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Preface

It is with great enthusiasm that we present Volume 1, Number 2 of STEM Education
International. Following the successful debut of our first issue, this second instalment
continues the journal’'s mission to disseminate high-quality, peer-reviewed research
that advances understanding and practice in STEM (Science, Technology,
Engineering, and Mathematics) education across diverse learning contexts.

The articles in this issue focus on two prominent themes within contemporary STEM
education: instructional strategies for fostering higher-order thinking and the
development and validation of diagnostic assessment instruments. These
contributions collectively underscore the importance of both designing meaningful
learning experiences and accurately measuring student understanding to inform
effective teaching and curriculum development.

The opening study, “Implementation of Problem-Based STAD Learning to
Improve Students’ Critical Thinking Skills on Ecosystems,” investigates the
integration of problem-based learning with Student Teams-Achievement Divisions
(STAD) to enhance students’ ability to analyse and reason about complex
environmental systems. This work highlights the potential of cooperative, inquiry-
oriented pedagogies in promoting critical thinking—an essential 21st-century
competency.

Complementing this, “Comparison of Discovery Learning and Problem-Based
Learning Models on Concept Understanding (C1-C4) of Junior High School
Students” examines how two distinct learner-centred approaches influence students’
conceptual mastery across Bloom'’s cognitive levels. Through comparative analysis, this
study provides insights into instructional design choices that can deepen students’
conceptual frameworks in science education.

The next set of articles emphasises assessment innovation, presenting rigorous
efforts to construct and validate four-tier diagnostic instruments. “Development of a
Four-Tier Diagnostic Instrument to Identify High School Students’
Understanding of Salt Hydrolysis” and “Development of Four-Tier Diagnostic
Instruments to Identify Students’ Understanding of Electrolyte and Non-
Electrolyte Solutions” both contribute practical tools that enable educators to
identify student conceptions and misconceptions with precision. Such diagnostic
instruments are critical for designing targeted interventions and supporting
meaningful learning progressions in chemistry and related STEM domains.

Finally, “A Four-Tier Diagnostic Instrument in Acid-Base Properties of Salt
Solution: Development Procedure” provides a detailed account of the systematic
process of instrument construction. By documenting development procedures and
validation practices, this article offers a valuable model for future researchers seeking
to create robust assessment tools that accurately capture nuanced student
understanding.

Taken together, the articles in this issue represent a rich blend of pedagogical
innovation and assessment research that contribute to the ongoing transformation
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of STEM education. By advancing theory, methodology, and practice, these studies
exemplify the journal's commitment to fostering educational excellence and
supporting learners’ preparedness for the challenges of a rapidly evolving world.

We extend our sincere gratitude to the authors, reviewers, and editorial team whose
dedication has made this issue possible. We look forward to continued engagement

from the STEM education community as we work together to improve teaching,
learning, and assessment in STEM across all levels of education.

Editorial Board
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Abstract: This study investigates whether the Problem-Based Student Teams Achievement Division
(STAD) learning model can enhance students’ critical thinking skills to a greater extent than conventional
lecture-based instruction on the topic of Human Impact on Ecosystems. A quasi-experimental method
was employed, using test items as the research instrument. A total of 31 seventh-grade students from
class VII | served as the control group, while 30 students from class VII G constituted the experimental
group. Descriptive analysis was used to describe the post-test results for each indicator of critical
thinking skills. An independent t-test was then conducted to examine the differences in essential
thinking abilities between the experimental and control groups. Additionally, an N-gain test was
conducted to assess the magnitude of improvement in students’ critical thinking skills in the
experimental group relative to the control group. The findings indicate that the Problem-Based STAD
learning model improved students’ critical thinking skills in the experimental group at a moderate level,
with an N-gain score of 0.43. In contrast, the conventional learning approach led to a low level of
improvement, with an N-gain score of 0.24. This study emphasises the implementation of a problem-
based STAD model derived from students’ real-life issues, making the learning process more contextual.
The topic of Human Impact on Ecosystems was chosen for its strong relevance to students' everyday
experiences.

Keywords: STAD Learning Model, Problem-Based Learning, Critical Thinking, 215t Century Skills

INTRODUCTION

Science and technology, in their development, require a strategic role from the
educational sector. Moreover, education emphasises different areas of focus
(Musahrain et al,, 2024). In the 21st century, students are faced with various educational
challenges, including: (1) collaborating with others, (2) presenting information clearly,
(3) thinking critically and solving problems, and (4) creativity and innovation (Nuraina
& Nestiadi, 2025). Therefore, critical thinking skills have become essential
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competencies to develop. To solve personal and social problems effectively, students
need to acquire a range of 21st-century skills (Yulianti et al,, 2022).

Critical thinking skills are essential in students’ lives. Students need critical thinking as
a tool to solve real-world problems (Suradika et al.,, 2023). These skills are crucial for
fostering deep learning, as they enable students to utilise evidence, evaluate presented
materials, and reflect on ideas (Chen et al,, 2024). Moreover, critical thinking can help
students minimise errors when making decisions (Ariadila et al, 2023). Therefore,
critical thinking enables students to assess and evaluate events, leading to more
thoughtful and informed decision-making.

According to Ennis, critical thinking is the process of logically and deliberately
processing information to make informed decisions. It is a skill that involves utilising
various objects and concepts to solve problems (Muhibbuddin et al., 2023). Norris and
Ennis (1989) identified five components of critical thinking skills, which include: (1)
providing a simple explanation, (2) building basic skills, (3) drawing conclusions, (4)
offering further clarification, and (5) managing strategies and tactics (Chusni et al,
2020).

Lestari and Annizar (2020) stated that critical thinking skills can be assessed using PISA
items, as they require reasoning and strategic problem-solving abilities—skills that
define critical thinking. According to the 2022 PISA results, Indonesia ranked 68t out
of 81 participating countries (OECD, 2023). The low level of critical thinking skills
among Indonesian junior high school students was also highlighted by Nuraina and
Nestiadi (2025), who reported that students cannot identify problems and propose
ideas or solutions in response to case studies presented during learning activities.
These findings indicate that Indonesian students' critical thinking skills remain
relatively low compared to those of students in other countries.

The low level of students’ critical thinking skills can be attributed to several factors,
including the limited use of effective teaching methods and learning models in the
classroom. In practice, classroom instruction is still predominantly delivered through
teacher-centred lectures, which limits students' active engagement in the learning
process. On the other hand, students’ understanding is highly influenced by the
instructional materials and learning models employed (Nuraina & Nestiadi, 2025).
Therefore, to address this issue, alternative solutions are needed—one of which is
implementing innovative learning models that foster critical thinking skills. Various
efforts have been made to enhance students’ critical thinking abilities, including the
use of electronic student worksheets (E-LKPD) (Rofik et al, 2025), STEAM-based
Project-Based Learning (PjBL)(Rofik et al, 2025, Sari et al, 2025), and E-modules
(Amalia et al., 2024).

Roger and Johnson (1994) stated that cooperative learning can promote higher-order
thinking skills in students by encouraging the exchange of ideas and collaborative
problem-solving with peers through group discussions (Qismullah Yusuf et al,, 2015).
The Student Teams Achievement Divisions (STAD) model is a cooperative learning
approach that provides students with opportunities to engage in the learning process
actively. STAD organises students into small groups of four to five members with
heterogeneous composition in terms of academic ability, gender, and ethnicity (Yusuf
et al, 2015). According to Sinaga et al (2022), STAD is considered an effective model
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for fostering creativity, coordination skills, critical thinking, and the ability to support
others.

In addition, students can develop their critical thinking skills as they are increasingly
exposed to complex problems. Such problems train students to solve them by making
maximum efforts to analyse and express opinions, categorise information, provide
justification, reflect, interpret the meaning of judgments, and draw conclusions from
problem-solving processes (Afifah & Nurfalah, 2019). To effectively solve a problem,
individuals need critical thinking skills, as these skills encourage them not to settle for
a single answer but to explore alternative solutions based on analysis and information
derived from the problem itself (Sholihah & Lastariwati, 2020). Therefore, problem-
based learning models can be considered a viable approach to fostering students’
analytical problem-solving abilities.

The topic Human Impact on Ecosystems was selected because it reflects real-world
problems encountered in students’ daily lives. For example, activities such as dumping
waste into rivers or clearing land can lead to declines in biodiversity within ecosystems.
This content is closely related to critical thinking skills, as it allows students to observe
environmental issues in their surroundings directly and stimulates their curiosity
(Nuraina & Nestiadi, 2025). By studying the material contextually, students are
expected to develop their critical thinking skills by investigating the causes of
environmental problems and exploring potential solutions.

The STAD learning model can be integrated with a problem-based learning approach,
resulting in the Problem-Based STAD model. This instructional model emphasises
student collaboration within groups to understand and solve real-world problems,
thereby achieving learning objectives and constructing understanding based on
students’ cognitive processes (Rianti et al, 2021). The integration of Problem-Based
Learning (PBL) and STAD provides students with opportunities to examine, respond to,
and collaborate critically. Students are also trained to confront problems, think
critically to find solutions, and are challenged to resolve both academic and real-life
issues (Andriyati & Noviani, 2023). The syntax of the Problem-Based STAD model, as
implemented by Dwi Anjani et al. (2023), illustrates the integration of PBL stages into
cooperative STAD learning, as follows: (1) the phase of presenting objectives,
motivation, and information aligns with orienting students to the problem; (2) the
group formation phase aligns with organizing students for learning; (3) the discussion
phase corresponds with guiding individual or group investigations; (4) the phase
involving presentations, quizzes, and rewards aligns with presenting students’ work;
and (5) the evaluation and conclusion phase corresponds with analyzing and
evaluating the problem-solving process.

In the Problem-Based STAD learning model, during the phase of presenting objectives,
motivation, and information, students listen to the teacher's presentation on
environmental issues in their surroundings. In the second phase, group formation,
students are organised into groups consisting of 4-5 members. The third phase,
discussion, involves students engaging in dialogue about the causes and impacts of
environmental problems and exploring possible solutions and preventive measures.
During the presentation phase, students present the results of their group work and
receive feedback from other groups, which further promotes peer discussion. This
phase is followed by a quiz and the distribution of rewards, aimed at developing
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students’ individual competencies. In the final phase, evaluation and conclusion,
students summarise what they have learned throughout the lesson. Based on these
student activities within the Problem-Based STAD learning syntax, students are trained
to provide explanations and arguments to their peers, engage in deeper thinking
during discussions, and develop strategic approaches to address environmental
problems. Therefore, this learning model is expected to foster and enhance students’
critical thinking skills effectively.

A study conducted by Sulistyant and Pratama (2024) demonstrated that the integration
of Problem-Based Learning and STAD effectively enhances students’ critical and
mathematical thinking skills. Similar findings were reported by Karma et al. (2023)
(Karma et al., 2023), who found a positive impact on students’ critical thinking abilities
following the implementation of Problem-Based Learning within an STAD framework.
Based on these findings, it is expected that students’ critical thinking skills can also be
improved through the application of the Problem-Based STAD model compared to
conventional lecture-based instruction, particularly on the topic of Human Impact on
Ecosystems.

Based on the aforementioned explanation, problem-based learning can cultivate
students’ critical-thinking skills, while the STAD learning model can facilitate students’
ability to work collaboratively in teams. These models are appropriate for efforts to
improve students’ critical-thinking skills in Indonesia, which remain relatively low. This
study examines the statistical differences in students’ critical-thinking abilities before
and after learning through the Problem-Based STAD model. The purpose of this study
is to determine the improvement in students’ critical-thinking skills regarding human
impacts on ecosystems following the implementation of the Problem-Based STAD
learning model.

METHOD

This study employed a quasi-experimental approach using a pre-test post-test non-
equivalent control group design (Cohen, 2007). It involved two class groups,
designated as the experimental and control groups. The experimental group received
instruction through a Problem-Based STAD learning model, hereafter referred to as
the PB-STAD class (Problem-Based Student Teams Achievement Divisions). In contrast,
the control group did not receive this instructional model. Instead, the control group
was taught using a lecture-based method and is hereafter referred to as the lecture
class.

