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Abstract

Background: Anatomy education requires students to develop accurate three-dimensional mental representations of
complex anatomical structures. However, many learners experience difficulties in visualizing spatial relationships and
evaluating the depth of their own understanding. Metacognitive skills, including awareness and regulation of learning
processes, are essential for effective and lifelong learning. This study aimed to explore students’ experiences of
anatomical clay modeling and its perceived contribution to active and metacognitive learning among Emergency
Medical Sciences students.

Methods: This qualitative study was conducted among 12 first-year Emergency Medical Sciences students at Bushehr
University of Medical Sciences. Participants engaged in an anatomy-based educational intervention using colored
modeling clay to construct a three-dimensional model of the larynx. Data were collected through a semi-structured
focus group discussion and analyzed using qualitative content analysis based on the Graneheim and Lundman
approach.

Results: Qualitative analysis of the interview data revealed two overarching themes: Active Learning and
Metacognitive Learning. These themes included five categories: enjoyable learning, peer learning, self-awareness,
applied learning, and deep learning. Participants reported that the modeling activity promoted engagement, facilitated
peer interaction, increased awareness of knowledge gaps, supported clinical application of anatomical knowledge, and
enhanced three-dimensional understanding and knowledge retention.

Conclusion: Anatomical clay modeling represents a learner-centered educational approach that supports active
engagement and metacognitive learning in anatomy education. By encouraging students to construct, evaluate, and
refine their anatomical representations, this approach may enhance self-awareness, deeper understanding, and long-
term retention of knowledge.

Implications for Patient Care: Integrating anatomy-based modeling and metacognitive learning strategies into
healthcare education may strengthen learners’ clinical competency by improving three-dimensional anatomical
understanding, self-awareness, and the ability to apply knowledge during clinical procedures. Such educational
approaches may contribute to preparing future healthcare professionals for safer and more effective clinical practice.
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Introduction

Students preparing for health-related professions
are required, during their first year of university
study, to study and complete a course in human
anatomy as part of their educational curriculum.
This course serves as a prerequisite for a
substantial ~ portion of their subsequent
specialized training (1). Human anatomy appears
to be one of the most challenging subjects during
students' first year of study. Despite dedicating a
considerable amount of study time to this course,
many students fail to achieve satisfactory
learning outcomes. Despite course completion, a
significant proportion of students fail to grasp the

Graphical Abstract. The graphical abstract summarizes the impact of anatomical clay modeling on active and metacognitive learning
among Emergency Medical Sciences students. The educational intervention transformed anatomy learning from passive observation into an
active, reflective, and clinically oriented process. Three-dimensional clay modeling enabled students to reconstruct anatomical structures, recognize
knowledge gaps, refine mental models, and enhance peer learning, self-awareness, and knowledge retention. Integration with endotracheal
intubation training supported the translation of anatomical understanding into clinical skill application. Overall, anatomical modeling may
strengthen clinical competency, decision-making, and patient safety by improving three-dimensional anatomical understanding and metacognitive
regulation.

three-dimensional ~ complexity of human
anatomy, often leading to suboptimal academic
outcomes or course failure (2).

It is a fact that students in the early years of their
university studies possess different levels of
metacognitive  abilities and  awareness.
Metacognition is known to play an important role
in academic success. However, students often
struggle to identify effective study strategies or to
determine whether they have truly mastered the
material (3). Therefore, an approach that
encourages learners to develop these skills during
class, without requiring additional study time,

would be highly valuable. During practical
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anatomy sessions, students often engage in
passive learning by observing anatomical models,
cadaveric specimens, and numerous images.
Many students develop a false sense of
confidence, believing that they have genuinely
learned the material (4). In other words, many
students are unaware of the depth of their own
learning and do not realize that they have only
inadequately understood the material they have
observed and have not comprehended it in depth.
Students’ inaccurate perceptions of their own
academic performance, particularly the tendency
to overestimate achievement despite poor
examination outcomes, further support this
argument. Such patterns may reflect inadequate
metacognitive awareness and limited ability to
accurately monitor and evaluate one’s own
knowledge and learning progress (5). Although
active learning strategies, including anatomical
drawing, three-dimensional modeling, and hands-
on activities, have been increasingly incorporated
into anatomy education, previous studies have
primarily focused on their effects on knowledge
acquisition, spatial understanding, and student
satisfaction. Less attention has been given to how
these approaches influence students’ awareness
of their own learning processes, recognition of
knowledge gaps, and development of
metacognitive skills. In particular, limited
qualitative evidence exists regarding students’
lived experiences of anatomical modeling as a
tool for promoting metacognitive learning among
Emergency Medical Sciences students. If
students can be supported in their learning
through metacognitive activities, it is hoped that
the occurrence of failure, frustration, and the
tendency to withdraw from university during the
first year can be reduced. In the present study, an
anatomical clay modeling activity was
implemented to explore whether this approach

