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Abstract: Problem-solving skills and learning motivation are 

essential components of 21st-century education, particularly in 

biology, where these competencies enable students to connect 

scientific concepts to real-world challenges. This study investigates 

the effectiveness of problem-based learning modules integrated with 

student worksheets in enhancing problem-solving skills and learning 

motivation on the topic of global warming. Conducted with tenth-

grade students at a private high school in Banda Aceh, Indonesia, the 

research utilized an experimental design with pretest-posttest control 

groups. A total of 72 students were divided into experimental and 

control groups. Data collection included problem-solving skills tests 

based on Polya's framework and learning motivation questionnaires 

developed using Keller's ARCS model. The results revealed 

significant improvements in the experimental group, with an average 

normalized gain score of 77 for problem-solving skills, categorized 

as high, compared to 22 in the control group, categorized as low. 

Furthermore, the experimental group demonstrated strong learning 

motivation across all ARCS indicators. A correlation test indicated a 

very strong relationship between learning motivation and problem-

solving skills, with motivation accounting for 74% of the variance in 

problem-solving performance. These findings underscore the 

effectiveness of problem-based learning modules in fostering critical 

competencies, supporting their integration into biology education to 

prepare students for future challenges. Further research is 

recommended to extend this approach to other scientific topics and 

diverse student populations. 
 

 

INTRODUCTION  

In life, no individual is exempt from 

encountering problems (AlAli, 2024). In 

the realm of education, challenges arise 

across various dimensions, including 

those faced by students and teachers 

(Hansen, 2009; Claro et al., 2012; Du et 

al., 2013; Kadir, 2017). However, every 

problem inherently holds the potential for 

a solution, preventing it from becoming 

an excessive burden on an individual’s 

mental or psychological well-being (Akot, 

2020). This underscores the essential 

nature of problem-solving skills in all 

aspects of life, including the workplace 

(Suratno et al., 2020; Özdemir et al., 

2010; Yeung et al., 2023; Merriënboer, 

2024). 

Individuals with strong problem-

solving skills can address challenges 

effectively, leveraging creativity to find 

solutions. These skills encompass four 

key indicators: identifying problems, 

formulating strategies, implementing 

solutions, and verifying results (Yayuk et 

al., 2020). Moreover, critical thinking 
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plays a vital role in analyzing information 

related to problems, enabling individuals 

to manage problem-solving processes 

proficiently (Eren & Öztuğ, 2020). 

Problem-solving is defined as a structured 

effort to achieve specific objectives (Yao 

et al., 2023). For learners, it involves 

selecting appropriate methods to resolve 

issues based on theoretical frameworks 

they have studied (Hermansyah, 2020; 

Dia et al., 2021; Liu & Tongxi, 2022). 

Connecting classroom lessons to the 

surrounding environment enhances 

learning's meaningfulness by enabling 

students to relate academic material to 

their everyday lives (Tai et al., 2019). In 

biology education, students are 

encouraged to adopt scientific approaches 

when addressing environmental issues 

such as global warming (Musyaddad & 

Suyanto, 2019; Karmana et al., 2019; 

Arsil, 2019). However, interviews with 

biology teachers revealed that 60% of 

students failed to achieve mastery in 

learning about global warming. This 

finding indicates a deficiency in students’ 

problem-solving skills for this topic. 

Student interviews further revealed a lack 

of training in problem-solving during 

lessons, leading to reliance on rote 

memorization, difficulty grasping broader 

concepts, and limited ability to connect 

material to real-life applications. 

To address these challenges, 

teachers must employ engaging 

instructional tools and implement 

dynamic, non-monotonous learning 

models to motivate students. One 

effective instructional approach involves 

using problem-based learning (PBL) 

modules, which support the independent 

curriculum and facilitate deeper 

understanding during the learning 

process. Motivation plays a pivotal role in 

learning success, as it provides 

enthusiasm, energy, and enjoyment, 

enabling active engagement and improved 

academic performance (Filgona et al., 

2020; Tamu & Atte, 2024; Tekkaya, 

2006; Schunk & Di Benedetto, 2021; 

Susanti et al., 2022). 

Teachers' ability to enhance 

education quality can be strengthened 

through teaching approaches that cultivate 

critical thinking and conceptual 

understanding (Burić & Kim, 2020). 

