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RESUMEN

Introduccién: Aunque la ensefianza de la Anatomia durante la ensefianza
secundaria es clave para comprender la estructura y funcién del cuerpo
humano, se evidencian deficiencias en su conocimiento. Se propuso
evaluar el impacto de una intervencién educativa sobre el aprendizaje
anatémico de estudiantes de educacion media; experiencia de extensién
universitaria (EU) de la Universidad Austral de Chile (UACh).
Metodologia: Investigacion aplicada y descriptiva, donde participaron 45
estudiantes de cuarto ano medio de un liceo rural, quienes recibieron
sesiones de trabajos practicos con muestras cadavéricas y estaciones
de aprendizaje. Se aplic6 una encuesta de satisfaccion y prueba de
conocimiento (pre y post-test), comparandose la cantidad de aciertos y
errores.

Resultados: Hubo un aumento significativo en el puntaje promedio
entre el pre-test (4,96:1,23) y el post-test (5,72+0,78; p=0,0007); siendo
los contenidos con mayores avances los relacionados con la osteologia
(p=0,002). E1 80 % evalué globalmente la experiencia como “muy
satisfactoria”, destacandose la calidad de instructores y su caracter
interactivo.

Conclusiones: Esta experiencia de EU tuvo un impacto positivo y
significativo en el aprendizaje anatémico de los estudiantes de educacién
media, permitiendo no solo fortalecer el aprendizaje en contextos reales,
sino también aproximar a los estudiantes de ensefianza secundaria al

entorno universitario.
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ABSTRACT

Introduction: Although the teaching of anatomy during secondary
education is key to understanding the structure and function of the
human body, deficiencies in this knowledge are evident. This study aimed
to evaluate the impact of an educational intervention on the anatomical
learning of secondary school students; a university extension program
(EP) of the Universidad Austral de Chile (UACh).

Methodology: This applied and descriptive research involved 45 fourth-
year secondary school students from a rural high school, who received
practical work sessions with cadaveric specimens and learning stations.
A satisfaction survey and a knowledge test (pre- and post-test) were
administered, comparing the number of correct and incorrect answers.
Results: There was a significant increase in the average score between
the pre-test (4,96 + 1,23) and the post-test (5,72 + 0,78; p = 0,0007);
the areas with the greatest improvement were related to osteology (p
= 0,002). Eighty percent of participants rated the overall experience
as “very satisfactory,” highlighting the quality of the instructors and its
interactive nature.

Conclusions: This EP experience had a positive and significant impact
on the anatomical learning of secondary school students, not only
strengthening their learning in real-world contexts but also introducing

them to the university environment.
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Ensefianza de la anatomia para estudiantes de secundaria. Una experiencia de extensién universitaria en el sur austral de Chile
INTRODUCTION

The incorporation of human anatomy into the secondary education curriculum is fundamental for students to
grasp both the structure and function of the human body, while simultaneously laying the necessary groundwork
for addressing topics related to health and well-being. Such knowledge not only fosters the development of critical
thinking but also cultivates a deeper, more grounded sense of body awareness. Historically, the teaching of anatomy
has been confined to the university setting and professional training programs within the health sciences. However,
in recent decades, a pedagogical movement has emerged aimed at integrating basic anatomical concepts into Natural
Sciences subjects at the secondary level (Giler-Medina et al., 2024). Currently, contemporary pedagogical models
recognize that introducing this discipline at pre-university school levels serves as a key tool for promoting practices
related to hygiene, self-care, and public health (Sudrez-Escudero et al., 2020).

In Chilean secondary education, anatomy is included within the Ministry of Education’s curriculum, specifically
as part of the Biology subject under the framework of the National Curricular Bases (MINEDUC, 2009). At the
secondary level, laboratories frequently utilize plastic models or mannequins, anatomical charts, and virtual atlases
as teaching aids, given that the use of actual biological tissues is uncommon. That said, educational institutions
typically lack the infrastructure and resources required for the proper preservation and maintenance of human
bodies (Baena-Extremera & Granero-Gallegos, 2013). Furthermore, this instruction is characterized by a specific
peculiarity: while these materials are easily accessible—often at little to no cost—many of them offer students only
limited opportunities for meaningful interaction with actual anatomical reality (Lopez Albors et al.,, 2021).

