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Abstract: Nowadays, technological teaching tools, such as virtual labs, have become essential,
especially in nursing degrees. These resources help implement practical learning based on self-
regulation and it is important to know how satisfied students are with them. This means it is important
to study students’ perceived satisfaction with virtual labs in flipped learning experiences, which was
the general objective of the present study. The aims of the study were: (1) to determine whether there
were significant differences in nursing students’ perceived levels of satisfaction according to the type
of subject or gender; (2) to ascertain what strengths and weaknesses nursing students perceived about
using virtual labs; and (3) to determine the kinds of feelings (positive, negative or neutral) nursing
students had using virtual labs. A mixed research methodology was applied, with a sample of
222 undergraduate nursing students at Burgos University (Spain). There were significant differences
in the satisfaction perceived by students depending on the subject. Students reported medium-high
satisfaction with virtual labs, although they did note that digital skills are needed to use them and
suggested incorporating intelligent assistants. Virtual labs seem to be effective, although further
studies are needed.

Keywords: satisfaction; nursing students; virtual labs; flipped learning; mixed methods

1. Introduction

Active methodologies such as flipped learning (FL) experiences facilitate students’
approaches to the object of learning. This type of active methodology is based on learners’
discovery of their own learning, enabling development of critical thinking and autonomous
resolution of tasks or problems. These competences are especially important in health
science degrees, such as bachelor’s degrees in nursing [1]. Many studies have shown
FL to be effective in efficient, consolidated learning [2]. In addition, FL encourages self-
regulated learning (SRL) and collaborative work [3–6]. This conceptual model corresponds
to Zimmerman’s [7] model. It identifies three phases: the planning phase (the student or
group analyse the task, set goals, and plan); the execution phase (the student or group
implement the plan they designed); and the self-reflection phase (the student or group
assess how they did and try to explain why they achieved the results they did).

Therefore, using FL increases students’ motivation towards learning, as it is based
on practice [7,8]. However, its effectiveness in application may depend on the design of
the FL experiences [9]. The use of these experiences has become even more valuable since
the beginning of the SARS-CoV-2 pandemic [8,10], which meant that some teaching which
was originally offered face-to-face had to be given in blended or online modes. In this
context, FL experiences in blended learning environments have proved to be very effective
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and motivating for students [11,12]. Moreover, using these experiences is related to an
increase in student learning outcomes [13,14]. However, recent studies have shown that
FL experiences are most effective when they are applied in classes with small numbers of
students and are limited in time. These studies encourage further investigation into the
causes of those results [15].

There is an idea, which is increasingly reflected in the nursing scientific community,
that the design of curricula and syllabuses should have a high load of practical experiences.
These should be designed using resources that are highly motivating for students, such
as FL activities, virtual labs, gamification, virtual reality (VR) and augmented reality, and
simulation [2,16–19].

2. Literature Review

A review was performed of the state of the art in terms of using flipped learning in
teaching health science subjects. In addition, the review looked at the use of virtual labs,
understood as a specific example of flipped learning. Subsequently, it explored the machine
learning (ML) techniques most commonly used in this field to study students’ perceived
satisfaction about these teaching experiences. Finally, review examined the use of mixed
methods (quantitative and qualitative) for analysing satisfaction.

2.1. Flipped Learning Experiences in Health Sciences Students

FL is becoming more and more widely used in university teaching environments. One
reason for that is study plans incorporating acquisition of the practical competencies needed
for 21st century society. Fundamentally, this is because modern society is continually
developing and requires ever-improving technological resources in all areas of knowledge.
The study by Dong et al. [1] confirmed that students who worked in flipped classrooms
together with collaborative work had better academic results than students who did not.
FL also strengthened the development of critical thinking skills, although the study did
not find any changes in student satisfaction with teaching. Along those lines, the study
by Lai et al. [20] concluded that students’ perceived self-efficacy was related to autonomy
and behavioural engagement. According to some students, FL experiences entailed more
effort and more time working. This was also one conclusion from Sosa Díaz et al. [21], in
which some of the university student participants indicated that they preferred traditional
teaching methods (individual, non-collaborative work without active participation from
the student). The reason they gave was that they were not used to the newer methodology
because it had not been used in their pre-university education.

In a study with food science and technology students, Mshayisa and Basitere [22]
found that using FL in practical laboratory classes helped students to acquire good skills
as long as they used the FL materials (videos and online quizzes) beforehand. When
the students did this, their academic performance increased by 60%. In another study,
Chan et al. [23] concluded that medical students’ acquisition of clinical skills could be
more effective through FL visualization. Learning outcomes were better in students who
watched a video demonstration before doing a practical class. The students also indi-
cated that the methodology had been useful to them in acquiring clinical skills. A study
by Youhasan et al. [24] concluded that students gave a satisfactory evaluation of the FL
methodology, although they indicated that the challenge was in the provision of technolog-
ical resources. Similarly, in a study with physiotherapy students, Grover and Phadke [25]
found that the FL methodology helped to improve academic results.

In nursing students, Chen et al. [26] found that success with FL seemed to depend
on students’ experience with this type of methodology and teachers’ use of self-regulated
practices. With nephrology students, Yang et al. [27] found that students who participated
in FL experiences had better academic results, especially in aspects related to solving clini-
cal cases. Sailsman [28] found that using FL was a challenge for clinical nurses. Successful
implementation was through training teachers in how to use it and student engagement.
That engagement was based on increasing student motivation. Similarly, successful im-
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plementation of FL experiences in nursing seems to be related to how difficult students
believe the topic to be. Subjects with a larger conceptual component, such as anatomy and
physiology, are where students indicated greater acceptance of FL methodologies [29].

In summary, FL experiences have been shown to be an effective tool in nursing and
medicine courses during the COVID-19 pandemic, both in the learning process and in mo-
tivation and students’ moods [30,31]. Nonetheless, designing a work plan is fundamental
to achieving good results [32]. In addition, there needs to be more research to understand
the best contexts for implementing FL experiences [4,33].

2.2. Virtual Labs

The benefits of using virtual labs in undergraduate nursing education include rein-
forcing scientific knowledge and promoting problem solving and critical thinking [2,16,17].
They help students better understand the nature of science and the attitudes of profession-
als. Furthermore, recent studies during the COVID-19 pandemic have shown that they
demonstrate a similar effectiveness to in-person laboratories [34]. Virtual labs can vary in
complexity depending on their design [35], but they are all based on practical activities that
are often guided, i.e., self-regulated, remotely by the teacher [36]. In addition, they include
different VR resources simulating real environments [18]. The practice is supported by
teaching based on training simulation, a very effective teaching method for learning clinical
practice [35]. The results from health science students show high user satisfaction, although
labs should be tailored to the learning needs of each individual user [18]. However, studies
advocate further research in this area, considering this type of resource to be an objective
and an opportunity in current teaching [19].

