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    ABSTRACT

    This study aims to develop a Student Activity Sheet (SAS) using mind mapping strategies that can be applied as a learning tool to enhance students’ creative thinking skills in the topic of buffer solutions. This study employs a Research and Development (R&D) approach using the 4D model (Define, Design, Develop, Disseminate), with a focus on the Develop stage. A limited pilot test was conducted at State Senior High School 22 Surabaya involving 36 11th-grade students using a One-Group Pre-Test Post-Test design. Feasibility was evaluated based on validity, practicality, and effectiveness. The SAS was deemed valid by three validators with a mode of ≥ 4 on all aspects of content and construct validity. In terms of practicality, the average lesson implementation reached 97.83%, student activity 98.82%, and student response 96.67%, all categorized as highly practical. Regarding effectiveness, the pre-test and post-test for mind mapping showed an average N-gain score of 0.76 (high category), while creative thinking skills showed an average N-gain score of 0.72 (high category). These results indicate that SAS with the mind mapping strategy is suitable for use as a learning tool to enhance students’ creative thinking skills regarding buffer solutions.
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INTRODUCTION


Chemistry is
a branch of science that studies matter, including its properties, structure,
and the changes that occur within it. In chemistry education, there are two
main, interrelated aspects: chemistry as a process and chemistry as a result.
These two aspects must be taught in an integrated manner so that students gain
a comprehensive and meaningful understanding of the concepts (Priliyanti et
al., 2021).


The
implementation of the Merdeka Curriculum provides an opportunity to create
learning that is more flexible, contextual, and student-centered. This approach
supports the development of 21st-century competencies, one of which is creative
thinking skills, which also aligns with the Pancasila learner profile, such as
critical thinking, creativity, independence, and cooperation (Taruklimbong
& Muniarti, 2024). Creative thinking skills are crucial because they enable
students to generate new ideas, strategies, or solutions to solve problems
innovatively (Putri & Alberida, 2022).


In the
learning process, teachers play a crucial role as facilitators capable of
creating a learning environment that fosters students’ creativity. One approach
that can be taken is through the development of innovative learning materials,
such as Student Activity Sheets (SAS). LAPD is a teaching material designed to
help students understand concepts, develop skills, and apply knowledge in
active learning activities (Suwastini et al., 2022). The creative and
innovative use of LAPD can improve students’ learning outcomes, knowledge, and
skills, including creative thinking skills.


The
development of LAPD must be supported by appropriate learning strategies to
make learning more effective and meaningful. One strategy considered capable of
enhancing creative thinking skills is mind mapping. This strategy helps
students organize information visually through the use of keywords, symbols,
colors, and images, thereby facilitating the understanding and connection of
learning concepts (Sulistiowati & Mitarlis, 2021). Additionally, mind
mapping facilitates students in transferring information from short-term memory
to long-term memory, making learning concepts easier to understand and retain (Kustian,
2021).


The
effectiveness of the mind mapping strategy can be further enhanced when
combined with the Think-Pair-Share (TPS) cooperative learning model. The TPS
model provides students with the opportunity to think independently, discuss
with a partner, and share their ideas with the rest of the group. These stages
support the mind mapping process because students can develop and elaborate on
ideas through social interaction (Titu et al., 2024). Thus, the
combination of mind mapping strategies and the TPS model can create more
active, innovative, and meaningful learning (Fachrul & Nulizawati, 2023).


In
chemistry education, one topic students often find challenging is buffer
solutions. This topic encompasses interconnected concepts, such as definitions,
mechanisms of action, components, types, and their applications in daily life (Genes
et al., 2020). The complexity of these concepts means that students need
advanced thinking skills, including creative thinking skills, to be able to
understand and connect each concept comprehensively (Sariati, et al., 2020).


An
interview with a chemistry teacher at a public high school in Surabaya revealed
that students struggle to understand buffer solutions due to the large number
of concepts and terms they must grasp. Furthermore, instruction remains
dominated by the use of textbooks and online resources, so there are currently
no learning materials based on mind mapping strategies for this topic.
Preliminary survey results also indicate that most students find buffer
solutions difficult to understand and uninteresting. Students have difficulty
remembering and connecting the concepts they have learned. On the other hand,
the majority of students stated that the use of colorful, illustrated, and
concise learning media can help them understand the material more easily.