Recent research has confirmed that secondary-level biology students face difficulties in identifying the organs
and systems of the human body when these are presented at their actual, life-size scale (Abella & Rodriguez
Malebran, 2023). In light of this limitation—which hinders an embodied, experiential, and democratic understanding
of anatomical knowledge—innovative didactic approaches based on gamification have been promoted within the
pedagogy of Human Anatomy (Garcia-Barrios et al,, 2022). Prominent among these are strategies such as the use of
digital technology, interactive anatomical models, and virtual simulations—resources designed not only to facilitate
learning but also to spark genuine interest among students (Gonzalez La Nuez & Suérez Suri, 2018).

Along these lines, an experiment conducted in Colombia and Chile by Abella and Rodriguez Malebran (2023)
demonstrated that the use of an augmented reality application successfully brought students closer to the actual
scale of the body’s systems, although they still struggled to explain these systems using short-form digital media.
Similarly, Cantero Ariza and Contreras Alvarez (2023) found that implementing a flipped classroom model—based
on interactive simulators for teaching the skeletal system—yielded positive results, as students reported greater
motivation, interest, participation, and enjoyment when using technological tools both inside and outside the
classroom.

Some studies have determined that the use of ICTs—particularly through LMS platforms—contributes
significantly to the acquisition of anatomical content among secondary education students (Granero-Gallegos
& Baena-Extremera, 2015). Likewise, active learning methodologies—such as concept mapping or project-based
learning—have proven effective for teaching anatomy at this educational level (Baena-Extremera & Granero-
Gallegos, 2012). Nevertheless, these strategies do not replace the substantial contribution provided by cadaver
dissection and prosection, which offer distinct advantages for the deep and situated learning of human anatomy

(Urdaneta et al., 2024).

Furthermore, various experiences involving university extension programs related to Human Anatomy—aimed
at secondary school students—demonstrate that, in addition to serving as effective educational strategies that
foster dynamic and accessible learning and contribute to the humanistic formation of university students, these
initiatives reaffirm the potential of university extension in promoting scientific knowledge and strengthening the
bond between the university and society, thereby expanding the social role of higher education and disseminating
health-related knowledge (Oening et al., 2025). Moreover, these extension activities not only provide secondary
school students with an introduction to academia and professional training but also offer them exposure to various
pedagogical approaches within the field of human anatomy. Additionally, they also offer academics the opportunity
to deepen their studies in the field, gain practical experience in executing various anatomical techniques, and
promote the academic space and the Human Anatomy laboratory—thereby transforming them into instruments for
the democratization of knowledge and engagement with society (dos Santos et al.,, 2021).

For this reason, the linkage between universities—such as the Universidad Austral de Chile (UACh)—and the
educational centers within their surrounding catchment areas is highly pertinent for improving the teaching of
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subjects like biology. Specifically, this applies to courses covering topics in Human Anatomy, enabling students to
acquire general knowledge regarding the structure and function of the human body. This knowledge allows them to
gain a better understanding of their own bodies and, in turn, facilitates the early recognition of diseases.

In this regard, University Extension (EU) constitutes an essential pillar in the relationship between universities
and society. Through various practices and projects, universities succeed in bringing knowledge closer to communities,
thereby contributing not only to academic development but also to social transformation. Particular emphasis is
placed on aspects related to health extension. This area has demonstrated a significant impact on improving access
to healthcare, enhancing quality of life, and fostering health promotion and education—thereby showcasing the true
transformative power of University Extension far beyond the confines of the classroom (Sorrentino et al., 2024).

“Linkage with the Environment” (*Vinculacién con el Medio*) within Chilean universities constitutes a
fundamental pillar that demonstrates their commitment to society and is key to achieving institutional accreditation.
Currently, the Chilean educational system acknowledges that universities fulfill social functions that transcend the
traditional core activities of research and teaching inherent to their nature (Irarrazaval, 2020). In this regard,
Law 21.091 (MINEDUC, 2018) incorporates “linkage with the environment” as a mandatory dimension within
institutional accreditation processes. While the law does not establish detailed specifications regarding the specific
content of this dimension, it defines it as a bidirectional, mutually beneficial interaction between the university and
its relevant environment—including public, private, and social stakeholders. This process is undertaken with the
specific aim of strengthening teaching and research activities, as well as contributing to the sustainable development
of the country and its various regions.

