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INTRODUCTION

With the fast pace of modern society, the formation of critical thinking (CT) is now considered
to be an important ability within secondary education, specifically in such sciences as chemistry (Ariyani
et al., 2025; Beltran, 2025; Poulikova, 2025). Acquisition of CT abilities in students enables them to
consider deep issues, critically analyse data, and make justified decisions — important skills for both
academic inquiry and real-world decision-making. Therefore, there is a worldwide encouragement of
science instruction by the global curriculum and policy documents to place a profound emphasis on CT.

While research indicates, however, an evident distinction is observed between the need described
in curricular frameworks and its reflection within actual classroom activities. There are great differences
in the application and teaching of critical thinking by secondary chemistry teachers (Wahyudiati, 2022).
There is a prevalent problem among teachers of not having adequate preparation from training or
theoretical knowledge to be able to detect and use CT effectively in instruction, activities, and evaluations.
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The entirely distinct barriers encountered in the course of teaching chemistry, e.g., sophisticated
abstract concepts, hands-on laboratory training, and formula-oriented thinking, illustrate how teachers’
approaches to and understanding of CT affect pupils’ intellectual development (Agustian et al., 2022).
The purpose of this systematic review was to examine the way the teaching of critical thinking is defined
as an integral part of teaching by the secondary chemistry tutors (Veerasinghan et al., 2021; Endra &
Villaflor, 2024; Afriani & Widodo, 2025). It works out which theoretical approaches the teachers are
adopting, the way the instruction is presented, what assessment tools are chosen and how much the
teachers’ beliefs align with their teaching practice.

The foundation of modern science scrutiny, critical thinking (CT), presents students with the
capability of analysing evidence, evaluating arguments, and making well-supported conclusions (OECD,
2019). CT came out as a super competency in many chemistry teaching models throughout the literature
reviewed. Based on studies carried out by Arifin et al. (2025) and Syahana et al. (2023), CT is essential
for improving students’ conceptual knowledge and general competence in science. Veerasinghan et aal
(2021) and Song et al. (2024) demonstrate that design thinking and project-based learning (PBL)
encourage creative thinking, problem-solving and self-reflection skills in students, which are critical CT
concepts. These approaches depict CT as an embedded component of science education, not as an ability
to be acquired separately from science education. Inquiry-basedd learning as posited by Adauyah and
Aznam (2024) and Abu Khurma and El Zein (2024) fosters student engagement by making the students
ask questions, analyse evidence, and present explanations. Inquiry-basedd learning increases engagement
through critical questioning, evidence-based analysis and explanation, leading to deeper cognitive skills
(Abu Khurma and El Zein, 2024; Cortés et al., 2025; Dzulfikar et al., 2025).

While recognising CT’s benefits, the inclusion of it into teaching plans is still an issue. Results
from various investigations show that institutional constraints and environmental challenges are barriers
r critical thinking pedagogies from being adopted. From Jamil et al. (2024) and Kamila et al. (2024),
heavy syllabi, test-oriented instruction and insufficient teacher training were found to limit teachers in the
effective implementation of CT techniques. Lacking proficiency in CT concepts or assurance in
successfully teaching these concepts to students, instructors often resorted to simplistic questions or
taught content at a cost to deeper thinking (Raihanah et The scarcity of resource and restricted scheduling
at schools in the UAE hindered the practice of student-led inquiry, which is a critical technique for CT
development, according to Abu Khurma & El Zein (2024). Teachers prioritised CT, yet inflexible
curricula and loss of pedagogical autonomy made it rarely incorporated (Mansyuarna et al., 2023;
Setiawan et al., 2023; Ikhsan et al., 2025).

Stark differences in the secondary chemistry teachers’ understanding of CT were evidenced in
the reviewed studies (Gong et al., 2022). Some teachers associated CT with larger life competencies such
as communicating, problem solving, and decision making (Jamil et al., 2024), while others firmly linked
CT to scientific reasoning and analysis (Ho et al., 2023; Julianti et al., 2025). Krisandini & Anwar (2024)
and Setiawan et al. (2023) reported that teachers’ varied concepts of CT had a direct effect on instructional
planning and resulted in asymmetric practices in the classroom. Adopting results by Raihanah et al.
(2024), educators with significant TPACK were found to have higher effectiveness in integrating CT into
the mechanism of studying chemistry using attractive digital materials or in the form of student-centred
tasks. However, many researchers reported that the teacher preparation curricula usually did not offer a
systematic training in CT, and accordingly, constrained instructors’ ability to apply CT into practice (Kite
and Park, 2022; Nou et al., 2025; Putri et al., 2025).

