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Abstract

Critical thinking is an essential competency for
preservice chemistry teachers, yet Qualitative
Analytical Chemistry instruction often provides
limited opportunities for evidence-based
reasoning and scientific argumentation. This
study aimed to develop and evaluate an
instructional model that integrates socioscientific
issues (SSI), flipped learning, and problem-based
learning (PBL) to promote critical thinking.
Using an Educational Design Research approach,
the model was developed and evaluated through
preliminary  research,  prototyping, and
assessment phases. The resulting SSI-Integrated
Flipped GROW Model consists of five
instructional phases: Gather, Reframe, Outline,
Work 1, and Work 2 (GROW). The findings
demonstrated excellent content validity (0.900—
0.967), high practicality, reflected by
implementation fidelity increasing from 87.75%
to 98.23% and positive student responses
(95.4%), and significant improvement in critical
thinking skills (p <.001; n* = 0.140). The model
provides a valid, practical, and effective
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Resumo

O pensamento critico & uma competéncia
essencial para professores de quimica em
formacéo; no entanto, o ensino da Quimica
Analitica Qualitativa frequentemente oferece
oportunidades limitadas para o raciocinio
baseado em evidéncias e a argumentacio
cientifica. Este estudo teve como objetivo
desenvolver e avaliar um modelo instrucional
que integre questbes sociocientificas (SSI),
aprendizagem invertida e aprendizagem
baseada em problemas (PBL) para promover o
pensamento critico. Utilizando uma abordagem
de Pesquisa em Design Educacional, o0 modelo
foi desenvolvido e avaliado por meio de fases de
pesquisa preliminar, prototipagem e avaliacdo.
O Modelo GROW Invertido Integrado a SSI
resultante consiste em cinco fases instrucionais:
Reunir, Reestruturar, Esbocar, Trabalho 1 e
Trabalho 2 (GROW). Os resultados
demonstraram excelente validade de contetdo
(0,900-0,967), alta praticabilidade — refletida
no aumento da fidelidade de implementacgéo de
87,75% para 98,23% e nas respostas positivas
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framework for promoting evidence-based
reasoning, scientific  argumentation, and
reflective  decision-making in  Qualitative
Analytical ~ Chemistry. As its  primary
contribution, the model offers a unified
instructional framework that systematically
integrates SSI, flipped learning, and PBL within
a coherent learning sequence. The flexible
structure of the GROW phases also suggests
potential applicability across other chemistry
disciplines, making the model a promising
approach for advancing higher-order thinking in
chemistry teacher education.

Keywords: Critical Thinking. Socioscientific
Issues.  Flipped Learning. Problembased
Learning. Analytical Chemistry.
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dos alunos (95,4%) — e melhora significativa
nas habilidades de pensamento critico (p <
0,001; n?* = 0,140). O modelo oferece uma
estrutura valida, pratica e eficaz para promover
0 raciocinio baseado em evidéncias, a
argumentacédo cientifica e a tomada de decisao
reflexiva na Quimica Analitica Qualitativa.
Como principal contribuicdo, o modelo oferece
uma estrutura instrucional unificada que integra
sistematicamente a SSI, a aprendizagem
invertida e a PBL em uma sequéncia de
aprendizagem coerente. A estrutura flexivel das
fases do GROW também sugere potencial
aplicabilidade em outras disciplinas da quimica,
tornando o modelo uma abordagem promissora
para o avanco do pensamento de ordem superior
na formacao de professores de quimica.

Palavras-chave: Pensamento Critico. Questdes
Sociocientificas.  Aprendizagem  Invertida.
Aprendizagem Baseada em Problemas. Quimica
Analitica.

1 INTRODUCTION

The rapid advancement of science, technology, artificial intelligence, and
globalization has increased the demand for twenty-first-century competencies that extend
beyond disciplinary knowledge. Contemporary education is expected to develop higher-
order thinking skills, including critical thinking, problem solving, communication,
collaboration, and decision-making (Care et al., 2020; UNESCO, 2021; OECD, 2023).
The World Economic Forum (2023) also identifies analytical thinking as a key workforce
competency. Consequently, higher education institutions are challenged to create learning
environments that promote active knowledge construction and advanced cognitive
development (Fullan et al., 2018).

Critical thinking is a fundamental outcome of science education, enabling learners
to evaluate evidence, analyze information, draw reasoned conclusions, and make
informed decisions on scientific and societal issues (Osborne, 2004). This study adopts
the Watson—Glaser framework, which includes inference, recognition of assumptions,

deduction, interpretation, and evaluation of arguments. These competencies are essential
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for addressing complex scientific problems characterized by uncertainty and multiple
perspectives (Evagorou et al., 2020; Putri et al., 2024).

In chemistry education, critical thinking is particularly important because
contemporary issues related to environmental sustainability, public health, renewable
energy, and water quality require evidence-based reasoning and scientific judgment
(Sevian & Talanquer, 2014). However, educational outcomes remain unsatisfactory.
PISA 2022 reported that Indonesian students achieved an average science literacy score
of 383, substantially below the OECD average of 485, with approximately 76% failing to
reach Level 2 proficiency (OECD, 2023). Similar challenges are evident in higher
education, where students frequently struggle to evaluate evidence, justify conclusions,
and solve authentic scientific problems (Putri et al., 2024).

