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The use of technology to engage students and to provide themwith tools to study autonomously is increasingly frequent in

higher education.This paper outlines an experimental study that analyzes the effectiveness of flipped classroomdesign, and

argues how the use of technological, educational resources such as videos of educators teaching, interactive materials,

simulators, virtual labs and game-based learning have facilitated the use of class time for active learning and discussion.

The study was conducted in several academic years with groups studying Fundamentals of Computer Technology, a

core subject in the first year of the Computer Engineering and Information Systems degree courses. We analyzed data

collected from online activities on a learning platform created from scratch, from classroom activities and from attitudinal

and satisfaction surveys.We compared the evolution of outcomes between the 2009–2010 and 2015–2016 academic years.

The methodology followed a quantitative design with control and experimental groups, and descriptive statistical

techniques were used.

The results obtained show that learning achievement and performance in terms of qualifications were higher in the

experimental groups, where the flipped classroomapproach using technological resourceswas adopted, than in the control

groups, where the traditional lecture approach was used. A significant positive effect on participation, engagement and

student satisfaction was also identified.
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1. Introduction

Starting higher education is a major challenge for

most students, as many of them do not have a clear

professional vocation and those who do have one
may have idealized the studies, which do not con-

form to their expectations. This is particularly true

of engineering and computer degrees, which usually

have high dropout and failure rates. Fundamentals

ofComputer Technology is an ambitious subject for

students whose knowledge of and interest in elec-

tronics is basically non-existent. Spanish students

are able to access engineering and computer degrees
with a grade of 5 in the university entrance exam-

ination, and to make matters worse, almost half of

the registration for these courses is by students

taking the September examination, meaning that

they join the course 4 or 5 weeks later than their

classmates. These degrees consequently have higher

dropout and failure rates every year. These difficul-

ties prompted us to search for new educational
experiences and for information and communica-

tion technology (ICT) resources to motivate and

encourage students, and to improve their educa-

tional outcomes.

There has been a great deal of discussion in the

educational sphere about active learning strategies

such as the flipped classroom [1–6], a type of

blended learning that enables student interaction
inside the classroom because they have carried out a

previous and autonomous study, and about various

technological learning resources such as simulators

and virtual labs [7–10] which give students hands-on

experience in engineering activities.

By combining learning strategies and technology
resources, it is possible to create meaningful learn-

ing scenarios that increase in-depth learning and

improve educational outcomes. For our study, we

have created an online learning environment (OLE)

from scratch, which is designed to facilitate stu-

dents’ self-study by integrating video teaching,

interactive exercises, virtual laboratories and

game-based learning.
Our main objective is to make contributions in

three areas. First, an evaluation of whether the

active learning approach of the flipped classroom

or inverted classroom has led to a significant

improvement in learning achievement. Second, to

evaluate whether innovative learning tools such as

virtual or online learning environments, virtual

laboratories, educational videos and game-based
learning techniques have had a significant impact

on learning. Finally, to explore the effects of these

learning resources on students’ involvement and

engagement in the classroom, and to analyze

how they facilitate the use of active learning meth-

odology.

The paper has been structured as follows. Section

2 contains a literature review. Section 3 presents the
experimental design, the instrument, the research
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questions and the measures. Section 4 presents the

results. The discussion follows in section 5. The

paper ends with the conclusions obtained during

the research, and future work.

2. Previous research and related works

Breakthroughs in InformationandCommunication

Technologies offer many solutions, some of which

have proved to be very effective in higher education,
enhancing learning and increasing the effectiveness

of teaching.

We consider the alternative to traditional learn-

ing, i.e. the flipped course design, as used in the

classroom thanks to the self-learning largely arising

from the use of ICT. We review three different

approaches to some of these educational resources:

Teaching Videos, Virtual computer laboratories or
simulations, and Game-based learning.

2.1 Active learning techniques: the flipped

classroom

Active learning techniques have numerous benefits,

involve students in the learning process, adapt to the

learner’s style and provide spatial and temporal

flexibility, using a ‘‘just in time—any time’’

approach [11]. For their implementation, students

have to engage inmeaningful learning activities and
reflect on what they are doing [12].

