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Abstract

The use of information and communications technologies allows the creation of teaching resources that facilitate
learning, mainly due to their motivational effect. The study aimed to analyze the use of videos and static images
of climbing in the teaching-learning process of the locomotor system in the Functional Anatomy signature in
Physical Activity and Sport Science (CAFD). A total of 106 students from the CAFD degree completed this work.
For the analysis of the effect on learning, an exam containing five questions on the anatomy applied to climbing
was carried out after viewing the videos/images. After the statistical analysis, a percentage of correct answers of
66.9% and 69.2% was observed in questions 1 and 3, respectively, while in questions 2, 4 and 5, a lower percentage
of correct answers were observed. This methodology is based on an analysis of the movement that allows a
functional anatomical understanding of the locomotor system in specific sports activities.
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Resumen

El uso de las tecnologias de la informacién y la comunicacion permite crear recursos didacticos que facilitan el
aprendizaje fundamentalmente por su efecto motivacional. El objetivo del estudio ha sido analizar el uso de videos
y de imagenes estaticas de escalada, en el proceso de ensefianza-aprendizaje del aparato locomotor en la asignatura
Anatomia Funcional en Ciencias de la Actividad Fisica y del Deporte (CAFD). Un total de 106 estudiantes del
grado de CAFD completaron el presente trabajo. Para el analisis del efecto en el aprendizaje se ha realizado un
examen que contenia cinco preguntas sobre la anatomia aplicada a la escalada tras la visualizacion de los
videos/imagenes. Tras el andlisis estadistico, se observo un porcentaje de aciertos de 66,9% y 69,2% en las
preguntas 1 y 3 respectivamente, mientras que en las preguntas 2, 4 y 5 se observé un porcentaje de aciertos
inferior. Esta metodologia se basa en un analisis del movimiento que permite una comprension funcional de la
anatomia del aparato locomotor en actividades deportivas especificas.
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Introduction

The current COVID-19 pandemic has caused numerous and profound changes in our daily lives,
including unprecedented challenges to both educational system and teaching-learning processes.
Although the scientific literature has previously emphasized on the importance of evolving towards
online teaching (Miarso, 2004), the current COVID-19 health crisis, caused by the SARS-CoV2 virus,
has forced this process to adapt rapidly to the new digital environment (Crawford et al., 2020). In this
context, classroom teaching at universities has been replaced by online education through the use of e-
learning platforms (Flores, Correa, & Cervantes, 2020; Srinivasan, 2020). This “emerging” approach is
an educational process in which learning is supported by synchronous and asynchronous media
resources, involving the internet communication network and other technologies or media such as
multimedia technology, video, audio and satellite communication (Hayashi, 2020).

Inevitably, the teaching of anatomy has also been forced to evolve towards virtual teaching (Evans
et al., 2020; Ravi, 2020). The study of anatomy has different approaches, such as, for example, the
principles of anatomy applied to human movement that is taught in the degree of Physical Activity and
Sports Sciences (CAFD). This degree studies a great diversity of contents related to diverse traditional
sports, such as football, basketball, or athletics. However, the contents related to physical activities in the
natural environment (e.g., climbing, rappelling and orientation) have become increasingly attractive
among students, making learning of these disciplines more motivating for them (Baena-Extremera &
Granero-Gallegos, 2013a; Granero & Baena, 2011).

Climbing can play an idyllic role as a learning tool to understand the anatomy and biomechanics
of the musculoskeletal system. In the teaching and learning process of the Functional Anatomy subject,
those sports that allow observing during their practice the complexity and ranges of movement that
especially involve the locomotor system's extremities are essential. It allows better analysis and
understanding of the muscles' movement that cross the different joint complexes. Accordingly, previous
studies have suggested that applying this methodology during climbing practice becomes a vital tool in
learning the subject Anatomy in CAFD (Bafios et al., 2015; Ferran 2015).