These challenges are particularly relevant in chemistry teacher education.
Preservice chemistry teachers are expected not only to master scientific concepts but also
to cultivate critical thinking among future learners. Nevertheless, many still experience
difficulties in addressing complex socioscientific issues requiring evidence-based
reasoning and judgment (Osborne, 2004; Evagorou et al., 2020).

Qualitative Analytical Chemistry provides a suitable context for developing
critical thinking because students must interpret observations, evaluate evidence, identify
errors, and draw scientifically justified conclusions (Facione, 2020). However,
preliminary findings revealed that instruction remains largely teacher-centered and
procedural. A survey involving 112 preservice chemistry teachers showed that 65.2% had
never experienced SSl-based learning, 87.5% supported flipped classroom
implementation, and 97.3% believed SSI could improve contextual understanding of
chemistry. In addition, qualitative cation—anion analysis was identified as the most
difficult topic (37.5%), while unengaging instructional methods were perceived as the
main learning obstacle (35.7%). These findings indicate the need for innovative
instructional approaches that integrate authentic contexts, active learning, and critical
thinking development.

One promising approach is the integration of Socio-Scientific Issues (SSI), which
connect scientific concepts with ethical, environmental, social, economic, and political
dimensions (Sadler, 2011; Zeidler, 2023). SSl-based learning encourages students to

evaluate evidence, analyze competing claims, consider multiple perspectives, and make
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informed decisions (Evagorou & Osborne, 2013; Zeidler, 2023). Previous studies have
demonstrated its effectiveness in improving critical thinking, scientific argumentation,
scientific literacy, and decision-making skills (Evagorou et al., 2020; Putri et al., 2024).
In chemistry education, issues such as heavy metal contamination, industrial wastewater,
and food adulteration provide authentic contexts for critical engagement (Widarti &
Hayati, 2024).

Although SSI offers meaningful learning contexts, effective implementation
requires sufficient time for discussion, inquiry, argumentation, and reflection. The
Flipped Classroom addresses this challenge by moving content acquisition outside the
classroom and using class time for active learning and problem solving (Lo & Hew, 2017;
Akcayir & Akgayir, 2018). Research has shown that flipped learning enhances academic
achievement, engagement, learner autonomy, and conceptual understanding in science
education (Bond, 2020; Lo & Hew, 2021). However, its impact on critical thinking
depends on the quality of instructional design (Ak¢ayir & Akgayir, 2023).

Problem-Based Learning (PBL) further supports critical thinking by engaging
students in authentic and ill-structured problems that require information gathering,
evidence evaluation, and reasoned decision-making (Hmelo-Silver, 2004; Belland et al.,
2017). Previous studies have reported positive effects of PBL on critical thinking,
scientific reasoning, and self-directed learning (Anazifa & Djukri, 2019; Servant-Miklos,
2019). Therefore, integrating SSI, flipped learning, and PBL offers a promising
framework for promoting critical thinking in chemistry education.

A Systematic Literature Review of 40 studies published between 2016 and 2026
further supported this need. The review identified PBL as the most frequently reported
approach for enhancing critical thinking, while SSl-based learning showed strong
associations with critical thinking development and flipped classrooms consistently
improved engagement, autonomy, and learning outcomes. These findings support the
integration of SSI, flipped learning, and problem-based inquiry into a unified instructional
framework.

Despite extensive research on SSI, flipped learning, and PBL, several gaps
remain. First, these approaches have largely been investigated separately, with limited
efforts to integrate them systematically within a single instructional model (Ak¢ayir &
Akgayir, 2018; Putri et al., 2025). Second, SSI-based learning remains underexplored in
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Qualitative Analytical Chemistry despite its strong relevance to analytical decision-
making (Widarti & Hayati, 2024). Third, studies focusing on preservice chemistry
teachers remain limited (Parlan et al., 2018; Putri et al., 2025).

To address these gaps, this study developed the SSI-Integrated Flipped GROW
Model, which combines SSI, Flipped Classroom pedagogy, and PBL within five
instructional phases: Gather, Reframe, Outline, Work 1, and Work 2. The model promotes
critical thinking through digital preparation, socioscientific problem analysis,
collaborative inquiry, experimentation, argumentation, and reflective decision-making.
Its novelty lies in the systematic integration of these approaches within Qualitative
Analytical Chemistry learning.

Accordingly, this study aims to develop and evaluate the SSI-Integrated Flipped
GROW Model for promoting critical thinking in Qualitative Analytical Chemistry.
Specifically, the study seeks to: (1) develop the instructional model; (2) evaluate its
validity and practicality; and (3) examine its effectiveness in improving preservice

chemistry teachers’ critical thinking skills.
2 METHODS
2.1 Research design

This study employed an Educational Design Research (EDR) approach adapted
from Plomp and Nieveen (2013), which is suitable for developing educational innovations
while generating practical and theoretical knowledge (McKenney & Reeves, 2019). The
study aimed to develop and evaluate an SSl-Integrated Flipped GROW Model for
promoting critical thinking among preservice chemistry teachers in Qualitative Analytical
Chemistry.

Following the EDR framework, the research was conducted in three phases: (1)
Preliminary Research, involving needs analysis, problem identification, literature review,
and theoretical framework development; (2) Development and Prototyping, including
model design, expert validation, revision, and limited trials; and (3) Assessment, focusing
on evaluating the validity, practicality, and effectiveness of the developed model in

promoting critical thinking skills (Fig. 1).
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Figure 1
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2.2 Research context and participants

This study was conducted from August to November 2025 in the Chemistry
Education Program at University Indonesia. The SSl-Integrated Flipped GROW Model
was developed, validated, revised, and implemented in a Qualitative Analytical
Chemistry course over six meetings using socioscientific contexts.