Active learning instructional materials, 

such as PBL modules, are instrumental in 

fostering communication, collaboration, 

problem-solving skills, and motivation, 

particularly in biology education on topics 

like global warming (Fidan & Tuncel, 

2019; Fitriani et al., 2020; Dewi et al., 

2022; Herawati & Wilujeng, 2023). 

Innovative instructional materials, such as 

PBL modules integrated with student 

worksheets, represent a promising 

approach. 

Research by Nur Arafah et al. 

(2023) demonstrated that PBL worksheets 

integrating religious and practical values 

enhance learning outcomes on global 

warming. However, this study focused on 

general learning outcomes without 

specifically examining students’ problem-

solving skills or motivation. Addressing 

this gap, the present study investigates the 

use of PBL modules integrated with 

student worksheets (LKS) to improve 

students’ problem-solving skills and 

learning motivation. Using a pretest-

posttest control group experimental 

design, this research evaluates the direct 

impact of the module and explores the 

correlation between problem-solving 

skills and motivation. While prior studies 

have explored the general benefits of 

PBL-based modules, limited research has 

specifically addressed their application to 

enhance problem-solving skills and 

motivation on global warming. This study 

contributes novel insights to the 

development of PBL modules applicable 

to broader biology topics. 

 

METHOD 

This study employed an 

experimental research design utilizing a 

pretest-posttest control group approach. 
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Such a design offers significant 

advantages, including the ability to 

determine cause-and-effect relationships 

and establish connections between the 

results and the specific variables under 

investigation. The research was conducted 

in three distinct stages: (1) administration 

of the pretest to assess baseline 

knowledge and skills, (2) implementation 

of the problem-based learning (PBL) 

module as the experimental intervention, 

and (3) administration of the posttest to 

evaluate the outcomes of the intervention. 

The experimental research design 

employed in this study is illustrated in 

Table 1.
 

Table 1. Pretest-Posttest Control Group Design. 

Class Pretest Treatment Posttest 

Experimental Y1 X1 Y3 

Control Y2 X2 Y4 

Notes: 

X1 : Group that will receive the treatment 

X2 : Group that will not receive the treatment 

Y1  : Pretest Experimental Class 

Y2  : Pretest Control Class 

Y3  : Posttest Experimental Class 

Y4  : Posttest Control Class 

 

The instruments were developed 

based on the problem-solving skills 

aspects according to Polya (1957), and the 

motivation instrument was derived from 

the ARCS model by Keller. The use of 

problem-based learning modules to 

enhance students' problem-solving skills 

and motivation evolved from the design 

phase to its implementation in teaching. 

The idea of using this module is presented 

in Figure 1. 

 

 

 

Figure 1. Flowchart of the Use of Problem-based Learning Module. 

 

One of the key advantages of the 

learning module developed in this study is 

its comprehensive integration of 

instructional materials. These materials 

include a systematically and attractively 

organized set of content, methods, 

limitations, and assessment strategies, 

designed to facilitate the achievement of 

desired competencies at varying levels of 

complexity. 

This study was conducted at the 

Laboratory School of SMA USK Banda 
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Aceh from April to May 2024, during the 

second semester of the 2024/2025 

academic year. The population for this 

study consisted of 108 students from the 

X Science class at SMA Laboratory USK 

Banda Aceh. A purposive sampling 

technique was employed to ensure the 

sample aligned with the study's 

objectives. The selected sample 

comprised 72 participants, with 36 

students from class X-1 and 36 students 

from class X-2, all of whom were enrolled 

during the second semester of the 

2024/2025 academic year. 

Students' learning motivation was 

assessed using a questionnaire comprising 

40 items based on the four motivational 

indicators outlined by Keller's ARCS 

model: Attention, Relevance, Confidence, 

and Satisfaction. To evaluate the 

differences in motivation between the 

experimental and control classes, a 

normalized Gain (N-Gain) score analysis 

was conducted to measure the 

improvement from pretest to posttest. 

The average N-Gain scores were 

subjected to normality and homogeneity 

tests as prerequisites for statistical 

analysis. Once the data were confirmed to 

follow a normal distribution and exhibit 

homogeneity, an Independent Samples t-

test was performed to compare the mean 

scores between the two groups. 

 

RESULT AND DISCUSSION 

The findings of this study 

demonstrate that the use of problem-based 

learning (PBL) modules integrated with 

student worksheets significantly enhances 

students' problem-solving skills and 

learning motivation. The implementation 

of PBL was shown to positively influence 

students' ability to address complex 

problems and increase their motivation to 

learn. These results highlight the 

effectiveness of the PBL approach in 

fostering critical thinking and active 

engagement with learning materials. 

