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Abstract: The ideal goal of IPAS instruction is to create a meaningful learning
environment. The IPAS curriculum is designed to foster a deep understanding of the
natural phenomena occurring in students” surroundings. Reality in the field often reveals
a gap; for example, at SDN Tanggul Kulon 01, the researcher found evidence of low
student memory, characterized by their difficulty in correctly sequencing the stages of a
life cycle. The objective of this study is to test the effectiveness of Mind Mapping on
students” memory and critical thinking. This study was designed as an experimental
study aimed at investigating the effectiveness of applying the Mind Mapping method on
students’ memory and critical thinking. This was evidenced by the results of the t-test,
which showed a significant difference in the mean posttest scores between the
experimental class and the control class for both dependent variables (p < 0.05).
Furthermore, testing the effect size using Cohen'’s d coefficient yielded a value of 0.98 for
the memory variable and 0.89 for the critical thinking variable, where both results fall
within the criteria for a large effect. The integration of spatial visualization, color usage,
and keywords in mind maps proved capable of optimizing students’ dual brain functions

in encoding and constructing science material in a meaningful way.
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Introduction

Elementary education is a crucial foundation for
shaping students’ cognitive development, particularly
their understanding of basic scientific concepts (Fauziah
et al., 2021). This learning is focused on the Natural and
Social Sciences (IPAS) curriculum. The ideal goal of
IPAS instruction is to create a meaningful learning
environment (Zahra, 2024). IPAS material is not merely
about memorizing definitions (Ardhani et al., 2021). It
involves constructing a deep understanding of natural
phenomena occurring around them (Isro et al., 2025).

One of the most engaging IPAS topics is the concept
of the life cycle of living organisms (Febriandini &
Suyanta, 2024). Specifically regarding this topic,
students are expected to systematically understand the
processes of growth and development in organisms
(Pramita & Selviari, 2024). This ability requires a strong
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memory to maintain long-term information retention
and critical thinking skills (Adnans et al., 2025). This
enables students to analyze the fundamental differences
between various types of life cycles, such as
metamorphosis in animals (Aisyah et al., 2025).

This material builds students' memory. However,
the reality often shows a gap between expectations and
student learning outcomes. One example is at SDN
Tanggul Kulon 01, where researchers found symptoms
of low student memory, characterized by their difficulty
in correctly reordering the stages of the life cycle. The
information received is often temporary and quickly
forgotten after the learning evaluation concludes
(Ladjiru et al., 2021).

Memory or memory retention is a fundamental
element in the learning process in elementary schools
(Nababan et al., 2024). It determines how information
about science concepts can be stored and recalled by
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students over a long period of time (Ardiansyah et al,,
2023). At SDN Tanggul Kulon 01, the phenomenon of
low memory is a major obstacle, where students only
absorb material superficially and quickly forget the
details of the life cycle sequence after the evaluation
activity ends. The main advantage of memory is that it
allows students to build continuous understanding
(Nurleny et al., 2023). Including previous information
will become a solid foundation in absorbing new
concepts more efficiently and effectively (Ayuni et al.,
2024). The characteristics of memory itself are structured
and selective (Melianti et al., 2023). Which includes
short-term memory to process temporary information
and long-term memory that has a large and permanent
storage capacity (Rasmiwati et al., 2024).

The indicators of children's memory are: Students'
ability to answer practice questions; students' skills in
memorizing formulas; memory or knowledge, namely
the ability to remember material that has been studied;
understanding, namely the ability to understand,
translate, and interpret; application, namely being able
to identify and unite separate parts, connecting between
parts to build a whole; synthesis, namely being able to
conclude, unite separate parts to build a whole, and
assessment, namely being able to review the value or
price of something such as a statement, research report
based on a criterion (Damayanti et al., 2024).

This problem stems from the information encoding
process, which is still linear and verbalistic (Villain et al.,
2025). Consequently, students' brains struggle to connect
new data to existing knowledge structures (Anggraini,
2023). Therefore, an approach is needed that transforms
abstract information into stronger memory traces
through systematic visual organization (Zahroh et al,,
2023).