Along these lines, Lopez Albors et al. (2021) argue that teaching the human body in secondary education
requires a broad and diverse array of educational materials that facilitate student interaction with anatomical
reality. However, one of the primary challenges facing educators and institutions is the scarcity of laboratories
and biological teaching aids—a shortage that is particularly acute in public schools—which severely restricts the
implementation of traditional methodologies based on dissection or laboratory practicals (Jiménez Cabrera, 2025).

For this reason, the Instituto de Anatomia, Histologia y Patologia (IAHP) at the UACh welcomes secondary
school students every year through collaborative agreements with educational institutions in the region. In this
context, it is worth highlighting the University Extension (UE) activities developed by the Institute’s faculty; these
initiatives not only bolster university teaching and research but also enable health science students participating in
them to cultivate practical and attitudinal competencies.

Given this gap in resources and methodologies within secondary schools—particularly in rural high schools—
establishing connections with local universities through UE activities offers a potential solution to the limitations
currently facing these educational institutions. Therefore, this research aimed to determine the impact on learning
in secondary school students of an educational intervention with a rural high school in the commune of San José
de la Mariquina, in the Los Rios region, Chile; a university extension activity developed by the IAHP of the UACh.

METHODOLOGY

Operating within a quantitative paradigm, a descriptive study utilizing a cross-sectional cohort design was
conducted. This study evaluated a purposive or judgmental sample comprising 45 students enrolled in the fourth-
year specialized Health track of a rural secondary school located in the town of San José de la Mariquina, within
the Los Rios Region of southern Chile. The sample included students who were actively enrolled at the institution,
who had obtained parental or guardian authorization to participate in an institutional visit to the IAHP at the
UACH, and who fully complied with the institutional protocol governing visits by minors to the anatomy laboratory.
Students who failed to comply with the protocol or who lacked the requisite authorization from their parents and/
or guardians were excluded from the study.

It should be noted that the research conducted posed no risk to, nor did it compromise the physical or psychological
integrity of, the participating students. Strict adherence was maintained to the bioethical standards outlined in the
Declaration of Helsinki regarding research involving human subjects; specifically, student participation was entirely
voluntary and contingent upon the prior signing of informed consent forms and authorization from their legal
representatives. Furthermore, the study received formal approval from the Bioethics Committee of the sponsoring
institution.

The procedure carried out comprised the following phases:
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(a) Pre-intervention Phase: Initially, the interested institution reached out to the IAHP. Dates for the
visits were agreed upon, and the institution was informed of the documents required to comply with the
institutional protocol regarding visits by external students and minors. Furthermore, the objectives of
the intervention, the activities to be conducted during it, and the evaluation strategies to be applied were
designed in consultation with the professor responsible for the Biology course at the visiting institution. This
procedure was implemented to ensure that the objectives and activities were aligned with the topics and
content of the instructional curriculum for said subject.

(b) Intervention Phase: At the commencement of the educational intervention, the students received an
orientation regarding the rules and biological risk protection measures to be observed within the anatomy
pavilion, as well as an overview of Human Anatomy. Additionally, they were required to complete a pre-test
consisting of 10 true-or-false questions covering the content to be addressed during the intervention; this
test was administered using the SOCRATIVE software. The pre-test yielded a raw score out of 10 points,
which was then converted to a scale of 1to 7 and assigned a weighting of 60 %, with 4 points considered the
passing grade.

Three educational sessions were conducted on a weekly basis, covering the following content areas:

(1) First session: Musculoskeletal System
(2) Second session: Cardiovascular, Respiratory, and Digestive Systems
(3) Third session: Nervous, Urinary, and Reproductive Systems.

During each session, three student workstations were set up within the anatomy pavilion. In the first session,
one station was dedicated to osteology, arthrology, and myology, respectively; in the subsequent sessions, one station
was dedicated to each of the specific systems. The participants were divided into groups of 15 students and assigned
to each of the stations, where they were required to remain for 20 minutes to receive instruction on the station’s
content from a faculty member and/or a student assistant. Furthermore, they had the opportunity to interact with
biological specimens and ask questions regarding the material discussed.

Upon completing a station, each group proceeded to the next; thus, by the end of the session, every student had
completed the rotation through all three stations. In this manner, they were instructed on how to access digitized
three-dimensional models of the various structures they had handled at each station via the institutional website
(www.anatomiahumana3D.com), thereby enabling them to supplement their learning independently.