Various methods of teaching were identified as effective in promoting the development of CT in
secondary chemistry. Inquiry-based learning took the leading role as it supported CT development
because it encouraged students to ask, analyse information, and provide conclusions (Nwune et al., 2023;
Arifin et al., 2025; Adauyah & Aznam, 2024; Nwoji et al., 2025). Adauyah & Aznam, 2024). Project-
based learning interventions, reviewed by Zulyusri et al (2023), and socioscientific issue-based teaching,
which was effective as shown by Calik & Wiyarsi (2021), Prastika & Arianingrum (2024), created
opportunities for students to examine practical problems, and they motivated them to apply chemistry in
relevant settings, therefore promoting analysis, reflection, and argumentation. According to Hamzah et
al. (2022), the work conducted uncovered that metacognitive-based teaching strategies positively
influenced CT, with Ogegbo & Ramnarain (2024) stressing the necessity of culturally responsive
approaches to support inclusive and reflective CT experiences. Structured worksheets, questioning
prompts, and guided discussions, among other scaffolding methods, were often used in the chemistry
classroom according to SYAHANA et al. (2023) and HO et al. (2023).
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The evaluation of CT is frequently neglected and insufficiently covered by chemistry teaching.
Research by Ismail & Osman (2024) and Nsabayezu et al. (2022) identified the inclusion of formative
assessments, self-evaluation rubrics, and performance-based tasks, but many instructors adhere to
traditional, memory-based tests. Sanchez Morales et al. (2024), Song et al. (2024) stressed the fact that a
mismatch between teaching approaches and assessment practices eliminates the attempts to develop CT.
As indicated by Hasnah et al. (2024), valuable curricular tools such as books are typically lacking in CT-
related information, thus creating obstacles to both prohibiting opportunities to teach and assess students.
Instances of when CT instruction occurred exhibited evaluation that was generally casual, with or without
proper paperwork or not at all.

There is significant excitement about CT in science education, though significant gaps exist,
primarily in the form of specific application of CT in the context of chemistry (McCollough and Rajiah,
2023). Research has mostly overlooked the topic of how CT is defined, taught, and evaluated in chemistry
compared to general science education (Cooper and Stowe, 2018; Sigar et al., 2025; Yulisman et al.,
2025). A set of initiatives on CT in chemistry was short, and they did not provide a lot of documentation
about teaching methods, which made replicating and assessing these strategies difficult (Raihanah et al.,
2024; Arifin et al., 2025). Increased attention is needed in the classroom to examine the changing nature
of CT and ways in which it can be consistently used in teaching secondary chemistry (Bernardi and
Pazinato, 2022). Nevertheless, digital technologies and online platforms (e.g., [yamuremye et al., 2024;
Prokop-Dorner et al., 2024), which are promising in general, have not been studied thoroughly in the
context of chemistry-specific CT. Although Prokop-Dorner et al. (2024 have proven promising; the
particular integration of developing CT involving chemistry remains unexplored.

Hence, this article fills these gaps by using a systematised literature review of 23 studies to
identify secondary chemistry education published between 2021 and 2025. The focus of the review is to
explore the meaning of CT as perceived, taught and evaluated by chemistry teachers and the consistency
between teachers on the concepts of their beliefs, teaching instructions and the evaluation techniques.
This review will help gain a better insight into the current practices and problematic issues of the present
situation of integrating CT into secondary chemistry. The results would be used to direct future studies
on the development of chemistry-specific CT modelling, inform teacher training programmes and provide
advice to curriculum developers and policymakers to develop more effective, logical and evidence-based
approaches to promoting CT in chemistry classrooms.

The main research question is “How do secondary chemistry school teachers understand and
integrate critical thinking skills into their teaching practices?”. The five supplementary questions are also
stated in the following section.

*  What critical thinking (CT) models or theoretical frameworks inform secondary chemistry
teachers’ understanding of CT?

*  What types of instructional strategies do teachers use to embed CT in chemistry lessons?

* To what extent is the CT instruction process based (e.g., during experiments and problem-
solving) or product based (e.g., assessments and outputs)?

*  What tools or methods are used to assess students’ CT skills in chemistry classrooms?

» Is there consistency between teachers’ understanding of CT, their instructional implementation,
and assessment practices?

