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Introduction: The growing complexity of healthcare systems requires the development of creativity and innovation among health
professionals. These competencies are essential for professional growth and entrepreneurial thinking. Problem-Based Learning (PBL)
and Multidisciplinary approaches have been recognized as effective strategies to foster such skills. This study aimed to evaluate the
effectiveness of Multidisciplinary Problem-Based Learning (MPBL) in promoting creativity and innovation among medical sciences
students.

Materials and Methods: This pre-post interventional study was conducted in 2024 with 70 students from various medical disciplines
at Hamadan University of Medical Sciences. Participants engaged in three 4-hour MPBL workshops (12 hours total) featuring clinical
scenarios on sepsis, cardiac arrest, and multiple trauma. The intervention incorporated higher-order thinking activities, structured
group discussions, and debriefing sessions. Creativity was assessed using the abbreviated figural version of the Torrance Tests of
Creative Thinking (TTCT), and innovation was measured using an adapted version of the Research and Innovation Competency
Measure Questionnaire (RIC-MQ). Satisfaction was also evaluated. Data were analyzed using SPSS version 24.

Results: Participants had a mean age of 21.83 years, with 66.2% female. Overall, creativity and innovation scores increased
significantly post-intervention (p < 0.05), except for innovation in the medical group and creativity in the midwifery group. High
satisfaction was reported by 58.6% of participants. Although some changes reached statistical significance, the short intervention
period limits the ability to infer sustained or educationally meaningful learning; thus, findings are presented as proof-of-concept.
Conclusion: MPBL may be associated with short-term improvements in creativity and innovation among medical sciences students.
However, the pre-post design precludes causal attribution, and results should be interpreted as preliminary. Observed variations across
disciplines underscore the need for further research with larger, more diverse samples and controlled designs to assess broader
applicability.
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Introduction

In today’s world, healthcare systems are confronted with emerging challenges and complexities that demand creative and
innovative skills among physicians and healthcare professionals.' Teaching creativity and innovation to medical sciences
students is essential, as they are the future physicians who will play a central role in advancing medical discoveries and
promoting health sciences. Moreover, the current medical knowledge taught to them is itself the product of creativity and
innovation by previous generations of medical professionals.> Given the rising unemployment rates among university
graduates in developing countries, including ours, fostering creativity and innovation can contribute significantly to

entrepreneurial mindset development. Creativity plays a vital role in the entrepreneurial process, as more creative
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individuals are better able to maintain self-confidence and a positive attitude.> Globally, creativity and innovation have
been increasingly recognized as essential competencies within competency-based medical education frameworks—such
as the CanMEDS and ACGME models—which emphasize adaptability, problem solving, and creative leadership as core
professional capabilities.* Creativity involves divergent thinking (fluency, flexibility, originality, and elaboration,” while
innovation is the successful implementation of creative ideas® and requires additional skills like planning and persistence.
Both are essential in health professions education,' necessitating effective educational strategies to cultivate them.

One of the key steps in this direction is selecting appropriate educational methods. Problem-Based Learning (PBL)
has been widely used in higher education for its effectiveness in enhancing students’ creativity.” PBL is a learner-
centered approach grounded in real-life problems, providing an opportunity for individuals to engage in production and
creative processes.® Additionally, problem-solving-based learning strengthens skills such as teamwork and the develop-
ment of creative solutions within an existing informational framework.’

In conventional PBL, students from just one discipline work in small groups to solve a problem, with learning
occurring basically within that professional field. In contrast, the Multidisciplinary Problem-Based Learning (MPBL)
approach applied in this study intentionally brings learners from five disciplines (including: medicine, nursing, mid-
wifery, surgical technology, and anesthesiology) together to collaboratively address a shared clinical scenario. Unlike
standard interprofessional education (IPE) which often focuses on role clarification and teamwork theory, MPBL embeds
interprofessional interaction within the problem-solving process itself. Each workshop involved small groups of 4-5
learners (representing at least three of the five disciplines) who jointly identified learning objectives, shared discipline-
specific perspectives, and negotiated an appropriate collaborative response related to clinical scenarios. The key
distinction from conventional PBL is the explicit requirement for cross-disciplinary negotiation and integration of
different professional knowledge to resolve the scenario, rather than independent learning followed by discipline-
specific tutorials.