The integration of information and communication technologies (ICT) in the teaching-learning
process is gradually acquiring a prominent and active education role. In CAFD, teachers mainly use ICT
for administrative purposes such as student registration and reporting (Thomas & Stratton, 2006) without
actually enhancing the enormous pedagogical role that digital tools provide. Within ICT tools, the blog or
weblog is a digital tool that offers to update and structure it periodically according to the teacher's criteria.
As stated by Prieto, Smok, and Rojas (2011), its characteristics include the possibility of addressing many
people, with or without knowledge of the field, without the need for the teacher to require high
technological skills, since it is easy to administer and clarify doubts or queries of Internet users. In addition,
according to several previous studies, students perceive that blogs promote greater collaboration, dialogue
and active participation (Hemmi, Bayne & Tierra, 2009; Hsu, 2008; Oliver & Maiz, 2008). Hastie, Casey
and Tarter (2010) highlight that the use of blogs in Physical Education leads to a more significant learning
experience than that obtained using traditional methodologies; due to the preparation of the following
sessions can be more anticipatory and collaborative with the students. Boulos and Wheeler (2007) define
collaborative intelligence as the process by which students actively participate in the blog, with a serious
and constant commitment of all students, being able to produce a series of conversations in which they
design and build their own learning of the course.

In summary, the relevance and impact on educational innovation of the use of blogs as pedagogical
tools in the learning process of university students is increasingly important. Thus, in the Functional
Anatomy subject at the University of Murcia, a specific blog for the subject was created with their
respective YouTube, Twitter and Facebook accounts as digital teaching tools.

Based on the preceding, the present study aimed to analyze the anatomical knowledge of the
locomotor system achieved by CAFD students during the execution of climbing movements by employing
videos and static images managed through the blog.
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Materials and Methods
Study Desing

A non-experimental, descriptive and cross-sectional study was designed. A total of 106 students
participated in the study, 78 men and 28 women, enrolled in the Functional Anatomy subject in the CAFD
degree at the University of Murcia, between 19 and 49 years (21.6 £ 4.7 years).

Instruments

To evaluate the knowledge acquired, five questions of the analysis of movement during climbing
were included in the final exam of the subject. It was composed of a total of 60 multiple choice questions
with a single valid answer. The subject coordinator prepared the exam with a total duration of 90 minutes
to answer the test. The questions related to the climbing based on Figure 1 were the following:

1) Question 1 (arrow 1). Choose the CORRECT option about the indicated joint and region. Possible
answers: A) The supraspinatus muscle participates in the observed rotation. B) The latissimus
dorsi muscle allows retroversion of the shoulder. C) The lower portion of the trapezius muscle is
the adductor of the arm. D) The trapezoid ligament stabilizes the sterno-costo-clavicular joint.

2) Question 2 (arrow 2 of the image): Which of the following muscles is NOT involved in the
position observed in the indicated joint (elbow)? Possible answers: A) Extensor carpi radialis
longus. B) Palmaris longus. C) Flexor digitorum profundus. D) Flexor carpi radialis.

3) Question 3 (arrow 3 of the image): Choose the INCORRECT option on the indicated limb.
Possible answers: A) The adductor minimus muscle favors the position observed. B) The gluteus
maximus muscle favors the position observed. C) The quadriceps femoris muscle favors the
observed position. D) The popliteus acts in opposition to the position observed.

4) Question 4 (circle 4 of the image): Choose the INCORRECT option on the indicated joint.
Possible answers: A) The inferior gemellus muscle acts in opposition to the rotation observed at
the hip. B) The semimembranosus muscle favors the position observed in the hip. C) The gluteus
minimus muscle favors the position observed at the hip. D) The pectineus muscle opposes the
position observed at the hip.

5) Question 5 (arrow 5 of the image): Choose the CORRECT option on the indicated region and
joint. Possible answers: A) Lumbricals muscles are located in a deep plane. B) The abductor digiti
minimi muscle lies in a deep plane. C) The extensor digitorum brevis extends the proximal
phalanges. D) The flexor hallucis brevis lies in a superficial plane.

Procedure

All participants were taught with the same Functional Anatomy contents, included in the teaching
guide, with a duration of four months and a credit load of 6 ECTS credits. Following the teaching guide,
three theoretical hours a week of classroom time were given using the PowerPoint presentation format and
one weekly teaching hour of practical class.

The Teaching Innovation Group in Human Anatomy of the University of Murcia (GINDAH)
designed a blog as a didactic resource, which mainly uses videos of different sports
(https:/ffunctionalanatomysite.wordpress.com/). Students first became familiar with the blog tasks in the
classroom, highlighting the learning possibilities and benefits. These resources were used both in face-to-
face classes and autonomously by the student at home. This lets students evaluate the understanding of the
Functional Anatomy subject's contents by applying them to the sport of climbing in a more real and
didactic context.