Furthermore, a strong correlation was 

identified between learning motivation 

and problem-solving skills, indicating that 

motivated students are more likely to 

excel in tackling complex challenges. 

 

Process of Using Student Worksheets to 

Enhance Problem-Solving Skills 

The implementation of the PBL 

module integrated with student 

worksheets on the topic of global 

warming followed three stages: 

preparation, design, and implementation. 

1. Preparation Stage: The instructional 

materials, including student 

worksheets aligned with PBL, were 

developed based on the principles of 

the PBL approach. 

2. Design Stage: The instructional 

module was structured to align with 

the PBL syntax and tailored to address 

the topic of global warming 

effectively. 

3. Implementation Stage: A pretest was 

administered to both experimental and 

control classes to assess students' 

baseline problem-solving abilities. 

During the learning sessions in the 

experimental class, the student 

worksheets were utilized as part of the 

instructional process, adhering to the PBL 

syntax outlined in the module. After the 

instructional period, a posttest was 

conducted to evaluate the students' final 

problem-solving abilities. Additionally, a 

motivation questionnaire was 

administered in the experimental class to 

measure the impact of the module on 

students' learning motivation. The results 

were then analyzed to identify differences 

in problem-solving skills and motivation 

between the experimental class (which 

received the PBL intervention) and the 

control class (which followed 

conventional teaching methods). 

 

Problem-Solving Skills 

The analysis of students' problem-

solving skills was conducted using pretest 

and posttest scores, along with the 

normalized Gain (N-Gain) scores for both 

the experimental and control classes. The 
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comparative results, as well as the 

improvement trends, are illustrated in 

Figure 2. These findings underscore the 

significant impact of the PBL module 

integrated with student worksheets in 

enhancing problem-solving skills, 

particularly in addressing environmental 

issues like global warming.
 

 
Figure 2. Average Student Problem-Solving Scores. 

 

Figure 2 presents the average pretest 

and posttest scores for both the 

experimental and control classes. The 

average pretest score for the experimental 

class was 57, while the control class 

scored 56, both categorized as 

"satisfactory." These results indicate that 

students in both groups began with 

relatively similar initial abilities. 

Following the intervention, the average 

posttest score for the experimental class 

increased significantly to 90, categorized 

as "excellent," while the control class 

achieved an average posttest score of 66, 

categorized as "good." 

These findings highlight the 

positive impact of implementing the 

problem-based learning (PBL) module in 

the experimental class. The use of the 

PBL module demonstrated a clear 

improvement in students' problem-solving 

skills, underscoring its effectiveness in 

enhancing critical thinking and analytical 

abilities. This aligns with the research by 

Nurhemy (2019), which found that PBL 

modules effectively improve students' 

analytical skills. Additionally, Lestari et 

al. (2022) demonstrated that problem-

based e-modules significantly enhance 

students' problem-solving capabilities. 

The analysis of normalized gain (N-

Gain) scores further supports these 

findings. The experimental class achieved 

an average N-Gain score of 77, 

categorized as "high," indicating the 

intervention's effectiveness. In contrast, 

the control class scored an average N-

Gain of 22, categorized as "low," 

reflecting the lack of improvement due to 

the absence of intervention. These results 

are consistent with previous studies by 

Astuti et al. (2021), Hakim et al. (2021), 

and Wardhana et al. (2022), which 

reported that problem-based learning 

modules effectively enhance students' 

problem-solving skills and foster 

independent learning. Table 4 summarizes 

the N-Gain score differences between the 

experimental and control classes, 

providing further evidence of the 

effectiveness of the PBL module in 

improving problem-solving skills. 
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Table 2. T-test Mean Comparison of N-Gain Between Experimental and Control Classes. 

Class N-Gain SD t-test 

Experimental 77 12.038 
0.000 

Control 22 9.842 

 

The findings reveal a significant 

difference in the normalized gain (N-

Gain) between the experimental and 

control classes. Results from the 

Independent Samples t-test indicate a Sig. 

(2-tailed) value of 0.00, which is less than 

the significance threshold (α = 0.05). This 

demonstrates a statistically significant 

difference in N-Gain scores between the 

two groups, confirming that the 

intervention had a positive impact on 

students in the experimental class. 

