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Self-directed learning using computer simulations to study
veterinary physiology: Comparing individual and
collaborative learning approaches

Rebeca Lopez-Ubeda'> | Francisco A. Garcia-Vazquez'>

Abstract

Background: Advances in technology enable new educational resources
geared towards situated learning and leading students to a more active edu-
cation. Self-directed learning methodologies used along with simulators may
represent a good alternative to traditional teaching methods. The aims of
this study were to analyse veterinary students’ degree of acceptance of self-
directed learning using the PhysioEx simulator in physiology, and to evalu-
ate self-directed learning outcomes using different approaches (individual vs.
collaborative).

Methods: The study was carried out over three academic years. Students con-
ducted different activities on the PhysioEx simulator, either in an individual
or cooperative mode. Once the activities were finished, students voluntarily
participated in an opinion survey regarding self-directed learning methodol-
ogy. Finally, an evaluation of learning outcomes was made through Kahoot!.
Results: Students expressed a high degree of satisfaction with this self-
directed learning method, with the combination of self-directed learning and
gamification being scored the highest. Although students prefer the collabo-
rative method, no differences in learning outcomes were found between the
two learning approaches.

Conclusion: The self-directed learning method in combination with gamifi-
cation increased the motivation of students, who obtained suitable learning
outcomes regardless of whether an individual or collaborative approach was
followed.
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INTRODUCTION

cators are tasked with developing and incorporating
innovative educational materials and adopting more
modern techniques that enhance traditional lectures.”
Active learning has been seen to increase examination

Traditional teaching strategies, whereby the teacher
leads the education of students, may have some lim-

itations on learning because their passivity provides
no opportunity for students to take the initiative to
think and develop problem-solving skills." > The role of
the lecturer in the 21st century is not merely to trans-
fer information, but rather to facilitate the develop-
ment of students’ ability to apply basic knowledge and
gain higher levels of understanding.® In this context,
educational institutions must implement new strate-
gies in their active teaching-learning methods, based
on acquiring knowledge and developing abilities and
skills, to prepare students for a professional career
and to be competitive in the labour market.* Edu-

performance, further supporting the adoption of this
teaching practice in the regular classroom.°

In some degree courses, such as veterinary edu-
cation, it is necessary to complement the theoretical
lessons with practical sessions, many of which require
the use of live animals as a working tool. However,
European society increasingly rejects the indiscrimi-
nate and/or unjustified use of animals, and legisla-
tion restricts the use of laboratory animals for teach-
ing and for research purposes (Directive 2010/63/EU).
The need to replace or reduce the use of animals has
led to the implementation of pedagogical innovations,
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which involves the creation of scenarios conducive
to critical and reflective analysis in given situations.
Such intentions help explain the gradual increasing
trend of using computer simulations.”"'> Computer
simulation is considered as an effective method for
imparting different skills,'® since such learning allows
the transfer of the real situation to prepared and pre-
dictable scenarios in a safe environment without risk.
Simulators are commonly used to motivate students,
enhance their understanding of complex topics, and
foster critical and problem-solving skills.'*'° Likewise,
they provide the opportunity of training to repeat-
edly, increasing student autonomy by means of virtual
environments.

The success of interactive teaching depends, among
others, on communication between the teacher and
students, on communication among the students in
the form of collaborative learning,3 and also on self-
directed learning.>'® Such self-directed learning is a
process that requires learners to explore their learn-
ing needs, frame learning goals, identify learning
resources, use relevant learning strategies, and to eval-
uate learning outcomes and interactions of learners
with each other.!”’!® In this scenario, there are two
possible strategies in the self-directed learning pro-
cess. In the first approach, the learner studies in an
individual manner. In this respect, several studies
emphasise that students may benefit from the ver-
satility and command that this model gives, since it
allows them to choose their learning objectives and
make autonomous decisions.!? However, individual
study may lead to reduce motivation or frustration at
having to focus attention during learning.'? Despite
this, many students choose individual over collabo-
rative study because of the emergence of ‘free rid-
ers’ or interpersonal confrontations'®>?%?! that hinder
learning. The other approach is collaborative learning,
which is based on the interaction between individuals
to achieve a common objective. In this system, each
member’s knowledge and skills are transferred to the
other members through discussion and negotiation,”
which, among other advantages, allows students to
correct their misconceptions.® Exposure to different
perspectives and backgrounds results in a greater
quantity and quality of group idea generation®” and
promotes critical thinking. This collaborative model
mimics the real-life interactions needed in health
care.”® Of course, collaborative learning is not a cure-
all, and its effectiveness may depend on the type of
learners, the task, the interactions with the learners
and the environments.”*