In line with PRISMA 2020 guidelines, this review carefully identified and reported all relevant
literature transparently and rigorously (Salameh et al., 2020; O’Dea et al., 2021). The main aim of the
review was to investigate the degree to which secondary chemistry teachers are aware of and use critical
thinking (CT) skills in their teaching techniques (Alsaleh, 2020; Lorencova et al., 2019; Rushiana et al.,
2023). A methodology for the screening system was described and recorded using a PRISMA flowchart
to achieve methodological quality and allow others to reproduce the study.

The research began with the formulation of focused research questions to guide the search
methodology. Key words were selected intentionally based on the aspects such as “critical thinking”,
“secondary chemistry”, “teacher understanding”, “instruction”, and “pedagogy”. The search strategy
included the use of Boolean operators such as AND and OR to effectively cluster search terms. To achieve
maximum coverage, the research employed Scopus, Web of Science, ERIC, and ScienceDirect — four
major sources that experts in the field of education and science also used.
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A default search of the four databases identified 412 possible matches. As a part of the initial
screening, researchers carefully reviewed titles and abstracts, eliminating non-empirical, replicated, and
non-English publications. Consequently, there emerged only 234 articles that had potential relevance. A
subsequent screening process was hence conducted to eliminate options which would leave studies which
mentioned secondary education, chemistry, and teachers’ comprehension or application of CT concepts.
After this stage, 42 articles were identified and forwarded for full-text evaluation.

The remaining 42 articles were given a separate appraisal to determine which ones were relevant
and methodologically excellent. Studies were excluded if they failed to explore teacher perceptions, were
specific about their method of research, or excluded CT integration in their parameters. Numbering the
19 articles excluded, 19 articles were excluded, and 23 studies were included in the final review.

Throughout the process, documentation and transparency were allowed to persist following the
principles in the guidelines provided by the PRISMA guidelines (Page et al., 2021b; Page et al., 2021a)).
The PRISMA diagram attached to this review is a pictorial representation of the iterative selection process
and describes which sources were identified, analysed, and included. With this all-encompassing strategy,
it maintains the trustworthiness and reinforcement of the review’s conclusion, making way for other
scholars to improve the conclusion by replicating or widening the methodology.

Table 1. Types of CT instructions

Form of o
Teaching CT CT Principles Content Used
Generic Teagh CT SkIHS‘ s'eparatel.y from chemistry content. Explicit
CT is an explicit instructional goal.
CT is integrated into chemistry teaching with a
Infused clear intention. Teachers guide students to think Explicit

critically within the subject context. CT is an

explicit goal.

Students are immersed in rich chemistry content
Immersion and expected to develop CT through active Implicit

engagement. CT is not taught explicitly.

A hybrid of infused and/or immersion approaches.  Explicit (if generic +
Mixed CT may also be taught as a separate module within  infused) Both (if generic +

the chemistry curriculum. immersion)

Table 2. The search strings used in the database search
Database Search String
Web of Science TS = (("critical thinking" OR "CT" OR "thinking skills") AND ("chemistry
(WoS) teaching" OR "secondary chemistry education") AND ("teacher understanding"
OR "teacher perception" OR "science instruction" OR "pedagogy"))
TITLE-ABS-KEY = (("critical thinking" OR "CT" OR "thinking skills") AND
Scopus ("secondary chemistry" OR "chemistry education") AND ("teacher knowledge"
OR "instructional practices" OR "integration" OR "teaching strategies"))
("critical thinking" AND "chemistry teachers" AND "secondary school" AND
("teaching methods" OR "instruction" OR "professional knowledge"))
("critical thinking" AND "secondary chemistry education” AND "teacher
understanding" AND ("pedagogical approaches" OR "teaching integration"))

ERIC

ScienceDirect
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Table 3. An overview of research on how Chemistry teachers cultivate CT in teaching

