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Abstract

Aim: This study aims to examine the effects of drawing and coloring-based learning methods on students’ academic success in anat-
omy which is one of the basic courses of medical education.

Material and Methods: The study was conducted with 2nd term students of the Faculty of Medicine during the “Circulatory and Re-
spiratory System” committee. Participants were included in the study on a voluntary basis and were divided into two groups according
to their learning preferences: those working with traditional methods and those using coloring-based methods. All students were
administered a multiple-choice formative exam consisting of 20 questions; then, the scores related to anatomy from the committee’s
general exam were recorded. The obtained data were analyzed with SPSS 22.0.

Results: 40% of the 70 students participating in the study preferred coloring-based methods. It was determined that the group using
coloring showed statistically significantly higher performance in both subject-specific exam scores and general anatomy success
scores (p<0.05). A significant relationship was found between gender and learning method; it was observed that female students
preferred the coloring method more.

Conclusion: Coloring and drawing based learning strategies have enabled students to participate more actively in the learning
process and have contributed positively to academic success compared to traditional methods. These methods should be evaluated
as low-cost, applicable and multi-sensory interaction alternative learning tools. They provide a valuable contribution in terms of de-
veloping strategies that are compatible with individual learning differences, especially in intensive courses in basic medical sciences.
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INTRODUCTION

Anatomy is one of the basic sciences of medical education

books, reviewing two-dimensional visuals, and participating
in laboratory sessions (1-5). However, the tough content of

and is an indispensable discipline for students to understand the anatomy curriculum raises concerns that this information

the structure of the human body and to integrate this knowl- may not be sufficiently permanent in the long term.

edge into clinical practice. However, due to the tough termi-
nology and complex structures, anatomy education is often a
challenging process for students. Medical students spend a
significant amount of time during the semester learning basic

anatomical concepts by attending lectures, reviewing text-

CITATION

In order to overcome this difficulty, various teaching strategies
are being tried in medical education today; there is an increasing
tendency towards accessible and cost-effective approaches that
will encourage active participation of the student in the learning

process. Traditional anatomy teaching is usually faculty-centered,
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with the passive listener role of the student. Cadaver dissections,
use of atlases and slide presentations are the basic components
of this method. However, there are findings that not every student
benefits from these methods in the same extent and that different

learning styles should be taken into account (6).

In recent years, student-centered and creative learning tech-
niques have come to the forefront. These include body paint-
ing (7-9), clay modeling (10,11), tactile models (12,13) and
digital 3D simulations (14-17). Coloring and drawing-based
learning methods have attracted particular attention due to
their low cost and feasibility, as well as their potential to in-
crease student engagement (18). This method has yielded
effective results in courses on surface anatomy and clinical

skills in the field of medicine and health sciences (19).

While body painting offers an effective method focusing on
the musculoskeletal system, its adaptability to other systems
may be limited. At this point, ready-to-paint anatomy atlases
developed in recent years come into play; they allow students
to learn through coloring without requiring individual drawing
skills. However, the number of studies demonstrating the effec-
tiveness of these methods is quite limited. It is important to re-
veal the effects of these tools, which are thought to attract less
attention, especially compared to the three-dimensional visual
materials of the digital age, on learning. Rather than being an
alternative to conventional anatomy teaching, coloring-based
activities are considered as a supplementary and supportive
learning tool that enhances students’ engagement and under-
standing. These methods are not intended to replace cadaveric
or lecture-based instruction, but to reinforce traditional learning

approaches through an active and creative process.

Coloring-based learning encourages students to use their
visual, tactile, and motor skills simultaneously. It is suggest-
ed that such multisensory learning approaches can increase
the retention of information in long-term memory. In addition,
students’ direct interaction with anatomical structures through
coloring can create conceptual integrity and enable them to

better understand the relationships between structures.

In this study, the academic success of students using coloring
and drawing-based learning methods and students preferring
traditional methods will be compared. We aim to put forth the
pedagogical value of a cost-effective and accessible method
that supports active learning in anatomy education with our
results. At the same time, it is thought that such multi-senso-
ry learning applications can contribute not only to short-term

academic success but also to long-term clinical competence.
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In this respect, the study aims to enlighten the way of devel-
oping innovative and evidence-based teaching strategies in
the field of medicine and health sciences.