How the students could evaluate themselves through the blog was the visualization of video and
selected static images. The video was deliberately stopped for a few seconds at some key moment of the
technical-sports action. At this time, a question was asked concerning the anatomical movements and the
joint complexes involved during the execution of the action by the climber. Finally, the contents acquired
by the students were evaluated through a multiple-choice theoretical exam.
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Figure 1.

Climbing image included in the final exam of Functional Anatomy (Source: Extracted from blog
https://functionalanatomysite.wordpress.com/).

Statistics Analysis

After coding and tabulating the data, a descriptive analysis of the frequencies was carried out,
which has been selected for its orientation in the sociological field and has enabled the implementation of
the present study's statistical technique. Statistical analysis was performed with SPSS (Statistical Package
for Social Sciences, v. 20.0, for Windows; SPSS Inc, Chicago).

Results

Percentage of right and wrong answers

In questions 1 and 3 a higher percentage of right answers was observed (61.3% and 64.2%,
respectively), while in questions 2, 4 and 5, the percentage of errors was higher (67.0%, 79.2% and 69.5%,
respectively), as described in Figure 2.
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Figure 2.
Percentage of right and wrong answers in the exam.
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Answers from question 1

As shown in Figure 3, 61.3% of students chose the right answer B: “The latissimus dorsi muscle
allows retroversion of the shoulder”, while a 21.7% chose option C: “The lower portion of the trapezius
muscle is the adductor of the arm”, 9.4% chose option A: “The supraspinatus muscle participates in the
observed rotation”, and 6.6.% chose option D: “The trapezoid ligament stabilizes the sterno-costo-
clavicular joint”

Figure 3.
Selected answers from question 1.
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In question 2, 38.7% of students chose the wrong option A: Extensor carpi radialis longus. The
right answer was C: Flexor digitorum profundus, and it was selected by 33.0% of participants. The other
14.2% and 13.2% chose B: Palmaris longus and D: Flexor digitorum profundus, respectively, as can be
observed in Figure 4
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Figure 4.
Selected answers from question 2.
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In question 3 most of students (64.2%) chose the right option A: The adductor minimus muscle
favors the position observed, followed by option C: The quadriceps femoris muscle favors the observed
position (17.9%), while only a small number of students answered D: The popliteus acts in opposition to
the position observed (9.4%) and B: The gluteus maximus muscle favors the position observed (8.5%)
(Figure 5)

Figure 5.
Selected answers from question 3.
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Answers from question 4

In question 4, only 20.8% of subjects chose the right option A: The inferior gemellus muscle acts
in opposition to the rotation observed at the hip. 48.1% chose wrongly the option B: The
semimembranosus muscle favors the position observed in the hip. 24.5% chose option D: The pectineus
muscle opposes the position observed at the hip, and 5.7% chose option C The gluteus minimus muscle
favors the position observed at the hip (Figure 6)
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Figure 6.
Selected answers from question 4.
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Answers from question 5

Figure 7 shows the results from question 5. 32.1% of students chose option A: Lumbricals muscles
are located in a deep plane, 30.2% chose option C: The extensor digitorum brevis extends the proximal
phalanges, 29.2% chose option D: The flexor hallucis brevis lies in a superficial plane, and 8.5% chose
option B: The abductor digiti minimi muscle lies in a deep plane.
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Figure 7.
Selected answers from question 5.
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Discussion

Only a few studies directly relate the learning of the anatomy of the locomotor system with the
analysis of movement during a practice of a sport. One of the current challenges of The European Higher
Education Area (EHEA) in university education is to ensure that the knowledge acquired by the university
students has an immediate application in the workplace. Aiming at improving anatomy learning, we have
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developed digital resources to facilitate the acquisition of knowledge by the students. Thus, the aim of the
present study was to analyze the knowledge of the anatomy of the locomotor system achieved by students
from the Physical Activity and Sport Science degree during execution of climbing movement, using for
learning videos and static images posted in the blog of the subject.