In this context, the change from traditional lec-
tures to more interactive teaching activity, such as
self-directed learning using a computer simulator,
has to be addressed to allow the teacher to ascertain
the best learning process. For this reason, the main
objective of the present study was to analyse and
interpret the application of a self-directed learning
strategy as best practice in veterinary physiology
using a computer simulator (PhysioEx). Two specific
aims were: (1) to determine student perceptions of a

self-directed learning strategy through a seven-point
survey, and (2) to assess individual versus collabora-
tive self-directed learning by analysing the time per
activity and learning outcomes through gamifica-
tion (defined as the ‘use of game design elements in
non-game contexts including education’).?>?” This
gamification activity was performed through Kahoot!
application.

METHODS
Academic setting

The study was undertaken at the University of
Murcia, a public university in the south east of
Spain. Specifically, the study was performed in the
subject of ‘Veterinary Physiology I', which is taught
during the second semester of the first year of the
veterinary medicine degree. It is composed of five dif-
ferent sections: body fluids and homeostasis, and the
cardiovascular, respiratory, urinary and digestive
physiology systems. Associated with lecture-based
theoretical sessions, there are 10 hands-on practical
sessions. Each of the practical sessions lasted 3 hours,
with approximately 20 students per group, who are
assigned in alphabetical order and remain in the same
group throughout the semester.

Self-directed learning in renal physiology
practice using PhysioEx

The self-directed learning activity included in the
present study was carried out during the renal system
section using the PhysioEx 9.0 software. In general
terms, this program contains 12 different exercises
about laboratory simulations in physiology: (1) cell
transport mechanisms and permeability; (2) skele-
tal muscle physiology; (3) neurophysiology of nerve
impulses; (4) endocrine system physiology; (5) car-
diovascular dynamics; (6) cardiovascular physiology;
(7) respiratory system mechanics; (8) chemical and
physical processes of digestion; (9) renal system phys-
iology; (10) acid-basic balance; (11) blood analysis;
and (12) serological testing. Each exercise has dif-
ferent activities (ranging from three to nine) divided
into several sections: (1) overview—a summary of the
main concepts related to the exercise; (2) objectives
of the activity; (3) introduction—theoretical frame-
work; (4) pre-lab quiz—multiple-choice questions
about concepts reviewed in the introduction section;
(5) experiment (Figure 1a); (6) post-lab quiz—
multiple-choice questions about the activities per-
formed during the experiment; (7) review sheet—short
answer questions; and (8) lab report—downloadable
file including the results of pre-lab quiz, experi-
ment, post-lab quiz and review sheet. Specifically,
the present study was performed using exercise
9 of PhysioEx, ‘The simulation of Renal System
Physiology’, which is composed of six activities. This
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FIGURE 1