could enhance students’ awareness of their
learning processes, deepen their anatomical
understanding, and promote active engagement
during practical anatomy education. Through this
approach, which combined metacognition with
active learning, students worked in groups within
an interactive learning environment to construct a
model of the larynx using modeling clay.

Materials and Methods

This qualitative study was conducted among first-
year Emergency Medical Sciences students at
Bushehr University of Medical Sciences.
Participants were recruited using purposive
sampling. The inclusion criteria were willingness
to participate and provision of informed consent.
Recruitment continued until data saturation was
achieved, defined as the point at which no new
concepts or categories emerged from subsequent
interviews. Ethical approval for this study was
obtained from the Ethics Committee of Bushehr
University of Medical Sciences (Ethics approval
code: IR.BPUMS.REC.1401.132).

All participants were informed about the study
objectives and procedures, and written informed
consent was obtained before participation. The
sample size was determined based on data
saturation, which was achieved when no new
concepts or categories emerged from subsequent
interviews. Upon arrival at the university Skills
Lab, students were informed about the study
objectives, procedures, and confidentiality of the
collected data. They were provided with
sufficient time to consider participation, and
written informed consent was obtained from
those who agreed to participate. Following
enrollment, participants were randomly assigned
to one of three working groups (A, B, or C) to
facilitate collaborative anatomical clay modeling
activities.
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To provide all participants with a comparable
baseline understanding before the modeling
activity, a brief instructional session on the
anatomy of the respiratory system, with particular
emphasis on the laryngeal structures, was
provided using selected images from standard
anatomy atlases presented in PowerPoint format.
Following the instructional session, each group
received a sufficient amount of colored modeling
clay (Aria 12-color modeling clay, Model 1058,
Iran). The students were asked to work together,
through discussion and cooperation with their
group members, for 20 minutes to construct a
model of the larynx using the modeling clay,
based on the relative positions of the laryngeal
cartilages, the connective tissues between them,
and the locations of the true and false vocal folds.
During this phase, students were intentionally
asked to construct the model without access to
external learning resources, including textbooks,
images, handouts, mobile phones, or other
references. This approach was designed to
encourage retrieval of their existing mental
representations, reveal potential gaps in their
anatomical  understanding, and  promote
reflection on their own learning process.
Throughout the activity, anatomy instructors
observed each group and documented students’
collaboration, problem-solving processes, and
challenges  encountered  during  model
construction, without providing corrective
feedback or direct instructional guidance.

After the initial modeling period, students were
asked to pause the activity and reflect on the
completeness and accuracy of their constructed
models. Each group was encouraged to evaluate
their own understanding, identify areas of
uncertainty, and determine whether additional
resources were required to improve the model. At
this stage, anatomy faculty members visited each
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group, evaluated the anatomical components of
the constructed models, and documented their
observations without providing corrective
feedback. If students identified deficiencies in
their visual or conceptual understanding of the
laryngeal structures, they were allowed to consult
reference materials of their choice for 10 minutes.
Subsequently, students returned to their groups
and refined their models based on the information
they had obtained. During this refinement phase,
anatomy faculty members continued to observe
the students’ activities without providing direct
instruction or guidance. At the end of the second
modeling attempt, the supervising faculty
member evaluated the anatomical accuracy of the
completed models and discussed the model
components and students’ reasoning with the
group members.

