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Personalization of learning is an educational strategy rooted in metacognition and

study explored the relationship between the metacognitive profile of students of
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to create personalized learning environments. The identification of metacognitive
profiles (“Active”, “Pragmatic”’, “Theoretical’, and “Reflective”) has been
highlighted as a critical influence on students' responses to different pedagogical
approaches. Personalized adaptation based on these profiles has shown potential
for improving grades and increasing student satisfaction and engagement with
learning. The results revealed variations in student performance in relation to dif-
ferent pedagogical approaches, learning units, and evaluation modalities. The
“Experience” evaluation modality, personalized according to metacognitive pro-
files, level of competence, and learning objectives, resulted in higher average
scores. However, there was significant variability in the results. Those findings

confirm the effectiveness of metacognitive adaptation in improving academic per-

formance. Furthermore, they provide a solid basis for formulating personalized
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1 | INTRODUCTION

The study of human anatomy is essential for training medical profes-
sionals and other health science disciplines. It provides an accurate
and deep understanding of the body, a prerequisite for the ongoing
study of pathophysiology, pathological anatomy, and semiology
(Venturelli, 1997; Heredia-Escorza & Sanchez-Aradillas, 2013). Much
research supports its importance in medical educational programs
(Latarjet et al., 2019; Moore et al., 2013; Williams, 2018). Those seeking
to become medical professionals and specialists in various medical dis-
ciplines develop practical skills and refine their clinical skills through the
study of anatomy (Araujo Cuauro, 2018; Cardenas-Valenzuela, 2020;
Rodriguez et al., 2021; Turney, 2007).

Anatomy provides a solid foundation for understanding the struc-
ture, function, and relationships of the different systems and organs
to each other (Latarjet et al., 2019; Latarjet & Liard, 2004). In their
learning, students acquire detailed knowledge through dissection, the
use of anatomical models, and advanced imaging technologies
(lwanaga, Loukas, et al., 2021; Iwanaga, Singh, et al., 2021). Those
three approaches are invaluable for those looking to specialize in
medical-surgical disciplines (Ordéfez Aguilar, 2023; Quelca
Choque, 2022). In the surgical setting, an accurate understanding of
the locations and spatial relationships of anatomical structures is
essential for carrying out procedures safely and efficiently (Arraez-
Aybar et al, 2010; Cheung et al., 2021; Kumar & Singh, 2020).
According to McHanwell et al. (2021), surgeons with solid anatomical
knowledge are better prepared to prevent injury to crucial organs and
structures during surgical interventions, thereby reducing patient
risks.

In addition, hands-on learning of human anatomy motivates and
guides students toward its clinical application (Gonzélez Pulido, 2023;
Sbayeh et al., 2016). Students feel more stimulated and engaged in
anatomy when they visualize how this knowledge directly translates
into medical practice. It allows for more effective diagnosis and treat-
ment of diseases (Fagalde & McNulty, 2023; Smith et al., 2022;
Triepels et al., 2018). The learning process in anatomy is the first
opportunity for medical students to establish contact with patients.

However, despite its relevance, the traditional teaching of human
anatomy has been subject to criticism (Gonzélez La Nuez & Suarez
Suri, 2018; Romero-Reveron, 2020). Hall et al. (2018) point out that
students face difficulties because of the content overload they must
assimilate rapidly. Moreover, McBride and Drake (2018) observe a
current trend toward reducing the time dedicated to laboratory
practice in anatomy curricula, thereby demonstrating inaccurate

\ ANATOMY

and effective pedagogical strategies in medical education. They recognize the
influence of metacognitive profiles on student performance and contribute to

advancing medical pedagogy.

competence level, educational technologies, learning anatomy, metacognitive profile,

anatomical modeling and mockups. That approach limits opportunities
for direct observation of actual structures. Finally, there was a debate
following a symposium entitled, “Do we really need cadavers anymore
to learn anatomy in undergraduate medicine?” (Dharmasaroja, 2019;
McMenamin et al., 2018).

Alzate-Mejia and Tamayo-Alzate (2019) identify challenges such as
the lack of memory strategies and underdeveloped visuospatial skills in
initial anatomy learning. Teaching approaches that do not delve into
anatomical interrelationships and their pathological implications are
included among those challenges. Faced with this, teachers seek to
modify learning approaches through educational technologies (Araujo
Nasayo & Garcia Valbuena, 2022; Vargas Gutiérrez, 2022) to provide
themselves with adequate teaching resources (Chan et al, 2019;
Estai & Bunt, 2016; Harrell et al., 2021). Even so, a considerable num-
ber of such resources cannot address the individual needs of students
and support their self-regulation in learning (Hamilton et al., 2021;
Osorio & Zolano, 2022; Robles Melgarejo, 2022; Sim6é & Domeénech-
Casal, 2018; Simén Medina et al., 2023; Tiban & del Rocio, 2023).