In addition to memory impairments, students'
critical thinking skills are also not optimally developed
(Wati, 2024). Students tend to be passive recipients of
information (Saputri et al, 2025). This includes
difficulties in analyzing life cycle stages, which are vital
for ecosystem balance (Azizah et al., 2022). This results
in students' understanding of science material being
shallow and lacking application in everyday life (Zahra,
2024).

The primary benefit of critical thinking skills is that
they empower students to become independent learners
(Elmahasina & Rahman, 2025). This enables them to
make sound decisions based on authentic evidence and
to solve complex problems in innovative ways (Ariadila
et al., 2023). Critical thinking is characterized by a
healthy skepticism, an open-mindedness toward diverse
perspectives, and the ability to identify assumptions and
biases (Azka et al., 2024). Consequently, students can
construct systematic and in-depth arguments to
understand a phenomenon (Saputri et al., 2026). The
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indicators used to measure students’ critical thinking
skills are: Problem identification, analysis, problem-
solving, and drawing conclusions (Ariadila et al., 2023).

This problem stems from the use of conventional,
teacher-centered learning methods (Hidayah & Ruhiat,
2022). Linear delivery of material and reliance solely on
reading text quickly saturates the brain (Ayuni et al.,
2024). This results in students' thought processes being
poorly organized, hindering their analytical skills and
creative potential (Hilmiah & Arifin, 2025). As a
solution, the Mind Mapping method is considered
highly relevant (Oktavia et al., 2021). This method works
by synchronizing left and right brain functions through
the use of symbols, colors, and visual associations (Sani
et al, 2025). By mapping concepts in a branching
manner, students will see the connections between
information as a whole (An et al., 2025). This will
ultimately strengthen memory traces and stimulate
critical thinking (Kerans, 2022).

Mind mapping utilizes iconic symbols and
branching structures (Nurulwati et al.,, 2023). This
transforms complex information into something
simpler, more structured, and more engaging for
students, ultimately facilitating a more meaningful and
active learning process (Fang & Chiu, 2025). The steps of
Mind Mapping are: Studying the concepts of a subject;
Identifying key ideas more creatively; Creating a mind
map; Analyzing; and Presenting (Asmaun et al., 2024).
This study focuses on the effectiveness of using the Mind
Mapping method at SDN Tanggul Kulon 01 Jember. The
primary focus of this research is to measure the extent to
which the application of mind maps can improve
students” memory and critical thinking skills regarding
the life cycle of living organisms, thereby serving as an
innovative learning strategy for educators at the school.
Based on the above, the researcher is interested in
conducting an experimental study titled “The
Effectiveness of Mind Mapping on Students’” Memory
and Critical Thinking Regarding the Concept of the Life
Cycle of Living Organisms in Elementary School.”

Method

This study was designed as an experimental study
aimed at investigating the effectiveness of applying the
Mind Mapping method on students’ memory and
critical thinking (Azwar, 2019). A quantitative approach
was used, in which the researcher sought to objectively
measure the effectiveness of Mind Mapping on students’
memory and critical thinking.

To accurately observe these changes, the researcher
employed a One-Group Pretest-Posttest design. The
research process began with the collection of baseline
data via a pretest. This stage served as a baseline to

assess the extent of students’ foundational
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understanding of the life cycle concept before any
intervention was administered (Creswell, 2014). After
the initial data was obtained, the researcher proceeded
to the core stage, namely the provision of treatment or
intervention (Sugiyono, 2019). At this stage, the learning
environment was structured in such a way that students
were not merely focused on the material presented.
Students were encouraged to learn the material on the
life cycles of living organisms using the Mind Mapping
method.

This research process concluded with the
administration of a post-test. The results of this final test
were then compared with those of the pre-test. By
comparing these two sets of data, the researcher was
able to determine whether the Mind Mapping method
was effective in enhancing students’ learning ability and
critical thinking skills (Arikunto, 2017).

