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Abstract 

The background of this research is low student performance in the topic and the need for an innovative, interactive, and 
contextual learning approach. This study aims to examine the effectiveness of the Problem-Based Learning (PBL) model using Dr 
Stone's animation media on students' learning outcomes in the acid-base topic for Grade XI students at SMA Negeri 1 Sirenja. 
The problem addressed in this research relates to how to improve student learning outcomes and engagement through the integration 
of contextual and technology-based media. The research employed a pre-experimental design with a one-group pre-test and post-test 
on a single experimental class consisting of 30 students. The instruments used included Lesson Plans (RPP), Student Worksheets 
(LKPD), Dr Stone animation media, and a multiple-choice learning outcome test consisting of 15 validated questions, reviewed and 
approved by expert validators. The validation results showed that all instruments were valid and appropriate for use. Student learning 
outcomes were analysed using the N-Gain score to measure the improvement after learning. The average N-Gain score was 0.7331 
(73.31%), placing it in the moderately effective category. The average difference between pre-test and post-test scores was 37.10 points, 
indicating a significant improvement in student learning outcomes. Most students experienced substantial learning gains after 
participating in problem-based learning supported by animation media. This study demonstrates that combining the Problem-Based 
Learning (PBL) model with Dr Stone's animation media effectively improves student learning outcomes. Furthermore, this study 
supports the learning process by incorporating a contextual and interactive approach that fosters students’ motivation, deepens their 
conceptual understanding, and promotes active involvement in chemistry lessons. It also offers valuable guidance for teachers on applying 
technology-integrated, student-centred teaching strategies in science education.  
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Introduction 

Education is the fundamental foundation for 
shaping the character, knowledge, and skills of the 
younger generation, both intellectually and morally. 
Effective learning is the key to ensuring that the 
teaching and learning process runs optimally. One 
way teachers can encourage students to be more 
active in the learning process is to implement varied 
and innovative learning models (Marselina et al., 
2024). With the right combination of methods and 
media, the learning atmosphere becomes more 
engaging, thereby improving students’ learning 
outcomes (Anam et al., 2023). The two main 
components of the learning process are the learning 
model and the learning media. A learning model 
serves as a framework for achieving learning 
objectives by emphasising creativity, critical 
thinking, communication, and collaboration in line 
with 21st-century demands (Juniantari & Suniasih, 
2023). One effective learning model is Problem-
Based Learning (PBL), which aims to develop 
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critical thinking through solving real-world 
problems, making the knowledge gained more 
meaningful (Pradani & Supardi, 2023).  

Problem-Based Learning (PBL) is grounded 
in constructivist theory, where students actively 
construct knowledge through experience and 
reflection (Sarnoko et al., 2024). PBL creates a 
learning environment that requires students to 
participate in solving complex, contextual problems 
(Arsyad et al., 2024). This method allows students 
to connect prior knowledge with new information, 
encouraging active and meaningful learning 
(Affandy et al., 2024). Moreover, PBL fosters critical 
thinking, teamwork, and problem-solving skills that 
are essential for the 21st century (Ikbal, 2021). 
However, several studies have noted that 
implementing PBL in chemistry instruction often 
faces challenges due to students’ limited conceptual 
understanding and difficulty visualising abstract 
concepts (Winarti et al., 2024). 

One of the abstract concepts in chemistry 
that students often struggle to understand is the 
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theory of acids and bases, including pH, 
neutralisation, and ionization (Defista & Aznam, 
2024). Mastery of this material is crucial for higher-
level chemistry topics and for applying scientific 
principles in daily life. However, due to its abstract 
nature, traditional teaching methods are often 
insufficient to promote conceptual understanding 
(Sari et al., 2024). The use of learning media, 
especially animation, plays a vital role in improving 
comprehension and retention. Animations can 
transform abstract chemical reactions into visual, 
concrete representations, making learning more 
engaging. Among these, Dr Stone, a science-themed 
animation, creatively integrates chemistry concepts 
into an engaging storyline about rebuilding 
civilisation through science (Anam et al., 2023). This 
contextually rich visualisation makes Dr Stone 
highly suitable for explaining acid–base concepts 
and demonstrating their relevance to real-world 
phenomena (Fiori & Goi, 2022). 

Integrating PBL with Dr Stone's animation 
offers an innovative approach to contextual learning 
(Septaria & Fatharani, 2022). PBL promotes problem-
solving and inquiry, while Dr Stone provides visual and 
narrative support to enhance understanding. This 
integration is expected to address both cognitive and 
motivational challenges in chemistry education. 
Previous studies between 2021 and 2025 have shown 
that PBL improves students’ critical thinking 
(Khoiriyatul & Aziz, 2025; Paramita & Setyono, 2024), 
and animation media increases engagement and 
conceptual understanding (Azizah & Kamaludin, 2023). 
However, only a few studies have combined both 
strategies, particularly using contextualised science 
animations that directly illustrate chemical principles. 
This reveals a gap in the existing literature that this study 
aims to address by exploring how combining PBL with 
Dr Stone's animation can simultaneously improve 
learning outcomes and engagement with acid–base 
material.  