In our study, we implemented the active learning

approach of the flipped classroom [13], which is

defined according to the Horizon Report 2015 [14]

as a model that overlaps blended learning with

pedagogical approaches, and where class time is

devoted to learning activities based on collaborative

projects.
In a Flipped Learning environment, teachers

provide students with learning resources, usually

video lessons; the students can work, watch or listen

at home repeatedly and at their own pace and have

opportunities to think about them in depth. Later,

in the classroom, teachers can address problems,

recognize students who are struggling, and can give

these students the attention they need.
There is empirical evidence that proves the ben-

efits and the effectiveness of active learning com-

pared to traditional lecturing [12, 15] and many

experiences and a great deal of literature concerning

the flipped classroom or reverse classroom

approach [2, 4, 5, 16–20]. However, with some

exceptions [17, 21], the successful implementation

of engineering courses continues to be minimal.
Furthermore, most of the published research

about the flipped classroom, mainly uses videos or

written materials to prepare students for classes.

However, students want and need to carry out

meaningful practical activities, especially in the

academic disciplines of science, technology, engi-

neering andmathematics (STEM) instead of simply

substituting listening to a lecture with listening to a

video. In order to implement the flipped approach in

the classroom, we therefore introduced virtual labs,

circuit simulators and game based learning in addi-
tion to the videos, as activities to be performed

online by students.

The students work at home, doing online activ-

ities, watching videos and working with simulators

and virtual lab activities, which has been a better

starting point for a meaningful learning in the

classroomwhere they have carried out participative

and collaborative activities, using game-based
learning activities based on mobile resources and

apps, for example.

2.2 Teaching videos

One of the educational technology resources with

the greatest potential which has been most widely

used in recent years is undoubtedly the video [22]. It
is used in a wide variety of ways; most obviously in

distance education, but also as the linchpin in

hybrid education environments as an effective tool

of autonomous learning. There is general agreement

that video can be a valuable tool in education. The

results of many studies find videos to be an effective

and useful learning tool providing significant

knowledge gains [23], student satisfaction and
grade improvements [24] and leading to the acquisi-

tion of significantly higher practical skills [25].

However, media such as video are not effective in

themselves. To be useful, they must be embedded in

appropriate instructional contexts [26, 27]. Our

approach integrates video with other resources,

using instructional strategy to achieve diverse learn-

ing objectives and competencies.

2.3 Virtual labs and simulators

In many areas of knowledge, but especially in

eminently practical and technological fields such

as engineering, students must devote much of their

learning time to solving practical problems and

simulating experiences. Computer simulation and

virtual laboratories have been suggested as a sup-
plementary tool for effective learning, based on the

integration of technology and appropriate instruc-

tional strategies. A properly designed virtual experi-

ment of any type can even replace real-time

experimentation [28]. Many studies analyse the

effectiveness of virtual labs and simulations in

providing students on engineering courses with

hands-on learning experiences and practical tools.
For example, Harb et al. [29] report improved

performance in learning basic electrical engineering

concepts when using an interactive web-based

circuit simulator tool. Chu and Fang [30] describe
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advances in the learning process, improvements in

students’ motivation, and a reduction of the teach-

ing load using a system that provides virtual labora-

tory practices. Sell and Seiler [31] observed an

increasing in the time spent on the course by

students, andmore autonomy to acquire knowledge
and practical experience of problem-solving in an

experiment where students use a comprehensive

learning concept and a context which includes

virtual and remote labs in a web environment.

Finally, Sastry and Ali [32] develop a virtual envir-

onment for power system modelling and load flow

analysis that provides high levels of flexibility for

teachers to create challenging problems with differ-
ent combinations.

