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 Purpose of the study: This study aims to determine the effect of the Problem-

Based Learning model on students’ chemistry learning outcomes, specifically 

on thermochemistry concepts, by comparing the performance of students taught 

using problem-based learning and those taught using conventional learning 

methods. 

Methodology: This study used a quasi-experimental method with a 

nonequivalent control group design. The sample was selected using purposive 

sampling. Data were collected using multiple-choice test instruments. Data 

analysis techniques included Liliefors normality test, Fisher homogeneity test, 

and t-test at a significance level of 0.05. 

Main Findings: The results showed that there was a significant difference in 

learning outcomes between students taught using the Problem-Based Learning 

model and those taught using conventional methods. Students in the 

experimental group demonstrated higher achievement in thermochemistry 

concepts compared to the control group after the learning process. 

Novelty/Originality of this study: This study provides new insights by 

applying an experimental design to specifically examine the effect of Problem-

Based Learning on thermochemistry learning outcomes. It integrates contextual 

problem-solving with conceptual understanding, offering a more meaningful 

learning approach and contributing to the development of innovative chemistry 

teaching strategies. 
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1. INTRODUCTION 

Education plays a crucial role in improving the quality of human resources in the era of globalization [1], 

[2]. One subject that contributes to the development of scientific thinking skills is chemistry [3], [4]. However, 

chemistry is often considered difficult by students due to its many abstract concepts. This difficulty impacts student 

learning outcomes, particularly in materials requiring in-depth conceptual understanding [5], [6]. Therefore, 

innovation in the learning process is needed to improve student understanding and learning outcomes. 

One chemistry topic that students find challenging is thermochemistry [7], [8]. Concepts in 

thermochemistry, such as enthalpy changes, exothermic and endothermic reactions, and Hess's law, require strong 

analytical skills. Many students suffer from misconceptions due to teacher-centered learning. This leads to students 
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tending to memorize without fully understanding the concepts [9], [10]. As a result, student learning outcomes in 

thermochemistry remain low. 

An appropriate learning model is essential to address this issue. One such learning model is problem-

based learning [11], [12]. Problem-based learning is a student-centered learning model that presents contextual 

problems [13], [14]. This model encourages students to think critically, solve problems, and construct knowledge 

independently. Thus, problem-based learning models are expected to significantly improve student learning 

outcomes [15], [16]. 

The application of problem-based learning models in chemistry has been extensively researched [17], 

[18]. Research results indicate that this model can improve students' critical thinking skills and conceptual 

understanding [19], [20]. Furthermore, problem-based learning models have also been shown to increase student 

engagement and motivation in learning [21], [22]. However, the implementation of problem-based learning models 

in thermochemistry remains suboptimal in many schools. This suggests the need for further research regarding 

their effectiveness in thermochemistry. 

Although various studies have examined the application of problem-based learning models, there are still 

research gaps that require attention [23], [24]. Most studies focus more on improving critical thinking skills or 

learning motivation, rather than specifically on cognitive learning outcomes [25], [26]. Furthermore, research 

examining problem-based learning models in thermochemistry concepts is still limited and has not produced 

consistent results. Several studies have also not used robust experimental designs to measure significant effects. 

Therefore, more focused experimental research is needed to examine the effect of problem-based learning models 

on student learning outcomes in thermochemistry. 

The novelty of this study lies in the use of an experimental design to directly test the effect of problem-

based learning models on students' chemistry learning outcomes in thermochemistry concepts. This study not only 

assesses cognitive aspects but also considers the relationship between conceptual understanding and problem-

solving processes. Furthermore, this study integrates contextual problems relevant to students' daily lives into 

thermochemistry learning [27], [28]. This approach is expected to provide a more meaningful learning experience. 

Thus, this study offers a new perspective on the application of problem-based learning models to chemistry 

instruction. 

This research is highly urgent in efforts to improve the quality of chemistry instruction in schools. Low 

student learning outcomes in thermochemistry demonstrate the need for more effective learning strategies. 

