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ABSTRACT

Introduction: the inverse method is currently considered a very effective way of teaching in higher education.
However, studies applied to all possible contexts are not available, resulting necessary its application and
the reporting of results, which was the main objective of this Case Study.

Method: the inverse method was implemented during 4 consecutive periods in the teaching of occupational
safety and health in the industrial maintenance career. For the implementation of the method, the class
was extended to a previous period (review of theoretical contents) and a subsequent period (feedback and
execution of reinforcement activities) to the classroom meetings, where theory application activities were
developed to simulate the actions performed by the safety technician in working life.

Results: data were collected throughout the implementation of the method that allowed analyzing its
suitability. Academic performance (71,5 %), pass rate (91,8 %), teacher evaluation (95,7 %) and the results of
a satisfaction survey with the applied methodology evidenced the feasibility and efficiency of the method in
teaching the subject of occupational health and environment in the context of higher education,
Conclusions: therefore, it is concluded that FL should be implemented in higher education, and similar
results are expected under the particular conditions of each university context.

Keywords: Higher Education; Environment and Safety; Active Learning; Inverted Method.

RESUMEN

Introduccion: el método inverso es considerado actualmente como una forma de ensefianza muy eficaz en
la educacion superior. Sin embargo, no se disponen de estudios aplicados a todos los contextos posibles,
resultando necesario su aplicacion y el reporte de los resultados, lo cual fue el principal objetivo de la
presente Caso de Estudio.

Método: se implemento el método inverso a lo largo de 4 periodos consecutivos en la ensefanza de seguridad y
salud ocupacional en la carrera de mantenimiento industrial. Para la implementacion del método se extendio
la clase a un periodo previo (revision de contenidos teoricos) y un periodo posterior (retroalimentacion y
ejecucion de actividades de refuerzo) a los encuentros en el aula, donde se desarrollaron actividades de
aplicacion de la teoria que simularon las acciones que ejecuta el técnico de seguridad en la vida laboral.
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Resultados: se recolectaron datos a lo largo de la implementacion del método que permitieron analizar
su idoneidad. El rendimiento académico (71,5 %), el porcentaje de aprobacion (91,8 %), la evaluacion
docente (95,7 %) y los resultados de una encuesta de satisfaccion con la metodologia aplicada evidenciaron
la factibilidad y eficiencia del método en la enseiianza de la asignatura de salud ocupacional y ambiente en
el contexto de la educacion superior.

Conclusiones: por ende, se concluye en la implementacion de la FL en la ensenanza superior, esperandose
resultados similares bajo condiciones particulares de cada contexto universitario.

Palabras clave: Educacion Superior; Ambiente y Seguridad; Aprendizaje Activo; Método Invertido.

INTRODUCTION

The Higher education represents the final stage in the training of professionals required in order to satisfy the
needs of today’s knowledge-based society andsolve to solve challenges derived from the great variability of the
circumstances faced by humanity. -2 Within the wide spectrum of professionals that form the higher education
systems, engineering represents one of the most demanded disciplines and with greater employability,® and that
can provide solutions to the current needs of society, since design in its current conception, both technological
and services, do not have the capacity to face these needs,® a situation that engineering professionals are able
to solve, being the main professionals oriented to the solution of the demands of humanity.®

In order to achieve the formation of professionals who contribute significantly to society, it is necessary to
apply active teaching strategies within HIEs that focus on the student. It is important to emphasize that the
traditional teaching method that has been used since the beginning of universities is less effective than active
teaching methods, ®” since traditional methods focus on the teacher and not on the students.®

One of the higher education methodological alternatives that satisfy these requirements, i.e. that is based
on the principles of active learning and is student-centered, is the flipped Learning method (or FL for short).®

FL is a very popular alternative to the teaching traditional method of (MT). FL involves a set of techniques
that seek to engage students in a deeper learning process."” FL involves reversing the roles, roles, and roles of
students.