One of the junior high schools in Nganjuk Regency served as the research site for this
study, involving 30 seventh-grade students from class VIl G—16, male and 14 female
students, comprising the PB-STAD group. Additionally, 31 students from class VII |I—
16 male and 15 female—participated as the lecture group. In this study, the
implementation of the Problem-Based STAD model functioned as the independent
variable. At the same time, students' critical thinking skills on the topic of Human
Impact on Ecosystems served as the dependent variable.

The PB-STAD class participated in lessons and completed student worksheets (LKPD)
aligned with the Problem-Based STAD model's syntax. This alignment enabled
observation of students’ adherence to the PB-STAD learning steps through their
responses on the prepared worksheets. The cultivation of students’ critical thinking
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skills was not limited to the PB-STAD class; it was also implemented in the lecture class.
In the lecture group, students’ critical thinking skills were fostered through teacher-led
prompts and completion of student worksheets.

This study employed a critical thinking assessment instrument comprising five open-
ended questions, administered as both pre- and post-tests. The pre-test was
administered before the instructional intervention to assess students' initial essential
thinking skills. The post-test was administered after the instructional intervention had
been delivered. Both the experimental and control groups completed these
assessments to identify differences in students’ critical thinking performance following
the implementation of different instructional models. Before its implementation, the
student worksheet (LKPD) instrument underwent validation, including validity and
reliability testing using the percentage-of-agreement method.

Table 1. Percentage of Similarity in LKPD Validation Using the Percentage of
Agreement Method

Aspect
Learning and Readability and Visual Average Criteria
Materials Design
100% 94% 97% Almost
Perfect

In addition, the test instrument also underwent the same validation procedures, with
the results presented in Table 2. The validation results showed that the LKPD achieved
a percentage of agreement of 97%, while the test items reached 98.4%. These results
indicate that both the test instrument and the LKPD are valid and reliable for use with
students, as supported by Borich (1994) in Widiawati et al. (2022), who stated that an
instrument is considered valid when it achieves a percentage of agreement (PA) of 75%
or higher (275%).

Table 2. Percentage of Similarity in Pre-test and Post-test Validation Using the
Percentage of Agreement Method

Aspect
Item Language Item Average Criteria
Feasibility Appropriateness Appropriateness
99,3% 98,6% 97.3% 98,4% Almost
Perfect

The data analysis in this study employed a descriptive approach by outlining students’
post-test results based on the critical thinking skill indicators proposed by Norris and
Ennis (1989), which include: (1) providing simple explanations, (2) building basic skills,
(3) drawing conclusions, (4) offering further clarification, and (5) managing strategies
and tactics. Before analysis, the data were subjected to normality testing (Shapiro-Wilk)
and homogeneity testing (Levene’s Test). An independent t-test was used to compare
students’ critical thinking skills between the PB-STAD class and the lecture class.
Additionally, an N-Gain analysis was conducted to determine the magnitude of
improvement in students' critical thinking skills in both groups. The level of
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improvement is classified as high if the gain score exceeds 0.7 (g > 0.7), moderate if it
falls between 0.3 and 0.7 (0.3 < g £ 0.7), and low if it is less than or equal to 0.3 (g <
0.3), as suggested by (Meltzer, 2002). Furthermore, students' critical thinking skills were
categorised into levels as defined by Ramdant et al. (2020), using the criteria in Table
3.

Table 3. Criteria for Critical Thinking Skills

Gain Score Category
81,25 < x <100 Very High
71,50 < x < 81,25 High
62,50 < x £ 71,50 Moderate
43,75 < x £ 62,5 Low

0 <x <4375 Very Low

RESULTS AND DISCUSSION

The collected pretest and posttest data were initially subjected to prerequisite analyses,
namely the Shapiro-Wilk normality test and Levene's homogeneity test. The results
showed that the data were normally distributed and homogeneous, as indicated by
significance values greater than 0.05, thereby allowing the analysis to proceed to the
subsequent tests. The results of the normality and homogeneity tests are presented in
the table below:

Table 4. Normality Test Results

Class Shapiro-Wilk Statistic p-value Note
Pretest 0,969 0,512 Normal
PB-5TAD Posttest 0,936 0,069 Normal
Lecture-based Pretest 0,956 0,233 Normal
Posttest 0,979 0,782 Normal

The analysis of students’ pre-test responses indicated that the initial critical thinking
abilities of students in both the PB-STAD class and the lecture class were relatively
equivalent, with average pre-test scores of 37.8 and 39.1, respectively. The equivalence
of initial critical thinking skills between the two groups was confirmed through an
Independent T-test, which showed no significant difference. This result supports the
comparability of the two classes. The pre-test data for both the PB-STAD and the
lecture classes are presented in Table 6.

Table 5. Homogeneity Test Results

Test Levene’s Statistic p-value Note
Pretest 0,629 0,413 Homogeneous
Posttest 0,145 0,705 Homogeneous

The PB-STAD class engaged in learning activities designed to develop critical thinking
skills through the Problem-Based STAD model, guided by structured student
worksheets (LKPD). Students began by identifying ecosystem-related problems
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presented in the LKPD, with guidance from the teacher. They then formed pre-assigned
groups to discuss the issues and complete the additional questions in the worksheet.
Each group presented the results of their discussion, followed by individual quizzes to
evaluate students’ understanding. In contrast, the lecture class focused on teacher-
centred instruction. The teacher explained the topic of human impact on ecosystems
while intermittently posing questions to stimulate students’ critical thinking. This was
followed by students working on pre-prepared worksheets designed to reinforce the
material.

Table 6. Average Pre-test Scores of the PB-STAD Class and the Lecture Class

Class Mean Pretest Score Category
PB-STAD 37.8 Very Low
Lecture-based 39,1 Very Low

Following the implementation of the Problem-Based STAD learning model, post-test
scores increased in the PB-STAD class. The improvement in scores, based on the
comparison of pre-test and post-test results, is presented in the table below:

Table 7. Comparison of Students’ Critical Thinking Skills in the PB-STAD Class and
the Lecture Class

Pretest Results Posttest Results Score
Class
Score  Category Score Category Improvement
PB-STAD 37.8 Very low 64,2 Moderate 26,4
Lecture-based 39,1 Very low 54,0 Low 14,9

Following the implementation of the Problem-Based STAD learning model, differences
in students’ critical thinking levels between the PB-STAD class and the lecture class
were observed. This can be seen in the percentage distribution of students’ essential
levels of thinking based on their post-test scores, which shows that a higher proportion
of students in the PB-STAD class fell into the "very high" and "high" categories than
those in the lecture class. The detailed data are presented in Table 8.

Table 8. Distribution of Students’ Critical Thinking Skills in the PB-STAD Class and
the Lecture Class.

Criteria for Critical Thinking Skills PB-STAD Class Lecture Class
Very high 10% 3.2%
High 26,7% 6,5%
Moderate 23,3% 25,8%
Low 26,7% 41,9%
Very low 13,3% 22,6%

For the first critical thinking indicator, providing a simple explanation, 67% of students
in the PB-STAD class achieved high scores, compared to only 16% in the lecture class.
This finding indicates that the PB-STAD class had more students demonstrating high-
level critical thinking skills on this indicator than the lecture class. An example of a

54 STEM Education International, 1(2), 48-61



Lailia

high-scoring student response from the PB-STAD class on a question related to this
indicator—regarding the impact of burning waste—is as follows “(1) Air pollution
occurs because the smoke from burning waste releases ash into the air, leading to
pollution; (2) When plastic waste is burned, the chemical substances from the plastic
can seep into the soil, causing soil contamination; (3) It can cause respiratory and skin
diseases; the smoke, which contains ash, may lead to breathing difficulties when
inhaled and can cause skin irritation when it comes into contact with the skin”.

The second critical thinking indicator, building basic skills, included a question about
activities that can lead to river pollution. The data show that 30% of students in the
PB-STAD class achieved high scores, compared with 26% in the lecture class. This
finding suggests that a greater proportion of students in the PB-STAD class
demonstrated high-level critical thinking skills for this indicator than those in the
lecture class. An example of a high-scoring student response from the PB-STAD class
regarding activities that may cause river pollution is as follows “(1) Disposing of waste
and sewage: carelessly throwing waste into rivers can lead to accumulation of garbage,
potentially causing floods due to blocked water flow; (2) Dumping chemicals into
rivers: this can harm aquatic life, as the chemicals may be toxic to organisms living in
the river; (3) Fishing using explosives: the use of bombs can kill aquatic animals due to
the force of the explosion”.

The third critical thinking indicator, concluding, showed that more students in the PB-
STAD class demonstrated high-level critical thinking skills than those in the lecture
class. Specifically, 47% of students in the PB-STAD class achieved high scores on this
indicator, compared with only 22% in the control group. The question for this indicator
asked students to conclude an article discussing the causes and impacts of marine
waste issues. An example of a high-scoring response from the experimental class is as
follows: “The causes include the continued use of plastic by many industries in their
products, as well as the public’s reliance on single-use plastics in daily life. The impacts
include soil, water, and air pollution. For example, marine animals may ingest plastic
waste, mistaking it for food, leading to their death. Additionally, harmful chemicals
from plastics can seep into the soil and contaminate sources of clean water”.

For the fourth critical thinking indicator, providing further clarification, the data
similarly showed that more students in the PB-STAD class demonstrated higher levels
of critical thinking than those in the lecture class. Specifically, 43% of students in the
PB-STAD class scored in the high category for this indicator, while 38% of students in
the lecture class did so. The question for this indicator involved analysing the potential
consequences for deer populations if mining activities in the Kalimantan forests
continue to expand. One example of a high-scoring response from a student in the PB-
STAD class is as follows: “The deer population could face extinction by 2024 due to the
continued expansion of mining areas and the resulting reduction of forest habitats. As
their habitats become increasingly restricted, both deer and tigers lose their natural
habitats and are forced to migrate to other areas. In these smaller areas, the likelthood
of encounters between deer and tigers increases significantly. Since tigers prey on deer,
this could lead to a sharp decline in the deer population. Moreover, with limited habitat,
deer may struggle to find food, potentially leading to starvation and, ultimately,
extinction”.
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Meanwhile, the percentage of students who achieved high scores on the fifth critical
thinking indicator, managing strategies and tactics, was relatively similar between the
PB-STAD and lecture classes. A total of 83% of students in the PB-STAD class and 84%
in the lecture class attained high scores on this indicator. This finding reflects that
students in both groups demonstrated comparable proficiency in handling strategy
and tactics. However, students in the PB-STAD class received more structured training
in critical thinking related to this indicator. In PB-STAD learning, students were
presented with two alternative solutions to address a problem and were asked to select
or design the most appropriate strategy to resolve the issue. This approach encouraged
students to make thoughtful decisions by considering various perspectives. Moreover,
classroom observations revealed that the PB-STAD class was more actively engaged,
as students were required to express their opinions on the most suitable strategies and
tactics for addressing environmental problems. This suggests that the PB-STAD model
is more effective in enhancing student engagement.

Table 9. N-Gain of Pretest and Posttest

Class N-Gain Note
PB-STAD 0,43 Moderate
Lecture-based 0,24 Low

Students in the PB-STAD class generally demonstrated higher levels of critical thinking
achievement compared to those in the lecture class. This suggests that implementing
the Problem-Based STAD learning model contributes more to enhancing students'
critical thinking skills than the conventional lecture-based method. This indication is
supported by the post-test data, which show an average score of 64.0 in the PB-STAD
class and 54.3 in the lecture class. The results of the Independent T-test further support
this finding, revealing a Sig. (2-tailed) value of 0.015. Since the Sig. (2-tailed) The value
0.015 is less than 0.050; therefore, there is a statistically significant difference between
the PB-STAD and lecture classes. An N-Gain test was subsequently conducted to
determine the extent of the impact of the Problem-Based STAD model. The results of
the N-Gain analysis for both the PB-STAD and lecture classes are presented in Table 9.