2.3. Use of Machine Learning Techniques in Analysis of Perceived Satisfaction

Active methodologies, such as FL and virtual labs, have an important effect on student
and teacher satisfaction because they facilitate student success and engagement with the
teaching-learning process [10,37,38]. However, using these methodologies in virtual envi-
ronments creates huge amounts of data. Machine learning (ML) techniques are currently
used to analyse that data. These techniques allow us to measure and analyse the level of
student satisfaction with the entire learning process by studying a large amount of data in
various types of records [10].

ML can be defined as a part of artificial intelligence (AI) that is based on the application
of algorithms to recognise patterns within large datasets and make predictions about that
data and/or clusters [39]. In today’s educational context with daily use of e-Learning
platforms—producing large amounts of data—ML techniques simplify the organisation
and understanding of the data [9,40–42]. Sentiment analysis, also known as opinion mining,
is one ML technique used in the study of student satisfaction. It facilitates identification
of students’ feelings (positive, negative or neutral) from analysis of sentences or phrases
using what has been called text mining [43,44]. However, to be effective, this technique
requires the use and training of algorithms to achieve accurate results about the polarity of
the comments being analysed.

In recent years, data mining techniques—specifically natural language processing
(NLP) techniques—have been used for sentiment analysis of user opinion data collected
from various different channels (surveys, social networks, etc.) [45]. To be interpreted, open
responses have to be processed with ML techniques, such as sentiment analysis [46]. More
specifically, in the context of research into learning on virtual platforms, analysing students’
feelings allows us to test the perceived effectiveness in relation to the use of different digital
resources [47]. The ultimate aim of sentiment analysis is to determine the emotions behind
the words. There are various tools that can be applied for sentiment analysis such as
algorithms in Python [48] and in R [49]. Qualitative analysis software can also be used,
such as Atlas.ti v. 22 [50], MAXQDA [51], and NVivo [52]. The most recent versions of
these programs have incorporated sentiment analysis using artificial intelligence on written
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texts. The advantage of these programs is that they can be used without having to know
programming languages or algorithms.

2.4. Using Mixed-Methods Techniques in Analysis of Perceived Satisfaction

Using active methodologies (FL experiences, virtual labs, etc.) is related to an increase
in students’ perceived satisfaction. A large proportion of studies have used mixed methods
to check student satisfaction [3,12,13,18,53]. Mixed methods use quantitative and qualitative
analysis by combining the strengths of both and compensating for the gaps in each [24].
This is the strength of this research method; its weakness is that it is difficult to work with
large samples for both types of analysis, as qualitative analyses require a thoroughness
and follow-up that are difficult with large samples. This makes it difficult to generalise
results, although it provides a great deal of information on the effectiveness of the resources
applied [21].

In summary, innovative teaching practices based on active methodologies have a
promising future. However, developing materials, monitoring progress, and data analysis
require digital and ML skills, all of which require extensive work on the part of teachers [28].

The use of FL methodologies—included in the design of virtual laboratories aimed at
learning practical content in health science subjects, especially in medicine and nursing—is
part of the Agenda 2030 objectives [54], specifically objective four which is about Quality
Education. In addition, the European Union (EU) is driving the digitalization of education.
That includes the use of technological resources (virtual platforms, virtual and augmented
reality, etc.), active methodologies (FL, project-based learning, etc.), and skills training for
teachers and students. The EU also encourages sustainability of educational resources
within the Digital Education Action Plan (2021-2027) [55].

Based on the aforementioned state of the art, the objectives of this study were: (1) to
determine whether there were significant differences in nursing students’ levels of per-
ceived satisfaction according to type of subject or gender; (2) to ascertain the strengths and
weaknesses nursing students perceived about using virtual labs as support for practical
activities and the differences according to the type of subject; (3) to determine the type of
feelings (positive, negative and neutral) nursing students had about using virtual labs.

In order to test these objectives, a mixed methods study (quantitative and qualitative
study) was performed. The research questions (RQ) were:
Quantitative study

RQ1. Will nursing students’ perceived satisfaction be different with respect to subject?
RQ2. Will nursing students’ perceived satisfaction be different with respect to gender?

Qualitative study
RQ3. What will be the perceived strengths and weaknesses of using virtual labs to

support learning?
RQ4. Will there be differences in students’ perceptions of strengths and weaknesses

depending on the subjects taken?
RQ5: How will the students feel about the use of virtual labs in the different subjects studied?

3. Materials and Methods
3.1. Participants

The starting point was a population of 268 students enrolled in the Nursing De-
gree at the University of Burgos. The sample size at a 99% confidence level, with a
precision of 3% and a proportion of 5% of the sample size would be 152 students. Ad-
justing this for losses of 15% gives 179 students. These figures were determined us-
ing Fisterra’s formula (https://www.fisterra.com/formacion/metodologia-investigacion/
determinacion-tamano-muestral/ last accessed on 14 November 2022). In the present study,
non-probabilistic convenience sampling was used and the sample for the study was com-
posed of 222 second- and third-year undergraduate nursing students over two semesters in
the 2021–2022 academic year. This meant that the sample size gave a 99% confidence level.
The percentage of male students was 7.66% and the percentage of female students was

https://www.fisterra.com/formacion/metodologia-investigacion/determinacion-tamano-muestral/
https://www.fisterra.com/formacion/metodologia-investigacion/determinacion-tamano-muestral/
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92.34%. Further specification of the sample is provided in Table 1. This type of sampling
was chosen for ethical reasons due to working with people in training, in this case students,
in order to ensure equality of opportunities in accessing teaching information.

Table 1. Descriptive sample data.

Subject

Descriptive Data

Women Men

N n % Age Range n % Age Range

18–25 26–35 36–45 18–25 26–35 36–45

1 64 58 90.63 91.35% 3.45% 5.17% 6 9.38 66.67% - 33.33%
2 66 63 95.45 95.24% 1.59% 3.18% 3 4.55 100% - -
3 25 21 84.00 95.24% 4.76% - 4 16.00 100% - -
4 67 62 92.54 88.71% 6.45% 4.84% 5 7.46% 100% - -

Note. 1 = Nutrition and Diet Therapy; 2 = Research Methodology; 3 = Quality Systems; 4 = Psychology and
Mental Health.

3.2. Instruments
3.2.1. Virtual Labs

A virtual lab was developed in each of four subjects (Nutrition and Diet Therapy,
Research Methodology, Quality Systems and Psychology and Mental Health). The structure
of the virtual lab was similar in the four subjects, comprising an activity related to each
of the subjects. The labs are open access and can be accessed in the University of Burgos
Repository using the links presented in Table 2.

Table 2. Link to the virtual labs used in the subjects.

Subject Link to the Virtual Lab

1 Nutrition and Diet Therapy https://bit.ly/3CJIxW4 (accessed on 28 November 2022)
2 Research Methodology https://bit.ly/3CkDRVl (accessed on 28 November 2022)
3 Quality Systems in Nursing https://bit.ly/3RRtgqy (accessed on 28 November 2022)
4 Psychology and Health https://bit.ly/3RTdWJX (accessed on 28 November 2022)

The virtual labs covered practical subject content and were each created following
an SRL paradigm. More specifically, the teachers’ recorded voice explained the topic in
each virtual lab, highlighting the most important concepts by self-questioning (for example:
“What do we need to do?”, “How do we do that?”, “How are we doing?”, and “How did
we do?”).