(c) Post-intervention Phase: One week following the conclusion of the three educational sessions, the
students completed a satisfaction scale regarding the educational activity, which had been designed *ad
hoc” to align with the objectives of the intervention. This scale was administered digitally using Google
Forms and was completed anonymously by each participant, utilizing a 4-point Likert scale (very dissatisfied,
dissatisfied, satisfied, and very satisfied).

Similarly, from their classroom—and with the collaboration of the instructor responsible for the Biology course—
the students completed a 10-question post-test featuring questions similar to those in the pre-test in terms of
difficulty level, question type, and content assessed. The test was administered digitally using SOCRATIVE®
software (Showbie Inc., Canada).

Regarding the analysis of the data collected via the satisfaction scale and the pre- and post-tests, the data
were organized and tabulated in a database and analyzed using SPSS Statistics 27.0 statistical software (IBM
Corp, USA). Categorical variables are presented as absolute frequencies (F) and percentages (%), while continuous
variables are presented as means + standard deviations (SD).

To disaggregate the test results according to the specific content assessed, 2x2 contingency tables were
constructed, displaying the number of correct and incorrect responses—both before and after the intervention—for
each evaluated topic; these results were then compared using the Chi-squared (x?) test with a significance level of p <
0,05. Furthermore, to compare the results of the pre- and post-intervention tests, an independent samples Student’s
t-test was applied with a significance level of p < 0,05, while Cohen’s *d* was calculated to determine the effect size.
Finally, the results were presented in frequency distribution tables.

RESULTS and DISCUSSION

To measure the impact of the educational intervention conducted, a satisfaction survey regarding the activity
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was administered, along with a general assessment administered both before and after the intervention, in which 45
students agreed to participate. As shown in Table 1, the majority of participants were satisfied with the evaluated
items, with a clear predominance of responses falling within the “Satisfied” and “Very Satisfied” categories. This
result reflects a high level of acceptance and positive appraisal of the educational intervention on the part of the
students.

Table 1.

Student satisfaction with the educational intervention

Item very dissatisfied dissatisfied Satisfied Very Satisfied
F % F % F % F %

1. Utility for  identifying anatomical 1 2,22 3 6,67 17 3778 24 53,33

structures of the human body

2.Improvement of the understanding of the - 2 4,44 16 35,56 27 60,00

structure and function of the human body

3.Improvement in learning the composition 2 4,44 1 2,22 21 46,67 21 46,67

of the human body

4. Interactive Activity - 1 2,22 9 20,00 35 7778

5. Quality of the Instructors - 2 444 10 22,23 33 73,33

6. Overall Assessment of the Intervention - 3 6,67 6 13,33 36 80,00

n= 45

91,11 % of the participants agreed regarding the utility of the intervention for recognizing anatomical structures;
thus, it proved highly effective in supporting anatomical identification—a fundamental objective in anatomy courses.
Furthermore, the implemented educational strategy appears to facilitate an integrative understanding of form and
function—a key aspect of meaningful learning—given that the majority of students (95,56 %) provided a positive
assessment. Concomitantly, students perceived a clear strengthening in their acquisition of descriptive and
structural knowledge, reflected in a 93,34 % satisfaction rate among the student body.

For their part, the items labeled “Interactive Activity,” “Pedagogical Quality,” and “Overall Assessment” garnered
the highest percentages, suggesting that the intervention was particularly effective regarding active participation,
general pedagogical quality, and its impact on the student experience. The interactive nature of the intervention
was one of its most highly valued components, achieving a 97,78 % satisfaction rate. This finding indicates that the
methodology employed boosted student motivation, participation, and engagement; likewise, 95,56 % of students
attributed high instructional quality to the teaching team, thereby reinforcing the effectiveness of the educational
process. The overall assessment was overwhelmingly positive, confirming that the intervention amply met its
pedagogical expectations and objectives. Satisfaction levels exceeding 90 % across all evaluated domains indicate
that the intervention successfully achieved its didactic goals and fostered a highly positive educational experience.

Regarding the assessment of learning outcomes based on the content delivered (Table 2), a slight increase
was observed in the number of correct answers obtained on osteology questions—a result that proved statistically
significant (p < 0,05). This result implies that the intervention had a tangible effect, even if the percentage increase
appears modest. As for the remaining content areas—although most showed relative increases in the number of
correct answers—they did not demonstrate statistically significant differences between the pre- and post-tests.
Nevertheless, they collectively provide evidence of a generally positive effect stemming from the educational
process, reflecting enhanced content comprehension and a reduction in errors.

