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Abstract: The low level of higher-order thinking skills of students in learning chemistry indicates that
students still frequently experience difficulties in developing their thinking abilities. One of the factors
is the obstacles in conceptual reasoning and misconceptions experienced by students. These obstacles
not only impact the cognitive aspect but are also accompanied by issues in the affective aspect, one
of which is a scientific attitude. This serves as an internal factor for establishing optimal learning.
One alternative is instruction that uses contexts relevant to daily life, such as implementing the 7E
learning cycle model within a socio-scientific issues (SSI) context in learning chemistry. This study
aims to examine the effectiveness of the 7E learning cycle model, contextualized with SSI, on students’
analytical thinking skills and scientific attitudes regarding salt hydrolysis. The research method used
was a quasi-experimental pretest-posttest control group design. The study population included all
eleventh-grade students in senior high schools in Madiun City. Sample classes were determined using
cluster random sampling, with two experimental and two control classes, for a total of 131 students.
The results showed an improvement in students’ analytical thinking skills, with an N-Gain score of
0.50, which falls in the medium category, while the improvement in scientific attitude was also in the
medium category, with an N-Gain score of 0.35. The MANOVA results showed a significance value
of 0.000 < 0.05, indicating a significant difference between the experimental and control groups. The
7E learning cycle, contextualized with SSI, provided a simultaneous, effective contribution of 20.8%
to students’ analytical thinking skills and scientific attitudes. Based on these findings, it can be concluded
that the 7E learning cycle model, contextualized with SSI, has the potential to be more effective in
improving students’ analytical thinking skills and scientific attitudes regarding salt hydrolysis.

Keywords: 7E learning cycle, socioscientific issues, analytical thinking skills, scientific attitude, salt
hydrolysis.

 INTRODUCTION
The demands of 21st-century education

require a learning system that develops
competent, adaptable human resources. The
rapid advancement of science and technology
necessitates a fundamental transformation in
education, particularly in equipping students with
essential competencies (Kurniawan, 2025;
Malik, 2018; Mardhiyah et al., 2021).
Implementing curriculum changes, such as the
Merdeka curriculum, is one strategy to develop
these competencies. The Merdeka curriculum

Article’s DOI: https://doi.org/10.23960/jpmipa.v27i2.pp781-800

emphasizes the development of both hard and
soft skills, including knowledge, skills, and
attitudes (Amiruddin et al., 2023; Rosidin et al.,
2025). This aligns with the objectives of chemistry
education, which encompass three domains:
cognitive, affective, and psychomotor
(Wahyudiati, 2022).

Chemistry is the science that studies the
structure, properties, and changes of matter
through three levels of representation
(macroscopic, submicroscopic, and symbolic).
Mastery of these three levels of representation is
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a prerequisite for a thorough understanding of
chemical concepts. Chemistry learning is not only
for transferring knowledge and skills but also for
developing and training higher-level thinking
abilities, such as analytical, creative, critical, and
innovative thinking (Laliyo et al., 2022). Higher-
order thinking skills (HOTS) encompass not only
the ability to remember but also to think logically,
reflectively, and creatively (Jaenudin et al., 2020).
One component of HOTS is analytical thinking,
defined as students’ ability to differentiate,
organize, and identify relationships among
concepts to solve complex problems (Fitriyana
et al., 2019; Jaenudin et al., 2020). However,
various studies indicate that students’ analytical
thinking skills, particularly in chemistry, remain
relatively low. Research by Harta et al. (2020)
revealed that analytical thinking skills when
working on HOTS questions in chemistry subjects
remain relatively low. The mapping analysis of
students’ analytical thinking abilities showed that
students remain weak at distinguishing several
basic chemical concepts, have difficulty
reorganizing information, and are unable to
connect available information to their prior
knowledge. Similar findings were reported by
Irwanto et al. (2017) and Ad’Hiya & Laksono
(2018), who stated that the measurement results
for analytical thinking skills on the topics of
reaction rates and chemical equilibrium were also
relatively low. Meanwhile, measurement results
conducted by Arlianty et al. (2018) indicated that
the level of C4 thinking or analysis was in the
sufficient category. However, this achievement
had the lowest percentage among the thinking
levels.

