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Abstract 

This article examines the role of Problem-based Learning (PBL) in fostering self-efficacy among 

high school students, emphasizing how this pedagogical approach enhances students' self-efficacy in 

their ability to understand and apply chemistry concepts. By engaging students with real-world 

problems, PBL promotes active participation and critical thinking, encouraging students to take 

ownership of their learning. The study investigates how PBL aids students in overcoming challenges 

traditionally associated with chemistry education by providing hands-on, direct experiences. The topic 

chosen in this study was chemical equilibrium which was implementated by problem based learning in 

experimental class. The research showed a notable difference in students' self-efficacy before and after 

the implementation of PBL. This article offers valuable insights for educators seeking to implement PBL 

in chemistry classrooms as a strategy to enhance student outcomes, foster a deeper understanding of 

chemistry, and cultivate sustained interest in the subject. 
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INTRODUCTION 

 The fundamental obstacle in 

understanding chemistry does not lie in the 

existence of the three levels of matter 

representation, but rather in the fact that 

chemistry instruction predominantly takes place 

at the most abstract level, the symbolic level 

(Cardellini, 2012). One of the chemistry topics 

frequently perceived as difficult by students is 

chemical equilibrium. This perception is 

supported by the findings of Arsyad (2015), who 

reported that although students often regard 

chemical equilibrium as a challenging topic, the 

average level of difficulty they experience 

actually falls within the low category. 

Furthermore, Celik, Sagir, and Armagan (2009) 

noted that misconceptions regarding chemical 

equilibrium are common, largely due to the 

abstract nature of the concept and students' 

tendency to equate it with equilibrium as 

encountered in daily life. In line with this, Chiu, 

Chou, and Liu (2002) observed that chemical 

equilibrium is among the most difficult concepts 

for students to grasp across various educational 

levels, despite its fundamental role in both 

secondary and higher education chemistry 

curricula. Nevertheless, Ramachary and Kumar 

(2011) emphasized that understanding the 

concept of dynamic equilibrium is essential, 

particularly in the fields of pharmacy and medical 

science. The concept of dynamic equilibrium 

serves as a fundamental prerequisite for 

understanding chemical equilibrium. As a core 

principle in chemistry, dynamic equilibrium 

plays a crucial role in explaining how reactions 

behave over time. However, it often raises 

questions among students: What exactly is 

dynamic equilibrium? How can a system be both 

dynamic and in a state of balance? These 

questions highlight the importance of clarifying 

this seemingly paradoxical concept and 

examining whether students have truly grasped 

its meaning and implications (Novita, Suyono, & 

Yuanita, 2021). 

Many students encounter significant 

challenges in understanding chemistry, often due 

to their perceptions of the subject's difficulty. 

According to Kausar et al. (2022), students' 

perceptions of chemistry content as a primary   
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cause of their struggles were found to be 

particularly high. Supporting this view, Treagust 

et al. (2000) demonstrated that many difficulties 

in learning chemistry arise from the academic 

nature of chemistry instruction, which often lacks 

relevance to real-world applications. This 

disconnect between theory and everyday life 

contributes to low self-confidence and 

diminished self-efficacy, both of which can 

negatively impact motivation and academic 

performance.  

Several studies have provided empirical 

evidence of this trend. For example, Uzuntiryaki 

and Aydın (2009) found that high school students 

often report low self-efficacy beliefs in 

chemistry, particularly when engaging with 

abstract topics such as chemical equilibrium and 

thermodynamics. Villafañe et al. (2016) observed 

that students with low self-efficacy in chemistry 

often exhibit avoidance behaviors and reduced 

persistence, leading to poorer academic 

performance. In contrast, research by Honicke et 

al. (2023) suggests that an increase in self-

efficacy is likely to foster positive learning 

behaviors, ultimately enhancing student 

achievement. 

In the field of education, fostering students' 

self-efficacy—their belief in their ability to 

succeed in specific tasks—has emerged as a key 

factor in improving academic achievement and 

motivation. In the context of chemistry, a subject 

often perceived as challenging, enhancing self-

efficacy can lead to better learning outcomes and 

sustained interest in the discipline. Research 

identifies four primary categories of variables 

that contribute to the development of students' 

self-efficacy. Among these, students' behaviors, 

values, and experiences outside the formal school 

environment have the most significant impact on 

shaping their self-efficacy. Conversely, formal 

educational experiences and family background 

appear to have little direct influence, with the 

exception of peer learning, which is viewed as a 

safe and effective mode of learning within the 

same age group (Hinduja et al., 2024). 

