
education 
sciences

Article

University Students’ Experiences of the Use of Mlearning as a
Training Resource for the Acquisition of
Biomechanical Knowledge

Ignacio López-Moranchel 1,2, Evelia Franco 1,* , Belén Urosa 1 , Patricia Maurelos-Castell 3, Esther Martín-Íñigo 1

and Victoria Montes 1

����������
�������

Citation: López-Moranchel, I.;

Franco, E.; Urosa, B.;

Maurelos-Castell, P.; Martín-Íñigo, E.;

Montes, V. University Students’

Experiences of the Use of Mlearning

as a Training Resource for the

Acquisition of Biomechanical

Knowledge. Educ. Sci. 2021, 11, 479.

https://doi.org/10.3390/

educsci11090479

Academic Editor: Mike Joy

Received: 1 August 2021

Accepted: 24 August 2021

Published: 30 August 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Faculty of Human and Social Sciences, Universidad Pontificia Comillas, 28049 Madrid, Spain;
ilmoranchel@comillas.edu or ignacio.lopez@uclm.es (I.L.-M.); burosa@comillas.edu (B.U.);
memartin@comillas.edu (E.M.-Í.); vmontes@comillas.edu (V.M.)

2 GENUD Toledo Research Group, Universidad de Castilla-La Mancha, 45071 Toledo, Spain
3 Hospital Universitario de Fuenlabrada, 28942 Fuenlabrada, Spain; patriciairene.maurelos@salud.madrid.org
* Correspondence: efalvarez@comillas.edu; Tel.: +34-91-734-39-50 (ext. 4437)

Abstract: Mobile learning (mLearning) is now being increasingly used in university education, with
positive impacts on the motivation and predisposition of students when learning. The aim of this
study was to evaluate the impact of the use of mobile applications as a learning resource in applied
biomechanics, with regard to attitudinal variables (interest, motivation, applicability and learning
experience) and its efficacy in the learning of general physics contents. A quasi-experimental design
was proposed, with the random assignment of participants to experimental and control groups, with
the post-trial measurement of a sample of 76 university students studying Applied Biomechanics,
who were given an ad-hoc questionnaire in order to evaluate attitudinal aspects, as well as a test
of knowledge. With regard to attitudinal aspects, higher scores were observed among the group
which used the applications as learning instruments (the experimental group) when evaluating their
interest in biomechanics (t = 2.79; p < 0.05; d = −0.641), the applicability of the applications in real
life (t = 7.34; p < 0.001; d = −1.687) and the general evaluation of the practical sessions (t = 6.45;
p < 0.001; d = −1.481). At the conceptual level, significant differences were observed in the contents
worked on with the KinematicLab Jump© application. Our results show the positive effect of the use
of applications on important attitudinal aspects in the learning of university students, without any
relevant effect on the acquisition of conceptual learning.

Keywords: biomechanics; learning; mobile applications; motivation; sports sciences

1. Introduction

A considerable portion of education research in recent years has focussed, not only on
identifying the most effective actions and situations to generate and consolidate learning,
but also on what it is that incites the desire to learn. Different works have affirmed that
motivation is a key factor in promoting learning, showing a positive correlation with
academic performance, cognitive engagement and the learning experience itself [1–3].
Dweck and Leggett [4,5] suggested that motivation should be oriented towards certain
competency or learning goals which permit the acquisition of new skills and mastery of
the subject, suggesting that the achievement of those goals would require the use of active
strategies which lead to profound, transferable learning and which make it possible to
tackle new challenges, giving applicability to that learning [6,7]. That affirmation coincides
with the image of university students put forward by the regulatory bodies of tertiary
education: active participants in the learning process, who seek to enrich their perceptions
through practical experiences inside and outside the classroom [8].