FL consists of inverting roles, activities and spaces of MT,("so that formal instruction (imparting theoretical
knowledge) takes place in autonomous space and time (outside the classroom), while the activities of application
of such knowledge, which involve a higher cognitive level, take place in collaborative space and time (inside
the classroom), in conjunction with the teacher."

Currently, the diverse and very significant benefits of the application of FL in teaching are widely known,
therefore, this methodology is considered as a form of strategic teaching, since it focuses on the student
and on active learning techniques, conditions currently estimated as very beneficial for the teaching-learning
process, 3™ within the contexts in which the researches that allowed reaching such conclusions about FL were
developed.

Specific research has been developed related to the determination of the advantages of FL versus MT within
engineering education, reporting that the implementation of IM improves student participation, autonomous
learning, academic performance and pass rate,'® self-regulation, motivation and satisfaction with the
method, learning and problem-solving capacity in students, and also provides better conditions for active and
collaborative learning and promotes experiential learning compared to MT. (7 618,19

However, although there is research applied to specific contexts within engineering education, the number
of these is limited, i.e., less attention has been given to research related to the implementation of FL in
engineering courses and limited research related to this topic is available.? The benefits cited respond to
specific contexts, disciplines and specific courses of the place where such research was conducted, since
the reports indicate that the results studied correspond to specific places, chairs, moments and actors,®"
therefore, the totality of disciplines taught in engineering education have not been covered yet, which is why
it is necessary to conduct research that exposes cases of application of IM in the different courses of the broad
spectrum of engineering education.

In addition, further research in this field is needed to develop good practices in the implementation of FL in
engineering education,® since, being a relatively recent teaching methodology strategy, there are still doubts
about it,"® in fact, FL could be considered as a methodology still under development for higher education,®
which encourages research in this area.

At the time of writing this article, no publications were found in high-impact bibliographic bases dealing with
the application of the inverse method in teaching occupational health and environment in higher education,
specifically in engineering; therefore, the results reported in this research are unpublished and of great
relevance.
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The objective of this research is the application of FL in the teaching of the subject of Health, Occupational
Safety and Environment to students of industrial maintenance engineering.

In addition, the following research questions were posed in order to achieve the aforementioned purpose: Is
it feasible (in terms of students’ and teachers’ capabilities and human, technological and economic resources)
to apply FL in the teaching of OHS and the environment in the context of undergraduate engineering education?
How should FL be applied in the teaching/learning process of the subject of SSO and environment in engineering
areas? What is the result, in terms of academic performance and student satisfaction with the teaching method,
of the implementation of FL in the teaching of SSO and environment?

METHOD
Research design

This research work was carried out under the “case study” research method, an approach that belongs to
quantitative research, @23 as well as several researches related to the implementation of FL in the teaching of
engineering education. @425

In addition, the case study was selected as a research method since it is related to the analysis of an action in
development within a single scenario of interest, adjusting to the objectives of the research work, specifically,
to describe the suitability and performance of the application to a real context of FL in the teaching of the
subject in engineering education at the Escuela Superior Politécnica de Chimborazo (ESPOCH).

Process

The implementation and assessment of the LF in health, occupational safety and environment was developed
over 4 consecutive academic periods (2 years), within the same career, at the same level, the process of which
is described below:

Each class (according to the academic schedule) was extended to a phase prior to the classroom meetings,
the encounters themselves, and a phase after the encounters (evaluation and feedback).

In the phase prior to the classroom meetings, it was proceeded to the creation of theoretical content based
on the topics to be covered according to the syllabus of the course, under the screencast format, video type
through PowerPoint or Prezi presentations, since these videos are excellent for teaching and transmission of
concepts.? Theoretical contents were intended to be of short duration, which favors engagement, content
retention and students’ focus when watching theoretical videos within the LF.@”

In addition, the publication of a prudent number of contents was considered avoiding exceeding the
students’ dedication time to autonomous activities.The theoretical contents were shared on a scheduled and
weekly basis, according to the course planning, through the Learning Management System (LMS), since the LMS
represent the central tools for the support and organization of information within the teaching.

