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Abstract: This article analyzes whether the use of videos in flipped classrooms applied to lab prac-
tices in higher-education degrees improves the students’ performance. For this purpose, the flipped
classroom methodology was used in the Sustainability and Environment Technologies subject, which
is included in the curriculum of different engineering degrees. The results were evaluated by consid-
ering three different aspects: student satisfaction, student performance during the lab practice, and
academic marks. The methodology of the study combines qualitative and quantitative approaches.
The results show an improvement in student satisfaction, as well as in student performance during
the lab practice. The academic marks of the test students in comparison to the control students also
show some improvement. Overall, those who undertook the flipped classroom lab practice noted
many benefits, including increased student engagement and satisfaction, as well as improvements in
student skills and academic results. Novel aspects such as the qualitative and quantitative evaluations
of the performance of the lab practice have been introduced in this research.
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1. Introduction

Advances in information and communication technologies (ICTs) are promoting the
use of new forms of learning within the University. In this respect, the flipped or inverted
classroom is a new and popular educational model, that uses ICT to enhance and deepen,
among other aspects, the teaching–learning process in the classroom [1,2].

A flipped classroom (FC) refers to a new pedagogical model that inverts the traditional
classroom [3–6]. In this educational model, traditional master classes or lectures are
replaced by other types of activities suggested or provided by the teacher [3,4].

Thus, the FC concept can be summarized simply as follows: activities that are tradi-
tionally undertaken in class are performed at home, and those traditionally undertaken as
homework are completed in class [3,6].

The integration of the flipped classroom model into higher education has resulted in
significant changes that affect both teaching and learning in different ways [7]. In general
terms, in the FC, the teacher dedicates more time in the classroom to work with each
student and to better understand his/her needs and progress. Moreover, students become
responsible for their own learning process by asking questions and solving problems with
the teacher’s guidance, governing their own learning [1,8].

The idea of inverting the classroom to encourage active and collaborative student
participation has been widely used in university teaching in different disciplines [5,9–11].
However, to date, very few studies have focused on laboratory practices [12–18]. Never-
theless, in engineering education, the use of laboratory practices for academic purposes
is an important part of the academic curricula. As confirmed in other works [19], the
principal problem with the lab classes is related to the student’s lack of interest in reading
the practical laboratory manual, which is indispensable for the satisfactory development of
the practice, but this can be solved with flipped-learning tools.
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Another recent work highlighted how a hybrid online/flipped-teaching approach can
be a potent method to mitigate the effect of the online teaching forced by the coronavirus
pandemic, for computerized laboratory practices [20].

Flipped-classroom research in higher education highlights that videos are one of the
most popular forms of pre-class learning activities [6,11,21–23], but a range of other types
of learning resources can be utilized (“Kahoot!” questionnaires, storytelling, concept maps,
workshops, or other didactic materials) [3–6,24,25]. The videos allow students to pause and
go back and review the content as many times as needed. The concept of flipped learning
is much more than watching videos [26]. However, the implementation of this new method
implies new challenges, key issues such as the length of the video/digital materials and
time required for instructors to prepare the learning materials and for students to master
them [7]. One of the main challenges is that not all students complete the FC before the
face-to-face session and, frequently, their engagement with the flipped work is not regular
during the course [27]. In this sense, several studies report that the duration of the videos
employed as a flipped-classroom tool was less than 30 min [16–18].

Barrios-Piña et al. [16] reported the use of the FC technique in civil engineering
laboratory sessions. They did not find improvement in the students’ grades when FC was
applied. However, Fleagle et al. [17] reported higher scores after the FC methodology was
applied to the Human Groos Anatomy Laboratory. Similarly, Dallal et al. [18] showed an
improvement in the report and quiz scores when a partial flipped approach was applied to
electrical- and computer-engineering laboratory sessions.

