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Prompt Inquiry-based learning is frequently treated as a ready-made route to
critical thinking, but classroom inquiry often becomes procedural unless students
are pushed to examine assumptions, justify claims, and revise interpretations.
This commentary discusses the focal study “Emphasizing reflective processes in
scientific inquiry and its impact on preservice science teachers’ critical thinking
skills” and argues that its strongest contribution is showing how structured
reflective elements can turn inquiry activities into repeated practice in reasoning.
At the same time, the evidence should be read carefully: the gains are very large,
and the intervention bundles several supports (anomalies, monitoring
worksheets, prompts, and feedback) that may each contribute. We outline

Performance evaluation alternative explanations, identify what the study clarifies and what it does not yet
prove, and offer implications for future research designs and teacher-education

practice.

4. https://doi.org/10.36312/waxp5a03
Copyright© 2025, Verawati et al.
This is an open-access article under the CC-BY-SA License.

How to Cite Verawati, N. N. S. P.,, Wahyudi, W., & Nisrina, N. (2025). When Inquiry Isn’t
Enough: Why Structured Reflection Can Strengthen Preservice Science Teachers’
Critical Thinking. International Journal of Essential Competencies in Education, 4(2),
100-106. https://doi.org/10.36312/waxp5a03
INTRODUCTION

Critical thinking is typically defined as disciplined and reflective judgment about what
to believe or do, involving analysis, inference, evaluation, and self-regulation (Dewey, 1933;
Ennis, 2011, 2018; Facione, 2020). In teacher education, this is not just a generic graduate
attribute. Preservice science teachers need to reason about evidence, evaluate competing
explanations, and justify instructional decisions. Yet many teacher-prep courses treat inquiry
learning as if it automatically produces these habits. That assumption is questionable: inquiry
can devolve into following steps, completing worksheets, or chasing “right answers” unless
the learning design explicitly demands reasoning moves and holds students accountable to
standards of argument quality (Lederman & Abell, 2014; Uiterwijk-Luijk et al., 2019).

This commentary centers on the focal article Prayogi et al. (2025), Emphasizing reflective
processes in scientific inquiry and its impact on preservice science teachers’ critical thinking skills. The
authors argue that inquiry “embedded as a routine” is often not robust enough to develop
critical thinking, and they propose a modification: integrate structured reflective processes
into the inquiry cycle. Their intervention uses anomalous phenomena to trigger curiosity,
process-monitoring worksheets to make thinking visible, guided reflection prompts to require
justification and revision, and performance evaluation to provide feedback aligned with
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critical thinking indicators (Prayogi et al., 2025). The reported quantitative gains are
substantial, and lecturers’ qualitative accounts emphasize attention, engagement, and
perceived value.

The article offers a plausible instructional mechanism grounded in reflection theory.
However, the causal story may be more complicated than “reflection caused critical thinking,”
because the intervention packages multiple scaffolds, the design uses intact groups without
random assignment, and the outcome measure is strongly aligned to the intervention. These
issues do not invalidate the work, but they affect what claims are warranted.

COMMENTARY ON THE FOCAL ARTICLE

Prayogi et al. (2025) begin from a familiar problem: preservice teachers often show weak
performance in analytic reasoning and logic, and teacher educators face constraints in
designing critical-thinking instruction (Bezanilla et al., 2019; Fitriani et al., 2019; Lee et al,,
2021). They position inquiry learning as promising but not sufficient. This aligns with broader
evidence that inquiry can improve learning outcomes, yet its impact varies depending on
guidance and scaffolding (Alfieri et al., 2011; Furtak et al., 2012; Pedaste et al., 2015). The
paper’s move is to treat reflection not as an optional afterthought but as a designed process
that repeatedly activates higher-order thinking during inquiry.

What the study does well

The intervention is described in a way that is actionable for teacher educators. It
operationalizes “reflective inquiry” as a repeatable weekly cycle: anomalous phenomenon —
planning and experimentation with monitoring — structured reflection prompts —
performance evaluation and feedback (Prayogi et al., 2025). This structure matters because a
recurring weakness in inquiry implementation is that learners do not spontaneously engage
in metacognitive monitoring, alternative explanation generation, or systematic evaluation of
evidence (Miri et al., 2007; Qing et al., 2010). The authors’ design directly targets that gap.