The low level of analytical thinking skills can
be attributed to factors related to both students
and teachers. Student-related factors include
unsystematic written responses, answers that
merely summarize questions without analysis,
misconceptions about the material, and a reliance
on memorization rather than conceptual
understanding. Teacher-related factors involve

problem-solving strategies that do not foster
student understanding and the use of unfamiliar
problem descriptions (Sarwanto et al., 2021).
These conditions suggest that students frequently
encounter difficulties in developing their thinking
abilities, often due to reasoning challenges and
persistent misconceptions (Laliyo et al., 2022).
Such difficulties typically arise from inadequate
application of conceptual understanding
scientifically (Gette et al., 2018). Furthermore,
inaccurate interpretations of prior knowledge can
lead to misconceptions, which are prevalent in
chemistry and pose significant barriers to effective
learning (Martin et al., 2001; Üce & Ceyhan,
2019).

One of the materials where students still
frequently experience misconceptions is salt
hydrolysis. This is evidenced by Prianti et al.
(2020), who found misconceptions across all
sub-concepts of salt hydrolysis. In the sub-
concept of concluding the acid-base properties
of salt solutions, misconceptions were
experienced by 49.91% of students; in the sub-
concept of calculating the pH of salt solutions by
39.15%; analyzing salt hydrolysis reactions by
37.21%; analyzing the concept of hydrolysis
occurring in solutions by 35.98%; and in the sub-
concept of determining the types of salt hydrolysis
by 21.87%. The high percentage of
misconceptions in determining acid-base
properties and in pH calculations for salt solutions
indicates that students have not maximized their
prerequisite knowledge before studying salt
hydrolysis. This finding aligns with the research
results of Shidiq et al. (2019), which revealed
that students tend to experience learning
difficulties, particularly in interpreting the material
and classifying numeracy problems related to salt
hydrolysis. One example of a misinterpretation
of salt hydrolysis material is that some students
still assume that all salt solutions in water have
the same pH, namely 7. Furthermore, students
often have difficulty determining the acid-base
properties of salt solutions using chemical



783              Hikam & Purwaningsih, Enhancing Analytical Thinking and Scientific Attitude...

equilibrium concepts and are not yet accurate at
writing chemical equations that explain salt
hydrolysis. Consequently, these errors directly
affect the calculation stage, particularly in
predicting the pH of salt solutions (Horvat et al.,
2021; Üce & Ceyhan, 2019).

These difficulties and misconceptions are
reflected in students’ low academic achievement.
Interviews with teachers from various schools
indicate that average daily test scores remain
below the minimum competency criteria. This
suggests that students’ conceptual understanding
of salt hydrolysis is not yet optimal. Effective
learning extends beyond information transmission;
it is a dynamic, interactive process influenced by
multiple internal and external factors (Astuti,
2023; Chen et al., 2023; Ren et al., 2025).

These cognitive problems are apparently
aligned with achievements in the students’
affective domain. The affective aspect can directly
influence academic performance during the
learning process (Davut Gül & Ayýk, 2025). One
important factor that can influence learning in
chemistry is a scientific attitude. The development
of students’ scientific attitudes can be shaped
through the learning process, including
participation in experimental activities,
discussions, group work, and overall learning
(Gading & Rohaeti, 2024). However, in reality,
teachers have not fully implemented scientific
attitudes in the learning process, such as the
application of teacher-centered learning, which
causes students to be less effectively involved in
the learning process, resulting in students’ scientific
attitudes remaining low (Andriani & Supiah, 2021;
Rohaeti et al., 2020). Furthermore, Fahmidani
& Rohaeti (2020) stated that the complex nature
of chemical concepts, which are often difficult to
explain through analogies and models, is also a
factor that requires students to have a strong
scientific attitude.

The complexity of the problems, starting
from low analytical skills caused by obstacles in
reasoning concepts and misconceptions, to the

affective aspect, namely scientific attitude, which
plays a role as an internal factor in building optimal
learning, indicates the need for an approach that
not only teaches concepts but also involves
students in developing their thinking abilities. One
approach is to raise the context of social issues
related to science, also known as socio-scientific
issues. SSI refers to the context in which science
is applied to complex real-world problems
(Högström et al., 2024). Socio-scientific issues
contain current science contexts that consider
various dimensions (social, economic, religious,
ethical, health, science, and technology) (Sadler
& Zeidler, 2005). The SSI context provides
meaningful learning experiences to develop
problem-solving skills and connect concepts,
thereby enhancing cognitive processes
(Zamakhsyari & Rahayu, 2020). The use of SSI-
contextualized learning in the classroom can help
students improve their understanding of the social
implications of science and how science is viewed
by social values. Contextual learning provides
opportunities for students to critically analyze
information, reason, and integrate prior
knowledge to make appropriate decisions
(Herman et al., 2021; Tsai, 2018). Thus, SSI can
play an effective role in integrating salt hydrolysis
material into meaningful chemistry learning.