Bandura (1982) defined self-efficacy as an 

individual's capacity to control, regulate, and 

manage their actions, a crucial concept as it 

reflects one's assessment of their ability to 

accomplish tasks (Uzuntiryaki & Aydın, 2007). 

Studies show that higher levels of self-efficacy in 

students are positively correlated with improved 

academic performance (Goulão, 2014; 

Ramnarain & Ramaila, 2017). Understanding 

self-efficacy is essential for addressing critical 

questions about student performance, such as 

why students experience a decline in academic 

outcomes (S. Iqbal et al., 2021; Khan et al., 2020; 

Siddiqui et al., 2020a), lose interest in their 

studies (Amir-ud-Din et al., 2021), struggle with 

indecision regarding future academic or career 

goals (Zahoor & Mahmood, 2023), consider 

changing their specialization in higher grades 

(Asghar & Ajmal, 2022), or even choose to 

discontinue their education before pursuing 

higher studies (Amir-ud-Din et al., 2021). In this 

context, a student's self-efficacy offers valuable 

insights into their motivations for further 

education and career development. 

One instructional approach that has shown 

promise in fostering self-efficacy is Problem-

Based Learning (PBL). This student-centered 

pedagogy immersed learners in solving complex, 

real-world problems, thereby promoting critical 

thinking, collaboration, and active learning. The 

design of PBL inherently encouraged students to 

take ownership of their learning, which can 

significantly boost their confidence in 

understanding and applying scientific concepts 

(Hmelo-Silver, 2004; Siew & Mapaela, 2017). In 

the PBL framework, students are not only 

encouraged to explore problems actively, but also 

to collaborate with peers and seek solutions 

through research and experimentation, which 

leads to deeper learning and intrinsic motivation. 

Rooted in constructivist theory, PBL posits 

that students achieve optimal learning outcomes 

when they are actively engaged in both the 

instructional and learning processes. By fostering 

meaningful learning experiences, PBL enhances 

students' problem-solving abilities (Raman et al., 

2024). In this approach, students are presented 

with authentic, real-world problems and tasked 

with addressing them by integrating scientific 

theories they have studied. Particularly in 

chemistry education, PBL has been shown to 

have a transformative impact, boosting student 

engagement, motivation, and the development of 

critical thinking skills (Arsyad et al., 2024). 

According to Costa (2023), PBL activities are 

structured to span 3–4 teaching sessions and 

involve groups of 3–6 students, promoting 

collaboration whether the format is face-to-face 

or online. This structure not only engages 

students more actively in their learning journey 

but also enhances their motivation to learn. 
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PBL promotes self-efficacy by providing 

students with opportunities to engage with 

challenging problems in a supportive, 

collaborative environment, where success is 

based on effort and learning rather than rote 

memorization or passive absorption. A recent 

study by Nemakhavhani (2024) found that PBL 

significantly boosts student engagement by 

fostering collaborative learning, developing 

critical thinking, and enabling the practical 

application of knowledge. The interactive, 

experiential nature of PBL allows students to 

observe the tangible outcomes of their efforts, 

thus enhancing their confidence and self-efficacy 

in solving complex chemistry problems. 

In the context of chemistry education, PBL 

has proven effective in improving students' 

understanding of difficult concepts and 

increasing their motivation to continue learning. 

Dunlap (2025) explored how students’ self-

efficacy, particularly in the field of software 

development, evolves in a PBL environment, 

finding that students exposed to PBL 

outperformed their peers taught through 

conventional methods. This improvement is 

attributed to the PBL approach’s emphasis on 

independent problem-solving, which fosters 

creativity and builds confidence in addressing 

complex challenges (Maulidiah, 2020). 

