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Abstract: This study aims to determine the effect of project-based learning 
(PHJBL) on learning outcomes and critical thinking skills of students in lathe 

machining techniques at SMK Negeri 2 Merangin. This study uses an 
experimental method, with the design used is a pre-experimental design in 

the form of a one group pretest-posttest design. The research sample used 
XI TP2 class students. The following variable relationship with simple linear 
analysis technique. The results showed that the value of learning outcomes 

87.50% of students increased by 9.79%. The value of students' critical 
thinking skills increased by 11.51%. The percentage of students who have 
reached the predicate competent in the final learning outcomes of 95.80% 

increased by 80.50% compared to before the establishment of the project-
based learning model by referring to the standard score set. 
 

 
Keywords: Critical thingking ability; Project-Based Learning (PjBL); Study 
results 

  

 

Introduction  
 

Learning in vocational schools has different 
characteristics from learning activities in general school 
(Rafsanjani et al., 2024; Cattaneo et al., 2025). The focus 
of the learning process in SMK is to acquire knowledge, 
skills, attitudes, and occupational principles required by 
industry and the world of work (Edy & Sumarta, 2025; 
Ikhsannudin & Hatmojo, 2025). In the SMK curriculum 
structure, vocational learning hours get the most 
allocation. In the revised SMK 2013 curriculum in 2018 
as stipulated by the Ministry of Education and Culture's 
Regulation No.07/2018, the allocation of vocational 
learning hours reaches 33 hours out of a total of 48 
hours/week. Vocational learning activities require more 
in the form of practical learning in workshops or 
laboratories (Krull et al., 2025; Nikolic et al., 2025; Théric 
et al., 2025). This is so that learners can master all 
competencies according to the demands of the 

curriculum and the demands of developments in the 
field (Alawyah et al., 2024; Hatija et al., 2025). In the 
Regulation of the Minister of Education and Culture of 
the Republic of Indonesia Number 20 of 2016 concerning 
Graduate Competency Standards (SKL) for primary and 
secondary education levels, as well as the Regulation of 
the Minister of Education and Culture of the Republic of 
Indonesia Number 34 of 2018 concerning National 
Education Standards (SNP) for Vocational High Schools 
(SMK), it is explained that one of the graduate 
competencies determined for SMK is the ability to think 
logically, critically, creatively, and innovatively in the 
decision-making process. These competencies are 
expressed in the form of key competencies and must be 
acquired through the learning process in preparation for 
students to enter the world of industry, employment, 
entrepreneurship, or connecting to universities and the 
like (Oksila et al., 2025; Sari et al., 2025; Théric et al., 
2025). 
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In the 21st century era, the rapid development of 
technology requires that education must be able to 
produce humans who are able to think critically, 
systematically, creatively, have the ability to solve a 
problem, and have a commendable character (Budiyanto 
et al., 2024; Higgins, 2014). One of the current and future 
competency demands is the ability to think critically 
(Imjai et al., 2025; Zainuddin et al., 2025). Critical 
thinking refers to a mental process that aims to reach a 
rational decision, which ultimately determines whether 
to believe or act on something (Bhat & Bisati, 2025; 
Stanovich, 2025). From this understanding, it can be 
interpreted that critical thinking is a directed and 
conscious effort, which is focused on achieving certain 
goals or objectives (Normile, 2025; Rezaee & Saleh, 2025; 
Steinert et al., 2025). The main purpose of critical 
thinking is to assess and decipher information so that 
individuals can make informed and well-reasoned 
decisions (Wexler et al., 2020; Wijayati et al., 2022). In 
learning, critical thinking becomes a benchmark in 
understanding knowledge and skill materials 
(Fahruddin et al., 2025; Torres, 2024). This phenomenon 
will have a significant impact on the quality of student 
learning which will ultimately affect their learning 
achievement in the educational environment (Erdem & 
Koçyiğit, 2025). Skills in critical thinking are considered 
a necessity, as they play an important role in solving 
problems and are the foundation for making informed 
and reliable decisions (Calaguas & Dungca, 2025; 
Wakuma, 2025; Xu et al., 2025). 