Learning in the SSI context can be
implemented through constructivist models, such
as the learning cycle. The learning cycle model is
student-centered, allowing students to actively
explore their understanding of the material,
thereby optimizing learning outcomes. This aligns
with the principles of constructivism, which
emphasize students’ active construction of their
own knowledge (Do et al., 2023; Marfilinda et
al., 2019). One development of this model is the
7E learning cycle (Whudian et al., 2023).
Through this model, students are given space to
independently discover and understand the
concepts being studied, so their understanding
deepens as the concepts are self-constructed
through the learning process (Marfilinda et al.,
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2019; Wibowo & Suyanta, 2019). The learning
approach in this course can shape students’
thinking patterns to be more systematic and
structured, making it easier for them to understand
and remember chemistry material linked to
everyday life. The 7E learning cycle model is
identified as one of the constructivist approaches
that aligns with learning principles considering
students’ developmental levels, as it allows them
to use prior knowledge as a foundation for
learning new thought processes, developing
higher-order thinking skills, and increasing
awareness of their own reasoning (Mekonnen et
al., 2024; Nurlatifah et al., 2018; Wodaj & Belay,
2021). The abstract nature of the salt hydrolysis
topic, along with its numerous mathematical
calculations and equilibrium concepts, requires
an approach that bridges theoretical
understanding and real-world applications.
Therefore, the 7E learning cycle instruction within
a socio-scientific issues (SSI) context can serve
as an alternative to enhance students’ analytical
thinking abilities and scientific attitudes regarding
salt hydrolysis. Based on the explanation above,
this research is designed to answer the following
research questions:

RQ 1: Is there a significant simultaneous difference
in analytical thinking skills and scientific
attitudes between students taught using the
7E learning cycle with SSI context and
students taught using guided inquiry?

RQ 2: Is there a significant difference in analytical
thinking skills between the two groups?

RQ 3: Is there a significant difference in scientific
attitudes between the two groups?

 METHOD
Participants

This study involved eleventh-grade students
from two public senior high schools in Madiun.
School selection was carried out based on the
criteria: the school is accredited A, has

implemented the Merdeka Curriculum, has good
facilities and infrastructure (such as laboratory
facilities and internet access), and teaches salt
hydrolysis material in grade XI. The population
of this study was all grade XI students with
relatively similar characteristics. The research
sample was selected using a cluster random
sampling technique on intact classes from each
school, yielding two experimental classes and two
control classes, with an average of 32–36
students per class. Before treatment, students’
initial abilities were tested using ANOVA, and
the results showed no significant difference
between classes (homogeneous).

Research Design and Procedures
This study used a quasi-experimental pre-

post control-group design. The sample used in
this study was 131 students from 11th-grade
public high schools in Madiun City. The
experimental group implemented the 7E learning
cycle model with the SSI context. In contrast,
the control group implemented the guided inquiry
model, which is commonly used in learning, based
on interviews with teachers at the schools. The
application of the guided inquiry model is effective
in developing students’ ability to think and analyze
problems (Orosz et al., 2022). However, guided
inquiry has distinct characteristics compared to
the 7E learning cycle, particularly in how its
instructional stages are implemented.

Learning activities in the experimental class
used SSI contexts relevant to salt hydrolysis.
Meanwhile, learning activities in the control class
applied the guided inquiry syntax, namely
orientation, problem identification, hypothesis
formulation, data collection, data analysis, and
conclusions (Banerjee, 2010; Lazonder &
Harmsen, 2016; Wen et al., 2020). Both classes
used the same learning media, namely student
worksheets (LKPD), covering two sub-topics:
the concept of salt hydrolysis and the types of
salt hydrolysis. Technically, the research
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implementation was divided into three stages. The
first meeting began with a pretest and a
questionnaire (45 minutes), followed by a
discussion on the basic concepts of hydrolysis.
In the second meeting (3 x 45 minutes), students
explored the types of salt hydrolysis through a
90-minute core activity based on the syntax of
their respective learning models. The remaining
instructional time was allocated to the evaluate-
and-extend phases in the experimental class and
to drawing conclusions and reflection in the
control class. During the learning process, an
observer monitored changes in students’ scientific
attitudes. After the learning implementation was
completed, students were given a posttest
consisting of a written test and a questionnaire
similar to the pretest to evaluate the development
of their analytical thinking skills and scientific
attitudes. Based on the collected pretest and
posttest results, the improvement in students’
analytical thinking skills and scientific attitudes
toward the salt hydrolysis material could be
quantitatively compared and measured.