Standardized and passive teaching practices often overlook indi-
vidual differences among students, which affect their motivation and
understanding (Suédrez-Escudero et al., 2020). Therefore, it is essential
to recognize that each student has unique characteristics, metacogni-
tive processes, and rhythm of assimilation (Montoya Villena & Pinedo
Pichilingue, 2022; Valdivieso Cavagnari, 2020). Flavell (1977, 1979)
introduced metacognition as the key to mastering and regulating cog-
nitive processes, allowing students to self-regulate their learning to
become autonomous learners.

Valdez (2022) calls attention to the merit of identifying anatomy
students' metacognitive processes and learning styles to overcome
obstacles to learning and the lack of terminological understanding.
Vargas Lujan (2023) highlights adapting methods to meet individual
needs and promote deeper learning by identifying learning styles to
personalize the learning experience (Suarez-Escudero et al., 2020; Val-
derrama Wong, 2022). Merrill (2013) promotes student curiosity
through pedagogical activities. Those activities promote interest and
self-knowledge and encourage active use of acquired knowledge.
Educators should encourage student-centered approaches, with
active techniques and technologies, to improve the understanding of
anatomy and its application (Cheung et al., 2021; McHanwell
et al., 2021; Zibis et al., 2021). This personalized approach, called “per-
sonalized education,” empowers students and improves their clinical
preparation (De Oliveira et al., 2022; Garcia et al., 2021).

Does the personalized adaptation of learning based on metacog-
nitive profiles affect the performance of human anatomy students in
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the “Respiratory System” and “Digestive System” learning units? This
study aims to answer this research question.

The primary approach in this study was to analyze the effect of the
personalized adaptation of learning. We considered learning based on
the metacognitive profiles of medical undergraduates in human anatomy.
This was done by adapting questions to the complexity and the domain
using educational technologies to improve academic performance in the

“Respiratory System” and “Digestive System” learning units.

2 | METHODS

21 | Teaching and learning context of anatomy

The study used a qualitative approach and an applied field research
methodology. Two pedagogical intervention designs mediated by edu-
cational technologies were analyzed, with learning environments per-
sonalized according to each student's metacognitive characteristics
and the questions' domain and difficulty. The pedagogical interven-
tions were conducted in the human anatomy course in the undergrad-
uate medical studies program at the University of Girona (UdG).

The study focused on the “Respiratory System” and “Digestive
System” learning units in “Introduction to the Study of Medicine: The
Study of the Structure and Function of the Human Body II” (hereafter,
IMSF I1). These learning units are taken up during the second semester
of the first year of training. They address the study of the development,
morphology, structure, and function of the cardiovascular, respiratory,
and digestive systems at the cellular, tissue, organ, and systems levels.

Human anatomy is taught at the University of Girona (UdG) dur-
ing the first 2 years via four subjects. The evaluation scale ranges from
1 to 10 as part of the European Credit Transfer and Accumulation

System used in the European Higher Education Area.

Learning Unit

Respiratory system Traditional Assessment

Traditional Assessment

EXPERIMENTAL
(71 Students)

Digestive System

Respiratory system Traditional Assessment

CONTROL
(20 Students)

Digestive System Traditional Assessment

2.2 | Participants and sampling

The IMSF Il course at the UdG comprised 91 first-year medical stu-
dents, of whom 78% (71 students) agreed to participate in the study.
From there, they were assigned to the experimental group. The
remaining 22% (20 students) decided not to participate and were
assigned to the control group. In addition to participating in the two
pedagogical interventions analyzed in the present study, the experi-
mental group also took the evaluation tests the teachers scheduled to
pass the course. The control group only completed the scheduled
evaluations of the regular IMEF Il course. The study was conducted
during March, April, and May 2023.

2.3 | Study design

The study design was quasi-experimental with an independent vari-
able (learning unit and modality) and a dependent variable (academic
performance). Modality was divided into “Experience” (experimental
group) and “Traditional” (control group). The former referred to the
two pedagogical interventions designed for this study and the latter
to the IMSF Il course evaluations.

For the “Experience” modality, two interventions were described
based on the different student metacognitive profile types and the
difficulty of the questions in the “Respiratory System” and “Digestive
System” learning units. In the first experience, a questionnaire catego-
rized by level of mastery and difficulty according to Bloom's taxonomy
was created with 150 questions about the “Respiratory System.” In
the second experience, 150 questions about the “Digestive System”
were created, categorized by level of mastery and difficulty, along
with four personalized learning paths based on the metacognitive pro-

file of each student. Figure 1 shows the proposed research design.

Virtual UdG Moodle

Evaluation Experience
Without Learning Path

Evaluation Experience
with Learning Path

Evaluation Not
Conducted

Evaluation Not
Conducted
FIGURE 1 Procedural outline
of the research design.
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The phases of the study design are described in detail below.