Table 2.
Assessment of learning based on content
Contents Pre-test Pos-test P*
Correct Errors Correct Errors
answers answers
f % f % f % f %
Osteology 34 75,56 1 24,44 35 7778 10 22,220,002
Arthrology 26 57,78 19 4222 29 64,44 16 35,66 0,516
Myology 35 7778 10 22,23 39 86,67 6 13,33 0,270
Cardiovascular System 14 31,11 31 68,89 21 46,67 24 53,33 0,130
Respiratory System 19 4222 26 5778 22 48,89 23 51,11 0,525
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Digestive System 27 60,00 18 40,00 29 64,44 16 35,66 0,663
Nervous System 12 26,67 33 73,33 17 3778 28 62,22 0,259
Urinary System 29 64,44 16 35,56 32 7111 13 28,89 0,158
Reproductive System 33 73,33 12 26,67 36 80,00 9 20,00 0,454
n= 45

The overall assessment of learning outcomes resulting from the educational intervention revealed a significant
increase in the scores achieved before and after the intervention (4,96 + 1,231 vs. 5,72 + 0,784; p = 0,0007). The
distribution demonstrates a clear improvement in performance following the educational intervention, evidenced
by an absolute gain of 0,76 points. Furthermore, the increase in the standard deviation in the post-test indicates
varying degrees of content mastery among the students. Moreover, the p-value of <0,001 suggests that the observed
difference is not attributable to chance; consequently, the null hypothesis is rejected, confirming that the educational
intervention had a statistically significant effect on the level of knowledge and demonstrating the effectiveness of
the pedagogical strategy employed (table 3).

Table 3.
Evaluacién global de aprendizajes

Statistics Pre-test Evaluation Pos-test Evaluation
Mean 4,96 5,72
Standard Deviation (+) 0,123 0,784

SEM 0,184 0,117

n=45

Student’s T test = p= 0,0007

t= 3,493

df- 88

SE-= 0,218

As can be observed in figure 1, prior to the intervention, there was greater dispersion (median = 5,15), given
that the scores were more heterogeneous and included students with considerably low performance levels. In
contrast, following the intervention, a decrease in dispersion is evident, accompanied by a complete shift toward
higher scores (median = 5,48). That is, there was reduced variability, resulting in more uniform performance and
generally higher scores—an indication that the methodology employed enhanced learning, strengthened content
comprehension, and helped to standardize academic achievement within the group. Upon calculating the effect
size (Cohen’s d), the result was 0,74; this corresponds to a MEDIUM-TO-LARGE effect, falling very close to the
threshold for a large effect (>0,8). This implies that the effect was not only statistically significant (*p* < 0,05) but
also educationally significant, demonstrating a robust effect size.

Figure 1.

Comprehensive assessment of learning

8F

o

Pre-test Post-test

Note: the figure appears in its original language

Engagement with the wider community is an integral part of Chile’s National Higher Education Quality Assurance
System and constitutes a university activity with a specific and measurable impact (Irarrdzaval, 2020). In this
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regard, engagement activities—such as those undertaken by the UACh’s IAHP with schools and high schools within
the university’s catchment areas—enable the university to contribute to the local development of these territories.
The UACh is the only academic institution in the entire southern Chilean territory—comprising the regions of Los
Rios, Los Lagos, Aysén, and Magallanes—that possesses biological specimens for the teaching of Human Anatomy
(Urdaneta et al., 2024).

Therefore, the opportunity for high school students to experience observing and handling cadaveric specimens—
resources not available in their own schools—represents a unique opportunity to enhance the teaching of Anatomy.
In this way, it is expected that they will gain a deeper understanding of the composition of the human body,
particularly within a university setting that prepares them for their future years as tertiary-level students. These
findings align with the results of a study conducted in the United States, in which the authors argue that outreach
programs provide high school students with the opportunity to interact directly—in a close and informal manner—
with medical students and highly qualified professionals, an experience that is novel for the majority of them (Zhang

et al, 2016).