Beyond teaching methods, the interdisciplinary approach in medical education has also gained significant attention.
Studies suggest that collaboration among different disciplines can foster creative capacity and innovative thinking. Given
the dominance of specialization in education, integrating interdisciplinary strategies into specialized training may
contribute to the development of innovative solutions for medical challenges.® Recent international studies have high-
lighted that learner-centered and interdisciplinary approaches—particularly PBL—can stimulate higher-order cognitive
processes, including divergent thinking, adaptive reasoning, and collaborative creativity, which are increasingly required
in modern healthcare environments.’

This study is necessary because creativity and innovation are critical skills for future physicians. The global shift
toward innovation-driven healthcare has underscored the need for physicians and allied health professionals to develop
creative problem-solving skills capable of addressing rapidly evolving clinical and technological challenges.! Also, with
the increasing complexity of medical issues and the growing need for innovative health solutions, strengthening these
skills in medical students is essential. Multidisciplinary Problem-Based Learning (MPBL) offers a potentially effective
educational strategy for this purpose.

The research question guiding this study was: Does participation in a three-session MPBL lead to measurable changes
in self-reported creativity and innovation scores among undergraduate healthcare students from medicine, nursing,
midwifery, surgical technology, and anesthesiology? According to previous literature on collaborative problem-solving
effect in higher-order thinking skills, we hypothesized that MPBL would be associated with an increase in both creativity
and innovation scores from pre-test to post-test, although given the exploratory nature of the study and the absence of
a control group, we did not assume causality. Therefore, the present study aimed to explore the potential contribution of
MPBL to creativity and innovation among medical sciences students, rather than to establish any causal effects.

Conceptual Framework

This study draws on two complementary theories. First, Torrance’s theory defines creativity through four components:
fluency, flexibility, originality, and elaboration—which directly inform the TTCT instrument used here. Second,
Amabile’s Componential Theory posits that creativity emerges from domain-relevant skills, creativity-relevant processes,
and task motivation; innovation (implementation of creative ideas) additionally requires environmental support.
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Multidisciplinary Problem-Based Learning (MPBL) is expected to enhance creativity and innovation by: (a) exposing
students to diverse disciplinary perspectives (stimulating flexibility and originality), (b) using ill-structured clinical
ethical dilemmas (activating creativity-relevant processes), and (c) fostering collaborative group discussions (enhancing
task motivation).

Materials and Methods
Study Design and Participants

This pre-post interventional study was conducted in 2024 among medical sciences students from the disciplines of medicine,
nursing, midwifery, operating room, and anesthesia at Hamadan University of Medical Sciences. The study’s conceptual
framework was based on the principles of problem-based learning (PBL) and multidisciplinary education. The single-group
pre-post design was chosen as an exploratory proof-of-concept study; therefore, no causal claims are made.

Data Collection Tools

The instruments used in this study were adapted from previously validated questionnaires. Creativity was measured using
an abbreviated administration of the TTCT-Figural. The Figural form is shorter and more suitable for time-limited
educational settings compared to the full TTCT. Short-form or selected-task administrations of TTCT-Figural have been
used in prior pre—post educational studies.'® Consistent with these studies, we used a reduced set of TTCT-Figural tasks
to capture divergent thinking within the practical constraints of the workshop. Although the Persian version of the TTCT
has previously demonstrated acceptable reliability in Iranian samples,'' we additionally calculated reliability coefficients
in our own sample to ensure appropriateness for this specific study population (see Results section). Furthermore, recent
research supports the use of the Figural form of TTCT in educational and multicultural contexts due to its enhanced
culture-fairness and suitability for non-verbal assessment.'>

Scoring procedures for the TTCT-Figural were as follows:

¢ Fluency (number of relevant responses)

e Flexibility (number of various categories of responses)
e Originality (statistical rarity of responses)

e Elaboration (amount of details added to responses)

Score ranges for each subscale were: fluency (0-20), flexibility (0—15), originality (0—10), and elaboration (0—-10), with
a total creativity score ranging from 0 to 55. Internal consistency (Cronbach’s alpha) for the abbreviated TTCT-Figural
within this sample is reported in the Results section, along with 95% confidence intervals.