In recent years, different innovative pedagogical approaches have arisen in order to
tackle the problems related to the academic performance and motivation of students, some
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of them based on the potential of games to redesign teaching–learning methodologies and
processes (for example, gamification). In other cases, approaches have been promoted
which take advantage of the development of information and communication technologies
(ICTs), as well as the availability of internet connections. Along these lines, an increasing
number of teachers make use of mobile technologies in their classes or outside them, placing
them at the service of learning with multiple approaches within what is known as mobile
learning (mobile learning), a resource which uses mobile communication technologies and
offers students the ability to learn at any place and at any time. That definition is based on
the proposal by O’Malley [9], which defines mLearning as: Any sort of learning that happens
when the learner is not at a fixed, predetermined location, or learning that happens when the learner
takes advantage of the learning opportunities offered by mobile technologies.

A number of concepts or trends related to mLearning have appeared, which are
being promoted by different official bodies, such as BYOD (Bring Your Own Device),
which proposes allowing students to use their own devices in classes, thereby achieving
significant cost savings for those institutions, as well as saving time due to familiarity with
the device [10]. The study of mLearning as a phenomenon is complex due to the need to
analyse its many different contexts, social interactions, interactions of contents and the
type of information, as well as their synergies [11,12], and therefore the authors frequently
direct their research proposals towards the study of its conceptual bases [13], analysis of
the theoretical frameworks and specific pedagogical designs [14–16], or the evaluation
of conceptual understanding and analysis of the potentialities of mLearning with regard
to learning [17–23].

MLearning is increasingly being used by teachers and students in health sciences at
the advanced level, demonstrating efficacies which are equal to or greater than traditional
methods, though, as some authors indicate, further research is necessary in order to assess
its value [24,25]. However, in the context of advanced and university education in general,
the evidence is rather scarce. Foreign languages are the subjects that have most frequently
adopted mLearning [26,27], and there have also been initiatives specifically aimed at the
use of mobile applications in the sphere of sciences [28] and specific subjects such as
mathematics or chemistry [29,30]. In recent years, as the number of sensors incorporated
into smartphones has increased, making it possible to use those devices as experimental
tools, there have been multiple proposals for the use of telephones in some areas of physics,
such as mechanics [31–35], optics [36], electromagnetism or radioactivity [37,38], to the
extent that, in 2012, the official publication of the American Association of Physics Teachers
(AAPT) incorporated a specific section on the experimental resources provided by mobile
telephones. Other spaces for scientific exchange and communication, such as the blog
of the British Journal of Sports Medicine (https://blogs.bmj.com/bjsm/ (accessed on 14
July 2021)) have also included sections for the presentation of mobile applications for
use in the context of sports sciences. In that regard, some studies suggest that the use of
mobile applications in the educational context makes a positive contribution to students’
motivation, interest, curiosity about the contents and collaboration [39,40], but there is a
lack of quasi-experimental studies in specific spheres of knowledge.

Physical activity and sports sciences have also taken advantage of recent advances
in the technology incorporated into smartphones and other portable devices, such as
tablets or smart watches, which make it possible to measure a multitude of movement
parameters. The vast majority of mobile telephones have a series of integrated sensors
and functions: camera (or several cameras), chronometer, calculator, GPS, accelerometer,
gyroscope, magnetometer, etc., which can be used as tools to measure and record data
(text, audio, video, position, speed, etc.) that, moreover, can be exported or shared on
the internet.

Research into kinetic or kinematic parameters based on the analysis of movement
through video or photography is a resource that has frequently been used since the 1980s
within the so-called Video-Based Laboratory, VBL [41], whose complexity has increased in
line with the progress in technology (capture frequencies, editing possibilities, annotation,
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adjustment to human models, measurement, tracking of points, exporting files, etc.).
The educational use of those laboratory videos has traditionally required the use, at
least, of a camera and a laptop computer with software which makes analysis possible.
Biomechanics, which studies biological systems using methods of mechanics, has made use
of these movement analysis tools with the aim of achieving improvements in execution and
performance techniques [42]. The incorporation of high-speed cameras into Smartphones
and the need for low-cost functional evaluation tools (truly portable), together with the
interest in Velocity-based Resistance Training (VBRT), have fostered the development of
mobile applications which are useful to analyse kinematic training control variables [43–45]
which permit video analysis via the mobile phone and the obtainment of training data
from virtually any device and by any user.