Problem-based learning models have the potential to be a solution to address this issue. The results of this study 

are expected to contribute to teachers' selection of appropriate learning models. Furthermore, this study can serve 

as a reference for further research in developing innovative chemistry instruction. Based on this, this study aims 

to determine the effect of the Problem-Based Learning Model on student chemistry learning outcomes. 

 

 

2. RESEARCH METHOD 

2.1. Type of Research 

The research method used in this study was a quasi-experimental one. The research design employed was 

a Nonequivalent Control Group Design or Pretest-Posttest Control Group Design, in which the experimental and 

control classes were not randomly selected [29]. In its implementation, the researchers involved two classes with 

relatively equal ability levels. The first class was designated as the experimental group receiving the treatment, 

while the second class served as the control group without treatment. 

Before the treatment was administered, both groups took a pre-test to determine students' mastery of the 

material to be learned. After the learning process, both classes were given a post-test using the same instrument. 

The purpose of these pre-tests and post-tests was to measure changes in student learning outcomes following the 

treatment. The research design can be described as follows: 

 

Table 1. Research Design 

Class Pretest Treatment Posttest 

Experiment E1 X E2 

Control K1  K2 

 

The information used in this study includes the symbol E, which indicates the results of the initial and 

final tests in the experimental class, and the symbol K, which indicates the results of the initial and final tests in 

the control class. The symbol X is used to indicate the treatment given to students during the learning process. 

Based on the research design, both classes, both the experimental and control classes, were first given a pre-test 

before the treatment was carried out. This pre-test aims to determine students' initial abilities regarding the material 

to be studied. Next, in the learning stage, the experimental class was given treatment in the form of the application 

of a problem-based learning model. Meanwhile, the control class followed learning with conventional methods, 

such as discussion and question and answer. In the final stage, both classes were given a post-test to measure 
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students' abilities after the learning process took place. This post-test was used to determine the differences in 

student learning outcomes between the class that was given the treatment and the class that was not given the 

treatment. 

 

2.2. Population and Sample 

The target population in this study was all students at State Senior High School 3 in South Tangerang 

City. Meanwhile, the accessible population in this study was all eleventh-grade students at the school during the 

same academic year. Determining the accessible population was done to ensure the research was more focused 

and aligned with the desired objectives. 

Sampling was conducted using a non-probability sampling technique, a technique that does not provide 

an equal opportunity for every member of the population to be selected as a sample [30]. The method used was 

purposive sampling, which determines the sample based on specific considerations relevant to the research 

objectives. In this study, the eleventh-sixth grade students were selected as the experimental class, which used a 

problem-based learning model in its learning process. Meanwhile, the eleventh-seventh grade students were 

designated as the control class, which used conventional learning. 

 

2.3. Data Collection Techniques 

The research instrument used to collect data for this study was a test. The test consisted of 20 multiple-

choice questions, each with five alternatives. Students who answered correctly on each question were given a score 

of 1, while students who answered incorrectly were given a score of 0. The instrument framework used in this 

study is as follows: 

 

Table 2. Instrument Grid 

Concept Indicator 
Item Number 

Amount 
C1 C2 C3 

Types of enthalpy changes 

• Explain the standard enthalpy 

of formation 

• Explain the standard enthalpy 

of decomposition 

• Explain the standard enthalpy 

of combustion 

7,15,30,40   4 

Application of reaction heat 

calculations 

Determining the ∆H value of a 

reaction based on simple 

experimental data 

  24,6,18 3 

Hess's law and standard enthalpy 

of formation data 

Determine the ∆H value of a 

reaction using Hess's law 
16 4,3,9 23 5 

Determine the ∆H value of a 

reaction using standard enthalpy 

change data for formation. 

