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Abstract 
At present, the role that Universities will play in the digitalized and globalized world of the 21st century 
is under discussion. In fact, they are not the main source of knowledge since the growth of Internet. 
Our students probably do more queries in Google than in the recommended bibliography. Moreover, a 
large part of the contents taught in current degrees will become obsolete during the next decades and, 
among employers, the transversal competences are much more important than specific knowledge. 

Universities must adapt quickly to technological and socio-cultural changes if they do not want to 
disappear in the coming decades. Instead of competing with the new forms of ICT-based teaching, 
they must integrate them to redirect their potential towards higher quality learning, providing 
attendance classes with an added value based on human capital. In this sense, the figure of the 
teacher should be reinforced and revalued, because it remains irreplaceable to motivate, guide and 
create a learning space by competencies, as ICT cannot do. 

The flipped classroom model integrates naturally in this new learning framework. On the one hand, it 
allows applying active methodologies in the classroom, such as simulation, debate, problem-based 
learning, projects or cases, which stimulate deep learning of specific contents, developing procedural 
skills in an applied way and improving of transversal competences, whose importance has already 
been mentioned. Under this pedagogical model, the student assumes a leading and active role in the 
attendance sessions, working autonomously or collaboratively with equals, with the help and 
supervision of the teacher.  

This work collects and compares the flipped classroom experiences carried out in several subjects of 
the area of Thermal Engines and Machines of the University of Zaragoza during the last three 
academic years. Based on the experience acquired, guidelines are also included to properly plan the 
flipped classroom application in both laboratory sessions and lectures. 

Keywords: Educational Videos, Flipped Classroom, Virtual Learning Environments, Higher Education 
Innovation, Engineering Learning.  

1 INTRODUCTION 
The flipped classroom model (FCM) has become relevant in the last decade at all educational levels, 
supported by the development of the Information and Communication Technologies (ICT) and the 
important changes in habits and interests of the new generations of students. In the so-called era of 
hyper-connectivity, young people (and not so young people) are used to utilizing technology 
continuously, for example in their social relationships and in their leisure time [1]. This makes them 
accustomed to the immediacy in responding to their demands, to working in multitasking mode and, in 
general, to dealing with collaborative networks. The traditional model that focuses the master classes 
on the transfer of information does not fit into this new context. 

In general, students demand more practical and more dynamic classes to motivate attendance. Active 
methodologies, such as gamification, simulation or problem-based learning, respond to these 
demands, but are very time-consuming. The FCM reduces the time spent in theoretical explanations, 
displacing the learning of certain concepts or procedures to a previous moment in which the student 
prepares the topic with multimedia resources. In the attendance session, the lecturer spends little time 
in stressing in the key aspects and solving doubts, while most of the time can be devoted to active 
methodologies. Various FCM strategies, with many variants, have been applied in higher education, 
among which we can highlight peer instruction, just in time teaching and team based learning [2].  

Peer Instruction (PI) pedagogy was designed by the professor Eric Mazur (Harvard University) to work 
with large groups of students with the main aim that the student develops complex reasoning and 
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problem solving skills [3]. The lectures taught with PI consist in a series of short presentations, each 
focused on a key topic and followed by a conceptual test, which probes the level of understanding by 
the student of the ideas just presented. Then, students formulate individual answers in a few minutes 
and report the answer to the instructor. After that students argue with other neighboring students to try 
to convince them for a few minutes, while the instructor observe and listen the different reasoning. 
Finally, the instructor ends the discussion, polls the students again and solves the question. These 
activities could serve for grade or could be incentivized including some questions in the exams.  

Just in Time Teaching (JiTT) was developed in the Indiana University with the aim of adapting the 
lecture to the learning progress reached by the students with the preparatory material [4]. The learning 
grade is tested by online quizzes and students can also post questions online to clarify those aspects 
that they have not understood. The lecturer prepares an interactive session to address the questions 
posted by the students and to stress in typical errors or misunderstood. This method uses the 
Ausubel’s learning theory [5] to construct new meaningful knowledge from the pre-existing knowledge 
structure, what is also in line with the latest neuroscience discoveries about how the brain learns [6]. 