In this regard, Vallabhajosyula et al. (2024) note that structured outreach activities offer high school students
unique opportunities to experience a preclinical learning environment within a medical school, deepen their
understanding of the structure and function of the human body, and boost their motivation and interest in science.
Furthermore, these outreach programs can lay the groundwork for prospective students to pursue training in the
health professions. Zhang et al. concur with this view. (2016), who found that outreach programs offered by medical
schools provide local high school students with the opportunity to learn about science, life, and medical education,
helping them not only to enhance their learning but also to model professionalism by providing role models and
encouraging them to consider opportunities in the health professions.

For their part, Lampert and Russo (2019) state that this type of intervention is highly motivating for students,
who often tend to show resistance toward the study of Biology. Furthermore, curricular content regarding Anatomy
and Physiology must be adequately developed within high school Biology courses, given that understanding both
bodily structures and their functions is vital for students to gain awareness of what occurs within the organism in
response to various situations, thereby providing them with a more solid foundation for navigating daily life.

Knowledge of anatomy provides high school students not only with an understanding of their own bodies—a
fundamental aspect for recognizing the changes that occur over time—but also with an awareness of specific changes
resulting from shifts in dietary habits or lifestyles, the diverse possibilities of pleasure and desire, as well as the
various forms of intervention that enable structural changes (Pinheiro de Oliveira et al., 2024).

Much like in Chile, in countries such as Spain, Anatomy is integrated as a mandatory subject within secondary
education; moreover, the curriculum includes aspects related to developing proficiency in the use of information and
communication technologies, scientific research processes, and collaborative investigative work (Vazquez-Alonso &
Manassero-Mas, 2017). Within the context of science education at the secondary level—where anatomy is typically
approached with curiosity and enthusiasm—didactic tools play a fundamental role in fostering broader, more visual,
and more universally accessible engagement with anatomical knowledge (Pinheiro de Oliveira et al.,, 2024).

Mirroring the findings of the present study, research conducted by Fernandez-Laso (2023) involving Spanish
secondary school students revealed that—through the application of active learning methodologies such as problem-
based learning—the results of knowledge assessments administered both before and after a workshop demonstrated
a marked improvement in student competence following the completion of the pedagogical intervention. In general,
although the students possessed a solid foundation in Human Anatomy—encountering no major difficulties in
identifying skeletal elements—they successfully acquired new knowledge following the workshop and enhanced
their proficiency in grasping the practical utility of these structures within forensic identification processes.
Another aspect highly valued by the students was the functional significance of these structures; these results align
with those of a Spanish study, which found that students’ perceptions emphasized aspects related to the ability to
comprehend the importance of what they had learned and to recognize how they could utilize or apply it, thereby
achieving meaningful learning (Fernandez-Laso et al.,, 2023).

The fact that the practical sessions were interactive—allowing students to handle actual bones and cadaveric
specimens—was highly appreciated by the students themselves and demonstrated a significant improvement in
their grasp of content related to the skeletal system. These findings align with the results of a Colombian study that
employed a flipped classroom strategy for teaching and learning the skeletal system; in that study, life-size bone
models successfully captured students’ attention from the very outset, making them feel more enthusiastic and
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motivated to engage with something different from their usual routine (Cantero Ariza & Contreras Alvarez, 2023).

Similarly, a study conducted in Brazil found that secondary school students showed greater interest in topics
related to the reproductive and locomotor systems, making these subjects easier for them to learn—in contrast to
content regarding the endocrine or nervous systems, where students encountered greater difficulties. To a large
extent, this disparity arose from the need to expand practical sessions, given that the latter topics are ones that
either fail to generate immediate interest or cannot be as easily observed in everyday life (Pinheiro de Oliveira et
al,, 2024). This result mirrors the findings of the present study, in which the highest error rates on the administered
assessments were observed in questions related to the nervous system.

Furthermore, it is well recognized that the teaching of anatomy is complicated by various limitations within
the learning environment, as well as by the difficulty of tailoring educational content to students’ varying levels of
preparation and the inherent complexity of the subject’s specific terminology and concepts (Satoh et al.,, 2023).
According to Araujo-Cuauro (2025), one of the primary challenges facing educators who teach this subject is gaining
a better understanding of the personal factors that influence individual student success within the classroom; in
this context, motivation within the educational process serves as an essential component for achieving high-quality
education, fostering effective learning, and promoting the holistic development of students.