Vocational schools, in this case especially SMK in 
the field of technology and engineering, must be able to 
produce graduates with qualified skills and have the 
right ratio between soft skills and hard skills 
(Hastutiningsih et al., 2024; Rahayu et al., 2024). 
Achieving a balance between the two requires 
innovation in the implementation of learning activities. 
On the other hand, learning innovation needs to be done 
to meet the demands of the quality of graduates who can 
adjust to the development of competency needs in the 
workplace. According to Munadi (2008), the 
implementation of education in SMK must be able to 
integrate three aspects of competence, namely attitudes, 
knowledge, and skills as a whole competency formation 
process. Quoted from Ardhana (2000) at this time known 
as the century of knowledge, requires learning activities 
that refer to problems, inquiry, discovery, creation and 
projects. With this kind of learning approach, learners 
will have greater opportunities to explore various 
aspects of learning thoroughly (affective, cognitive, and 
psychomotor) in addition to the development of all their 
intelligence such as emotional, spiritual, social, and 
other intelligence. It is expected that interactive learning 
activities can create opportunities for students to 

develop various aspects of learning and all intelligence 
in learners to achieve a balance between hard and soft 
skills as a reflection of complete competence. OECD 
(2018) and Thomas (2000) states that one of the learning 
models that can be used to support the development of 
creativity, critical thinking, problem solving skills, 
interactivity, and the ability to solve real problems 
through investigation is project-based learning (PjBL). 

Vocational High School (SMK) Negeri 2 Merangin 
is one of the educational units that opens the field of 
technology and engineering expertise. As an educational 
institution engaged in technology and engineering, SMK 
Negeri 2 Merangin aims to produce educated graduates, 
who have adequate knowledge and skills as well as 
good attitudes, mentality, and personality, as 
preparation for a career in the industrial world, running 
an independent business, or continuing their studies to 
college. In order to achieve this goal, students are 
equipped with the mastery of theoretical and practical 
knowledge, both of which complement each other and 
become capital to enter the real world of work after 
graduation (Saktilia & Wulandari, 2024). Seeing the 
learning conditions from the results of the interview, it 
is necessary to improve changes in strategies in carrying 
out the teaching and learning process that are different 
from the previous learning model, namely by applying 
learning models that can accommodate and develop the 
ability to think critically, creatively, actively, 
confidently, independently and be able to collaborate 
(Ratnady et al., 2024; Yusuf et al., 2024). Therefore, in this 
study, researchers suggest and work with vocational 
subject teachers to apply one of several learning models, 
namely the Project-Based Learning Model in the 
learning process of Lathe Machining Engineering 
subjects in the Machining Engineering department of 
SMK Negeri 2 Merangin in the second semester of the 
2023/2024 academic year. 
 

Method  
 

 
 

Figure 1. Relationship model between variables 

 
Description: 
X : PJBL Learning Model 
Y1 : Learning Outcome  
Y2 : Critical thinking skills 
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This research uses an experimental method, with 
the design used is a pre-experimental design in the form 
of a one group pretest-postest design. The research 
sample used XI TP2 class students. The following 
variable relationship in this study can be described in 
Figure 1. 

To find the magnitude of the relationship between 
X and Y1, and X and Y2, simple linear regression 
analysis techniques can be used. 
 

Result and Discussion 
 
Prerequisite Test Analysis  
Normality Test and Homogeneity Test of Learning Outcome 
Scores 

The normality test was conducted to determine 
whether the research data in the form of learning 
outcomes were normally distributed or not. The 
normality test of learning outcomes was carried out on 
two groups of values, namely the initial value of 
learning outcomes and the final value of learning 
outcomes. In this study, because the number of samples 
is small (less than 50 samples), the Liliefor normality test 
technique (L test) is used using the Excel program. The 
basis for decision making in this test is if Lcount < Ltable 
then the data is normally distributed and vice versa if 
Lcount > Ltable then the data is not normally distributed. 
From the test results, the following data were obtained 
(See Table 1). 
 
Table 1. Normality test results on learning outcomes 

Statistic 
Learning Outcomes 

Initial assessment Final assessment 

Lcount Value 0.0696 0.0890 

Ltable Value 0.1766 

Conclusion Data is not normally 

distributed 

Data is normally 

distributed 

 
Table 2. Homogeneity test results on learning outcomes 

Statistic 
Learning outcomes 

Initial assessment Final assessment 

Varian value 8.2992 7.2561 

Fcount value  1.1438 

Ftable value 2.0144 

Conclusion  Data is homogeneously distributed 

 
The homogeneity test was conducted to determine 

whether the research data in the form of learning 
outcomes came from a homogeneous sample or not. The 
homogeneity test of learning outcomes was carried out 
on two groups of data, namely the initial value of 
learning outcomes and the final value of learning 
outcomes. To test homogeneity in this study, the Fisher 

test technique (F test) was used using the Excel program. 
The basis for decision making in this test is if Fcount < Ftable 
then the data is homogeneous and vice versa if Fcount > 
Ftable then the data is not homogeneously distributed. 
From the test results, the following data were obtained 
(See Table 2). 
 