Moodle and/or Teams were used as the main LMS, being Moodle one of the tools frequently used in
the application of the FL The contents were accompanied by a questionnaire that evaluated the students’
comprehension capacity regarding the topics exposed through self-qualifying online exams, since this way
of evaluating the comprehension of the contents facilitates the evaluation process, which is frequently very
extensive.®6)

The scores obtained by the students in the resolution of the questionnaires were included in the evaluation
system.

In addition, use was made of the data analysis and student participation module integrated in the LMS to
verify student interaction with the theoretical contents, and this interaction was considered in the evaluation
system.

In the classroom meetings, time was distributed with the teacher to resolve doubts, carry out activities of
application of the theoretical contents, feedback and development of semester projects, as indicated in table 1.

Table 1. Distribution of time spent in classroom meetings

Activity Time Activity Time allocated, (min)
Resolution of the theoretical contents

Doubts regarding review 10

Explanation of the application of the

7activity to be carried out 10

Development and accompaniment of the

activities for the application of the theoretical

contents 70
Development of the semester project 30

In the classroom, the meetings were mainly devoted to the development of activities related to the application
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of theoretical contents previously seen by the students through tasks closely related to the functions performed
by SSO professionals. An effort was made to carry out only one activity per meeting.

The main design criterion for the activities was the competencies to be developed in the students, which
came from an analysis of the activities performed by safety technicians in their work, ensuring that the students
experience real scenarios and acquire these competencies through experience and the syllabus.

Each activity to be developed in the meetings was closely related to the theoretical contents previously
reviewed by the students, as shown in the table 2.

Table 2. Student competencies according to learning contexts
Theoretical content to be developed Application activities
Presentation of the course
Relationship between health and work
Theoretical foundations of occupational Technical language OHS and environment
health and safety and environment 1 Context of industrial maintenance

Theoretical  foundations  of  safety,
occupational health 2 and environment

Presentation of the course

Legal requirements

Introduction to risk management Understanding the organizational context

Division of the organization into workplaces
for risk management

Partial test

Delimitation and characterization of
workplaces

Construction of an instrument for the
execution of a work inspection

Introduction to safety and environmental
analytical techniques

Safety inspection

Identification of hazards Execution of a work inspection

Evaluation of risks Execution of a risk assessment

Formulation of preventive measures specific
to industrial maintenance

Emergency response Construction of an emergency action plan

Formulation of preventive measures

Each activity was developed under active and collaborative learning techniques. Students worked in the
classroom in small groups (maximum 4 members). The groups were formed by their affinity at the beginning
of the academic period and they were not modified (except for some particular cases) throughout the period.

The activities corresponded to the actions that the safety technician carries out in the professional field,
in accordance with the risk management process: identification of hazards, risk assessment and formulation of
preventive measures.

The activities were published prior to the classroom meetings through the LMS, providing the following
information: name, learning achievement, description, tasks, deliverables, evaluation criteria and resources
needed for the execution of the activity.

Prior to the execution of the activity, the context of the activity was explained, i.e., the scenario and real
situation in which the activity is developed in the professional field of the industrial maintenance engineer.

Prior to the execution of the activities related to risk management, students were asked to select a real
workplace (inside or outside the institution) to replicate the activities developed in the classroom.

Following the risk management process, in the classroom meetings, within a real context (for example,
industrial maintenance laboratories and workshops, private maintenance workshops, etc.), the risk management
tasks were executed, trying to replicate each action that the safety technician executes in his work, so that the
students enter a real scenario and acquire the competencies that will be required of them as safety technicians.

Once the activity with the teacher was finished, the students, in an autonomous way, went to the real places
selected by them and replicated the actions, delivering the products generated in the activity for review.

Upon delivery of the products of the activities, the evaluation and feedback of these activities were
considering with the real actions performed by the safety technician, all this through videos in which the
mistakes made and the improvements to be made were explained. The activities were considered within the
evaluation system.