2.4 Game-based learning

Motivation is a fact that with a positive influence on

learning [33], and as such several authors have
investigated the effects of external rewards for

motivating and engaging students [34–36]. Interest

in game-based learning as a method to increase

student enthusiasm continues to grow. Game-

based learning environments have significant poten-

tial for challenging and involving students in an

active learning process. Domı́nguez et al. suggest

[37] that students who completed a gamified experi-
ence obtained better scores in practical assignments,

although they also admit that they performed

poorly onwritten assignments. Hwang et al. suggest

[38] an experimental model using an online game

web-based problem-solving activity, with results

showing a significantly improved experience in

learning attitudes, learning interest and the level of

acceptance of technology among the students.
Ibanez et al. [39] show positive effects on the

engagement of students evaluated in a gamified

learning activity, targeted at the learning of the C

programming language and a moderate improve-

ment in learning outcomes.

3. Experimental design

The higher dropout and failure rates in the first
years of computer degree courses prompted the

search for innovative learning tools and new learn-

ingmethodologies, to enhance students’ experiences

and to improve learning process and educational

outcomes. The various ICT mentioned in the pre-

vious research have proved to be very effective in

different educational experiences. Videos and vir-

tual labs facilitate flexibility and autonomous learn-
ing. Virtual labs or simulators are also useful for

acquiring knowledge and practical experience, and

game-based learning is a powerful tool for motivat-

ing and engaging students. For these reasons, we

have developed an online web environment that

integrates all of these resources.

Nevertheless, according to [40], the use of ICT in

isolation does not improve students’ experiences.

An appropriate combination of ICT and interactive

learning strategies is necessary to increase deep-
seated learning and to enhance students’ satisfac-

tion. We therefore combined the use of ICT with a

flipped course approach. This incorporated a

dynamic of work in the classroom that included

new strategies such as cooperative learning or active

learning, proposing challenges to students and pre-

paring scenarios where students could share and

build knowledge. These learning scenarios are based
on the student’s self-study using the ICT.

Despite the extensive literature evaluating each of

these tools separately, there is a lack of experiences

that evaluate the use of these ICT tools in a flipped

classroom approach, to confirm the extent to which

this combination enhances education and increase

the effectiveness of teaching.

3.1 Research questions

This research aimed to evaluate an academic experi-

ence that combine the flipped classroom approach

with an online learning environment in three

aspects. First, it analyzed the efficiency of the flipped

classroom approach compared to the traditional

face-to-face course approach. Second, it studied

the effectiveness of educational ICT integrated in
an online learning environment, evaluating whether

these innovative learning tools have a significant

impact on learning. Finally, it studied the effects of

these learning resources in terms of the student’s

autonomous work and the hands-on experience

facilitated by the flipped learning approach.

As regards the flipped classroom approach, we

formulated the following questions:

Q1. 1. Has the flipped classroom approach led to a

significant and positive improvement in students’

learning experience and satisfaction compared to
the traditional face-to-face approach?

Q1. 2. In terms of academic outcomes, have the

students in a flipped learning approach achieved

better results than in a traditional face-to-face

approach?

As regards the relationship between the use of the

technological resources and the flipped classroom

approach, the following questions were formulated:

Q2. 1. To what extent have ICT affected the im-

plementation of the flipped classroom approach?

Q2. 2. Which of these ICT has been the most

relevant and positively meaningful?

Data from various sources was collected and ana-

lyzed to answer these questions, including question-
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naires that were developed and sent to the popula-

tion indicated in section 3.2. The first survey was

carried out at the beginning of the course to find out

about the students’ willingness to use ICT tools and

participate in an active learning approach. The last

survey was conducted upon completion of the
course, the aim was to measure students’ percep-

tions and opinions about OLE tools and about the

flipped classroom approach.

In addition, the academic outcomes were ana-

lyzed over several years to compare groups where

the OLE and the flipped approach were developed

alongside others in which traditional learningmeth-

odology was used.

3.2 Study site

The study was conducted during the 2013–2014,
2014–2015 and 2015–2016 academic years in the

Fundamentals of Computer Technology course, a

first term subject taught in the first year of the

Computer Engineering and Information Systems

degree courses, which have the fundamental goal

of understanding the basic operating level of a

computer. The course studies the processing of

binary data (bits) at different levels of abstraction,
from logic gates to basic electronic devices, and

provides an introduction to functional units at the

architectural level.