Team Based Learning (TBL) was developed by the professor Larry Michaelsen (University of 
Oklahoma) to facilitate active learning in large undergraduate classes [7]. This method uses 
permanent and purposefully heterogeneous work groups, beginning each lecture with a Readiness 
Assurance Process (RAP) to ensure content coverage and promote team growth. The RAP is based 
in a short multiple-choice test, which is firstly solved individually and later by the team to reach a 
consensus. The discussion in groups allows developing the interpersonal skills and ensures equity in 
grade (if both tests are used for assessment). Additionally, the immediate feedback motivates and 
fixes the learning outcomes. The main part of class time is devoted to small group activities guided 
and facilitated by the instructor.  

The three strategies of FCM exhibit common characteristics: the use of multimedia resources provided 
in advance to the student for preparing the subject, the use of tests that inform to the teacher about 
the learning process and serve as feedback to the student and to promote the team work with active 
methodologies. The student plays a very participating and leading role in the attendance sessions. 
The role of the instructor remains crucial in the learning process, but her/his main task is not the 
transfer of information, but must be a guide, mentor, designer of learning activities, and evaluator of 
the learning process at all levels. The perspective of the expert is essential to guide the student in the 
development of his critical reasoning that will avoid manipulation in the future and will allow her/him to 
efficiently manage the information in a useful way.  

The present work collects and compares the inverse classroom experiences carried out in several 
subjects of the area of Machines and Thermal Motors of the University of Zaragoza during the last 
three academic years. Based on the experience acquired, guidelines are collected to properly plan the 
reverse classroom application in both laboratory sessions and lectures. 

2 METHODOLOGY 
The aim of this paper is to present and analyse the experiences developed by the authors on FCM in 
the last three courses in different subjects and degrees, in order to disseminate the practices with 
positive results so that they can be repeated in other areas. The problems encountered in some cases 
for its implementation and suggestions to improve its effectiveness are also included. 

The specific objectives of this work are: to present the methodology followed and the results of various 
experiences; to compare experiences of the reverse classroom application in practice sessions and 
lectures; and to collect good practices, problems encountered and proposed strategies to improve in 
the future. 

The presented experiences of teaching innovation have been carried out during the last three 
academic years with students of different degrees, taught at the School of Engineering and 
Architecture of the University of Zaragoza (Table 1). The subjects were chosen initially based on the 
previous experience of the professors in their teaching. 
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Table 1. Basic information about the experiences in FCM. 

Subject Enrolled 
students 

Dedicated 
time (h) 

Plan/ 
Semester 

Academic 
Course 

Engineering Thermodynamics 
and Fun. of Heat Transfer 

69 
52 
62 

6 DITE. S3 
2016-2017 
2017-2018 
2018-2019 

Engineering Thermodynamics 
and Fun. of Heat Transfer 

74 6 DCE. S3 2017-2018 

Thermotechnology 
32 
34 

3 DCE. S6 
2016-2017 
2017-2018 

Thermal Machines and 
Engines 

106 
69 

3 DME. S6 
2016-2017 
2017-2018 

The nomenclature used in the table for the different degrees is as follows: DITE - Degree in Industrial 
Technologies Engineering, DCE - Degree in Chemical Engineering and DME - Degree in Mechanical 
Engineering. The four subjects are of 6 ECTS and compulsory of engineering degree. 

The specific subject to be treated under the flipped pedagogy was selected from the following criteria: 
contents essentially applied, with not involved complex concepts that hinder autonomous learning and 
the availability of instructional resources. The design of strategies, activities and assessment has been 
based on previous experience of the instructors and polls made to students. The main aspects are 
summarized below:  

• The use of ICT should be limited to real necessities or situations where the digital technologies 
improve the learning process or simplify the management of large groups. The objective must 
be defined firstly and ICT should be integrated with the pedagogical methodologies. 

• Students demand more practical activities, reduction of theoretical lectures and restriction of 
slide-based explanations, integration of theory, real cases and applied exercises, immediate 
feedback and coherence between learning activities and the final exam.  

• The weight of activities in the assessment of the subject must be coherent with the time 
dedicated by the student.    

Additionally, the objective, advantages over traditional lectures and the methodology to be followed 
must be explained to the students in advance. It is important to avoid misgivings, such as thinking that 
we are experimenting with them, that they will learn without help or that we try to work less at their 
expense. In this sense, the innovation group IkasTHERM (University of the Basque Country) makes a 
presentation through a YouTube video [8] that can serve as an example or can be directly reused. 