Participants included six experts who validated the model and learning materials
and 86 preservice chemistry teachers selected through purposive sampling for the

effectiveness study. All participants provided informed consent.
2.4 Preliminary Research Phase
Needs analysis was conducted through observations, interviews, curriculum

analysis, questionnaires, and literature review. Findings indicated that instruction

remained lecturer-centered, laboratory activities emphasized procedures over reasoning,
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and opportunities for critical thinking, argumentation, and socioscientific decision-
making were limited. Most students viewed SSI as important (85.7%), believed it
enhanced contextual understanding (97.3%), and supported flipped learning (87.5%).
These findings highlighted the need for an instructional model integrating authentic

contexts, active learning, and critical thinking development.
2.5 Development and prototyping phase

Based on these findings, the SSI-Integrated Flipped GROW Model was developed
by integrating Socio-Scientific Issues (SSI), Flipped Classroom pedagogy, and Problem-
Based Learning (PBL). The model underwent expert validation, revision, and small-scale

trials before effectiveness evaluation.
2.6 Assessment phase

The study employed validation sheets, a critical thinking test, observation sheets,
and a student response questionnaire to evaluate the validity, practicality, and
effectiveness of the SSl-Integrated Flipped GROW Model. Expert validation was
analyzed using the Content Validity Index (CVI), yielding excellent validity (S-CVI/Ave
= 0.900-0.967) (Lynn, 1986; Polit & Beck, 2006). Critical thinking, measured through
interpretation, analysis, evaluation, inference, and explanation (Facione, 2020), was
analyzed using descriptive statistics and paired-sample t-tests. Reliability was examined
using Cronbach’s alpha (a > .70) and interobserver agreement. Practicality was assessed
through observations and student responses using percentage analysis. Model
effectiveness was determined by comparing pretest and posttest scores following

normality testing with the Kolmogorov—Smirnov test (Field, 2018; Pallant, 2020).
2.7 Ethical considerations
Participation was voluntary, and informed consent was obtained from all

participants. Data were anonymized, kept confidential, and used solely for research

purposes in accordance with institutional ethical guidelines.
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3 RESULTS
3.1 Preliminary research phase
3.1.1 Needs analysis results

The preliminary research phase aimed to identify instructional challenges and
establish the need for developing the SSI-Integrated Flipped GROW Model. Data were
collected through classroom observations, interviews, a needs assessment survey
involving 112 chemistry students, curriculum analysis, and a Systematic Literature
Review (SLR).

Findings revealed that Qualitative Analytical Chemistry instruction remained
largely teacher-centered, emphasizing procedural laboratory work and conceptual
understanding while providing limited opportunities for SSI integration, argumentation,
evidence evaluation, and critical thinking. Students often struggled to interpret evidence,
justify conclusions, and connect chemistry concepts to real-world contexts.

Survey results showed strong support for instructional innovation. More than 85%
of students considered SSI important, 97.3% believed it enhanced contextual
understanding, and 87.5% supported flipped learning implementation. Students also
recognized the importance of 4C skills, while qualitative cation—anion analysis was
identified as the most difficult topic. Overall, the findings indicate the need for an
instructional model integrating SSI, active learning, problem solving, and flipped learning
to promote critical thinking in Qualitative Analytical Chemistry.

3.1.2 Systematic literature review (SLR) results

A Systematic Literature Review (SLR) was conducted following PRISMA
procedures using studies published between 2016 and 2026 from Scopus, Web of Science,
ScienceDirect, and ERIC. Forty eligible articles were analyzed to establish the theoretical
foundation for model development.

The review identified Problem-Based Learning (PBL), Project-Based Learning,

and Inquiry-Based Learning as the most frequently reported approaches for promoting
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higher-order thinking skills. It also highlighted the effectiveness of socioscientific issues
(SSI) in enhancing critical thinking and scientific argumentation, while flipped classroom
learning improved achievement, engagement, learner autonomy, and digital literacy.

Combined with the needs assessment findings, the SLR indicated that existing
instruction provided limited opportunities for authentic problem solving and evidence-
based reasoning. These results support the integration of PBL, SSI, and Flipped
Classroom pedagogy within the SSI-Integrated Flipped GROW Model to foster critical
thinking in Qualitative Analytical Chemistry.

3.2 Development of the ssiintegrated flipped GROW model

Based on the preliminary research findings, the SSlintegrated Flipped GROW
Model was developed by integrating SocioScientific Issues (SSI), Flipped Classroom
pedagogy, and ProblemBased Learning (PBL) into a coherent instructional framework.
The model comprises five interconnected phases designed to progressively develop

students’ critical thinking skills through authentic problemsolving experiences (Fig. 2).

Figure 2
SSlintegrated Flipped GROW Model for Promoting Critical Thinking
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Figure 2 presents the SSI-Integrated Flipped GROW Model, which combines SSI,
Flipped Classroom pedagogy, and PBL to promote critical thinking in Qualitative
Analytical Chemistry. Grounded in constructivist, SSI, flipped learning, and PBL
theories, the model consists of five phases—Gather, Reframe, Outline, Work 1, and Work
2—that engage students in problem analysis, inquiry, evidence evaluation, scientific

communication, and evidence-based decision-making.