Instrument
The instruments used in this study consisted

of an analytical thinking skills test developed from
aspects of Anderson et al. (2001), namely,
differentiating, organizing, and attributing
(connecting). For the differentiating aspect, the
developed question indicators included students’
ability to distinguish the properties of salt
solutions, categorize types of salts (total
hydrolysis, partial hydrolysis, or no hydrolysis),
and identify the acids and bases that form the
salts. For the organizing aspect, students were
directed to formulate salt hydrolysis reaction
equations and determine mathematical solutions
for pH values, hydrolysis constants, and related
calculations. Meanwhile, for the connecting
aspect, students were expected to be able to
relate the influence of salt solutions in various given
question contexts. One example of a question
developed based on the organizing aspect of

analytical thinking involves linking the high sodium
content of sodium carbonate in instant noodles
to the risk of triggering hypertension and
subsequent kidney damage if consumed
excessively. This premise can be used to
determine the hydrolysis reaction equation for
sodium carbonate and to calculate the solution’s
pH, provided that its molarity and acid
dissociation constant are known. The selection
of a socio-scientific issue (SSI) context, such as
the consumption of instant noodles, represents a
form of instrument adaptation to the daily habits
and culture of Indonesian society. This approach
ensures that the problems presented are more
familiar, relevant, and easily comprehensible to
students.

The scientific attitude questionnaire was
adapted from previous studies, including those
by Fatonah et al. (2023), Misbah et al. (2018),
Rampean et al. (2021), and Supardi et al. (2019).
The aspects of scientific attitude used in the
adaptation are curiosity, honesty, critical thinking,
open-mindedness, cooperation, and
responsibility. These aspects were developed into
indicators for the questionnaire and observation
sheets to monitor changes in students’ attitudes
during the learning process. The instrument
adaptation process involved restructuring the
statements into standard, communicative
Indonesian and aligning the indicators with the
character values emphasized in the Indonesian
curriculum and educational environment. For
instance, an indicator of the adapted aspect of
curiosity is that students demonstrate attention and
enthusiasm during learning activities. The
questionnaire items consist of both positive and
negative statements, evaluated using a five-point
Likert scale: strongly agree, agree, neutral,
disagree, and strongly disagree.

Both instruments were validated by experts
to ensure their relevance to classroom instructional
activities. The expert validators comprised two
chemistry education lecturers from Universitas
Negeri Yogyakarta (UNY). Subsequently,



786 Jurnal Pendidikan MIPA, Vol. 27, No. 02, pp. 781-800, June 2026

empirical validation was conducted using the
Rasch model assisted by the Winsteps software.
Validity was determined based on item fit as
measured by Outfit MNSQ, Outfit ZSTD, and
Pt-Measure Corr (Boone et al., 2014). Item
validity was determined based on its conformity
with the criteria: (1) Outfit MNSQ value between
0.5 < MNSQ < 1.5; (2) Outfit ZSTD value
between -2.0 < ZSTD < +2.0; and (3) Point
Measure Correlation value between 0.4 < Pt
Measure Corr < 0.85.  The validation results for
the analytical thinking skills test showed that 12
essay questions could be used in the study, with
a high reliability of 0.93. Meanwhile, for the
scientific attitude questionnaire, 11 statements
could not be used because they did not meet the
validity requirements across the three criteria. The
reliability of the scientific attitude questionnaire
was high, with a Cronbach’s alpha of 0.94. This
indicates that both instruments are highly
consistent in measuring students’ analytical thinking
skills and scientific attitudes.

Data Analysis
Data for this research were collected

through tests, questionnaires, and observation
sheets. The data analysis technique used is the
parametric statistical test MANOVA. This test
determines whether there is a significant difference
between students who apply the 7E learning cycle
in an SSI context and those who apply guided
inquiry learning, with the control variable held
constant and tested separately. Next, the
between-subjects test is used to determine the
effective contribution of learning to analytical
thinking skills and scientific attitude, both
simultaneously and individually. All these tests
were conducted after meeting the prerequisite
tests, which included tests for univariate and
multivariate outliers, normality, homogeneity of
variance-covariance matrices, linearity, and
multicollinearity. This test was conducted with the
assistance of SPSS version 25.

