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Abstract
Aim: To evaluate the feasibility of implementing a practice-first Kolb experiential learning sequence in anatomy education and to examine its short-term effects 
on students’ educational model preferences, study habits, and self-efficacy.
Methods: This single-group before-and-after interventional study was conducted during the 2023–2024 spring semester. The intervention included laboratory-
based exposure (donated body dissection, prosected specimens, 3D-printed models), reflective discussion, interactive lectures, and an open laboratory session. 
Pre- and post-intervention surveys assessed demographics, study habits, educational model preference, and self-efficacy. Quantitative data were analyzed 
using IBM SPSS v23, and qualitative responses were evaluated through thematic analysis.
Results: Of 166 students invited, 119 completed the pre-intervention survey (71.7%), and 66 completed the matched post-intervention survey (55.5%). 
Preference for the practice-first model increased from 21% to 36% (McNemar p = 0.001). Switching to the practice-first model was associated with higher 
weekly study hours (p = 0.016) and preparedness (OR = 9.3; 95% CI 2.0–43.2; p = 0.013). No significant change was observed in self-efficacy (p = 0.219). 
Conclusion: A practice-first Kolb-aligned sequence is feasible and can significantly shift educational preferences in the short term. Behavioral factors appear 
critical, whereas longer exposure may be required to influence self-efficacy.
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Introduction
Anatomy is a core component of medical education and is 
traditionally taught through lectures supported by donated body 
dissection, prosections, anatomical models, and radiological 
imaging, which transform abstract knowledge into concrete 
understanding and enhance retention.1,2 Contemporary medical 
students, shaped by digital environments, tend to benefit from 
interactive and experiential learning approaches.3 Student-
centered models such as the flipped classroom and problem-
based learning (PBL) have been associated with improved student 
satisfaction and academic performance4,5 and reflect the principles 
of Kolb’s Experiential Learning Cycle (concrete experience → 
reflective observation → abstract conceptualization → active 
experimentation).6 In this framework, learning begins with concrete 
experience, which shapes subsequent reflection and conceptual 
understanding.7,8 Kolb-based approaches in health sciences 
education have been consistently linked to improved learning 
outcomes and strengthened reflective practice.7,9 Despite these 
advantages, anatomy teaching continues to rely predominantly 
on a “theory-first, practice-second” sequence, a structure that 
remains debated in light of experiential learning principles.8,9 
Against this theoretical background, initiating anatomy education 
with laboratory exposure represents a coherent extension of 
experiential learning principles. A practice-first sequence enables 
learners to encounter anatomical structures through donated 
body dissection, prosections, or 3D-printed models before 
formal instruction, potentially fostering active engagement and 
facilitating the integration of theoretical knowledge with clinical 
application.10-12 From a complementary cognitive perspective, 
Cognitive Load Theory (CLT) provides a mechanistic explanation 
for this sequencing. By positioning concrete experience at the 
beginning of the learning process, abstract concepts may be 
anchored to emerging schemas, which can reduce extraneous 
cognitive load and support germane processing within working-
memory limits.13-16 Although preliminary evidence suggests that 
prioritizing concrete experiences may enhance understanding 
and promote clinical skill development,17 the cognitive and 
pedagogical implications of reversing the traditional “theory-
first” sequence in routine anatomy education remain insufficiently 
explored. Accordingly, the present study evaluates the feasibility of 
implementing a practice-first, Kolb-aligned instructional sequence 
in anatomy education. In addition, students’ preferences regarding 
instructional sequencing are examined before and after exposure 
to both traditional and reversed orders. The findings are expected 
to inform future restructuring of anatomy curricula.

Materials and Methods
Study Design and Setting
This study was conducted during the spring semester of the 
2023–2024 academic year as a single-group before-and-
after interventional study using survey-based data collection. 
Predefined study quality benchmarks were: enrollment ≥ 
70%, completion ≥ 50%, and Cronbach’s α ≥ 0.70 for multi-
item scales. Sessions that included donated body dissections, 
prosected specimens, and 3D printed models were designated 
as practical sessions, whereas slide supported amphitheater 
lectures were designated as didactic sessions. Sessions that 
included donated body dissections, prosected specimens, and 

3D-printed models were designated as practical classes, while 
lecture-hall sessions supported by slides were designated as 
theoretical classes. A total of 119 students completed the pre-
intervention survey, and 66 students completed the matched 
post-intervention survey. Participation was voluntary and 
anonymous, with electronic informed consent obtained. Records 
with inconsistent codes or missing consent were excluded. 
Figure 1 presents the schematic comparison of the traditional 
(didactic-first) and experimental (practice-first) sequences.
Educational Intervention (practice-first Kolb sequence)