Though there is evidence of the potential effects that these approaches may have
on students’ motivation, there are not so many studies that have analysed the effect of
interventions based on these types of approaches on students’ learning [46,47], and even
fewer in the specific area of applied biomechanics. Therefore, experimental work to verify
how those methodological approaches affect learning would be particularly relevant, given
that the results of previous works have not proven to be entirely conclusive [48].

Some experiences prior to our study made us hypothesize about the possibility that our
intervention through the use of mobile applications on learning caused positive changes,
both at a conceptual and an attitudinal level, that we were not able to quantify; the
need to verify the magnitude of this change, in addition to the absence of studies in the
biomechanical context, were decisive elements in setting our objectives.

The aim of the present work is thus to evaluate the impact of the use of a series of
mobile applications (five applications for mobile phones, together called KinematicLab) as
a learning resource in biomechanics applied to physical activity, on a series of attitudinal
variables (interest, motivation, applicability and learning experience). Secondly, the effect
of these applications on students’ learning of general conceptual contents about mechanical
physics is also evaluated.

2. Materials and Methods
2.1. Participants

The sample of this study was composed of 76 students (79% male, 21% female),
between the ages of 17 and 41 (M = 19.36; SD = 2.915), studying in the field of Biomechanics
Applied to Physical Activity and Sport, who were in the second year of a Bachelor’s Degree
in Physical Activity and Sports Sciences at two Spanish universities. Twenty one percent of
the participants belonged to Universidad Pontificia Comillas, and 79% to the Universidad
de Castilla-La Mancha. Around 37% of the participants accessed university from the Health
Sciences Baccalaureate, nearly 33% from the Social Sciences Baccalaureate, around 13%
from advanced studies in physical sports activities (TAFAD) and the remaining 17% from
combinations of TAFAD with a subsequent Baccalaureate. Likewise, 23.7% of the sample
had not studied Physics since the third year of obligatory secondary education, the last
year in which that subject was mandatory, 3.6% since the 4th year of secondary education
and 26.3% since the 1st year of the Baccalaureate, and only 17.1% had chosen it in the 2nd
year of the Baccalaureate.

2.2. Instruments

Attitudinal variables. An ad-hoc questionnaire was designed, composed of four
questions, each one focussing on a specific aspect of interest in our research. Interest
in biomechanics was assessed through the question “To what extent have the practical
sessions contributed to increasing your interest in biomechanics?”. Motivation with regard
to the training activities was assessed by means of the question “What score would you
give to the resolution of the activities of the practical sessions?”. The applicability of the
content of the training activity for professional life was evaluated by means of the question
“To what extent do you think the practical sessions correspond to situations which are
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applicable in real professional life?”. Finally, in order to assess their general satisfaction
with the learning experience, they were asked “How would you evaluate your learning
experience, in general, during the practical exercises?”. These four questions were selected
on the basis of actual concerns of the research team. The teacher who implemented the
intervention had a large trajectory in the teaching of biomechanics and, according to his
experience, undergraduate students often exhibited low levels of motivation or interest
towards biomechanics. Thus, questions 1, 2 and 4 specifically aimed to address whether the
proposed approach could have a positive effect on these outcomes. Furthermore, previous
feedback given by undergraduate students belonging to the universities participating in the
study had suggested that some training activities performed during the degree were not
significant and applicable to their future professional settings. Question 3 was formulated
to gain a better understanding of how the activities proposed in the experimental group
were perceived by students as applicable in real professional life. All of those questions
were answered on a Likert scale from 0 to 10.

The learning variables regarding the physics-related contents of the biomechanics
course consisted of an objective test composed of 73 multiple choice questions with four
options and only one correct answer. The questions were distributed across 28 dimensions
corresponding to the different knowledge contents worked on with each one of the Kine-
maticLab applications: Gonio 7 dimensions, Mov 5, Jump 6, Ball 6 and Susp 4, each one of
which was represented by between one and four questions (see Table 1).