Calculating ∆H of a reaction 

based on standard enthalpy of 

formation data 

 28 33 2 

Determining ∆H of a reaction 

using bond energy data 

Calculating the ∆H value of a 

reaction using bond energy data 
 11,8 37 3 

Impact of fuel combustion 
Explaining incomplete 

combustion of fuel 
27,22 35  3 

Amount 7 7 6 20 

 

2.4. Data Analysis Techniques 

2.4.1. Testing Analysis Prerequisites 

A data normality test is performed to determine whether the sample data used in the study is normally 

distributed. In this study, the Liliefors test was used because its calculation is relatively simple and maintains good 

reliability despite the small sample size [31]. The test was conducted at a significance level of 0.05. The steps of 

the Liliefors test are as follows. First, the observed data are converted to standard values using the sample mean 

and standard deviation. Second, for each standard value, the cumulative probability is calculated based on the 

standard normal distribution. Third, the proportion of data less than or equal to a certain value is determined. Next, 

the difference between the theoretical probability and the empirical proportion is calculated in absolute value. The 

largest of these differences is then designated as the test statistic. 

A homogeneity test is performed to determine whether the data originate from populations with equal 

variances. This equality of variances is one of the requirements for using parametric statistical tests. In this study, 

the homogeneity test was performed using the Fisher exact test. The Fisher exact test begins with formulating 

hypotheses: the null hypothesis stating that the variances of the two groups are equal, and the alternative hypothesis 

stating that the variances of the two groups are unequal [32]. Next, the data was divided into two groups, and the 
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standard deviation for each group was calculated. The test statistic value was obtained by comparing the largest 

variance with the smallest variance. After that, the significance level and degrees of freedom for the numerator 

and denominator were determined. The test criteria were: if the test statistic value is less than or equal to the value 

in the table, then the variances of the two groups are considered homogeneous; if it is greater than or equal to the 

value in the table, then the variances are considered heterogeneous. 

 

2.4.2. Hypothesis Testing 

Hypothesis testing in this study was conducted using a t-test at a significance level of 0.05. This test aims 

to determine whether there is a significant difference between the learning outcomes of the experimental and 

control groups. In calculating the t-test, the average value of each group, namely the experimental group and the 

control group, was used [33]. In addition, the combined standard deviation value obtained from both groups was 

also used. The number of data in each group and the variance of each group were also taken into account in this 

analysis. The calculation results were then compared with the values in the table to determine whether the null 

hypothesis was accepted or rejected. 

 

 

3. RESULTS AND DISCUSSION 

3.1. Testing Analysis Prerequisites 

Before conducting a hypothesis test using the t-test to see the influence of the given behavior, it is 

necessary to test the analysis prerequisites using parametric analysis as follows: 

 

3.1.1. Normality Test 

The normality test was conducted to determine whether the sample studied was normally distributed or 

not in this study, so the normality test used was the Liliefors test. The acceptance criteria for whether the data was 

normally distributed or not were formulated as follows: If Lhitung < Ltabel means the data is normally distributed. 

If Lhitung > Ltabel means the data is not normally distributed. After data processing, the pretest normality for the 

experimental class and the control class was obtained as follows: 

 

Table 3. Results of the Normality Test for Pretest Score Data 

No. Statistics Experimental Class Control Class 

1. N 30 30 

2. x̄ 24.17 21.00 

3. Standard Deviation 11.82 9.14 

4. Lcount 0.152 0.152 

5. LTable 0.161 0.161 

Conclusion  Normal Normal 

 

Based on the data in table 4.3, the L count of the pretest score of the experimental class students was 

0.152 and Ltable (n = 30) was 0.161; which shows that the experimental class data is normally distributed, because 

it meets the criteria of Lcount < Ltable (0.152 < 0.161). Meanwhile, for the control class, the Lcount was 0.152 with 

Ltable (n = 30) of 0.161; which shows that the control class data is also normally distributed, because it meets the 

criteria of Lcount < Ltable (0.152 < 0.161). Thus, both research samples on the pretest scores of the experimental class 

and the control class meet the criteria, the null hypothesis is accepted and means the data is normally distributed.  