Innovation was assessed using an adapted version of Baer and Frese’s innovation scale.'® Although the original
scale was developed for organizational settings, individual-level items from this instrument have been used in
academic contexts. To ensure suitability for student-level assessment, we selected only the individual-oriented
items and adapted them through expert review. Nevertheless, we recognize that the instrument was not originally
designed to detect short-term changes and interpret results accordingly. For the adapted innovation scale, the total
score range was 5 to 25, with higher scores indicating greater self-reported innovation. Cronbach’s alpha for this
adapted scale within our sample, along with 95% confidence intervals, is reported in the Results section.

Both the abbreviated TTCT-Figural and the adapted innovation measure were originally validated for cross-sectional or
longer-term assessments. Their sensitivity to detect short-term changes following a brief intervention is not established. This
limitation is central to the interpretation of the findings. Also, due to underestimation of creativity and innovation among
healthcare professionals, specifically related versions of these measures have not been applied among healthcare students.

Satisfaction with the educational intervention was evaluated using a scale adapted from a validated medical education

1.14

study by Seidi et al.”* All instruments were translated from English into Persian through a forward—backward translation

process, and minor cultural adaptations were made to enhance contextual relevance.
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Data Analysis

Data were analyzed using SPSS version 24. Descriptive statistics (mean, standard deviation, frequency) were used. The
Kolmogorov—Smirnov or Shapiro—Wilk tests assessed normality. Paired t-tests were used for normally distributed data,
and Wilcoxon tests for non-normal data. The significance level was set at p < 0.05.

Reliability analysis: Internal consistency reliability was assessed using Cronbach’s alpha coefficient for all instru-
ments in our sample (N=70). For each alpha estimate, 95% confidence intervals (CIs) were calculated using the bootstrap
method with 1000 resamples.

Effect size calculation: For paired comparisons, effect sizes were calculated using Cohen’s d for paired samples,
defined as d = (M_post - M_pre)/SD difference, where M_post and M_pre are the post-test and pre-test means, and SD
difference is the standard deviation of the difference scores. According to Cohen’s conventions, d = 0.2, 0.5, and 0.8
indicate small, medium, and large effects, respectively. For non-normally distributed data (based on Shapiro—Wilk test),
the effect size r was calculated as r = Z/VN, where Z is the Wilcoxon signed-rank test statistic.

Confidence intervals for effect sizes: For each Cohen’s d estimate, 95% confidence intervals were calculated using the
non-central t distribution method (Cumming & Finch, 2001). This approach provides more accurate confidence intervals
for effect sizes in paired designs compared to normal approximation methods.

Results

The total number of participants was 70: 24 (34.3%) in medicine, 14 (20%) in nursing, 13 (18.6%) in midwifery, 12
(17.1%) in operating room, and 7 (10%) in anesthesia. The mean age was 21.83 + 1.03 years (range: 2024 years). Most
participants were female (66.2%, n=51), with 19 males (27.1%).

Reliability of Instruments and Pre-Post Correlations
Internal consistency reliability was assessed using Cronbach’s alpha for all instruments in our sample (N=70). To address both
pre-test and post-test reliability separately, alpha coefficients were calculated for each time point. Additionally, pre-post
Pearson correlation coefficients were computed to examine the stability of individual differences across time. All confidence
intervals (95% CI) were estimated using the bootstrap method with 1000 resamples. The results are presented in Table 1.
These results indicate acceptable to good internal consistency at both time points. The moderate to strong positive
pre-post correlations suggest that participants’ relative standing on creativity and innovation was moderately stable
across the intervention period, while still allowing for individual variation in the magnitude of change.

Pre-Post Correlation of Measurements
To examine the stability of individual differences across time, Pearson correlation coefficients between pre-test and post-
test scores were calculated:

e Creativity (TTCT): r = 0.68 (95% CI: 0.52-0.79), p < 0.001
e Innovation scale: r = 0.55 (95% CI: 0.36-0.70), p < 0.001

Discipline-specific comparisons of pre-test and post-test creativity and innovation scores are presented in Table 2. Due to
the small and uneven sample sizes across disciplines (ranging from n=7 to n=24), subgroup comparisons should be
interpreted with caution. In the anesthesia subgroup (n=7), all participants showed identical pre-post difference scores,
resulting in a standard deviation of zero. This homogeneity may reflect a ceiling effect on the creativity measure, the very