In the same way, the opinions of students and professors, in previous studies, con-
firm that FC is a positive technique, which can improve student performance, reinforces
knowledge and skills, and promotes student self-learning, as well as collaborative work,
autonomy, and self-regulation. [10,13,16–18,28–30].

It must be noted that, although the video material usually used in the FC technique
remains available to students after the face-to-face session, it has been reported that the
benefits in terms of knowledge retention is related to the student watching the videos
before the face-to-face sessions and not afterward [31].

In general, research regarding the effectiveness of FC in higher education has focused,
in the first instance, on the impact on numerical assessments (grades) and, more recently,
and to a lesser degree, on the perceptions of the students toward this new paradigm.
Student perceptions provide a unique opportunity to analyze and identify best practices
that allow successful achievement of the learning objectives. An understanding of the key
factors that impact the satisfaction of students in flipped-learning experiences is essential
to achieve a successful implementation.

Considering the innovative character and the impact of the FC methodology, the aim of
this work is to introduce the inverted classroom method via the use of videos in a laboratory
practice of the subject Sustainability and Environmental Technologies which forms part of
different degrees at the Industrial and Civil Engineering Faculty of the University of Las
Palmas de Gran Canaria. The purpose is to employ a useful tool for active learning that is
complementary to the traditional master class.

The objective of this research is to evaluate the FC method considering three different
aspects: student satisfaction, student performance during the lab practice, and academic
marks. The methodology of the study combines qualitative and quantitative approaches.

The analysis of student satisfaction under the FC model is undertaken by means of a
survey questionnaire; then a qualitative assessment is performed through the observation
of the students’ abilities during the lab practice, and a quantitative assessment is performed
through the evaluation of their academic marks. To the best of our knowledge, this is the
first research that evaluates all of these three objectives. In addition, videos are used as
a tool in the FC focused on laboratory practices in higher education. The evaluation of
student performance during the lab practice, as evaluated within this research, constitutes
a novelty.
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2. Materials and Methods
2.1. Subject Context

This research was set within the framework of the subject of Sustainable and Envi-
ronmental Technologies, which forms part of the second year of the following degrees:
mechanical engineering, electrical engineering, electronics engineering, and industrial
chemical engineering. The FC activity was designed for one of the three laboratory sessions
for this subject.

The subject is divided into two main blocks: renewable energy systems (mainly solar
photovoltaic, solar thermal, and wind energies); and environmental impact assessment
evaluation. The students must pass a final exam for each block to pass the subject.

The professors, syllabus, and lesson plans employed in the Sustainable and Environ-
mental Technologies subject were identical during the years 2018/2019 and 2021/2022,
for all the aforementioned degrees. Regarding the laboratory sessions, these were taught
by three different professors: one oversaw the mechanical-engineering and-electrical-
engineering students, another the electronics-engineering students, and the last faculty
member was responsible for the industrial-chemical-engineering students. All professors
used the same materials and contents in the sessions. For the purpose of this research, the
2018/2019 students constitute the control group and the 2021/2022 students the test group.
Only the students studying mechanical engineering and electrical engineering were chosen
for this study to ensure that the same professors taught the same contents of the subject in
both the control and the test academic years.

The laboratory session chosen for this activity dealt with the calculation of the Fill
Factor (FF) of solar photovoltaic cells. It is crucial for students to be familiarized with this
concept because the FF is one of the most important characteristics of a solar panel and al-
lows us to determine its quality and the correct functioning of the photovoltaic installation.

To determine the FF, students must connect the solar cells in an electric circuit equipped
with several electrical resistances and next annotate the intensity–voltage pairs of values
obtained. The solar cells were illuminated with a dimmable lamp to simulate solar sunlight.
Additionally, students needed to determine the short-circuit current (Isc) and open-circuit
voltage (Voc). With these data, plotted in a combined intensity vs. voltage and power
vs. voltage graph, students could graphically calculate the maximum power, voltage, and
intensity of the solar cells; and, subsequently, the FF can be calculated as follows:

FF =
Pm

Isc·Voc
(1)

where Pm is the maximum power obtained for the solar cell, Isc is the short circuit current,
and Voc is the open circuit voltage.