In the questions 1 and 3 of the multiple-choice test, a high percentage of correct answers was
obtained (61.3% and 64.2%, respectively) comparing with the wrong answers. These results indicate that
this type of anatomical concepts imply a low level of difficulty for the students. A similar project developed
by the University of Granada (https://www.ugr.es/~dlcruz/) raises the needed of transversality among the
different disciplines (anatomy, volleyball and football), whose scientific and didactic contexts seem to be
separate. This project is based in the publication of anatomical content in the website. In contrast to this
theoretical approach, our methodology targets the understanding of the locomotor system in motion, as the
different activities, carried out using videos and images, are fully developed in real sports contexts.

On the other hand, a lower percentage of correct answers was achieved in questions 2, 4 and 5.
Regarding question 2, the option to choose implied a high level of knowledge, being within the group of
the 15% of most complex questions, implying on the part of the student having or not having knowledge
about the specific action that these muscles exert on the elbow when their predominant function in any of
them is on the carpus or phalanges. Questions 4 and 5 also needed a high level of knowledge and moreover,
the ability to think indirectly about the anatomical concepts, since they asked about the incorrectness
around functions that are not often highlighted with respect to these muscles. Both questions were also
part of the 15% high-difficulty questions, which usually have a success rate lower than the obtained here.
Therefore, the lower rate of correct answers might be due to the complexity of the concept evaluated.
Furthermore, these data suggest that students find more difficult to apply these concepts and thus failing
more in the answers. This point is currently being addressed by our group with the design of 5 different
levels of complexity of anatomical concepts that will be evaluated using the same strategy. In this way, it
will be possible to assess the degree of learning reached in each level of complexity and students will also
gain skills to apply the theoretical concepts more successfully.

Due to the reduced number of studies analyzing the application of the information and
communication technologies in functional anatomy teaching in relation to sports, it is needed to discuss
the present results with other strategies for teaching anatomy in degrees different than Physical Activity
and Sport Science. The results observed here are similar than those found by Fonseca and Fonseca (2010)
in the field of pathological anatomy. They applied a teaching methodology based on making diagnosis by
the observation of different images, and according to the authors, it was novelty and aroused great interest
among the students. Also, in the field of pathological anatomy, it was confirmed that the use of digital
pedagogical tools such as virtual microscopy can effectively replace traditional methods for learning
pathology (Alds et al., 2015). Otherwise, in the field of the study of the anatomy of the placenta, other
authors have concluded that blog allow teachers to have a more individualized model focus on the students
(Prieto, Smok, & Rojas, 2011).

Interestingly, other studies have investigated about the use of the iBook as a didactic tool for the
study of anatomy in Secondary Education and they reported high levels of satisfaction among the students
with this innovative material. However, they keep teaching traditional theoretical contents without
practical applications to the teaching of anatomy on sports contexts, a point that our proposal would
contribute to promote (Baena-Extremera & Granero-Gallegos, 2013b). Also, in the area of Compulsory
Education, authors such as Molina, Castillo, Rodriguez and Diaz (2010) have highlighted that learning
anatomy applied to Physical Education is more efficient and lasts longer when it has a practical perspective
comparing with purely theoretical contents. Our proposal implies the application of the anatomical
theoretical contents of the locomotor system in a real context, for a better functional understanding of a
sporting activity.

Conclusions

The digital material developed by The Teaching Innovation Group in Human Anatomy of the
University of Murcia (GINDAH) is a novel and interesting tool for learning anatomy in a sporting and
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natural context. This methodology is founded on a holistic understanding of the anatomy, allowing
students to understand the functional interpretation during climbing execution of descriptive anatomical
concepts. It is a novel and innovative teaching model that should continue to be developed in the future
creating more didactic contents and optimizing the current material. This way, we encourage anatomists
and institutions to prepare high quality material available online for the students (Raikos & Waidyasekara,
2014).

Being aware of some constraints of the present work, it would be interesting for future works to
analyze the psychological profiles, the motivation of the students (Bafios, Barretos-Ruvalcaba, & Baena-
Extremera, 2019; Martinez-de-Ojeda, Méndez-Giménez, Gutiérrez-Sanchez-Osorio, & Lopez-Delgado,
2020; Moreno, Zomefio, Marin, Ruiz, & Cervell6, 2013) and the academic performance (Fernandez, 2004)
associated to the use of these methodologies.
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