3.2.2. Scale of Perceived Satisfaction with the Virtual Lab (SPSVL) [56]

An ad hoc scale was developed that included 11 closed Likert-type questions measured
on a scale of 1 to 5, along with four open-ended questions (see Appendix A). Reliability
following Cronbach [57] for the overall SPSVL scale was α = 0.86, and if the item was
removed, the range was α = 0.84–0.90. Reliability using McDonald’s [58] Ω = 0.90, and if
the item was removed, the interval was Ω = 0.88–0.94.

The instrument was created to include closed and open questions about perceived sat-
isfaction in order to obtain qualitative and quantitative information about students’ satisfac-
tion with their virtual labs. Including open questions allows qualitative analysis of students’
thoughts, and the application of qualitative analytical techniques to those thoughts.

3.2.3. Virtual Learning Environment (VLE)

We used a VLE based on Moodle (Modular Object-Oriented Dynamic Learning Envi-
ronment) v.3.9 UBUVirtual.

https://bit.ly/3CJIxW4
https://bit.ly/3CkDRVl
https://bit.ly/3RRtgqy
https://bit.ly/3RTdWJX
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3.3. Procedure

Four virtual labs were developed and applied in four subjects forming part of the
nursing degree, two in the first semester and two in the second semester. The labs were
about practical work in each subject and were based on the self-regulated instruction of a
task. The four virtual labs were created by four teachers who were members of the Teaching
Innovation Group “Blended Learning in Health Sciences”, all following the same procedure.
First, they chose the most important practical content from each subject. Then, they wrote a
script to present the activity which included the objectives and the process. Following that,
each teacher recorded a presentation including some discussion of self-regulation. That
self-regulation consisted of using questions such as “What do I have to do?” and “What
steps do I need to follow to do this task?” Finally, the virtual labs were made available to the
students via the virtual learning platform before each practical. They are freely available in
the University of Burgos Institutional Repository. Figure 1 shows an outline of the process
for creating the virtual labs.
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Before starting the work with this methodology, all of the participants in the study
were informed about the aim of the study and the data processing, and their written
informed consent was obtained. The labs were used over two semesters (each lasting
9 weeks). At the end of the work in the virtual labs, students completed the SPSVL [56]
using the UBUVirtual VLE. Students’ responses were voluntary and anonymous. They
were encouraged to participate by emphasizing to them that their responses would be
useful in improving the virtual labs.

3.4. Research Designs

For the quantitative study, following the classification by Campbell and Stanley [59],
a 2 × 2 factorial design was chosen to test hypotheses RQ1 and RQ2. Two independent
variables were included, “subject” and “gender”, along with one dependent variable
“students’ perceived satisfaction”.

In the qualitative study, a longitudinal descriptive design was applied based on
Flick’s [60] classification.

3.5. Data Analysis

To test the study’s quantitative research questions, we performed a two-factor AN-
COVA with fixed effects (subject and gender), eta-squared effect value (η2), and Bonfer-
roni test for difference of means. These data were analysed with SPSS v.28 statistical
software [61]. To test the qualitative research questions, we performed a correspondence-
document analysis, a Sankey analysis, and a sentiment analysis using Atlas.ti v.22 soft-
ware [53].

3.6. Ethical Considerations

Approval was obtained from the Bioethics Committee of the University of Burgos
(No. IO 03/2022). The ethical principles established by the Declaration of Helsinki were
followed at all times. Data collection was designed to ensure confidentiality and the
anonymity of the participants. Written informed consent was obtained from participants
prior to the study.

4. Results

The results of the quantitative and qualitative studies are described below.

4.1. Quantitative Study

To test RQ1 (“Will nursing students’ perceived satisfaction be different with respect
to subject?”), a single factor, fixed-effects ANOVA was performed (with subjects as the
independent variable) to determine whether there were significant differences in students’
perceived satisfaction—in the SPSVL scale [56]—in the four subjects using virtual labs.
Significant differences were found in items 1, 2, 3, 5, 9, 10, and 11. Applying Bonferroni’s
test for difference of means between more than two groups, significant differences were
found between students in subject 1 compared to the students taking the other subjects, see
Table 3.

Nonetheless, it is important to note that the average student satisfaction in all sub-
jects was no lower than 3.88 out of 5 in all cases, indicating high average satisfaction in
all subjects.

There were no significant differences in students’ perceived satisfaction with items 4
(referring to the type of feedback given in the lab), 6 (referring to whether the student felt
anxiety when performing the lab), 7 (referring to the motivation of the lab for learning)
and 8 (referring to perceived ease of use of the labs) (see Table 3).
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Table 3. One-factor ANOVA with fixed effects (type of subject) and eta-squared effect value.

Item

Subject 1
n = 64

Subject 2
n = 66

Subject 3
n = 25

Subject 4
n = 67 Bonferroni Test

M(SD) M(SD) M(SD) M(SD) df F p η2 DM
S1 vs. S2

DM
S1 vs. S3

DM
S1 vs. S4

1. The virtual lab has helped me to understand
the theoretical aspects of the course. 4.63(0.79) 3.85(0.93) 3.84(1.07) 4.06(0.81) (3,221) 5.43 0.01 * 0.07 0.77 (p = 0.00 *) 0.79 (p = 0.001 *) 0.57 (p = 0.002 *)

2. The virtual lab has helped me to understand
the practical aspects of the course. 4.81(0.43) 4.20(0.80) 4.16(0.99) 4.08(0.82) (3,221) 7.43 0.01 * 0.09 0.62 (p = 0.00 *) 0.65 (p = 0.001 *) 0.74 (p = 0.002 *)

3. The virtual lab has helped me to understand
the contents more easily. 4.72(0.60) 4.17(0.97) 3.88(1.15) 4.10(0.78) (3,221) 4.80 0.003 * 0.06 0.55 (p = 0.001 *) 0.64 (p = 0.04 *) 0.61 (p = 0.000 *)

4. The virtual lab including explanations of
wrong answers after each question helps the
understanding of the content.

4.04(0.79) 4.18(0.99) 4.04(1.06) 3.96(1.08) (3,221) 0.60 0.61 0.08 - - -

5. The virtual lab encourages my participation
in the course. 4.36(0.81) 4.33(1.15) 3.72(1.17) 3.67(1.11) (3,221) 3.46 0.02 * 0.05 0.56 (p = 0.01 *) 0.64 (p = 0.04 *) 0.69 (p = 0.001 *)

6. I feel anxiety or stress while using the
virtual lab. 1.67(1.05) 2.17(1.31) 2.44(1.42) 2.12(1.25) (3,221) 0.18 0.14 0.03 - - -

7. Virtual labs make the content
more entertaining. 4.27(0.86) 4.02(0.81) 4.28(0.98) 3.78(1.12) (3,221) 1.16 0.33 0.02 - - -