Normality Test and Critical Thinking Ability Homogeneity 
Test 

The normality test was conducted to determine 
whether the research data in the form of critical thinking 
skills test scores were normally distributed or not. The 
normality test was carried out on two groups of values, 
namely the initial value (pretest) and the final value 
(posttest). In this study, because the number of samples 
is small (less than 50 samples), the Liliefor normality test 
technique (L test) is used using the Excel program. The 
basis for decision making in this test is if Lcount < Ltable 
then the data is normally distributed and vice versa if 
Lcount > Ltable then the data is not normally distributed. 
From the test results, the following data were obtained. 
 

Table 3. Normality test results on critical thinking skills 
test scores 

Statistic 
Critical Thinking Ability Test Scores 

Pretest Posttest 

Lcount Value 0.7276 0.9128 

Ltable Value 0.1766 

Conclusion Data is not normally 
distributed  

Data is not normally 
distributed 

 

The homogeneity test was conducted to determine 
whether the research data in the form of critical thinking 
ability test scores came from homogeneous samples or 
not. The homogeneity test was carried out on two 
groups of data, namely the initial value (pretest) and the 
final value (posttest). To test homogeneity in this study, 
the Fisher test technique (F test) was used using the Excel 
program. The basis for decision making in this test is if 
Fcount < Ftable then the data is homogeneous and vice versa 
if Fcount > Ftable then the data comes from an 
inhomogeneous population. 
 

Table 4. Homogeneity test results on critical thinking 
ability test scores 

Statistic 
Critical Thinking Ability Test Scores 

Pretest Posttest 

Variance value 43.2065 22.2797 

 Fcount value  1.9393 

Ftable value 2.0144 

Conclusion Data is homogeneously distributed  

Linearity Test of Variable X Against Variable Y1 
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The linearity test at this stage is carried out to 
determine the form of the relationship between variable 
X (application of the PjBL model) to variable Y1 (student 
learning outcomes) is linear or not. The linearity test is 
carried out by comparing the average value (means) of 
two groups of data, namely the questionnaire data on 
the application of PjBL and the data on the final total 
score of students' learning outcomes. The basis for 
decision making in this test is if the sig value of deviation 

for linearity> 0.05 then it is concluded that there is a 
linear relationship between variable X and variable Y1 
and vice versa if the sig value of deviation for linearity < 
0.05 then it is concluded that there is no linear 
relationship between variable X and variable Y1. Based 
on Table 3, the sig value of deviation from linearity = 
0.541 > 0.05, it can be concluded that there is a linear 
relationship between variable X and variable Y1. 

 
Table 5. Linearity test results of variable X against variable Y1 
   Sum of Squares df Mean Square F Sig. 

Learning outcomes * PjBL Between Groups (Combined) 121.475 16 7.592 1.170 0.440 

  Linearity 25.629 1 25.629 3.949 0.087 

  Deviation from Linearity 95.846 15 6.390 0.984 0.541 

 Within Groups  45.434 7 6.491   

 Total  166.910 23    

 
Linearity Test of Variable X Against Variable Y2 

The linearity test at this stage is carried out to 
determine the form of the relationship between variable 
X (application of the PjBL model) to variable Y2 (critical 
thinking skills of students) is linear or not. The linearity 
test is carried out by comparing the average value 
(means) of two groups of data, namely the questionnaire 
data on the application of PjBL and the posttest data on 
the critical thinking skills of students. The basis for 

decision making in this test is if the sig deviation value 
for linearity > 0.05 then it is concluded that there is a 
linear relationship between variable X and variable Y2 
and vice versa if the sig deviation value for linearity < 
0.05 then it is concluded that there is no linear 
relationship between variable X and variable Y2. Based 
on the data in Table 1, the sig deviation from linearity 
value = 0.834 > 0.05, it can be concluded that there is a 
linear relationship between variable X and variable Y2. 