Phase 1: Two questionnaires were given to establish the meta-
cognitive profiles of the IMSF Il course students regarding knowledge
and self-regulation. The questionnaires used were the Metacognitive
Awareness Inventory (Schraw & Dennison, 1994) and an instrument
validated by Jaramillo and Osses (2012). They were administered to
the 71 students in the experimental group through a survey manage-
ment platform. The theoretical proposal was to categorize metacogni-
tive profiles concerning the assessment's mastery level. This was
based on analyses and interpretations of works carried out by various
authors, including Bloom (1977), Kolb (1999), Alonso and Gallego
(2000), Osses Bustingorry and Jaramillo Mora (2008), Marcén (2008),
Osses-Bustingorry et al. (2018), Pastén (2021), and Medina et al.
(2023). The components associated with metacognition included
metacognitive knowledge (such as learning styles), self-regulation of
cognitive processes (planning, monitoring, and evaluation), and mas-
tery of questions.

Students in the experimental group also answered two feedback
guestionnaires at the end of each learning experience. One assessed
the usefulness of the questions based on their level of mastery and
difficulty. The other measured satisfaction with the personalization
experience. Both questionnaires contained 14 mixed questions (Likert
scale and open-ended).

The proposal regarding these associations between the four
metacognitive profiles of the student and the level of mastery in the
evaluation is shown in Table 1.

Phase 2: Based on the learning objectives of the IMSF Il course,
the questions were grouped into four categories: identify, under-

stand, apply, and analyze. According to Bloom's cognitive taxonomy,

TABLE 1

\ ANATOMY

these categories correspond to the levels of mastery of the ques-
tions. The latter two levels of the taxonomy were not applied
because they pertain to a deeper level of understanding and clinical
decision-making, which medical students acquire in more advanced
courses (Altamirano & Javiera, 2017; Castafeda et al., 2021; Diaz
Flores, 2014). The questions were classified into three levels of diffi-
culty: easy, medium, and difficult. Three hundred questions relating
to the respiratory and digestive systems were prepared. They
included true/false, multiple choice, short answer, and clinical appli-
cation. They were reviewed and validated by three expert UdG
teachers with substantial experience (>25 years) in human anatomy.

A discrepancy analysis technique was used to ensure the accuracy
and quality of the questions. The experts independently evaluated the
150 questions from each learning unit and classified them into levels
of mastery and difficulty. Discrepancies among their classifications
were identified. The expected concordance was calculated at 0.92;
the three experts agreed on the assigned classifications for 138 of the
150 questions analyzed. Additionally, an agreement analysis was
applied using Cohen's kappa coefficient to measure the agreement
among the experts about the taxonomic level of the questions. The
result of this analysis was 0.84, indicating good to excellent agree-
ment in the classification of questions per Bloom's taxonomy for
human anatomy.

Phase 3: Once the metacognitive profiles of the 71 students in
the experimental group had been evaluated and the taxonomic level
and difficulty of the questions identified, the information obtained in
phases 1 and 2 was cross-referenced. From this classification, and
based on what is defined in Table 1, the students were distributed as

follows in the four metacognitive profiles according to the level of

Associations according to metacognitive profile with the level of mastery of the questions based on the metacognitive profiles and

processes [adapted from Bloom, 1977; Kolb, 1999; Alonso & Gallego, 2000; Osses Bustingorry & Jaramillo Mora, 2008; Marcén, 2008; Osses-

Bustingorry et al., 2018; Pastén, 2021; Medina et al., 2023].

Definitions

Profile | (active) ST

Students who engage in new experiences: They are enthusiastic about new things and prefer a practical and

participatory approach to the learning process.

ML  They can respond better to questions at the level of identification and understanding in Bloom's Taxonomy.

QT  The question they want to answer with learning is directed at the “why”.

Profile Il (pragmatic) ST

Students who look for the best way to do things, make decisions, and solve problems. They prefer the practical,
application-oriented approach to learning.

ML  They tend to perform better with questions about the level of identification and understanding in Bloom's Taxonomy.

QT  The question they want to answer with learning is directed at the “why”.

Profile Il ST
(theoretical)

Students who make logically based theoretical observations through sequential thinking. They prefer an analysis-
oriented approach to the learning process.

ML  They can work better with questions about the level of identification and understanding in Bloom's Taxonomy.

QT  The question they want to answer with learning is directed at the “why”.

Profile IV ST
(reflective)

Students who collect information and subsequently analyze it in detail. They observe and thoroughly analyze their
experiences from different perspectives. They prefer the analytical and reflective approach to learning.

ML  They can work better with questions at the level of the analysis in Bloom's Taxonomy.

QT  The question they want to answer with learning is directed at the “why”.

Abbreviations: ML, level of mastery; ST, student type; QT, question type.
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mastery of the questions: eight students from the Active Profile,
17 from the Pragmatic Profile, 20 from the Theoretical Profile, and
26 from the Reflective Profile.