Table 1. Relation between the different applications, the parameters.

App Parameter Measured by the App Contents (Dimensions of Knowledge Developed with Each App)

KinematicLab Gonio © Angles

- Types of general movement
- Types of joint movement
- Axes and planes of movement
- Centre of mass and range of joint movement
- Angular measurement instruments
- Concepts of degree and radian
- Mechanical levers

KinematicLab Mov © Angular velocity

- Measurement of position and time (rectilinear movement)
- Concept of average and instantaneous velocity
- Importance of the frequency of sampling
- Concept of acceleration and units of measurement
- Concept of Moment of a force

KinematicLab Jump © Height of a jump

- Jump test
- Vertical movement in gravitational field
- Newton’s 2nd Law
- Dependency between the height and the speed of take-off
- Measurement error and importance in measurement
- Tools for evaluation of the vertical jump

KinematicLab Ball © Reach of a throw

- Horizontal and parabolic throw. Equations
- Straight-line, uniformly-accelerated movement
- Components of a force (dynamic)
- Importance of the angle and height of the throw
- Concept of Power
- Anatomical proportionality

KinematicLab Susp © Forces

- Conditions of equilibrium (Forces and Moments)
- Frictional forces
- Components of a force (static)
- Centre of mass and distribution of the body mass

2.3. Design and Procedure

A quasi-experimental research design was formulated, with random assignment of
the participants to the experimental and control groups and post-trial measurement (see
Figure 1). It was decided to not take a pre-trial measurement of the variables in order to
avoid the effects of reduction of internal validity caused by it.



Educ. Sci. 2021, 11, 479 5 of 12Educ. Sci. 2021, 11, x FOR PEER REVIEW 6 of 13 
 

 
Figure 1. Design of the study. 

2.4. Description of the Intervention and the Kinematiclab Project 
KinematicLab is a series of five mobile applications (KinematicLab gonio ©,  

KinematicLab jump ©, KinematicLab Mov ©, KinematicLab Susp © and KinematicLab 
Ball ©), available free-of-charge for the IOS and Android operating systems, which make 
it possible to measure kinematic and kinetic parameters and which can be used as tools 
for the evaluation of physical parameters in biomechanics. Henceforth, the allusions to 
mobile applications in this study will refer to the applications of the KinematicLab project, 
unless otherwise specified. 

The KinematicLab mobile applications make it possible to undertake a series of kin-
ematic and kinetic measurements, and they provide results from the video recording of a 
gesture or movement, on which the operator of the mobile application carries out certain 
actions, such as the marking of positions or the selection of certain moments in the execu-
tion of the movement; those data are used by the algorithms of the mobile applications in 
order to calculate the parameters of interest in each one of them [49]. Table 1 sums up the 
main parameters which each mobile application measures and the knowledge contents 
(dimensions) related to it. 

The intervention was carried out through a series of theoretical-practical sessions on 
our study group over the course of ten weeks between October and December, 2020, fol-
lowing the design shown in Figure 2. 

Figure 1. Design of the study.

The participants were assigned randomly in order to ensure the equivalence of the
two groups, 40 students in each one. However, in the end, the control group was composed
of 40 students, 52.6% of the sample, while the experimental group consisted of 36 students,
47.4%, because four of the participants did not fulfil the evaluation criterion of attendance
at 80% of the practical sessions. The relevant permissions and consents were obtained
in accordance with the indications of the ethical principles and codes of conduct of the
American Psychological Association (2002) and, both before the start of the intervention
and after its completion, an external collaborator trained to that end administered the
questionnaire previously described in the Instruments section.

2.4. Description of the Intervention and the Kinematiclab Project

KinematicLab is a series of five mobile applications (KinematicLab gonio ©, Kine-
maticLab jump ©, KinematicLab Mov ©, KinematicLab Susp © and KinematicLab Ball ©),
available free-of-charge for the IOS and Android operating systems, which make it possi-
ble to measure kinematic and kinetic parameters and which can be used as tools for the
evaluation of physical parameters in biomechanics. Henceforth, the allusions to mobile
applications in this study will refer to the applications of the KinematicLab project, unless
otherwise specified.