Table 10. Comparison of N-Gain Scores for Each Indicator

Indicator N-Gain of PB- Category N-Gain of Category
STAD Class Lecture Class

Provide a simple 0,44 Moderate 0,15 Low
explanation
Developing Basic 0,23 Low 0,20 Low
Skills
Drawing a Conclusion 0,31 Moderate 0,02 Low
Proyl.de further 0,49 Moderate 0,34 Moderate
clarification
Managing Strategies 0,74 High 0,63 Moderate

and Tactics

Based on the table above, the overall N-Gain score for the PB-STAD class was 0.43,
indicating a moderate level of improvement. In contrast, the lecture class had an N-
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Gain score of 0.24, indicating a low level of improvement. It was also observed that the
N-Gain for each indicator in the PB-STAD class was consistently higher than that of the
lecture class. The N-Gain score of 0.43 in the PB-STAD class indicates that the Problem-
Based STAD learning model effectively improved students’ critical thinking skills at a
moderate level, in contrast to the conventional lecture-based approach, which
achieved a lower N-Gain score of 0.24, indicating a low level of improvement.
Furthermore, the research data revealed that students’ critical thinking skills in the PB-
STAD class improved to a moderate category across four essential indicators of
thinking: providing simple explanations, concluding, offering further clarification, and
managing strategies and tactics. The percentage data on students’ critical thinking
levels in both the PB-STAD and lecture classes also showed that more students in the
PB-STAD class fell into the “very high” and "high” categories than in the lecture class.
These findings support the notion that students' critical thinking skills can be
developed through the implementation of the Problem-Based STAD learning model.
This indication is consistent with the findings of Karma et al. (2023), who demonstrated
that integrating the cooperative STAD learning model with a problem-based learning
approach can enhance students' critical thinking skills. Similarly, the study by Sulistyant
and Pratama (2024) reported an increase in students' critical thinking abilities following
the application of problem-based STAD instruction. These outcomes can be attributed
to the numerous benefits offered by both the STAD cooperative learning approach and
problem-based learning.

The STAD learning model, which emphasises collaborative group work, provides ample
opportunities for students to interact, share ideas, and exchange feedback. Through
this type of learning, students can evaluate their ideas, make informed decisions, and
draw thoughtful conclusions. Moreover, it also allows students to communicate their
learning outcomes within the classroom (Ermin & Marsaoly, 2021). The ability to
organise and analyse problems effectively, as well as to think mathematically, can
further contribute to the development of critical thinking skills (Anderson & Krathwohl,
2001).

Problem-based learning (PBL) also offers a range of advantages. This approach enables
students to connect their existing knowledge with real-world situations, making the
learning process more contextual and meaningful (Lusmianingtyas & Sriyanto, 2022).
In PBL, students take a central role in the learning process, which helps them develop
critical thinking and problem-solving skills (Hidayatussakinah et al., 2021). Additionally,
this model equips students with the ability to solve problems, present logical
arguments, identify issues from multiple perspectives, and propose appropriate
solutions to the problems they encounter (Adilah & Rosyida, 2024).

Although students’ critical thinking skills have improved, as shown in the table above,
the overall essential levels of thinking in both the PB-STAD and lecture classes are not
yet considered high. Students in the PB-STAD class still demonstrated moderate levels
of critical thinking, while students in the lecture class remained in the low category
(Ramdani et al,, 2020). This may be attributed to students' lack of motivation to engage
in critical thinking. As noted by Chusni et al. (2020) Students are often not motivated
to learn or practice critical thinking because they perceive the learning process as
ineffective. Moreover, the development of critical thinking skills requires consistent and
sufficient practice over time (Ermin & Marsaoly, 2021). The limited duration of this
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study may have hindered the full development of students' critical thinking abilities,
resulting in outcomes that still fall within the moderate category. In addition, students’
critical thinking abilities varied significantly, as reflected in the diverse range of post-
test scores. This variation may be due to differences in intellectual development levels
among students, which can be influenced by age. As Purwanto (1998) explains,
individuals' capacity for mature thinking tends to increase as they grow older.

CONCLUSIONS

The results of this study indicate that implementing the Problem-Based STAD learning
model on the topic of human impact on ecosystems contributed moderately to
improvements in students’ critical thinking skills. This is evidenced by post-test results
following the application of different instructional models in the PB-STAD and lecture
classes, as well as by N-Gain scores, which showed a 0.43 score in the PB-STAD class,
indicating a moderate increase, and a 0.24 score in the lecture class, indicating a low
increase. The Problem-Based STAD learning model may be considered a viable
alternative instructional strategy for fostering students’ critical thinking skills. This
study was limited to two classes within a single school, and therefore the data may not
fully represent the general condition of seventh-grade students’ critical thinking
abilities. Future studies are expected to implement Problem-Based STAD learning on
a broader scale, involving multiple classes and schools, so that the resulting data can
more accurately reflect students’ critical thinking abilities after implementation.
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Abstract: A teacher must be able to choose a learning model that has the potential to enhance
students' understanding of a concept. The purpose of this research is to determine the effects of
Discovery Learning (DL) and Problem-Based Learning (PBL) models on the conceptual understanding of
junior high school students regarding the material on simple machines. Additionally, this study aims to
compare students' understanding when taught using these two models. This quasi-experimental
research employs a nonequivalent pretest-posttest control group design, involving two groups of
eighth-grade students from a junior high school in Malang Regency for the 2024-2025 academic year.
The sampling method used is cluster random sampling. The instruments applied in this study were
multiple-choice tests. Several statistical procedures, including normality tests, homogeneity tests,
independent sample t-tests, paired samples t-tests, and N-Gain tests, were utilised to analyse the data.
The results indicate that both Problem-Based Learning and Discovery Learning positively affect students’
conceptual understanding. However, learning through PBL resulted in a higher N-gain (%) in
understanding (70.22%) than in the Discovery Learning group (55%). Based on these findings, it can be
concluded that the use of DL and PBL can enhance students' understanding of concepts and encourage
them to participate more actively in the learning process.

Keywords: Learning Model, Problem-Based Learning, Discovery Learning, Concept Understanding

INTRODUCTION

Competitive and superior human resources are obtained through education. In junior
high school education, a deep understanding of concepts is crucial for building a
strong foundation for students to face more complex subject matter at higher levels.
However, students often struggle to grasp basic concepts, especially in science
subjects like physics (Paudi, 2020). One of the main aspects of education is the quality
and outcomes of learning (Paramitha et al., 2023). Wabula et al (2020) explain that an
educator must have the ability to choose an appropriate teaching model, considering
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the conditions of the students, the material, and the learning resources. This is done
to ensure that the learning model has the potential to be effectively used to enhance
students' conceptual understanding.

Low teaching outcomes among students indicate an inability to deliver the educational
process effectively to achieve learning objectives (Paramitha et al, 2023). Learning
generally centers around the teacher rather than focusing on the students, resulting in
monotonous teaching that leads to ignorance and a lack of understanding among
students. The education provided in schools often does not meet expectations. The
classroom education process is very passive, as it only involves listening, completing
tasks, and focusing on textbooks (Ariyani & Kristin, 2021). Students absorb and
remember information only during exams (Paputungan et al 2022). As highlighted in
a case study by Ardianto et al (2019), many students do not meet the Minimum
Completeness Criteria (KKM) during the learning process. Furthermore, there is little
classroom learning activity, and conventional teaching models are still used, making it
difficult for students to understand the subject matter. Most students ignore the
teacher, merely retain information, are reluctant to ask questions, chat with friends,
and only receive practice problems from the teacher, which they then complete.

A case study by Sulastry et al. (2023) indicates that, because students are dominated
by receiving material directly from the teacher, educators cannot focus on students,
resulting in students' inability to develop new understandings from existing theories.
Consequently, students find it challenging to grasp concepts. Another case study by
Irda et al (2023) reveals that students at SMPN 1 Lawa have a low understanding of
simple machines, with only 5.8% demonstrating comprehension. Students' limited
knowledge of simple machines is evident. It is estimated that a lack of student
understanding leads to disinterest in learning, making it difficult to grasp concepts and
identify misconceptions.

The effectiveness of the learning model is essential for fostering students' desire to
learn and sparking their curiosity. A practical and suitable teaching model can enhance
students' motivation to learn and stimulate their curiosity about the topics studied,
leading to a longer retention of the concepts learned (Sari et al, 2021). The
effectiveness of the learning model significantly influences student engagement in the
learning process. Using the proper methods, students become not only motivated to
learn but also more actively participate in discussions and exploration of the material,
deepening their understanding.

The recommended learning models in the independent curriculum include Blended
Learning, Discovery Learning, Inquiry Learning, Problem-Based Learning (Rohmah et
al, 2025), and Project-Based Learning (Bawadi et al., 2023). Each model allows for the
development of attitudes, knowledge, and skills. The PBL and DL models are among
several solutions in this study. This is because both scientific approach models are
based on a problem and emphasise the importance of students taking an active role
during the learning process. While PBL focuses on solving real-life issues related to
students' daily lives, the DL model encourages students to explore concepts through
experience. Both have their advantages and challenges, and choosing the right model
can significantly affect students' understanding.

Discovery Learning is a method where students acquire scientific skills and are guided
to discover ideas. DL learning tends to be carried out independently by students, but
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it is not without teacher supervision (Adinata et al, 2022). DL focuses on discovering
principles and understanding previously unknown ideas. In this case, the teacher
intentionally designs problems for students to solve (Afnan & Syamsudin, 2022).
Students can gain knowledge through experiences and interactions with their
environment when they actively participate during the learning process. Curiosity is an
essential component of effective learning. Therefore, students will remember what
they learn for a long time, and the results are not easily forgotten. An efficient method
for enhancing students' knowledge through direct experience, exploration, and
investigation is through DL learning (Sayangan et al, 2024). This process provides
students with opportunities to learn actively and find solutions to existing problems.

The DL learning model can help improve understanding of concepts taught in VI
grade science lessons (Saputri, 2023). By using the DL learning model, students will
more actively understand concepts through observation or experimentation.
Additionally, this model may broaden and enrich students' understanding of science.
The syntax of DL learning includes stimulus (providing stimulation), identifying
problems, processing data, verifying data, and drawing conclusions (Bruner, 1961).

Problem-Based Learning is a teaching model that enables students to develop
problem-solving and critical thinking skills in the context of real-world problems. This
approach also allows students to gain conceptual understanding and essential
knowledge from the subject matter (Wibowo, 2018). PBL is an active learning model
that emphasises the importance of acquiring knowledge through problem-solving
activities, independent study, and small group discussions. Teachers play a crucial role
in PBL, as they not only help students learn to solve problems but also to collaborate,
study independently, and discover their intrinsic motivation (Shimomura & Utsumi,
2025). PBL is a learning process that enables students to understand concepts through
problems (Silvi et al., 2020).

PBL involves students seeking solutions to problems, activating them, and encouraging
them to be creative in their search (Sintya Devi & Wira Bayu, 2020). This allows students
to be more active in learning. As a result, their creative and critical thinking skills are
strengthened, as is their ability to solve problems in real-world situations (Hidayati et
al, 2024). By utilising the PBL learning model, students' understanding can be
enhanced because they are motivated to find their own solutions to the problems
presented (Syarifah et al, 2020).

PBL is largely self-directed. In groups, students collaborate to identify sub-problems,
analyse them, and find the facts and information needed to create solutions and
address learning problems. Ultimately, students are responsible for solving problems
using the knowledge they have acquired (Karttunen et al, 2025). Therefore, the
knowledge students create for themselves will remain embedded in their memory for
a long time. If students have a strong understanding of the topics studied, they will
have better learning capabilities (Supiandi & Julung, 2016). Students will feel interested
and motivated to solve these problems because PBL presents real-world issues that
require solutions (Silalahi et al, 2023). Orienting students toward problems,
managing/organising students, guiding them during investigations, developing and
demonstrating results, analysing, and evaluating problem-solving are all parts of the
PBL learning process (Lestari et al,, 2023).