Phase 4: Once the groups were formed, two types of intervention
experiences were designed on the Moodle learning platform (Diaz
Pérez & Colorado Aguilar, 2020), the official UdG tool for learning in a

virtual environment. The design criterion was to create questionnaires
and learning paths appropriate for each metacognitive profile accord-
ing to the level of competence and the learning objectives in each
knowledge unit. The conceptual bases supporting the proposal of the
learning paths are presented in Table 2. The proposed design focused
on the constructivist approach and Flavell's theory (Flavell, 1977,

TABLE 2 The design of learning paths is based on the metacognitive profile for which it is intended and depends on the level of competence

the student must achieve.

Profile type

Profile | (active)

Profile Il (pragmatic)

Profile lll (theoretical)

Profile IV (reflective)

Note: For the respiratory and digestive system learning units, examples of specific knowledge objectives grouped by themes are shown for each profile and

level.

BL

AL

BL

AL

BL

AL

BL

AL

Respiratory system competency levels

Describe the respiratory system in its entirety,
including its structure and function, as well as the
morphology of the lungs. Pay particular attention to
the details of their surfaces, lobes, and anatomical
landmarks.

Synthesize the morphology, course, and topographic
relationships of the respiratory tract, including the
trachea and main bronchi with the purpose of
understanding and systematizing the function of the
respiratory system.

Identify the anatomical and structural components that
make up the right and left pulmonary hilus in a
precise and detailed manner, understanding their
importance in circulation and pulmonary function.

Identify the relationship between the lung segments
and the walls of the mediastinum.

Locate the anatomical structures of the mediastinum
according to their topographic systematization.

Identify the main macroscopic details of the laryngeal
mucosa and interpret them in basic laryngoscopy
images.

Describe the morphology of the larynx and its
fibrocartilaginous skeleton.

Describe the embryonic development of the tracheo-
bronchial tree and the formation of the larynx.

Describe the morphology and arrangement of the
pleura. Understand the functional significance of the
pleural space.

Define bronchopulmonary segmentation and
understand its topographical arrangement.

Understand the radiological projection of the
bronchopulmonary segments and explain its
application.

Analyze bronchopulmonary segmentation in depth,
evaluating its clinical implications and its relevance in
medical and diagnostic procedures.

Abbreviations: AL, advanced level; BL, beginner level; IL, intermediate level.

Digestive system competency levels

Describe the basic anatomical structure of the
digestive system, relating its different segments to
the functions they fulfill.

Comprehensive description of the human digestive
system, including the morphological characteristics
of its segments, anatomical relationships,
vascularization, and innervation.

Identify the different segments of the digestive tract in
the different diagnostic imaging scans.

Define the topographic regions in the surface anatomy
of the abdomen, identifying the projection of the
elements that are part of the abdominal cavity in
them.

Understand the anatomy of the arrangement of the
abdominal viscera in the peritoneal cavity. Identify
the supracolic and infracolic spaces.

Understand the arrangement of the different segments
of the digestive tract in relation to the three-
dimensional arrangement of the abdominal
peritoneum. Define the bursa omentalis and
peritoneal pouches.

Understand the anatomy of the bile duct in relation to
its function in digestion.

Establish the origin and functional meaning of the bile
secretion, relating its characteristics to its function
during digestion.

Relate the anatomy of the bile duct to the symptoms
of pathological processes that occur in the pancreas,
duodenum, or liver.

Classify the elements of the abdominal cavity in
relation to their peritoneal, retroperitoneal, and
secondarily retroperitoneal locations.

Detail the formation of the anal canal and cloaca,
relating this process to defects of the rectourethral
or rectovaginal septum.

Describe the mechanisms of the embryonic
development of the abdominal cavity, formation of
the digestive tube and its annexed glands. Analyze
the findings of the main malformations of the
abdominal segment of the digestive tract.
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1979). Four learning paths were designed based on knowledge of the
objectives in the “Respiratory System” and “Digestive System” learn-
ing units. The learning paths were related to the levels of competency
and cognitive domains the student is expected to achieve during
instruction (Castrillén Rivera et al., 2020; Fowler, 2002; Hertzog &
Dixon, 1994; Martins et al., 2020).

2.4 | Data analysis

To evaluate the effect of the personalized learning environment
(metacognitive profile—learning paths) on each student's academic
performance, t-tests of dependent population means (paired) were
used. The data analyzed were the grades obtained in the “Respiratory
System” and “Digestive System” tests applied to the 71 students in
the experimental group and the grades obtained in the study program
exam. The differences according to the type of test within each learn-
ing unit (“Respiratory System” and “Digestive System”), and the dif-
ferences in performance between them, were assessed. Likewise, the
differences between learning units were analyzed regarding students'
perceptions of the questions' usefulness and satisfaction with the
experience.