The KinematicLab mobile applications make it possible to undertake a series of
kinematic and kinetic measurements, and they provide results from the video recording
of a gesture or movement, on which the operator of the mobile application carries out
certain actions, such as the marking of positions or the selection of certain moments in the
execution of the movement; those data are used by the algorithms of the mobile applications
in order to calculate the parameters of interest in each one of them [49]. Table 1 sums up
the main parameters which each mobile application measures and the knowledge contents
(dimensions) related to it.

The intervention was carried out through a series of theoretical-practical sessions
on our study group over the course of ten weeks between October and December, 2020,
following the design shown in Figure 2.
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Figure 2. Design of the intervention (Note: Cont.: control group; Exp.: experimental group; Conv. Practice: conventional
practice; KL: corresponding application of KinematicLab).

During the intervention, both groups (experimental and control) received two biome-
chanics classes each week: a theoretical session given to the entire group at the same
time; and a different practical session for each group depending on whether they had
been assigned to the experimental or control group. Both types of sessions, theoretical
and practical, lasted 60 min and were given by the same teacher. The groups remained
unchanged throughout the study. The students assigned to the control group spent the
practical sessions resolving problems with traditional or conventional instruments and
materials (spheres, inclined planes, axes, etc.) and based on the viewing of videos, whereas
the students assigned to the experimental group spent the practical sessions taking mea-
surements of body gestures or movements using apps and reproducing the development
of the calculation algorithms of them on their laptop computers. Each one of the mobile ap-
plications was assigned a given number of practical sessions depending on the complexity
of the contents (or dimensions) and the needs to do them.

2.5. Analysis of Data

First of all, the statistical descriptions of interest were calculated, and a correlational
study between them was carried out (Table 2). Then, after having verified the normal
distribution of the sample in the study variables by means of the Kolmogorov–Smirnov
test (p < 0.05), a T test was carried out for independent samples in order to see whether
there were any significant differences between the groups after the intervention. All the
analyses were carried out using the SPSS 20.0 software.
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Table 2. Means (M), standard deviations (SD) and correlations between the attitudinal and learning variables.

Variables M SD 1 2 3 4 5 6 7 8 9 10

Attitudinal

1. Interest 7.64 1.27 1
2. Motivation 7.88 1.37 0.712 ** 1

3. Applicability 7.93 1.45 0.582 ** 0.523 ** 1
4. General Ev. 7.68 1.12 0.770 ** 0.654 ** 0.612 ** 1

Learning

5. Test score 6.40 1.09 0.111 0.109 0.157 0.126 1

Average scores of each App

6. KL Gonio 0.72 0.12 −0.088 −0.099 −0.160 −0.070 0.591 ** 1
7. KL Mov 0.72 0.12 −0.040 −0.041 −0.045 −0.092 0.769 ** 0.733 ** 1
8. KL Jump 0.75 0.13 0.168 0.216 0.384 ** 0.251 * 0.754 ** 0.329 ** 0.452 ** 1
9. KL Ball 0.71 0.07 0.049 0.222 −0.041 −0.013 0.568 ** 0.306 ** 0.405 ** 0.241 * 1

10. KL Susp 0.78 0.11 0.069 0.037 0.031 0.058 0.823 ** 0.540 ** 0.641 ** 0.512 ** 0.383 ** 1

Note: Ev. = Evaluation; KL = KinematicLab; ** The correlation is significant in level 0.01 (bilateral); * The correlation is significant in level 0.05 (bilateral).
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3. Results
3.1. Statistical Descriptions

An analysis was undertaken of the statistical descriptions of the study variables, both
attitudinal and of learning, whose results are shown in Table 2.