Additionally, students were asked to connect several solar cells in serial and in parallel
to analyze what occurred with the total voltage, intensity, and power of the installation.

Students were asked to perform the experiments with different light intensities to
introduce them to the intensity and temperature coefficients of solar photovoltaic cells,
which are parameters that affect the performance of solar panels.

Lastly, one solar photovoltaic module datasheet was given to the students to familiarize
them with the concepts included in PV catalogs.

2.2. Traditional Laboratory Session

During the 2018/2019 academic year, the laboratory session was completed in a
traditional way. The number of students per session was 10, and they were grouped in
pairs. A lab practice manual was given to the students, and the session began with a 15-min
explanation of the concepts involved and the experimental procedure. Next, the students
were given one hour to make the connections of the solar cells and collect the experimental
voltage and intensity data. Finally, they were given 30 additional minutes to analyze the
obtained data. Two weeks later, the students were examined on the practice with open-
ended questions to determine whether the learning objectives had been accomplished.
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2.3. Flipped-Classroom Laboratory Session

During the 2018/2019 academic year, many doubts arose among the students during
the lab sessions regarding the electrical circuit connections, particularly with the connection
of the voltmeter, the ammeter, and with the connection of the parallel and serial solar cells
connections. For this reason, in year 2021/2022, we changed the didactic approach of this
laboratory session to a flipped-classroom session. In this way, students were also grouped
in pairs, but, in addition to the instructor’s 15-min explanation, students were asked to
view a 6-min video before the lab session. The video consisted of a demonstration of how
to make the photovoltaic module connections during the experimental procedure; how to
collect the obtained data; and how to plot these data to determine Isc, Voc, Pm, and the
FF value. Next, students were given one hour to perform the experimental procedure and
30 min to analyze the obtained data. Two weeks later, as in the traditional method, students
were examined with the same open-ended questions used in year 2018/2019 to determine
whether the learning objectives were accomplished with the practical work.

2.4. Participant Recruitment

The participants were second-year engineering students who were enrolled in the
Sustainability and Environmental Technologies subject, which is a mandatory subject, at the
University of Las Palmas de Gran Canaria. The students chosen for this work were those
enrolled in electrical-engineering and mechanical-engineering degrees. The total number
of participants in the laboratory sessions was 58 in 2018/2019 and 54 in 2021/2022, and all
were enrolled in the subject for their first time. The methodology used in year 2018/2019
was the traditional laboratory, while in 2021/2022, we introduced the FC methodology in
the laboratory.

2.5. Objectives of This Research

Three different objectives were evaluated:

• Objective 1. To determine student satisfaction of the students using FC via videos.
• Objective 2. To analyze the impact of the methodology on the competence levels of

students by evaluating the students’ performance during the lab practice.
• Objective 3. To discover whether there are differences in the acquisition of knowledge

after the application of the FC methodology by analyzing their academic marks.

To this end, the present research is based on a mixed methodology that combines
quantitative and qualitative approaches.

The methodology applied to evaluate each of these objectives is described in the
next sections.

2.6. Questionnaire to Evaluate Student Satisfaction

Upon completion of the laboratory session, students were asked to complete an
anonymous questionnaire to assess their perception and satisfaction with the FC activity.

The questionnaire employed in this study is a validated questionnaire [32]. The
questionnaire is included as Appendix A. It was originally written in Spanish and has been
translated for publication purposes.

The questionnaire focuses on quantitative data regarding student perception. It
comprises 16 items that consider quantitative elements, using a 5-level Likert scale, where
the values range from 1 to 5, with 1 being “totally disagree” and 5 “totally agree”. The
statistical analysis performed is based on closed multiple-choice items.