8. Virtual labs are easy to use. 4.70(0.52) 4.21(0.83) 3.96(1.14) 4.43(0.63) (3,221) 2.64 0.05 0.04 - - -
9. I would recommend working with virtual
labs to my colleagues. 4.75(0.47) 4.08(1.01) 4.04(0.98) 3.99(0.99) (3,221) 2.90 0.04 * 0.04 0.67 (p = 0.00 *) 0.71 (p = 0.005 *) 0.76 (p = 0.000 *)

10. I would like to continue working with
virtual labs in other subjects. 4.63(0.68) 3.74(1.18) 4.28(0.89) 3.85(1.05) (3,221) 2.95 0.03 * 0.04 0.88 (p = 0.00 *) - 0.77 (p = 0.000 *)

11. My overall satisfaction with the virtual lab is: 4.77(0.43) 4.02(0.75) 4.08(1.04) 4.03(0.94) (3,221) 4.82 0.00 * 0.06 0.75 (p = 0.00 *) 0.69 (p = 0.002 *) 0.74 (p = 0.000 *)

Note. * p < 0.05; M = mean; SD = standard deviation; df = degrees of freedom; η2 = eta-squared; DM = Mean Difference; S1 = Subject 1; S2 = Subject 2; S3 = Subject 3; S4 = Subject 4.
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To test RQ2 (“Will nursing students’ perceived satisfaction be different with respect
to gender?”), a single-factor, fixed-effects ANOVA was performed (with the independent
variable gender). No significant differences were found between the genders in perceived
satisfaction with the virtual labs in any of the SPSVL items [56]. However, it should be
noted that there were far fewer men (7.66%) than women (92.34%) taking the course (see
Table 4).

Table 4. One-factor fixed effects ANOVA (gender) and eta-squared effect value.

Item

Male
n = 18

Female
n = 204

M(SD) M(SD) df F p η2

1. The virtual lab has helped me to understand the theoretical aspects
of the course. 4.06(1.60) 4.14(0.91) (1,221) 0.30 0.59 0.01

2. The virtual lab has helped me to understand the practical aspects of
the course. 4.17(1.04) 4.35(0.78) (1,221) 0.66 0.42 0.003

3. The virtual lab has helped me to understand the contents
more easily. 4.28(1.02) 4.28(0.87) (1,221) 0.08 0.77 0.000

4. The virtual lab including explanation of wrong answers after each
question helps the understanding of the content. 4.12(0.76) 4.05(0.96) (1,221) 0.18 0.67 0.001

5. The virtual lab encourages my participation in the course. 3.83(1.29) 3.92(1.01) (1,221) 0.03 0.87 0.000
6. I feel anxiety or stress while using the virtual lab. 2.33(1.)41 2.02(1.24) (1,221) 0.31 0.58 0.001
7. Virtual labs make the content more entertaining. 4.17(0.99) 4.03(0.96) (1,221) 0.28 0.60 0.001
8. Virtual labs are easy to use. 4.56(0.62) 4.38(0.79) (1,221) 1.09 0.30 0.005
9. I would recommend working with virtual labs to my colleagues. 4.39(0.98) 4.23(0.94) (1,221) 0.94 0.33 0.004
10. I would like to continue working with virtual labs in
other subjects. 4.33(1.08) 4.07(1.05) (1,221) 0.56 0.46 0.003

11. My overall satisfaction with the virtual lab is: 4.33(1.03) 4.24(0.83) (1,221) 0.27 0.61 0.001

Note. M = mean; SD = standard deviation; df = degrees of freedom; η2 = eta-squared.

4.2. Qualitative Study

To test RQ3 (“What will be the perceived strengths and weaknesses of using virtual
labs to support learning?”) and RQ4 (“Will there be differences in students’ perceptions
of strengths and weaknesses depending on the subjects taken?”), students’ responses to
the four open-ended questions of the SPSVL [56] were analysed. The responses were
categorised using Atlas.ti v.22 software [53]. The responses in each category were divided
into two groups; positive responses and potential improvements. To differentiate this
categorisation within each question, each response was colour coded (see Table 5).

Table 5. Colour-coded categorisation of responses (positive vs. improvable) to the open-ended questions.

Question Positive Response Improvable Response

12. What elements would you add to or expand in the virtual lab? Why? Yellow Dark blue
13. Which elements of the virtual lab would you remove? Why? Light green Red

14. What do you think are the benefits of using virtual labs? Dark green -
15. What do you think are the drawbacks of virtual labs? Red Turquoise

In question 12, 38.6% of responses from students in subject 2 and 49.12% of responses
from students in subject 4 said that nothing needed to be added to the virtual labs. Sim-
ilarly, 100% of the responses from students in subject 1 indicated that it was a simple,
useful methodology, although 50% of the responses from students in subjects 2 and 4
indicated that they would like pauses to be added between the videos. Students from all
subjects indicated that they would like more explanations in the videos, and students in
subjects 2, 3, and 4 noted that these explanations should refer to possible mistakes they
might make during practical activities in the virtual lab. Lastly, three responses, from
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students in subjects 2 and 3, suggested that the virtual labs should take place in classroom
time rather than as FL (see Table 6).

Table 6. Categorisation of responses to question 12.

Categorised Responses Subject 1 % Subject 2 % Subject 3 % Subject 4 % Total
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In their responses to question 15 (see Table 9), students in all subjects indicated that 
there were no disadvantages to using virtual labs. However, they did report two types of 
drawbacks: 1) the time needed to watch the videos, particularly from students in subjects 
2 and 4; and 2) there was no-one behind the virtual laboratories to give feedback in real 
time, particularly from students in subjects 1 and 4. 

Table 9. Categorisation of responses to question 15. 

Categorised Responses Subject 1 % Subject 2 % Subject 3 % Subject 4 % Total 
● Drawbacks: I have not found any drawbacks. 64 48.12 42 31.58 13 9.77 14 10.53 133 
● Drawbacks: It takes time to watch the videos. 9 12.16 26 35.14 7 9.46 32 43.24 74 
● Drawbacks: There is no-one to ask if I don’t understand
something.  

9 26.47 9 26.47 5 14.71 11 32.35 34 

Finally, to test RQ5 (“How will the students feel about the use of virtual labs in the 
different subjects studied?”), a sentiment analysis was performed using Atlas.ti v.22 [40]. 
Table 10 shows sentiments identified in the students’ responses from each of the subjects. 

Table 10. Sentiment analysis by subjects. 

Sentiments Analysed in the Responses Subject 1 % Subject 2 % Subject 3 % Subject 4 % Total 
●Feeling: Negative 73 25.52 67 23.43 86 30.07 60 20.98 286 
●Feeling: Neutral 180 23.84 190 25.17 183 24.24 202 26.75 755 
●Feeling: Positive 19 40.43 15 31.91 3 6.38 10 21.28 47 

Insert: I wouldn’t add anything it was all correct. 0 0 22 38.6 7 12.28 28 49.12 57

Sustainability 2022, 14, x FOR PEER REVIEW 11 of 17 
 

 

Table 6. Categorisation of responses to question 12. 