3.3 Validity of the SSlintegrated flipped GROW model

The SSI-Integrated Flipped GROW Model demonstrated excellent validity based
on expert evaluation, showing strong theoretical consistency, instructional coherence, and
alignment among its components. CVI analysis confirmed excellent content validity,

supporting its suitability for chemistry teacher education.

3.4 Validity of supporting learning materials

Supporting learning materials were also evaluated by expert validators to

determine their appropriateness for implementation. Table 1 presents the validity results
of the developed learning materials.

Table 1

Validity Results of Supporting Learning Materials
Learning Material Validity (%) SCVI/Ave SCVI/UA
Teaching Materials 92.6 0.967 0.727
Student Worksheets 92.6 0.917 0.545
Critical Thinking Assessment 88.1 0.900 0.400

All developed learning materials achieved excellent content validity, with
SCVI/Ave values ranging from 0.900 to 0.967, exceeding the recommended threshold of
0.80. These findings confirm their validity and suitability for classroom implementation.
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3.5 Assessment phase

3.5.1 Practicality evaluation

The practicality of the SSlintegrated Flipped GROW Model was assessed through
implementation observations conducted over six instructional meetings and student

response guestionnaires.

3.5.2 Implementation fidelity

Implementation fidelity was observed across six consecutive instructional
meetings to determine the extent to which the model could be implemented as intended
in authentic classroom settings. Table 2 presents the implementation fidelity results for

each meeting.

Table 2
Implementation Fidelity of the SSlintegrated Flipped GROW Model

Meeting Implementation (%) Category

1 87.75 Very Practical
2 90.00 Very Practical
3 92.58 Very Practical
4 93.12 Very Practical
5 96.65 Very Practical
6 98.23 Very Practical

Implementation quality improved consistently throughout the intervention,
increasing from 87.75% to 98.23% across six meetings. All sessions were categorized as
Very Practical, and high interobserver agreement confirmed the reliability of the

observational data.
3.5.3 Student responses
Student responses were collected to evaluate students' perceptions of the learning

activities, SSI integration, flipped learning experiences, and collaborative problemsolving

activities. Table 3 presents the student response results by indicator.

_ Veredas do Direito, v.23, 237406 — 2026




THE SSI-INTEGRATED FLIPPED GROW MODEL: EVIDENCE OF VALIDITY AND PRACTICALITY FOR PROMOTING CREATIVE THINKING IN CHEMISTRY EDUCATION

Table 3
Student Responses Toward Learning Activities
Indicator Percentage (%)
Learning Motivation 95.4
SSI Relevance 94.3
Critical Thinking Development 91.4
Active Participation 93.2
Learning Satisfaction 96.0
Overall Response 95.4

Student responses indicated a high level of practicality, with an overall score of
95.4%. Positive ratings across learning motivation (95.4%), SSI relevance (94.3%),
critical thinking development (91.4%), active participation (93.2%), and learning
satisfaction (96.0%) suggest that students perceived the model as meaningful, engaging,
and supportive of collaborative problem solving and critical thinking. These findings
confirm the high practicality and feasibility of the SSlintegrated Flipped GROW Model

in Qualitative Analytical Chemistry learning.

3.6 Effectiveness evaluation

The effectiveness of the SSlintegrated Flipped GROW Model was evaluated using
data collected from 86 preservice chemistry teachers (n = 86) enrolled in a Qualitative
Analytical Chemistry course. A pretest—posttest design was employed to assess changes
in critical thinking performance following model implementation. Prior to hypothesis

testing, and normality were systematically examined.

3.6.1 Descriptive statistics of critical thinking scores

Table 4 presents the descriptive statistics of students' critical thinking scores
before and after the implementation of the SSlintegrated Flipped GROW Model.
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Table 4
Descriptive Statistics of Critical Thinking Scores (n = 86)

Test N Mean SD Minimum Maximum
Pretest 86 62.41 1052 41 85
Posttest 86 70.20 9.83 50 92

The results indicate that the mean posttest score (M = 70.20, SD = 9.83) was
substantially higher than the mean pretest score (M = 62.41, SD = 10.52), suggesting a
meaningful improvement in students' critical thinking performance following
implementation of the SSlintegrated Flipped GROW Model. The narrowing of the
standard deviation from pretest to posttest further indicates a more consistent level of

performance among students after the intervention.
3.6.2 Improvement in critical thinking skills
To determine the magnitude of learning improvement, gain scores were calculated

between pretest and posttest performance. Table 5 presents the mean gain in critical

thinking scores.

Table 5

Improvement in Critical Thinking Scores
Variable Pretest Mean Posttest Mean Mean Gain
Critical Thinking 62.41 70.20 7.791

The positive mean gain of 7.791 indicates that students demonstrated a meaningful
and consistent improvement in critical thinking performance after participating in the
instructional intervention. This gain reflects the extent to which the SSI Integrated
Flipped GROW Model contributed to students' development of evidencebased reasoning,

scientific argumentation, and reflective decision making competencies.
3.6.3 Critical thinking performance by dimension

To provide a more detailed understanding of students' critical thinking

development, scores were analyzed according to the five dimensions of the Watson—
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Glaser Critical Thinking Appraisal. Table 6 presents the pretest mean, posttest mean, and

gain for each dimension.