After data processing, the post-test normality for the experimental class and control class was obtained as 

follows: 

 

Table 4. Results of the Normality Test for Posttest Score Data 

No. Statistics Experimental Class Control Class 

1. N 30 30 

2. x̄ 70.17 63.33 

3. Standard Deviation 10.95 12.27 

4. Lcount 0.114 0.118 

5. LTable 0.161 0.161 

Conclusion Normal Normal 

 

Based on the data in table , the Lcount posttest score of the experimental class students was 0.114 and 

Ltable (n = 30) was 0.161; which shows that the experimental class data is normally distributed, because it meets 

the criteria of Lcount < Ltable (0.110 < 0.161). Meanwhile, for the control class, the Lcount was 0.118 with L table (n 

= 30) of 0.161; which shows that the control class data is also normally distributed, because it meets the criteria of 
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Lcount < Ltable (0.118 < 0.161). Thus, both research samples on the posttest scores of the experimental class and the 

control class meet the criteria for the null hypothesis to be accepted, which means the data is normally distributed. 

 

3.1.2. Homogeneity Test 

After both classes of research samples are declared normally distributed, the next step is to find the 

homogeneity value of the two research classes. After both research samples are declared normally distributed, the 

next step is to find the homogeneity value using the Fisher exact test. The test criteria used are if Fcount < Ftable then 

Ho is accepted, meaning both data are homogeneous and if Fcount > Ftable then H0 is rejected, meaning both data are 

not homogeneous. After data processing, the pretest homogeneity test for the experimental class and the control 

class is as follows: 

 

Table 5. Results of the Pretest Score Homogeneity Test 

 Statistical Data 

N Experiment 30 

N Control 30 

Sbig
2 (11.82)2 

Ssmall
2 (9.14)2 

Fcount 1.67 

Ftable 1.85 

Conclusion Homogen 

 

Based on table 5, the F count was 1.67 with n = 60 at a confidence level of 5% (α = 0.05) and the F table 

was 1.85. Therefore, both research classes were declared homogeneous because they met the criteria of Fcount < 

Ftable (1.67 < 1.85). After data processing, the posttest homogeneity test for the experimental class and the control 

class was as follows: 

 

Table 6. Results of the Posttest Score Homogeneity Test 

 Statistical Data 

N Experiment 30 

N Control 30 

Sbig
2 (12.27)2 

Ssmall
2 (10.95)2 

Fcount 1.26 

Ftable 1.85 

Conclusion Homogen 

 
Based on table 6, the Fcount was 1.26 with n = 60 at a confidence level of 5% (α = 0.05) and the Ftable was 

1.85. Therefore, both research groups were declared homogeneous because they met the criteria of Fcount < Ftable 

(1.26 < 1.85). 

 

3.2. Hypothesis Testing 

This hypothesis testing was conducted after conducting normality and homogeneity tests. This hypothesis 

testing used the t-test (t-test), to test the null hypothesis (H0) which states that there is no effect of the Problem 

Based Learning learning model on students' chemistry learning outcomes. The criteria for the t-test conclusion 

results are as follows: if tcount < t table then H0 is accepted and Ha is rejected, whereas if tcount > ttable then H0 is rejected 

and Ha is accepted. 

 

Table 7. t-Test of Student Learning Outcomes Pre-test Score 

Variables Number of Samples tcount ttable Conclusion 

Student learning outcomes n1 = 30 dan n2 = 30 0.29 2.048 Accept H0 and Reject Ha 

 

Based on the data in table 7, the calculation results of t count are 0.29 with t table at a significance level 

of α = 0.05 and degrees of freedom (df/db = 30+30-2 = 58) is 2.048. So it can be concluded that tcount < ttable (0.29 

< 2.048) so that the null hypothesis (H0) is accepted and the alternative hypothesis (Ha) is rejected. Thus it can be 

concluded that there is no difference between the pretest of the experimental class and the pretest of the control 

class. 

 

Table 8. t-Test of Student Learning Outcomes Posttest Score 

Variables Number of Samples tcount ttable Conclusion 

Student learning outcomes n1 = 30 dan n2 = 30 2.228 2.048 Accept H0 and Reject Ha 
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Based on the data in Table 8, the calculated t-value is 2.228, with a t-value at a significance level of α = 

0.05 and a 2.048 degrees of freedom (df/db = 30 + 30 - 2 = 58). Therefore, it can be concluded that t-value > t-

value (2.228 > 2.048), thus rejecting the null hypothesis (H0) and accepting the alternative hypothesis (Ha). 

