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sectionIntroduction The development of critical thinking represents a fundamen-
tal objective in nursing education, essential for preparing students to navigate
the complex and dynamic healthcare environment. While reflective practice
has long been advocated as a pedagogical strategy to enhance clinical reason-
ing, the precise nature of its relationship with critical thinking development
remains inadequately understood. Traditional research approaches have pre-
dominantly relied on self-report instruments and observational methodologies,
which provide valuable but limited insights into the cognitive processes underly-
ing this relationship. This study addresses this gap by introducing an innovative
methodological framework that integrates neuroscientific assessment with qual-
itative phenomenological analysis to examine how reflective practice influences
the maturation of critical thinking capabilities in nursing students.

Critical thinking in nursing encompasses the ability to analyze clinical situations,
evaluate evidence, and make reasoned judgments that lead to optimal patient
outcomes. The American Association of Colleges of Nursing identifies critical
thinking as an essential competency for professional nursing practice, yet educa-
tors continue to seek more effective approaches to foster this complex skill set.
Reflective practice, derived from Schön’s concept of the reflective practitioner,
involves consciously examining one’s experiences to gain deeper understanding
and inform future actions. In nursing education, reflective activities typically
include journaling, debriefing sessions, and clinical case analyses designed to
promote metacognitive awareness and clinical insight.

Previous research has established correlations between reflective practice and
improved clinical performance, but the cognitive mechanisms through which
reflection enhances critical thinking remain largely unexplored. Most existing
studies utilize standardized critical thinking assessments or qualitative inter-
views, which capture outcomes but not the underlying neurological processes.
Our research addresses this limitation by employing electroencephalography to
measure brain activity during clinical decision-making tasks, providing objective
data about how reflective practice influences neural functioning related to criti-
cal thinking. This neuroeducational approach represents a significant departure
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from conventional methodologies in nursing education research.

This study was guided by three research questions: How does engagement in
structured reflective practice influence neural activity patterns associated with
critical thinking during clinical simulation scenarios? What qualitative patterns
of reflective development emerge among nursing students, and how do these pat-
terns correlate with critical thinking maturation? To what extent do different
reflective modalities (written, verbal, collaborative) produce distinct effects on
critical thinking development? By addressing these questions through a mixed-
methods design, this research provides novel insights into the cognitive and
educational processes linking reflection and critical thinking in nursing educa-
tion.

sectionMethodology

subsectionResearch Design This study employed a convergent parallel mixed-
methods design, integrating quantitative neurophysiological data with qualita-
tive phenomenological analysis. The research was conducted over an 18-month
period, allowing for longitudinal assessment of critical thinking development.
This extended timeframe enabled us to capture the evolving nature of both re-
flective practice and critical thinking abilities as students progressed through
their nursing education. The parallel collection of quantitative and qualitative
data permitted triangulation of findings and provided a comprehensive under-
standing of the complex relationship under investigation.

subsectionParticipants A total of 87 undergraduate nursing students from a
large university health sciences center participated in the study. Participants
were recruited from three academic cohorts to ensure representation across dif-
ferent stages of nursing education. The sample included 72 female and 15 male
students, ranging in age from 19 to 42 years (M = 23.4, SD = 4.7). All partici-
pants provided informed consent, and the study protocol was approved by the
university’s institutional review board. Participants were randomly assigned to
one of three reflective practice intervention groups to compare the effects of
different reflective modalities on critical thinking development.

subsectionQuantitative Measures and Procedures The quantitative component
incorporated electroencephalography (EEG) monitoring during clinical simu-
lation scenarios to assess neural correlates of critical thinking. Participants
completed four standardized high-fidelity simulations at six-month intervals,
representing progressively complex clinical situations. During each simulation,
32-channel EEG data were collected to measure prefrontal cortex activity, par-
ticularly focusing on theta and gamma wave patterns associated with complex
problem-solving and working memory processes. The EEG data were analyzed
using standardized protocols for event-related synchronization and desynchro-
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nization to identify neural patterns during clinical decision-making moments.

