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Abstract

Background: As a qualitative way to evaluate the effectiveness of medical education, students
may be asked to reflect and write freely about what they learned after lectures and practical
training. Thereafter, teachers subjectively interpret what has been written. This process can be
complemented by quantitative evaluation methods, such as text mining.

Objective: To explore the potential of quantitative text analysis applied to what medical students
write after completing a short, small group, bedside learning rotation at Fukushima Medical
University (FMU).

Methods: Free-text reflections, written by 129 students who rotated in groups of 6-8 through
FMU’s Department of Blood Transfusion and Transplantation Immunology, were manually
transcribed into an Excel file and quantitatively analyzed using KH-Coder, a text analysis
program.

Results: Text analysis revealed word choices in free-text reflections that were unique to specific
” “situation,” and
“limited” in the context of “blood transfusion in a resource-limited situation during an

genders or student groups. For example, one group used the words “earthquake,

earthquake,” while “antibody” and “check” were specific to women and men, respectively.
Discussion: Frequently used words vary among student groups that rotate through the school year
together, and also vary by gender. This suggests group-specific and gender-specific differences in
learning that could be investigated in greater detail. Analyzing free-text student reflections with
text analysis may be useful for obtaining insights to improve the curriculum in general and also
tailor particular aspects of the curriculum to the needs of different students.

Keywords: medical education, educational assessments, text mining
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1. Introduction

The evaluation of teaching effectiveness is essential for improving medical education in general
and ensuring high-quality learning experiences in particular. Among various evaluation methods,
student feedback collected after a course or rotation can be analyzed to assess its educational
value (1). While multiple-choice surveys are commonly used due to their ease of analysis and
standardization, they limit student responses to predetermined options. This limitation may
hinder the discovery of valuable, unexpected insights into students’ perceptions and learning
experiences.

In contrast, giving students the opportunity to write free-text reflections can enable educators to
capture a wide range of opinions, including unanticipated feedback that may reveal curricular
strengths and areas for improvement. However, the analysis of free-text responses presents
significant challenges. It is difficult to extract objective information from qualitative assessments,
and the process of summarizing responses can be influenced by the analyst’s own biases and
thinking habits.

To address these limitations, text mining has emerged as a powerful method for analyzing
qualitative data in a systematic and objective manner. KH-Coder (https://khcoder.net) is one such
text mining tool, specifically designed for the quantitative analysis of textual data. By
automatically extracting words from free-text responses and performing multivariable analyses
such as correspondence analysis or co-occurrence network mapping, KH-Coder facilitates the
identification of underlying patterns and trends within otherwise qualitative datasets. (2,3) Its
application in educational research allows for a more rigorous and reproducible approach to
interpreting open-ended student feedback (4).

This study explored the utility of text analysis in the context of medical education, particularly in
the quantitative evaluation of open-ended student reflections following “bedside learning”
sessions for students in years 4 and 5 of a 6-year Japanese medical curriculum. Through this
analysis, we seek to demonstrate the potential of text analysis to support objective, data-driven
insights into student learning and contribute to continuous improvement of educational practices.

2. Methods

2-1. Survey participants, program, and period

This survey was conducted among 129 fourth- and fifth-year medical students who rotated in
groups of 6-8 through FMU’s Department of Blood Transfusion and Transplantation
Immunology during the 2022 academic year. Nominally one of the “bedside learning” (BSL)
rotations that comprise much of the fourth- and fifth-year curriculum, this rotation did not
involve direct patient contact during the COVID-19 pandemic.

2-2. Survey content
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Transfusion BSL sessions convened on Wednesdays and Thursdays of alternate weeks during the
academic year, with a morning seminar, an afternoon tour of the Japanese Red Cross Fukushima
Blood Center, and an afternoon laboratory experience. By the end of the session, participating
students were asked to turn in a free-form assessment of their experience, with daily comments
written on the front and back of a paper that included unique role-playing instructions for part of
the Wednesday morning seminar. The front page invited feedback about each student’s role-
playing activity: “TODAY, write a self-evaluation of your performance, and some general
comments about the experience.” The back page prompt was more general: “On THURSDAY,
please write any additional comments about this BSL rotation.” In this study, role-specific front-
page comments were excluded from analysis. Back-page comments, linked to gender inferred
from each student’s name and the BSL group to which each student belonged, were de-identified
and transcribed into an Excel file. These free-form assessments were already being distributed to
and collected from students prior to the design of this anonymized study, which was deemed to
require no additional ethics review.