64 STEM Education International, 1(2), 62-73



Wahyu Sofi Martalinda

Previous research has compared the two innovative models of Discovery Learning (DL)
and PBL. A study by Gant et al. (2021) reported that in the 2019/2020 academic year,
fourth-grade students at SDN Bojongrangkas 01 in Bogor district showed significant
improvement in learning about biodiversity in the environment when using the DL and
PBL models. The results indicate that students using the Discovery Learning model
performed better than those using the PBL model. Furthermore, Paramitha et al. (2023)
reported that both DL and PBL models impact conceptual understanding, with
students in class XI IPS at a high school in Bojonegoro district during the 2021-2022
academic year showing differences between the two models. Classes using PBL
achieved higher grades than those using the DL model. Wabula et al. (2020) support
the finding that the PBL model is superior to the DL model in enhancing conceptual
understanding. This was conducted in class X at SMA Negeri 1 Ambon. In the PBL class,
the average cognitive, psychomotor, and affective scores were higher than in classes
using the Discovery Learning model. Another study by Chodijah et al. (2019) indicated
that in class XI with science subjects, the Problem-Based Learning (PBL) model is more
efficient than the DL model. Although many studies have compared these two learning
models across educational levels, such as elementary and high school, no study has
specifically examined the effectiveness of DL and PBL in science learning at the junior
high school level, particularly for physics material. Previous research, such as that
conducted by Gant et al. (2021), Paramitha et al. (2023), Wabula et al. (2020), and
Chodiah et al. (2019), shows varied results depending on the level and material
studied.

Additionally, previous research at the junior high school level by Junaid et al., (2021)
and Siahaan & Sihotang (2023) only investigated one learning model without
comparing both teaching models, thus not determining which learning model is most
suitable and adequate for enhancing students' conceptual understanding. Junaid et al.,
(2021) conducted research on the effect of PBL in seventh-grade students at SMPN 17
Tebo on their knowledge of science concepts in the 2020/2021 academic year, finding
a significant impact of implementing problem-based learning on seventh-grade
students' understanding of physics concepts at SMPN 17 Tebo. Meanwhile, Siahaan &
Sthotang (2023) investigated the effect of the discovery learning model on students at
SMP Satrya Budi Perdagangan, enhancing their understanding of science concepts. The
DL model improved students' knowledge of science, with the final results indicating
an average score of 80%.

It is hoped that this study will determine which learning model is superior and serve
as a reference for educators in selecting a more effective model to enhance junior high
school students' conceptual understanding. Based on these issues, the researcher
continues the study with junior high school students, aiming to determine the impact
of the Discovery Learning and Problem-Based Learning models on students'
conceptual understanding of simple machines and to compare students' knowledge
between those taught with both models.

METHOD

This research is a quasi-experiment comparing the Discovery Learning (DL) and
Problem-Based Learning (PBL) models in junior high school students' understanding
of concepts related to simple machines. The nonequivalent pretest-posttest control
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group design is used because it allows the researcher to compare two groups that are
not randomly assigned, namely the group receiving the DL model treatment and the
group receiving the PBL model treatment. Students in the experimental group 1
received the DL treatment, while experimental group 2 received the PBL treatment,
studied using this design or concept (Karmila et al, 2020). This design involves
measuring before the treatment (pretest) and after the treatment (posttest) for both
groups.

The research population comprises all eighth-grade students in junior high schools.
The study was conducted in two classes over two weeks. Meetings consisted of two
face-to-face sessions in the classroom to deliver the learning models to both
experimental classes 1 and 2. The learning duration was 5x35 minutes. The samples in
this study are students from classes VIII B and VIII C. The DL model was used to teach
class VIII B, while the PBL model was used for class VIII C. The samples were collected
using cluster random sampling, ensuring that the class characteristics align with the
research objectives. The use of cluster random sampling in this study was chosen
because the research population consists of all eighth-grade junior high school
students divided into clear groups (clusters), namely eighth-grade classes. Classes VIl
B and VIII C were randomly selected as clusters, where each class (VIII B and VIII C) is
considered one cluster (Trochim & Donnelly, 2006).

Table 1. Nonequivalent pretest-posttest control group design

Group/Class Pretest Treatment Posttest
Experiment 1 01 X 02
Experiment 2 01 y 02

Before being used to test conceptual understanding, the research instrument
underwent validation, validity, and reliability tests. The reliability of the validation
results for the teaching modules was calculated using inter-rater reliability with a
similarity percentage technique among validators.

Table 2. Percentage of Similarity in Validation of Discovery Learning and Problem-
Based Learning Teaching Modules

Model Aspect Avarage Criteria
% Similarit DL 88% 99% 100% 96% Almost Perfect
° y PBL  91% 99% 100% 97% Almost Perfect

Based on the aspects of general information, core components, and appendices, a
result of 96% was obtained, indicating an almost perfect level of similarity. The
discovery learning-based teaching module was used for learning in experimental class
1 and PBL in experimental class 2. In this study, multiple-choice questions totalling 20
items have been validated and empirically tested.
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Table 3. Empirical Test of Discovery Learning and Problem-Based Learning Questions

Question DL Question PBL

Question xy rrabel  Reliability  Question Mxy rabel  Reliability
1 0.523 0455 1 0.755 0.468

2 0.546  0.455 2 0.553 0.468

3 0.468 0.455 3 0.553 0.468

4 0.684 0455 4 0.534 0.468

5 0.805 0.455 5 0.603 0.468

6 0843 0455 0877 g 0520 0468 Y
7 0.843 0455 7 0.670 0.468

8 0.843 0455 8 0.659 0.468

9 0.609 0.455 9 0.924 0.468

10 0.808 0.455 10 0.572 0.468

Based on the calculation where rxy > rtabel and the reliability test results indicating a
Cronbach's Alpha value > 0.60 (Alfajri et al, 2019), it can be concluded that the 10
tested questions have met the validity and reliability criteria. Therefore, this test
instrument can be considered valid and reliable for use in this research. After these
questions met the validity and reliability criteria, they can be used to assess students'
conceptual understanding in both experimental classes through pretest and posttest.
The instrument for measuring students' knowledge of concepts is multiple-choice
questions. The questions were created based on indicators of conceptual
understanding.

Data were analysed using t-tests (Paired samples t-test and Independent Sample t-
test) after conducting normality tests (Shapiro-Wilk) and homogeneity tests (Levene’s).
The paired-samples t-test was used to determine whether there was an effect of both
the DL and PBL models on understanding a concept, while the independent-samples
t-test compared the two models. The N-Gain test was used to measure the
improvement in conceptual understanding based on pretest and posttest results. The
N-gain results were then categorised according to Hake's (1998) criteria, as shown in
Table 4.

Table 4. N Gain Score Categories (Hake, 1998)

N Gain Score Category N-Gain Score Category
Score < 0.3 Low Improvement < 40% Ineffective
0.3 < score < 0.7 Moderate Improvement 40-50% Less Effective
Score 2 0.7 High Improvement 56-75% Quite Effective
> 76% Effective

RESULTS AND DISCUSSION

The data collected in this study consist of quantitative data, including test scores from
both classes, and were analysed using an Independent Samples t-test. The purpose of
this analysis is to identify differences in average conceptual understanding between
students in experimental classes 1 and 2 by measuring participants' initial abilities
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through pretests and changes in their conceptual knowledge scores. However, before
conducting the independent samples t-test, the data must first be tested for normality
and homogeneity. The results are presented in Figure 1.

79.6875

64.71
384375
= .

mDL mPBL

Figure 1. Average Pretest-Posttest Results for PBL & DL

Figure 1 shows that the average pretest score for experimental class 1 was 25.29 before
teaching using the Discovery Learning (DL) model. After applying the DL model, the
average posttest score for group 1 increased to 64.71. In experimental class 2, with the
Problem-Based Learning (PBL) approach, the average pretest score before treatment
was 38.44. After using the PBL model, the average posttest score for group 2 also
increased to 79.69. Once the pretest data from experimental class 1 and the conceptual
understanding results from class 2 were collected, the next step was to conduct
normality testing (Shapiro-Wilk test) and homogeneity testing using SPSS version 23,
as shown in Tables 5 and 6.

Table 5. Normality and Homogeneity Tests

Test Class Sig (Normality) df: df: Sig (Homogeneity)
Pretest Experiment 1 0,69

Experiment 2 0,50 1 64 0,364
Posttest Experiment 1 0,83

Experiment 2 0,90 164 0.744

Based on the results in Table 5, the normality test indicated that the significance values
for both pretest and posttest data in each class were greater than 0.05. Similarly, the
homogeneity test also showed significance values greater than 0.05. This means that
the data can be considered normal and homogeneous (Qurnia Sari et al,, 2017). After
confirming that the data were regular and homogeneous, the next step was to conduct
the t-test.

The Impact of the Discovery Learning Model on Students’ Conceptual
Understanding

To analyse the effect of the DL model on students' conceptual understanding, a Paired
Samples t-test was used. The results of this test showed a significance value (sig. 2-
tailed) of 0.000. Since 0.000 < 0.05 (a = 0.05) (Fauzi et al, 2021). This indicates a
significant difference between the pretest and posttest scores. After implementing the
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DL model, students demonstrated a different level of conceptual understanding
compared to before. The increase in students’ conceptual understanding is also
evident from the average pretest score of 25.88 and the average posttest score of 64.71
(Xpost > Xpre)- Thus, the application of the Discovery Learning model positively affects
students' understanding of concepts related to simple machines, meaning that Ho is
rejected and Ha is accepted. Students who received this treatment showed a significant
improvement in their knowledge after participating in the lessons. This aligns with
previous research by Saputri (2023), which indicated that the discovery learning model
can help improve the conceptual understanding of eighth-grade students in science
at SMP Negeri 13 Makassar.

The syntax used in the discovery learning model also contributes to better conceptual
understanding. The stimult provided through videos and simple experiments
successfully boosted students’ curiosity within this model. During the problem
identification stage, students exhibited strong questioning skills, prompting further
research. They were very interested in collecting data and actively sought references
to validate their understanding, which contributed to better scores in the post-test.
Students demonstrated the ability to analyse data and apply the physics concepts they
had learned during the data processing phase. Moreover, they showed meticulousness
in verifying the accuracy of their answers during the verification phase.

Despite some challenges, such as a lack of confidence hindering active participation,
this model is deemed less effective in conceptual understanding, according to Table 7.
Overall results indicate that the DL model can enhance students' conceptual
understanding, as noted by Suryaningrum (2023), who explained that the DL model
helps students become active in grasping what they learn. Students deepen their
understanding of concepts through observation and experiments using the DL model.
This model also has the potential to enhance knowledge and make science concepts
more enjoyable.

The Impact of the Problem-Based Learning Model on Students’ Conceptual
Understanding

A Paired Samples t-test was employed to analyse the impact of the PBL model on
students' conceptual understanding. The analysis results revealed a significance value
(sig. 2-tailed) of 0.000 for the comparison of pretest and posttest scores. Since the
significance value of 0.000 is less than a (0.000 < 0.05), it can be concluded that there
is a significant difference between the pretest and posttest scores. After implementing
the PBL model, students exhibited a noticeable improvement in their conceptual
understanding compared to before.

This improvement is reflected in the average pretest score of 38.53 and the average
posttest score of 78.53, thus indicating that (Xp,s > Xpre). This shows that the PBL
model has a positive impact on students' understanding, meaning that the null
hypothesis (Ho) s rejected and the alternative hypothesis (Ha) is accepted. In other
words, the application of the PBL model successfully enhances students' conceptual
understanding during the learning process in experimental group 2. This provides
empirical evidence that the PBL model is effective in supporting deeper and more
interactive learning, which can enhance students' conceptual understanding. This is
consistent with previous research by Junaid et al (2021) which found a significant effect
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of PBL implementation on seventh-grade students' understanding of physics concepts
at SMPN 17 Tebo. Wibowo (2018) also stated that PBL is a learning approach that
enables students to develop problem-solving and critical thinking skills in the context
of real-world problems. This approach allows students to gain conceptual
understanding and essential knowledge from the subject matter.