3 RESULTS 
The results presented are based on surveys made to students as well as observations recorded by 
teachers in templates developed for this purpose [9]. These forms are used to document the 
development of each session, the general impressions of each course and the improvement proposals 
for later courses. 

3.1 Experiences on lab sessions 
The implementation of flipped classroom for practice sessions and laboratory is not really new, since 
concepts and procedures to be applied to realistic cases are explained in the lectures and previously 
studied. At least in theory, because the truth is that most students do not prepare these sessions 
properly, which is not surprising given the large volume of work to be delivered and continuous 
assessment tests in each subject. 

In order to motivate students to this respect and to solve the frequent problem of desynchronization 
between master classes and laboratory practices, the application of the FCM has been planned in the 
subjects of Engineering Thermodynamics and Fundamentals of Heat Transfer (ETFHT-DITE and 
ETFHT-DCE) and Thermal Machines and Engines (TME-DME). 
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The methodology followed is similar: to provide materials (texts, videos) in advance to prepare the 
session and solve a questionnaire, to reduce the time devoted to the explanation and leave more time 
for the student to solve the case, individually or in couples [10-11]. 

During the first academic courses, it was verified through Moodle that only about 50% of the students 
consulted the recommended resources in advance. In fact it was detected that some students were 
watching some instructional videos during the session. In the ETFHT-DITE subject it was found that 
the students copied the previous questionnaire or did not even give it, given the low weight assigned 
to them (10% of the practices’ grade). In addition, few students responded correctly to the teacher's 
control questions, indicating that they devoted little (if any) time to preparing the practice. As a result, 
no significant generalized and continuous improvement was observed with respect to previous 
courses. Different solutions have been implemented: to increase the weight in the final grade, to solve 
the questionnaire during the first minutes of the session, and to establish a minimum grade in the 
questionnaire to stay for the session. An important improvement has been observed in the technical 
skills of the students to tackle the proposed tasks, with more than 70% participation in the preparatory 
activities [10].   

Based on the experiences presented, it is concluded that its application involves a simple planning for 
the instructor, since the reports that are usually developed include the theoretical fundamentals that 
can serve as a basis to develop the resources with which the student should prepare the practice. In 
fact, the FCM in this case is not very far from the model that has traditionally been applied. The 
essential difference is in the consciousness of instructor and student about the procedure. The 
monitoring, and even assessment, of the previous study is performed and the attendance sessions are 
mainly devoted to application activities, while the time spent to the theoretical explanation is reduced 
to ensure the acquisition of minimum concepts or procedures and to clarify unclear topics. 

Many of the videos recommended for these sessions may coincide with those recommended for the 
master sessions and may be developed by the instructor or may be taken from the Internet. The 
questionnaires that we propose as a motivating measure must have sufficient weight in the evaluation 
or a minimum grade to be able to carry out the practice, since otherwise the results may not be as 
desired. In certain disciplines, where the practices involve a certain risk, such as chemistry or 
electricity, that the student demonstrates minimum knowledge is an essential measure to avoid 
accidents during the practices. 

The implementation of questionnaires in Virtual Learning Environments, as Moodle, is relatively simple 
(always subject to the type of available questions that is otherwise sufficient for this type of 
questionnaire) and the assessment and feedback is automatic and immediate. Regarding content, in 
the cases presented, questions of medium-low difficulty were selected, associated with typical errors, 
key concepts, or basic procedures to understand and solve the practice. However, the content and 
difficulty must be adapted according to the academic level and the discipline itself. 

3.2 Experiences on master sessions 
This section presents and compares the results of the subjects of Engineering Thermodynamics and 
Fundamentals of Heat Transfer (DITE) and Thermotechnology (DCE). In addition, some guidelines are 
extracted to prepare this type of sessions, which we consider to be applicable to any subject. 

In both cases a similar procedure has been followed: to provide videos and texts to prepare the 
subject, to solve questions posed by the students at the beginning of the class and to solve several 
exercises in small groups with the guide and help of the teacher. This strategy is framed under the 
Just in Time Teaching methodology. Until now, no specific weight has been assigned to these 
activities. 

As in previous courses, greater student-teacher interaction has been observed with respect to 
traditional lectures. The closeness makes that student feels more motivated to pose questions and to 
use the recommended resources. Given the high number of students enrolled in these subjects, the 
presence of a second teacher is very necessary to assist the students, since otherwise the useful time 
decreases while they wait for the answer to her/his questions. In some cases, it was possible to count 
with a collaborating teacher and the performance in the classroom improved significantly.  