Categorised Responses Subject 1 % Subject 2 % Subject 3 % Subject 4 % Total 
● Insert: I wouldn’t add anything it was all correct. 0 0 22 38.6 7 12.28 28 49.12 57 
● Insert: It is a useful, simple and practical method to use. 11 100 0 0 0 0 0 0 11 
● Insert: Add more pauses between steps. 0 0 2 50 0 0 2 50 4 
● Insert: More explanatory videos. 3 12 6 24 12 48 4 16 25 
● Insert: Have the virtual lab in the classroom. 0 0 2 66.66 1 33.33 0 0 3 
● Insert: More explanations of possible errors. 0 0 11 68.75 1 6.25 4 25 16 

None of the students’ responses to question 13—from any of the subjects—indicated 
that they thought any elements or content should be removed (see Table 7). 

Table 7. Categorisation of responses to question 13. 

Categorised Responses Subject 1 % Subject 2 % Subject 3 % Subject 4 % Total 
● Remove: I would not remove anything. 56 32.75 21 12.28 37 21.64 57 33.33 171 

The benefits noted by the students in their responses to question 14 included: “helps 
me understand the concepts”, at similar percentages in all four subjects; “step-by-step 
guidance on how to perform a task”, particularly from students in subjects 1 and 2; “you 
can pause the video and watch it again as needed”, particularly from students in subjects 
1, 2 and 3; and “the video can be watched at any time”, particularly from students in sub-
jects 1, 2 and 3 (see Table 8). 

Table 8. Categorisation of responses to question 14. 

Categorised Responses Subject 1 % Subject 2 % Subject 3 % Subject 4 % Total 
● Advantages: Helps me understand the concepts. 38 25.68 53 35.81 23 15.54 34 22.97 148 
● Advantages: Step-by-step guidance on how to perform a task. 27 48.21 20 35.71 6 10.71 3 5.36 56 
● Advantages: You can pause the video and watch it again as 
needed. 

31 52.54 15 25.42 2 3.39 11 18.64 59 

● Advantages: The video can be watched at any time. 30 41.1 17 23.29 6 8.22 20 27.4 73 

In their responses to question 15 (see Table 9), students in all subjects indicated that 
there were no disadvantages to using virtual labs. However, they did report two types of 
drawbacks: 1) the time needed to watch the videos, particularly from students in subjects 
2 and 4; and 2) there was no-one behind the virtual laboratories to give feedback in real 
time, particularly from students in subjects 1 and 4. 

Table 9. Categorisation of responses to question 15. 

Categorised Responses Subject 1 % Subject 2 % Subject 3 % Subject 4 % Total 
● Drawbacks: I have not found any drawbacks. 64 48.12 42 31.58 13 9.77 14 10.53 133 
● Drawbacks: It takes time to watch the videos. 9 12.16 26 35.14 7 9.46 32 43.24 74 
● Drawbacks: There is no-one to ask if I don’t understand
something.  

9 26.47 9 26.47 5 14.71 11 32.35 34 

Finally, to test RQ5 (“How will the students feel about the use of virtual labs in the 
different subjects studied?”), a sentiment analysis was performed using Atlas.ti v.22 [40]. 
Table 10 shows sentiments identified in the students’ responses from each of the subjects. 

Table 10. Sentiment analysis by subjects. 

Sentiments Analysed in the Responses Subject 1 % Subject 2 % Subject 3 % Subject 4 % Total 
●Feeling: Negative 73 25.52 67 23.43 86 30.07 60 20.98 286 
●Feeling: Neutral 180 23.84 190 25.17 183 24.24 202 26.75 755 
●Feeling: Positive 19 40.43 15 31.91 3 6.38 10 21.28 47 

Insert: It is a useful, simple and practical method to use. 11 100 0 0 0 0 0 0 11

Sustainability 2022, 14, x FOR PEER REVIEW 11 of 17 
 

 

Table 6. Categorisation of responses to question 12. 

Categorised Responses Subject 1 % Subject 2 % Subject 3 % Subject 4 % Total 
● Insert: I wouldn’t add anything it was all correct. 0 0 22 38.6 7 12.28 28 49.12 57 
● Insert: It is a useful, simple and practical method to use. 11 100 0 0 0 0 0 0 11 
● Insert: Add more pauses between steps. 0 0 2 50 0 0 2 50 4 
● Insert: More explanatory videos. 3 12 6 24 12 48 4 16 25 
● Insert: Have the virtual lab in the classroom. 0 0 2 66.66 1 33.33 0 0 3 
● Insert: More explanations of possible errors. 0 0 11 68.75 1 6.25 4 25 16 

None of the students’ responses to question 13—from any of the subjects—indicated 
that they thought any elements or content should be removed (see Table 7). 

Table 7. Categorisation of responses to question 13. 

Categorised Responses Subject 1 % Subject 2 % Subject 3 % Subject 4 % Total 
● Remove: I would not remove anything. 56 32.75 21 12.28 37 21.64 57 33.33 171 

The benefits noted by the students in their responses to question 14 included: “helps 
me understand the concepts”, at similar percentages in all four subjects; “step-by-step 
guidance on how to perform a task”, particularly from students in subjects 1 and 2; “you 
can pause the video and watch it again as needed”, particularly from students in subjects 
1, 2 and 3; and “the video can be watched at any time”, particularly from students in sub-
jects 1, 2 and 3 (see Table 8). 

Table 8. Categorisation of responses to question 14. 

Categorised Responses Subject 1 % Subject 2 % Subject 3 % Subject 4 % Total 
● Advantages: Helps me understand the concepts. 38 25.68 53 35.81 23 15.54 34 22.97 148 
● Advantages: Step-by-step guidance on how to perform a task. 27 48.21 20 35.71 6 10.71 3 5.36 56 
● Advantages: You can pause the video and watch it again as 
needed. 

31 52.54 15 25.42 2 3.39 11 18.64 59 

● Advantages: The video can be watched at any time. 30 41.1 17 23.29 6 8.22 20 27.4 73 

In their responses to question 15 (see Table 9), students in all subjects indicated that 
there were no disadvantages to using virtual labs. However, they did report two types of 
drawbacks: 1) the time needed to watch the videos, particularly from students in subjects 
2 and 4; and 2) there was no-one behind the virtual laboratories to give feedback in real 
time, particularly from students in subjects 1 and 4. 

Table 9. Categorisation of responses to question 15. 

Categorised Responses Subject 1 % Subject 2 % Subject 3 % Subject 4 % Total 
● Drawbacks: I have not found any drawbacks. 64 48.12 42 31.58 13 9.77 14 10.53 133 
● Drawbacks: It takes time to watch the videos. 9 12.16 26 35.14 7 9.46 32 43.24 74 
● Drawbacks: There is no-one to ask if I don’t understand
something.  

9 26.47 9 26.47 5 14.71 11 32.35 34 

Finally, to test RQ5 (“How will the students feel about the use of virtual labs in the 
different subjects studied?”), a sentiment analysis was performed using Atlas.ti v.22 [40]. 
Table 10 shows sentiments identified in the students’ responses from each of the subjects. 

Table 10. Sentiment analysis by subjects. 