PBL significantly enhances students' understanding, starting with the presentation of
videos about real problems that stimulate curiosity and encourage students to ask
questions. Students show interest in conducting simple experiments and actively
asking questions, especially when using tools like simple devices and Phet practical
links. Working on physics problems increases students' desire to seek information,
while the use of crossword puzzles reinforces critical thinking and collaboration. In the
development and presentation stage, students are able to convey information
effectively, strengthening their understanding. Finally, discussions and feedback
during problem analysis enhance students' critical thinking skills.

The research findings indicate that PBL not only boosts student interest and
participation but also their analytical abilities, in line with findings from other studies
by Junaid et al (2021) which emphasises the effectiveness of this method in learning.
This model is considered quite effective and shows an impact on understanding, as
indicated in Table 7. This aligns with Syarifah etal. (2020), who stated that utilizing the
PBL model can enhance students' understanding because they are motivated to find
solutions independently to the problems presented. PBL is a learning process that
enables students to understand concepts through problems (Silvi et al., 2020).

Comparison Between the Discovery Learning and Problem-Based Learning
Models

The study compared the effectiveness of two learning models, namely DL and PBL, in
improving students' conceptual understanding. To assess differences, an independent
samples t-test was conducted, which is the appropriate statistical method for
comparing two groups. The results of this test will indicate the extent to which
differences in conceptual understanding between students taught using both models
are statistically significant. Below are the results of the independent samples t-test that
was conducted:

Table 6. Independent samples t-test
Test Class Sig.(2-tailed)

Pretest Exper.tment L Equal variances assumed 0,014
Experiment 2
Posttest Expertment 1 Equal variances assumed 0,008

Experiment 2

According to Table 6, the results of the independent samples t-test show a Sig. (2-
tailed) value for the pretest of 0.014 < a (0.05). This indicates a difference in students’
conceptual understanding between the DL and PBL model classes, as measured by
pretest scores—similarly, the Sig. (2-tailed) value for the posttest is 0.008 < a (0.05). This
indicates a notable difference in posttest scores between the DL and PBL model classes.
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To compare the results of conceptual understanding between the two learning models,
an n-gain test was conducted. The primary purpose of this test is to measure each
model's effectiveness in enhancing students' understanding by comparing pretest and
posttest scores. The results of the n-gain analysis will provide a clear picture of the
improvement students achieved after participating in the learning process for each
model. The following n-gain test results show the average results for experimental
classes 1 and 2.

Table 7. Average Results of Comparison Between Experimental Groups 1 and 2

Average . .
Model pretest posttest Improvement N-gain Conclusion
DL 2529 6471 3942 53% Less  effective  with
moderate improvement
PBL 3844 79,69 41,25 70,22% Quite effective with high

improvement

Table 7 shows that the average pretest for the DL group is 25.29, while the average
posttest is 64.71, resulting in an improvement of 39.42. Despite this improvement, the
n-gain for the DL group reaches only 53%, indicating that this model is considered less
effective. Conversely, the PBL group shows an average pretest score of 38.44 and a
posttest score of 79.69, representing an improvement of 41.25. The n-gain for the PBL
group reaches 70.22%, indicating that this model is quite effective in enhancing
students' understanding.

Furthermore, Table 7 provides a more detailed overview of the average test
improvements between experimental classes 1 and 2. The DL group shows a moderate
improvement, indicated by an n-gain of 0.5300. On the other hand, the PBL group
demonstrates a more significant progress, with an n-gain of 0.7022, indicating a high
level of improvement. These results suggest that the PBL learning model is more
efficient at enhancing students' conceptual understanding than the DL model.

This research shows that the PBL model is more effective than the discovery learning
(DL) model in improving students' conceptual understanding, which means that Ho is
rejected and Ha is accepted. The average posttest score for PBL is 79.69, with an n-gain
of 70.22%, whereas DL achieves 64.71 with an n-gain of 53%. This also aligns with
previous research comparing these two innovative models, where Wabula et al,, (2020)
Confirmed that the PBL model is more effective than DL in enhancing students'
understanding. Research conducted in class X at SMA Negeri 1 Ambon showed that
the PBL group outperformed the discovery learning group in cognitive, psychomotor,
and affective skills. Another study by Paramitha et al (2023) also stated that students
taught using the PBL model had higher conceptual understanding than those taught
using the DL model in social studies for eleventh-grade students. Similarly, another
study by Chodijah etal. (2019) found that the Problem-Based Learning (PBL) model is
more effective than the discovery learning model in science subjects for eleventh-
grade students.

This is also in line with their learning experiences in experimental class 2, where PBL
effectively encourages collaboration and discussion among students, enhancing their
engagement in the learning process. This approach creates a more interactive learning
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experience in which students are directly involved in solving real problems. In contrast,
DL tends to show a lack of student enthusiasm despite the stimuli provided. Although
simple experiments and material exploration through media can enhance students'
active attitudes, some students still struggle to understand the concepts being taught.
Thus, PBL is superior to DL because it not only increases active student participation
but also helps students understand the material more deeply through observation and
direct experimentation to solve real problems. Adinata et al (2022) stated that
discovery learning tends to be conducted independently and requires intensive
teacher guidance. Additionally, activities in PBL involve experiments and practical work,
which aligns with Saraswati et al (2018), who noted that in the learning pyramid,
material is more easily absorbed when students conduct observations and experiments
directly. Therefore, it can be concluded that PBL creates a more collaborative and
interactive learning environment, while DL faces challenges in maintaining student
motivation and understanding.

CONCLUSIONS

The results of this study indicate that the use of the Discovery Learning (DL) and
Problem-Based Learning (PBL) models has a positive impact on understanding simple
machines. Although the findings show that the PBL model is more efficient than the
DL model, this does not mean teachers should recommend using the PBL model
exclusively for teaching this material. Both models have proven effective and can be
utilised in teaching simple machines. However, there is initial evidence that PBL tends
to be more effective. Nonetheless, firm conclusions about this comparison need to be
verified through further research involving a larger and more diverse student
population.
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Abstract: This research aims to (1) produce a four-tier instrument in salt hydrolysis, (2) determine the
validity and reliability of the instrument to facilitate students' understanding of salt hydrolysis. The
development of the instrument followed the platform developed by Habiddin & Page (2019), which was
adapted from the Treagust (1988), which consisted of six steps. The results of instrument validation were
81.74% with a very feasible category, yielding 23 valid questions, with a reliability of 0.7985.

Keywords: understanding, four-tier diagnostic instrument, salt hydrolysis

INTRODUCTION

Chemistry is developed through experiments to answer questions about what, why,
and how natural phenomena, particularly those related to the composition, structure,
properties, transformations, dynamics, and energetics of matter. Salt hydrolysis is a
chemistry topic studied by 11th-grade science students in high schools, particularly in
Indonesia (Amala & Habiddin, 2022; Habiddin et al, 2022). Students must not only
acquire knowledge but also engage in critical and creative thinking (Nafiah et al.,, 2025).
Therefore, efforts to uncover students’ deep understanding help inform the design of
proper chemistry teaching. The process of identifying misconceptions can be done
using diagnostic tests. Diagnostic tests are used to determine the cause of students'
learning failures. A diagnostic test is a test used to identify weaknesses
(misconceptions) in specific topics and to provide feedback on students' responses to
improve their performance. A four-tier format has been used in many chemistry studies
for this purpose, including chemical equilibrium (Tyson et al., 1999), chemical bonding
(Amalia & Habiddin, 2024; Peterson et al, 1989; Tan & Treagust, 1999), qualitative
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analysis (Tan et al,, 2002), acid-base properties of salt solutions (Habiddin et al., 2021),
thermodynamics (Sreenivasulu & Subramaniam, 2013), metal transition (Sreenivasulu
& Subramaniam, 2014), chemical kinetics (Habiddin & Page, 2023; Yan &
Subramaniam, 2018) and other topics. The four-tier diagnostic test is an extension of
the three-tier multiple-choice diagnostic test, adding a confidence level for each
answer and reason (Caleon & Subramaniam, 2010). Adding a confidence rating to each
answer and reason can measure differences in students' knowledge levels and help
detect the extent of their misconceptions. The four-tier diagnostic test was developed
to determine how well students have mastered concepts by measuring their
confidence in answering questions.

The first tier of the four-tier diagnostic test consists of multiple-choice questions with
three distractors and one correct answer that students must select. The second tier is
the students' confidence level in determining their answers. The third tier is the reason
students answered the question, consisting of three pre-defined reason options and
one open-ended reason. The fourth tier is the students' confidence level in selecting
the reason (Habiddin & Nofinadya, 2021; Habiddin & Page, 2019).

METHOD

The instrument development in this study adapted the 6-stage procedures, including
(1) concept mapping, (2) testing and interviewing, (3) defining students' unscientific
ideas, (4) developing the four-tier prototype, (5) validating the four-tier prototype, and
(6) refining the final four-tier instrument (Habiddin & Nofinadya, 2021; Habiddin &
Page, 2019). The instrument was evaluated by 2 validators: one lecturer from the
Chemistry Department and one chemistry teacher from a public secondary school in
Tulungagung, East Java, Indonesia. The initial stage employed open-ended multiple-
choice questions and involved 103 students from a public secondary school in
Tulungagung. From this mapping, a set of 30 questions was developed and tested with
another group of 69 students who had studied salt hydrolysis. The empirical data
obtained from students' answers were analysed to determine the validity, reliability,
difficulty level, item discrimination, and distractor effectiveness of the four-tier
instrument of salt hydrolysis.

RESULTS AND DISCUSSION

A total of 23 test items were identified as valid and reliable. Students choose one
answer and one reason that they believe is correct, and they also select their level of
confidence in answering the question and providing the reason. The validation was
conducted to test the feasibility of the developed four-tier diagnostic instrument and
to assess the suitability of the questions, question indicators, and key concepts in the
salt hydrolysis material. The content validation results showed that the developed
instrument had an average percentage of 81.74%, which falls into the very feasible
category (Arikunto, 2021). In empirical validation, a validity level analysis is performed.
Based on calculations, the 23 developed questions were declared valid, with r-
calculated > r-table at a significance level of 0.05. The results of the item validity level
analysis are presented in Table 1.
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Table 1. Validity of Items

Soal 1 2 3 4 5 6 7 8 9 10 11 12
Ty 032 062 0.51 076 075 050 078 036 079 048 087 024
Category Valid Valid Valid Valid Valid Valid Valid Valid Valid Valid Valid Valid

R Tier Ty 046 061 0.23 027 046 049 060 033 064 024 027 028
Category Valid Valid Valid Valid Valid Valid Valid Valid Valid Valid Valid Valid

A Tier

B Tier Iy 039 061 037 051 060 049 069 034 072 036 058 0.26

Category Valid Valid Valid Valid Valid Valid Valid Valid Valid Valid Valid Valid
Soal 13 14 15 16 17 18 19 20 21 22 23

A Tier Iy 049 038 0.55 030 048 040 048 043 0.53 0.46 0.28
Category Valid Valid Valid Valid Valid Valid Valid Valid Valid Valid Valid

R Tier Iy 037 031 029 047 034 040 059 025 0.26 052 0.24
Category Valid Valid Valid Valid Valid Valid Valid Valid Valid Valid Valid

B Tier Iy 0.43 0.35 0.42 038 041 040 054 034 039 049 0.26
Category Valid Valid Valid Valid Valid Valid Valid Valid Valid Valid Valid

The reliability of the 23 items tested was 0.883 for the A tier (answers tier), 0.714 for
the R tier (reason tier), and 0.7985 for the B tier. In the item discrimination power
analysis, in the answer tier (A), there is 1 item categorised as poor, 13 items categorised
as fair, 5 items categorised as good, and 4 items categorised as very good. In the
reason tier (R), there are 7 items categorised as poor, 9 as fair, and 7 as good. In the
both tier (B)/in both tiers, there is 1 item categorised as poor, 15 items categorised as
fair, and 7 items categorised as good. The item difficulty level analysis showed that 9
items were categorised as easy, 14 as moderate, and 1 as difficult in the answer tier
(A). The test results for difficulty level are presented in Figure 1.
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Figure 1. Difficulty indices of Answer Tier (A)