Students in the experimental class, who 

received the problem-based learning 

(PBL) module intervention, achieved 

higher average problem-solving skill 

scores compared to those in the control 

class. These results are consistent with 

prior research by Sujanem (2020), Pratiwi 

(2021), and Biner (2022), which 

concluded that implementing PBL 

effectively enhances problem-solving 

skills, particularly on the topic of global 

warming. This supports the acceptance of 

the study's hypothesis. 

The average problem-solving skill 

scores across the four problem-solving 

aspects are presented in Figure 3. On the 

topic of global warming, the experimental 

class scored an average of 96, categorized 

as "highly capable," compared to the 

control class's average of 72, categorized 

as "capable." For the solution planning 

aspect, the experimental class scored 84 

("highly capable"), while the control class 

scored 67 ("capable"). In the problem-

solving execution aspect, the 

experimental class scored 86 ("highly 

capable"), and the control class scored 63 

("capable"). Lastly, for the evaluation 

aspect, the experimental class achieved an 

average score of 95 ("highly capable"), 

compared to 63 ("capable") in the control 

class. 

These findings indicate that the 

experimental class exhibited a greater 

improvement in problem-solving skills 

across all four aspects compared to the 

control class. This underscores the 

effectiveness of the PBL module in 

fostering higher-order thinking skills, 

particularly in addressing complex topics 

such as global warming.

 

 
Figure 3. Average Problem-Solving Skills Scores of Students Based on Aspects. 
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Learning Motivation 

Students' learning motivation was 

assessed using four categories based on 

Keller's ARCS model: Attention, 

Relevance, Confidence, and Satisfaction. 

The composition and distribution of 

students in the experimental class across 

these motivational categories are 

illustrated in Figure 4. 

The analysis of students' 

motivation levels, as measured by the 

ARCS model, indicates that the 

implementation of the problem-based 

learning (PBL) module effectively 

enhanced learning motivation. The 

distribution of students across all ARCS 

categories falls within the "good" 

criterion according to the assessment 

guidelines. This suggests that the PBL 

module met its intended objectives, 

fostering a positive motivational impact 

and positioning students in the 

experimental class as highly motivated 

learners.
 

 
Figure 4. Average Motivation in the Experimental Class. 
 

In line with the findings of 

Fadillah (2022), it has been stated that 

teachers who implement engaging 

teaching models and provide motivation 

can significantly enhance students' 

intrinsic motivation. Similarly, research 

by Pembuat (2020) indicates that the use 

of instructional modules is highly 

effective in improving students' learning 

motivation and achieving better learning 

outcomes. 

 

Correlation Between Learning 

Motivation and Problem-Solving 

Skills 

Students' success in the learning 

process is closely tied to their intrinsic 

motivation. High motivation serves as a 

key indicator of quality teaching aimed 

at fostering problem-solving skills. 

Students with greater learning 

motivation are more likely to engage 

actively in learning activities, leading to 

optimal outcomes. To explore the 

relationship between learning motivation 

and problem-solving skills, a correlation 

test was conducted, and the results are 

presented in Table 3. 

The correlation test results 

revealed a coefficient value of r=0.864r 

= 0.864r=0.864, indicating a very strong 

positive relationship between learning 

motivation and problem-solving skills, 

based on Sugiyono's (2013) correlation 

criteria. Furthermore, to quantify the 

extent of the influence of learning 

motivation on problem-solving skills, a 

coefficient of determination (R2) 

analysis was performed, yielding a value 

of 0.746. This result suggests that 

approximately 74.6% of the variance in 

problem-solving skills can be explained 

by students' learning motivation. 
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Table 3. Result of the Correlation Test Between Learning Motivation and Problem-Solving Skills. 

Variable Mean 
Correlation 

Pearson Correlation Sig. 

Problem-Solving 77 
0.864                                             0.000 

Motivation 88 

 

The findings indicate that the 

learning motivation variable contributes 

74% to the variance in problem-solving 

skills, with the remaining 26% 

influenced by other factors not examined 

in this study. Effective strategies for 

teachers to enhance students' motivation 

in the classroom include providing 

guidance and support, fostering positive 

relationships, delivering constructive 

feedback, and offering appropriate 

rewards. 

Research by Hudha et al. (2023), 

Safitri and Hadi (2023), and Laura et al. 