Independent t-tests of means (unpaired) of the scores in each
learning unit (“Respiratory System” and “Digestive System”) were
used to establish descriptive results by group (“Experimental” and
“Control”). The Levene test was used to assess the assumption of
homogeneity of variances of the dependent variables in each group
(“Experimental” and “Control”). The Shapiro-Wilks test was used to
verify the compliance of the dependent variables with the normality
assumption in both learning units. Finally, Cohen's d was applied to
estimate the size of the effects. All statistical analyses were performed
using R v3.6.3 (R Core Team, 2020).

3 | RESULTS

The differences in the students' performances in the “Experience” test

and the “Traditional” test and the perception of the level of

TABLE 3

Control group

\ ANATOMY

usefulness of the questions according to group (Experimental
vs. Control) are shown in Table 3. Compliance with the assumption of
normality of the dependent variables in both learning units, the
“Respiratory System” and “Digestive System,” was evaluated using
the Shapiro-Wilk test. The residuals were normally distributed for the
performance of the control group (W = 0.96, p = 0.5) in the “Respira-
tory System” but not for the experimental group (W = 0.937,
p < 0.001). With the “Digestive System,” evidence of compliance with
the assumption was obtained in both the control group (W = 0.92,
p = 0.09) and the experimental group (W = 0.99, p = 0.8). Regarding
the perception of the level of usefulness of the questions, no evidence
was obtained that the residuals were normally distributed in the
“Respiratory System” unit (W = 0.87, p = 0.01 in the control group
and W = 0.88, p < 0.001 in the experimental group) or the “Digestive
System” (W = 0.85, p = 0.004 in the control group and W = 0.87,
p < 0.001 in the experimental group).

The results of the Levene test indicated that the performance var-
iances were equal between the groups, as were the variances of per-
ception of level of usefulness in both learning units (p > 0.05) for the
“Respiratory System.” No evidence was obtained of homogeneity of
variances between the groups regarding performance in the “Diges-
tive System” learning unit (p = 0.02). The Welch t-test was used to
evaluate these differences. It is less restrictive and does not assume
that the group variances are equal.

The results of the t-test of the student's scores in the “Tradi-
tional” test in the “Respiratory System” learning unit indicate that the
experimental group showed significantly lower performance than
the control group (t (89) = —2.79, p = 0.01, 95% CI [-1.79, —0.3]).
However, the effect size was medium (d = 0.71). In the “Digestive
System” learning unit, there were no statistically significant differ-
ences in the performances of the groups in the “Traditional” test,
according to the results of the Welch t-test (t (24.74) = —0.07,
p = 0.94,95% CI [-0.74, 0.69]), and the effect size was not significant
(d = 0.02). Regarding the perception of the level of usefulness of the
questions, no differences were observed between the groups or in
the “Respiratory System” learning unit (t (89) = —1.36, p = 0.18, 95%
Cl [-0.74, 0.14], d = 0.34) or the “Digestive System” learning unit
(t (89) = —0.56, p = 0.58,95% CI [-0.57,0.32], d = 0.14).

Descriptive statistics by experimental group and control group.

Experimental group

Mean SD Mean
“Respiratory” unit
Traditional grade 6.04 1.62 6.35
Experience grade
Utility level question 3.85 0.88 4.00
Experience satisfaction level
“Digestive” unit
Traditional grade 6.06 1.46 6.53
Experience grade
Utility level question 3.9 0.79 4.00

Experience satisfaction level

Min. Max. Mean SD Mean Min. Max.
2.90 8.90 4.99 1.44 5.40 3.30 7.10
5.10 1.48 5.55 4.20 7.80
2.00 5.00 3.55 0.87 4.00 1.00 5.00
3.59 0.84 4.00 2.00 5.00
3.78 8.35 6.04 1.04 5.98 4.20 8.50
6.36 1.14 6.29 4.30 9.20
2.00 5.00 3.77 0.91 4.00 2.00 5.00
3.89 0.78 4.00 2.00 5.00
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TABLE 4 Descriptive statistics per “respiratory system” and “digestive system” learning unit for the experimental group.

Mean

“Respiratory” unit

Traditional test grade 4.99

Experience grade 5.10

Utility level question 3.55

Experience satisfaction level 3.59
“Digestive” unit

Traditional test grade 6.04

Experience grade 6.36

Utility level question 3.77

Experience satisfaction level 3.89

The descriptive statistics per learning unit (“Respiratory System”
and “Digestive System”) for the experimental group show that the
average performance in the “Experience” test was higher than that of
the “Traditional” test in both units under analysis, especially in the
“Digestive System.” Likewise, at a descriptive level, the usefulness of
the questions asked was perceived as greater and the level of satisfac-
tion was greater for the intervention in the “Digestive System” unit
than the “Respiratory System” unit. These results are shown in
Table 4.