Given
these conditions, the development of a LAPD using a mind mapping strategy is
deemed necessary to help students organize buffer solution concepts visually
and systematically. The use of this strategy is expected to enhance creative
thinking skills while helping students understand buffer solution material more
effectively.


 


LITERATURE
REVIEW


Student
Activity Sheet (SAS)


A Student
Activity Sheet (SAS), referred to in Indonesian as Lembar Aktivitas Peserta
Didik (LAPD), is an instructional material used to guide students in applying
learned concepts to real tasks. It is a printed learning resource containing
structured activities designed to develop students' skills and facilitate the
teaching-learning process (Suwastini et al., 2022). A well-designed and
innovative SAS contributes significantly to improved learning outcomes and
skill development.


 


Mind
Mapping Strategy


Mind mapping
is a visual representation technique originally developed by Tony Buzan. It
organizes information radiating outward from a central concept using keywords,
colors, symbols, and images. In the context of learning, mind mapping
stimulates both logical and creative brain functions, enabling students to see
relationships between concepts more clearly and systematically (Kustian, 2021). The
process of creating a mind map involves: (1) placing the main idea at the
center; (2) branching out with related sub-topics; (3) using keywords, colors,
and images on each branch; and (4) connecting related concepts through curved
lines. These steps directly align with the four aspects of creative thinking:
fluency (generating many keywords), flexibility (categorizing concepts from multiple
perspectives), elaboration (adding detailed sub-branches), and originality
(creating unique visual representations).


 


Think-Pair-Share
(TPS) Cooperative Learning Model


The
Think-Pair-Share model is a cooperative learning structure developed by Frank
Lyman (1981). It involves three stages: (1) Think: students reflect
individually on a question or task; (2) Pair : students discuss their ideas
with a partner; and (3) Share: pairs present their findings to the class. This
model encourages individual accountability, peer interaction, and collaborative
knowledge construction (Rukmini, 2020), making it an ideal complement to
mind mapping activities.


 


Creative
Thinking Skills


Creative
thinking is a higher-order thinking skill that enables individuals to generate
novel and useful ideas, products, or solutions (Munandar, 2012). In educational
contexts, creative thinking is characterized by four key aspects: (1) Fluency
is the ability to generate many ideas; (2) Flexibility is the ability to
produce diverse categories of ideas; (3) Originality is the ability to generate
unique and unusual ideas; and (4) Elaboration is the ability to develop and
enrich an idea with detail (Kusumanigrum et al., 2020).


 


Buffer
Solutions


Buffer
solutions are aqueous solutions that resist significant changes in pH upon the
addition of small amounts of acid or base. They consist of either a weak acid
paired with its conjugate base (acid buffer), or a weak base paired with its
conjugate acid (basic buffer). The topic encompasses concepts of buffer
components, working mechanisms, preparation methods, pH calculations, and
real-world applications. That’s all of which require students to integrate
multiple interrelated concepts and thus provide an ideal context for developing
creative thinking skills.


 


METHODOLOGY


This research
follows a Research
and Development (R&D) approach using the 4D development model (Thiagarajan et
al., 1974), consisting of four stages: Define, Design, Develop, and
Disseminate. However, the study was limited to the Develop stage, specifically
the product pilot test. A One-Group Pre-Test Post-Test Design was applied in
the pilot test phase.


This research
was conducted at
SMAN
22 Surabaya involving Grade 11 students in the 2025/2026 academic year. Development
of a Student Activity Sheets on buffer solutions using a mind mapping strategy,
incorporating several instruments to collect data during the development
process, including pretest-posttest questions, a validation sheet, and a
student response questionnaire. There are three aspects analyzed in the
development of this Student Activity Sheets, namely validity, practicality, and
effectiveness.


The validity
analysis of the Student Activity Sheets on buffer solutions topic using the
mind mapping strategy was measured based on two aspects: content and media,
using a Likert scale (Riduwan, 2015).


Table 1. Likert Scale Scores





 
  	
  Rating Scale

  
  	
  Value

  
 

 
  	
  5

  4

  3

  2

  1

  
  	
  Excellent

  Good

  Average

  Not Good

  Bad

  
 







The scores
were analyzed using the mode, or the most frequently occurring value. The data
obtained from the Student Activity Sheets validation process is ordinal data.
Ordinal data cannot be analyzed using mathematical operations, so the process
of analysis and drawing conclusions or making decisions is carried out by
examining the mode of the data (Lutfi, 2021).


