). This evxpevrievncev hevlps thevm connevct concevpts 
such as microbial mevtabolism, evnzymev production, and 
evnvironmevntal conditions affevcting microbial activity 
(Wulandari evt al., 2025). Morevovevr, evngaging in projevcts 

also fostevrs critical thinking, evxpevrimevntal devsign, and 
drawing conclusions from obsevrvations—evssevntial 
skills in scievncev. By obsevrving thev tangiblev outcomevs of 
thevir work, studevnts revalizev that biotevchnology is not 
mevrevly an abstract concevpt but an applievd scievncev with 
reval-world bevnevfits, evspevcially in food and hevalth. This 
contevxtual and applievd approach makevs levarning morev 
mevaningful, increvasevs motivation, and strevngthevns 
studevnts' revtevntion of biotevchnology matevrial (Yanti evt 
al., 2023). 

This is furthevr supportevd by thev N-Gain tevst revsults 

in Tablev 7, which show a significant increvasev in levarning 
scorevs. Thev avevragev N-Gain for thev evxpevrimevntal group 
was 0.73, catevgorizevd as "high" or "highly evffevctivev," 
comparevd to 0.52 in thev control group, basevd on Hakev’s 
classification (Azka evt al., 2019). This devmonstratevs that 
thev application of thev Projevct Basevd Levarning modevl 
intevgratevd with thev Mevrdevka Curriculum significantly 
improvevd studevnts' undevrstanding of biotevchnology 
comparevd to convevntional mevthods usevd in thev control 
class. This finding is revinforcevd by thev T-tevst revsults in 
Tablev 8, which show a significant diffevrevncev in posttevst 
scorevs bevtwevevn thev evxpevrimevntal and control groups, 
with a significancev valuev of p = 0.000 (< 0.05). Thev 
notablev avevragev posttevst scorev diffevrevncev—89.73 for thev 
evxpevrimevntal group and 76.21 for thev control group—
confirms that Projevct Basevd Levarning not only improvevs 
quantitativev levarning outcomevs but also devevpevns 
concevptual undevrstanding in biotevchnology. Ovevrall, 
this projevct-basevd approach has provevn evffevctivev both 
statistically and practically, as revflevctevd in thev scorev 
distribution, N-Gain valuevs, and T-tevst revsults. Thevsev 
findings align with constructivist thevory, which 
evmphasizevs thev importancev of studevnts' activev 
involvevmevnt in contevxtual levarning to improvev 
concevptual undevrstanding and ovevrall levarning 
outcomevs (Azzahra, 2025). 

Obsevrvations during thev levarning procevss also 
indicatevd that thev implevmevntation of thev Projevct Basevd 
Levarning modevl intevgratevd with thev Mevrdevka 
Curriculum was carrievd out vevry wevll. All corev stagevs of 
thev syntax wevrev applievd, with an avevragev 
implevmevntation scorev of 3.6. Thevsev findings revinforcev 
thev quantitativev revsults, which showevd significant 
increvasevs in posttevst scorevs and N-Gain. Studevnts' activev 
involvevmevnt in projevcts devmonstratevs that levarning 
impacts not only cognitivev aspevcts but also fostevrs 
critical thinking skills and attitudevs (Sari, 2018). Thev 
discussion and evxploration procevssevs within thev projevcts 
allowevd studevnts to construct knowlevdgev contevxtually 
and mevaningfully, direvctly contributing to improvevd 
levarning outcomevs (Novita evt al., 2024). Thus, thev 
qualitativev and quantitativev data in this study 
complevmevnt evach othevr in devmonstrating thev 
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evffevctivevnevss of thev Projevct Basevd Levarning modevl 
intevgratevd with thev Mevrdevka Curriculum. 

In conclusion, levarning through thev Projevct Basevd 
Levarning approach intevgratevd with thev Mevrdevka 
Curriculum has bevevn provevn evffevctivev in improving 
studevnt levarning outcomevs. This improvevmevnt occurrevd 
both statistically and practically, as revflevctevd in scorev 
distribution, N-Gain valuevs, and T-tevst revsults. Thevsev 
findings arev consistevnt with constructivist thevory, which 
statevs that activev studevnt evngagevmevnt in contevxtual 
levarning can evnhancev concevptual undevrstanding and 
ovevrall levarning outcomevs (Maksum & Purwanto, 2022). 
 

Conclusion 
 

Thev implevmevntation of thev Projevct Basevd Levarning 
modevl intevgratevd with thev Mevrdevka Curriculum has 
provevn to bev evffevctivev and has a significant positivev 
impact on thev levarning outcomevs of tevnth-gradev 
studevnts on biotevchnology matevrial at SMK Islam Al-
Azhar Jevmbevr. Thev improvevmevnt in levarning outcomevs 
is evvidevnt from thev diffevrevncev in posttevst scorevs bevtwevevn 
thev evxpevrimevntal and control groups, as wevll as an N-
Gain scorev of 0.73, which falls into thev high catevgory. In 
addition to evnhancing concevptual undevrstanding, thev 
Projevct Basevd Levarning modevl intevgratevd with thev 
Mevrdevka Curriculum also fostevrs thev devvevlopmevnt of 
21st-cevntury skills such as crevativity, collaboration, and 
indevpevndevncev—aligning with thev objevctivevs of thev 
Mevrdevka Curriculum and thev strevngthevning of thev Profil 
Pevlajar Pancasila. Thev application of thev Projevct Basevd 
Levarning modevl intevgratevd with thev Mevrdevka 
Curriculum has bevevn shown to bev evffevctivev in improving 
studevnts' levarning outcomevs in biotevchnology. This 
approach not only strevngthevns concevptual 
undevrstanding through activev involvevmevnt in practical 
projevcts, such as probiotic production, but also 
evncouragevs thev devvevlopmevnt of critical thinking and 
problevm-solving skills. Thev prevtevst and posttevst revsults 
indicatev a significant increvasev in studevnt scorevs, as 
evvidevncevd by an N-Gain scorev of 0.73 (high catevgory) 
comparevd to 0.52 in thev control class, and a T-tevst revsult 
showing statistical significancev with p = 0.000 (< 0.05). 
Thevsev findings devmonstratev that Projevct Basevd Levarning 
can crevatev mevaningful and contevxtual levarning. 
Thevrevforev, it can bev concludevd that projevct-basevd 
levarning, whevn devvevlopevd according to thev principlevs of 
thev Mevrdevka Curriculum, is a revlevvant and impactful 
stratevgy for improving levarning outcomevs, concevptual 
undevrstanding, and studevnt evngagevmevnt in 21st-cevntury 
levarning. 
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