Article Author(s) & . Data Analysis
No. Year Contextual Settings Method
Veerasinghan et ~ Malaysia, secondary chemistry education, design
! al. (2021) thinking for creativity and CT Secondary
Adauyah & Indonesia: guided inquiry in chemistry to support CT
2 ANOVA
Aznam (2024) and concept mastery
3 Abu Khurma &  UAE; teacher perspectives on inquiry skills and CT Seconda
El Zein (2024) in science classes ry
4 Setiawan et al. Indonesia: 21st-century skills in chemistry teaching; Prima
(2023) challenges in CT implementation Y
5 Ismail & Osman  Malaysia: Formative assessment in chemistry Seconda
(2024) supporting CT and student engagement Y
6 Hamzah et al. Malaysia: metacognition-based HOTS modules Statistical (t-
(2022) fostering CT in science/chemistry tests, ANOVA)
7 Song et al. Malaysia/China; PBL improving CT and language Meta-analysis /
(2024) skills in EFL (transferable to chemistry) Descriptive
] Krisandini & Indonesia: chemistry curriculum content and Seconda
Anwar (2024) pedagogy supporting CT through ICT and inquiry Y
9 Kamila et al. Indonesia: Integration of local wisdom to foster CT Seconda
(2024) and cultural awareness in science ccondary
Taiwan: Socratic questioning in medical
10 Ho etal. (2023) biochemistry labs enhancing CT Secondary
1 Raihanah et al. Indonesia: TPACK among chemistry teachers and its ~ Descriptive
(2024) impact on CT and tech integration statistics
Arifin et al. Indonesia/Malaysia; meta-analysis confirms inquiry- .
12 (2025) based learning strongly improves CT Meta-analysis
13 Jamil et al. Pakistan: teachers’ experiences with life skills (incl. ~ Thematic
(2024) CT) in secondary education analysis
Ogegbo & Y . . .
. South Africa: indigenous knowledge integration in Thematic
14 Ramnarain science teaching, enhancing CT analysis
(2024) & g Y
15 Syahana et al. Indonesia: design thinking in chemistry enhances CT  Secondary
(2023) and science literacy analysis
16 Prokop-Dorner et  Poland: cross-disciplinary methods enhancing CT in ~ Secondary
al. (2024) health and science education Content analysis
Pra.lstllfa & Indonesia: SSI in chemistry improves CT,
17 Arianingrum - . . Secondary
(2024) argumentation, and science literacy
18 Sanchez Morales  Spain: green chemistry as a framework for CT and Secondary
et al. (2024) sustainability in chemistry content analysis
19 Zulyusri et al. Indonesia; PjBL in science education improving Prima
(2023) creativity and CT y
20 Nsabayezu et al.  Rwanda: Rubrics in chemistry education enhance CT Seconda
(2022) and self-assessment Y
Calik & Wiyarsi  Turkey & Indonesia; SSI in chemistry education .
21 (2021) promote CT and relevance Content analysis
2 Hasnah et al. Indonesia: Lack of CT in EFL textbooks highlights Seconda
(2024) implications for chemistry materials Y
73 Iyamuremye et Rwanda: web-based discussion in chemistry Seconda
al. (2024) improves CT, collaboration, and engagement Y
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Table 4. A methodological view of reviewed studies.

Educational Research Methods Sampling Data Collection Data Analysis
Level Techniques

Secondary Qualitative: 6 (26%)  Convenience Questionnaire: 8  Content analysis: 10

education: 23  Quantitative or purposive: (35%) (43%)

(100%) experimental: 8 11 (48%), Interview: 6 SPSS/ANOVA/t-test: 6
(35%) Random: 5 (26%) (26%)
Mixed methods: 6 (22%), Document Thematic coding: 5
(26%) Not review: 5 (22%)  (22%)
Systematic/Scoping ~ mentioned: 7 Observation: 3 Not mentioned: 2 (9%)
review: 3 (13%) (30%) (13%)

Test: 1 (4%)

Research Questions:
How do secondary chemistry teachers understand and integrate critical thinking (CT) inte their teach?
- What CT models/frameworks do they use?
- What CT instructional strategies are implemeted?
- Are Instructions process-or product-based?
— How is CT assessed in chemistry classes,
15 there consistency between understanding, instruction, and assessment

Search query:
("critical thinking” OR (CT) AND ('chemistry teaching’ OR "secondary chemistry') AND ["teacher understanding” OR
‘teacher perception” OR "instruction” OR "pedagogy’)

Databases: Scopus, Web of Science, ERIC, ScienceDirect

Records identified through database serching (n = 412)

First-round screening
Records excluded based on 1) non-empirical studies, 2) duplicates, 3] language fitters (English only)

Second-round screening ncl-text review
Records excluded for not focusing on 1) secondary, 2) chemistry as the subject, 3] teacher
understanding of CT

Full-text articles assessed for eligibility (n = 42)
Records excluded for insufficient relevance or incomplete data (n = 19)

Final studies included in review (n = 23)

Figure. 1. Prisma flow diagram.