Following a short break, students participated in
a practical skills session designed to explore the
application of their anatomical understanding in a
clinical context. The session focused on
endotracheal intubation, a procedure that requires
accurate knowledge of laryngeal anatomy.
During this session, an Emergency Medical
Sciences instructor provided a brief introduction
to endotracheal intubation and the required
equipment using PowerPoint-based instructional
materials. ~ The  instructor  subsequently
demonstrated the procedure on a mannequin,
emphasizing the anatomical considerations
relevant to successful intubation. Subsequently,
each student performed endotracheal intubation
once on a mannequin under instructor
supervision, allowing them to apply their
anatomical knowledge during a simulated clinical
procedure. At the end of the session, the
participants' views regarding their experience of
the modeling activity were obtained. Data were
collected using the focus group discussion (FGD)
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method (6). All participants provided consent for
audio recording of the focus group sessions. Data
were collected through semi-structured group
discussions guided by an interview framework
consisting of broad, exploratory questions (7),
such as: "What was your experience of the
implemented program and the modeling
activity?" and "Do you think that modeling can
contribute to a deeper understanding of
anatomical concepts? Please explain your
opinion." Probing questions were used to clarify
participants'  responses,  summarize  the
discussion, and obtain feedback to ensure that the
researchers had accurately understood the
participants'  perspectives. The  interview
continued until no new information was added by
the participants. The focus group discussion
lasted approximately 60 minutes.

Data analysis

In this study, qualitative content analysis was
performed using the Graneheim and Lundman
approach (8,9). In the first stage, immediately
after each interview, the interview was
transcribed verbatim, and the written transcript
was compared with the audio recording to ensure
its accuracy. In the second stage, the text was
divided into meaning units, which were then
condensed. In the third stage, the condensed
meaning units were abstracted, and initial codes
were generated. The coding process was
conducted iteratively, and the research team
discussed the extracted codes, categories, and
themes until consensus was reached. In the fourth
stage, similar initial codes were merged into
broader categories. Every effort was made to
achieve maximum homogeneity within the
categories and maximum heterogeneity between
the categories, ensuring that no data were
assigned to more than one category. In the

subsequent stage, the main theme of the
categories was identified (8,9).

To ensure the trustworthiness of the findings, the
criteria of credibility, dependability,
confirmability, and transferability = were
considered throughout the research process. To
enhance credibility, the extracted codes,
categories, and themes were reviewed and
discussed by the research team, including
supervisors and faculty members experienced in
qualitative research, until consensus was reached
regarding the interpretation of participants’
experiences. To ensure dependability, all stages of
the research process, including data collection
procedures, coding decisions, and theme
development, were documented. Confirmability
was addressed by maintaining an audit trail of
analytical decisions and by ensuring that the
findings were grounded in the participants’
statements rather than the researchers’
assumptions. Transferability was supported by
providing detailed descriptions of the study
context, participants, and educational
intervention to allow readers to assess the
applicability of the findings to other educational

Results

The participants included 12 first-year
Emergency Medical Sciences students aged 19—
25 years (mean age: 21 + 1 years) who
participated in the focus group discussion. During
the initial phase of analysis, meaning units related
to the research question were identified,
condensed, and transformed into initial codes.
Approximately 100 initial codes were generated
during this process. During the subsequent stages,
similar and overlapping codes were compared,
merged, and organized into subcategories and
categories. Throughout the process of theme

development, the researchers discussed the
5
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emerging interpretations with other members of
the research team, including supervisors and the
academic advisor, and consensus was reached
regarding the final themes. Following content
analysis of the interview data and the coding
process, a total of five categories and six
subcategories were identified. The categories
derived from the content analysis were enjoyable
learning, peer learning, self-awareness, applied
learning, and deep learning. These categories
were further grouped into two overarching
themes: active learning and self-aware learning.

Table 1 presents the themes, categories,
subcategories, and the extracted codes.

One of the themes that emerged from the students'
experiences was the effect of the modeling
process on their active learning. This theme
encompasses the categories of "enjoyable
learning" and "peer learning." According to the
students, the modeling experience
accompanied by a willingness to learn.