In order to group the 16 items and perform an analysis of interrelated items around
the same subject, the items were categorized according to three different factors:

(1) Benefits of the flipped-learning model (Factor 1): The items included in this factor
intend to evaluate the usefulness of the model as perceived by the students when
implementing it in their learning process, the perceived usefulness in their professional
development, whether the students actually liked the model or not, whether there
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was an increase in motivation to carry out the proposed activities, and the impact
of the methodology on their confidence level to solve problems autonomously. The
items under this factor are Q3, Q6, Q7, Q11, Q12, Q13, Q14, Q15, and Q16.

(2) Collaboration and communication (Factor 2): The items included in this factor serve
to evaluate the increase in collaboration and communication with both classmates
and the teacher under the flipped-learning lab work. The items under this factor are
Q5, Q8, Q9, and Q10.

(3) Use of videos (Factor 3): The items included in this factor serve to evaluate the
perception of the students regarding the importance of the use of videos in the
achievement of learning objectives under the flipped-learning methodology. The
items under this factor are Q1, Q2, and Q4.

2.7. Method to Evaluate Student Performance during the Lab Practice

Student performance during the lab practice was evaluated both qualitatively and
quantitively. The qualitative assessment undertaken by the professor in charge of the lab
practice was based on a set of questions after observation of the different lab groups. The
performance of test vs. control students was evaluated in qualitative terms. The questions
that the professor had to answer were as follows:

• Did the test students show better skills when implementing the practice than the
control students?

• Did the test students have to ask fewer questions than the control students in order to
successfully complete the practice?

• Did the test students make the photovoltaic module connections faster and correctly?

This qualitative assessment was then complemented with a quantitative assessment
based on the answers to Items 1, 2, and 11 of the questionnaire which specifically concern
the perception and confidence of the students during the realization of the lab practice.

2.8. Method to Evaluate the Academic Results of the Students

The academic marks were assessed quantitatively by evaluating the lab-practice
reports and the final-exam marks with respect to the Energy block of the subject. Each
practice report contained eight questions that dealt with the procedure followed in the lab,
the studied concepts, and the calculations. This report was marked between 0 and 10, the
same as the final exam. The corresponding marks of the control and test students were
then compared. The data were statistically analyzed with Minitab 16®.

3. Results and Discussion

The number of students who completed the lab session with solar photovoltaic cells
was 58 in 2018/2019 and 54 in 2021/2022. Among these students, 48 and 42 attended the
final exam in 2018/2019 and 2021/2022, respectively.

The results of the three different aspects evaluated in the methodology are described
in the next three sections.

The results indicate that students who engaged with pre-class learning content per-
formed better in all three aspects evaluated: student satisfaction, student performance, and
final exams.

3.1. Student Satisfaction

Overall, student satisfaction in the FC group (test group) with video viewing before
the lab session was very high (Figure 1).

The 16 items that comprised the questionnaire were categorized into three different
factors: benefits of the flipped-learning model (Factor 1), collaboration and communication
(Factor 2), and use of videos (Factor 3). This was performed in order to facilitate the analysis
of interrelated items around the same subject as described in the Methodology section.
Figure 2 shows the evaluation of each factor.
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Factor 1: Benefits of the Flipped-Learning Model

Nearly 40% of all students rated the items in this factor very highly. This means that
they rated the benefits of the FC through video viewing as highly positive. Of all the
students, 71% gave positive valuations to the implemented methodology, while 19% were
neither positive nor negative, and 10% did not value the benefits of this method as positive.
Of all items evaluated in Factor 1, the most positive refers to whether the students liked the
applied FC method (Item 16), with nearly 85% of all students enjoying the experience. In
addition, 80% of all students considered that the applied FC method facilitated the learning
process in comparison to the “traditional” method (Item 11).