Since this research is a literature review and not a primary empirical research that involves
participants, it is not possible to apply such concept as statistical power in its traditional sense of
hypothesis testing. Rather, the number of included studies (n = 23) is the “sample size” in this review
because of the inclusion depending on the strict screening procedures in accordance with PRISMA 2020
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recommendations. The study of this review has very strong methodological breath and diversity of the
researched studies included in it, which provide strong coverage of the current state of research direction
in teaching critical thinking (CT) in chemistry education at the secondary stage (Wang and Jia, 2023).
Although such a type of review does not involve formal statistical power analysis, the process of including
studies conducted in various contexts and methodologies helps to improve the analytical depth and quality
of findings. Therefore, the "power" of this review is embedded in its systematic design, comprehensive
database coverage, and detailed thematic synthesis rather than numerical sample power.

For data analysis, the methodological strategies and teaching interventions descriptions of the 23
reviewed studies were considered as primary raw materials. Upon analysing the research findings and
discussions in detail, the team relied on them as the foundation of coding and thematic analysis. Out of
this process, a set of four major themes was developed, which capture the general patterns and the
important findings linked to secondary chemistry teachers’ approach to teaching critical thinking.

All 23 studies chosen for this systematic review focused on secondary education and were
primarily based on chemistry. In these studies, research approaches indicated a relatively even balance of
different methodologies. About a third (35%) of the studies employed quantitative experimental forms of
study, mainly through using pre- and post-tests to determine the influence of instructional strategy in the
development of critical thinking. Qualitative research taken up by the studies accounted for 26%, and it
often involved employing interviews, classroom observation, or reviewing documents to trace teachers’
views and practice. Mixed-methods research accounted for 26% of the studies and incorporated
quantitative data and narrative descriptions in building a cohesive view. Furthermore, 13% of the studies
were systematic or scoping reviews, which gave a general overview of such evidence that is available out
there.

Within the studies, the largest study proportion used convenience or purposive sampling (48%),
while random sampling followed at 22%. Interestingly, 30 % of the studies did not describe how they
selected their sample. The main sources of data gathering by research teams included questionnaires,
35%, interviews, 26%, and document reviews, 22%. Observations (13%) or testing instruments (4%) were
used in a few studies regarding data collection. Analysis of data was conducted using content or thematic
analysis (43%)), statistical testing (26%), which included ANOVA or t-tests, and qualitative coding (22%).
Two of the studies (9%) did not specify what analysis method they used.

Although this is a systematic literature review, rather than a primary, quantitative research
experiment, the statistics were taken into account when assessing methodologies of the chosen articles.
Among the 23 reviewed studies, several utilized quantitative methods, including descriptive statistics,
ANOVA, t-tests, and SPSS-based analyses, to measure the effects of instructional interventions on
students' critical thinking (CT) skills. All quantitative studies mainly involved the comparison of pre- and
post-intervention outcomes, the evaluation of the experimental and control group differences as well as
correlation of the CT development and instructional strategies. Where applicable, effect sizes were used
to determine the strength of impact of certain teaching techniques. Moreover, meta-analytic studies that
were reviewed to enhance generalizability employed pooled effects size. Nevertheless, no original
statistic calculations were made on this current review; instead the results of statistical calculations
published in articles were compiled. It was this that provided balanced interpretation of both quantitative
and qualitative data to give a complete conclusion.

As outlined in the findings of this review, despite secondary chemistry teachers seeing the value
of critical thinking (CT), its practical application exists in an uneven and disjointed fashion. As in some
of the prior research (e.g., Abu Khurma & El Zein, 2024; Setiawan et al., 2023; Somantri, 2024; Roath et
al., 2025), this review has demonstrated the existence of a gap between teacher knowledge on CT,
instructional behavior and assessment. Although inquiry-based learning (IBL), project-based learning
(PBL), and socioscientific issues (SSI) can be widely employed to facilitate CT, clear teaching and
assessment models are underrepresented, resulting in the incompatibility between the purposes of
instructions and the results of assessment. These results support the findings of prior literature implying
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that CT is appreciated in theory, but it is improperly expressed in classroom practice. The generalization
of'this review is that teachers find it very difficult to integrate theory and practice when they lack articulate
structures and trainings in a systematic manner. The implications indicate that there is an urgent necessity
in terms of the development of the professionals involving using the assistance of the CT-specific
instructional strategies and assessment strategies aimed at the teaching of the chemistry subject.
Nonetheless, the study is constrained to its use of existing publications, which differ in terms of
methodological rigor and reporting clarity. Longitudinal studies and intervention designs should be
studied further to gauge the lasting effectiveness of explicit CT instruction on chemistry. The following
recommendations are proposed: (i) inclusion of CT training in teacher education programmes, (ii) the
design of standardised CT assessment instruments congruent with chemistry content and (iii) additional

research pertaining to the use of online platforms to improve CT teaching and assessment.