Along these lines, Garcia-Barrios et al. (2023) argue that new generations of “digital native” students have
created a need to implement innovative teaching methodologies—such as gamification and game-based learning—in
which the student becomes an active and participatory agent in their own learning process. This strategy would
help address the lack of motivation observed among secondary education students or those in non-medical fields,
where instructors often face student dissatisfaction because students perceive this subject as complex and lacking
any significant relevance to them (Geribaldi-Doldén et al., 2023).

In the case of this specific intervention, real anatomical specimens were utilized; this provides students
with a higher level of interaction and yields a positive impact, given the direct contact with anatomical reality.
In this regard, Oening et al. (2025) report that the use of real anatomical specimens—facilitated by student
mentors—fosters knowledge construction and sparks student interest in the health sciences, while simultaneously
developing interpersonal skills and integrating adolescents into the university environment through anatomical
instruction. Nevertheless, this type of material presents certain limitations, as its use requires strict adherence
to personal protective measures, given that it exposes students to biological and chemical hazards (Lépez Albors
et al,, 2021).

Furthermore, the use of educational resources has become imperative for science instruction in secondary
education; in this regard, forging links between the educational sector and universities would make it possible
to provide schools with educational resources for their teachers to incorporate into the teaching-learning
process. These resources should facilitate content comprehension, stimulate creativity, and foster active student
participation, while simultaneously enabling teachers to diversify and complement their pedagogical strategies—
including the adoption of active learning methodologies (Delgado Ruiz et al.,, 2023).

In this specific context, the IAHP houses a digitization and 3D printing laboratory where anatomical models
can be printed based on actual specimens; this facility allows for the creation of anatomical models suitable for
use in a variety of instructional strategies (Urdaneta et al.,, 2024). These three-dimensional models are hosted on a
website that functions as an Open Educational Resource (OER), which could also be integrated into the educational
strategies employed in secondary education (Tiznado-Matzner et al., 2020).

As demonstrated, this type of university extension initiative—beyond merely fostering connections between the
university and its surrounding environment—proves immensely enriching for both the university community and
the secondary schools within its catchment area. This is because such initiatives facilitate the transfer of knowledge
and allow students from rural communities—such as the one to which the study participants belong—to experience
and engage firsthand with the academic work and culture of a university.

Moreover, by participating in this intervention, university students themselves derive significant benefits;
the experience enriches their personal knowledge base, helps them develop interpersonal communication skills,
fosters a heightened awareness of their social environment, and enhances their perspective on social responsibility.
Ultimately, this translates into the acquisition of knowledge and skills that will prove invaluable during their future
professional careers (Osorio-Cerda & Benavides-Simon, 2025). Nevertheless, the study had some limitations, such
as the small sample size, the wide variation among the participating students, and the heterogeneity in the degree
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of difficulty of the content addressed.
CONCLUSIONS

The educational intervention conducted had a significant impact on the students, resulting in a high level of
satisfaction with the program, as well as significantly improved scores on the post-intervention assessment—
particularly regarding topics related to osteology. These results allow us to affirm that the educational intervention
was highly effective and well-regarded by the students, both in terms of its academic utility—specifically regarding
anatomical identification, comprehension, and the composition of bodily structures—and in terms of its instructional
quality and interactivity.

Furthermore, given that community engagement is one of the core functions of universities, the IAHP at the
UACh views its partnership with educational institutions within the Los Rios region as a vital avenue for sharing
academic knowledge with secondary school students. These students are required, under the national curriculum,
to study human anatomy topics within their Biology courses. Moreover, this initiative presents an opportunity
to forge alliances that could, in the future, lead to the establishment of permanent networking and engagement
programs. Such programs would benefit both the educational institutions and the universities involved, while also
facilitating the implementation of new educational strategies and innovations, as well as the provision of 3D-printed
models and anatomical aids to bolster science laboratories in secondary schools.

Consequently, it is recommended that this study be continued, with an expanded sample size and a scope narrowed
to specific areas of the discipline—such as the musculoskeletal system or the reproductive system—topics that tend
to spark greater interest among students. Likewise, it would be valuable to replicate and implement this type of
intervention on a larger scale, encompassing a greater number of educational institutions and students across the
southern macro-zone of Chile—the region where the UACh maintains a presence. Such experiences could generate
new knowledge and empirical evidence contributing to curricular renewal and transformation, ultimately fostering
enhanced learning and the holistic development of students.
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