The
practicality of the Student Activity Sheets on buffer solution using a mind
mapping strategy was assessed through a questionnaire on student responses
following the Student Activity Sheets pilot test. The practicality of the LAPD
was analyzed using the Guttman scale, with scoring guidelines as shown in the
following table:


Table 2. Guttman Scale Assessment Guidelines





 
  	
  Score

  
  	
  Answer

  
 

 
  	
  1

  0

  
  	
  Yes

  No

  
 







 


The results
of the student response survey were compiled into percentages using the
following formula:





The Student
Activity Sheets is considered practical if the percentage score is above 61%. The
interpretation of student responses follows Table 3.


Table 3. Student Response Criteria





 
  	
  Percentage (%)

  
  	
  Criteria

  
 

 
  	
  0-20

  21-40

  41-60

  61-80

  81-100

  
  	
  Very bad

  Bad

  Average

  Good 

  Excellent

  
 







 


The
effectiveness of the LAPD was measured based on students’ performance on the
post-test. The increase in pretest and post-test scores used to measure the
effectiveness of the Student Activity Sheets for buffer solutions using the
mind mapping strategy was analyzed using the N-gain score calculation. The N-gain
score formula: 





The SAS was
considered effective if  ≥ 0.3
(moderate) or  ≥ 0.7
(high) (Hake, 1998). Data normality was verified using the Shapiro-Wilk test.


 


RESULTS
AND DISCUSSION


Define
Stage


The initial
stage of this study was the definition stage, which aimed to identify and
define all elements necessary for the learning process, as well as to gather
various pieces of information to support the development of Student Activity
Sheets (SAS). The information collection process was conducted by distributing
a pre-research questionnaire regarding buffer solutions, covering the teaching
and learning process, the learning models or strategies used, and the learning
tools used and accepted by the students. Subsequently, the collected data was
further analyzed during the definition phase.


Some of the
basic steps that will be outlined in the define phase include front-end
analysis, student analysis, task analysis, concept analysis, and formulating
learning objectives. 


The front-end
analysis revealed that 91.4% of students found buffer solutions difficult,
88.6% struggled with connecting related concepts, 97.1% needed diverse learning
strategies, and 94.3% had not experienced mind mapping in chemistry learning.
Student analysis confirmed that Grade 11 students (average age 16–17) are in
Piaget's formal operational stage, making them cognitively ready to develop
creative thinking through mind mapping activities.


Task analysis
identified three learning sessions aligned with buffer solution sub-topics.
Concept analysis produced a concept map covering buffer definition, components
(acid buffer: weak acid + conjugate base; basic buffer: weak base + conjugate
acid), working mechanisms, pH calculation, preparation, and real-life
applications. Learning objectives were formulated to correspond to Merdeka
Curriculum learning achievement targets.


 


Design
Stage


Three Student
Activity Sheets were designed, each incorporating TPS syntax and mind mapping
activities. The initial design included: a cover page, learning objectives,
contextual phenomena as motivation, information/content sections, a scaffolded
mind mapping worksheet (blank mind map with guidance), laboratory procedure
sheets (for Student Activity Sheets 2 and 3), discussion worksheets, practice
problems, and a share/presentation section.


 


Develop
Stage: Validity


Following
expert review and revision, the SAS was validated by three validators. The
validation results are presented in Table 4.


Table 4. Validation Result of Student
Activity Sheets



 
  	
  Validity Aspect 

  
  	
  Mode

  
  	
  Category

  
 

 
  	
  Content 1:
  Alignment with Curriculum

  Content 2: Material
  accuracy

  Content 3:
  Alignment with TPS Model

  Content 4:
  Alignment with Mind Mapping Strategy

  Content 5:
  Alignment with Creative Thinking Aspects

  Content 1: Language
  clarity

  Content 2: Presentation
  quality

  Content 3: Visual/graphic
  quality

  
  	
  4

  4

  4

  4

   

  4

   

  5

  4

  5

  
  	
  Valid

  Valid

  Valid

  Valid

   

  Valid

   

  Very Valid

  Valid

  Very Valid

  
 




            The
results of the content validity assessment yielded a mode score of 4. These
results indicate that the Student Activity Sheets on buffer solutions using the
mind mapping strategy is classified as good in terms of content validity. 