In general, the careful planning of these sessions by the teacher is crucial to carry out a successful 
FCM experience. It is fair to point out that it is almost indispensable that the teacher has several years 
of experience in teaching the particular subject, since a thorough knowledge of both the subject itself 
and the way that students learn is necessary to be flexible and to adapt immediately to the 
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requirements of the student. In this sense, it is not advisable to use the FCM in the first year of 
teaching a subject. 

Based on these experiences on the reverse classroom application, some important issues are to be 
taken into account during the planning of an experience. In the first place, the instructor must establish 
the objective of applying the inverse classroom model in a given subject and subject: learn a 
procedure, review previously studied subject, apply concepts difficult to assimilate, develop and 
evaluate transversal competences, etc. Then, the methodology to apply in the attendance class 
(problem-based learning, debate, puzzle technique, etc.) and the activities to be developed must be 
defined. It is important in this regard to anticipate the greatest difficulties that students usually 
encounter in each case and the average time required for each task or activity to establish the number 
of sessions dedicated to the experience. The previous experience in teaching the subject eases this 
stage and improves the outcomes.  

The instructor must also decide what content is necessary to achieve the objective, but that they can 
work outside the classroom, and must select the activities and resources with which the student will 
prepare the session (questionnaires, texts, videos, etc.). It should be a matter of revision or simple 
comprehension, since excessive difficulty or high time-consuming tasks can demotivate the student 
and cause abandonment. 

As it was previously mentioned, with some advance, it is convenient to explain to the student the 
objective of using the inverse classroom model to motivate him to prepare the sessions and to tackle 
the tasks in the classroom effectively.  

4 CONCLUSIONS 
In the present paper, four FCM experiences in different subjects and degrees have been presented 
and analysed. In all cases, it is concluded that it is an effective model to improve the teaching-learning 
process, whether in master classes or laboratory. The reception by the students has been very 
positive and, in their own opinion, allows achieving a better use of the attendance sessions, although a 
relevant share still prefers the traditional master class. Some of the conclusions have already been 
included in the results section, but are here summarized.  

Firstly, the authors consider that it is highly important to adequately inform students about the 
objectives, advantages and procedures for applying the flipped classroom model, in order to achieve 
greater involvement and motivation. Secondly, it is almost essential that the teacher has experience in 
teaching the subject, to anticipate the usual difficulties encountered by students and to be able to 
adapt to the specific class dynamics. Additionally, in large groups, the presence of a second teacher is 
highly recommended whenever possible, since in this way the waiting time for answer to questions is 
reduced and the process is enriched by the variety of points of view. 

Regardless of the type of class in which the experience is carried out, it is convenient that among the 
resources provided to prepare the session there is some kind of short task to reinforce what has been 
learned. If it is done through digital environments, it can also be used for the teacher to monitor the 
process and for the student for self-assessment and feedback. The questionnaires to be solved before 
the sessions, which are proposed as a motivating measure, must have sufficient weight in the 
evaluation or a minimum grade in the case of the practices, since otherwise the objectives initially 
stated may not be achieved.  

Applied to laboratory sessions, this model involves simple planning for the teacher, reduces risks due 
to inexperience in the laboratory and allows a much higher performance in these sessions. A 
significant part of the resources provided for the lab sessions can coincide with the general ones of the 
subject, but in all cases they must be very specific to the topic to be dealt with and in a format as 
concentrated as possible so as not to discourage the student. To overcome a minimum score in the 
previous questionnaires to be allowed to tackle the practical case has improved the initial technical 
skills of the students in a very significant way but this measure has not been well received among the 
students. 

Regarding the lectures, the selected topics that must be studied in advance should correspond to 
revision contents or simple comprehension topics, since if it involves excessive difficulty or requires a 
high investment of time can demotivate the student and cause the abandonment. Theoretical 
explanations in the attendance sessions could be focused on specific aspects not well understood or 
which are a typical source of errors. For the use of the most of the session, the effectiveness of raising 
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different questions or exercises to be solved by combining autonomous and team work has shown in 
the presented experiences. 

In short, the authors believe that FCM model will have more and more weight in the university 
environment due to the technological and social framework of the 21st century and that it is necessary 
to continue working in this direction to strengthen teacher training. 
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