(2024) highlights that learning 

motivation is closely linked to students' 

problem-solving abilities. Students with 

higher motivation are more inclined to 

engage in exploring and addressing 

problems, thereby demonstrating 

stronger problem-solving skills. The 

regression relationship between learning 

motivation and problem-solving skills is 

depicted in Figure 5. 
 

 
Figure 5. Regression of Learning Motivation and Problem-Solving Skills. 

 

Figure 5 illustrates the regression 

relationship between learning motivation 

and problem-solving skills. The scatter 

plot forms a regression line described by 

the equation y = 1.7463x − 76.729. 

Based on this equation, when the 

learning motivation score (X) is 0, the 

problem-solving skills score (Y) is 

predicted to have a constant value of -

76.729. 

Furthermore, if a student achieves 

a learning motivation score (X) of 100, 

their problem-solving skills score (Y) is 

estimated to be 97.901. This relationship 

demonstrates that an increase in learning 

motivation directly contributes to an 

improvement in problem-solving skills. 

For every 10 point increase in learning 

motivation, problem-solving skills 

improve by 17.463 points. 

These findings align with the 

research conducted by Velly (2021), 

which highlighted that problem-based 

learning (PBL) is an effective teaching 

model for stimulating higher-order 

thinking skills through the use of real-

world problems. The approach has also 

been shown to enhance both students' 

motivation and their problem-solving 

abilities. 

 

Implications for Biology Education 

The results of this study have 

notable implications for biology 

education, particularly in promoting 

critical skills such as problem-solving 

and learning motivation. The successful 

implementation of PBL modules 

integrated with student worksheets 

demonstrates their potential as a model 
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for enhancing teaching methodologies in 

high school biology classes. This 

approach encourages active learning, 

fosters deeper engagement with 

instructional materials, and aligns with 

the competencies required for 21st-

century learners. 

By addressing real-world 

problems, PBL modules help students 

develop both cognitive and affective 

skills, making them valuable tools for 

creating interactive, student-centered 

learning environments. 

 

Study Limitations and Future 

Directions 

While this study provides valuable 

insights into the impact of PBL modules 

on problem-solving skills and learning 

motivation, certain limitations should be 

acknowledged. First, the research was 

conducted at a single school with a 

relatively small sample size, limiting the 

generalizability of the findings to other 

educational contexts or populations. 

Second, the study focused exclusively 

on the topic of global warming in 

biology education, leaving the 

applicability of the findings to other 

topics or subjects uncertain. Finally, the 

reliance on self-reported data for 

learning motivation introduces potential 

bias, which could affect the accuracy of 

the results. 

Future research should expand the 

scope by including larger and more 

diverse samples from different schools 

and regions to enhance the 

generalizability of the findings. 

Additionally, exploring the impact of 

PBL modules on other science subjects 

or interdisciplinary topics could provide 

insights into the broader applicability of 

this instructional approach. Longitudinal 

studies are also recommended to 

investigate the long-term effects of PBL 

on students' problem-solving skills and 

motivation. Furthermore, examining 

additional variables such as scientific 

literacy, critical thinking, and 

collaboration skills could offer a more 

comprehensive understanding of the 

benefits of PBL modules. 

 

CONCLUSION 

This study underscores the 

significance of problem-solving skills 

and learning motivation in 21st-century 

biology education, emphasizing their 

role in connecting scientific concepts to 

real-world challenges. The integration of 

problem-based learning (PBL) modules 

with student worksheets proved highly 

effective in enhancing these 

competencies. The experimental group 

demonstrated a high average normalized 

gain (N-Gain) score of 77 for problem-

solving skills, compared to 22 in the 

control group, and exhibited strong 

learning motivation across all ARCS 

indicators—attention, relevance, 

confidence, and satisfaction. A very 

strong correlation between learning 

motivation and problem-solving skills 

was observed, with motivation 

accounting for 74% of the variance in 

problem-solving performance. These 

findings highlight the potential of PBL 

modules to create interactive, student-

centered learning environments, 

fostering critical skills essential for 

addressing future challenges. While the 

study focused on a single topic and 

educational setting, future research 

should explore the broader applicability 

of PBL modules across diverse topics 

and student populations, as well as their 

long-term impact on scientific literacy 

and critical thinking. This approach 

presents a promising strategy for 

equipping students with the 

competencies needed to succeed in a 

rapidly evolving world. 
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