Factor 2: Collaboration and communication

Of all the students, 68% considered that the applied FC method facilitated collaboration
and communication among the students and between the students and the professor, while
22% responded neither positively nor negatively, and 10% did not consider that this method
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improved collaboration and communication. In particular, 72% of all students considered
that communication between the students and professor improved in comparison to the
“traditional” method (Item 8).

Factor 3: Use of videos

Of the three factors evaluated, Factor 3 scored highest. Of all the students, 85%
considered that the use of videos facilitated the achievement of their learning objectives,
while 12% were neither positive nor negative, and 3% did not consider that the use of
videos facilitated the achievement of their learning objectives. Moreover, none of the
students “strongly disagreed” with the consideration that the use of videos facilitated the
achievement of their learning objectives.

3.2. Student Performance during the Lab Practice

The student performance during the lab practice was evaluated as described in Section 2.7.
A first qualitative evaluation was performed by the professor in charge of the lab

practice via observation. In comparison to control students, who showed clear difficulties
in tasks such as the photovoltaic module connections and plotting the results to determine
the FF, the test students showed higher skills and confidence when implementing the lab
practice. Thus, the professor could confirm that viewing the lab practice video prior to the
lab session facilitated the realization of the lab practice.

This qualitative assessment was then complemented with the quantitative assessment
based on the answers to Items 2 and 11 of the student’s questionnaire. In all, 87% of
all students felt more confident when performing the practice after watching the video
(Items 1 and 2), and 80% considered that the applied FC method facilitated the learning
process in comparison to the “traditional” method (Item 11).

Thus, regarding the impact of the methodology on the competency level of the stu-
dents, differences were observed between the control group and the test (FC) group.

3.3. Academic Results

The grades obtained by the students in the lab session report and the final exam in
2018/2019 and 2021/2022 are shown in Figure 3. For the calculations included in this
section, only the 48 and 42 students that attended both the lab practice and the final exam
were considered as control (year 2018/2019) and test (year 2021/2022) groups, respectively.

The mean lab-report mark obtained in 2018/2018 was 7.9 ± 1.7, while in 2021/2022,
it was 8.2 ± 1.5. Overall, the academic results were similar or slightly better for the test
students (2021/2022) in comparison to the control students (2018/2019), although no
statistically significant improvement in the mean academic mark was observed. A two-
sample t-test with a confidence level of 95% returned a p-value higher than 0.05, which
indicated that there was no difference in the exam scores for the two learning modalities.

However, it can be seen from Figure 3a that 76% of the students achieved a grade 8
or higher for the lab report when the FC methodology was implemented in 2021/2022. In
the control year (2018/2019), just 69% of the students achieved an 8 or higher. Thus, the
introduction of the FC methodology increased by 7% the number of students who achieved
a mark of 8 or higher in the lab report.

Regarding the final exam, the distribution of exam grades is shown in Figure 3b. The
mean grades were 5.4 ± 1.9 in 2018/2019 and 8.2 ± 1.5 in 2021/2022. In this case, the
two-sample t-test with a confidence level of 95% returned a p-value lower than 0.05, indi-
cating statistically significant difference in the exam scores for the two learning modalities.
Therefore, it can be confirmed that the changes applied in the teaching methodology in the
year 2021/2022 helped the students to acquire the subject concepts.

It should be noted that the materials, professors, and methodology employed in the
master classes in 2018/2019 and 2021/2022 were the same. The only difference between the
two courses was that, in 2018/2019, the lab sessions were carried out in a traditional way,
and in 2021/2022, the FC methodology was implemented in the lab session that dealt with
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solar photovoltaic energy. It should also be noted that the contribution of solar photovoltaic
energy questions to the final exam mark was 33%.
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4. Conclusions

This article aims to establish how the use of videos in flipped classrooms applied to
lab practices in higher education degrees improve student performance. For this purpose,
the selected subject selected was Sustainability and Environment Technologies as taught in
different engineering degrees. The overall student performance was evaluated under three
different aspects: student satisfaction, student performance during the lab practice, and
academic marks.