Table | Reliability Estimates (Cronbach’s ) and Pre-Post Correlations

Measure Pre-Test a (95% CI) | Post-Test a (95% Cl) | Pre-Post r (95% CI)
Creativity (TTCT) | 0.85 (0.79-0.89) 0.89 (0.84-0.93) 0.68 (0.52-0.79)
Innovation scale 0.76 (0.68-0.82) 0.81 (0.74-0.86) 0.55 (0.36-0.70)

Note: All correlations significant at p < 0.001 level.
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Table 2 Comparison of Pre-Test and Post-Test Creativity and Innovation Scores
Between Disciplines

Discipline (N) Creativity Innovation

Pre-Test Post-Test Pre-Test Post-Test

Mean (SD) Mean (SD) Mean (SD) | Mean (SD)
Medicine (n=24) 82.75 (12.07) | 98 (0.72) 10.21 (0.55) 10.54 (1.43)
P-value 0.000 0.115
Nursing (n=14) 97 (1.04) 107.50 (2.59) | 12.09 (0.94) 13.03 (0.13)
P-value 0.000 0.001
Operating room (n=12) | 68 (2.09) 61 (8.36) 11.79 (0.95) 10.86 (2.25)
P-value 0.003 0.030
Anesthesia (n=7) 103 (0.00) 109 (0.00) 11.49 (0.00) 12.85 (0.00)
P-value 0.000 0.000
Midwifery (n=13) 88.08 (7.78) 87.54 (6.23) 9.75 (0.75) 10.51 (0.44)
P-value 0.892 0.000

Notes: Paired t-test. Higher scores indicate greater creativity/innovation.

small sample size, or limited variability in this particular group. Therefore, effect sizes and confidence intervals could not
be meaningfully calculated for this subgroup, and findings should be interpreted with extreme caution.

The anesthesia subgroup consisted of only 7 participants, all of whom showed identical pre-post difference scores,
resulting in a standard deviation of zero. This homogeneity may reflect a ceiling effect on the innovation measure, the
very small sample size, or limited variability in this particular group. Therefore, effect sizes and confidence intervals
could not be meaningfully calculated for this subgroup, and findings should be interpreted with extreme caution.

Effect Sizes and Practical Significance

To complement statistical significance testing and address practical significance, effect sizes were calculated using
Cohen’s d for paired samples. According to Cohen’s conventions, d = 0.2 indicates a small effect, d = 0.5 a medium
effect, and d = 0.8 a large effect. Table 3 presents effect sizes for overall and discipline-specific analyses.

Changes in Score Dispersion
To examine whether the intervention affected not only mean scores but also the variability of scores, we compared pre-
test and post-test variances using Levene’s test for equality of variances.

For creativity, although the variance increased from pre-test (174.7) to post-test (280.3), this change was not
statistically significant (F = 2.41, p = 0.12). This suggests that the MPBL intervention had a relatively consistent effect
on creativity across participants.

Table 3 Effect Sizes (Cohen’s d) with 95% Confidence
Intervals for Creativity and Innovation

Group Creativity Innovation

d 95% CI d 95% CI
All groups 0.42 0.18-0.66 0.29 0.05-0.52
Medicine 1.34 0.85-1.83 0.33 0.09-0.57
Nursing 6.77 4.12-9.42 0.99 0.52-1.46
Midwifery -0.07 | -0.31-0.17 | 0.95 0.48-1.42
Operating Room | —I.12 | —1.59—0.65 | —0.71 | —1.16—0.26

Notes: For anesthesia group, SD of difference = 0; Cohen’s d and Cl could not
be calculated.
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For innovation, the variance increased significantly from 1.38 to 2.72 (F = 3.94, p = 0.049). This indicates that the
intervention had a heterogeneous effect on innovation: some students improved substantially, while others showed little
improvement or even decline. This finding complements the mean-based analysis and suggests that individual factors
may moderate the effect of MPBL on innovation.

Coefficient of Variation (CV = SD/Mean) was also calculated to compare relative variability independent of scale:

e Creativity: pre-test CV = 0.15, post-test CV = 0.18
e Innovation: pre-test CV = 0.11, post-test CV = 0.15

As shown in Figure 1, the graphical results indicate an overall increase in creativity scores following the MPBL
intervention. Although the variability of creativity scores increased from pre-test to post-test, the change in variance
was not statistically significant (Levene’s test: p = 0.12). This pattern suggests that the intervention produced a relatively
consistent effect across participants, with most students demonstrating a similar direction of change. The graphical
representation complements the inferential analyses by illustrating both the upward shift in average creativity scores and
the relatively stable distribution of responses.