Sentiments Analysed in the Responses Subject 1 % Subject 2 % Subject 3 % Subject 4 % Total 
●Feeling: Negative 73 25.52 67 23.43 86 30.07 60 20.98 286 
●Feeling: Neutral 180 23.84 190 25.17 183 24.24 202 26.75 755 
●Feeling: Positive 19 40.43 15 31.91 3 6.38 10 21.28 47 

Insert: Add more pauses between steps. 0 0 2 50 0 0 2 50 4

Sustainability 2022, 14, x FOR PEER REVIEW 11 of 17 
 

 

Table 6. Categorisation of responses to question 12. 

Categorised Responses Subject 1 % Subject 2 % Subject 3 % Subject 4 % Total 
● Insert: I wouldn’t add anything it was all correct. 0 0 22 38.6 7 12.28 28 49.12 57 
● Insert: It is a useful, simple and practical method to use. 11 100 0 0 0 0 0 0 11 
● Insert: Add more pauses between steps. 0 0 2 50 0 0 2 50 4 
● Insert: More explanatory videos. 3 12 6 24 12 48 4 16 25 
● Insert: Have the virtual lab in the classroom. 0 0 2 66.66 1 33.33 0 0 3 
● Insert: More explanations of possible errors. 0 0 11 68.75 1 6.25 4 25 16 

None of the students’ responses to question 13—from any of the subjects—indicated 
that they thought any elements or content should be removed (see Table 7). 

Table 7. Categorisation of responses to question 13. 

Categorised Responses Subject 1 % Subject 2 % Subject 3 % Subject 4 % Total 
● Remove: I would not remove anything. 56 32.75 21 12.28 37 21.64 57 33.33 171 

The benefits noted by the students in their responses to question 14 included: “helps 
me understand the concepts”, at similar percentages in all four subjects; “step-by-step 
guidance on how to perform a task”, particularly from students in subjects 1 and 2; “you 
can pause the video and watch it again as needed”, particularly from students in subjects 
1, 2 and 3; and “the video can be watched at any time”, particularly from students in sub-
jects 1, 2 and 3 (see Table 8). 

Table 8. Categorisation of responses to question 14. 

Categorised Responses Subject 1 % Subject 2 % Subject 3 % Subject 4 % Total 
● Advantages: Helps me understand the concepts. 38 25.68 53 35.81 23 15.54 34 22.97 148 
● Advantages: Step-by-step guidance on how to perform a task. 27 48.21 20 35.71 6 10.71 3 5.36 56 
● Advantages: You can pause the video and watch it again as 
needed. 

31 52.54 15 25.42 2 3.39 11 18.64 59 

● Advantages: The video can be watched at any time. 30 41.1 17 23.29 6 8.22 20 27.4 73 

In their responses to question 15 (see Table 9), students in all subjects indicated that 
there were no disadvantages to using virtual labs. However, they did report two types of 
drawbacks: 1) the time needed to watch the videos, particularly from students in subjects 
2 and 4; and 2) there was no-one behind the virtual laboratories to give feedback in real 
time, particularly from students in subjects 1 and 4. 

Table 9. Categorisation of responses to question 15. 

Categorised Responses Subject 1 % Subject 2 % Subject 3 % Subject 4 % Total 
● Drawbacks: I have not found any drawbacks. 64 48.12 42 31.58 13 9.77 14 10.53 133 
● Drawbacks: It takes time to watch the videos. 9 12.16 26 35.14 7 9.46 32 43.24 74 
● Drawbacks: There is no-one to ask if I don’t understand
something.  

9 26.47 9 26.47 5 14.71 11 32.35 34 

Finally, to test RQ5 (“How will the students feel about the use of virtual labs in the 
different subjects studied?”), a sentiment analysis was performed using Atlas.ti v.22 [40]. 
Table 10 shows sentiments identified in the students’ responses from each of the subjects. 

Table 10. Sentiment analysis by subjects. 

Sentiments Analysed in the Responses Subject 1 % Subject 2 % Subject 3 % Subject 4 % Total 
●Feeling: Negative 73 25.52 67 23.43 86 30.07 60 20.98 286 
●Feeling: Neutral 180 23.84 190 25.17 183 24.24 202 26.75 755 
●Feeling: Positive 19 40.43 15 31.91 3 6.38 10 21.28 47 

Insert: More explanatory videos. 3 12 6 24 12 48 4 16 25

Sustainability 2022, 14, x FOR PEER REVIEW 11 of 17 
 

 

Table 6. Categorisation of responses to question 12. 

Categorised Responses Subject 1 % Subject 2 % Subject 3 % Subject 4 % Total 
● Insert: I wouldn’t add anything it was all correct. 0 0 22 38.6 7 12.28 28 49.12 57 
● Insert: It is a useful, simple and practical method to use. 11 100 0 0 0 0 0 0 11 
● Insert: Add more pauses between steps. 0 0 2 50 0 0 2 50 4 
● Insert: More explanatory videos. 3 12 6 24 12 48 4 16 25 
● Insert: Have the virtual lab in the classroom. 0 0 2 66.66 1 33.33 0 0 3 
● Insert: More explanations of possible errors. 0 0 11 68.75 1 6.25 4 25 16 

None of the students’ responses to question 13—from any of the subjects—indicated 
that they thought any elements or content should be removed (see Table 7). 

Table 7. Categorisation of responses to question 13. 

Categorised Responses Subject 1 % Subject 2 % Subject 3 % Subject 4 % Total 
● Remove: I would not remove anything. 56 32.75 21 12.28 37 21.64 57 33.33 171 

The benefits noted by the students in their responses to question 14 included: “helps 
me understand the concepts”, at similar percentages in all four subjects; “step-by-step 
guidance on how to perform a task”, particularly from students in subjects 1 and 2; “you 
can pause the video and watch it again as needed”, particularly from students in subjects 
1, 2 and 3; and “the video can be watched at any time”, particularly from students in sub-
jects 1, 2 and 3 (see Table 8). 

Table 8. Categorisation of responses to question 14. 

Categorised Responses Subject 1 % Subject 2 % Subject 3 % Subject 4 % Total 
● Advantages: Helps me understand the concepts. 38 25.68 53 35.81 23 15.54 34 22.97 148 
● Advantages: Step-by-step guidance on how to perform a task. 27 48.21 20 35.71 6 10.71 3 5.36 56 
● Advantages: You can pause the video and watch it again as 
needed. 

31 52.54 15 25.42 2 3.39 11 18.64 59 

● Advantages: The video can be watched at any time. 30 41.1 17 23.29 6 8.22 20 27.4 73 

In their responses to question 15 (see Table 9), students in all subjects indicated that 
there were no disadvantages to using virtual labs. However, they did report two types of 
drawbacks: 1) the time needed to watch the videos, particularly from students in subjects 
2 and 4; and 2) there was no-one behind the virtual laboratories to give feedback in real 
time, particularly from students in subjects 1 and 4. 

Table 9. Categorisation of responses to question 15. 