The intervention lasted for two weeks and was structured 
according to Kolb’s Experiential Learning Cycle6 (Figure 2): 
● Concrete experience: two × 50-minute practical sessions 
involving donated body dissection, prosected specimens, 
3D-printed models, and atlases; approximately 10–15 students 
per table, each supervised by an MD-PhD instructor with at 
least three years of experience. ● Reflective observation: a 
30-minute small-group discussion followed by a 250-word 
reflective writing assignment. ● Abstract conceptualization: 
two × 50-minute interactive didactic sessions in the same 
week, supported by slides, concept maps, and clinical vignettes. 
● Active experimentation: a 100-minute Open Lab, allowing 
independent repetition with prosected specimens and 3D 
models. No additional examination or grading was performed.

Measures and Data Collection
The data were collected in four domains before the intervention. 
These were demographic data, Study Habits through a four-
point Likert scale (Always–Often–Rarely–Never), and academic 
indicators such as the score obtained in the final block 
examination conducted at the end of the 2023–2024 fall 

Figure 1. Comparison of traditional (didactic first) vs 
experimental (practice first) sequence — schematic overview

Figure 2. Enhanced comparison: Kolb’s experiential learning 
model vs. experimental model
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semester and weekly study hours. In addition, students were 
asked to indicate their baseline educational model preference, 
choosing between the didactic-first and practice-first sequences. 
After implementation of the practice-first Kolb sequence 
(intervention), the data on each student’s final preference and 
rationale, a self-efficacy item in which participants rated the 
statement “I am ready to apply this regional anatomy” for both 
sequences using a five-point Likert scale. Finally, two open-
ended questions invited students to describe the strengths and 
weaknesses of each of the didactic first and practice sequences 
and to elaborate on how these approaches influenced their 
learning process. The full questionnaire texts, along with their 
English translations, are provided in Supplementary Table 1.

Questionnaire Design and Validity
The questionnaire items were developed with reference to Kolb’s 
literature.18,19 Content validity was evaluated independently by 
three senior anatomists. Internal consistency for the Study Habits 
scale (five items) was acceptable, with a Cronbach’s α of 0.724.20

Data Collection and Privacy
The questionnaires were administered via Google Forms, and 
links were distributed through the class representative through 
a WhatsApp group. Participation required electronic informed 
consent. Responses before and after intervention were matched 
using a unique code known only to the participant; records with 
inconsistent codes or missing consent were excluded. All data were 
stored and reported in accordance with confidentiality principles.

Ethical Approval
This study was approved by the Non-Interventional Clinical 
Research Ethics Committee of Medipol University (Date: 2024-05-
22, No: 513). It involved voluntary participation of medical students 
and did not include patient data or identifiable information.

Statistical Analysis
All analyses were performed using IBM SPSS Statistics v23, 
with statistical significance set at α = 0.05. Continuous variables 
were expressed as mean ± standard deviation (SD) or as median 
(minimum–maximum), while categorical variables were reported 
as frequency (n) and percentage (%). The normality of distributions 
was assessed with the Shapiro–Wilk test. Changes in educational-
model preference across matched pairs were examined with 
the McNemar test, and changes in self-efficacy scores were 
analyzed with the Wilcoxon Signed-Rank test. Comparisons 
of continuous variables between two groups were carried out 
using either the Student’s t-test or the Mann–Whitney U test, 
depending on distributional assumptions. Associations between 
categorical variables were examined with the Pearson Chi-Square 
test or, when appropriate, the Fisher’s exact test. In addition, 
the relationship between preparedness and preference change 
was quantified by calculating the Odds Ratio (OR) with 95% 
Confidence Intervals (CI). Between-group comparisons (matched 
post-intervention survey completers vs pre-intervention survey–
only participants) used appropriate parametric or non-parametric 
tests for continuous variables and Pearson’s Chi-Square or Fisher’s 
exact test for categorical variables. Qualitative data from open-
ended responses were analyzed using Braun and Clarke’s six-

phase thematic analysis approach.21 Coding was conducted 
independently by two researchers, after which consensus was 
reached to finalize the themes. The results were illustrated with 
anonymized quotations from student responses.

Reporting Guidelines
This study was conducted and reported in accordance with 
STROBE.