was

Theme Category Subcategory Initial Codes
. Satisfaction with learning; positive experience;
Enjoyable . . . . &P . P .
learnin Interest in learning enjoyment; excitement about learning; enthusiasm;
Active & willingness to learn; motivation
Learning Peer Understanding the The impact of teamwork on learning; the role of
learnin importance of teamwork in resolving ambiguities and individual
g teamwork misconceptions; overcoming weaknesses and challenges
Understanding Demonstration of learning gaps; awareness of one's own
Self- . . . . . ,
one's own level of knowledge; identification of weaknesses in one's
awareness . . .
learning knowledge; recognition of learning challenges
Conscious performance of a professional skill;
understanding each step of performing a professional
Avplied Understanding the | skill (intubation); application of knowledge; the effect of
1e§fnin application of knowledge on performing a professional skill; confidence
Metacognitive & knowledge in performing the skill; facilitating the acquisition of a
Learning professional skill; flawless performance of a professional
skill
Understanding the Better visualization of anatomical structures; better
content through identification of anatomical landmarks; improved
Deep mental understanding of the subject; engagement of multiple
learning visualization senses; three-dimensional learning
. Retention of the material in the mind; recall and retrieval
Mental retention
of knowledge when needed

Table 1. Themes, categories, and subcategories of Emergency Medical Services students’ experiences with the modeling activity.

They described this experience using concepts
such as satisfaction with learning, a positive

experience, enjoyment, excitement about

learning, enthusiasm, willingness to learn, feeling
energetic, and the absence of fatigue. The
findings of this study indicate that, during the
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group modeling process, students considered
interaction with their peers within the group to be
effective in facilitating learning. According to the
participants, teamwork and benefiting from the
knowledge and skills of their peers within each
group contributed to resolving ambiguities and
individual misconceptions, as well as overcoming
deficiencies and challenges encountered while
constructing the requested model.

Self-aware Learning

Analysis of the students' experiences indicated
that the modeling process facilitated
metacognitive learning by encouraging students
to reflect on their understanding, recognize
knowledge gaps, and evaluate their learning
process. The modeling process prompted them to
reflect on their own level of understanding and
awareness. This theme encompasses the
categories of  "self-awareness," "applied
learning," and "deep learning." Analysis of the
participants' experiences showed that the
modeling activity enabled students to gain an
accurate understanding of their own level of
knowledge and awareness. According to the
participants, the modeling activity provided an
opportunity to reveal learning gaps, become
aware of their own knowledge, identify
weaknesses in their knowledge, and recognize
their learning challenges. The analysis of the
participants' experiences also indicated that they
believed the modeling activity enabled them to
learn the content in an applied manner. The
modeling activity provided them with the
opportunity to perform professional skills
consciously and to understand the rationale
behind each step of performing the professional
skill (endotracheal intubation). This approach
helped them acquire their professional skills more
effectively and more rapidly. Furthermore,

analysis of the participants' experiences indicated
that they believed the modeling activity
facilitated learning through mental visualization.
The modeling activity promoted better
visualization of anatomical structures, better
identification of anatomical landmarks, and a
better understanding of the subject matter. In this
approach, because multiple senses are engaged,
multidimensional  learning is  achieved.
According to the students, the modeling activity
facilitates the retention of knowledge, as well as
the recall and retrieval of information when
needed; in other words, it promotes deep
learning.

Discussion

The findings of this study suggest that anatomical
modeling using clay provided a learner-centered
educational experience that supported both active
engagement and metacognitive development
among Emergency Medical Sciences students.
The modeling activity appeared to transform
anatomy learning from a predominantly
observational process into an interactive
experience in  which students actively
constructed, evaluated, and refined their
understanding. The emergence of active learning
as one of the overarching themes highlights the
importance of learner involvement, emotional
engagement, and collaborative participation in
facilitating meaningful learning experiences. In
addition to individual engagement, peer
interaction represented an important dimension
of the modeling process. Collaborative
construction of anatomical models required
students to explain their reasoning, compare their
internal representations of anatomical structures,
discuss differences in understanding, and
collectively resolve uncertainties. These social

interactions may enhance cognitive processing by
7
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encouraging students to externalize their thoughts
and critically evaluate their own understanding.
Therefore, the group-based nature of the
modeling activity may have contributed not only
to active learning but also to metacognitive
processes by promoting reflection, recognition of
knowledge gaps, and monitoring of learning
progress.

In this regard, researchers, including Chabrier
(10), have suggested that the active, hands-on
nature of modeling and drawing provides an
effective means of supporting metacognitive
learning. Specifically, it promotes planning,
monitoring of understanding, error detection and
correction, and reflection on errors, ultimately
leading to deeper awareness of the learning
process. Furthermore, this approach is enjoyable
and accommodates different learning styles.