(a) An example of renal system activity provided by the PhysioEx program. (b and c) Scheme of the experimental design—(b)

experiment 1: a survey of students’ opinions about self-directed learning practices during 2016-2017, 2017-2018 and 2018-2019 academic
years composed of a questionnaire [seven raised questions (Q1-Q7) answered on Likert scales from 1 (strongly disagree) to 5 (strongly
agree)]; (c) experiment 2: students performed PhysioEx activities in an individual versus collaborative manner (top image). After activities,
the students’ learning outcomes were evaluated by a Kahoot! quiz. The bottom image represents an example of a Kahoot! quiz question and

online student response using a mobile device

exercise simulates the function of a single nephron,
including the following topics: factors influencing
glomerular filtration, the effect of hormones on urine
function and glucose transport maximum. During the
development of the practice, the students performed
just four of the six activities included in this exercise:
activity 1 (named (i) in the experimental design) —
the effect of arteriole radius on glomerular filtration;
activity 2 (ii)—the effect of pressure on glomerular
filtration; activity 4 (iii)—solute gradients and their
impact on urine concentration; and activity 6 (iv)—the
effect of hormones on urine formation. The practical
was performed using laptops (computer classroom)
belonging to the Veterinary Faculty The students acted
autonomously during the activities, making their own
decision as regards (experiment repetition, the time
required to understand the activities, etc.). At the end
of each activity, the results were discussed and shared
among all the students under teacher supervision.

Study design

Experiment 1: Opinion survey on
self-directed learning practice

A total of 177 students (2016-2017, N = 64 students;
2017-2018, N = 74; 2018-2019, N = 39) completed
an anonymous and voluntary opinion survey (seven-

point questionnaire) about the self-directed learning
methodology at the end of the corresponding practice
(PhysioEx-Renal System Physiology) (Figure 1a,b). The
questions were answered on a Likert scale ranging
from 1 to 5 (1: strongly disagree; 2: disagree; 3: neither
agree nor disagree; 4: agree; 5: strongly agree). The
survey was performed and completed online through
the University of Murcia application (www.encuestas.
um.es).

Experiment 2: Self-directed learning:
individual versus collaborative

During the practice (academic years 2017-2018 and
2018-2019), the students were divided into two
groups: (1) students working individually, and (2) stu-
dents working in collaboration with another student.
In the first part of the practice, activities (i) and (ii)
were performed by each group of students (working
individually vs. collaboratively); while for activities
(iii) and (iv) (the second part of the practice corre-
sponding to activities 4 and 6 in PhysioEx-Renal Sys-
tem Physiology) students changed roles, those who
had worked individually in the first part now worked
with a partner and vice versa (Figure 1c). The time
required to perform each activity (individually and
collaboratively) was recorded. At the end of each set
of activities (set 1: activities [i] and [ii] and set 2:
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activities [iii] and [iv]) performed through PhysioEx
program, the students were individually evaluated by
means of the mobile application Kahoot!. Kahoot!
is one specific software that promotes the active
learning theories through gamification and could be
utilised in a classroom or remote through the com-
puter or mobile device.? To play Kahoot!, the teacher
enters into the application and gives the students
a pin to access the game. Once all the audience is
connected, the teacher projects the screen on the
classroom and the game can start. In our case, the
evaluation of learning outcomes through Kahoot! con-
sisted of five multiple-choice questions (four possibil-
ities and only one true). The points awarded in each
question depended on the correct answer and speed of
the response (the limit maximum time for each ques-
tion was 30 seconds). The top scores for each question
were revealed to the whole class, and the winners (top
three) were displayed on a scoreboard at the end of the
session.

Statistical analysis

The statistics were performed by the R program (vs.
3.6.2, R Core Team 2019). Data from experiment 1
were compared (academic years) by Kruskal-Wallis
test. For experiment 2, the data (time per activity
and score) were analysed for normality (Shapiro-Wilk
test) and homogeneity of variances (Bartlett test). If
both tests were fulfilled, two-way ANOVA (with type III
square correction) was performed. When homogene-
ity of variances was not accomplished, robust factorial
ANOVA was applied. Differences were considered sta-
tistically significant at p < 0.05.