Categorised Responses Subject 1 % Subject 2 % Subject 3 % Subject 4 % Total 
● Drawbacks: I have not found any drawbacks. 64 48.12 42 31.58 13 9.77 14 10.53 133 
● Drawbacks: It takes time to watch the videos. 9 12.16 26 35.14 7 9.46 32 43.24 74 
● Drawbacks: There is no-one to ask if I don’t understand
something.  

9 26.47 9 26.47 5 14.71 11 32.35 34 

Finally, to test RQ5 (“How will the students feel about the use of virtual labs in the 
different subjects studied?”), a sentiment analysis was performed using Atlas.ti v.22 [40]. 
Table 10 shows sentiments identified in the students’ responses from each of the subjects. 

Table 10. Sentiment analysis by subjects. 

Sentiments Analysed in the Responses Subject 1 % Subject 2 % Subject 3 % Subject 4 % Total 
●Feeling: Negative 73 25.52 67 23.43 86 30.07 60 20.98 286 
●Feeling: Neutral 180 23.84 190 25.17 183 24.24 202 26.75 755 
●Feeling: Positive 19 40.43 15 31.91 3 6.38 10 21.28 47 

Insert: Have the virtual lab in the classroom. 0 0 2 66.66 1 33.33 0 0 3

Sustainability 2022, 14, x FOR PEER REVIEW 11 of 17 
 

 

Table 6. Categorisation of responses to question 12. 

Categorised Responses Subject 1 % Subject 2 % Subject 3 % Subject 4 % Total 
● Insert: I wouldn’t add anything it was all correct. 0 0 22 38.6 7 12.28 28 49.12 57 
● Insert: It is a useful, simple and practical method to use. 11 100 0 0 0 0 0 0 11 
● Insert: Add more pauses between steps. 0 0 2 50 0 0 2 50 4 
● Insert: More explanatory videos. 3 12 6 24 12 48 4 16 25 
● Insert: Have the virtual lab in the classroom. 0 0 2 66.66 1 33.33 0 0 3 
● Insert: More explanations of possible errors. 0 0 11 68.75 1 6.25 4 25 16 

None of the students’ responses to question 13—from any of the subjects—indicated 
that they thought any elements or content should be removed (see Table 7). 

Table 7. Categorisation of responses to question 13. 

Categorised Responses Subject 1 % Subject 2 % Subject 3 % Subject 4 % Total 
● Remove: I would not remove anything. 56 32.75 21 12.28 37 21.64 57 33.33 171 

The benefits noted by the students in their responses to question 14 included: “helps 
me understand the concepts”, at similar percentages in all four subjects; “step-by-step 
guidance on how to perform a task”, particularly from students in subjects 1 and 2; “you 
can pause the video and watch it again as needed”, particularly from students in subjects 
1, 2 and 3; and “the video can be watched at any time”, particularly from students in sub-
jects 1, 2 and 3 (see Table 8). 

Table 8. Categorisation of responses to question 14. 

Categorised Responses Subject 1 % Subject 2 % Subject 3 % Subject 4 % Total 
● Advantages: Helps me understand the concepts. 38 25.68 53 35.81 23 15.54 34 22.97 148 
● Advantages: Step-by-step guidance on how to perform a task. 27 48.21 20 35.71 6 10.71 3 5.36 56 
● Advantages: You can pause the video and watch it again as 
needed. 

31 52.54 15 25.42 2 3.39 11 18.64 59 

● Advantages: The video can be watched at any time. 30 41.1 17 23.29 6 8.22 20 27.4 73 

In their responses to question 15 (see Table 9), students in all subjects indicated that 
there were no disadvantages to using virtual labs. However, they did report two types of 
drawbacks: 1) the time needed to watch the videos, particularly from students in subjects 
2 and 4; and 2) there was no-one behind the virtual laboratories to give feedback in real 
time, particularly from students in subjects 1 and 4. 

Table 9. Categorisation of responses to question 15. 

Categorised Responses Subject 1 % Subject 2 % Subject 3 % Subject 4 % Total 
● Drawbacks: I have not found any drawbacks. 64 48.12 42 31.58 13 9.77 14 10.53 133 
● Drawbacks: It takes time to watch the videos. 9 12.16 26 35.14 7 9.46 32 43.24 74 
● Drawbacks: There is no-one to ask if I don’t understand
something.  

9 26.47 9 26.47 5 14.71 11 32.35 34 

Finally, to test RQ5 (“How will the students feel about the use of virtual labs in the 
different subjects studied?”), a sentiment analysis was performed using Atlas.ti v.22 [40]. 
Table 10 shows sentiments identified in the students’ responses from each of the subjects. 

Table 10. Sentiment analysis by subjects. 

Sentiments Analysed in the Responses Subject 1 % Subject 2 % Subject 3 % Subject 4 % Total 
●Feeling: Negative 73 25.52 67 23.43 86 30.07 60 20.98 286 
●Feeling: Neutral 180 23.84 190 25.17 183 24.24 202 26.75 755 
●Feeling: Positive 19 40.43 15 31.91 3 6.38 10 21.28 47 

Insert: More explanations of possible errors. 0 0 11 68.75 1 6.25 4 25 16

None of the students’ responses to question 13—from any of the subjects—indicated
that they thought any elements or content should be removed (see Table 7).

Table 7. Categorisation of responses to question 13.

Categorised Responses Subject 1 % Subject 2 % Subject 3 % Subject 4 % Total

Sustainability 2022, 14, x FOR PEER REVIEW 11 of 17 
 

 

Table 6. Categorisation of responses to question 12. 

Categorised Responses Subject 1 % Subject 2 % Subject 3 % Subject 4 % Total 
● Insert: I wouldn’t add anything it was all correct. 0 0 22 38.6 7 12.28 28 49.12 57 
● Insert: It is a useful, simple and practical method to use. 11 100 0 0 0 0 0 0 11 
● Insert: Add more pauses between steps. 0 0 2 50 0 0 2 50 4 
● Insert: More explanatory videos. 3 12 6 24 12 48 4 16 25 
● Insert: Have the virtual lab in the classroom. 0 0 2 66.66 1 33.33 0 0 3 
● Insert: More explanations of possible errors. 0 0 11 68.75 1 6.25 4 25 16 

None of the students’ responses to question 13—from any of the subjects—indicated 
that they thought any elements or content should be removed (see Table 7). 

Table 7. Categorisation of responses to question 13. 

Categorised Responses Subject 1 % Subject 2 % Subject 3 % Subject 4 % Total 
● Remove: I would not remove anything. 56 32.75 21 12.28 37 21.64 57 33.33 171 

The benefits noted by the students in their responses to question 14 included: “helps 
me understand the concepts”, at similar percentages in all four subjects; “step-by-step 
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In their responses to question 15 (see Table 9), students in all subjects indicated that 
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In their responses to question 15 (see Table 9), students in all subjects indicated that
there were no disadvantages to using virtual labs. However, they did report two types
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subjects 2 and 4; and 2) there was no-one behind the virtual laboratories to give feedback
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Figure 3 shows the sentiment analysis as a Sankey diagram. The predominant senti-
ment in students’ responses in all subjects was neutral.
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5. Discussion

Significant differences in perceived satisfaction with virtual labs were found between
students doing different subjects. The subject in which students reported the highest levels
of satisfaction had more practically applicable nursing content. This is consistent with
the findings from Massey et al. [34]. Nonetheless, the average levels of satisfaction in
all of the subjects were medium-high and the students reported that using virtual labs
had helped them to better understand the theoretical and practical content of their sub-
jects, which agrees with findings from other studies [2,16,17]. The students also indicated
that using virtual labs had helped them to be more engaged with their learning. This
backs up the findings from studies by Hew et al. [40], Sáiz-Manzanares et al. [10], and
Singh et al. [41]. In addition, the students exhibited interest in using the virtual lab method-
ology in other subjects, which is consistent with the findings in studies by Dong et al. [1]
and Massey et al. [34]. In contrast, we found no differences in perceived satisfaction with
respect to the gender variable.