2-3. Course content

During the COVID-19 pandemic, FMU’s transfusion medicine rotation included scenario-based
role-playing exercises in lieu of patient contact. These scenarios included interviewing an
emergency blood donor volunteer and providing medical consultation to an Rh-negative woman
pregnant with an Rh-positive fetus, and her partner. Medical roles included doctors in training
and their professors, with all roles played by the 6-8 students in the rotation. Through these role-
plays, students practiced essential communication skills and applied medical knowledge related
to transfusion safety and maternal-fetal blood group incompatibility. Students were free to use
Japanese and/or English when playing their roles.

2-4. Analytical procedure

KH-Coder version 3 was used for analysis. The actual analytical procedure was as follows:

(1) Obvious typographical errors in the collected questionnaires were corrected. Different ways
of writing the same concept were standardized (e.g., “Rh+” and “Rh(+)” were input as “Rh+").
Responses written in Japanese were entered as they were, while those written in English were
entered in English. Illegible content was excluded.

(2) Preprocessing was performed to extract words from the text.

(3) Three analyses were conducted: frequent word extraction, co-occurrence network analysis,
and correspondence analysis.

3. Results

3-1. Frequent word extraction

The free-text responses from 129 students (80 male and 49 female) were analyzed to extract
frequent words, categorized by language (Japanese or English) and gender (Table 1). In both
groups, the most common Japanese word was If.{#% (blood), appearing 63 times in male
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responses and 39 times in female responses. Other frequently used Japanese words included 17 9
(perform), & 9 (think), & % 5 (consider), and H 43 (self). In English responses, meaningful
words such as blood, type, learn, and test were common across genders.

The colored words in Table 1 were specific to gender. In Japanese, male students more often used
immunology-related terms such as HT{4 (antibody; 15 occurrences) and HTJ5 (antigen; 8
occurrences), whereas female students more frequently used terms related to learning
environment and opportunities, such as #%> (opportunity; 7 occurrences), J77£ (method; 6
occurrences), and 1 > & — (center; 5 occurrences). In English, male students more frequently
used words related to time and errors, such as time, today, and mistake, while female students
more often used words related to practical experience and checking procedures, such as check,
experience, English, and find.

3-2. Co-occurrence networks

Language-specific co-occurrence network mapping visualized the themes within the texts in
Japanese and English. The Japanese co-occurrence network revealed five main clusters:

01 FUFRPLIAL S (antigen—antibody reaction) — comprising terms such as )i (antigen), HLi4
(antibody), and )i~ (reaction), representing knowledge related to immunological mechanisms
and laboratory procedures in transfusion medicine;

02 FEK & EIRMIR 5 47 R (disaster situations with limited resources) — including &
% (earthquake), YR L (situation), and FR & 4172 (limited), reflecting learning regarding medical
practice under resource-constrained conditions, potentially influenced by case discussions on
transfusion during disasters;

03 32 T 7= k> O (knowledge and learning from practice) — encompassing %7k
(knowledge), “#5~ (learn), and 15 % (gain), indicating an emphasis on the acquisition of
knowledge and skills through the practical session;

04 FLWFEONOBES (valuable learning opportunities) — containing #%%% (opportunity), >
(good), and #%5#& (experience), representing students’ recognition of the training as an important
educational opportunity; and

05 MM HVHIE % H 57 T1T - 72 J#%48 (impressions from performing blood type tests) —
including [ML#& (blood), 1T 9 (perform), and F 47 (self), describing reflections on the experience
of personally conducting blood typing procedures.