The mixed-methods structure is also a strength. The quantitative phase tests whether
scores change, while lecturer interviews offer a window into feasibility and perceived
mechanisms such as situational interest (Creswell & Creswell, 2018; Linnenbrink-Garcia et al.,
2010). Additionally, the authors report content and construct validation of learning tools and
instruments via expert review and inter-rater agreement (Chan, 2022; Emmer & Millett, 1970),
which improves confidence that the intervention tools were not arbitrary.

What the results suggest

Quantitatively, Prayogi et al. (2025) report that experimental groups moved from very
low baseline scores to high posttest scores on an Ennis-aligned critical thinking essay
assessment, while the control group improved only modestly. Their statistical tests indicate a
significant interaction between time and treatment group, and post hoc comparisons show
experimental groups outperforming control at posttest (Prayogi et al., 2025). Qualitatively,
lecturers attribute engagement to anomalies and collaborative activity, and they frame the
reflective cycle and feedback as valuable for developing reasoning (Prayogi et al., 2025).

Interpreted cautiously, the study suggests that inquiry can become more consistently
“thinking-intensive” when reflective work is explicitly prompted, documented, and
evaluated rather than assumed.

CRITICAL APPRAISAL AND ALTERNATIVE INTERPRETATIONS
The focal article’s overall logic is credible, but several interpretive risks matter if the goal
is a strong causal claim.
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The effect sizes are unusually large

The reported differences between experimental and control groups at posttest are
extremely large (Prayogi et al., 2025). That is possible, but it makes alternative explanations
more plausible. One possibility is assessment alignment: if reflection prompts and evaluation
rubrics repeatedly train students in the same reasoning moves that the essay test rewards,
students may become better at producing the kind of responses the test recognizes. That is
still an educational gain, but it may reflect improvement in “argument performance in this
genre” more than generalized critical thinking capacity across contexts (Ennis, 2011; Facione,
2020).

Intact groups and instructor effects

Because the study uses intact classes across institutions, the intervention may be
confounded with differences in instructor style, classroom culture, and local academic
expectations (Prayogi et al., 2025). The authors show pretest means are not statistically
different, but equivalence on one outcome variable does not guarantee equivalence on
unmeasured variables such as writing skill, motivation, prior inquiry experience, or language
proficiency. A realistic alternative explanation is that lecturer implementation quality, not
reflection itself, accounts for part of the gain. This is not a trivial concern in inquiry research,
where teacher guidance strongly shapes outcomes (Lederman & Abell, 2014; Uiterwijk-Luijk
et al., 2019).

The “active ingredient” may not be reflection alone

The intervention bundles at least four potentially powerful elements: anomalous
phenomena (cognitive conflict), process monitoring (metacognitive scaffolding), guided
reflection prompts (analytic rehearsal), and performance evaluation (feedback and
standards). The paper tends to attribute effects to “reflective processes,” but the design cannot
isolate which component matters most. Cognitive conflict alone can stimulate conceptual
change and deeper reasoning when properly guided (Akmam et al., 2018; Prayogi et al., 2019).
Likewise, feedback aligned to explicit criteria can substantially improve reasoning quality
(Procter, 2020; Larrivee, 2008). So a competing interpretation is that explicit criteria plus
teedback drove much of the gain, with reflection acting as a carrier rather than the driver.

Construct coverage and transfer remain open

The essay test captures reasoning in written form, but critical thinking is broader than
essay performance and may be influenced by writing fluency and familiarity with
argumentation tasks (Ennis, 2018; Dwyer et al., 2014). The study also measures immediate
post-intervention outcomes. It does not yet establish whether gains persist or transfer into
authentic teaching practice, such as analyzing student misconceptions or designing inquiry
lessons that cultivate critical thinking in school learners (Korkko et al., 2016; Loughran, 2002).
The qualitative data is also lecturer-centered; student reflections, artifacts, and classroom
observations would offer a stronger basis for mechanism claims (Braun & Clarke, 2006; Choy
et al., 2017).