Table 6

Critical Thinking Scores by Dimension
Dimension Pretest Mean Posttest Mean Gain
Inference 11.82 13.20 1.38
Recognition of Assumptions 12.15 13.58 1.43
Deduction 13.04 14.82 1.78
Interpretation 12.58 14.25 1.67
Evaluation of Arguments 12.82 14.35 1.53

Critical thinking improved across all five dimensions, with the highest gains in
Deduction (1.78) and Interpretation (1.67), followed by Evaluation of Arguments (1.53),
Recognition of Assumptions (1.43), and Inference (1.38). These findings indicate that the
SSIIntegrated Flipped GROW Model effectively strengthened students’ evidencebased

reasoning, scientific judgment, and critical thinking skills.

3.6.4 Assumption testing

Prior to hypothesis testing and normality assumptions were systematically

examined to ensure the statistical validity of the Paired Sample t-Test.

3.6.5 Normality test

Because the sample size exceeded 50 participants (n = 86), the Kolmogorov—
Smirnov test was employed to assess the normality of the data distribution. Table 7
presents the normality test results.

Table 7

Results of the Kolmogorov—Smirnov Normality Test

Variable Statistic df Sig.
Pretest .058 86 .200
Posttest .084 86 .191
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All significance values exceeded .05 (pretest: Sig. = .200; posttest: Sig. = .191),
indicating that both pretest and posttest scores were normally distributed. These results
confirm that the parametric assumption of normality was satisfied, justifying the use of

the Paired Sample tTest for hypothesis testing.

3.6.6 Paired sample tTest results

A Paired Sample tTest was conducted to determine whether statistically
significant differences existed between students' pretest and posttest critical thinking
scores following implementation of the SSlintegrated Flipped GROW Model. Table 8

presents the results of the analysis.

Table 8

Paired Sample t-Test Results
Mean Difference t df Sig. (2tailed)
-7.791 —-3.725 85 <.001

The analysis revealed a statistically significant difference between pretest and
posttest critical thinking scores, t(85) = —3.725, p <.001. The mean difference of —7.791
indicates that posttest scores were substantially higher than pretest scores, confirming the
effectiveness of the SSlintegrated Flipped GROW Model in improving preservice
chemistry teachers’ critical thinking skills in Qualitative Analytical Chemistry.

3.6.7 Effect size analysis
To determine the practical magnitude of the intervention effect, eta squared (n?)
was calculated using the obtained tvalue and sample size according to the following

formula;

nw=/t+N-1) (1)
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Using the obtained tvalue (—3.725) and sample size (N = 86), the calculated eta
squared was n? = 0.140. Table 9 presents the effect size results.

Table 9

Effect Size of the SSlIntegrated Flipped GROW Model

Variable n? Category
Critical Thinking 0.140 Large

According to Cohen's (1988) criteria for educational research, an n2 value of 0.140
represents a large effect, indicating that the SSlintegrated Flipped GROW Model
contributed substantially to the improvement of students' critical thinking skills. This
large effect size provides compelling evidence that the instructional intervention
produced meaningful and practically significant improvements beyond statistical

significance alone.

Figure 3
Comparison of Pretest and Posttest Critical Thinking Scores by Watson—Glaser
Dimension (N = 86)

80

0
ognition of Assumptions Deductio vai

Inference Rec eductic Interpretation Evaluation of Arguments Tolal CT Score

Figure 3 presents the comparison of pretest and posttest mean scores across the
five Watson-Glaser dimensions and the overall critical thinking score. As shown in the
figure, posttest scores consistently exceeded pretest scores across all dimensions, with the
overall mean increasing from 62.41 to 70.20. The largest gains were observed in
Deduction and Interpretation, consistent with the results presented in Table 8.
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3.6.8 Summary of research objectives achievement

The findings across all phases of the study — preliminary research, development
and prototyping, and assessment — collectively indicate that all research objectives were

successfully achieved. Table 10 presents a comprehensive summary of the research

findings.

Table 10

Summary of Research Findings
Research Objective Evidence Result
Develop an SSlintegrated Needs analysis, SLR, model development Achieved

Flipped GROW Model

Evaluate validity and SCVI/Ave = 0.900-0.967; implementation = Highly valid and
practicality 87.75-98.23%; student responses = 95.4% practical
Evaluate effectiveness Paired ttest p <.001; n?=0.140 Effective

Overall, the SSlintegrated Flipped GROW Model demonstrated excellent
validity, high practicality, and significant effectiveness in promoting critical thinking
among preservice chemistry teachers. The model achieved strong validity (SCVI/Ave =
0.900-0.967), high implementation fidelity (87.75-98.23%), positive student responses
(95.4%), and a significant improvement in critical thinking performance (p < .001, n? =
0.140).

4 DISCUSSION
4.1 Development of the SSl-integrated flipped GROW model

The SSl-Integrated Flipped GROW Model was developed in response to the
predominantly teacher-centered nature of Qualitative Analytical Chemistry instruction,
which provides limited opportunities for evidence evaluation, argumentation, scientific
reasoning, and decision-making. The preliminary analysis revealed that learning activities
were largely focused on procedural laboratory skills and content acquisition, with
insufficient emphasis on higher-order cognitive processes. This finding is consistent with

previous studies indicating that chemistry instruction often prioritizes conceptual mastery
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and algorithmic problem solving over critical evaluation and reflective reasoning (Sevian
& Talanquer, 2014; Talanquer, 2021). Similar concerns have been reported
internationally, where science education programs continue to face challenges in
preparing students to apply scientific knowledge in addressing complex real-world
problems (Sadler et al., 2017; OECD, 2023).