Students have 2 hours of lectures and 2 hours of

practical laboratory sessions every week, which are

complemented with prior work on the OLE plat-

form. Table 1 Shows the number or students in

experimental and in control groups. The format of
the experimental groups changed during the differ-

ent academic years for organizational reasons.

3.3 Instrument

We used the flipped classroom approach in the last

three academic years, and used several ICT to

provide students with autonomy to study online

and to work actively in the classroom. The main

instrument was the OLE, an online learning envir-

onment created from scratch specifically for the

subject Fundamentals of Computer Technology,
and designed to provide students with hands-on

experience as well as autonomy in learning, by

integrating video, interactive exercises, virtual

laboratories and game-based learning. The OLE is

an enjoyable way to study independently and to

practical sessions that reinforce the content and

explain some complex concepts. The educational

material used followed a pedagogical approach that

makes it easier for students to study before class

time, at their own pace, meaning that in the class-

room, there is more time to apply the knowledge

acquired to solving problems, which is especially

meaningful expertise on technology courses.
Accessing and working on the OLE platform

allow students to obtain medals by completing

various challenges and learning stages related to

the skills they have acquired. The OLE was also

designed to facilitate the use of learning analytics to

extract information about which activities or con-

tent are more complex for the students, and to

enable assessment of the students to determine
which activities each student has carried out,

when, and the success rate.

3.3.1 Videos in OLE

The purpose of the video is to stimulate students’

attention, motivate them to study, increase under-

standing and create opportunities for debate. There

are around twenty videos on the OLE, between 5

and 10 minutes long, with embedded questions to

establish the contents and to raise the student’s

interest. Students cannot advance through a video
and it will not display the activities associatedwith it

until the video has been completed. Students earn

points for displaying each video and correctly sol-

ving the associated exercises. Adding new videos,

removing them or including new exercises in each of

them is very simple. The OLE videos are created by

the teacher using variousmethods - by capturing the

computer screen, working with a computer pro-
gram, with a specific software tool or using a

tablet or PC, although most videos were made

showing the image of the teacher explaining how

to solve specific procedural problems, because

numerous studies highlight the importance of eye

contact, gestures and facial cues in attracting atten-

tion and enhancing performance [41, 42]. This kind

of video increases students’ involvement and creates
a conversational atmosphere similar to the typical

relationship in an individual tutoring session, like

sitting in a front row seat.

3.3.2 Activities and Virtual labs in OLE

In technological disciplines like engineering, stu-

dents expect technology to be used as an active

experimental and training and learning tool. The

OLE platform offers virtual labs and simulation,

randomly generated graphics activities, numeral
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2013–2014 2014–2015 2015–2016

Experimental
N = 113

Control
N = 42

Experimental
N = 139

Control
N = 21

Experimental
N = 82

Control
N = 96



systems exercises, truth tables, circuit simplification
exercises, Karnaughmaps, minterms andmaxterms

of different number of variables, circuit simulation

exercises, analysis and synthesis of circuits, logic

gates and integrated circuits exercises, operations
with the memory system, address, data and control

buses, and a simulator of an Eprom memory

recorder for carrying out various activities.
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Figures 1–4 show some of the activities available
in OLE. The structure of all the activities is highly

homogeneous; there are three attempts and if the

student fails, the solution is shown and a new

randomly generated exercise appears. To obtain a

medal as an expert, e.g. in minterms, the student

must perform three correct exercises consecutively

on minterms of 2, 3 and 4 variables.

All the work done is stored in a database to
analyze and to assess the work done by the student.

Students can see the status of their medals and

points partially and globally, and compare their

progress with the results of the group.