SMA Negeri 1 Sirenja was selected as the 
research site based on several considerations. First, 
interviews conducted in April 2024 revealed that many 
students struggled with acid–base material and failed to 
meet the Minimum Mastery Criteria (KKM) of 65. This 
indicates the need for innovative instructional strategies 
to improve comprehension. Second, the school 
implements the 2013 Curriculum, which emphasises 
active, competency-based learning, thereby aligning 
with PBL (Septianingsih et al., 2024). Third, teachers at 
the school are open to integrating digital learning media, 
such as animations, into classroom instruction. Based 
on this background, this study aims to determine the 
effectiveness of applying the Problem-Based Learning 
(PBL) model using Dr Stone's animation as a learning 
medium on students’ learning outcomes in the topic of 
acids and bases at SMA Negeri 1 Sirenja. 

Methods 

Research design  
This research employed an experimental 

method in the form of classroom treatment. 

Experimental research is defined as a research 
method used to examine the effectiveness of a 
particular treatment compared to another under 
controlled conditions. The type of experiment 
applied in this study is a pre-experimental design, 
which is not considered a true experiment because 
external variables may still influence the dependent 
variable due to the absence of control variables 
(Widiastuti & Hermanto, 2024). 

The pre-experimental design used was the 
one-group pre-test and post-test design, as shown 
in Table 1. 

 
Table 1. One-group pretest-posttest design 

Pretest Treatment Posttest 

O1 X O2 

(Sugiyono, 2021) 
Description: 
O1 = Pre-test score (before treatment) 
X  = Treatment using the Problem-Based 

Learning (PBL) model with Dr Stone's 
animation media 

O2 = Post-test score (after treatment)  
The population in this study consisted of 

Grade XI MIPA students at SMA Negeri 1 Sirenja, 
totalling 117 students across 4 classes. The sample, 
class XI MIPA 4 (30 students), was purposively 
selected based on teacher recommendations and 
prior exam results showing lower achievement than 
other classes (Purnawan, 2022). 

Data collection technique 
The research was conducted in three main 

phases: preparation, implementation, and 
finalisation. In the preparation phase, activities 
included observing the research site and consulting 
with the chemistry teacher to understand the 
teaching context thoroughly. The population and 
the sample were purposively selected based on 
academic performance and teacher 
recommendations. In the implementation phase, 
students first took a pre-test to measure their initial 
understanding. The PBL model integrated with Dr 
Stone's animation media was then applied during 
learning activities to promote active engagement 
and contextual understanding. Following this, a 
post-test was conducted to assess improvement in 
learning outcomes. The teaching intervention was 
carried out over four meetings, including an 
introduction, treatment, and evaluation. Each 
session followed a teaching module and a Student 
Worksheet (LKPD) designed according to the PBL 
model's syntax. This design aligns with recent 
science education research employing pre-test and 
post-test methods to evaluate PBL effectiveness. In 
the final phase, data from pre-tests and post-tests 
were collected, analysed, and interpreted to prepare 
the final research report. 
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Research instruments 
The research instruments used in this study 

consisted of instructional devices and test 
instruments. Instructional devices included Lesson 
Plans (RPP), Student Worksheets (LKPD), and Dr 
Stone animation media, all specifically designed to 
align with the Problem-Based Learning (PBL) 
model and the acid-base curriculum. These devices 
provided step-by-step guidance for both teachers 
and students to support the implementation of the 
learning process. The test instruments consisted of 
a multiple-choice learning outcome test comprising 
15 validated questions, which were used for both 
the pre-test and post-test. Expert validation was 
conducted for all instructional instruments to 
ensure their feasibility and accuracy (Zayrin et al., 
2025).  

This validation process is crucial, as 
emphasised by Pradani & Supardi (2023) and 
supported by recent studies highlighting the 
importance of expert review in establishing content 
validity for chemistry test instruments. Thus, the 
instructional devices and test instruments used in 
this study are considered feasible and reliable for 
evaluating the effectiveness of the PBL model 
integrated with Dr Stone's animation media in acid-
base learning. The validity of these instruments was 
quantified using percentage scores. The validation 
criteria are presented in Table 2. 