 RESULT AND DISCUSSION
Data analysis was conducted using

MANOVA assumption tests. According to Hair
et al. (2014), before using MANOVA,
prerequisite tests must be performed. The test
results showed that all required assumptions were
met, namely: (1) dependent variables were
measured on an interval scale; (2) independent
variable consisted of two or more categories; (3)
sampling was done independently, meaning there
was no relationship between groups or between
members within each group; (4) the sample size
was adequate, totaling 131 students; (5) there
were no univariate or multivariate outliers (1 outlier
was found in the experimental group and 4 outliers
in the control group, so all outliers were removed
from further analysis); 6) data were normally
distributed based on the Shapiro-Wilk test (p >
0.05); 7) there was a linear relationship between
each pair of variables (p > 0.05); 8) the variance-
covariance matrices were homogeneous based
on Box’s M test (p = 0.333); 9) no
multicollinearity was indicated by Tolerance value
= 0.804 and VIF = 1.244. Additionally, the
correlation between the dependent variables
was 0.516, which falls in the medium range.
With all these assumptions met, MANOVA
analysis was continued using Hotelling’s Trace
statistic.

RQ1: Simultaneous Difference in Students’
Analytical Thinking Skills and Scientific
Attitudes between the Application of the 7E
Learning Cycle with SSI Context and
Students Following Guided Inquiry Learning

Implementing the 7E learning cycle in the
SSI context improved students’ analytical thinking
skills and scientific attitudes in both the
experimental and control groups. This
improvement is shown through the N-gain values
obtained from the pre-test and post-test results
by indicator, as presented in Tables 1, 2, 3, and
4.
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Table 1. N-gain result of analytical thinking skill by indicator for the control group

Value 
Aspect 

Differentiating Organizing Connecting 
Mean Pretest 149.0 128.8 194.7 
Mean Postest 207.3 198.4 206.7 
N-Gain 0.507 0.515 0.173 

 
Table 2. N-gain result of analytical thinking skill by indicator for the experiment group

Value 
Aspect 

Differentiating Organizing Differentiating 
Mean Pretest 152.25 127.00 194.33 
Mean Postest 215.25 203.60 211.67 
N-Gain 0.585 0.576 0.264 

 

Table 3. N-gain result of scientific attitude by indicator for the control group

Value 
Aspect  

Curiosity Honesty 
Critical 

Thinking 
Open-

Mindedness 
Cooperation Responsibility 

Mean Pretest 205.63 204.50 202.00 213.75 216.00 250.00 
Mean Postest 245.38 250.00 248.67 248.25 242.25 267.00 
N-Gain 0.320 0.363 0.365 0.297 0.230 0.213 
 

Table 4. N-gain result of scientific attitude by indicator for the experiment group

Value 
Aspect  

Curiosity Honesty 
Critical 

Thinking 
Open-

Mindedness 
Cooperation Responsibility 

Mean Pretest 226.38 217.50 210.67 241.50 225.67 240.00 
Mean Postest 250.00 254.00 255.33 271.25 272.00 274.00 
N-Gain 0.240 0.340 0.391 0.356 0.466 0.400 
 

The data analysis revealed that both groups
increased their scores from the pretest to the
posttest. However, the N-gain scores of the
experimental group were superior to those of the
control group across most indicators of analytical
thinking skills and scientific attitude. This indicates
that implementing the 7E learning cycle model
contextualized with SSI is more effective than the
guided inquiry model. The superior performance
of the experimental group is also clearly evident
in the scatter plots shown in Figures 1 and 2.
This result is supported by the MANOVA test
with a Sig. value of 0.000 < 0.05, thus H

0
 is

rejected. The MANOVA results indicate a
significant simultaneous difference in analytical

thinking skills and scientific attitudes between
students in the experimental and control groups.
The effective contribution of the 7E learning cycle
in an SSI context can be determined by the partial
eta-squared value of 0.208 (20.8%), which
indicates a high category.

The learning cycle model emphasizes the
active role of students (student-centered). This
model highlights students’ actions in the
classroom, thereby fostering a series of cognitive
activities that influence their thinking patterns.
Active collaborative engagement develops the
ability to examine information contexts, solve
problems, connect problems to concepts, and
arrive at appropriate answers. The 7E learning
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Figure 2. Scatter plot of pre-post scores of scientific attitude

cycle, based on a constructivist approach, has
structured, comprehensive phases that encourage
students’ participation in discovering and
understanding concepts (Perdana et al.,
2024).