What a cautious conclusion looks like

Given these points, we would restate the most defensible inference as follows: a tightly
scaffolded inquiry design that requires monitoring, structured reflection, and rubric-guided
feedback is associated with large short-term improvements on an Ennis-aligned critical
thinking essay assessment among preservice science teachers (Prayogi et al., 2025). That is a
strong and useful result. But it does not yet prove that “reflection” is the sole causal
mechanism or that the gains generalize beyond the measured task and context.
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IMPLICATIONS FOR RESEARCH AND PRACTICE
Implications for research

Future work should test whether the reflective-inquiry package works because of
reflection specifically, or because of the combination of scaffolds. One approach is a
dismantling design: compare inquiry-only vs inquiry + prompts vs inquiry + feedback rubric
vs inquiry + monitoring worksheet, and then the full package. This would identify which
elements are necessary, which are sufficient, and whether there are interaction effects (Pedaste
et al., 2012; Maeots et al., 2016; Procter, 2020). Another priority is implementation fidelity:
document what lecturers do, how consistently, and how students actually use reflection tools.
Inquiry interventions often fail or succeed because of implementation variation rather than
theoretical differences (Lederman & Abell, 2014).

Outcome measurement should expand beyond essays. Add performance-based tasks
that resemble real teacher work: evaluating competing explanations in lab data, critiquing
flawed student reasoning, designing lesson plans with embedded reasoning prompts, or
microteaching episodes scored for reasoning moves (Vogt & Schmiemann, 2020; Loughran,
2002). Finally, longitudinal follow-up is essential to test durability and transfer of critical
thinking habits, consistent with reflection theory’s emphasis on sustained practice (Dewey,
1933; Schon, 1983; Rodgers, 2002).

Implications for practice in teacher education

Despite the cautions, the focal article offers several practical design moves that teacher
educators can adopt. First, use anomalies with purpose. Anomalous phenomena should not
function as entertainment. They should be framed as claims-evidence problems that force
explanation revision. That matches inquiry-cycle perspectives emphasizing iterative sense-
making (Pedaste et al., 2015) and evidence that anomalous data can sharpen critical thinking
when connected to argument evaluation (Prayogi et al., 2019). Second, make thinking visible
through monitoring. Process-monitoring tools can reduce “procedural inquiry” by forcing
students to record decisions, uncertainties, and alternative explanations, supporting
metacognitive control (Choy et al., 2017; Pedaste et al., 2012). Third, treat reflection as a
reasoning practice tied to standards. Reflection becomes powerful when it is not just narrative
(“what did you learn?”) but analytic (“what evidence supports your claim?”, “what
alternative explanation remains plausible?”, “what would change your conclusion?”). This
connects directly to critical thinking indicators and to the reflective tradition in Dewey and
later scholarship (Dewey, 1933; Ennis, 2018; Rodgers, 2002). Fourth, feedback matters. If
performance evaluation is central, it should be implemented as feedback on reasoning quality,
not merely correctness. This aligns with work on reflective assessment tasks and teacher
reflective development (Larrivee, 2008; Procter, 2020; Korkko et al., 2016).

A practical caution is workload. Over-scaffolded reflection can become compliance
writing. A more sustainable approach may be fewer prompts, repeated consistently, with
emphasis on quality and revision. The focal article’s success may partly rely on intensity;
scaling requires careful design so the cognitive demand remains high without becoming
administratively heavy.

CONCLUSION

The focal study by Prayogi et al. (2025) makes a persuasive argument that inquiry alone
does not reliably produce critical thinking, and it offers a clear instructional architecture for
strengthening inquiry through structured reflective processes. The reported gains are large,
and the intervention design is concrete enough to replicate: anomalies to trigger attention,
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monitoring to surface reasoning, prompts to require justification and revision, and feedback
aligned to critical thinking standards.

Yet the strongest reading should remain cautious. The study does not isolate which
components are essential, it cannot fully rule out instructor and context effects, and it does
not yet show long-term transfer to teaching practice. The value of the work is therefore
twofold: it provides promising evidence that structured reflective inquiry can boost measured
reasoning performance, and it sets an agenda for more diagnostic research that separates
mechanisms and tests durability. In teacher education terms, it is a strong reminder that if we
want inquiry to cultivate critical thinking, we must engineer reflection as a disciplined
practice of reasoning, not assume it will appear simply because students are “doing inquiry”
(Dewey, 1933; Ennis, 2018; Pedaste et al., 2015).
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