Table 2. Teaching module validation criteria 
Validation criteria (%) Validation Level 

85.01-100.00  Very valid or can be used without 

revision 

70.01-85.00  Valid or usable, but needs minor 

revisions. 

50.01-70.00  It is less valid; it is recommended not 

to use it because it needs a major 

revision. 

1.00-50.00  Invalid and should not be used 
 

(Fatmawati, 2016) 

Data analysis techniques 
The effectiveness of the instructional 

intervention was evaluated using the Normalised 
Gain (N-Gain) formula: 

N-Gain=
(𝑃𝑜𝑠𝑡𝑡𝑒𝑠𝑡 𝑆𝑐𝑜𝑟𝑒−𝑃𝑟𝑒𝑡𝑒𝑠𝑡 𝑆𝑐𝑜𝑟𝑒)

(100−𝑃𝑟𝑒𝑡𝑒𝑠𝑡 𝑠𝑐𝑜𝑟𝑒)
            (1) 

N-Gain values were interpreted according to 
Hake's (1998) criteria: high (≥ 0.70), moderate (0.30 
– 0.69), and low (< 0.30). Recent research confirms 
that N-Gain analysis is a reliable method for 
assessing improvements in students’ conceptual 
understanding in science subjects. 

N-Gain scores provide a quantitative 
measure of the effectiveness of the PBL model 
integrated with animation media, indicating whether 
students’ comprehension significantly improved 
following the intervention. The instruments used in 
this study were multiple-choice tests for both pre-
test and post-test, with data analysed descriptively 
to depict the distribution of results and inferentially 
using the N-Gain score to determine the 

effectiveness of the instructional treatment in 
enhancing students’ understanding of acid-base 
material. 

Results and Discussion 
This study produced data on students’ 

learning outcomes and an evaluation of the learning 
process, carried out through the implementation of 
the Problem-Based Learning (PBL) model, assisted 
by Dr Stone's animation media on the topic of Acids 
and Bases, in Grade XI MIPA 4 of SMA Negeri 1 
Sirenja. 

Validation of learning instruments 
The validation results for the learning 

instruments indicated that all were valid and feasible 
for use. The details are presented in Table 3. 

Table 3. Validation results of the learning 
instrument 

Instrumen 
Validation 

Score (%) 
Category 

Lesson Plan (RPP) 83.92 Valid 

Student Worksheet (LKPD) 77.77 Valid 

Dr Stone Animation Media 81.66 Valid 

Learning Outcomes Test 

(Pre-test & Post-test) 
80.76 Valid 

All instruments exceeded the minimum 
validity threshold of 70%, indicating they were 
appropriate for classroom implementation. The 
high validity score of the Dr Stone animation media 
(81.66%) indicates that the visual content and 
narrative alignment were pedagogically relevant to 
chemistry learning, particularly in illustrating acid–
base reactions that are difficult to observe directly. 

Student learning outcomes 

Pretest and posttest 
The initial test was conducted to assess 

students’ abilities before the acid–base titration 
learning process began. Meanwhile, the final test 
was conducted to determine the students’ learning 
outcomes after implementing the Problem-Based 
Learning model and the Dr Stone animation media. 
The pretest and posttest results are presented in 
Table 4. 

 
Table 4. Pretest and posttest score 
Statistics Pretest Posttest 

Min. Score 33 73 

Max. Score 66 100 

Mean (Average) 49.2 86.3 

The results indicate a substantial 
improvement in student performance. The mean 
score increased from 49.2 in the pretest to 86.3 in 
the posttest, showing that the learning treatment 
effectively enhanced students’ understanding and 
learning outcomes. 

N-Gain analysis result 
The pre-test and post-test results were 

analysed using the N-Gain test to assess the 
effectiveness of implementing the PBL model 
supported by Dr Stone's animation media. The N-
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gain test can demonstrate that the discovery learning 
model improves cognitive learning outcomes. The 
N-gain test is conducted by describing the data 
obtained based on the achievement of each variable 

in the relationship between students’ pretest and 
posttest scores in the experimental class. The results 
of the N-gain calculation are shown in Table 5.  