In addition to EEG measures, participants completed the Health Sciences Rea-
soning Test at baseline, 9 months, and 18 months to assess critical thinking
skills using a validated instrument. Reflective practice engagement was quan-
tified through a Reflective Practice Inventory that measured frequency, depth,
and quality of reflection using a Likert-scale assessment. Clinical performance
in simulations was evaluated using the Lasater Clinical Judgment Rubric, which
provides standardized assessment of noticing, interpreting, responding, and re-
flecting components of clinical judgment.

subsectionQualitative Measures and Procedures The qualitative component em-
ployed a phenomenological approach to understand the lived experience of re-
flective practice and its perceived impact on critical thinking development. Par-
ticipants maintained reflective journals throughout the study period, producing
a total of 1,566 journal entries for analysis. Semi-structured interviews were
conducted with all participants at 6-month intervals, focusing on their experi-
ences with reflective practice and perceived growth in clinical reasoning abilities.
Think-aloud protocols were implemented during case analysis exercises to cap-
ture real-time cognitive processes during clinical problem-solving.

Qualitative data analysis followed a modified van Manen approach to phe-
nomenological research, emphasizing the identification of essential themes and
patterns in participants’ experiences with reflective practice. Journal entries,
interview transcripts, and think-aloud protocols were analyzed using constant
comparative methods to identify emerging themes related to reflective develop-
ment and critical thinking maturation. Trustworthiness of qualitative findings
was ensured through member checking, peer debriefing, and maintenance of an
audit trail documenting analytical decisions.

subsectionIntervention Protocol Participants were randomly assigned to one of
three reflective practice intervention groups. Group 1 engaged in structured
written reflection using guided prompts following clinical experiences. Group 2
participated in facilitated verbal reflection through small group debriefing ses-
sions. Group 3 combined written and verbal reflection in a collaborative learning
format. All interventions were implemented weekly throughout the study pe-
riod, with consistent facilitation by trained nursing faculty. The interventions
were designed to be equivalent in time commitment and educational objectives
while varying in reflective modality to enable comparison of their relative effec-
tiveness.

sectionResults

subsectionQuantitative Findings The EEG data revealed significant differences
in neural activity patterns between participants who demonstrated high ver-
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sus low engagement in reflective practice. High-reflecting participants showed
increased theta synchronization in the dorsolateral prefrontal cortex during com-
plex clinical decision-making tasks (F(2,84) = 7.34, p < .001), suggesting en-
hanced engagement of neural networks associated with working memory and
cognitive control. Gamma wave activity, associated with information integra-
tion and insight, was significantly higher in the high-reflection group during
diagnostic reasoning tasks (t(85) = 3.72, p < .001).

Longitudinal analysis of Health Sciences Reasoning Test scores indicated that
all three reflective practice groups showed significant improvement in critical
thinking scores over the 18-month period (F(2,84) = 9.27, p < .001), with
the combined written-verbal reflection group demonstrating the greatest gains.
Analysis of covariance controlling for baseline critical thinking scores revealed a
significant main effect for reflective practice group (F(2,83) = 5.89, p = .004),
with post-hoc tests indicating that the combined reflection group outperformed
both the written-only and verbal-only groups on clinical judgment measures.

Correlational analysis demonstrated a strong positive relationship between
reflective practice engagement scores and improvements in clinical judgment
rubric scores (r = .68, p < .001). Structural equation modeling indicated
that reflective practice engagement mediated the relationship between baseline
critical thinking ability and clinical judgment development at 18 months
(CMIN/DF = 2.34, CFI = .93, RMSEA = .06), supporting the hypothesized
role of reflection as a mechanism for critical thinking development.

subsectionQualitative Findings Qualitative analysis of reflective journals, inter-
views, and think-aloud protocols revealed four distinct patterns of reflective
development among participants. The first pattern, termed integrative reflec-
tion, was characterized by making connections between theoretical knowledge
and clinical experiences, questioning assumptions, and considering multiple per-
spectives. Students demonstrating this pattern showed the most substantial
growth in critical thinking abilities and were able to articulate sophisticated
clinical reasoning processes.

The second pattern, technical reflection, focused primarily on skill performance
and procedural knowledge without deeper examination of underlying principles
or alternative approaches. Students in this category showed moderate improve-
ment in critical thinking but struggled with complex, ambiguous clinical situa-
tions. The third pattern, superficial reflection, involved descriptive accounts of
clinical experiences without analysis or evaluation. Participants in this group
demonstrated minimal growth in critical thinking capabilities despite similar
exposure to reflective activities.

The fourth pattern, transformative reflection, emerged among a subset of partic-
ipants who used reflection to fundamentally reconceptualize their understanding
of nursing practice and develop new frameworks for clinical reasoning. These
students demonstrated exceptional critical thinking development and were able
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to navigate highly complex clinical situations with flexibility and insight. The
emergence of these distinct patterns suggests that the quality and depth of
reflection, rather than mere frequency, may be crucial for critical thinking de-
velopment.