MATERIAL AND METHODS

This observational study was conducted with second-year med-
ical students during the 2024-2025 academic year, specifically
within the scope of the “Circulatory and Respiratory System”
committee. Ethical approval was obtained from the Medical Sci-
ences Ethics Committee of Mugla Sitki Kogman University (De-
cision Date: 06.01.2025, Decision No: 5, Protocol No: 240253).
This study was designed within the framework of the constructiv-
ist learning theory, which emphasizes the learner’s active involve-
ment in the construction of knowledge. In this context, coloring
activities were used as a means to support active participation

and deeper understanding rather than passive memorization.

At the beginning of the committee, students were introduced
to coloring-based resources as an alternative learning meth-
od, in addition to traditional learning materials such as text-
books and atlases. Students interested in these materials ob-
tained materials from the relevant painting booklets through
their faculty members. The coloring process was carried out
by students individually, outside of formal class hours. While
this approach encouraged independent learning, the degree
of engagement may have varied among participants. These
materials suitable for coloring included the external carotid ar-
tery and its branches, the subclavian artery and its branches,
and anatomical drawings of the fetal circulation system.

In the middle of the committee schedule, a multiple-choice
formative exam consisting of 20 questions was administered
to assess the students’ learning levels. The exam included
questions on both topics supported by coloring resources and
topics not supported. The distribution was as follows:

6 questions on the subclavian artery and its branches, 5
questions on the external carotid artery and its branches, 5
questions on fetal circulation, and 4 questions on other circu-
latory system topics.

Students were invited to participate at the end of a scheduled
lecture. Participation was entirely voluntary and had no influ-
ence on students’ course grades. All responses were treated
confidentially, and personal identifiers were removed during
data analysis. After the exam, the students were informed about
the research. Students who wanted to participate in the study
signed a voluntary informed consent form and then a question-

naire was administered. In addition to demographic information
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such as age and gender, the survey form also requested the
student number in order to analyze the relationship between
learning method and exam success. In addition, students were
asked whether they had taken the relevant board courses be-
fore and which learning method they used individually. Learn-

ing method options were presented as follows:

1. | study only by reading course sources and atlas.

2. In addition to course sources, | study by coloring.

3. 0ther: oo (Explain)

A total of 163 students were informed within the scope of the
research, 84 of whom agreed to participate in the study volun-
tarily. However, 14 of these participants were excluded from
the analysis because they had taken the relevant course be-
fore (repeated the semester). As a result, statistical analyses
were performed on the data obtained from 70 participants.
After 3 weeks, a committee exam was held for the Circulatory
and Respiratory System, and the students’ total score from
the anatomy course (theoretical + practical exam) was also
recorded. The collected data were analyzed to evaluate the
relationship between the students’ preferred learning method

and their exam success in coloring-supported subjects.
Statistical Analysis
IBM SPSS Statistics for Windows, Version 22.0 (IBM Corp., Ar-

monk, NY, USA) program was used for statistical analysis of the
data. The Kolmogorov-Smirnov test was used to evaluate the
conformity of continuous variables to normal distribution. For
variables that did not show normal distribution, the Mann-Whit-
ney U test was used for group comparisons, and for the analysis
of categorical variables, the Chi-square (x?) test was used. In all

analyses, the significance level was accepted as p<0.05.
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RESULTS
A total of 70 students participated in the study. 55.7% of the

participants were female (n=39), 44.3% were male (n=31). The
average age was found to be 19.76 + 0.86 years. According to
their learning method preferences, 60% of the students (n=42)
stated that they only worked with traditional materials such as
textbooks and atlases, while 40% (n=28) stated that they used
coloring-based methods. Participants who chose 1 or 2 along
with the “other” option were included in the relevant groups.

There was no group that marked only the other option.

A significant relationship was found between gender and
learning method preferences (x?=7.035, p=0.008); it was ob-
served that female students preferred the painting/drawing

method more frequently than males.

When the average ages of the students were compared accord-
ing to their learning method preferences, no statistically significant
difference was found (Mann-Whitney U = 548.000, p=0.606).

According to the independent sample t-test results, significant
score differences were observed between students using the
coloring-based learning method and students preferring tra-
ditional methods in all topics (p<0.05). According to Levene’s
test results, variances were found to be homogeneous in most
comparisons and analyses were performed under the as-
sumption of “equal variances assumed”. Multiple-choice exam
scores on fetal circulation, subclavian artery and its branches,
external carotid artery and other topics were found to be sig-
nificantly higher in the group using the coloring method. In ad-
dition, statistically significant differences were obtained in favor
of students using the painting method in terms of general exam
score averages. All values are given in Table 1. These results
indicate that the painting and drawing-based active learning

method can positively affect students’ academic success.