RESULTS

Experiment 1: Opinion survey on
self-directed learning practice

Student evaluation of this methodology over three aca-
demic years was high, as reflected in the total aver-
age score of 4.19 + 0.86 (mean + SD) on the Lik-
ert scale (Figure 2). Analysis of the results showed Q6
to be the most highly evaluated with a Likert scale
score of 4.71 + 0.58, which reflects good acceptance
of introducing games to strengthen concepts. On the
other hand, the question obtaining the lowest score
(3.90 =+ 1.04) was Q5, which rises to the dynamics fol-
lowed during the practical class. When the scores were
compared according to the different academic years
(Figure 3) no significant differences were observed for
any of the questions (p > 0.05), which means that
scores remained consistent regardless of the academic
year. This same trend, with no inter-annual differences
was also the case for the overall average of the survey,
scores constantly being above 4.00. Most of the nega-
tive opinions (red and orange in the graphs) refer to the
academic year 2017-2018 in the case of most questions

(Q1-Q5). By contrast, positive opinions (dark and light
blue in the graphs) fill the greatest volume of the bars
in all cases, with a minimum of 64.9% for Q1 and Q5
for the academic year 2017-2018 and maximum values
exceeding 96% for Q6 during the 2016-2017 (96.9%)
and 2018-2019 (97.5%) academic years (Figure 3).

Experiment 2: Self-directed learning:
individual versus collaborative

In three of the four activities (75%), the time spent by
the students was greater (p < 0.001) when they worked
with a collaborator than when they worked individ-
ually (Figure 4a). Only in activity (i) was the time to
conclude the experiment similar in both groups. How-
ever, the evaluation of learning outcomes by Kahoot!
pointed to no significant differences (p > 0.05) that
could be attributed to the way (individual vs. collab-
orative) the activities were carried out (Figure 4b).

DISCUSSION

Parallel to advances made in technology, new learning
methods have been implemented at all educational
levels. However, it is in universities where the mod-
els of self-directed learning have really imposed them-
selves in recent years as an adaptation to the fresh
profile of students, who no longer wish to be a mere
spectators in their education. Using a computer sim-
ulator (PhysioEx) for imparting practical lessons the
present study looks at students’ opinions concering
self-learning methodologies, and analyses the results
of the learning evaluation after different approaches
(individual vs. collaborative). The data reported here
indicate that (i) self-directed learning is an appropri-
ate teaching methodology for students, and (ii) this
methodology is particularly beneficial for students’
understanding of concepts whether they work alone or
with a companion.

The results summarise the experience gained over
three consecutive academic years (2016-2017, 2017-
2018 and 2018-2019). In all three academic years, the
students evaluated the self-directed learning practical
lessons involving the PhysioEx simulator as being very
positive, giving an average score of over 4 on the Lik-
ert scale (from 1 to 5). The findings show that students
prefer to increase their knowledge autonomously and
that self-directed learning is better than lectures for
understanding material.”” Moreover, the fact that the
self-directed learning method proposed in this study
can be regarded as technological probably increased
the acceptance of its use by the students. Indeed, some
studies have suggested that familiarity with technol-
ogy and the experience and perceptions that students
have concerning on online learning systems influence
their satisfaction with such approaches.?®3 Modern-
day students have been raised in a digital environ-
ment, which has shaped the way they think, behave
and act,’’ so they have a high degree of self-efficacy of
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Survey questions 1

Likert score

2

3

5

Q1. Self-learing practices were suitable for application in Physiology
Veterinary 1.

Q2. Self-learning practices were an appropriate teaching methodology.

Q3. Implementation of self-learning practices allowed students to learn at
their own pace.

Q4. Doing practical in a team with other students helped to understand
the content.

Q5. The dynamic of practical based on self-learning methodology was
adequate.

Q6. Gamification reinforced concepts during the self-learning methodology.,

Q7.0verall results. Rate your overall view of how well self-learning was

applied in Veterinary Physiology practicals.

Total. Average survey score taking into account all the questions.