            Construct
validity assesses whether the developed Student Activity Sheets truly measures
what it is intended to measure, namely students’ creative thinking skills
through the use of mind mapping strategies. This construct validity was
assessed by media and materials experts who evaluated whether the activities in
the Student Activity Sheets can encourage students to think creatively, as well
as how mind mapping is applied in the activities to facilitate conceptual
understanding. The mode score for construct validity is 4 and 5, so in terms of
construct validity, the Student Activity Sheets falls into the “good” category.



The
results of the validation process indicate that the mode scores obtained for
both 


indicators fall into
the good category, with a mode score of 4. This indicates that the developed
Student Activity Sheets possesses a good level of validity, both in terms of
content and construct, and is therefore deemed suitable for use in the learning
process. 


Practicality
was assessed through three indicators: lesson implementation, student activity,
and student response. For lesson implementation, the average lesson
implementation percentages were 98.15% (Meeting 1), 97.83% (Meeting 2), and
100% (Meeting 3), yielding an overall mean of 98.66%, categorized as very good.
The only slightly lower phase was Phase 4 (Guiding Groups) in Meeting 2, at
94.67%, due to the complexity of the laboratory procedure. For student
activity, the average percentages of relevant student activity were 98.01%
(Meeting 1), 98.45% (Meeting 2), and 100% (Meeting 3), with an overall mean of
98.82%, categorized as very good.


The very high
practicality scores indicate that the Student Activity Sheets was
effectively implemented in real classroom settings. The near-perfect lesson implementation
percentages suggest that the TPS-based instructional syntax embedded in the Student
Activity Sheets was
practical and executable for the teacher. The high student activity percentages
confirm that students were consistently engaged in relevant learning
activities, with minimal off-task behavior across all three meetings. 


The next is
students response. Analysis of student response questionnaires showed an
average positive response of 96.67%, categorized as very practical. The lowest response
item was related to the difficulty of mind mapping steps (90%), while the
highest was related to the learning atmosphere and the usefulness of the
Student Activity Sheets (100%). The summary of students response result showed
in Table 5.


Table 5. Summary of Student Response Results



 
  	
  Indicator 

  
  	
  Response (%)

  
  	
  Category

  
 

 
  	
  Learning activity

  Content criteria 

  Presentation criteria 

  Language criteria

  Creative thinking skills

  Mind mapping 

  Overall Mean

  
  	
  98,45

  97,22

  97,68

  95,84

  94,44

  94,62

  96,67

  
  	
  Very Practical

  Very Practical

  Very Practical

  Very Practical

  Very Practical

  Very Practical

  Very Practical

  
 




 


The
following are examples of Student Activity Sheets completed by the students



  
    [image: ]
    
  



Figure 1. The example of SAS


 


The very
positive student responses further indicate that students found the SAS to be
helpful and enjoyable. The slightly lower response scores for mind mapping
activity steps suggest that some students initially found the technique
unfamiliar, which highlights the importance of explicit scaffolding, a feature
intentionally incorporated into the SAS design to ease the transition to
independent mind mapping.


Effectiveness
was measured through pre-test and post-test scores for both mind mapping and
creative thinking skills. The Shapiro-Wilk normality test confirmed that data
were normally distributed (p > 0.05), permitting the use of N-gain analysis.
Table 6 presents the detailed effectiveness results of mind mapping assessment.


Table
6. Effectiveness Results of Mind Mapping Assessement





 
  	
  Mean Pre-test

  
  	
  Category

  
  	
  Mean Post-test

  
  	
  Category

  
 

 
  	
  38,15

  
  	
  Less creative

  
  	
  84,75

  
  	
  Very creative

  
 







 


The average
pre-test score was 38.15, which fell into the Less Creative category,
indicating that students initially demonstrated limited ability in organizing
and expressing ideas through mind mapping activities. Following the
implementation of the developed learning materials, the average post-test score
increased significantly to 84.75, placing students in the Very Creative
category. Furthermore, the calculated average N-gain score was 0.76, which is
categorized as high. This finding indicates that the implementation of the
developed learning approach effectively enhanced students’ creativity in
constructing and developing mind maps.