A project was carried out, which was considered throughout the semester, in the form of partial advances,
and a final delivery at the end of the semester. The project was proposed by the teacher at the beginning of
the semester for the students to carry out.

All the activities previously carried out included the cumulative semester evaluation divided into three
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partial periods (8, 10 and 10 points respectively), considering the following weighting for each partial period:
autonomous activities, 35 %; knowledge application activities (in the classroom), 35 % and formative research
activities, 30 %. At the end of the semester, students had to submit a main evaluation with a score equal to 12
points.

In the traditional method, the main evaluation is a written and face-to-face exam, which does not respond
to the reality of professional practice. Therefore, the students were asked to submit a risk management report
as the main evaluation, that is, a compendium of all the activities carried out in real places where the students
replicated all the activities performed in class, which recreates the actions of the safety technician almost in
their entirety.

The students who did not pass had the opportunity to take a recovery evaluation (20 points), for which they
were asked to correct and improve the main activity (risk management report), thus replicating the activities
of the safety technician.

Pre-teaching stage Classroom meeting Oist-classroom stage
s Defining the learning *Explanation of activity # Assessing the results
outcomes and context achieved
competences to be * Activity execution *Feedback on activity
developed according to

*Six-month project
the syllabus execution

sTheoretical knowledge
creation, dissemination
and evaluation

*Planning the activities
to be done in the
classroom

* Publication of activity

. J/ \. J

Figure1. The complete process of a class under LF

The applied process was derived and adapted from proposals generated by, ?-?® for the execution of research
under the case study method.

Participants

The criterion for the selection of the case object (or participants) was of the “information-oriented selection-
critical case” type, according to the strategies for the selection of samples and objects for this type of research
proposed by, ®:39 since this form of selection allows a greater subsequent generalization of the results in similar
cases, enhancing the usefulness of the information and allowing a deeper analysis of a particularly useful case,
such as studying an educational method not previously applied to the teaching of occupational health and
environment, all in congruence with the objectives of the present research.

The students who specifically studied the subject in question were selected as participants as the case to be
studied, since there are no publications describing the application of FL in the teaching of the subject of safety
and environment in higher education in high-impact bibliographic bases, the analysis applied to the students
in question was useful, adjusting the research to the qualities of the case study as an investigative method, a
method in which the case to be studied is derived from an interest or a situation that is pertinent to analyze,®)
therefore, the study was framed in the classification of a single case within the division of the various types of
case studies.®

The occupational health and environment course is taught in the third level (or semester) of the industrial
maintenance engineering (IMI) career with a total of 64 hours of learning in contact with the teacher, distributed
in 32 sessions of 2 hours over 16 weeks (2 sessions per week).

Students were enrolled automatically through the institutional system, having previously passed mandatory
courses. No selection or division into groups was made, since there was only one group (or parallel) per period.

Criteria for inclusion and exclusion of participants

For the analysis of the data, only those students legally enrolled in the IMI course in the academic periods
previously described and who completed the course were considered, since, for various reasons, some students
suspended their studies during the course, generating partial evaluations that were not useful for the research.
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Characteristics of the participants

The participants on whom the case study was focused comprised students of the ESPOCH School of
Mechanics who were taking the occupational health and environment course in the third level of the IMI career
in the academic periods described in table 1, comprising a total of 117 students during the two years of the
implementation of the LF.

Table 3. Detail of students by academic period studied

Period Number of students Females Males
april-august 2022 42 8 34
september 2022-march 2023 28 5 23
april-august 2023 23 3 20
october 2023-march 2024 24 0 24

Data collection and analysis processes

Since the research was developed over two years under the case study modality, the data collection was
carried out in conjunction with the implementation of the FC to the selected course throughout the period in
question.

Since the research was developed over two years under the case study modality, the data collection was
carried out in conjunction with the implementation of the FC to the selected course throughout the period in
question.