The study also identified limited implementation of socioscientific issue (SSI)-
based learning despite students recognizing its importance for connecting chemistry
concepts with societal and environmental contexts. This finding supports previous
research demonstrating that SSI-based instruction promotes critical thinking, scientific
argumentation, moral reasoning, and informed decision-making by engaging students
with authentic and controversial issues (Evagorou et al., 2020; Zeidler, 2023; Putri et al.,
2024). International studies have similarly shown that SSI contexts improve students’
abilities to evaluate evidence, consider multiple perspectives, and construct scientifically
justified decisions regarding issues such as climate change, environmental sustainability,
biotechnology, and public health (Lee et al., 2019; Puig et al., 2021).

A major contribution of this study is the integration of SSI, Flipped Classroom
pedagogy, and Problem-Based Learning (PBL) into a single instructional framework.
Although each approach has independently demonstrated positive effects on student
learning, studies integrating all three within a coherent instructional sequence remain
limited. SSI provides authentic contexts that stimulate reasoning and decision-making,
flipped learning enhances readiness and active participation through pre-class
preparation, and PBL promotes inquiry, collaboration, and evidence-based problem
solving (Belland et al., 2017; Bond, 2020; Lo & Hew, 2021). Their integration creates a
comprehensive learning environment that supports the development of higher-order
thinking skills while simultaneously strengthening conceptual understanding and
scientific literacy.

The effectiveness of the model is reflected in its five instructional phases—Gather,
Reframe, Outline, Work 1, and Work 2 which systematically guide students through
preparation, problem identification, inquiry planning, investigation, argumentation, and
evidence-based decision-making. These phases are theoretically aligned with established
frameworks of critical thinking and scientific reasoning (Facione, 2020; Abell &

Lederman, 2022). The Gather phase supports knowledge acquisition and conceptual
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preparation through flipped learning activities. The Reframe phase encourages students
to analyze socioscientific problems and identify relevant issues. The Outline phase
facilitates planning and hypothesis generation, enabling students to design investigative
strategies. Work 1 emphasizes experimentation, data collection, evidence evaluation, and
argument construction, while Work 2 focuses on communication, reflection, and
justification of conclusions. Collectively, these phases establish a progressive pathway

for developing critical thinking through authentic scientific inquiry.

Figure 4
Structural Model of the SSlintegrated Flipped GROW Learning Framework for
Developing Critical Thinking Skills

PROBLEM-BASED LEARNING (PBL)
THEORETICAL FOUNDATION (Barrows & Ta 1980) NOVELTY AND INNOVATION
1. Cognitive Learning Theory (Piaget. 1936; 1972) Phase 1: Orient learners 1o the problem 1. The new GROW model (Gather, Reframe, Outline, Work 1, Work 2)
2. Discovery Learning Theory (Bruner, 1961; 1966) Phase 2: Organize learners aligned with Weeks 1-21
3. Meaningful Learning Theory (Ausubel, 1963; 1968) Phase 3: Guide investigations individually and in groups 2. SSi-based model for context-rich chemistry learning
4. Social Constructivism (Vygotsky, 1978) Phase 4: Develop and present work 3. Integrated Fiipped Classroom to overcome time constraints
Phase 5: Analyze and evaluate the problem-soiving process 4. Comprehensive products: model, guidebook, RPS, modules,

videos, worksheets, and assessment instruments.

SSI-INTEGRATED FLIPPED GROW MODEL
(FOCUS: CRITICAL THINKING DEVELOPMENT)

[ To foster students’ critical thinking through SSI contexts and a structured learning cycle
that integrates pre-class preparation, in-class inquiry, and post-class reflection.
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Figure 4 illustrates the structural relationship between the theoretical foundations
and instructional phases of the SSI-Integrated Flipped GROW Model. The model is
grounded in constructivist and social constructivist perspectives, which emphasize active
knowledge construction and collaborative learning. At the same time, it incorporates
principles of SSI education, flipped learning, and problem-based inquiry to create

learning experiences that are contextual, interactive, and intellectually challenging. The
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integration of these theoretical perspectives provides a strong pedagogical foundation for
promoting critical thinking and scientific reasoning in chemistry education.

Beyond instructional design, the novelty of the SSI-Integrated Flipped GROW
Model lies in its systematic integration of socioscientific reasoning, flipped learning, and
inquiry-based problem solving into a coherent pedagogical sequence. Unlike many
previous approaches that implement these components separately, the GROW framework
connects preparation, problem framing, investigation, evidence evaluation,
argumentation, and reflection within a single learning cycle that mirrors authentic
scientific practice. This integrated design provides a comprehensive mechanism through
which students can develop critical thinking skills while engaging with meaningful
chemistry-related societal issues.

From a theoretical perspective, the findings reinforce the proposition that critical
thinking develops most effectively when students engage in authentic problem contexts,
collaborative inquiry, evidence-based reasoning, and reflective decision-making. These
findings support contemporary perspectives emphasizing the importance of integrating
inquiry, argumentation, and real-world problem solving into science teacher education
(Evagorou et al., 2020; Putri et al., 2024). Consequently, the SSI-Integrated Flipped
GROW Model contributes to the growing body of literature on instructional innovations
designed to foster higher-order thinking skills in chemistry education.

4.2 Validity and practicality of the SSl-integrated flipped GROW model

The second major finding indicates that the SSI-Integrated Flipped GROW Model
possesses high levels of validity and practicality. Expert evaluations demonstrated strong
alignment among the model’s theoretical foundations, instructional syntax, social system,
reaction principles, support system, and expected learning outcomes. These findings are
consistent with design-based research principles emphasizing the importance of
theoretical coherence and internal consistency in instructional model development
(McKenney & Reeves, 2019; Plomp & Nieveen, 2013).