Table 5. N-Gain score and N-Gain percentage 

Variabel N Minimum Maximum Mean Category 

N-Gain Score 30 0.43 1.00 0.73 High 

N-Gain Percentage (%) 30 42.55 100.00 73.31 Medium 

 
The improvement in students' learning 

outcomes was demonstrated by an increase in the 
average score, as indicated by the N-Gain analysis, 
which showed an N-Gain range of 0.43 to 1.00, with 
an average of 0.73 (high category), and an average 
N-Gain percentage of 73.31% (moderate category). 
According to Hake's criteria, this value falls into the 
high category, indicating that the PBL model 
combined with animation media was highly 
effective in improving students’ conceptual mastery. 
This result was achieved through the systematic use 
of instructional tools, including student worksheets 
(LKPD), consistent test instruments, and integrated 
animation media across all learning stages. The 
LKPD guided students step by step through 
problem identification, hypothesis formulation, 
data collection, and solution presentation. The 
worksheets contained contextual problems and 
open-ended questions that encouraged critical 
thinking in accordance with PBL steps. In the 
LKPD used, the questions were problem-based and 
encouraged students to observe phenomena, 
analyse data, and draw independent conclusions. 
For instance, students were asked to observe colour 
changes of indicators in various solutions, 
determine whether the solutions were acidic or 
basic, and then explain these differences based on 
ionisation theory and H⁺/OH⁻ ion concentration. 
These questions required students to connect 
theoretical concepts with real phenomena, complete 
observation tables, answer analytical questions, and 
construct scientific arguments systematically, 
following PBL syntax from problem orientation to 
solution presentation. This aligns with the findings 
of Febriana et al. (2024), who reported that PBL-
based LKPD improves problem-solving skills and 
chemistry learning outcomes, supported by Safirah 
et al. (2024), who found that structured HOTS-
oriented worksheets enhance critical thinking and 
student engagement in science learning. 

The same test instrument was administered 
before and after instruction to measure students’ 
conceptual development consistently. The 
questions assessed cognitive skills at various levels, 
ranging from identifying acid-base properties and 
comparing expert definitions to analysing pH 
changes and calculating Ka and Kb based on 
contextual data. The alignment between contextual 
LKPD questions and the evaluation items ensured 
that students not only recalled concepts but also 
transferred and reapplied knowledge to similar 
situations at a deeper level. This approach is 

consistent with the findings of Zakiyah et al. (2024), 
who confirmed that tiered assessments aligned with 
learning activities effectively measure the 
development of critical and conceptual thinking 
skills. Thus, the combination of problem-based 
questioning and consistent evaluation became one 
of the main factors contributing to the significant 
increase in N-Gain scores. 

In addition to support from the LKPD and 
assessment system, the use of Dr Stone animation 
served as cognitive scaffolding by visualising 
microscopic processes such as ionisation, the 
release of H⁺/OH⁻ ions, and the formation of 
conjugate acid-base pairs, making abstract concepts 
more concrete and comprehensible. This aligns with 
Mayer’s Multimedia Learning Theory, which states 
that visualisation supports dual coding and reduces 
cognitive load, thus improving deep understanding 
and long-term retention. Consistent animation also 
increased student motivation and engagement, 
thereby strengthening learning outcomes. Even 
students with low initial ability demonstrated 
significant improvement, with N-Gain values 
reaching 1.00, indicating the effectiveness of 
scaffolding and collaboration in accordance with 
Vygotsky’s Zone of Proximal Development (ZPD) 
(Ibrahim et al., 2023). 

Overall, the improvement in learning 
outcomes was both quantitative, as shown by 
increases in test scores, and qualitative, as reflected 
in enhanced higher-order thinking skills such as 
analysis, synthesis, and evaluation. This confirms 
that integrating PBL, problem-based LKPD, digital 
animation, and consistent assessment effectively 
strengthens conceptual understanding, motivation, 
and critical thinking skills—aligned with 
constructivist principles and relevant to 21st-
century learning, as affirmed by Hidayat et al. 
(2025). 

The difference between the N-Gain score 
and the N-Gain percentage occurs because they use 
different interpretation scales, even though they 
measure the same improvement. The N-Gain score 
is calculated on a 0 – 1 scale using Hake’s criteria, 
whereas the N-Gain percentage is expressed in 
percentage form with different categorical 
boundaries. Consequently, one indicator may fall 
into the “high” category, while the percentage N-
Gain falls into the “moderate” category. This 
discrepancy is normal and has been explained in the 
literature (Hake, 1998), which emphasises that 
categorical interpretations may differ while still 
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reflecting consistent improvement. In this study, 
both indicators continue to show substantial and 
consistent improvement in students’ mastery of 
chemistry concepts. 

Conclusions 
Based on the results, the implementation of 

the Problem-Based Learning (PBL) model, assisted 
by Dr Stone's animation, is effective in improving 
students’ learning outcomes in acids and bases. This 
effectiveness is reflected in the increased conceptual 
understanding, critical thinking skills, and active 
student engagement throughout the learning 
process. The systematic application of PBL steps 
supports this improvement, as does the use of 
problem-based worksheets and animations that 
visualise abstract concepts, making them easier to 
understand. Thus, integrating PBL and animation 
has proven successful in strengthening students’ 
conceptual understanding, motivation, and 
participation in learning, in accordance with the 
research objective. 
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