The
improvement in students’ mind mapping performance can be attributed to the
characteristics of the mind mapping strategy, which allows learners to organize
information visually and establish relationships among concepts. Through the
use of keywords, branches, colors, and interconnected ideas, students are
encouraged to actively process information and construct meaningful
understanding. This process may support students in generating more varied and
structured ideas, resulting in improved creativity in their learning
activities. In
addition to the pretest and posttest, the students’ creative thinking skills
were also assessed through an evaluation of the mind maps they created during
the learning process. The following are examples of mind maps created by the
students
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Figure 2. Mind map of
students classified as highly creative
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Figure
3. Mind map of students classified as creative


 


In the
creative category, students were able to apply the basic rules of mind mapping,
such as placing the central theme horizontally in the center of the paper,
using different colors for each branch, and ensuring that branches and
sub-branches are interconnected.


In the highly
creative category, students’ mind maps met the requirements of mind mapping:
placing the theme horizontally in the center of the paper, using different
colors for each branch, ensuring that branches and sub-branches are
interconnected, and including images or symbols added to the mind map.


Table
7. Effectiveness Results of Creative Thinking Skills Assessement





 
  	
  Mean Pre-test

  
  	
  Category

  
  	
  Mean Post-test

  
  	
  Category

  
 

 
  	
  38,75

  
  	
  Less creative

  
  	
  83,47

  
  	
  Very creative

  
 







 


For Creative
Thinking Skills Pre-test and Post-test result, students’ creative thinking
skills also demonstrated notable improvement after the learning intervention.
The average pre-test score was 38.75 and was categorized as Less Creative,
suggesting that students initially experienced difficulties in generating
diverse ideas, elaborating concepts, and producing original responses. After participating
in the learning activities, the average post-test score increased to 83.47,
reaching the Very Creative category. In addition, the average N-gain value
obtained was 0.72, which is included in the high category.


These
findings indicate that the developed learning materials contributed positively
to improving students’ creative thinking skills. The increase in scores
suggests that students became more capable of generating ideas fluently,
viewing problems from different perspectives, elaborating concepts in greater
detail, and producing original responses. The integration of mind mapping
activities into the learning process may provide opportunities for students to
actively participate in constructing knowledge and exploring concepts
independently.


These results
are also in line with previous studies indicating that mind mapping strategies
can facilitate idea generation and improve creative thinking ability. The
visual and structured nature of mind maps helps learners organize complex
information more effectively and encourages active engagement in learning.
Therefore, the implementation of the developed learning materials can be
considered effective in enhancing both students’ mind mapping abilities and
their creative thinking skills. Table 4 presents the detailed effectiveness
results.


CONCLUSIONS AND RECOMMENDATIONS


This study shows that the Student Activity Sheet (SAS) developed using a
mind mapping strategy integrated with the Think-Pair-Share cooperative learning
model is suitable for use as a learning tool to improve students’ creative
thinking skills in the topic of buffer solutions. The SAS was deemed valid by
three validators (mode ≥ 4 across all aspects), highly practical based on
lesson implementation (97.83%), student activities (98.82%), and student
responses (96.67%), and highly effective with an average N-gain score of 0.76
for mind mapping and 0.72 for creative thinking skills, both falling within the
high category.


These findings confirm that the mind mapping strategies within the structured
SAS framework, supported by the TPS cooperative learning model, creates a
coherent and effective learning environment for developing the four dimensions
of creative thinking: fluency, flexibility, elaboration, and originality. SAS
is recommended for use in 11th-grade chemistry classes, particularly for the
topic of buffer solutions in the Merdeka Curriculum. 


FURTHER STUDY


            This
study was limited to the “Develop” phase of the 4D model and was conducted in a
single class without a control group, thereby limiting the generalizability of
the findings. Future research is recommended to: (1) complete the full 4D
cycle, including the “Disseminate” phase, to assess broader implementation; (2)
use a quasi-experimental design with a control group to establish causal
relationships; (3) extend SAS to other chemistry topics with similarly complex
conceptual structures; and (4) investigate the long-term retention effects of
mind-mapping-based learning on students’ creative thinking competencies.
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