Table 5. CT Models, Teaching Implementation, and Assessment Across Reviewed Studies

Consistency
CT Concepts Cl\"l/"[-szlezitse/d Teaching Performance bét;;eczn tST
Understanding Implementation Assessment cep1s,
Frameworks Teaching, and
Assessment
CT-focused
. o classroom
Clear' CT Design Thinking activities and Not stated No
definition (Stanford) workshop
modelling
. Guided inquiry .
Clear CT Inquiry-Based o Academic
. activities across . Yes
components Learning (IBL) chemistry topics achievement tests
Inquiry Model Teacher
i(I:lTJ?rOUgh (Scientific interviews on IBL  Not reported Partially
quiry Method) practices
- 21st-century skill
Implicit . 4Cs Framework integration in Survey & Partially
understanding . descriptive stats
content delivery
Formative Use of rubrics,
Implicit CT Assessment feedback loops, Not directly Partiall
integration Models and classroom assessed Y
questioning
- Modular .
HOTS + CT Metacognitive instruction: olan Mixed (tests + Yes
combined Model . - bran, reflection)
monitor, evaluate
Project-based
. PBL + Bloom's tasks with Rubrics +
Explicit CT focus Taxonomy presentations and  interviews Yes
discussions
Implied in E-resources and
curliiculum ICT-Inquiry simulations for Not stated No
. Models CT-based
delivery learning
Contextual CT Local Wisdom fali“s it/li(ihscsil tural Observation & Yes
awareness Frameworks themes feedback
Structured
Explicit, Socratic Method  questioning in Rubric + written Yes
structured CT (Paul & Elder) lab-based reflections
instruction
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Consistency
CT Concepts Cl;l;[-gzlezitse/d Teaching Performance nglec?;gT
Understanding Frameworks Implementation Assessment Teaching, and
Assessment
Tech-pedagogical
Tech-integrated TPACK resource . .
CT Framework integration for CT Not specified Partially
tasks
Data synthesis
Strong CT effect  IBL Framework + from previous Meta effect sizes Yes
analysis Meta-analysis CT-intervention (quant)
studies
Reflective
CT within life UNICEF Life interviews on CT ~ NVivo qualitative Yes
skills Skills Framework through class analysis
interaction
Argumentation + Two-Eyed g;ﬁ?;gﬂ;ﬁg:;s Thematic content Yes
contextual Seeing, SSI . analysis
learning
Empathise,
Explicit design- Design Thinking  define, ideate, and Science literacy Yes
based CT (Stanford) prototype & CT rubric
activities
Multidimensional WHO & Facione S.IX CT. Typology-based
dimensions . Yes
CT models L coding
applied in lessons
Strong SSI-CT SSI Framework + Real-world Argumentation
. 5 controversies + Yes
linkage Bloom’s HOTS performance
class debate
o . Contextual eco-
Systems thinking  Green Chemistry o
4 problems & Qualitative tools  Yes
+ .
with CT SDGS project work
Pjbl with PJBL Model + CT  DoS€0 00 creativity & T,
creativity + CT sub-skills P . indicators
science projects
Use of
Structured CT Holistic Rubric analytic/task Rubric scores & Yes
through rubrics Framework rubrics for reflection
assessment
SSI tasks in
High CT SSI + Informal chemistry (e.g., Relevance model Yes
orientation Reasoning bioethics, coding
pollution)
Ilyas CT
Lacks CT Framework Textboqk .
structure (applied to evaluation (not Frequency coding No
textbooks) classroom-based)
Strong digital CT ~ Community of g:;::;zzcl with Thematic Yes
orientation Inquiry Model discourse analysis

teaching presence
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Table 6. 3Micro-settings: Main Features of CT Instructional Implementation in Chemistry Teaching