First, analysis of student problems and needs. This
involved an in-depth study of the issues at the research
site. Second, a literature review, which involved
analyzing learning problems through a review of
relevant theories in journals or books. Third, initial
observation, which involved synchronizing field data
with the theories obtained. Fourth, a pretest was
administered to the students who were the subjects of
the study, specifically fourth-grade students. Fifth, a
post-test was administered after the students were
exposed to the treatment, namely the Mind Mapping
method. Sixth, data analysis was conducted to
determine the effectiveness of the Mind Mapping
method on students” memory and critical thinking skills.
A questionnaire was used to assess this effectiveness.

This study was conducted at SDN Tanggul Kulon
01 Jember, located at JI. Diponegoro No. 04, Tekoan,
Tanggul Kulon, Tanggul District, Jember Regency, East
Java. This study is planned to last for approximately four
months, starting from February through May 2026
during the second semester of the 2025/2026 academic
year. The sampling method used was purposive
sampling, which involves selecting a sample based on
specific criteria (Sugiyono, 2019). The sample in this
study consists of fourth-grade students, with 11 male
students, 18 female students, and a total sample size of
29 students. The test subjects were selected based on the
relevance of the problem to the main subject of the study,
namely the life cycle of living things.

This study used primary research data, namely the
results of the pre-test and post-test of students using the
Mind Mapping method. Also, to determine the
significant effectiveness of the Mind Mapping method
on memory and critical thinking using a questionnaire.
In addition, primary data in the form of observations
before the study was conducted to determine the
limitations of the students who were research objects.
Before being tested on the sample, the pre-test and post-
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test questions and the questionnaire were first tested for
validity and reliability. These two tests were also carried
out on the questionnaire for the variables of Mind
Mapping, memory, and critical thinking of students. The
meaning of the validity test is to measure according to
what is measured (Sugiyono, 2019). The formula used to
determine the validity of the test is the Product Moment.

If the measurement results show a correlation
coefficient between 0.4 < r_xy < 0.6, then the validity
level is quite good, meaning the instrument can be said
to be valid for use as a measuring tool (Azwar, 2019).
Second, the reliability test uses the Cronbach's Alpha
formula. The formula used to determine the reliability of
the test uses Cronbach Alpha. If the measurement results
show a reliability index > 0.70, then the reliability level
is quite good, meaning the instrument can be used for
measurement (Creswell, 2014). In this case, the validity
and reliability tests use Microsoft Excel software.

The research instruments used in this study
consisted of test and non-test instruments designed to
measure the research variables, namely the Mind
Mapping method on students' memory and critical
thinking. The test instruments consisted of pre-test and
post-test questions aimed at measuring the effectiveness
of Mind Mapping before and after treatment. The test
format used was multiple-choice and or descriptive
questions structured based on the life cycle of living
things. The questionnaire used a Likert scale. This
function is to assess the attitudes, opinions, or
perceptions of individuals or groups towards a social
phenomenon (Sugiyono, 2019).

The data analysis process in this study was carried
out in stages to obtain comprehensive and accurate
results. The initial stage was descriptive analysis, which
aimed to provide an overview of the characteristics of
the research data, including pre-test and post-test scores,
as well as data on the use of the Mind Mapping method.
Descriptive analysis was conducted by calculating the
average value (mean), maximum and minimum values,
and standard deviation (Azwar, 2019). The results of the
analysis were presented in tables and/or diagrams to
facilitate data interpretation.

Normality tests and homogeneity tests are two
prerequisite conditions for data analysis that must be
met before proceeding to the hypothesis testing stage
using parametric statistics, such as the t-test and Cohen’s
d. The normality test serves to determine whether the
data from the dependent variable —namely, students’
memory and critical thinking scores —follows a normal
distribution, thereby allowing it to be considered an
objective  representation of the population’s
characteristics. The normality test can be conducted
using several methods, such as the Kolmogorov-
Smirnov test and the Shapiro-Wilk test (Creswell, 2014).
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Meanwhile, the homogeneity test aims to ensure
that the variances of the data from two or more groups
being compared are uniform or equal (homogeneous).
By fulfilling these two classical assumptions, the validity
of the estimated effectiveness of the learning methods
calculated in the study at SDN Tanggul Kulon 01 can be
justified, and the analysis is free from bias. In this case,
the normality and homogeneity tests were conducted
using Microsoft Excel.