At the reasoning tier (R), 8 questions were considered easy and 15 moderate. The
difficulty level test results are presented in Figure 2.
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Figure 2. Difficulty indices of Reason Tier (R)

At both tiers (B), there are 9 easy questions, 13 medium questions, and 1 difficult
question. The difficulty level test results are presented in Figure 3. The quality of the
distractors (their effectiveness) is measured for each multiple-choice question. The
criteria for determining whether a distractor is functioning well are met if it is selected
by at least 5% of test-takers (Arikunto, 2021). The results of the analysis for each
indicator are presented in a table showing the percentage level of each indicator, which
represents the analysis of misconceptions occurring for each indicator. The results of
the distractor effectiveness calculation are shown in Table 2.
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Figure 3. Difficulty indices of Both Tier (B)
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Table 2. Distractor Effectiveness of Items

1 2 3 4 5 6 7 8

Option

A tier R tier A tier R tier A tier R tier A tier R tier A tier R tier A tier R tier A tier R tier A tier R tier
A 8.70 20.29 53.62 145 57.97 8.70 31.88 68.12 31.88 69.57 15.94 8.70 27.54 17.39 0.00 5.80
B 75.36 3043 24.64 39.13 27.54 68.12 8.70 7.25 14.49 0.00 2.90 2.90 4348 8.70 2.90 60.87
C 11.59 49.28 2.90 11.59 290 15.94 435 435 0.00 13.04 81.16 86.96 290 66.67 5.80 2174
D 4.35 0.00 18.84  47.83 11.59 7.25 55.07 18.84 53.62 17.39 0.00 145 26.09 7.25 91.30 11.59
Opti 9 10 11 12 13 14 15 16
ption A tier R tier A tier R tier A tier R tier A tier R tier A tier R tier A tier R tier A tier R tier A tier R tier
A 20.29 13.04 145 69.57 52.17 63.77 31.88 0.00 78.26 81.16 66.67 5.80 145 69.57 7.25 84.06
B 49.28 63.77 27.54 13.04 15.94 435 2319 13.04 7.25 14.49 11.59 4.35 76.81 13.04 13.04 435
C 145 5.80 69.57 10.14 7.25 18.84 18.84 10.14 10.14 290 2.90 7.25 2174 435 435 8.70
D 28.99 17.39 145 7.25 24.64 13.04 26.09 76.81 4.35 145 18.84 82.61 0.00 13.04 75.36 2.90
Opti 17 18 19 20 21 22 23
ption A tier R tier A tier R tier A tier R tier A tier R tier A tier R tier A tier R tier A tier R tier
A 10.14 145 8.70 82.61 5.80 69.57 28.99 10.14 59.42 5.80 7536 7391 435 2.90
B 78.26 145 57.97 4.35 79.71 5.80 27.54 18.84 24.64 13.04 435 8.70 78.26 13.04
C 435 85.51 145 290 11.59 435 3043 50.72 10.14 60.87 7.25 5.80 7.25 3333
D 7.25 11.59 31.88 10.14 2.90 20.29 13.04 20.29 5.80 20.29 13.04 11.59 10.14 50.72

The students' response when completing this instrument was that they had never done
diagnostic four-tier model questions before. Therefore, some students still felt
confused at the beginning of the test, complaining that the questions were multi-page,
which made them less enthusiastic. Before the pilot test is conducted, the researcher
must also explain in detail the steps for answering the questions. Additionally, students
are unfamiliar with microscopic image questions, leading them to provide less severe
answers and prompting them to guess when responding. Some students, when
answering the level of confidence in choosing answers and reasons, answered
carelessly, either guessing everything or answering with complete certainty. This
indicates that some students are not taking the given questions seriously.

CONCLUSIONS

The study developed 23 questions on salt hydrolysis in a four-tier format, with a
reliability of 0.79, which falls within the acceptable category. The set of 23 questions
was derived from the 30 initial items after applying the validation procedures. All the
items were also found to be valid and suitable to identify secondary school students’
understanding of salt hydrolysis. The confidence level attached to the reason tier for
the instrument uses a 5-point scale (1 = guessing, 2 = unsure, 3 = moderate, 4 =
confident, 5 = very confident) as proposed in the previous study (Habiddin &
Nofinadya, 2021).
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Abstract: This paper outlines the level of validity and reliability of a four-tier diagnostic instrument to
identify the level of understanding of students on electrolyte and non-electrolyte solutions. The
instrument development follows the stages proposed by Habiddin & Page (2019), namely mapping
concepts, testing and interviewing, defining students' unscientific ideas, developing a four-tier
prototype, validating the four-tier prototype, and refining the final four-tier instrument. The product
eligibility percentage is 89.08%, which falls within the very feasible category.
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INTRODUCTION

Difficulties and misconceptions among students regarding electrolyte and non-
electrolyte solutions have been reported in the literature. A study in Padang found that
22.5% students from a public secondary school experienced misconceptions in this
topic (Fany & Ulianas, 2021). Another study in Kalimantan also found that many
students experienced misconceptions in the colligative properties of solutions (Pratiwi
et al,, 2023). While in another study, 64.70% of students experienced misconceptions
about tonic compounds in electrolyte and non-electrolyte solutions (Siswaningsth et
al.,, 2015). Misconceptions can be interpreted as an understanding of concepts that are
incompatible with the concept accepted by the scientific community (Habiddin &
Nofinadya, 2021). Students cannot explain the theoretical basis of electrolyte and non-
electrolyte solutions (Rahmadhany et al, 2023). Or, in other words, students only
memorise, remember, and guess to answer questions about related concepts.
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Students' misconceptions can affect the learning process. In general, students still
maintain misconceptions even after experiencing a different learning process from the
previous one (Kirtkk & Boz, 2012). To identify these misconceptions, an appropriate
instrument is required. Multiple-choice and description questions, which are generally
used as learning evaluation tools, can be used to measure students' level of
understanding. However, both types of instruments have drawbacks. The weakness of
the description questions is that there is a subjective tendency when analysing
students' answers, and the questions contained in the description questions cannot
cover all the material that has been conveyed in learning. Multiple-choice questions,
although considered more efficient for identifying students' understanding, also have
weaknesses. Multiple-choice questions provide a greater opportunity for students to
guess the correct answer than do description questions (Simkin & Kuechler, 2005).
Another weakness is that this type of instrument can only evaluate students' content
knowledge without considering the reasons behind their choice of answers
(Chandrasegaran et al., 2007).

Given these limitations, other instruments are used to assess students' understanding
of concepts. The two-tier multiple-choice instrument was among the first to be
developed. The instrument consists of two levels: the first is multiple-choice questions,
and the second is the reason for choosing an answer at the first level. The weakness of
this type of instrument is that it can only identify students' mistakes when they
experience misconceptions (Pesman & Eryilmaz, 2010). Then, the form is developed by
adding confidence to each item or by using a three-tier multiple-choice instrument.
This instrument also has a weakness: students are allowed to choose only a single
confidence level. The level of confidence of these learners applies to the answers and
reasons for each item. Thus, it cannot be distinguished between students who are sure
of the answers and the reasons they choose, and students who are only sure of the
answers and not of the reasons, or vice versa. This results in difficulties in assessing
and analysing students' answers (Arslan et al., 2012). Based on this description, the
researcher wants to develop a four-tier multiple-choice diagnostic instrument. This
results in difficulties in assessing and analysing students' answers. Based on this
description, the researcher wants to develop a four-tier multiple-choice diagnostic
instrument. This results in challenges in determining and analysing students' answers
(Arslan et al,, 2012). Based on this description, the researcher wants to develop a four-
tier multiple-choice diagnostic instrument.

The four-tier diagnostic test is a four-level test, with each question accompanied by a
question about the student's level of confidence in each answer and the reason they
chose that answer. This instrument allows students to select different levels of
confidence in their answers and reasons, so that researchers can clearly determine each
student's level of understanding (Habiddin & Page, 2019). This diagnostic test has
several advantages, among others. Through a diagnostic test, the teacher can gain a
deeper understanding of students' misconceptions. The teacher can also emphasise
certain parts of the material that require this when they are explained, and then plan
the steps, better learning steps to reduce student misconceptions. Several studies have
employed this type of instrument to identify students’ understanding and
misunderstanding in chemistry (Ardina & Habiddin, 2023; Habiddin et al., 2020, 2022;
Husniah et al., 2019).
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METHOD

This research and development uses a procedure developed by Habiddin & Page
(2019) with six main steps, namely (1) mapping concept, (2) testing and interviewing,
(3) defining students' unscientific ideas, (4) developing the prototype of a four-tier, (5)
validating the prototype four-tier, (6) refining the final four-tier. At the mapping
concept, concept identification, question grid arrangement, and open-reason
multiple-choice instruments were prepared. The concept identification stage aims to
identify, describe and compile concepts that will identify possible misconceptions. The
lecturers and chemistry teachers validated the open-ended multiple-choice instrument
developed in the previous step. The feasibility assessment is based on nine
criteria/components. The suggestions and comments given are used as the basis for
improving or revising the open-reason multiple-choice instrument.

The testing and interviewing stage is a preliminary test conducted using a validated
and revised multiple-choice instrument for open-ended responses. The initial data
collection was conducted with students at the SMA/MA level who had taken the subject
of electrolyte and non-electrolyte solutions. This initial data collection aims to identify
and collect students' non-scientific understanding, so that this understanding can be
used as an alternative concept in the development of a four-tier instrument.

Based on the data obtained from the preliminary test in the previous stage, an analysis
of the answers and reasons was conducted during the stage of defining students'
unscientific ideas. All collected reasons were classified into four categories, namely true
concepts, false concepts, random or guesswork errors, and no reason.

The development of the prototype four-tier stage begins with preparing and
developing a four-tier diagnostic instrument. Then analyse the items used in the initial
data collection. This is done to know and correct invalid items. The four-tier diagnostic
instrument has been validated to determine its feasibility. The validators referred to in
this study were chemistry lecturers of FMIPA UM and chemistry teachers. The validation
sheet at this stage differs from the one for multiple-choice open-ended questions
because it consists of 10 assessment criteria. The validation results are used as a
reference to improve the four-tier diagnostic instrument. The results of the validation,
namely the validator's suggestions and comments as qualitative data, while
quantitative data is a score given by the validator for each item. After the prototype of
the four-tier diagnostic instrument has been validated by the validator, the next step
is to validate the empirical (validating the prototype). The parameters used in the
empirical validation are reliability and validity, Item difficulty level, item difference
power and distractor effectiveness. Based on the results of empirical validation,
improvements/revisions were made to the four-tier diagnostic instrument to identify
students' level of understanding of electrolyte and non-electrolyte solutions, or the
final four-tier refinement stage.

RESULTS AND DISCUSSION

Research and Development Results

The development of a four-tier diagnostic instrument began with an open-ended
multiple-choice instrument. The development of an open-reason multiple-choice
instrument began with mapping the concepts of electrolyte and non-electrolyte
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solutions, which served as the basis for formulating 12 indicators of competency
achievement (GPA). The competency attainment indicators developed do not measure
algorithmic aspects but focus more on conceptual elements. Each predetermined
competency achievement indicator is then developed into question indicators. Thus,
the number of questions for the multiple-choice open-ended instrument being
developed also amounted to 22 items. The open-reason multiple-choice instrument
contains a question and four answer choices, but there are also items with three or two
answer choices. This is because in these questions, it is complicated to make four
homogeneous answer choices. The multiple-choice instrument for the reasons was
then validated by two validators: a lecturer in the Department of Chemistry,
Mathematics and Natural Sciences at UM and a High School Chemistry Teacher.
Meanwhile, the classification results from the initial data collection are used to select
reasons or tier reasons for the prototype of the four-tier diagnostic instrument that
will be developed. The choice of reasons consisted of one genuine concept and three
false concepts, with considerations: concepts that contained misconceptions, logically
incorrect concepts, concepts with high frequency, and concepts with a confidence
rating. Then, the questions on the multiple-choice instrument that allowed open-
ended responses were analysed to determine which items were feasible to develop
into a prototype four-tier diagnostic instrument. The results of the analysis of the items
in the multiple-choice instrument for open-ended responses were based on several
parameters, namely validity, reliability, difficulty level, and item differences.