Types Proce Explici Direct Ci?lziilm Questio  Teacher/ Online
Studi of CT t CT tivist Scaffol ning Peer Techni
UAeS - mstruc 5%, Instruc  Conce V1S ding  Techniq Feedbac cchnt
. based . Environ ques
tion tion pts ue k
ment
Veerasin
ghanet Infuse
al. d v v v N4 v v v
(2021)
Adauyah
& Infuse
Aznam d v v v v v v v
(2024)
Abu
Khurma Immer
& El . v N4 v
\ sion
Zein
(2024)
Setiawan Infuse
et al. d v N4 N4 v
(2023)
Ismail & Infuse
Osman d Vv v v v v v v
(2024)
Hamzah
ctal. Ny v v v v
(2022)
Song et Mixed
a,  (Ifwe oy v v v v v
(2024) PiBL)
Krisandi
ni & Infuse
Anwar d v N4 v N4 v v
(2024)
Kamila Infuse
et al. d Vv v v N4 v
(2024)
Hoetal. Infuse
(2023) d v v v N4 v v v
Raihanah
ctal. My v v v v
(2024)
Arifin et
al. Infgs"' v v v v v v
(2025)
Jamil et Immer
al. sion Vv v v
(2024)
Ogegbo N
& Infuse
Ramnara d v v v v v v v
in (2024)
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Social

Types Proce Explici Direct Construc Quf:stlo Teacher/ Online
. of CT t CT . Scaffol ning Peer .
Studies ss- tivist . . Techni
Instruc Instruc  Conce . ding  Techniq Feedbac
. based . Environ ques
tion tion pts ue k
ment
Mixed
Syahana (Infuse
etal. d+ v v v v v v
(2023)  Design
)
Prokop-
Dorner  Infuse v v v v v v v
et al. d
(2024)
Prastika Mixed
& (Infuse
Arianing d+ v v v v v v
rum
(2024) SSD)
Sanchez
Morales  Infuse v v v v v
et al. d
(2024)
Zulyusri Mixed
etal. MWy v v v
2023) .
( PiBL)
Nsabaye
zu et al. Int;lilse v v v v v v
(2022)
Calik &
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(2021)
Hasnah Infuse
et al. d
(2024)
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myeet  Infuse v Y v v v v Y
al. d
(2024)

Main Elements: CT Concepts, Teaching Implementation, and Assessment

The studies revealed that there are high differences in the way the secondary chemistry teachers
define and teach critical thinking. Some research papers are based on structured models such as Facione’s
or Paul & Elder's model, while others treat CT as a generalised higher-order skill to be applied in inquiry
or project designs (Yuan et al., 2022). Based on the intervention implementation, most of the “infused”
interventions reported that CT was taught within the chemistry subjects, and not as a separate subject.
Instructional strategies involved guided inquiry, Socratic questioning, application of problems, the use of
relevant tasks, and dialogue on socioscientific issues. The integration of in-class scaffolding, relevant
feedback from teachers and students’ reflection was critically important for deep thinking. However, in
only some of the studies were explicit CT instruction or targeted CT concept teaching to be found.
Rubrics, reflective assignments, and performance tasks were used in assessment regularly, but several
studies did not tie CT goals to assessment strategies applied. At the end of the tale, it became apparent
that there is a high demand for coherent, model-centred instruction and assessment approaches in all
contexts.
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Each study showed a different series of instructional strategies in action. Many of the
interventions included the CT development within the core chemistry topics, such as acids and bases,
equilibrium and environmental chemistry (Weerarathna et al., 2024). Some research used process-based
instruction, with special focus on the stages of planning, reasoning, and reflection. Socratic questioning,
cooperative group work, and project-based assignments were also quite common. It was very crucial to
give students peer and instructor feedback to improve their metacognition and self-awareness. Digital
tools, including online forums and simulated labs, were used by a few studies to support CT learning in
hybrid or remote formats. Learning material that is scaffolded in nature, such as structured worksheets or
discussion guides, was very beneficial to students as they reasoned around learning activities. Of the
studies reviewed, direct instruction in CT concept and focusing on CT explicitly were not common
methods. It was possible to witness student-centred pedagogy as the norm at the classroom level, and the
heterogeneity in its application highlights the importance of providing teachers with custom-made
training and resource packages.