The use of the SSI context in this learning
strengthens the development of higher-order
thinking, particularly analytical thinking skills. The
SSI context aims to connect learning activities
with the application of the material to relevant
real-life issues. SSI-based learning involves
scientific understanding to view social issues from
multiple dimensions, addressing complex
problems and requiring students to consider the

ethical, economic, social, and environmental
aspects of an issue (Zeidler & Keefer, 2003).
This encourages students to collaborate to reach
a mutual agreement, with the teacher acting as a
facilitator who guides them in discovering the
relationship between social issues and the material
(Carlson, 2015; Ke et al., 2020).

RQ2: Difference in Analytical Thinking
Skills between Experimental Group and
Control Group

The difference in analytical thinking skills
between the experimental and control groups is
shown in Table 5.
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Figure 1. Scatter plot of pre-post scores of analytical thinking
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Table 5. Test of between-subject effect results

Dependent Variables F Sig. Partial Eta Squared 
Analytical Thinking Ability 31.249 0.000 0.195 

 

Based on Table 5, the Sig. value for
analytical thinking skills (0.000 < 0.05) indicates
that H

0
 is rejected. This confirms a significant

difference in analytical thinking skills between
students who applied the 7E learning cycle with
the SSI context and those who applied guided
inquiry learning. The effective contribution of the
7E learning cycle to analytical thinking ability in
the SSI context was 20.8%, in the high category.
Further analysis of the post-test scores shows
that the experimental group’s score was higher
than the control group’s. This finding aligns with
Yennita et al. (2023), who stated that the 7E
learning cycle enhances higher-order thinking
skills, particularly the analysis component, by
emphasizing understanding phenomena, building
fact-based arguments, and providing solutions.

Additionally, Dusturi et al. (2024) found that the
SSI approach improved critical thinking skills,
with the highest scores observed in question
analysis.

The application of this model is effective in
training analytical thinking skills through
information processing in a collaborative learning
environment. Group discussions familiarize
students with expressing arguments and solutions.
Increased cognitive ability occurs because
students are active at every stage (elicit, engage,
explore, explain, elaborate, extend, and evaluate)
(Musfiroh et al., 2024). Learning begins by
eliciting students’ prior knowledge through
triggering questions or small-group discussions
that present SSI problems, as shown in Figure
3.

 

Figure 3. Elicitation activities using the SSI context
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The elicit and engage phase evokes
prerequisite knowledge and enthusiasm through
SSI contexts (such as comparing Himalayan salt
with regular salt, and soap waste from laundry
businesses in rivers) and group discussions
(Mustafa & Suyanta, 2019). The selection of
these SSI contexts is based on surrounding issues;
for example, the use of Himalayan salt vs. regular
salt can be discussed from health and economic
perspectives, which will generate differing opinions
among students. This SSI context encourages
students to consider various perspectives
(Herman et al., 2021; Ke et al., 2020; Sadler,
2004). In the explore phase, students connect
problems with concepts through worksheets,
independently practicing information analysis
(Noreen et al., 2024; Udonsathian & Worapun,
2024). The explain phase involves students
presenting discussion results and the teacher
clarifying concepts (Marfilinda et al., 2019;
Noreen et al., 2024). The elaboration phase
applies concepts across different contexts to
sharpen information-organization skills
(Ramadani et al., 2021). The evaluation phase
assesses understanding through tests that measure
the ability to differentiate, organize, and connect
concepts (Noreen et al., 2024). The extend phase
encourages knowledge transfer to new situations
for long-term retention (Karenina et al., 2020;
Muthma’Innah et al., 2019). This model allows
for collaborative problem-solving that develops
critical thinking skills (Suardana et al., 2018).
Guided inquiry tends to be less supportive of the
transfer of new context and makes it difficult to
formulate hypotheses due to a lack of prerequisite
knowledge (Febri et al., 2020; Orosz et al.,
2022). Conversely, the SSI context enhances
analytical, critical, and reflective thinking by
considering various aspects of phenomena,
interactive communication, and the construction
of meaningful arguments (Blegur et al., 2023; Gul
& Akcay, 2020; Kusumaningrum et al., 2021;

Rahman & Chavhan, 2022; Solbes et al., 2018;
Suryawati & Osman, 2018).