The findings of the present study are also
consistent with those reported by Correa et al.
(11). According to these authors, clay modeling is
an active learning strategy that enhances peer
interaction and improves students' understanding
of anatomical positions and spatial relationships
in human anatomy. They further suggest that this
approach engages multiple senses during the
learning process while allowing students to
benefit from collaborative learning and peer
interaction. They conducted a study to investigate
the effect of constructing anatomical clay models
on students' awareness and understanding of their
own thinking processes, as well as to determine
whether clay modeling promotes collaborative
learning. This cross-sectional study was
conducted among ten third-year undergraduate
students as a reflective exercise to enhance
metacognition. After being assigned to groups,
students were asked to construct anatomical clay
models and complete a reflective assignment and
an evaluation form as part of their applied

anatomy assessment. The reflective assignment
was based on Gibbs' Reflective Cycle. According
to the authors, such assignments encourage
students to reflect on their learning experiences
and consequently enhance metacognitive skills.
The findings indicated that clay modeling is an
effective learning tool and a valuable educational
strategy in undergraduate clinical anatomy.
Participants reported that this approach improved
their anatomical knowledge and facilitated
collaborative learning (11).

The findings of DeHoff et al. (12) are consistent
with those of the present study. These researchers
compared two instructional methods—clay
modeling and cat dissection—for teaching
muscles, peripheral nerves, and blood vessels.
They  assessed  undergraduate  students’
performance using both lower-order and higher-
order cognitive questions for each anatomical
system and also evaluated students’ perceptions
using a Likert-scale questionnaire. The results
showed that both methods were effective in
achieving learning outcomes in human anatomy.
However, a considerable proportion of students in
the clay modeling group reported that the
technique was enjoyable, facilitated learning and
knowledge transfer, and was their preferred
method for studying anatomy.

In two related studies, Krontiris-Litowitz et al.
examined the use of hands-on instructional tools,
including clay modeling, for teaching
neuroanatomy and physiology concepts. Their
findings indicated that most students found the
activity enjoyable and beneficial for learning, and
reported improved understanding through group
interaction. The authors concluded that these
interactions contributed to positive perceptions of
clay modeling (13,14). An important finding of
the present study was the contribution of
anatomical modeling to students’ metacognitive
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learning. By requiring students to construct
anatomical representations based on their
existing knowledge, the activity encouraged them
to evaluate their own understanding, recognize
knowledge gaps, and refine their mental models.
This process reflects key components of
metacognitive regulation, including monitoring
comprehension and adjusting learning strategies.
Furthermore, linking the modeling activity with
endotracheal intubation training provided an
opportunity to apply anatomical knowledge in a
clinical context. The three-dimensional and
hands-on nature of modeling may have facilitated
the formation of more structured anatomical
representations, supporting the transfer of
knowledge from conceptual understanding to
clinical application. In the present study, students
completed the modeling activity in two
successive attempts. During the first attempt, they
relied on their usual learning strategies. At this
stage, their learning difficulties became apparent,
allowing them to recognize the level of
understanding and insight required to develop a
complete mental representation of the
educational content and to identify the aspects
that required greater attention. During the second
attempt, students were given another opportunity
to use the educational resources, enabling them to
address the gaps in their knowledge.
Subsequently, feedback from the faculty
members on the models they had constructed
helped them evaluate both the extent and the
quality of their understanding. They were able to
distinguish between the areas in which they felt
confident and those in which they remained
uncertain. This process enabled them to recognize
their actual level of understanding and compare it
with the level of understanding expected of them.
These findings are consistent with those reported
by Velaz-Martinez et al. (15), who introduced a

simple and inexpensive method to improve
radiology residents' understanding of
musculoskeletal anatomy and pathology and to
facilitate the application of anatomical
knowledge in clinical practice. The residents
were provided with soft modeling compounds,
such as Play-Doh®, in different colors, along
with pottery tools, to construct three-dimensional
models of complex musculoskeletal anatomy and
pathology. Qualitative feedback indicated that
this educational experience enhanced their
understanding of musculoskeletal pathology. The
residents described the approach as positive,
enjoyable, and low-stress, and reported that its
unique hands-on nature made the learning
experience memorable (15).