As shown in Figure 2, the graphical results show an increase in innovation scores after the MPBL intervention. In
contrast to creativity, innovation demonstrated a statistically significant increase in variability from pre-test to post-test
(Levene’s test: p = 0.049). This finding suggests a heterogeneous intervention effect, whereby some students experienced

Pre-test Post-test

100

Figure | Mean creativity scores before and after the MPBL intervention (N = 70). Error bars represent +| standard deviation.

Pre-test Post-test

Figure 2 Mean innovation scores before and after the MPBL intervention (N = 70). Error bars represent *1 standard deviation.
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Table 4 Changes in Score Dispersion (Variability) from Pre-Test to Post-Test

Measure Pre-Test Post-test | Change in F-test | p-value | Interpretation
Variance | Variance | Variance

Creativity 174.7 280.3 +105.6 241 0.12 Not significant (consistent effect)
Innovation 1.38 2.72 +1.34 3.94 0.049 Significant (heterogeneous effect)

substantial gains while others showed smaller improvements. The figure visually supports the variance analysis presented
in Table 4 and highlights the differential responsiveness of participants to the MPBL experience.

Discussion

This study aimed to evaluate the effectiveness of Multidisciplinary Problem-Based Learning (MPBL) in enhancing
creativity and innovation among undergraduate students across various medical sciences disciplines. The observed pre-
post improvements should be interpreted as short-term activation or immediate effects following a brief 12-hour
intervention, rather than evidence of sustained developmental change in creativity or innovation.

The discipline-specific differences observed in creativity and innovation scores should be interpreted cautiously.
Although the results varied across fields, the present study was not designed to determine the underlying causes of these
differences. Several alternative explanations may account for the patterns observed, including imbalanced group
composition, variability in facilitator interaction, baseline score differences, differential sensitivity of the instruments,
or ceiling effects in certain groups. Therefore, the observed variation across disciplines reflects descriptive differences
rather than evidence of discipline-related determinants.

Given that neither TTCT nor the innovation scale was designed for assessing rapid change, the interpretation of short-
term differences in scores must remain cautious. The instruments may reflect activation or test familiarity rather than
meaningful developmental change.

While the workshop scenarios centered on clinical ethical dilemmas, such dilemmas require participants to generate
multiple possible courses of action, consider competing values, and evaluate the consequences of different choices —
processes that align closely with divergent thinking and creative problem-solving. Prior studies have shown associations
between moral decision-making and divergent thinking, and have argued that ethical context can enhance creativity (Li
et al, 2023). Therefore, although our intervention focused on ethical reasoning, it likely engaged cognitive mechanisms
shared with general creativity, which may explain observed changes in TTCT scores. Nonetheless, ethical reasoning is
only one subtype of creativity; this partial overlap should be borne in mind when interpreting our findings.

As shown in the Results section, post-intervention analyses demonstrated improvements in creativity and innovation
for most groups. These results are supported by prior research that underscores the benefits of multidisciplinary and

problem-based learning in medical education.'> "

Several mechanisms may explain how MPBL influences creativity and innovation:

e First, exposure to variable disciplinary perspectives (eg, medicine, nursing, midwifery, surgical technology, and
anesthesiology) may stimulate cognitive flexibility by requiring students to integrate different professional
viewpoints.

¢ Second, collaborative problem-solving within small groups activates social learning processes, including peer
feedback and shared knowledge construction, which can foster higher-order thinking skills.

e Third, the use of ill-structured clinical ethical dilemmas creates cognitive disequilibrium as real-life disequilibrium
that they almost definitely will be facing in professions, prompting learners to generate multiple solutions and
evaluate alternative courses of action—processes closely aligned with creative thinking.

e Last but not the least, active engagement and task motivation, central to Amabile’s componential theory, are
enhanced by the learner-centered nature of MPBL.
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These mechanisms likely operate in combination rather than in isolation.