The use of guided inquiry learning and the
7E learning cycle with the SSI context both
yielded N-gain values in the medium category.
This indicates that using both learning models
yields a significant improvement; however, a
fundamental syntactic difference affects the post-
test results. Guided inquiry learning begins with
problem investigation, identification, and
hypothesis formulation, steps requiring higher-
order thinking skills. However, students often
have difficulty formulating hypotheses because it
requires mastery of prerequisite material (acid-
base); this lack of prior knowledge hinders their
ability to analyze data and draw conclusions
(Orosz et al., 2022). Furthermore, guided inquiry
does not explicitly direct students to apply
knowledge from experiments to new contexts,
making it difficult for them to transfer the
understanding they have acquired (Orosz et al.,
2022). Meanwhile, the use of the SSI context
also encourages students to develop their
analytical thinking skills better. Research results
from Solbes et al. (2018) indicate that using the
SSI context in learning can help students develop
critical thinking because the social-interactive
process encourages communication to express
thoughts and questions and provides
responsibility for thinking when articulating ideas,
beliefs, and concepts. This supports students in
forming well-reasoned opinions, connecting
concepts with real-world problem contexts, and
making the learning of scientific concepts more
meaningful. Contextual learning can help students
build networks, organize concepts within their
cognitive domain, and develop higher-order
thinking skills, including analytical thinking (Blegur
et al., 2023; Suryawati & Osman, 2018).

Further analysis of analytical thinking ability
was conducted based on the aspects of
differentiating, organizing, and connecting. The
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Figure 4. Analytical thinking skills following participation in LC 7E in the context of SSI

average score details for each aspect in the
experimental and control groups are elaborated
in Figure 4. The highest result was in the
distinguishing aspect, with 82.40 for the
experimental group and 75.48 for the control
group. The high scores on the distinguishing
aspect in the experimental group are due to the
implementation of learning approaches that train
students to break down complex and
controversial information into authentic,
multidimensional problems (Owens & Sadler,
2024; Zeidler et al., 2019). In the explore and
explain phase, students are encouraged to seek
and evaluate diverse information, thereby
practicing their ability to distinguish between
objective scientific facts and subjective opinions,
between relevant and irrelevant information, and
between scientific claims and ethical
considerations (Anderson et al., 2001). This high
score indicates that the students in the
experimental group are accustomed to dealing
with complex, multi-perspective data, which aligns
with Prastika and Arianingrum (2025).

Conversely, the control group with a procedural
approach is more focused on understanding
structured concepts, making them less prepared
to face ambiguous dilemmas. The organizing
aspect has a lower score (78.85%) because some
students still struggle to explain a systematic
sequence of steps, such as calculating the pH of
salt hydrolysis, due to a tendency to apply
formulas without fully understanding the
underlying concepts. This was because students
needed to be reminded of their prerequisite
understanding, especially of the stoichiometry
material, and, due to the limited time
available for the research implementation,
the classroom learning process was less than
optimal.

RQ3: Difference in Scientific Attitude
between Experimental Group and Control
Group

The difference in scientific attitude between
the experimental and control groups can be shown
in Table 6

Table 6. Test of between-subject effect results

Dependent Variables F Sig. Partial Eta Squared 
Scientific Attitude 12.721 0.001 0.090 
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Based on Table 6, the Sig. value for
scientific attitude (0.001 < 0.05) indicates that
H

0
 is rejected. This confirms a significant

difference in scientific attitude between students
who applied the 7E learning cycle with the SSI
context and those who applied guided inquiry
learning. This finding is further supported by the
post-test scores, in which the experimental group
achieved higher results than the control group.
The model’s effectiveness on scientific attitudes
is reflected in a partial eta squared of 0.090
(9.0% contribution), which, although categorized
as moderate, statistically demonstrates its
superiority over guided inquiry. This outcome may
be attributed to several factors, including students’
initial unfamiliarity with the 7E learning cycle and
internal factors related to individual differences
in interest (Madina, 2024; Osborne et al.,
2003)

This aligns with the findings of Puspita et al.
(2018) and Sugrah et al. (2023) that the 7E
learning cycle and SSI-based learning can
enhance students’ scientific attitudes. This is
because the 7E learning cycle encourages
students to respond to the material being taught.
Additionally, the SSI issues used provide students
with opportunities to exchange ideas, evaluate,
reflect, and draw conclusions from various

arguments. Small-group discussions among
students can foster open-mindedness and
curiosity by encouraging students to listen to one
another’s arguments and collaborate to reach
conclusions. Learning experiences using real-
world topics or problems provide opportunities
for students to develop critical thinking,
communication, collaboration, and reflection
(Lowell & Moore, 2020). This process can shape
students’ scientific attitudes, which can be
reviewed from various aspects.