The results of the Shapiro-Wilks test indicate that the residuals
were distributed normally for performance in the population of the
“Digestive System” learning unit (W = 0.99, p = 0.94 in the “Experi-
ence” test, and W = 0.99, p = 0.8 in the “Traditional” test). In the
“Respiratory System” learning unit, there was no evidence of compli-
ance with the assumption of normality in the distribution of perfor-
mance (W = 0.95, p = 0.01 in the “Experience” test and W = 0.93,
p < 0.001 in the “Traditional” test). Regarding the perception of the
usefulness of the questions, no evidence was obtained of compliance
with the assumption of normality in the distribution in either the
“Respiratory System” learning unit (W =0.88, p <0.001) or the
“Digestive” learning unit (W = 0.87, p < 0.001). For the dependent
variable of satisfaction with the experience, the residuals were nor-
mally distributed in neither the “Respiratory” learning unit (W = 0.87,
p < 0.001) nor the “Digestive” learning unit (W = 0.85, p < 0.001).

Concerning the effect of the intervention on the students' perfor-
mances in the two learning units, the paired samples t-test in the
“Respiratory System” unit offered evidence of a marginally significant
difference in performance between the “Traditional” test and the
-1.82, p =0.07, 95% CI [-0.23, 0.01]).
The effect size was not significant (d = 0.08). In the “Digestive Sys-

“Experience” test (t (70) =

tem” learning unit, there were significant differences in the students'
scores between the “Traditional” test and the “Experience” test
(t (70) = —7.33, p < 0.001, 95% Cl [-0.41, —0.23]). The effect size
was small (d = 0.28).

When the performances in the two learning units in each test
were compared, the scores on the “Traditional” test were significantly
higher in the “Digestive” learning unit than the “Respiratory” learning
unit (t (70) = —6.32, p < 0.001, 95% Cl [-1.37, —0.71]), with a large

SD Mean Min. Max.
1.44 5.40 1.30 7.10
1.48 5.55 1.20 8.80
0.87 4.00 1.00 5.00
0.84 4.00 2.00 5.00
1.04 5.98 3.20 8.50
1.14 6.29 3.30 9.20
0.91 4.00 2.00 5.00
0.78 4.00 2.00 5.00

effect size (d = 0.82). The scores were also significantly better in the
“Digestive” than in the “Respiratory” in the “Experience” test (t (70)
= —-7.86, p <0.001, 95% Cl [-1.57, —0.93]), also with a large effect
size (d = 0.93).

As for the perceived level of usefulness of the questions, the dif-
ferences between the “Respiratory System” and “Digestive System”
learning units were marginally significant (t (70) = —1.69, p = 0.1,
95% Cl [-0.49, 0.04]) with a small effect size (d = 0.25). Students in
the “Digestive System” academic unit expressed greater satisfaction
with the experience than those in the “Respiratory System” (t (70)
=-241, p=0.02, 95% Cl [-0.54, —0.05]), with a small effect
size (d = 0.36).

4 | DISCUSSION

This study answers the research question as to whether the personal-
ized adaptation of learning based on metacognitive profiles affects
the performances of human anatomy students. The control and exper-
imental groups were compared quantitatively on the “Respiratory Sys-
tem” and “Digestive System” learning units. To this end, two
pedagogical interventions in human anatomy were designed and
implemented in which various educational technologies were used to
personalize learning environments. This personalization considered
the metacognitive profiles of the students, the domain according to
Bloom's taxonomy, and the difficulty level of the questions.

The learning process in a human anatomy course involves more
than memorizing structures. It includes understanding relationships,
their integration with other disciplines, and their application in clinical
practice (Brunstein, 2014). Evaluation of performance during the first
It is
largely based on the transfer of content and information, often with-

years of medical undergraduate studies is usually traditional.

out promoting a constructivist approach to learning (Bernal-Garcia
2022; Hernandez-Huaripaucar & Calmett, 2020; Santos

Hernandez et al., 2020). To promote new didactic approaches in the

et al,

teaching and learning of human anatomy, this study provides a meth-
odological base from which it can be demonstrated that the under-

standing of metacognitive profiles and the personalization of learning
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can influence student performance and the quality of education
positively.

In terms of the educational implications, our results highlight the
importance of considering the context and purpose of the assess-
ment when an appropriate learning modality and path is selected. In
the analysis of the grades obtained by the students in the two evalu-
ation modalities (“Experience” and “Traditional”) for the two learning
units (“Respiratory System” and “Digestive System”), the “Experi-
ence” modality stands out as accounting for the higher grades in the
“Digestive System” learning unit. The results of the effect of the
intervention on student performance and the paired samples t-test
for the “Digestive System” learning unit revealed significant differ-
ences in the student's grades between the “Traditional” test and the
“Experience” tests. Students who answered the questions in the
“Experience” modality showed better academic performances. The
“Experience” modality presented four learning paths designed
according to the metacognitive profiles of the students, the level of
mastery, and the difficulty of the questions. In contrast, in the “Expe-
rience” modality for the “Respiratory System” learning unit, the
effect of the intervention on the students' performance differed only
slightly between the “Traditional” and “Experience” tests, with mar-
ginal significance. That is, academic performance in the “Experience”
test for the “Respiratory System” learning unit was not better than
the grades obtained in the “Traditional” test.