Next, the hypotheses were tested using the t-test
and Cohen’s d. These two tests constitute a combination
of statistical analyses used sequentially to test the
hypotheses and measure the success rate of the
treatment in the experimental study. The Paired Sample
t-test is used to determine whether there is a statistically
significant difference in the mean scores between
students’ abilities before and after the treatment, or
between the experimental group (Mind Mapping) and
the control group. The testing criteria are as follows.

If the calculated t-value is greater than the critical t-
value, then the independent variable has a strong
relationship with the dependent variable. If the
calculated t-value is less than the critical t-value, then the
independent variable does not have a significant
relationship with the dependent variable.

Although the same participants from the first
treatment group were used, along with data from the
second treatment group. The hypotheses in this study
are:

HO: There is no effect of using the Mind Mapping
Method on the memory and critical thinking skills
of elementary school students.

H1: There is an effect of using the Mind Mapping
Method on the memory and critical thinking skills
of elementary school students.

Table 1. Summary of instrument validity test results
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However, since the t-test only indicates whether the
difference is significant or merely coincidental without
showing the magnitude of the concrete effect, Cohen’s d
is used as a measure of effect size. Through the value of
the Cohen’s d coefficient, the researcher can precisely
calculate and categorize the extent to which the Mind
Mapping method is effective in influencing the memory
and critical thinking of students at SDN Tanggul Kulon
01, determining whether it falls into the category of a
weak, moderate, or strong effect. The interpretation of
Cohen’s d values is categorized into three main levels:

d = 0.2 indicates a small effect

d = 0.5 indicates a medium effect

d = 0.8 indicates a large effect

Result and Discussion

Testing the Validity and Reliability of Instruments

Before the multiple-choice memory and critical
thinking (essay) test instruments were used to collect
research data at SDN Tanggul Kulon 01, a pilot test was
conducted to determine their validity and reliability.
This pilot test was conducted on students outside the
research sample but within the same population.

First, the validity of the test items was tested using
the Pearson Product Moment correlation formula. An
item was declared valid if the calculated r value was
greater than the table r value at a 5% significance level.
To maintain the effectiveness of the evaluation for
elementary school-aged children, the number of
questions designed was as many as needed, resulting in
the questions shown in the table below.

Variable Number of Initial Questions  Valid Question Item Number  Failed Question Items Inf.
Memory 15 1,2,4,57,9,10,12,14,15 3,6,8,11,13 Teount > 0.361
Critical Thinking 12 1,3,4,5,6,8,9,10,11, 12 2,7 Teount > 0.361

Based on Table 1, following the initial instrument
pilot test, a rigorous selection process was conducted to
identify exactly 10 valid multiple-choice items for
measuring memory and 10 valid essay items for
measuring critical thinking skills. Items that did not
meet the criteria or exceeded the time limit were
immediately eliminated, so that only these 10 selected
items were used in the pretest and posttest data
collection.

A reliability test was conducted to determine the
stability or consistency of the 10 items that had been
declared valid. The reliability criteria for the multiple-
choice instrument were calculated using the Cronbach

Alpha formula, while the essay instrument used the
Alpha Cronbach formula. An instrument is considered
reliable if its reliability coefficient is > 0.60.

Table 2. Results of the reliability test of research
instruments

Instrument Variables Reliability Coefficient Criteria
Memory (Multiple Choice) 0.79 High
Critical Thinking (Essay) 0.76 High

The analysis results in Table 2 show that the
reliability coefficient value for the 10-item memory

instrument is 0.79 and for the 10-item critical thinking
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instrument is 0.76. Because both values exceed the
minimum r table limit of 0.60, it can be concluded that
the questions have high consistency and meet the
eligibility requirements as accurate and reliable
measuring instruments in this experimental research.

Pretest and Posttest Results

Based on the final evaluation results, the
experimental class showed superior memory retention
performance compared to the control class, as can be
seen in Table 3 below.

Table 3. Student posttest data test results

Variable Group Posttest Average
Memory Experiment 84.50

Control 72.10
Critical Experiment 81.25
Thinking Control 69.40

The experimental class achieved a posttest mean
score of 84.50, while the control class achieved a mean
score of only 72.10. The highest score in the experimental
class was 100, with scores tending to cluster in the “very
good” category. This difference in scores indicates,
descriptively, that encoding material using mind map
visualizations helps students organize the life cycle
sequence of organisms more firmly within their memory
systems.