The English co-occurrence network revealed six clusters:

01 Double check to avoid mistakes — incorporating check, mistake, and outcome, reflecting
attention to accuracy and verification in laboratory practice;

02 Contamination causes errors — comprising contamination, experiment, and error, representing
awareness of quality control and procedural risks;

03 Disaster with limited resources — including disaster, resource, and situation, mirroring
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Japanese findings in highlighting disaster-related medical considerations;

04 Learning about blood tests — containing blood, type, be, and do, indicating fundamental
procedural learning associated with blood typing;

05 Study and English learning — incorporating study and English, reflecting comments on both
subject-specific study and language learning; and

06 Knowledge about blood transfusion — comprising knowledge, transfusion, and judge,
indicating conceptual understanding and decision-making in transfusion practice.

3-3. Correspondence analysis

The correspondence analysis revealed characteristic distributions of words across student groups.
In the Japanese analysis, the first axis distinguished disaster-related terms from immunology-
related terms, while the second axis separated learning environment-related words from
procedural words (Figure 1). Certain student groups were positioned near disaster-related terms

such as 5Z{¢ (earthquake) and [R5 417 (limited), whereas others were closer to immunology-

related terms such as HLf& (antibody) and HTJfl (antigen). In the English analysis, the first axis

contrasted disaster and resource with contamination and experiment, while the second axis
distinguished experience and judge from check and mistake (Figure 2).

4. Discussion and conclusion

In this study, quantitative analysis of free-text responses revealed diversity of learning content
and differences among groups and between genders, suggesting possible inconsistencies in how
the curriculum is conveyed and understood. Structural analysis of such textual data has recently
attracted attention in the context of medical education assessment. Zhang and colleagues applied
sentiment analysis and topic modeling to resident evaluation comments, demonstrating the
potential of these methods to enhance the visibility and improvement of educational evaluations
in clinical settings (5).

Our results show that students’ free-text reflections could be categorized into a broad range of
themes, including immunological knowledge, medical responses in disaster situations, practical
training experiences, error prevention strategies, and evaluations of the learning environment.
Differences in vocabulary use and thematic focus were observed between genders and among
training groups, suggesting that even within the same curriculum, students may perceive and
internalize learning content differently. This is consistent with prior findings that gender can
influence how students perceive the educational environment. For example, Atwa and colleagues
found that female medical students reported a more positive perception of their learning
environment compared to males (6), indicating that gender-based differences in educational
experience and interpretation are meaningful and may affect learning outcomes. These insights
underscore the importance of tailoring instructional approaches to better meet the diverse needs
of learners.
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This study has certain limitations. It was conducted at a single institution and within a single
academic year, which limits the generalizability of its findings. Future research would benefit
from collecting multi-year data and comparing predefined learning objectives with actual
learning outcomes to further validate and expand upon these findings. Another methodological
point to note was that the data were analyzed in their original languages without translation either
to Japanese or English. While this approach preserved the authenticity and context of each
student’s expression, it also limited the cross-language comparison. In addition, writing in
English might have limited the in-depth expression for those whose native language was
Japanese. Despite the limitations, small pilot studies, including this one, can guide the design of
more definitive investigations, so that quantitative analysis of otherwise qualitative data can
indeed improve medical education for diverse student cohorts.
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Table 1. Frequently used words by gender

Male (n=80)

Female (n=49)

Japanese (n=54)

English (n=28)

Japanese (n=39)

English (n=14)

1% (63) be (48) 1% (39) be (39)
9 (30) blood (32) 175 (24) blood (19)
179 (29) type (19) B9 (21) type (11)
H 77 (18) do (16) EZZ25 (13) learn (10)
Uik (15) learn (15) H 47 (12) test (7)

E 25 (15) test (10) L5 (8) check (6)
758 (13) time (10) 255 (7) do (5)
"5 (12) have (9) 2 (7) experience (4)
B L% (10) today (9) % (6) have (4)
5% (9) mistake (8) J71k (6) english (3)
U (8) lot (7) T Z—(5) find (3)
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