Results
Feasibility & Participant Flow
In this before-and-after interventional study, all 166 first-year 
medical students enrolled in the anatomy course were invited 
to participate. A total of 119 students completed the pre-
intervention survey, yielding a 71.7% enrollment rate, which 
exceeded the predefined threshold of ≥ 70%. Among these 
students, 66 completed the matched post-intervention survey, 
corresponding to a 55.5% completion rate, also surpassing the 
feasibility criterion of ≥ 50%.

Baseline Demographics & Study Habits
A total of 119 students participated in the pre-intervention survey 
phase. Of these, 70.6% were male (n = 84) and 29.4% were female 
(n = 35). In the matched post-intervention survey phase, the sample 
decreased to 66 students, with 60.6% male (n = 40) and 39.4% 
female (n = 26). The mean age of male students was 19.13 ± 
0.98 years at pre-intervention and 19.02 ± 0.96 years at post-
intervention. For female students, the mean ages were 18.94 ± 1.06 
years and 18.77 ± 0.82 years, respectively. Detailed demographic 
characteristics are summarized in Table 1, which presents age 
(Mean ± SD) and gender distributions across both pre- and post-
intervention survey phases. Students reported that they studied an 
average of 9.75 ± 6.01 hours per week and scored 69.01 ± 12.51 
points in the final block examination conducted at the end of the 
2023–2024 fall semester. Preparation for practical courses (55.5%) 
was higher than for didactic courses (17.6%). Same day review habits 
were limited: 66.4% reported “never” or “rarely” revisiting content 
on the day it was taught. Participation in individual study sessions 
was also moderately distributed. These findings are presented in 
Supplementary Figures 1, panels A through D.

Educational-Model Preference and Change
According to the data collected before the intervention, 79% 

Category
Pre-intervention 

survey
(n = 119)

Post-intervention 
survey (n = 66)

Participants 119 66
Age (years, Mean ± SD)
– Male 19.13 ± 0.98 19.02 ± 0.96
– Female 18.94 ± 1.06 18.77 ± 0.82
Gender, n (%)
– Male 84 (70.6%) 40 (60.6%)
– Female 35 (29.4%) 26 (39.4%)
The table presents the mean age (Mean ± SD) and gender distribution of 
participants across the pre- intervention survey (N = 119) and post- intervention 
survey (N = 66) phases.
Abbreviation: SD = Standart Deviation.

Table 1. Demographic characteristics of participants (pre- and 
post-intervention surveys)
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of students (n = 94) preferred the traditional didactic-first 
sequence, while 21% (n = 25) favored the experimental practice-
first sequence. The data collected from 66 participants after 
the intervention revealed that the proportion preferring the 
didactic-first sequence decreased to 64% (n = 42), whereas 
preference for the practice-first sequence increased to 36% (n 
= 24). Longitudinal analysis of 66 students revealed that 26.8% 
(n = 15) shifted from didactic-first to practice-first, while only 
1.5% (n = 1) shifted in the opposite direction. This change was 
statistically significant according to the McNemar test (p = 
0.001). Details are presented in Table 2.

Predictors of Preference Change
Students who shifted to the experimental practice-first 
sequence reported studying an average of 13.33 ± 6.21 hours 
per week, compared with 8.98 ± 5.96 hours among those who 
did not change their preference (independent t-test, p = 0.016). 
Preparedness was also a significant predictor: the proportion 
of students who switched was 31.8% among those who came 
prepared for class, but only 4.5% among those who did not 
(Fisher’s exact test, p = 0.013). The strength of this association 
was quantified as OR = 9.3; 95% CI 2.0–43.2. No significant 
associations were observed with age, sex, or prior exam score 
(all p > 0.05). A summary of these findings is provided in 
Supplementary Table 2 and Supplementary Figure 2 and 3.

Self Efficacy Outcomes
There was no significant difference in students’ sense of 
efficacy after both models (p = 0.219; Supplementary Figure 
4). This result shows that both models provide a similar level of 
learning competence.

Differences According to Survey Participation
There was no significant difference in study habits and exam 
success between the students who participated in the pre-
intervention and post-intervention surveys together and those 
who participated only in the pre-intervention survey. However, 
the rate of practical class preparation differed significantly 
between the two groups (p = 0.009).

Feedback on the Experimental Education Model
The open-ended responses of 36 students were analyzed 
thematically and grouped under three main themes: ● Contribution 
of visual and concrete experiences to theoretical understanding 
(71.4%): Students emphasized that donated body dissection and 
3D models helped concretize structures, improved visualization, 
and supported retention. ● Transition from general knowledge to 
in-depth understanding (22.9%): The general knowledge provided 
by practical lessons helped students to grasp the theoretical details 

more easily. Repetition of complex topics in both practical and 
theoretical sessions reinforced understanding. ● Motivational 
contribution (5.7%): Practical sessions helped students better 
prepare for the course and increased their motivation and 
sense of responsibility for learning. The opinions expressed 
under these three themes reveal that the experimental model 
positively affected students in conceptual but also in affective 
and behavioral dimensions (Supplementary Table 3).