3.3.3 Playing with mobile devices in the classroom

Aseries of activities to complete andvideos towatch
was scheduled each week. As a result, thoughtful

and participatory activities were carried out in the

classroom based on a few minutes of self-study. In

the first year, the students raised their hands to

answer direct questions from the teachers, and
worked in small groups and as individuals. How-

ever, it was hard to manage, register and therefore

measure the individual students’ work. We wanted

an activity that was easy and quick to carry out in

the classroom and which could be accessed for

visible results immediately. The solution was to

use mobile devices, smartphones or tablets, which

are used increasingly in the classroom. For our
particular scenario, we used several tools, including

Kahoot [43], a free, easy and intuitive utility per-

fectly suited for use in the classroom. The access

code, questions and results are projected on the

screen and responses can be entered from any

device with a display of large buttons with colors

and geometric shapes. The results can be displayed

immediately on the screen, and can be retrieved as a
spreadsheet. Another application used was Socra-

tive [44], a free application with an impending

payment option, which is also accessed by code
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and also allows results to be retrieved, although it is

somewhatmore complex to use thanKahoot and its

interface is less attractive. The classroom activities

had limited impact on students’ grades. They were

aimed at motivating classroom participation and

prior study. To prevent students from cheating, a

competitive strategy was used quite successfully,
with a fixed number of points being awarded for

all the correct answers or points awarded according

to a ranking of correct answers. The amount of

points awarded was also related to the difficulty, so

that easy questions earned few points, while difficult

questions gave a substantial rewarded to the few

students ones who answered correctly. This method

also highlights general problems of understanding,
and helps students express themselves more freely.

3.4 Methodology and measures

Voluntary and anonymous surveys were carried out

to answer the questions raised. The first survey was

conducted at the beginning of the course, and its

purpose was simply to determine the initial knowl-

edge of students and their willingness to use OLE

tools and active learning techniques. The question-

naire features a number of detailed questions, some

requiring simple multi-choice responses about the

student’s background, their previous knowledge
and their interest in the subject matter. Other

questions were related to the use of ICT tools or

were related to active learning methodology. If they

had ever used it and what was their experience and

opinion. There was also an open question: Is there

anything else you would like to say?

The last survey was conducted upon completion

of the course, and had two main objectives: to
obtain feedback and determine the degree of satis-

faction with the flipped classroom approach, and to

assess students’ satisfaction with OLE tools. The

instrument used was a voluntary and anonymous

questionnaire based on the five-level Likert scale.
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With 8 items related to the OLE tools and 7 items

related to the Flipped classroom approach, the

questionnaire is like others used by other investiga-

tors [30, 37, 45]. The response options were: 1.

Strongly disagree, 2. Disagree, 3. Neither agree

nor disagree, 4. Agree 5. Strongly agree. The ques-
tionnaire also included an open-ended question

which required qualitative answers: Do you have

any comments or any suggestions?

The academic results for the past seven academic

years have also been analysed. Learning was based

on the traditional classroom lecture approach from

2009–2010 to 2012–2013, while the flipped class-

room approach was implemented in the 2013–2014,
2014–2015 and 2015–2016 academic years, and

supported using the educational technology ana-

lyzed in this study.

The evolution of the subject under study was

compared with the evolution of different subjects

over the years to minimize the potential threats to

internal validation, and to rule out alternative

explanations for the improvement in the last two
years’ academic results.

The results for the experimental groups and

control groups were also compared. In the experi-

mental groups, the students used the OLE learning

platform and the Flipped Classroom approach,

while in the control groups the traditional face-to-

face approach using lectures as a learning strategy

was adopted. Although random assignment in
experimental and control groups to provide exter-

nal validity would have been desirable, this was not

possible because of institutional allocation. How-

ever, we endeavour to make all the parameters as

similar as possible.

Ethics questions were considered in the study, the

students were informed about the activities and the

questionnaires and all data were treated anon-
ymously.

All the analysis was performed using the open

source project R [46].

4. Results

Questionnaires are one of the standard data

sources, although this study also considered other

data, such as those registered within the OLE

learning environment, data from the activities car-

ried out in the classroom and academic outcomes

over several years.

4.1 Questionnaires.

In this article, we focus on the questionnaires

applied in the 2014–2015 course, because in the

2013–2014 course they only aimed to obtain student

feedback about the OLE and the Flipped approach,

and although the response was very positive, non-

validated questionnaires were used. In the 2015–

2016 course, the surveys carried outmeasured issues

which are themselves the subject of a separate study.

4.1.1 Students’ initial willingness to use the OLE

and to participate actively in classroom

The first survey was voluntary and anonymous, and

was answered by 117 of a total of 139 students. The

information collected was useful in determining the

starting point and students’ interest in the course

contents, tools and the active learning approach.