Table 1. Example of Development Results for a Four-tier Diagnostic Instrument

Indicator of Competence: |dentify the type of solution based on its conductivity.
Indicator Question Answer

FIRST TIER

Sucrose, with the molecular formula C;2H2,013, is dissolved in water. If viewed from

the electrical conductivity, the solution is ... C
A. Strong electrolyte solution

B. Weak electrolyte solution

C. Non-electrolyte solution

SECOND TIER
The level of confidence in the selected answer:
1) Just guessing  2) Not sure 3) Moderate 4) Sure 5) Very sure

Students can identify
non-electrolyte solutions
from the brief
information given.

The product of this research and development is a four-tier diagnostic instrument to
assess students' conceptual understanding of electrolyte and non-electrolyte
solutions, consisting of 13 items. The resulting product specifications are (1) a four-tier
diagnostic instrument developed based on KD. 3.8; (2) the developed four-tier
diagnostic instrument is equipped with instructions on how to work on questions and
a grid of questions consisting of basic competencies, the intended material, indicators
of competency achievement, indicators of questions, items; (3) the developed four-tier
diagnostic instrument consists of four levels, the first tier is in the form of questions
with several answer choices, the second tier is the level of students' confidence in the
answers they choose on a scale of 1-5 (1 = only guessing, 2 = not sure, 3 = moderate,
4 = sure and 5 = very sure), the third tier is a choice of four reasons for the first tier,
and the fourth tier is the level of confidence of students for reasons on a scale of 1-5.
An example of the results of developing a four-tier diagnostic instrument prototype is
shown in the Table 2.
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Table 2. Example of Development Results for a Four-tier Diagnostic Instrument

Indicators of Competence: Identify the type of solution based on its conductivity

Question Answer
THIRD TIER
Which is the correct reason for the answer chosen?
A. C1,H2011 cannot be ionised in water, so it cannot conduct electricity. A

B. Ci1,H»,011 has a small number of ions in the solution.
C. Ci2H3;041 has ions that can move freely in the solution.
D. Ci2H2;041lonises completely in water so that it can conduct electricity.
FOURTH TIER
The level of confidence in the selected answer:
1) Just guessing 2) Not sure 3) Moderate 4) Sure 5) Very sure

Only 13 of the previous 22 items were developed. This occurs because the reasons
derived from respondents'/students' answers are insufficient to serve as the third tier
of a four-tier diagnostic instrument prototype. The four-tier diagnostic instrument that
had been developed was then corrected based on the content validation assessment
by two validators: a lecturer in Chemistry at FMIPA UM and a high school chemistry
teacher. This was done with the aim that the developed four-tier diagnostic instrument
was in accordance with the realms of the material, the realm of construction, and the
realm of language. Several items need to be corrected in response to the validator's
comments and suggestions.

The revised four-tier diagnostic instrument was subsequently empirically validated,
involving 62 respondents from two Class X classes at one of the public high schools in
Ponorogo. Before analysing the items based on the empirical validation results,
students' scores were calculated for each item. The data were divided into three: the
scoring results for the selection of answers (tier answer), the scoring results for the
selection of reasons (tier reason), and the scoring results for the second selection (both
tiers). The guidelines for scoring the answers and reasons are presented in Table 3.

Table 3. Scoring Guidelines (Habiddin & Page, 2019)

Tier Answer (A tier) Tier Reason (R tier) A combination of A tier and R tier
Yes (1) Yes (1) 1
Yes (1) False (0) 0
False (0) Yes (1) 0
False (0) False (0) 0

Data collection was conducted online using Google Forms due to conditions that
prevented in-person collection in classrooms because of the spread of the COVID-19
virus. The four-tier diagnostic instrument for identifying students' conceptual
understanding of the developed electrolyte and non-electrolyte solution has
advantages and disadvantages. The benefits of these four-tier diagnostic instruments
include (1) four-tier diagnostic instruments are still not widely developed in chemistry
education, especially in electrolyte and non-electrolyte solutions, (2) four-tier
diagnostic instruments can be used as tools to identify students' conceptual
understanding of electrolyte and non-electrolyte solution material. The weaknesses of
the developed four-tier diagnostic instrument include the number of answer choices
and the reason for choosing four tiers rather than five, such as the number of answer
choices at the high school level.
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Results of Content Validation and Empirical Validation

Before developing a four-tier diagnostic instrument as a final product, an open-ended
multiple-choice instrument was developed, involving 153 respondents from two X
classes at SMAN 3 Malang and three X classes at SMAN 8 Malang, with the criterion
that they had taken electrolyte and non-solution material. Electrolyte. The instrument's
reliability was in the high category, and all items were valid. In the difficulty level test,
there were 5 questions in the easy category, 16 in the medium category, and 1 in the
difficult category. Meanwhile, the difference calculation showed that 20 items were in
the good category and 2 were in the enough category.

For the developed four-tier diagnostic instrument, both content and empirical
validation were carried out. The content validation results showed that 13 items were
valid, including those in the very feasible and feasible categories. Meanwhile, the
empirical validation of the four-tier diagnostic instrument involved 62 respondents
from two X classes at SMAN 2 Ponorogo who had studied electrolyte and non-
electrolyte solution materials. The calculation of the parameters used in the empirical
validation was divided into scoring results for the selection of answers (tier answer),
for the selection of reasons (tier reason), and for the second selection (both tiers). The
reliability test of the 13 items showed that the three tiers fell within the high category.
The validity of the items on all three tiers was categorised as valid. In the analysis of
the item difficulty level across the three tiers, questions were categorised as easy,
medium, or difficult. Meanwhile, for the test item difference in the three tiers, it was
categorised as sufficient, good and very good. The results of the calculation of the
effectiveness of the distractor for scoring the choice of answers (tier answer) and the
selection of reasons (tier reason) fell within the same percentage range, namely 6.45%
- 72.58%.

CONCLUSIONS

The four-tier diagnostic instrument developed consisted of 13 items with electrolyte
and non-electrolyte solutions. Among other advantages, this four-tier diagnostic
instrument can serve as an evaluation tool to identify students' conceptual
understanding of electrolyte and non-electrolyte solutions. The weakness of the
developed four-tier diagnostic instrument, among others, is that the number of answer
choices and reasons for the four-tier diagnostic instrument is less than five, such as the
number of answer choices at the high school level, so that it can be used as a tool for
evaluating learning outcomes based on the school curriculum; adjustments need to be
made. Further research is required to disseminate this four-tier diagnostic instrument
more widely. This was done to obtain a large number of respondents to assess the
product's effectiveness in identifying students’ understanding of concepts in
electrolyte and non-electrolyte solutions.
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Abstract: This study aims to determine the feasibility of a four-tier diagnostic instrument on salt
hydrolysis. The development uses a four-tier diagnostic instrument development procedure by
Habiddin & Page (2019) with 6 stages: concept identification, initial test and interview, identification of
unscientific student concepts, development of a four-tier diagnostic instrument prototype, prototype
validation, and final prototype improvement. The four-tier diagnostic instrument was developed from a
multiple-choice instrument open to reasons for capturing student concepts. At last, the finding from
this research and development obtained the final product in the form of a four-tier diagnostic
instrument with 27 questions that have four levels (tier), the first tier is in the form of questions and
answers, second tier is in the level of confidence in the answer chosen, third tier is in the form of selecting
the first tier, and the fourth tier is the level of confidence in the reasons chosen. The level of confidence
is measured on a scale of 1-5. The instrument developed has an average content validity of 89.45%, with
a very decent category and very high reliability (0.858). This shows that the developed four-tier
diagnostic instrument is highly feasible for identifying students' misconceptions about salt hydrolysis
material.

Keywords: four-tier diagnostic instruments, misconceptions, salt hydrolysis, students’ understanding

INTRODUCTION

Salt hydrolysis is one of the chemistry topics taught in 11th-grade high school,
according to the 2013 Curriculum. The complex nature of this material lies in the
interconnectedness of the concepts being studied with previous concepts. To
understand salt hydrolysis well, students are required to understand reaction
equilibrium, the dissociation process, and the acid-base properties of reactants and
products (Orwat et al, 2017). Additionally, salt hydrolysis is one of the most essential
topics in the field of acid-base reactions, yet it is often misunderstood (Secken, 2010).
Misconceptions are widely held understandings that do not align with scientific
experts' understanding (Pesman & Eryilmaz, 2010). These misconceptions are generally
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very difficult to change and can persist for a long time, especially if the teacher-
designed classroom learning does not facilitate conceptual change (Demircioglu et al,,
2005). Misconceptions that occur in students during learning can hinder their complete
understanding of the material.

The research results of Maratusholihah et al. (2017) state that 28.12% of students
consider salt hydrolysis to be a reaction between water and salt cations or anions,
producing H3O* and OH- ions, because water breaks down the salt into its cations and
anions. Additionally, 18.75% of students believe that salts derived from strong acids
and weak bases are acidic because they undergo anion hydrolysis, producing H3O*
ions, thus increasing the concentration of H3O* ions in water. Furthermore, Orwat et
al. (2017) reported that 92% of students correctly stated that ZnCl; solutions are acidic,
but the reaction equations they wrote were incorrect. Based on his research, 55% of
students noted that the MgCl, solution was neutral, and 38% correctly stated that
MgClz was acidic. Most students who answered correctly wrote the hydrolysis reaction
with Mg(OH)> as a product, with 70% of them using a one-way arrow (—). In
comparison, 10% of the students who answered correctly wrote the hydrolysis reaction
with MgOH* as a product. Based on the description, it can be concluded that students
have not fully mastered the material on salt hydrolysis.

Students’ misconceptions can be identified using several methods, including
interviews (Osborne & Gilbert, 1980), concept maps (Novak, 1990), open-ended tests
(Taber, 1999), multiple-choice tests (Beichner, 1994), short answer (Billah et al., 2024),
Multi-tier instrument (Amala & Habiddin, 2022; Ardina & Habiddin, 2023; Gurel et al,,
2015, 2017; Habiddin & Page, 2023; Laliyo et al,, 2021) and others. Each instrument
used to identify these misconceptions has its own advantages and disadvantages.
Among the various methods for identifying misconceptions, the four-tier diagnostic
instrument is effective. This test component consists of the first level, which is
questions and answers with distractors; the second level is the confidence level of the
answers at the first level; the third level is the reason for the answers at the first level;
and the fourth level is the confidence level for the chosen reason (Gurel et al.,, 2017).
This four-tier diagnostic instrument allows students to express their different levels of
confidence in their answers and reasons, so that students' understanding level can be
accurately determined (Habiddin & Page, 2019).

Research on misconceptions regarding salt hydrolysis material has been conducted by
Orwat et al. (2017) using questions with four competency tasks, Amelia et al. (2014)
using the CRI technique, (Tuysuz, 2009; Ulfah et al,, 2024) using a two-tier diagnostic
instrument, and Secken (2010) using multiple-choice and open-ended tests. Based on
the literature, no prior research has examined the identification of students'
misconceptions about salt hydrolysis using a four-tier diagnostic instrument. Given the
advantages of the four-tier diagnostic instrument as described, it is hoped that it will
be easier to identify students' understanding of salt hydrolysis.

METHOD

The development of the four-tier diagnostic instrument in this study adapts the
procedure developed by Habiddin & Page (2019) based on the two-tier diagnostic
instrument development procedure by Treagust (1988), with modifications to suit.
There are six stages involved in developing a four-tier diagnostic instrument: (1)
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Concept mapping, (2) Initial testing and interviewing, (3) Identifying students'
unscientific concepts, (4) Developing a prototype four-tier diagnostic instrument, (5)
Validating the prototype, and (6) Refining the final prototype.

The research subjects for the initial test were students from class XI of SMAN 2 Pare,
including classes XI IPA 1, XI IPA 3, and Xl IPA 5, totalling 96 students. The research
subjects for empirical validation were students from class XI of SMAN 2 Pare, including
classes XI IPA 6 and XI IPA 7, totalling 71 students. Content validation was carried out
by 1 chemistry lecturer and 2 high school chemistry teachers. The instrument used
during the inttial test was 30 open-ended multiple-choice questions. The instrument
used during empirical validation was a 28-question four-tier diagnostic instrument.