Similarly, Oh et al. incorporated clay modeling
into neuroanatomy courses to facilitate students'
understanding of cross-sectional anatomy. In
their study, students constructed clay models of
anatomical cross-sections and compared them
with CT and MRI images. Most participants
responded positively to this approach and
achieved higher mean scores than those who did
not use clay modeling. The authors concluded
that clay modeling is a valuable adjunct to
radiological anatomy education (16). Stanton et
al. also emphasized that a metacognitive
approach enables learners to evaluate their own
learning processes realistically, think
independently when confronted with different
problems, enhance their cognitive abilities, and
adopt new learning strategies when existing ones
prove ineffective (17).The findings of the present
study suggest that clay or dough modeling,
through the engagement of multiple senses,
including the sense of touch, enhances students'
understanding and promotes metacognitive
processes, ultimately contributing to deeper

learning. These findings are supported by Jones
9
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et al. (18), who argued that learners acquire
knowledge more effectively when they actively
engage in movement, experience, and
experimentation, all of which are inherent
features of modeling activities. They further
reported that, regardless of learners' preferred
learning styles, tactile learning promotes active
participation, improves three-dimensional spatial
understanding, increases enjoyment, and fosters
metacognitive development (18).

Overall, the findings of the present study indicate
that dough modeling, by promoting active and
metacognitive learning, effectively fostered
metacognitive development among Emergency
Medical Services students learning the anatomy
of the larynx. As observed in the present study,
students constructed the models in an
environment free from retrieval cues and relied
solely on their internal mental representations.
Retrieving  these  mental representations
strengthened knowledge retention and promoted
deep learning.These findings are consistent with
those reported by Naug et al. (19), who found that
modeling techniques enhance metacognitive
awareness by engaging memory, kinesthetic
learning, and experiential learning. They argued
that, unlike traditional anatomy laboratories, this
learning environment is free from educational
resources, thereby encouraging self-reflection
and increasing awareness of one's own learning
processes.

Lara Nokovitch and colleagues demonstrated that
spatial visualization ability plays a fundamental
role in students’ understanding of anatomy. They
highlighted that visual-spatial thinking extends
beyond simple visual perception and involves the
construction, organization, and integration of
visual information into coherent mental
representations, together with the ability to
mentally manipulate three-dimensional spatial

10

relationships among anatomical structures (20).
Aso, Yvonne M. Baptiste and colleagues
identified that although textbooks, cadaveric
specimens, and digital anatomy models provide
essential external representations for anatomical
learning, three-dimensional digital models can
enhance students’ visualization of complex
anatomical relationships and support the
development of spatial understanding and mental
images (21).

Conclusion

The findings of this study suggest that anatomical
modeling using clay is a valuable learner-
centered approach that promotes active
engagement and supports metacognitive
development among Emergency Medical
Sciences students. By encouraging learners to
construct, evaluate, and refine their own
anatomical representations, this approach may
enhance self-awareness, deeper understanding,
and long-term retention of knowledge.
Integrating modeling activities into anatomy
education may therefore provide an effective
strategy for bridging conceptual learning with
clinical application.

Study Limitations

This study has several limitations. First, it was
conducted at a single institution and included a
small purposive sample of first-year Emergency
Medical Sciences students; therefore, the
transferability of the findings to other educational
settings and student populations should be
considered with caution. Second, because data
were collected through a focus group discussion,
participants may have been influenced by social
desirability or group dynamics when expressing
their experiences. Third, this study explored
students’ perceptions and experiences of the
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modeling activity and did not include objective
measures of knowledge acquisition or clinical
skill ~performance. Future studies using
longitudinal designs and quantitative
assessments, such as knowledge tests or objective
structured clinical examinations (OSCEs), may
further evaluate the educational effectiveness of
modeling-based approaches.

Implications for Patient Care

Although this study focused on an educational
intervention rather than direct patient outcomes,
its findings have potential implications for future
clinical practice. Developing accurate three-
dimensional anatomical understanding and
metacognitive skills during early healthcare
training may improve learners’ ability to
recognize anatomical relationships, apply
knowledge during clinical procedures, and adapt
their decisions in complex situations. By
promoting self-awareness, reflection, and deeper
understanding, modeling-based education may
contribute to the development of healthcare
professionals who are better prepared to perform
clinical  skills safely and effectively.
Incorporating active and metacognitive learning
strategies into health professions education may
therefore represent a valuable approach for
strengthening  clinical ~ competency  and
potentially improving the quality and safety of
patient care.
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