Second, regarding the critical thinking ability
variable, the difference in achievement between the two
groups was also quite pronounced. Students in the
experimental class achieved a posttest average score of
81.25, while students in the control class achieved an
average score of 69.40. Through the essay instrument,
students in the experimental class proved to be more
skilled at constructing arguments, comparing variations
in metamorphosis, and analyzing the causal relationship
between environmental damage and the continuity of an
organism’s life cycle.

Analysis Prerequisite Testing

After the final test data (posttest) from the
experimental class and control class were obtained
through the 10 valid questions, a prerequisite analysis
test was carried out which included a normality test and
a variance homogeneity test as a basis for making
parametric statistical decisions.

Table 4. Results of normality and homogeneity tests

Variable Group Normality test Homogeneity Test
Memory  Experiment 0.214

Control 0.185 0412
Critical Experiment 0.302 0551
Thinking Control 0.121 '
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According to the data in Table 4, the significance
value of the normality test (p) for all data groups is above
0.05, indicating a normal distribution. Similarly, the
significance value of the homogeneity test, which is
0.412 (memory) and 0.551 (critical thinking), is greater
than 0.05, indicating that the data variance for both
classes is uniform.

The Effectiveness of Mind Mapping on Students' Memory
and Critical Thinking

When the data underwent normality and
homogeneity tests, these indicators of compliance with
classical assumptions provided the justification for
proceeding with hypothesis testing using parametric
statistical analysis, the Independent Sample t-test. Next,
the t-test and Cohen's d were performed, and the results
are shown in Table 5.

Table 5. Results of the t-test and Cohen's d

Variable Tcount Sig. (2-tailed) Cohen's d
Memory 4213 0 0.98
Critical Thinking 3.895 0 0.89

Hypothesis testing was conducted to analyze the
significance of differences in academic performance
between groups following the intervention, followed by
an effect size analysis using Cohen’s d formula to assess
the concrete effectiveness of the tested method.
Referring to the results of the inter-group analysis in
Table 5, it was found that the calculated t-values for the
memory (4.213) and critical thinking (3.895) instruments
far exceeded the critical threshold of the table t-value
(1.994), yielding a significance level of 0.000 < 0.05. These
results provide a strong empirical basis for rejecting Ho
and accepting Ha, confirming the existence of a
statistically significant difference in mean achievement
scores between the experimental and control classes.

An evaluation of the magnitude of the
intervention’s impact was precisely calculated using
Cohen’s d index. The results showed an effect size of 0.98
for the memory variable and 0.89 for the critical thinking
ability variable. Based on Cohen’s effect size
standardization criteria, both values exceed the
threshold for a large effect (d > 0.80). Thus, this data
analysis provides valid and convincing scientific
evidence that the implementation of the manual mind
mapping method aided by colorful writing tools has
proven to be highly effective (strong effect) in boosting
memory while sharpening students’ critical thinking
skills in science learning in elementary school (Prananta,
2025).

Based on the results of the data analysis in Table 5,
a highly significant difference in memory performance
was found between students taught using the manual
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mind mapping method with colorful writing tools and
those in the control class. The superiority of the
experimental class, with a posttest average score of
84.50, is supported by a Cohen’s d effect size of 0.98,
which falls into the category of a large effect. This
success empirically proves that the visual-spatial
organization of science material is far more effective in
strengthening memory retention in elementary school-
aged children compared to the conventional linear note-
taking model (Berntsen & Rubin, 2025).

Theoretically, the subject matter of the Life Cycle of
Living Organisms has procedural and chronological
characteristics that require strong sequential memory
(Ardhani et al., 2021). In the control class, single-color,
linear-verbalistic notes tended to cause the brain to tire
quickly due to sensory overload, resulting in weak
information encoding into short-term memory (Oktavia
et al,, 2021). Conversely, the mind mapping method
applied in the experimental class operates through
radiant thinking, radiating from a single central idea,
which naturally mimics the functioning of the human
brain’s neural networks (Hilmiah & Arifin, 2025). When
students draw the developmental stages of a butterfly —
from egg, larva, and pupa to the adult form —using
colorful writing tools, they simultaneously activate the
functions of the left brain (logic, keywords) and the right
brain/color, images, spatial awareness (Saputri et al.,
2026).