Likewise, when analysing the relations between the different variables (Table 2), it
was observed that Actas de INTCESS 2020-7th International Conference on Education
and Social Sciences there were significant correlations between the series of attitudinal
variables and also between the series of learning variables, but not between the two series,
with the exception of the contents worked on using the KinematicLab Jump© application,
which positively correlated with the attitudinal variables: applicability for professional life
(r = 0.39 **) and general evaluation of the learning experience (r = 0.25 *).

3.2. Differences in Attitudinal Variables

Subsequently, mean comparisons were undertaken through a series of T tests for
independent samples, in order to analyse possible differences between the control group
and the experimental group in the attitudinal variables of interest. As can be seen in
Table 3, the scores of the experimental group were higher in interest in biomechanics
(t = 2.79; p < 0.05; d = −0.641), in the positive evaluation of the applicability of the mobile
applications in real professional life (t = 7.34; p < 0.001; d = −1.687) and in the general evaluation
of the practical sessions through the use of the applications (t = 6.45; p < 0.001; d = −1.481).

Table 3. Differences in means between the control group and the experimental group with regard to
the attitudinal variables.

Control
n = 40

Experimental
n = 36 t Sig d

M SD M SD

Interest 7.28 1.24 8.06 1.19 2.79 0.007 −0.641
Motivation 7.60 1.37 8.19 1.31 1.93 0.058 −0.443

Applicability 7.05 1.28 8.92 0.87 7.34 0.000 −1.687
General Ev. 7.05 0.90 8.39 0.90 6.45 0.000 −1.481

Note: KL = KinematicLab. p < 0.05.

3.3. Differences in Learning Variables

In contrast, as shown in Table 4, the result of the student T test to compare the control
and experimental groups in the general learning variable (total score of the test), revealed
that there were no differences between the two groups (t = 1.75; p = 0.84; d = −0.40).

Table 4. Differences in means between the control group and the experimental group with regard to
learning variables.

Control
n = 40

Experimental
n = 36 t Sig d

M SD M SD

Test score 6.19 0.85 6.63 1.28 1.75 0.084 −0.403
App Contents

KL Gonio 0.73 0.11 0.70 0.13 −0.93 0.358 0.213
KL Mov 0.72 0.11 0.71 0.14 −0.61 0.546 0.139
KL Jump 0.70 0.10 0.80 0.13 3.92 0.000 −0.899
KL Ball 0.72 0.06 0.71 0.08 −1.02 0.311 0.235
KL Susp 0.77 0.10 0.79 0.13 0.76 0.451 −0.174

Note: KL = KinematicLab. p < 0.05.

However, on analysing those learning results in greater detail, it was observed that there
were significant differences in favour of the experimental group with regard to the contents
worked on with the KinematicLab Jump © application overall (t = 3.92; p < 0.001; d = −0.899).
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4. Discussion

The first aim of this work was to evaluate the impact of the use of the KinematicLab
mobile applications as a learning resource in the subject of biomechanics applied to physical
activity with regard to a series of attitudinal variables (interest, motivation, applicability
and learning experience). Our results showed significant differences in favour of the
experimental group, in terms of both the increase in interest in biomechanics and the
positive evaluation of the applicability of the mobile applications in real professional
life and the general evaluation of the practical sessions using the mobile applications.
Those results are in line with recent works which indicate that mLearning is not a transitory
innovation, but rather a new characteristic of the teaching contexts which is here to stay [50].

It would be interesting to study in greater depth the mechanisms which explain the
success of those proposals, in order to improve the motivation of the students. One of them
could be the motivational incentive of using their own mobile phones in order to access
knowledge [28], an aspect which has been noted for some years now [51].

Previous studies have provided information concerning the importance and benefits
of generating real learning environments; at the same time, researchers have indicated the
need to develop learning tools or mechanisms to help students to learn in authentic and
complex scenarios [52,53]. In that regard, the results of our work would support the use of
collaborative, integrated learning, in which theory and practice are closely interconnected
and interact with each other; in fact, pedagogical proposals of this type are a resource
which is increasingly used in education [54].