Analysis of think-aloud protocols revealed that high-reflecting participants
demonstrated more sophisticated clinical reasoning strategies, including better
hypothesis generation, more thorough data analysis, and greater consideration
of contextual factors. These participants were more likely to verbalize uncer-
tainty, seek disconfirming evidence, and consider alternative interpretations
during case analysis. In contrast, low-reflecting participants tended to apply al-
gorithmic approaches to clinical problems and demonstrated limited adaptation
when faced with novel situations.

subsectionIntegrated Findings Integration of quantitative and qualitative data
revealed several important connections between neural activity patterns and re-
flective development. Participants who demonstrated the integrative and trans-
formative reflection patterns showed the strongest EEG indicators of prefrontal
engagement during complex decision-making tasks. Conversely, those exhibit-
ing technical or superficial reflection patterns displayed less organized neural
activity in regions associated with higher-order cognitive processing.

The combined written-verbal reflection intervention appeared to be most effec-
tive in promoting the neural patterns associated with advanced critical thinking.
Qualitative data suggested that this modality supported deeper reflection by al-
lowing students to first articulate their thoughts in writing and then refine their
understanding through verbal discussion and challenge from peers. This itera-
tive process may strengthen the neural networks underlying clinical reasoning
by requiring repeated activation and refinement of cognitive frameworks.

Longitudinal analysis indicated that the relationship between reflective prac-
tice and critical thinking development was not linear but followed a complex
trajectory influenced by clinical experience, mentorship, and individual learn-
ing approaches. The most significant gains in critical thinking occurred when
reflective practice was coupled with challenging clinical experiences that cre-
ated cognitive dissonance, supporting the concept that reflection is particularly
valuable for processing complex or contradictory experiences.

sectionConclusion This research provides novel insights into the relationship be-
tween reflective practice and critical thinking development in nursing students
through the innovative application of neuroeducational assessment methods.
The findings demonstrate that reflective practice is associated with measurable
changes in neural activity patterns during clinical decision-making, particularly
in prefrontal regions involved in complex problem-solving and cognitive control.
These neurological correlates offer objective evidence for the cognitive benefits
of reflection and suggest potential mechanisms through which reflective practice
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enhances critical thinking capabilities.

The identification of distinct patterns of reflective development represents a
significant contribution to nursing education theory and practice. Rather than
treating reflection as a uniform process, educators can recognize that students en-
gage in reflection at different depths and with varying cognitive outcomes. The
integrative and transformative reflection patterns associated with the greatest
critical thinking gains highlight the importance of fostering deep, analytical re-
flection rather than simply requiring reflective activities. This distinction may
help explain why some students benefit substantially from reflective practice
while others show limited development despite similar educational interventions.

The superior outcomes associated with combined written-verbal reflection sug-
gest that multimodal reflective approaches may be most effective for developing
critical thinking. The sequential process of written reflection followed by ver-
bal discussion appears to create optimal conditions for cognitive engagement
and perspective-taking. This finding has practical implications for designing
reflective curricula in nursing education programs.

This study’s methodological innovation—integrating EEG assessment with qual-
itative phenomenological analysis—provides a template for future educational
research seeking to understand complex cognitive processes. The combination of
objective neural data with rich qualitative insights offers a more comprehensive
understanding of learning and development than either approach alone. This
methodology could be adapted to investigate other educational interventions
and cognitive processes in healthcare education.

Several limitations should be considered when interpreting these findings. The
study was conducted at a single institution, which may limit generalizability.
The EEG assessment, while providing valuable objective data, represents an
artificial laboratory environment that may not fully capture neural activity dur-
ing actual clinical practice. Future research should explore whether the neural
patterns identified in simulations correspond to clinical performance in real
healthcare settings and investigate the long-term persistence of reflective prac-
tice effects on critical thinking throughout nurses’ careers.

In conclusion, this research demonstrates that reflective practice contributes to
critical thinking development through identifiable neural and cognitive mech-
anisms. The findings support the strategic integration of structured, multi-
modal reflective activities throughout nursing education programs to optimize
the development of clinical reasoning capabilities essential for safe and effective
nursing practice. By understanding how reflection influences thinking at both
neural and experiential levels, nurse educators can design more targeted and
effective approaches to foster the complex cognitive skills required in contempo-
rary healthcare environments.
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