Statistical vs practical significance: While p-values (< 0.05) indicate statistical significance, effect sizes better reflect
educational relevance. Creativity showed a medium effect (d = 0.42), indicating modest practical improvement, while
innovation showed a small effect (d = 0.29), suggesting limited practical impact. Statistical significance alone can be
misleading, especially with moderate sample sizes (N=70).

Changes in dispersion (variability): Beyond changes in mean scores, we examined whether the MPBL intervention affected
the dispersion (variability) of creativity and innovation scores. While creativity showed no significant change in variance (p =
0.12), innovation scores demonstrated a significant increase in variance from pre-test to post-test (p = 0.049). This finding
suggests that the intervention had heterogeneous effects on innovation: it worked well for some students but not for others. This
heterogeneity may be explained by baseline differences in innovation capacity, prior exposure to multidisciplinary learning, or
individual motivational factors. Future research should identify student characteristics that predict differential response to
MPBL.

Satisfaction ratings reflect participants’ perceptions of the workshop experience rather than actual learning effective-
ness. Although overall satisfaction was moderate to high, such measures do not provide evidence of improved creativity
or innovation. Moreover, the observed differences in satisfaction across disciplines were not examined, and the study did
not collect data on factors such as perceived relevance, prior experience, or group dynamics that might explain these
variations. It is important to emphasize that satisfaction reflects participants’ subjective perceptions of the workshop
experience and does not constitute evidence of learning or educational effectiveness. High satisfaction does not validate
that creativity or innovation improved; these are distinct constructs requiring separate measurement. Readers should
avoid interpreting satisfaction as an indicator for learning outcomes.

Overall, the study provides preliminary evidence that MPBL may support creative and innovative thinking in health
sciences students. However, methodological limitations—including short intervention duration, measurement constraints,
lack of control group, and absence of process evaluation—necessitate cautious interpretation and highlight directions for
future research.

Limitations
This study has several limitations that should be considered when interpreting the findings.

First, the pre—post design without a control group prevents causal inference; therefore, the observed changes may be
influenced by factors other than the MPBL intervention, including maturation, exposure to concurrent educational
experiences, novelty effects, testing effects, or other uncontrolled influences associated with repeated measurement.

Second, the 12-hour intervention duration across two weeks is relatively too brief for fostering stable or sustained
changes in creativity and innovation, which typically develop over longer periods. Short-term effects may reflect
temporary activation, motivation, or testing familiarity rather than sustained development. Results should be interpreted
as short-term immediate effects only.

Third, subgroup analyses by discipline are potentially underpowered due to the small and uneven sample sizes across
disciplines (ranging from n=7 to n=24). These analyses are presented as exploratory and should be interpreted with
caution; they require confirmation in larger and more vast studies.

Fourth, both the abbreviated TTCT-Figural format and the adapted innovation measure were originally validated for
cross-sectional or longer-term assessments. Their sensitivity to detect short-term changes following a brief intervention is
not established. This limitation is central to the interpretation of the findings.

Conclusions

It is important to distinguish three levels of evidence provided by this study. First, regarding feasibility: MPBL was
implementable within existing curriculum structures and was well-received by most participants (58.6% high satisfac-
tion). Second, regarding short-term score changes: statistically significant increases in creativity and innovation were
observed at the aggregate level immediately following the intervention. Third, regarding meaningful educational impact:
due to the absence of a control group, short intervention duration, and measurement limitations, this study cannot provide
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evidence of sustained or educationally meaningful change. The observed effects should be interpreted as short-term
activation rather than long-term developmental improvement.

This study provides preliminary evidence that MPBL may be associated with short-term improvements in creativity
and innovation among medical sciences students. MPBL may therefore be considered as a promising approach for further
exploration in undergraduate and postgraduate health sciences education. The results highlight the potential value of
MPBL as an exploratory approach, but further research using larger samples, validated instruments, and longitudinal or
controlled designs is required before firm conclusions or curricular recommendations can be drawn.

The observed variability across disciplines should be interpreted as descriptive and hypothesis-generating only. This
study was not designed to explain why differences occurred, and no causal or explanatory claims regarding disciplinary
mechanisms are made. These patterns may inform future research questions but should not be overinterpreted.

Notably, variability in outcomes across disciplines suggests the need for tailored approaches to optimize MPBL’s
effectiveness for specific groups. High satisfaction levels among participants further reinforce the feasibility and
acceptance of MPBL in diverse educational settings.
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