Table 1. Comparison of exam scores of students using different learning methods

Subject Total exam Exam score of students Exam score of students p-value
score prefer coloring (n=28) not prefer coloring (n=42) (Mann-Whitney-U)

Fetal circulation 5 4 (0-5) 2.5 (0-5) 0.022
3.25+1.35 2.50 £ 1.37

Subclavian artery 6 4 (2-6) 4 (0-6) 0.022
4.25+1.27 343+ 142

External carotid artery 5 3.5 (1-5) 2 (0-5) 0.038
3.50+1.32 2.67 £ 1.69

Other subjects 4 2 (0-4) 1(0-4) 0.010
2.04 +0.92 1.40 £ 1.11

Formative exam score 20 13 (6-19) 9 (4-19) 0.004
13.04 £ 3.58 10.00 £ 4.40

General committee exam score 24 20.95 (11.1-23.2) 17.85 (10.10-23.2) 0.018
19.99 + 2.96 17.59 £ 4.14

p <0.05

Descriptive statistics are presented as median (minimum-maximum).
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DISCUSSION

This study examined the effects of coloring and drawing-based
learning strategies on student success in anatomy education.
The findings showed that students who used these methods
had statistically significantly higher exam scores compared to
those who studied with traditional materials alone. The score
differences obtained in the subjects of fetal circulation, subcla-
vian and external carotid artery, which are especially support-
ed by painting, are remarkable. In addition, the total formative
exam score and the committee general success score also
showed significant differences in favor of the coloring meth-
od. To date, it has not been shown that a single teaching tool
can meet all curriculum requirements (20). The best teaching
method for modern anatomy is the use of different pedagog-
ical tools (plastination, CBL, live anatomy, medical imaging,
etc.) in a complementary way. Students benefit most from mul-
tiple learning models that integrate diverse and system-based
methods. The use of a multimodal approach in teaching anat-

omy is also supported by other anatomists (21,22).

For this reason, it was decided to examine the anatomy col-
oring methods that are easy to access and low in cost and
have recently started to attract attention. Coloring-based learn-
ing activities facilitate learning in many ways, such as focusing
students’ attention, establishing visual connections between
concepts, and organizing complex information. Because the
generative learning process includes cognitive processes such
as selecting, classifying, and integrating information, and each
of these processes plays a critical role in making learning per-
manent (23). It also activates the visual and motor systems si-
multaneously, allowing information to be actively processed in
working memory. Therefore, it can facilitate the transfer of infor-

mation beyond short-term storage to long-term memory (24).

Quillin and Thomas (25) stated that visual content contrib-
utes to the understanding of complex anatomical structures.
Wammes and colleagues (26) revealed that visual working
memory has a higher capacity than verbal memory and that
this allows information to be processed more effectively. Can-
turitti and colleagues observed in their study that students
who colored spent more time and interacted more with the
learning material compared to those who did not (27). In the
study conducted by HadaviBavili and ilgioglu (18) with nurs-
ing and midwifery students, it was shown that the attitudes
towards learning and self-efficacy perceptions of students
who participated in coloring activities were positively affected.
Although no significant difference was found in the study in
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terms of exam performance, it was stated that the method
was motivating in terms of students’ active participation in the
learning process. When these studies were evaluated, it was
thought that the painting/drawing method contributed to the
learning process, but it did not provide objective data. When
viewed from this perspective, we can say that this study pro-
vided objective data regarding the contribution of the painting/
drawing method to learning. Students who used the paint-
ing-based learning method showed significantly higher suc-
cess in both subject-specific and total exam scores compared
to those who studied only with traditional materials. Especially
in subjects supported by coloring (fetal circulation, subclavi-
an artery, external carotid artery), the difference in success
was found to be statistically significant. This situation reveals
the effect of multisensory approaches where visual and motor
processes are used together in reinforcing learning; it also
provides results that are compatible with productive learning
models reported in the literature. On the other hand, the fact
that no objective measurement was made regarding the cur-
rent academic levels of the students should be considered as

a factor that may limit the generalizability of the comments.

Another important finding of our study is that colored coloring
increases students’ motivation. The fact that colored images
are both aesthetically appealing and prolong students’ inter-
action with the material shows that this method provides indi-
rect but significant contributions to the learning process. Sim-
ilarly, in their research examining the effectiveness of various
learning tools in anatomy education, Davis and colleagues
(6) found that students found active methods such as cadav-
er dissection and small group learning more useful. Students
also stated that they acquired knowledge more permanently
when they worked with materials that were suitable for their
learning styles. These findings support the achievement dif-

ference observed in our study pedagogically.