The credibility of these findings is strengthened by the reliability of the research
instruments used throughout the study. The validation instruments, implementation

observation sheets, student response questionnaires, and critical thinking assessment
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instruments demonstrated satisfactory reliability coefficients exceeding the
recommended threshold for educational research. These results indicate that the
instruments consistently measured the intended constructs and provide confidence that
the observed outcomes reflect actual characteristics of the model rather than measurement
error (Hair et al., 2022; Tavakol & Dennick, 2011). The combination of strong validity
and reliability evidence supports the overall quality of the developed instructional model.

The results further suggest that SSI, Flipped Classroom pedagogy, and Problem-
Based Learning were successfully integrated into a unified instructional framework. SSI
supplied authentic contexts for evaluating scientific evidence and making informed
decisions, flipped learning increased student preparedness and classroom engagement,
and PBL supported collaborative inquiry and problem-solving processes (Belland et al.,
2017; Bond, 2020; Lo & Hew, 2021; Zeidler, 2023). The complementary nature of these
pedagogical approaches likely contributed to the high validity ratings awarded by the
expert validators.

Practicality findings also demonstrated that the model can be implemented
effectively in classroom settings. Increasing implementation fidelity across successive
learning sessions indicates that lecturers and students were able to adapt successfully to
the learning procedures. Positive student responses suggest that the model enhanced
engagement, motivation, and participation in learning activities. These findings are
consistent with previous studies reporting that authentic socioscientific contexts and
active learning environments increase student involvement and ownership of learning
(Evagorou et al., 2020; Zeidler, 2023). Similar results have been documented in
educational settings across Europe, Australia, and East Asia, where student-centered
inquiry approaches have been shown to promote meaningful learning experiences and
stronger self-regulated learning behaviors (Bond, 2020; Lo & Hew, 2021).

Overall, the findings indicate that the SSI-Integrated Flipped GROW Model is
both theoretically sound and practically feasible. The successful integration of SSI,
flipped learning, and inquiry-based problem solving demonstrates the potential of the

model as an effective instructional framework for chemistry teacher education.
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4.3 Effectiveness of the SSl-integrated flipped GROW model in promoting critical
thinking

The third major finding demonstrates that the SSI-Integrated Flipped GROW
Model significantly improves students’ critical thinking skills. Statistically significant
differences between pretest and posttest scores indicate that participation in the learning
intervention contributed to measurable gains in students’ critical thinking performance.
These findings are consistent with previous research demonstrating the effectiveness of
SSl-based instruction in enhancing critical thinking, scientific reasoning, and decision-
making abilities (Evagorou et al., 2020; Zeidler, 2023; Putri et al., 2024). Similar positive
outcomes have been reported in studies conducted in the United States, Spain, China,
Turkey, and South Korea, where SSl-oriented learning improved students’ abilities to
evaluate evidence, analyze competing claims, and justify decisions using scientific
reasoning (Lee et al., 2019; Puig et al., 2021; Chang Rundgren & Rundgren, 2022).

The effectiveness of the model is also consistent with meta-analytic evidence
regarding flipped learning. Previous studies have shown that flipped classroom
approaches positively influence higher-order thinking, conceptual understanding, and
student engagement by reallocating instructional time from passive content delivery to
active learning activities (Lo & Hew, 2021; Akgayir & Akcgayir, 2023). Within the SSI-
Integrated Flipped GROW Model, students acquired foundational knowledge during the
Gather phase before attending class. Consequently, classroom time could be devoted to
discussion, inquiry, experimentation, evidence evaluation, and argumentation. This
arrangement provided sustained opportunities for students to practice critical thinking in
authentic learning contexts.

The findings also align with research demonstrating the effectiveness of Problem-
Based Learning in promoting analytical reasoning, inquiry skills, and knowledge
application (Dolmans et al., 2022). Through the Reframe and Outline phases, students
identified problems, analyzed socioscientific issues, generated hypotheses, and designed
investigative procedures. During the Work phases, students conducted experiments,
interpreted data, evaluated evidence, constructed arguments, communicated findings, and

reflected on their conclusions. These activities closely resemble authentic scientific
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inquiry processes and therefore provide a strong pedagogical foundation for developing
critical thinking competencies.

A particularly important contribution of this study is the finding that critical
thinking development appears to result from the synergistic interaction among SSI
contexts, flipped learning, and inquiry-based problem solving rather than from any
individual instructional component. Whereas many previous studies have investigated
these approaches independently, the present findings suggest that their integration creates
a more powerful learning environment. Students were simultaneously exposed to
authentic societal issues, supported through pre-class preparation, engaged in
collaborative inquiry, involved in laboratory-based investigation, and encouraged to
justify decisions using scientific evidence. This comprehensive learning experience likely
contributed to the substantial improvements observed in critical thinking performance.