 
Table 6. Linearity test results of X against Y2 variables 
   Sum of Squares df Mean Square F Sig. 

Critical Thinking Ability 
Test Scores * PjBL 

Between Groups (Combined) 369.206 16 23.075 1.128 0.461 

 Linearity 196.393 1 196.393 9.598 0.017 

 Deviation from Linearity 172.813 15 11.521 0.563 0.834 

Within Groups  143.229 7 20.461   

Total  512.435 23    

 
Hypothesis Test 

Hypothesis is defined as a temporary answer to the 
formulation of research problems. The formulation of 
the problem can be a statement about the relationship 
between two or more variables, comparison 
(comparison), or independent variables. In research, 
there are two kinds of hypotheses, namely the null 
hypothesis (Ho) and the alternative hypothesis (Ha). The 
null hypothesis states “nothing”, for example there is no 
influence/relationship between one variable and 
another. The hypothesis being tested is the null 
hypothesis. 

In this research, hypothesis testing is carried out to 
determine whether there is a significant effect of the 
application of project-based learning models (variable X) 
on student learning outcomes (variable Y1) and on 

students' critical thinking skills (variable Y2) in lathe 
machining techniques subjects. The hypothesis testing 
process in this study is explained as follows. 
 
Hypothesis Testing of the Effect of Variable X on Y1 

Variable X in this case is project-based learning, 
while variable Y1 is student learning outcomes. The 
hypothesis to be tested is formulated: 
Ho = There is no effect of the application of the project-

based learning model (PjBL) on student learning 
outcomes. 

Ha = There is an effect of the application of the project-
based learning model (PjBL) on student learning 
outcomes. 

After testing the analysis requirements on student 
learning outcomes data, it was concluded that the data 
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was normally distributed and homogeneous. From the 
linearity test results it is also concluded that the 
relationship between variables is linear. With these 
conditions, the analysis technique for hypothesis testing 
can use simple linear regression analysis techniques. A 
summary of the results of simple linear regression 
statistical analysis in the form of the R Square (R2) test 
using the SPSS version 26 program is shown as follows. 
 
Table 7. Correlation value and coefficient of 
determination test R square 

Model Summary 

Model R 
R 

Square 
Adjusted R 

Square 
Std. Error of the 

Estimate 

1 .400a 0.154 0.115 2.53414 

a. Predictors: (Constant), PjBL 
 
Table 8. Output significance value of simple linear 
regression test results (R square) 

ANOVAa 

Model  
Sum of 

Squares 
df 

Mean 
Square 

F Sig. 

1 Regression 25.629 1 25.629 3.991 .058b 

 Residual 141.281 22 6.422   

 Total 166.910 23    

a. Dependent Variable: Learning outcomes 
b. Predictors: (Constant), PjBL 
 
Table 9. Gression coefficient output of simple linear 
regression test results 

Coefficientsa 

Model  
Standardized 

Coefficients 

Beta 

t Sig. 

1 (Constant) 69.862 5.560  12.564 0.000 

  PjBL 0.081 0.041 0.392 1.998 0.058 

a. Dependent Variable: Learning outcomes 
 

The basis for deciding whether there is an effect of 
variable X on variable Y1 is by comparing the 
significance value (sig) with a probability value of 0.05. 
If the sig value < 0.05 means that variable X has an effect 
on Y1, and vice versa if the sig value > 0.05 means that 
variable X has no effect on variable Y. Based on the 
output table above, the sig value is 0.000 < 0.05, meaning 
that it can be stated that variable X has an effect on 
variable Y1. 

The coefficient of determination (R square or R2). 
The coefficient of determination is used to determine the 
value of the contribution of variable X (application of 
PjBL) to variable Y1 (student learning outcomes). From 
the table, the coefficient of determination (R square) is 
0.154, this implies that the effect of variable X 
(application of PjBL) on student learning outcomes is 

15.40%. Correlation / relationship value (R). The R value 
describes the magnitude of the correlation or 
relationship between variable X and variable Y1. Based 
on the output table, the correlation value (R) is 0.400. 
When associated with the correlation category, this 
value is included in the moderate category. 