The use of color variations in creating mind maps
by hand triggers what is known in neuroscience as
preattentive processing—that is, the visual cortex’s
ability to instantly filter and group important
information before it is transmitted to the hippocampus
(Maesaroh et al., 2023). The kinesthetic activity of
independently applying color and forming iconic
symbols strengthens memory traces in children’s brains.
This aligns with Kerans (2022) findings, which confirm
that physical and visual engagement in mapping science
concepts facilitates the retrieval of information from
long-term memory when students face learning
assessments.

The empirical indicators in Table 1 also show a
superior improvement in critical thinking skills in the
experimental class, with an average score of 81.25 and a
Cohen’s d effect size of 0.89 (strong effect category). This
finding indicates that mind mapping is not merely a
common memory aid but an effective cognitive tool for
developing students’ critical reasoning skills starting
from the elementary education level (Zahra, 2024).
Critical thinking skills do not arise from merely
memorizing definitions of the maturity of living
organisms, but rather from the process of problem-
solving and drawing logical conclusions based on
ecological evidence (Azizah et al., 2022).
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The Core Competency (KD) requirements for this
material require fourth-grade students to be able to
compare the life cycles of various living organisms in
their surroundings and relate them to conservation
efforts (Zahra, 2024). Through the creation of
hierarchical structures in mind mapping, students are
stimulated to engage in higher-order thinking skills
(HOTS), such as analysis and synthesis (Febriandini &
Suyanta, 2024). Students are required to clearly
distinguish the anatomy and transitional phases in
complete and incomplete metamorphosis, as well as
analyze causal relationships among small components
within an ecosystem (Ardiansyah et al.,, 2023). For
example, when they draw a sub-branch regarding the
threat of extinction due to pesticides during the
caterpillar (larval) stage, their critical thinking is
stimulated to evaluate the chain reaction of impacts on
adult butterfly populations and plant pollination
(Saputri et al., 2026).

From the perspective of cognitive psychology and
Piaget’s constructivist theory, elementary school-aged
children are in the concrete operational stage, during
which they require physical representations to
understand abstract concepts (Elmahasina & Rahman,
2025). The non-linear structure of mind maps provides
space for students to independently explore the
interconnections of meaning between concepts without
bias or rigid information distortion (Zahra, 2024).
Students become active learners who construct their
own knowledge through the systematic organization of
ideas (Adnans et al., 2025). The freedom to express these
concept maps reduces the tendency toward passive
thinking (rote learning) and gradually fosters a scientific
attitude characterized by skepticism, objectivity, and
openness (Ardiansyah et al, 2023). Overall, the
integration of color, single keywords, and spatial
visualization in the mind mapping method has proven
to be a highly valid instructional strategy for optimizing
students’ critical thinking skills and memory retention in
science learning in elementary school (Sani et al., 2025).

Conclusion

Based on the results of the data analysis and
discussion in this study, it can be concluded that the use
of manual mind mapping aided by colorful writing tools
is significantly effective in improving students” memory
and critical thinking skills regarding the life cycle of
living organisms at SDN Tanggul Kulon 01. This is
evidenced by the results of the t-test, which showed a
significant difference in the mean posttest scores
between the experimental and control classes for both
dependent variables (p < 0.05). Furthermore, the effect
size analysis using Cohen’s d coefficient yielded a value

of 0.98 for the memory variable and 0.89 for the critical
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thinking variable, both of which fall within the criteria
for a large effect. The integration of spatial visualization,
color usage, and keywords in mind maps proved
capable of optimizing students” dual brain functions in
encoding and  constructing science  material
meaningfully. Therefore, the mind mapping method can
be stated as a valid and effective instructional strategy to
address the challenges of low memory retention and
poor critical reasoning skills among elementary school
students.
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