The “Respiratory System” unit for the “Experience” modality was
not designed with learning paths. However, the questions given to
the students were classified by level of mastery and difficulty without
differentiating their metacognitive profiles. These results raise rele-
vant questions about personalizing learning in different contexts to
optimize academic performance. They also highlight the importance
of continued research to refine personalized teaching strategies sup-
ported by empirical data, particularly in highly complex academic
disciplines.

Personalization of health learning involves adapting training
to the individual needs of students. This is achieved through
competency-based approaches, educational technology, formative
assessment, a student-centered approach, and curricular flexibility.
Together, these enable more competent and prepared professionals
to be trained to address the complexities of the current healthcare
field (Goldenberg et al., 2021; Tzenios, 2020). In this sense, our study
addresses four types of metacognitive profiles based on the stated
personal learning characteristics and, in turn, identifies the metacogni-
tive processes of medical students. In this way, the “Experience”
modality, designed from the assignment of four learning paths based
on the metacognitive profiles and the mastery and difficulty of the
“Respiratory System” and “Digestive System” questions, allowed the
“Reflective” students to benefit from a learning path that contained
questions at the analysis mastery and high difficulty levels. The
“Active” students performed better on the learning path designed
with identification-comprehension mastery and low-to-medium diffi-
culty questions. The “Theoretical” students achieved better grades
when the learning path gave them application-analysis mastery and

high-difficulty level questions. Those more “Pragmatic” students who

\ ANATOMY

adapted better to different contexts and educational approaches
benefited from the learning path that gave them application mastery
and medium-high difficulty level questions. These observations are
consistent with research demonstrating how metacognitive prefer-
ences affect students' relationships with instruction and learning
(Delgado Martinez & Mahecha Fontecha, 2021; Kwarikunda
et al., 2022; Valdez, 2022). The application of the four metacognitive

|»

profile classifications “Active,” “Pragmatic,” “Theoretical,” and
“Reflective” is a relevant contribution to the research because it pro-
vides a perspective for analyzing students' responses to different
learning paths. These profiles, supported by the educational psychol-
ogy literature (Corva, 2022; Hong et al., 2020), suggest that students
vary in their preferences and metacognitive strategies throughout
their teaching and learning histories, and this can influence their aca-
demic performances positively (Montoya Villena & Pinedo
Pichilingue, 2022; Soldrzano-Restrepo & Lépez-Vargas, 2019). Con-
sidering the metacognitive profiles of the students opens the possibil-
ity of designing more effective teaching strategies. By adjusting
questions based on mastery and difficulty, a more personalized learn-
ing experience is achieved. These facts, theoretically supported by the
level of competence of the students and the learning objectives of
the human anatomy course, can generate a valuable tool for improv-
ing academic performance (Calle Sanchez & Vanegas Jaramillo, 2021;
Coll Salvador et al., 2023).

In summary, our study has explored how the metacognitive pro-
files of students and the adaptation of questions according to their
level of mastery and difficulty improve academic performance. Not
least, we also explored how educational technologies can be used to
design personalized learning environments to that end, in this case for
studying human anatomy in medical courses. The findings reveal a
connection among pedagogical approaches, metacognitive profiles,
and question classification and show how those factors influence stu-
dent performance in the “Respiratory” and “Digestive” areas. Identify-
ing distinct metacognitive profiles adds depth to our understanding of
how students approach learning. Furthermore, personalization based
on the metacognitive profile affected student performance signifi-
cantly. The differences in the evaluation modalities highlight the
effectiveness of the “Experience” modality concerning the metacogni-
tive profile and the adaptation of learning paths. These results empha-
size the adaptation of teaching and assessment strategies based on
individual preferences and needs. If addressed, it will lead to greater
student engagement and satisfaction.

5 | CONCLUSIONS

The present study has focused on analyzing the relationship between
the metacognitive profiles of the students and the classification of
questions according to their level of difficulty and mastery in anatomi-
cal understanding. It has also examined the integration of educational
technologies to create personalized learning environments for medical
students learning about the human anatomical system. A detailed

analysis of the results revealed differences in student performance

85801 SUOWIWOD SAIE81D 8deot[dde au Aq peusenob a1e sefoiie YO ‘8sn Jo S9N 1oy ArIq18UIIUO /811 UO (SUOTPUOD-PUR-SLLIBYWOY™AS | 1M Afe.d 1 jBu1[U0//SdNL) SUORIPUOD pue SWB 1 8U1 88S " [720Z/70/c0] Uo ArlqiTauluo As|im ‘(-ouleAnde) aqnopesy Ad SGT1Ze0/Z00T OT/I0p/W0o" A3 1M Alelqpuljuo//Sdny Woly pepeojumod ‘v ‘vZ0Z ‘ESEZ860T



STAMBUK-CASTELLANO ET AL.