Simple linear regression is expressed by the 
equation: Y = a + b.X, where a is a consistent constant of 
the dependent variable, while b is the regression 
coefficient of variable X. When looking at the output 
table, the constant value of a is 69.862 and the value of b 
is 0.081. By obtaining the values of a and b, the 
regression equation becomes Y = 69.862 + 0.081. X. The 
constant value a of 69.862 means that the consistent 
value of the student learning outcomes variable is 
69.862. While the b value of 0.081 states that every 1% 
addition of PjBL value, the value of learning outcomes 
increases by 69.862. The regression coefficient is positive. 

Based on the results of the regression test output 
and its interpretation, where a significance value of 0.000 
< 0.05 is obtained, which states that there is an effect of 
the application of project-based learning on student 
learning outcomes, and the correlation value between 
variable X and variable Y1 is 0.400, it can be decided that 
the null hypothesis (Ho) is rejected and the alternative 
hypothesis (Ha) is accepted. 
 
Hypothesis Test of the Effect of Variable X on Variable Y2 

Variable X in this case is project-based learning, 
while variable Y2 is the critical thinking ability of 
students. After testing the analysis requirements on the 
data from the test results of students' critical thinking 
skills, it was concluded that the data was not normally 
distributed but homogeneous. From the linearity test 
results, it is concluded that the relationship between 
variables is linear. With the condition of data that is not 
normally distributed, the analysis technique for 
hypothesis testing uses an alternative analysis 
technique, namely the Mann Whitney U Test. This 
technique is classified as an alternative non-parametric 
statistical alternative to the t test for data that is not 
normally distributed. The purpose of the Mann Whitney 
t test is also to determine whether there is a difference in 
the means of two unpaired sample data. In this t-test, the 
samples used do not necessarily have to be equal in 
number. The hypothesis to be tested is formulated: 
Ho = There is no difference in students' critical thinking 

skills between before and after the application of 
the project-based learning model (PjBL). 

Ha = There is a difference in students' critical thinking 
skills between before and after the application of 
the project-based learning model (PjBL). 

The basis for decision making in the man whitney 
statistical test is if the Asymp sig value is less than the 
probability of 0.05 (Asymp sig < 0.05), it indicates that 
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there is an average difference between the two groups 
tested so that Ho is rejected and Ha is accepted, and vice 
versa if the Asymp sig value > 0.05, it indicates that there 
is no average difference so that Ho is accepted and Ha is 
rejected. Based on statistical tests using the SPSS version 
26 program, the output of the Mann Whitney U test 
results on the critical thinking ability test scores/critical 
thinking (CT) scores of XI TP2 class students is as 
follows. 
 
Table 10. Result Output of Mann Whitney test 

Ranks 

 Group N Mean Rank Sum of Ranks 

Value CT Pretest 24 13.98 335.50 

 Posttest 24 35.02 840.50 

 Total 48   

 
Table 11. Statistical data on results Mann Whitney 

Test Statisticsa 

 Value CT 

Mann-Whitney U 35.500 

Wilcoxon W 335.500 

Z -5.216 

Asymp. Sig. (2-tailed) 0.000 

a. Grouping Variable: Group  

 
Based on the test statistic output table above, it is 

known that the Asymp sig (2 tailed) value is 0.000 < 0.05, 
it can be concluded that there is a difference in the critical 
thinking ability of students between before the 
application of the PjBL learning model and after the 
application of the PjBL learning model. Because there is 
a significant difference, it can be said that there is an 
effect of applying a project-based learning model (PjBL) 
on the critical thinking skills of XI TP2 class students in 
lathe machining engineering subjects. 
 

Conclusion 
 

After this research is carried out and based on the 
results of data processing, it can be concluded that: The 
application of project-based learning models has an 
effect in improving learning outcomes and critical 
thinking skills of students in lathe machining 
engineering subjects in class XI TP2 SMK Negeri 2 
Merangin. The increase in learning outcomes and critical 
thinking skills of students can be seen from the 
following: The value of student learning outcomes 
increased by 9.79% with a completeness rate of 87.50%. 
The value of students' critical thinking skills increased 
by 11.51%. The percentage of students who have 
achieved a competent predicate on the final learning 

outcome of 95.80% increased by 87.50% compared to 
before the application of the project-based learning 
model with reference to the KKM value set at 75. Project-
based learning is one of the good learning models to be 
applied to vocational learning in order to improve 
learning outcomes and critical thinking skills of 
students, because with project-based learning all aspects 
of learning can be covered in it to provide a better 
learning experience. This is supported by data on 
students' responses to the implementation of project-
based learning of 82.73%. 
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