The data handled responded to the analysis of the suitability of the application of the FL, considering factors
evaluated in publications similar to the present one, specifically the academic performance of the students was
analyzed in terms of final evaluation and passing grade,® the teacher evaluation,®" and in the last academic
period a survey of student satisfaction with the teaching method was applied " translated into Spanish and
modified from,®? ensuring the privacy of the students, which is very important. @

RESULTS
Table 4. Final grades by academic period

STADISTICAL VALOR

Cumulative Final evaluation Suspension Final values Final values

evaluation /12 evaluation /40 /100

/28 /20
April - august 2022
Average 21,3 8,9 18,0 30,3 75,8
Median 22,0 9,0 18,0 30,0 75,0
Standard 1,9 1,0 - 1,8 4,4
Desviation
Minimum 18,0 7,0 18,0 28,0 70,0
Maximum 25,0 12,0 18,0 37,0 92,5
September 2022- march 2023
Media 17,0 9,5 15,3 28,1 70,4
Median 17,5 10,5 15,0 29,0 72,5
Standard Desviation 4,0 2,7 1,6 5,5 13,8
Minimum 4,0 0,0 13,0 4,0 10,0
Maximum 24,0 12,0 18,0 35,0 87,5
April - august 2023
Average 19,4 9,3 15,3 29,7 71,6
Median 20,0 9,0 18,0 32,0 77,5
Standard Deviation 4,0 2,6 6,9 6,4 15,1
Minimum 9,0 0,0 0,0 9,0 22,5
Maximum 24,0 12,0 19,0 36,0 90,0
October 2023 - march 2024

Average 18,9 8,3 17,0 29,1 68,0
Median 20,0 8,5 17,0 29,5 71,3
standard Deviation 3,9 1,1 0,0 3,4 11,6
Minimum 8,0 7,0 17,0 15,0 37,5
Maximum 24,0 10,0 17,0 33,0 82,5
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The results obtained are described according to the methodological procedure proposed. First, table. 4
shows the averages obtained regarding the cumulative evaluation, the final evaluation and the supplementary
evaluation, which were developed according to the criteria established for the present case study in the
occupational health and environment chair after the implementation of the FL during the 4 consecutive
academic periods, evidencing that the final values out of 100 points obtained were; 75,8 in the academic period
April-August 2022; 70,4 in the period September 2022-March 2023; 71,6 in the period April-August 2023 and 68,0
in the period October 2023-March 2024.

Course approval under the application of the LF method

Figure 2. shows that the percentage of students who passed the course in the four periods of implementation
of the FL method exceeded 80 %, while the percentage of students who failed was less than 20 % in three of
the four periods, with a low percentage of exoneration only in the first period of application of the method.

Approved MExonerated

100.0 +
o N N
80.0 T+ §

600 T

400 T

Percentage, (%0)

200 T

0.0 — : ﬂ — L]

Apnl - august  September 2022-  Apnl - august  October 2023 -
2022 march 2023 2023 march 2024

Academic Term

Figure 2. Percentage of approvals

Results of the teaching evaluation under the implementation of the FL

Regarding teacher evaluation, it was evidenced that in the four periods a grade higher than 80 % was
obtained, as shown in figure 3, which demonstrated the acceptance by the students of the methodology used
by the teacher for the development of the classes, in addition to the established evaluation methods.

07.65 06.8 07.07
100 + 00.54
g 80 T
<
%n 60 +
b
© 40 +
[:*]
=W
20 +
0 + } }
Apn'l 2022 - Qctober 2022 - April 2023 - August October 2023 -
September 2022 March 2023 2023 March 2024

Academic period

Figure 3. Teacher evaluations
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Results of the satisfaction survey with the teaching methodology

Table 5 presents the results of the satisfaction survey carried out on students instructed with the FL method,
evidencing a high acceptance of the evaluated criteria, since more than 25 % of the students surveyed responded
favorably with what was evaluated, and more than 63 % of the students were in high agreement. Three of the
twelve questions had an acceptance rate of more than 70 %, and they mention the following; the teaching
content was systematically organized, the key parts of the classes were reinforced and the difficult and simple
points

Table 5. Aplication of the satisfaction survey

STUDENTS ANSWERS
CRITERIUM Altamente de De acuerdo, %. No estoy seguro En desacuerdo, Totalmente en
acuerdo, %. de cual es mi %. desacuerdo, %.
respuesta, %.
The Fheoretlcal content 63,64 36,36 0,00 0,00 0,00
was rich
The practical content of 54,55 45,45 0,00 0,00 0,00

the classes was sufficient
The depth and relevance
of the content taught 63,64 36,36 0,00 0,00 0,00
was appropriate.