In addition to its effectiveness within Qualitative Analytical Chemistry, the SSI-
Integrated Flipped GROW Model demonstrates strong potential for adaptation across
other chemistry disciplines. The five-phase structure provides a flexible pedagogical
framework that can accommodate various chemistry topics while maintaining its
emphasis on inquiry, socioscientific reasoning, and evidence-based decision-making. In
Environmental Chemistry, for example, students may investigate issues related to water
pollution, waste management, climate change, and environmental sustainability. In
Organic Chemistry, students could analyze the societal and environmental implications
of plastics, pharmaceuticals, and biofuels. In Physical Chemistry, topics such as
renewable energy technologies, battery systems, and carbon capture could provide
meaningful socioscientific contexts. Similarly, in Biochemistry and Chemical Education
courses, the model could support the exploration of public health issues, biotechnology,
food safety, and educational policy. These examples indicate that the model possesses
substantial adaptability and can serve as a transferable instructional framework across
diverse chemistry disciplines and educational levels.

Despite its promising outcomes, several implementation challenges should be
acknowledged, particularly in resource-constrained educational settings. Effective
implementation of the model requires access to digital learning resources, internet
connectivity, laboratory facilities, and sufficient instructional time to support inquiry and

collaborative learning activities. Institutions with limited technological infrastructure
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may experience difficulties implementing the flipped learning component, while
shortages of laboratory equipment and materials may restrict opportunities for hands-on
investigation during the Work phases. Additionally, successful facilitation of SSI
discussions and inquiry-based learning requires instructors to possess pedagogical
expertise in argumentation, discussion management, and student-centered instruction.
These requirements may present challenges for institutions with limited professional
development opportunities. To address these constraints, future implementations could
incorporate low-cost laboratory activities, locally available materials, offline learning
resources, asynchronous learning alternatives, and simplified flipped-learning formats.
Such adaptations would preserve the core principles of the model while increasing its
feasibility and accessibility in diverse educational contexts.

Regarding external validity, caution should be exercised when generalizing the
findings beyond the study context. The model was implemented with prospective
chemistry teachers enrolled in a Qualitative Analytical Chemistry course at a single
Indonesian university. Differences in institutional characteristics, curriculum structures,
technological infrastructure, cultural contexts, and student demographics may influence
the extent to which similar outcomes are achieved in other settings. Nevertheless, because
the model is grounded in widely established educational theories, including
constructivism, social constructivism, SSI education, flipped learning, and problem-
based learning, its underlying principles are likely transferable to comparable chemistry
education programs internationally. Future studies involving multiple institutions, diverse
chemistry disciplines, larger sample sizes, and cross-national contexts are recommended
to further examine the model’s generalizability and establish stronger evidence of
external validity.

Overall, the results indicate that the SSI-Integrated Flipped GROW Model
provides a theoretically grounded, empirically validated, and practically feasible
framework for enhancing critical thinking in Qualitative Analytical Chemistry. The study
contributes to the growing body of literature advocating contextualized, inquiry-oriented,
and student-centered approaches in science education. More importantly, it introduces an
innovative instructional model that synthesizes socioscientific issues, flipped learning,
and problem-based inquiry into a coherent pedagogical framework capable of preparing

future chemistry teachers to meet the demands of twenty-first-century education. The
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model not only demonstrates effectiveness within the context of Qualitative Analytical
Chemistry but also offers substantial potential for adaptation across chemistry disciplines
and educational settings, thereby expanding its relevance and contribution to

contemporary chemistry education research.
5 CONCLUSION

This study developed and evaluated the SSI-Integrated Flipped GROW Model to
enhance critical thinking among preservice chemistry teachers in Qualitative Analytical
Chemistry. Based on an Educational Design Research framework, the model integrates
Socio-Scientific Issues (SSI), Flipped Classroom pedagogy, and Problem-Based
Learning (PBL) through five phases: Gather, Reframe, Outline, Work 1, and Work 2.

The findings indicate that the model is valid, practical, and effective. Expert
validation confirmed strong theoretical and instructional coherence, supported by reliable
research instruments, while implementation results demonstrated high feasibility and
positive student engagement. The model also significantly improved critical thinking by
promoting evidence evaluation, scientific reasoning, argumentation, and decision-making
through SSl-based inquiry and laboratory activities.

The study’s main contribution is the development of a unified instructional
framework that systematically integrates SSlI, flipped learning, and PBL. The model also
shows potential for adaptation across various chemistry disciplines, although further
studies involving diverse educational contexts are needed to strengthen its external
validity. As a theoretically grounded and empirically validated innovation, the SSI-
Integrated Flipped GROW Model offers a promising approach for fostering critical

thinking in chemistry teacher education.
5.1 Limitations

Several limitations should be considered. First, the study was conducted in a single
teacher education institution, limiting generalizability. Second, the evaluation focused

primarily on critical thinking, without comprehensively assessing other competencies

such as scientific argumentation, scientific literacy, collaboration, communication, and
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digital literacy. Third, the relatively short intervention period restricts conclusions about
long-term impacts. Finally, the model was tested only in Qualitative Analytical

Chemistry, and its applicability to other chemistry domains requires further investigation.
5.2 Implications and future research

This study introduces the SSI-Integrated Flipped GROW Model as an innovative
framework integrating SSI, Flipped Classroom, and PBL within a five-phase structure to
support critical thinking through evidence evaluation, argumentation, inquiry, and
reflective decision-making.

Practically, the model provides an alternative instructional approach for chemistry
teacher education to enhance higher-order thinking and student-centered learning through
authentic socioscientific contexts, aligned with 21st-century competencies.

Future research should examine its implementation across different educational
levels, institutions, and chemistry domains, as well as conduct longitudinal studies to
assess long-term impacts. Further studies are also recommended to evaluate additional
competencies and explore the integration of emerging technologies such as Al, learning
analytics, and virtual laboratories.
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