1T

FIGURE 2

Opinion survey of the students about self-directed learning practice. Bar graphs show the average score (+SD) obtained on

each question (Q1-Q7) and the total survey score (‘Total’) using all data collected during the three academic years studied (2016-2017,
2017-2018, 2018-2019). A total of seven questions were raised to be answered on a Likert scale ranging from 1 to 5 (1: strongly disagree; 2:

disagree; 3: neither agree nor disagree; 4: agree; 5: strongly agree)
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FIGURE 3

Average score (+SD) on the Likert scale obtained for each question (from Q1 to Q7) and the global survey score divided by

the different academic years studied. No significant differences were found between the academic courses. Different colours inside the same
bar refer to the percentages of the different degrees of satisfaction expressed by the students (red: strongly disagree; orange: disagree; green:

neither agree nor disagree; light blue: agree; dark blue: strongly agree)

technology, and a high perception of its usefulness and
ease of use,®' which affects the acceptance of tech-
nology by users.*” The literature in general supports
that a higher level of experience with new technolo-
gies is linked to a greater preference for these learning
environments.>3%°

After this study, we have been able to verify that
implementing a mandatory mini test at the end
of each laboratory class (gamification) reinforced
autonomous learning by generating a sense of compe-
tition and collaboration, but also improved students’
motivation, as reflected in the surveys, which gave the
highest score (4.71 points) to the question addressing

this point (Q6). This shows that the continuous assess-
ment of knowledge encourages students to focus more
during study session thus improving the teaching-
learning process.’® At the other extreme, there was
the least valued concept (although it, too, scored well)
related to the lack of dynamism during the practical
session (Q5, 3.90 points). This suggests a need to pro-
vide greater variation to increase the rhythm of the
activity, which should increase even further the good
opinion held by the students about the usefulness of
the approach.

A simulation learning environment is useful for
the level of knowledge acquired by the user or its
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FIGURE 4 (a) Time required by the students to complete the different activities according to the way they were performed (individual

or collaborative). (b) Points obtained in the individual test through Kahoot! for each of the evaluated sets (1 and 2) according to the mode
used by the students to accomplish the activities (individual or collaborative). Data are shown as mean + SD and the asterisk between bars

denotes significant differences (p < 0.001)

reinforcement whether the activity is performed alone
or with a partner. Although students spend more time
in the collaborative study mode, there is no difference
in terms of learning outcome (when knowledge acqui-
sition was evaluated). However, as reflected in other
studies, students prefer collaborative to individual
learning enviroments®®38, as reflected in the survey
(Q4). Some studies consider voluntariness of collab-
oration and redundancy as the main causes of why
collaborative learning is not better considered than
individual learning.®”

Several studies have recently looked at student
learning based on gamification to increase motiva-
tion, improve knowledge and skills or to make activi-
ties more pleasurable.*?*? In this scenario, the present
study has combined a self-directed learning method-
ology with gamification using interactive activities
through PhysioEx and Kahoot! applications. This com-
bination was marked highest in the survey in the three
academic years that the study lasted (scores ranging
from 4.65 to 4.79 on a Likert scale). This agrees with
previous reports on how students perceived Kahoot!
web-based interactive gaming as a valuable active
learning strategy,*” since it made learning enjoyable
and motivated students.*>*> One aspect that should
be borne in mind is that our method, which com-
bined self-directed learning and gamification, is struc-
tured in such a way as to avoid surface learning. It
has been shown that simply applying a game design
element has a less beneficial impact than in combi-
nation with traditional methods.*® So, educators need
to identify the benefits and difficulties of gamifica-
tion before including it in curriculum design, taking
into consideration both the learning objectives and
the type of student.*® The introduction of new teach-
ing strategies, such as the combination of self-directed
learning with digital resources, has the potential for
a better and more standardised learning experience.
Moreover, gaming encourages the involvement of all
learners and enhances engagement with content. In
that sense, gaming can aid learner’s self-awareness by
providing feedback to more easily detect their weak-

nesses. The students can access the program at any
time after the session so that they can reinforce the
detected deficiencies. Overall, the results indicate that
students enjoy the combination of self-directed learn-
ing, digital simulators and gamification, and think that
it helps them learn better.