The multiple approaches in which CT was embedded within the context of secondary chemistry
instruction exhibited a wide variety within the reviewed works, conditioned by different settings of
education, subject matter, and ways of instruction (Ahmad et al., 2023; Ye et al., 2023). The bulk of the
reviewed studies relied on the “infused” model, which embedded CT within the core of chemistry
instruction (by analysis of experiments, engaging in inquiry investigations, solving problems with
chemical processes). Using this synthesis, students improved their competency in analysing, reasoning,
and assessing while covering essential chemistry topics (Alberto et al., 2024).

Some of the studies described process-based instruction, employing tactics such as posing
hypotheses, reading data, and reflective assessments (Seel, 2017; Phuong et al., 2023). Often, these were
accompanied by structured worksheets, guided prompts, and digital tools. The use of Socratic questioning
and group discussion frequently promoted improved reasoning, and the use of both teachers’ and peers’
feedback was valuable in students’ self-monitoring and metacognitive practices. Although all the
classrooms created student-centred instruction, the explicit teaching and assessment of CT were very
divergent. Most of the interventions failed to directly teach CT concepts or to adequately connect CT
assessments with established outcomes. Awareness of such a variation implies that it is essential to
promote clear model-driven instructional protocols and teacher capacity building to ensure that CT is
meaningfully anchored into chemistry and can be nurtured and evaluated wisely.

The findings of the systematic literature review based on PRISMA 2020 and the thematic analysis
can be used to answer the research questions with references to such patterns in 23 identified studies. It
would appear that the insights of secondary chemistry teachers about critical thinking (CT) differ, some
of them overtly use well-known frameworks such as Blooms Taxonomy, Design Thinking, or Inquiry-
Based Learning (IBL), whereas others implicitly apply CT in everyday classroom life, with no theoretical
foundation evident. Instructional processes mainly involve inquiry-based activities, project-based
learning (PBL), and socioscientific issue (SSI) discussions, focusing on process-centered teaching
producing reasoning and reflection. Nonetheless, CT teaching is more widely possible. In terms of
assessment, most studies have employed rubrics, reflective activities, and performance tasks, but there
was not much correspondence between CT teaching and assessment (Cutumisu et al., 2019). These results
are indications of a consistent disconnect between teachers sharing beliefs about the significance of CT
and their action, notably during assessment activities. The synthesized answer which will respond to the
research questions is synthesized by considering the results of different methodologies in this analysis
(Schick-Makaroff et al., 2016; Kastner et al., 2016; Flemming et al., 2019; Gurevitch et al., 2018).

The identification of the major components that contribute to CT adoption in secondary chemistry
classrooms is done through a review (Saad and Zainudin, 2024). Although most teachers endorse CT,
only a few directly teach concepts of CT, yet implicitly promote them (Pardede, 2019). Raising the level
of group work and with the help of stimulating questions raises the level of interest within the students,
and through well-constructed learning materials and useful teacher commentaries, more advanced
reasoning capacities can be achieved (van der Hoeven Kraft, 2017). However, the current inconsistencies
in practice and the gap between assessment approaches versus method of teaching act as obstacles. Digital
assets can greatly contribute towards CT development, but proper training is needed to take advantage of
these resources (Mihai et al., 2022). Strategies for further progress of CT in chemistry will be based on
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prioritising model-based CT instruction, developing all-encompassing resources, and professional
training for teachers (Paul et al., 2024; Sanchez et al., 2024).

CONCLUSION

The main conclusion of this systematic literature review is that secondary chemistry teachers are
well aware of the importance of critical thinking (CT) in science teaching, yet there is an evident disparity
between understanding, teaching practice and assessment itself. The results demonstrate that the majority
of teachers adhere to a strategy of an infusion of CT, thereby incorporating it into subject content using
inquiry-based learning, project-based assignments, as well as socioscientific issues. Nevertheless, there
is a lack of development of clear CT teaching and organised test measures. The lack of correspondence
can be compared with the trends featured in past research and expresses the necessity to pay more
attention to alignment between teacher beliefs and classroom strategies and assessment procedures. The
results of this study support the implication that the topic of teacher professional development should be
focused on CT-specific pedagogies and assessments that would fit the unique nature of chemistry.
Moreover, curriculum designs need to provide more plain instructions and effective examples in the
process of integrating CT. Although this survey does not come up with a new theory, it reinforces the
current knowledge that CT will remain irregularly used until a clear set of guidelines and the professional
preparation of practitioners are in place. Areas that should be investigated in future research include
longitudinal effects of explicit CT instruction and how the growth of digital technologies can be used to
both teach and assess in the field.
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