Interviews with participants in PBL-based 

chemistry labs revealed that students exhibited 

enhanced self-efficacy in conducting 

experiments and engaging in research after the 

PBL experience, compared to their perceptions 

before the experience (Matakaa & Kowalske, 

2015). Moreover, Sofiyanita & Sari (2024) 

suggested that PBL plays a significant role in 

enhancing students’ self-efficacy in mastering 

fundamental chemistry concepts, such as Basic 

Chemical Laws. 

This article aims to explore how PBL can 

be effectively implemented in chemistry 

classrooms to improve not only students' 

understanding of the subject but also their self-

efficacy. By examining the impact of PBL on 

students' confidence and learning outcomes, this 

article provides insights into how educators can 

design learning experiences that cultivate both 

academic skills and psychological factors, such 

as self-efficacy. 

METHOD  

This study employed a quantitative 

research approach using a pre-experimental 

design, specifically the pre-test – post-test design. 

A pre-test–post-test design is a research method 

where participants are assessed before and after 

an intervention or treatment to measure the 

effects of the intervention.  The design of the 

research is presented in Table 1. 

 

Table 1. Research design 

Group 
Pre-

test 
Learning 

Post-

test 

Experiment O1 X1 O2 

Note: 

X1: Problem-based learning  

O1: Self-efficacy questionnaire (pre-test) 

O2: Self-efficacy questionnaire (post-test) 

 

The research was conducted at a senior high 

school in Yogyakarta, involving 1 selected class, 

that is experimental group. In the experimental 

group, problem-based learning (PBL) was 

implemented in the classroom. The experimental 

activities were conducted in the chemistry 

laboratory. The study took place during the odd 

semester, with a total of 10 instructional hours 

allocated to the teaching and learning process. 

This included 2 hours for the pre-test, conducted 

at the start of the course, and 2 hours for the post-

test, administered after the fourth session. 

The selection criteria ensured that the chosen 

school had the academic standing, infrastructure, 

and curriculum alignment necessary to support 

the effective implementation of nstructional 

approaches under investigation. The population 

for this study comprised all grade XI students 

from senior high schools in Yogyakarta City, 

with the selected school serving as the sample. 

The criteria for choosing the school included an 

national exam score range of 70-75, an 

accreditation rating of A, the implementation of 

the K13 curriculum, and the availability of 

sufficient facilities, such as LCD projectors in 

each classroom. Additionally, The total of the 

studnets 32 students. The sampling method 

employed was purposive sampling.  

The study focused on two key variables 

which are the independent variable and the 

dependent variable. According to Okoye and 

Hosseini (2024), independent variables are 

manipulated by the researcher, while dependent 

variables reflect the effects of those 

manipulations. In this study, the independent 

variable was the instructional approach (PBL in 

the experimental group, while the dependent 

variable was students’ self-efficacy. The data 

collection method employed is a quantitative 
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approach utilizing non-test techniques, with test 

instruments specifically designed to assess 

students' self-efficacy. 

The instrument employed in this study was a 

self-efficacy questionnaire, specifically designed 

to evaluate students' self-efficacy in the context 

of problem-based learning. This questionnaire 

consists of 32 items, each rated on a 5-point 

Likert scale ranging from "strongly unsure" to 

"strongly confident." The development of the 

questionnaire was informed by a synthesis of 

characteristics associated with students 

exhibiting both high and low self-efficacy, as 

outlined by Eggen and Kauchak (2011), Bandura 

(1994), Santrock (2011), Schunk (2012), and 

Ormrod (2009). A comprehensive breakdown of 

the questionnaire items is provided in Table 2 

below. 

 

Table 2. The aspects of self-efficacy 

No 
Self-Efficcay  

Aspects 

Indicators Total 

Statements 

1. Beliefs 

Believe you 

can achieve 

success 

4 

Confident in 

overcoming 

failure and 

stress 

3 

2. 
Persistence/ 

Perseverance 

Spending a 

lot of time 

on 

assignments 

3 

3. Effort 

Uses great 

effort to 

complete 

tasks 

4 

4. 
Task 

Orientation 

Accepting a 

difficult task 

and doing it 

6 

5. Performance 

The learning 

outcomes 

obtained 

were very 

good 

6 

Comparing 

performance 

between one 

student and 

another 

4 

 

A paired sample t-test was conducted. This 

test is used when a single group is evaluated at 

different time intervals. It compares the means of 

two related groups or evaluates the mean of a 

single group at two separate time points. When 

the same group is re-tested on the same measure, 

this t-test is referred to as a repeated measures t-

test (Ross & Willson, 2017). In this study, The 

paired sample t-test was used to analyze the 

differences in cognitive learning achievement 

and self-efficacy of students before and after the 

instructional intervention in the experimental 

group. 