From the qualitative study, firstly we found that using mixed methods in the data
analysis allowed us to examine the results via a microanalytical analysis [3,12,13,18,53]. The
results of this analysis provided important pointers for improvement in the development of
virtual labs. These focus on adding pauses between the steps in the exercises and including
more explanations about possible mistakes that students might make. However, in the
open-ended responses, all of the students agreed that they would not remove anything.
Benefits of virtual labs that the students highlighted include that they help conceptual
understanding and that they provide step-by-step guides for practical activities. This is
consistent with findings from Zhu et al. [3]. The students also indicated notable aspects
for improvement. These were about the time needed to work with the labs and the lack of
ability to ask questions in real time. These aspects provide a challenge for future research



Sustainability 2022, 14, 16074 12 of 16

aimed at enhancing personalisation of virtual labs [18]. It is also worth underscoring the
importance of using ML techniques, specifically sentiment analysis [43,44]. The results of
this analysis provide important information such as a high percentage of neutral feelings
towards using virtual labs. The results motivate further research in this area [19].

Overall, the mean satisfaction perceived by students participating in the FL experiences
related to virtual labs was medium-high (3.88 out of 5). However, there were differences
between the subjects. These differences centred on theoretical and practical understanding.
In addition, no significant differences were found in the feedback noted in the labs, levels
of anxiety using the labs, or perceived usability of the labs. We did find differences by
subject in the responses to the open questions; students in subjects 2, 3, and 4 wanted more
pauses and more references to potential errors students might make, things which students
in subject 1 did not raise.

In terms of perceived benefits of labs, the students from the four subjects gave very
similar answers. They felt that the virtual labs helped them to better understand concepts.
The benefits were related to the step-by-step guides the labs gave for practical tasks.
Similarly, none of the students indicated drawbacks in the use of labs, other than indicating
that they had to spend time watching the videos before going to the in-person classes. The
sentiment analysis confirmed the above. The conclusion is that using virtual labs based on
FL methodology is a change in how students learn. That means that the students’ sentiments
were not overwhelmingly positive. They did feel the benefits of the methodology for their
learning, but they also felt that they needed to make greater efforts in terms of time and
conceptual thinking. This might be why we found a higher percentage of neutral, and
occasionally negative, feelings than the studies by Lai et al. [20], Sosa Díaz et al. [21],
Mshayisa and Basitere [22], Youhasan et al. [24], and Chen et al. [26]. There was also a
difference depending on the subject type, between subjects with more clinical components
and subjects with less [28,29].

6. Conclusions

In summary, using virtual labs as a teaching support tool for nursing students is a
highly promising resource. Below, we examine the theoretical and practical implications
of the results, the limitations of the study, potential improvements, and lastly, future lines
of research.

6.1. Theoretical Implications of the Study

This study highlights the need to keep working from a framework based on the benefits
of using technological tool-based resources such as virtual labs which help students to
perform self-regulated learning. The virtual labs created from this paradigm facilitate
instruction in planning and modelling of execution and self-reflection in performing these
practical activities. The students felt that these elements were a positive help for their
performance of these tasks.

6.2. Practical Implications of the Study

At the practical level of teaching health science subjects, virtual labs are a tool that
help students to visualize the steps they need to follow to perform practical activities. The
students can consult these resources whenever they wish, without a teacher having to be
present. This aspect gives the students autonomy and security in their learning process.

6.3. Limitations and Potential Improvements

There are important points for improvement related to the design of the labs, analysis
of any computer-related difficulties in using them, and the inclusion of intelligent personal
assistants to facilitate real-time feedback for the student.

The study does have limitations. These include the fact that it involved students from
a single university, working toward a nursing degree, who were chosen by convenience
sampling. That means that although the results might be in line with conclusions from
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other studies, they need to be taken with caution. Future studies should be with teachers
from other universities, and with students doing other health science degrees (medicine,
pharmacy, psychology, etc.).

6.4. Future Research

In short, in order to achieve widespread use of virtual labs, students and teachers
need more digital training, and this technology needs to be used more in university virtual
learning environments. These changes represent a challenge to be addressed by university
leaders in collaboration with teaching staff and students in order to build a university
based on the implementation of digital advances, a Smart University. All of this means
more research in this area.

In addition, future work will examine the characteristics of the course content in
different subjects, to determine what types of subjects are most suitable for FL experiences
with virtual labs. It will also explore students’ comments while they are using virtual labs
in order to understand whether they use self-regulation strategies and if so, which ones.
The impact of which year the students are in will also be examined to determine whether it
affects the perceived satisfaction with using this methodology. There is still a significant
path in this knowledge area to explore and examine more deeply. This is why it is important
to continue research on this topic, as the use of FL resources within the implementation
of virtual labs is essential in the 21st century, where digitalization has come to stay and
expand. Proof of that is the predictions made around the metaverse, where FL experiences
applied to virtual labs are suggested as habitual approaches to work in university settings,
particularly for health science students.
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Appendix A

Table A1. Scale of Perceived Satisfaction with the Virtual lab (SPSVL) [56].

Item Scale (Open Questions)
Rating Scale

1 2 3 4 5

1. The virtual lab has helped me to understand the theoretical aspects of the course. 1 2 3 4 5
2. The virtual lab has helped me to understand the practical aspects of the course. 1 2 3 4 5
3. The virtual lab has helped me to understand the course content more easily. 1 2 3 4 5
4. The virtual lab including explanation of wrong answers after each question helps the understanding of
the content. 1 2 3 4 5

5. The virtual lab encourages my participation in the course. 1 2 3 4 5
6. I feel anxiety or stress while using the virtual lab. 1 2 3 4 5
7. Virtual labs make the content more entertaining. 1 2 3 4 5
8. Virtual labs are easy to use. 1 2 3 4 5
9. I would recommend working with virtual labs to my colleagues. 1 2 3 4 5
10. I would like to continue working with virtual labs in other subjects. 1 2 3 4 5
11. My overall satisfaction with the virtual lab is: 1 2 3 4 5

Closed Questions

12. What elements would you add to or expand in the virtual lab? Why?
13. Which elements of the virtual lab would you remove? Why?
14. Indicate, in your opinion, the benefits of sing virtual labs.
15. Indicate, in your opinion, the drawbacks of virtual labs.
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