The differences in the effectiveness of the
learning model implementation stem from
differences in steps and context. The SSI context
places students in a learning process that involves
complex issues, such as MSG use, sodium in
instant noodles, or the impact of water waste from
soap use. This context not only demands
understanding of scientific concepts but also
involves ethical considerations, empathy, and
argumentation skills in facing social dilemmas
(Zeidler et al., 2019). This process naturally
fosters scientific attitudes, such as honesty, open-
mindedness, and critical thinking skills. The SSI
context, supported by learning steps that prioritize
group work, enables the 7E learning cycle to elicit
scientific attitudes across its syntaxes (Puspita et
al., 2018; Zeidler et al., 2019).

Figure 5. Scientific attitude following participation in LC 7E in the context of SSI
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Further analysis of scientific attitudes was
conducted using indicators of curiosity, honesty,
critical thinking, open-mindedness, cooperation,
and responsibility, with the results shown in Figure
5. The highest scores were obtained for the
indicators of responsibility (84.77), cooperation
(83.90), and open-mindedness (83.85).
Observations show that these three indicators are
better in the experimental group. These findings
indicate that SSI-contextualized learning cycle 7E
learning is more effective in positively influencing
scientific attitudes, particularly responsibility,
aligning with Febriani & Singasari (2020), Sugrah
et al. (2023), and Uyank (2016). Differences in
scientific attitude profiles between groups are
caused by the learning model used. The 7E
learning cycle enhances scientific attitudes through
structured steps and small group discussions at
each phase (Puspita et al., 2018). In the
experimental class, the discussion dynamics were
more complex, as students were tasked with
dissecting socio-scientific issues (SSI) dilemmas,
which demanded intensive collaboration, including
task delegation, constructive debate, and the
synthesis of findings. For instance, the
implementation of SSI was contextualized by
comparing the use of Himalayan salt and
conventional salt from both economic and health
perspectives. This contextual issue proved
effective in stimulating open-mindedness and
group collaboration in formulating arguments on
the student worksheets. Furthermore, the
examination of detergent waste from laundry
businesses was introduced to spark students’
critical thinking and curiosity regarding
environmental pollution, while simultaneously
balancing economic considerations and proposing
alternative solutions. The integration of diverse
SSI contexts across the instructional phases
familiarized students with analytical argumentation
in problem-solving. Conversely, discussions in the
control group were strictly centered on solving
conceptual problems tied to the textual materials.

This discrepancy in the characteristics of the
learning activities accounted for the differences
in scientific attitude outcomes between the control
and experimental groups. Consequently, the 7E
learning cycle model served as a formal
framework for collaboration, while the SSI
context provided an authentic urgency for
effective cooperation (Sadler, 2009).

 CONCLUSION
Based on the research findings, it can be

concluded that there is a significant difference,
both simultaneously and individually, in analytical
thinking skill and scientific attitude between
students who participated in learning cycle 7E
contextualized with Socio-Scientific Issues (SSI)
and students who used a guided inquiry model
on the topic of salt hydrolysis. The 7E learning
cycle with SSI context provided a highly effective
contribution to both variables, at 20.8%. These
results suggest that the 7E learning cycle with an
SSI context may be more effective in developing
students’ analytical thinking skills and scientific
attitudes. Therefore, this model is recommended
as an innovative alternative instructional
approach, particularly for salt hydrolysis, to
support the attainment of 21st-century
competencies. Furthermore, from a theoretical
perspective, these findings demonstrate that
integrating socio-scientific issues effectively
bridges the gap between abstract chemical
concepts and real-world phenomena.

However, this study has limitations regarding
the sampling procedure. The randomization was
conducted using intact classes (cluster random
sampling) rather than individual randomization, as
the students were already assigned to pre-existing
classes. However, the selection of the school
serving as the research location was strictly
guided by predetermined criteria. Additionally,
technical constraints, such as limited time and
inconsistent student attendance due to conflicting
school schedules, slightly hindered the optimal
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implementation of each instructional stage in the
classroom.

To address these limitations, future research
implementing this model should ensure a sufficient
time allocation so that each instructional stage can
be executed effectively to produce optimal
results. Additionally, future studies are
recommended to integrate the 7E-SSI learning
cycle with the STEM framework or Education
for Sustainable Development (ESD). This
approach would allow students not only to analyze
socio-scientific dilemmas but also to design
concrete, sustainable technological solutions to
real-world environmental issues.

 DECLARATION OF GENERATIVE
AI USAGE IN THE WRITING
PROCESS
During the writing of this manuscript, the

authors employed Grammarly to assist with
language refinement and grammatical correction.
The authors have reviewed and edited the content
generated by this tool and assume full
responsibility for the content of the published
article.
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