The teaching content was
systematically arranged
The teaching content was
systematically arranged
Key parts of the classes
were reinforced, and
difficult and simple 72,73 27,27 0,00 0,00 0,00
points complemented

each other.

La ensehanza fue una

combinacion adecuada 63,64 36,36 0,00 0,00 0,00
de teoria y practica

The  attention paid
to the students was
appropriate, training and
empowering them.

The basic teaching
equipment was adequate
The teacher’s qualities
were optimal for teaching
The online teaching
platform was appropriate
The online teaching
platform was appropriate
The evaluation method
was appropriate

72,73 27,27 0,00 0,00 0,00

63,64 36,36 0,00 0,00 0,00

63,64 27,27 9,09 0,00 0,00

63,64 36,36 0,00 0,00 0,00
63,64 36,36 0,00 0,00 0,00
63,64 36,36 0,00 0,00 0,00
63,64 36,36 0,00 0,00 0,00

72,73 27,27 0,00 0,00 0,00

DISCUSSION

The most important result related to the implementation of FL is related to academic performance, that
is, the final grades obtained by the students in the four different periods showing a decrease in the final
averages obtained from the first period whose average was 75,80/100 until the fourth period with an average of
68,00/100, these results are close to those obtained in a similar study carried out by,®¥ in which the final values
of the periods analyzed were between 73,84 and 68,21/100 which verifies that, although the application of the
method still requires improvement, the performance of the students has been acceptable under the use of FL.
Furthermore, studies such as the one carried out by, mention post-covid academic problems such as poor
academic performance in university students, so the decrease in the final average could be due to the fact that
only the first period was developed under virtual modality due to the covid-19 pandemic, while the following
periods occurred in person, in the analysis of results carried out it was also evident that there is a percentage
greater than 80 % of approved students, with a percentage less than 20 % of failed students.

When carrying out the teaching evaluation indicated in the institutional regulations of the university in
which the study was developed, the results reflected a percentage greater than 80 % in the grades given by the
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students during the four academic periods, which reflects approval by the students towards the methodology
used. Regarding the satisfaction survey, all the students surveyed stated that they agreed or strongly agreed
with the evaluated criteria as indicated,® the survey allowed to measure the way in which the FL allowed the
students to learn, the results show that the students approve the use of FL as an innovative methodology for
the study of the subject of occupational health and environment. Due to the nature of the research, the results
obtained can be generalized to the external context of the case object (local or national universities in which
the occupational health and environment course is taught), since the results of a case study type research can
be extrapolated to other similar cases.?

CONCLUSIONS

It was possible to quantify the academic performance of the students during the implementation time,
which was equal to 71,5 %, in average of the periods studied, verifying that it was satisfactory in contrast to
similar research (case studies of the implementation of the FL in higher education). In addition, the degree of
approval of the course was high (91,8 % on average of the periods evaluated), while the teacher evaluation was
acceptable (95,7 % on average in the periods analyzed) and the results of the execution of a satisfaction survey
with the method were satisfactory, which leads to the conclusion that the implementation of FL is feasible
within the teaching of OHS and environment in the context of higher education.

Although the present study was applied to a specific context (industrial maintenance students of an
Ecuadorian university), due to the nature of the results, the responses can be extended to other contexts
related to higher education.

Therefore, the implementation of the FL in the teaching of OHS and environment in the context of higher
education is recommended, however, the particularities of each situation should be considered and the
methodology should be modified to adapt it to the particular conditions of each context.
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