 

RESULT AND DISCUSSION 

The difference in self efficacy in the 

experimental class, which applied a problem-

based learning model was determined by 

comparing pre-test and post-test scores of student 

self efficacy in the context of chemical 

equilibrium. Self-efficacy questionnaires were 

used as the primary research instruments. These 

pre-tests and post-tests served as assessments of 

learning progress. According to Hasanah and 

Muchlis (2024), implementing Assessment for 

Learning in chemistry education significantly 

enhances learning outcomes and student 

performance.  

Pre-test were particularly valuable in this 

study, as they helped students identify key 

concepts and familiarize themselves with the 

types of questions that might appear later. 

However, as noted by Beckman (2008), the pre-

tests did not make the class easier, since question 

formats were modified and additional questions 

were added. Nevertheless, the benefits of pre-

testing are notable: they help clarify learning 

objectives and provide a benchmark for 

measuring learning gains (Vocational 

Instructional Materials Lab, 1998). In this study, 

student self-efficacy data were collected through 

questionnaires administered before and after the 

lessons in the experimental groups. The results, 

comparing the test before and after are 

summarized in Table 3. 

 

Table 3. Pre-test and post-test score  

Group Test Average 

Experiment 
Pre-test 92.51 

Post-test 96.82 

 

Figure 1 illustrates the difference in pre-test 

and post-test self-efficacy scores between the 

experimental classes using problem-based 

learning. The figure shows a noticeable increase 

in self-efficacy scores following the 

implementation of problem-based learning. This 

suggests that the instructional approach had a 
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positive impact on students' confidence in their 

learning abilities. 

 
Figure 1. Pre-test and post-test of students’ self-

efficacy  

 

Before conducting the hypothesis test using 

the paired sample t-test to assess significant 

differences in students' self-efficacy before and 

after implementing the problem-based learning 

model, a prerequisite test was performed to 

ensure that the assumptions of the test were met. 

These assumptions are as follows: 

1. Level of Measurement: The variables must 

be measured at the ratio or interval level. In 

this study, the student self-efficacy data meet 

this criterion, as they are categorized as ratio 

and interval data. 

2. Normal Distribution: The data within each 

group should follow a normal distribution. 

This assumption was tested using the 

Kolmogorov-Smirnov test (Afifah et al., 

2023). 

A paired sample t-test compared the 

means from two related groups to determine 

whether there is a statistically significant 

difference between them (Hasija, 2023). It is 

appropriate in situations where participants 

are measured at two points in time; in this 

case, before and after the instructional 

intervention. A summary of the normality 

test results, which determines the suitability 

of the t-test, is presented in Table 4. 

 
Table 4. Normality test 

Research 

Variable 
Group 

Kolmogorov-

Smirnof test  

Students’ 

Self-

Efficacy 

Experiment 0.070 

Control 0.200 

 

The normality test results for students' self-

efficacy showed a significance value greater than 

0.05, This suggested that students' self- follow a 

normal distribution. Homogenity test is seen 

from the results of the Levene test shown in Table 

5. Levene’s test is a robust and effective method 

for assessing the homogeneity of variances, 

particularly in the presence of non-normality, and 

has become widely used for this purpose 

(Gastwirth et al, 2010). 

 

Table 5. Levene statistic 

Research Variable 
Levene Statistic 

Sig 

Students’ Self-

Efficacy 
0.826 

 

Based on Table 6, students' self-efficacy 

scores yielded significance values greater than 

0.05, indicating that the assumption of 

homogeneity of variance was met. Since this 

result aligns with the earlier finding that the data 

were normally distributed, both assumptions 

required for parametric testing were satisfied. 

Therefore, hypothesis testing proceeded using a 

Paired Sample t-test to assess the difference in 

students' self-efficacy before and after the 

implementation of problem-based learning 

models. 