The fact that learning outcomes were similar for
both individual and collaborative strategies could be
due to two non-mutually exclusive hypotheses. First,
the teacher explained the dynamics of the practice
at the outset, so that the students knew that after
the self-directed learning practice they were going to
be evaluated by Kahoot!, which may have increased
the attention paid to the lesson because motivation
is known to increase when there is a gamification
element.*® Second, learning outcomes obtained were
similar regardeless of the approach (individual or col-
laborative). Nevertheless, we also have to consider the
small number of questions used during Kahoot! Then,
this issue may not allow us to properly distinguish the
results between both categories of self-directed learn-
ing, so this aspect could be raised as a limitation of
the study. Peer learning is effective*”*? in a wide range
of health disciplines,*?*" which may facilitate students
acquiring missing information, clarifying misconcep-
tions or enhancing cooperative learning.”'°® Whether
this teaching strategy is reflected in outcome learn-
ing results is not clear. However, the collaboration
with their classmate can lead to increased engagement
and motivation for learning, which is a helpful and
positive effect. Moreover, in veterinary professional
practice, it is often that an individual veterinarian
is not solely responsible for the care of a particu-
lar patient.>® Therefore, communication between the
team members or veterinary colleagues is important.
Then, the inclusion of teamwork in the curricula of
the first years of the veterinary degree could be posi-
tive for best practices of the professional future of the
students.

During pandemics, such as COVID-19, academic
staff need to minimize disruptions to curricula by
modifying educational activities.>* The situation
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created by COVID-19 has forced many institutions
to abandon face-to-face teaching and to implement
the use of online platforms that allow for distance
learning.”® Indeed the COVID-19 pandemic has
exposed the need to bring education completely
online or to a hybrid course design, allowing students
to participate remotely from their place of residence.
Therefore, remote learning approaches, including
simulated labs, can serve as an alternative means for
learning science.”® In this context, the self-directed
learning methodology provided here can be imple-
mented as e-learning, since students are able to
connect their computers through online platforms
and carry out these activities either individually or
collaboratively. The use of computer-supported edu-
cation may be a problem for students not confident in
their self-efficacy’’; however, the current generation
of learners has grown up with technology all around
them and lived most of their educational lives with
almost continuous access to the internet.’® They
have even been called ‘digital natives’, with high lev-
els of computer literacy and experience, who prefer
technology-infused learning.>”

CONCLUSION

In summary, although traditional lecturing has long
dominated undergraduate teaching for the best part of
a millennium and still has its advocates,®® the results
provided by the present study support the adoption
of new teaching methodologies, such as self-directed
learning. In this respect, several assertions may be
made and even be regarded as ‘best practices’ (1)
self-directed learning is suitable for implementation
in veterinary physiology. The overall results indicate
a very high degree of satisfaction among students
(score above of 4), which was similar in each of the
academic years analysed indicating the strength of
the methodology; (2) using gamification together with
self-directed learning methodology was considered an
enriching combination by the students for underlin-
ing concepts. This statement is supported by the high-
est score in each of the studied academic years (close
to the maximum of 5); (3) the incorporation of active
and student-centred learning in physiology in the
form of a methodology based on self-directed learn-
ing methodology (either individual or collaborative)
helps the student to learn because they learn more by
doing physiology than by listening to and memorising
physiology.®!

Regarding self-directed learning practical classes,
a comparison of academic outcomes between indi-
vidual and collaborative strategies showed that (1)
the students preferred learning in a collaborative
manner, which lends weight to the view that collabo-
rative learning is preferred in a self-directed learning
context, and (2) the collaborative manner statistically
increased the time spent per activity (in three of the
four activities), which could mean that the students
discussed among themselves (although the theme of

discussion was not analysed), and worked and learned
together. Even though the benefits of collaborative
learning were not represented in the learning out-
come through Kahoot!, the students indicated that
self-directed learning practices in collaboration with
others helped to better understand the contents.
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