In the study conducted by Chen and his colleagues (28), virtu-
al reality-supported education methods were compared with
traditional atlas and cadaver applications; it was seen that the
learning outcomes were similar, but the virtual reality applica-
tion increased the student motivation and interest level. Sim-
ilarly, painting activities can be considered as low-cost and
accessible alternatives that enable the student to actively and

meaningfully participate in learning.

Human memory never reaches its maximum capacity (29).
Although memory is flexible and infinitely expandable, it is not

perfect. We face difficulties in the process of learning to create
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strong memories and maintain them effectively (27). People
often use visual inputs and mental models to understand and
interact with their environment. Instructors can turn this situ-
ation to their advantage by using visual aids to reduce cog-
nitive load in the learning process by integrating verbal and
visual information (30). According to Keller and Grimm (30)
“Information visualizations can reduce unnecessary cognitive
load by distributing the cognitive load to different information
processing systems using different presentation codes (e.g.
verbal, visual, spatial). As a result, the user has more cogni-

tive capacity to manage the learning task (27).

One of the most important contributions of the study is that it
reveals the effect of creative methods that ensure active par-
ticipation of the student in the learning process in fields that
contain intensive information load such as medical educa-
tion on learning outcomes. Thus, it can facilitate not only the
memorization of anatomical structures but also their compre-
hension. Coloring-based learning has the potential to appeal
to a wide range of students thanks to its low-cost, accessible
and easy-to-apply method. In this respect, it can increase the
opportunity to provide quality anatomy education, especially

in environments with limited resources.

With this study, it is aimed to provide concrete data on alternative
and innovative teaching strategies that can be used in health
sciences education, especially in medical schools. The findings
will be instructive and guiding in the restructuring of educational

programs and the recognition of student-specific learning paths.

One of the strengths of the study is that it was conducted
in a real educational environment and the evaluations were
based on directly measurable exam performance. However,
there are some limitations. The study was observational and
the intervention was not structured in a controlled manner;
therefore, it is difficult to establish a cause-and-effect relation-
ship. In addition, the sample was from only one university and
students from different institutions were not included, which
limits generalizability. In addition, since the learning method
was self-reported by the students, subjective effects cannot
be ignored. In future studies, the effects of coloring-based
learning methods on both short-term academic achievement
and long-term conceptual integrity can be evaluated using
randomized controlled experimental designs. In addition, ex-
amining the effects of these methods on self-efficacy, learning
style compatibility and motivation will also be beneficial for
pedagogical development. In addition, it is recommended to

develop more flexible, interactive and individualized learning
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models with the integration of digital painting platforms.
CONCLUSION

This study has shown that coloring-based learning methods
in anatomy education are effective tools with the potential to
increase student success. It was determined that students
who used painting methods showed significantly higher per-
formance in both subject-specific exam scores and general
anatomy success levels. These findings emphasize the positive
effect of supplementary techniques that foster student participa-
tion and support multi-sensory learning, when used alongside
traditional anatomy teaching methods, on learning outcomes. In
addition, the fact that female students prefer this method more
indicates that learning styles include individual differences and
the importance of personalized education approaches. Overall,
coloring-based learning can be considered a supportive and
accessible tool that enhances traditional teaching, particularly
in content-heavy basic science courses. Integrating such ap-
proaches in a balanced way may help sustain students’ motiva-

tion and deepen conceptual understanding.
LIMITATIONS

In this study, students were included in the study on a complete-
ly voluntary basis. However, the participants’ previous academ-
ic success levels and knowledge backgrounds could not be
objectively assessed. This situation should be considered as a
factor that may create limitations in the interpretation of the ob-
tained data. Moreover, students’ preferred learning methods were
self-reported, and the study relied on the accuracy and honesty of
these statements, which may have introduced a potential source
of bias. In future studies, pre-grouping students according to their
current success levels and making comparisons between these

groups may reveal the effect of the method more accurately.

However, due to the principle of equal opportunity in educa-
tion, no distinction was made between students according to
their level of success within the scope of the current study.
Therefore, it is thought that future studies conducted on
groups that have received anatomy education but are inde-
pendent of the formal education process, do not have exam
anxiety and are classified according to their level of success
will provide more definitive findings about the effectiveness
of the method. In addition, studies with extended follow-up
periods are needed to evaluate the long-term effects of col-
oring-based learning. In addition to all these, systematic col-
lection of student feedback can also contribute to the evalua-
tion process by providing qualitative data about the perceived

benefit and pedagogical impact of the method.
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