The student self-efficacy questionnaire was 

administered prior to and following the 

intervention to assess changes in students’ 

confidence related to their learning. The collected 

pre-test and post-test data were analyzed using a 

paired sample t-test to determine whether any 

statistically significant differences existed 

between the two time points. A summary of these 

test results is presented in Table 6, offering 

insight into the potential impact of the 

intervention on student self-efficacy. 

Research by Hu et al. (2022) supported the 

importance of using reliable tools to measure 

self-efficacy in educational research. Their 

validated science self-efficacy instrument, 

developed using the Rasch model, identified four 

distinct levels of self-efficacy and demonstrated 

measurable improvement over time. This 

supports the findings of the present study, 

suggesting that carefully designed instructional 

strategies can positively influence students’ 

science self-efficacy. Furthermore, Axboe et al. 

(2016) highlighted the value of self-assessment 

tools in evaluating competencies, reinforcing the 

use of self-efficacy questionnaires as effective 

instruments for measuring educational outcomes. 

 

 

 

 

92.51

96.82

90

92

94

96

98

Average

Experiment

Pretest

Posttest

Linear
(Pretest)
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Table 6. The result of paired sample t-test 

Experiment 

Group 

Paired sample t-test 

t df 
Sig. (2-

tailed) 

Pre-test-

Post-test 
-2.375 32 0.024 

 

The Sig. (2-tailed) value of 0.024 indicates a 

significant difference in students' self-efficacy 

before and after the implementation of the 

problem-based learning model. This value is 

below the commonly accepted threshold of 0.05, 

suggesting that the observed change is 

statistically meaningful. Therefore, the results 

confirm a significant improvement in self-

efficacy following the intervention. 

The student self-efficacy questionnaire, 

consisting of 32 statements, was administered as 

both a pre-test and post-test instrument. The 

paired sample t-test was used to analyze these 

responses, revealing an increase in average 

scores from pre-test to post-test, further 

substantiating the positive impact of problem-

based learning on student self-efficacy. These 

findings align with previous research. Mataka 

and Grunert (2015) similarly observed an 

improvement in student self-efficacy following 

the application of problem-based learning. 

Syarafina, Jailani, and Winarni (2014) also found 

consistent gains across two learning cycles, with 

average scores increasing from 84.4 in the first 

cycle to 97.03 in the second. 

The underlying mechanism of this 

improvement lies in the structure of problem-

based learning (PBL) itself. By promoting 

discovery-driven, student-centered problem 

solving, PBL helps learners develop essential 

skills to systematically approach and solve 

complex tasks. Dunlap (2005) reported 

significant gains in self-efficacy resulting from 

this reflective, challenge-based process, a view 

supported by Hmelo-Silver (2004), who 

emphasized learning through active engagement 

and reflection. Additionally, Mataka and 

Kowalske (2015) found that PBL encourages 

greater responsibility during laboratory 

practicum sessions, while Rokhmawati, 

Djatmika, and Wardana (2012) noted increased 

student confidence and self-efficacy between 

successive learning cycles. These findings 

collectively reinforce the conclusion that PBL is 

a highly effective instructional strategy for 

enhancing student self-efficacy. 

Building on this evidence, problem-based 

learning demonstrated a significantly greater 

impact on student self-efficacy when compared 

to more traditional instructional models. The key 

difference lies in the instructional syntax: PBL 

begins with the presentation of real-world 

problems, immediately engaging students in 

active problem solving (Arends, 2008; Eggen & 

Kauchak, 2012).  

 

CONCLUSION 

In conclusion, this article highlights the 

transformative impact of Problem-Based 

Learning (PBL) on enhancing students' self-

efficacy in the field of chemistry. By engaging 

students in real-world problems and encouraging 

independent problem-solving, PBL fosters a 

deeper understanding of chemistry concepts 

while simultaneously boosting students' 

confidence in their abilities. The findings suggest 

that PBL not only improves students' practical 

skills in conducting experiments but also 

cultivates a greater sense of self-belief, 

empowering them to approach complex tasks 

with increased competence. As a result, PBL 

proves to be a powerful pedagogical approach for 

nurturing both academic growth and the 

development of essential skills required for future 

success in chemistry and beyond. 
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