Reasons for the Preference of the Education Model
In the thematic analysis of 43 students who answered the 
open-ended question in the post-intervention survey, it was 
seen that those who preferred the traditional model (60.5%) 
emphasized the reasons for ‘concrete representation’ and ‘ease 
of preparation’ the most. Those who preferred the experimental 
model (39.5%) expressed reasons such as ‘concretization of 
abstract concepts’ and ‘adaptation to personal learning style’ 
more frequently. In both groups, ‘permanence of learning’ was 
the common emphasis (Supplementary Figure 5).

Discussion
This study demonstrates that a practice-first, Kolb-aligned 
sequence is feasible in anatomy education and can shift 
students’ instructional preferences in the short term. Increased 
weekly study time and preparedness were associated with this 
shift, and qualitative findings highlighted enhanced motivation 
and conceptual depth. No significant short-term change was 
observed in self-efficacy, suggesting that longer or repeated 
learning cycles may be required to influence this construct. These 
findings are consistent with experiential learning applications in 
health professions education, which emphasize that meaningful 
practical engagement forms the basis for reflective observation 
and conceptual development.10,22 In anatomy education specifically, 
experiential and practice-oriented approaches have been shown 
to enhance student participation and perceived relevance.7,17 The 
present results extend this literature by suggesting that not only 
learning outcomes but also instructional sequencing preferences 
may shift when learners are first exposed to concrete anatomical 
experience. From a cognitive perspective, initiating learning 
with concrete experience may help anchor abstract concepts 
to emerging schemas, thereby facilitating germane cognitive 
processing.13-15 Although cognitive load was not directly measured 
in this study, the observed behavioral shift may indirectly reflect 
this scaffolding effect.

Determinants of Preference Shift
Two clear signals emerged as determinants of preference change: 
regular study and preparedness. This finding is consistent with 
previous studies demonstrating links between medical students’ 

Pre-Intervention Survey 
Preference

Traditional (Post-Intervention 
Survey) (n, %)

Experimental (Post-Intervention 
Survey) (n, %) Total (n, %)

Traditional 41 (73.2%) 15 (26.8%) 56 (100%)

Experimental 1 (10.0%) 9 (90.0%) 10 (100%)

Total 42 (63.6%) 24 (36.4%) 66 (100%)

McNemar test results show significant shifts in preference toward the experimental model (p = 0.001).

Table 2. Changes in educational model preferences between pre- and post-intervention surveys
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study approach and time management and their learning 
outcomes.16 These results suggest that the benefits of the 
practice-first sequence depend not only on the pedagogical order 
but also on students’ active engagement in their own learning. 
Therefore, future implementations should consider integrating 
pre-class preparation (such as assigned readings, short videos, 
or pre-quizzes) as a standard component.

Self-Efficacy
The absence of a significant increase in self-efficacy may be 
explained by several factors. First, the measurement window 
was short. Second, the use of a single-item measure may 
have limited sensitivity, whereas multi-item, domain-specific 
scales are more robus.23,24 Third, improvements in self-efficacy 
typically require mastery experiences, which may emerge only 
after longer or repeated learning cycles and the inclusion 
of objective performance measures. Future studies should 
therefore employ multi-item self-efficacy scales alongside 
objective tests of knowledge and skills.

Limitations
The single-group pre–post design limits generalizability and 
precludes causal inference. The short intervention duration 
and notable attrition (119 to 66 matched responses) may have 
constrained detectable changes and introduced self-selection 
bias. Additionally, the questionnaire was not formally validated, 
underscoring the need for future research using rigorously 
developed and validated instruments.25

Conclusion
This study demonstrated that a practice-first Kolb experiential 
sequence is feasible in anatomy education and can produce a 
meaningful shift in students’ educational model preferences 
within a short period. The findings highlight the critical role of 
behavioral factors such as weekly study hours and preparedness in 
shaping this pedagogical adaptation. The absence of a short-term 
improvement in self-efficacy suggests that longer and repeated 
learning cycles may be required to strengthen this construct. 
Future studies should incorporate randomized controlled designs 
and objective outcome measures to assess the long-term impact 
of sequencing and its effects across diverse student populations.
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