The second aim of this work was to verify the efficacy of the use of mobile applications
in the learning of general biomechanics contents related to mechanics. Biomechanics stud-
ies the biological systems using the methods of mechanical physics. Traditionally, applied
biomechanics is used to analyse movement in sports sciences and physiotherapy, and stu-
dents consider it a complex discipline. As it requires kinematic and kinetic measurements,
the learning process involves mastery of concepts of mechanics and practice in the use of
instruments to measure gestures or actions (especially functional or sport-related ones),
so it is beneficial to create educational contexts in which the situation and the instrument
are available to the student in the way which most faithfully represents reality. Likewise,
collaborative methodologies in which the students apply concepts to real situations appear
to contribute positively to the achievement of the proposed learning objectives [55–58]. In
this study, we did not find any significant differences between the experimental group
and the control group in terms of their scores in the final conceptual test. In relation to
that aspect, similar results were found in studies which evaluated the effect of the use of
mobile applications on conceptual cognitive learning [56–58], so the evidence may suggest
that the assimilation of concepts depends on multiple cognitive processes, not just the
experience of using the mobile application. It should be taken into account that, in our case,
the students of the control group received the same theoretical classes as the experimental
group and also did practical sessions in relation to the concepts under study, and therefore
the existence of considerable differences in those aspects would have meant a great effect
of the use of mobile applications on learning.

On the other hand, though it is true that the positive contributions of learning through
technological resources have been well documented in relation to a general educational
context [56,58], they have not been studied so much in more specific contexts, such as
biomechanics, in which we did not find any works prior to this one.

Returning to the results of this work, we did find differences between the control and
experimental groups in the results related to the dimensions worked on with KinematicLab
Jump ©. That mobile application makes it possible to calculate the height and power of
a vertical jump, in a simple way, from the recording of the jump and the selection of the
moments of take-off and landing (frames) in the video. The jump, and more specifically the
counter-movement vertical jump (CMJ), is a parameter of great interest in the evaluation
of the power of the lower limbs, which shows a correlation with other performance
variables [45,59,60], and therefore the students were very interested in measuring it using
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the mobile application, which made it possible to make and measure a large number of
jumps. Likewise, the rapid obtainment of measurements through the mobile application
enabled the students themselves to compare the results obtained, take an interest in the
execution, and thus make more efficient jumps as the sessions progressed. Finally, in the
three practical sessions, the students in the experimental group were able to reproduce the
calculation algorithm used by the mobile application, understanding the importance of
each one of the conceptual variables which determine the height of a vertical jump. Those
observations enable us to hypothesise that a simple measurement tool (in this case, the
mobile application) can act as an incentive for more active and intense participation by the
students, which positively impacts the acquisition of the concepts to be learnt.

This work has certain limitations which should be pointed out. First of all, the
research sample was limited in number (n = 76), and therefore we recommend caution in
the interpretation of the findings of the work. It would be interesting for future studies
to consider how learning proposals based on the use of mobile applications influence the
learning of university students of Physical Activity and Sports Sciences with larger samples.
Likewise, the attitudinal variables were evaluated by means of an ad-hoc questionnaire
which, though it was clear and easy to apply, provided limited information about the
motivational aspects of the participants. It would be interesting to investigate, in future
research projects, whether experiences of this kind affect different motivational aspects in
different ways (intrinsic motivation, extrinsic motivation or demotivation), using validated
instruments to measure those constructs.

5. Conclusions

In summary, this work reveals the positive effect of the use of mobile applications on
important attitudinal aspects of university students in the learning of applied biomechanics.
In addition, it should be noted that the learning achieved is not affected compared to
traditional teaching methods.

Though the experiment using mobile applications does not appear to have led to
substantial improvements in conceptual learning, the improvement in students’ attitudes
towards those contents is positive, and the greater interest shown by the students in the
experimental group could favour future autonomous initiatives aimed at more in-depth
learning of those contents.

In the same way, it should be noted that, in this study, free applications were used,
which are readily-available to both teachers and students who want to make use of them.
The results of this work therefore reinforce the potential of mobile applications as a useful
teaching resource in university education.
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