The results showed an improvement in student satisfaction, as well as in student
performance during the lab practice; and although the improvement of the academic marks
was not significant for the lab report, generally, grades were higher. On the other hand,
the final exam-marks increased considerably and significantly for those students who
completed the flipped-classroom activity.

Student satisfaction was assessed quantitatively by using an anonymous and validated
questionnaire. The results can be considered as highly positive. Most of the students
positively valued the benefits of the flipped-learning model and considered that it facilitated
collaboration and communication among the students and between them and the professor.
Moreover, almost all students considered that the use of videos facilitated the achievement
of their learning objectives. Thus, the factor that was most highly valued by the students
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was video viewing prior to the lab practice as a mean to improve the attainment of their
learning objectives.

Student performance during the lab practice was evaluated both quantitatively and
qualitatively. This assessment aimed to evaluate whether the viewing of a video that
describes the laboratory techniques to be carried out, prior to the lab session itself, facili-
tated the realization of the lab practice. Both the qualitative and quantitative evaluations
concluded that the students showed much greater levels of skill and confidence when
implementing the practice after viewing the video.

Regarding the academic results, the improvement due to the introduction of the
flipped-classroom methodology was evaluated in two respects: assessing the lab report
marks and assessing the grades in the final exam. Both assessments were quantitative.
Regarding the lab-report marks, the number of students who achieved a mark of 8 or higher
increased slightly. Additionally, the improvement in the exam scores for the students who
participated in the flipped method increased by almost three points and was statistically
significant. Although the academic marks of the lab report of the test students in compari-
son to the control students only showed a moderate improvement, a statistically significant
improvement in the final-exam grades was observed in the test students compared to the
control students. Thus, it is concluded that the flipped-classroom methodology helped
students to acquire important concepts for the subject.

Overall, those who employed the flipped-classroom technique noted many benefits
including increased student engagement and satisfaction, as well as improvements in
student skills and academic marks.
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Appendix A. Questionnaire to Assess Student Satisfaction with the Activity

Item

1 Overall, how confident did you feel about the material of the session after
watching the video?

2 In general, how confident did you feel about the material of the session after watching the
video and connecting the installation?

3 Currently, I feel confident when solving an exercise/practice using the flipped
learning method

4 Based on your experience in the laboratory session, how valuable do you consider video
material for your learning?

5 I believe that the flipped learning method offers me more opportunity to meet and
collaborate with my peers than the traditional method

6 I feel more motivated to carry out the activities of the course in the flipped learning method

7 I feel more motivated to participate in class using the flipped learning method

8 I consider that the flipped learning method favors more fluent communication between the
teacher and the students than the traditional learning method

9 I consider that the flipped learning method favors communication with my classmates more
than the traditional learning method

10 With the flipped learning method, it is easier for me to express my doubts and opinions in
the laboratory session

11 I believe that the flipped learning method makes the content of the practice easier to
understand compared to a “traditional” practice

12 I believe that the flipped learning method helps me develop skills that will be of value in
my professional development

13 In the future, I would like to take other subjects that include the flipped learning method

14 I would recommend other students to take courses that include the flipped learning method

15 After this experience, I consider that I have mastered the flipped learning method

16 In general, I liked working during the laboratory session with the flipped learning method
All items use the following Likert scale: 1 (strongly disagree), 2 (disagree), 3 (neutral), 4 (agree), and 5 (strongly
agree). The items were divided into three factors. Factor 1 dealt with the benefits of the flipped learning model
and included Items 3, 6, 7, 11, 12, 13, 14, 15, and 16. Factor 2 dealt with the collaboration and communication
during the laboratory session and included items 5, 8, 9, and 10. Lastly, Factor 3 dealt with the materials used in
the laboratory session, that is, the use of videos, and included Items 1, 2, and 4.
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