Therefore, this hypothesis can be tested, namely, that the problem-based learning model has a significant influence 

on learning outcomes. 

The results of this study indicate that the application of the problem-based learning model has a positive 

impact on the chemistry learning process, particularly on thermochemistry concepts. This can be explained because 

the problem-based learning model places students at the center of learning, allowing them to be more active in 

constructing their own knowledge. This active involvement allows students to connect abstract concepts with real-

world situations, making them easier to understand. Furthermore, the gradual problem-solving process helps 

students develop a deeper conceptual understanding. Thus, learning is not merely rote but also emphasizes 

conceptual meaning. 

The advantage of the problem-based learning model also lies in its ability to develop higher-order thinking 

skills. In thermochemistry, students are not only asked to understand concepts but also to analyze and solve 

problems related to energy changes in chemical reactions [34]. This activity encourages students to develop critical 

and logical thinking skills. Furthermore, the group discussions that are part of this model allow for the exchange 

of ideas among students. This interaction contributes to enriching understanding and correcting potential 

misconceptions. 

In contrast, conventional learning tends to be teacher-centered and provides few opportunities for students 

to explore knowledge independently. Methods such as lectures and question-and-answer sessions often emphasize 

only the delivery of information without actively engaging students in the thinking process [35]. As a result, 

students more easily struggle to grasp abstract concepts like thermochemistry. This lack of engagement also 

impacts students' ability to apply concepts to new situations. Therefore, a more interactive and contextual learning 

approach is needed. 

The findings of this study align with constructivism theory, which states that knowledge is actively 

constructed by individuals through learning experiences. The problem-based learning model provides space for 

students to construct their knowledge through inquiry and problem-solving [36]. By exposing students to 

challenging situations, they are encouraged to seek solutions independently and collaboratively. This process not 

only improves conceptual understanding but also fosters more independent learning skills. This is crucial in 

chemistry learning, which demands a strong conceptual understanding. 

Furthermore, the use of contextual problems in thermochemistry learning provides a more meaningful 

learning experience for students. Problems raised from everyday life help students understand the relevance of the 

material being studied. This can increase learning motivation because students feel that the learning is directly 

related to their lives. Increased motivation will impact student engagement in the learning process [37], [38]. Thus, 

learning becomes more effective and oriented towards long-term understanding. 

The implications of this study suggest that teachers need to consider using innovative learning models in 

teaching chemistry. The problem-based learning model can be an effective alternative to improve the quality of 

learning [39], [40]. However, implementing this model requires careful planning, particularly in formulating 

problems appropriate to the students' ability levels. Furthermore, teachers need to act as facilitators, guiding the 

learning process. With the right support, this model can deliver optimal results in improving student learning 

outcomes. 

However, there are several limitations to this study that should be considered. One is the limited scope of 

the material, which focused solely on thermochemistry concepts. Furthermore, other factors such as learning 

motivation, students' prior abilities, and the learning environment can also influence learning outcomes. Therefore, 

further research is recommended to examine other variables that can strengthen these findings. This way, the 

development of problem-based learning models can be carried out in a more comprehensive and sustainable 

manner. 

 

 

4. CONCLUSION 

Based on the results of the research and data analysis that have been described in the previous chapter, it 

can be concluded that the learning outcome test in the experimental class obtained a mean posttest score of 70.17 

and in the control class the mean posttest score was 63.33. From these results it is proven that the learning outcome 

scores of students taught using the Problem Based Learning learning model are higher than students taught using 

the conventional learning model. The results of the posttest hypothesis calculation using the t-test at a significance 

level of 0.05 are obtained tcount> ttable, namely 2.228> 2.048. From these results it can be concluded that the 

hypothesis test rejects the null hypothesis (H0) and accepts the alternative hypothesis (Ha). And the results of this 

calculation prove that learning using the Problem Based Learning learning model has a significant influence on 

learning outcomes. 
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