The instrument used for content validation of the four-tier diagnostic instrument was
a validation questionnaire with ten assessment indicators. Data analysis techniques
include content validation, data analysis, and empirical validation. Empirical validation
analysis includes test reliability analysis, item difficulty level, item discrimination power,
distractor effectiveness, and item validation. An empirical validation analysis was
conducted for each tier: A tier (Answer), R tier (Reason), and B tier (Both).

RESULTS AND DISCUSSION
Short Answer Question
Reliability

The test reliability was 0.863, indicating that the test items are highly reliable and can
be used to develop a four-tier diagnostic instrument.

Validity

The validity test results show that 27 items are valid and 3 are not, namely items 5, 20,
and 24. The invalid items are considered for revision.

Table 1. Validity of short answer questions

No R category No R category No R category
1 0.655 Valid 11 0.550 Valid 21 0.351 Valid
2 0.569 Valid 12 0.440 Valid 22 0417 Valid
3 0.488 Valid 13 0.334 Valid 23 0.460 Valid
4 0.457 Valid 14 0.511 Valid 24 0.001 Invalid
5 0.191 Invalid 15 0.496 Valid 25 0.440 Valid
6 0.327 Valid 16 0.361 Valid 26 0.515 Valid
7 0.571 Valid 17 0414 Valid 27 0474 Valid
8 0.558 Valid 18 0.528 Valid 28 0.571 Valid
9 0.422 Valid 19 0.369 Valid 29 0.543 Valid
10 0.658 Valid 20 0.070 Invalid 30 0.663 Valid
Difficulty Level (P)

Table 2 shows that there are 6 easy questions, 22 moderate questions, and 2 difficult
questions.
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Table 2. Difficulty level of short answer questions

No P Category No P Category No P Category
1 0.58 moderate 11 0.30 difficult 21 0.52 moderate
2 0.71 easy 12 0.46 moderate 22 0.71 easy
3 041 moderate 13 0.88 easy 23 0.64 moderate
4 0.48 moderate 14 0.55 moderate 24 0.39 moderate
5 0.95 easy 15 0.52 moderate 25 0.60 moderate
6 0.30 difficult 16 0.63 moderate 26 0.68 moderate
7 0.66 moderate 17 0.58 moderate 27 0.66 moderate
8 0.72 easy 18 0.69 moderate 28 0.55 moderate
9 0.64 moderate 19 0.50 moderate 29 0.68 moderate

10 0.54 moderate 20 0.55 moderate 30 0.70 easy

Distractor effectiveness (D)

The results of the distractor effectiveness calculation show that 16 questions have
ineffective distractors, as the students who chose those distractors did not constitute
5% of the total test takers. Based on the analysis of Tables 1, 2, and 3, it is concluded
that questions 5 and 24 were not selected for development into a four-tier diagnostic
instrument. The four-tier diagnostic instrument was developed based on 28 open-
ended multiple-choice questions.

Table 3. The percentage of the distractor effectiveness of short answer questions

No

T 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
A 146 694 430 154 00 267 32 718 126 178 108 278 64 273 258
B 125 133 172 505 20 167 677 156 74 189 349 189 894 602 161
C 146 820 269 264 948 244 32 1.0 635 56 120 44 4.2 9.0 53.8
D 583 620 130 132 31 322 258 115 157 578 422 489 00 34 7.5
g:t 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

A 5.7 102 159 527 595 163 756 1.0 222 115 739 4.5 12.8 43 128
B 241 239 750 187 326 239 189 663 259 0.0 10.2 4.5 191 129 779
C 68.9 7.9 79 14.3 6.7 54.3 33 304 457 604 114 202 564 129 23
D 11 63.6 11 14.3 0.0 5.4 2.2 2.1 6.1 230 45 708 117 699 69

Four-tier instrument
Content Validity

The average percentage of instrument feasibility obtained based on content validation
was 89.45%. According to Arikunto's (2015: 89) criteria for feasibility levels, the four-
tier diagnostic instrument developed by the researcher met the very feasible criteria,
so no significant revisions were needed. The four-tier diagnostic instrument was only
partially revised in response to suggestions from the validators prior to testing.

Empirical validity

Reliablity. Reliability for the B tier (0.858) is higher than for the A tier (0.864) and R
tier (0.775). Based on the analysis, the reliability level for the A tier is very high, and
for the R tier, it is high. Meanwhile, the reliability level for the entire test (B tier) is
very high.

Difficulty Level Based on the average, the developed instrument is moderately difficult.
The average of the difficulty index for the A tier (0.53) is lower than that for the R tier
(0.55), indicating that more students chose the correct option for the reason (R tier)
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than for the answer (A tier). This suggests that most students understand the concept
well. Meanwhile, the difficulty index for the B tier (0.42) is lower than that for the A and
R tiers because, to answer correctly, students must have a good understanding.

Table 4. Difficulty Level of A, R, and B tiers.

No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Atier 065 080 059 042 056 065 066 051 065 038 027 056 069 073
Rtier 066 072 061 044 075 061 054 072 049 034 030 041 058 076
Birm 059 070 051 041 049 055 045 046 034 028 015 034 052 069

No 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Atier 027 021 023 066 046 046 052 038 061 056 061 055 063 063
Rtier 045 041 039 055 051 075 044 031 049 035 066 055 083 073
Btier 015 017 017 049 041 042 035 025 041 034 051 045 062 058

Discriminatory Indices. The analysis results show that the DI for the A, R, and B tiers
ranged from poor to good, with no test items having a very good DI. Items 12 and 16
each had a negative DI value of -0.10 and -0.04, respectively. This indicates that the
questions cannot distinguish between students with good conceptual understanding
and those with low conceptual understanding, so the questions need to be revised.
However, there are several considerations before making revisions. In some cases,
items with low DI values can be retained because the primary purpose for developing
the items was to identify students' conceptual understanding, not to differentiate
between high-achieving and low-achieving students (Habiddin & Page, 2019).

Table 5. Discriminatory indices of A, R, and B tiers using Pearson Correlation

No 1 2 3 4 5 6 7 8 9 10 11 12 13 14
A tier 049 0,40 038 044 043 038 057 049 021 036 025 0,38 052 043
R tier 0,52 0,46 041 030 051 018 027 029 030 027 0,08 -010 069 043
B tier 0,49 0,54 049 030 047 024 038 047 027 027 025 0,10 069 0,52

No 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Atier 0,19 0,13 016 057 013 035 024 002 041 043 029 041 040 040
Rtier 021 -004 033 052 o015 035 035 010 047 007 035 041 012 0,20
B tier 0,25 0,05 016 058 013 033 036 016 052 016 044 0,49 043 0,29

Distractor Effectiveness. Based on the analysis results, most distractors are effective,
as 84.5% were chosen by more than 5% of test participants.
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Table 6. Distractor Effectiveness for each option

No 1 2 3 4 5 6 7
Opt Atier Rtier Atier Rtier Atier Rtier Atier Rtier Atier Rtier Atier Rtier Atier R tier
A 845 6620 80.28 2.82 1408 2254 5.63 5.63 9.86 7.04 2676 1831 1268 11.27
B 19.72 7.04 845 7183 5915 1408 4225 845 1408 423 423 1831 11.27 1972
C 7.04 1549 563 1127 1268 60.56 423 4366 1972 7465 423 282 6620 5352
D 6479 1127 5.63 14.08 14.08 2.82 4789 4225 5634 1408 6479 60.56 9.86 1549
No 8 9 10 11 12 13 14
Opt Atier Rtier Atier Rtier Atier Rtier Atier Rtier Atier Rtier Atier Rtier Atier R tier
A 50.70 1127 19.72 3099 38.03 7.04 2113 2958 2535 3380 14.08 1408 7324 11.27
B 15.49 4.23 7.04 4930 4225 3380 33.80 14.08 5634 4085 1268 1408 16.90 76.06
C 19.72 1268 6479 12.68 845 1690 1831 1408 1268 1831 69.01 14.08 4.23 141
D 14.08  71.83 8.45 7.04 1127 4225 2676 42.25 5.63 7.04 423 5775 563 11.27
No 15 16 17 18 19 20 21
Opt Atier Rtier Atier Rtier Atier Rtier Atier Rtier Atier Rtier Atier Rtier Atier R tier
A 26.76 4507 3239 2535 1831 14.08 1972 53,52 1127 4930 7.04 7465 1549 16.90
B 2254 1268 2535 2394 4085 3944 6620 14.08 2535 2676 1690 9.86 1268 16.90
C 2817 1831 2113 4085 2254 2676 563 16.90 4648 1549 2958 1268 5211 43.66
D 2254 2394 2113 986 1831 19.72 845 14.08 4507 7.04 4648 2.82 1972 22.54
Soal 22 23 24 25 26 27 28
Opsi  Atier Rtier Atier Rtier Atier Rtier Atier Rtier Atier Rtier Atier Rtier Atier R tier
A 5352 4930 6056 2113 423 3521 6056 1268 1408 5493 282 423 6338 9.86
B 38.03 3099 1127 1831 2394 3944 1972 6620 1690 16.90 2817 8310 986 11.27
C 563 1408 1831 1127 56.34 1549 986 1408 14.08 1268 6338 845 2254 7324
D 2.82 563 986 4930 1549 986 986 7.04 5493 1549 563 423 423 5.63

Validity. The analysis results show that most of the developed questions are valid, but
some items are not. A total of 3 questions were invalid at the A tier, 5 questions were
invalid at the R tier, and 4 questions were invalid at the B tier. These invalid questions
need to be considered for revision based on other parameters, namely difficulty level,
discrimination index, and distractor effectiveness. Based on empirical validation
analysis, item 16 was discarded, items 9, 10, 11, 12, and 19 were retained with revisions,
and items 15 and 22 did not require revision.

Table 7. Validity of A, R, and B tiers

No 1 2 3 4 5 6 7 8 9 10 11 12 13 14
A tier Iy 0.483 0,01 0.399 0456 0.497 0.488 0.621 0.544 0.367 0.388 0417 0.429 0.615 0.628
R tier Iy 0.624 0.611 0.577 0.329 0.608 0.308 0.377 0.373 0.229 0.389 0.119 -0.140 0.660 0.452
B tier n 0.582 0.603 0.628 0417 0.613 0.407 0.547 0.556 0.181 0421 0.344 0.121 0.728 0.645

No 15 16 17 18 19 20 21 22 23 24 25 26 27 28
A tier Iy 0.286 0.179 0.400 0.641 0.216 0.424 0.295 0.106 0.511 0.560 0.447 0.476 0.484 0.469
R tier Iy 0.224 0.044 0.484 0.574 0.233 0.329 0.483 0.231 0.517 0.283 0.481 0.512 0.232 0.262
B tier Iy 0.442 0.196 0371 0.646 0.274 0.331 0.534 0.201 0.561 0.320 0.576 0.509 0.475 0.407

CONCLUSIONS

The resulting product development is a four-tier diagnostic instrument to identify
misconceptions of 11th-grade science students regarding salt hydrolysis material. The
developed instrument consists of 27 questions. The specifications of the resulting
product are: (1) The developed four-tier diagnostic instrument consists of four tiers,
with the first tier being questions and answers with four answer options, the second
tier representing students' confidence level in choosing the first tier on a scale of 1-5
(L=guessing only; 2=not sure; 3=moderate; 4=sure; 5=very sure), the third tier being
the reason for the first tier, and the third tier being the confidence level for the reason
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on a scale of 1-5 (1=guessing only; 2=not sure; 3=moderate; 4=sure; 5=very sure); (2)
The reason choices used are based on students' reasons in the open-ended multiple-
choice initial test and relevant literature; (3) The developed four-tier diagnostic
instrument consists of at least one question per indicator; (4) The instructions for
answering the questions in the developed instrument include general instructions for
answering the presented questions.
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