ANATOMY \

related to the pedagogical approaches used, the metacognitive pro-
files of the students, and the strategic categorization of questions
based on their complexity and scope.

The metacognitive profiles identified (“Active,” “Pragmatic,”
“Theoretical,” and “Reflective”) offer a unique perspective for under-
standing how students respond to different approaches to teaching
and how their preferences and learning strategies influence their per-
formance. Personalized adaptation based on these profiles has shown
the potential to improve grades and increase student satisfaction and
engagement with learning.

The “Experience” assessment modality, designed to align learning
paths with metacognitive profiles and question classification, affected
student performance positively in comparison to the “Traditional”
modality. However, there was also greater variability in the “Experi-
ence” modality scores, which suggests that students respond differ-
ently to this modality depending on their metacognitive strategies and
their individual adaptation to the designed learning routes.

In conclusion, the present study has valuable pedagogical implica-
tions. It has demonstrated that adapting teaching and assessment
strategies according to individual characteristics such as metacogni-
tive profiles improve the quality of learning and increases student
engagement. Medical education benefits from considering these dif-
ferences and implementing personalized approaches that respond to
students' individual needs and preferences. This study contributes
to medical education by providing a framework for designing person-
alized and effective learning environments in human anatomy.

6 | LIMITATIONS

This article focuses on a study that investigated the personalized
adaptation of learning in the context of human anatomy, specifically
in the “Respiratory System” and “Digestive System” units. Despite its
valuable contributions, the study had some limitations that require
consideration and critical analysis.

One limitation concerns the control of external variables that
could influence student achievement. Aspects such as the time dedi-
cated to studying, student motivation, and learning conditions should
be discussed or controlled. This lack of control for external variables
makes it difficult to attribute the results solely to personalized adapta-
tion of learning and leaves open the possibility of influences from
unexamined factors.

The study focused on short-term academic performance in the
“Respiratory System” and “Digestive System” learning units. How-
ever, how these interventions could influence long-term learning and
whether the benefits are sustainable need to be considered. Long-
term learning and knowledge retention are important aspects of edu-
cation. Therefore, a long-term follow-up analysis is needed to assess
the effects of personalized adaptation strategies fully.

The study focused on grades as a measure of student achieve-
ment. Other dimensions of learning, such as the deep understanding
of concepts or applications to real clinical situations, need to be

addressed. Measuring performance solely through grades could

present a limited view of the effects of interventions on the learning
process; a more thorough understanding of those effects is needed.

In summary, it is essential to consider these limitations when
interpreting the results and considering their applicability to other
educational contexts, notwithstanding the significant contributions of
this study. The limitations cited offer opportunities for future research
to address them and provide a more complete understanding of the
personalized adaptation of learning in human anatomy and medical

education.

7 | FUTURE WORK

Based on the conclusions derived from this study and its limitations,
several directions are opened for future research aimed at expanding
and enriching our understanding of the interaction between the meta-
cognitive profiles of students and the personalization of learning envi-
ronments. First, to increase the findings' external validity, a more
extensive and more diverse sample of medical students from different
institutions and educational contexts could be considered. This would
allow for a more substantial generalization of the results and the iden-
tification of more robust patterns in the relationship between meta-
cognitive profiles and academic performance. Second, since
metacognitive processes are complex, future research could investi-
gate further segmentation and analysis of the metacognitive profiles.
This could involve identifying subgroups within existing profiles or
including new and emerging profiles. A third approach could be to
adopt a longitudinal perspective. That would provide a deeper under-
standing of how metacognitive profiles and learning personalization
evolve, potentially allowing for changes in learning preferences and
strategies to be observed as student's progress in their training.
Fourth, extending the analysis to other academic fields would be
worthwhile. Doing so could reveal whether the relationships between
metacognitive profiles and personalization of learning are generaliz-
able or specific to certain fields. It would provide a broader perspec-
tive on how to adapt educational strategies to different contexts.
Fifth, one could explore how external factors such as the teacher's
teaching style, group dynamics, and institutional characteristics inter-
act with metacognitive profiles and personalization of learning. This
would also contribute to a greater understanding of the complex
interactions that influence learning. Finally, the possibility of collabo-
rating with fields such as cognitive psychology, educational neurosci-
ence, and artificial intelligence would enrich our understanding of the
cognitive, emotional, and technical aspects of learning personalization

based on metacognitive profiles.
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