40% of students had used video as a learning tool

while 60% had never done so. 83% thought it was a
good alternative for following classes more actively,

while the other 17% considered it wasmore useful as

an option for study prior to the assessment. All the

students were interested in using the OLE tools. As

regards active and participatory learning in the

classroom, 63% said that it seemed the best way to

learn, 27% said it was a good idea as long as did not

involve much effort, 7% had no interest and would
prefer the teacher never to ask them and 3% replied

‘‘do not know, no answer’’. 16 students answered

the optional open question: 14 were positive or very

positive responses: of which, 6were,mainly, relative

to the use of videos. The other two responses were:

‘‘I do not like to participate because of shyness’’ and

‘‘everything is explained very fast’’.

All this information was considered a good start-
ing point for implementing the active learning

methodology and for using the developed online

learning environment.

4.1.2 Attitudinal survey

The survey conducted after completion of the

experience was more important, as the students’

perceptions and opinions are key aspects in defining
the quality and efficiency of the tools andmethodol-

ogies used. The survey was conducted several weeks

after the end of the term, and as a result only 46

students completed it. This was mainly because it

was anonymous and voluntary, and after the end of

the term, students move on and devote themselves

to the new challenges of new subjects.

The Cronbach’s alpha was calculated to measure
the internal consistency of the survey. Cronbach’s

alpha was 0. 8769 for questions concerning the use

of the OLE virtual learning platform, and it was

0.8365 for questions about the course and about the

Flipped classroom design. According to Straub [47]

if the value is greater than 0.7 it is a reliable

questionnaire, indicating that our questionnaire is

highly reliable and moreover, the values are lower
than 0.95, and according to Straub et al. [48] values

above this level would suggest that the students are

not responding naturally.

Table 2 shows the questions and the summary of
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the survey results. These values show that experi-

ence and appreciation of both the OLE learning

environment and the active strategies implemented

in the Flipped classroom approach were undoubt-
edly positive.

In OLE issues, the item with the lowest value, but

which was nevertheless very high, was the item

OLE8: ‘‘using OLE helped me bring the subject up

to date. . .’’ showing that many students did not use

OLE as required, prior to the classroom time, so the

contents could be discussed in the following class,

but instead only used it as a study tool for the
assessments. This data is also reflected in other

analysis, in classroom participation and of course

in the access dates for the various activities.

Considered individually, the OLE resourcesmost

highly rated were the OLE3 videos, followed by the

OLE4 activities and finally the OLE5 gamification

and the use of medals.

In the questions about the flipped classroom
approach, the item with the lowest rating was

FLIP6: ‘‘I would like to learn more about the

subject’’. Although the experience was positive,

this subject is complicated and ambitious for the

first term, as reflected in the high number of failures.

In fact, in an open-ended question many students

said that the contents of the subject were not very

interesting for them, although many also said that
they liked the course more at the end than they had

thought at the beginning, mainly because of the use

of the OLE virtual learning environment and the

learning approach.

As for the qualitative data collected in the open

question on suggestions, the excellent reception of

the OLE by the students is interesting: ‘‘The OLE is

very valuable to study’’, ‘‘It helps me to understand

the subject and to pass the course’’, ‘‘The OLE is a

great help to study daily and review for exams’’, ‘‘It

is useful to bring the subject up to date’’.

Many of the answers were concerned, in particu-
lar, with the videos, some students were very grate-

ful for the videos ‘‘the videos are the best part of

OLE’’, ‘‘do not stop recording videos’’, ‘‘I hope they

were used inmore subjects’’, ‘‘the videos allow to see

explanations’’, others emphasized the flexibility

that videos provide, ‘‘thanks to the videos I under-

stood the subject’’, ‘‘you can study, stop, rewind and

take notes’’.
Although the practical exercises were also one of

the points most appreciated by the students, noth-

ing was specifically referred to the virtual labora-

tories and only one student mentioned that found

amusing the use of badges. Therefore, the video was

considered the most valuable OLE tool, Q2.2,

because it allows to follow the explanations at the

pace and convenience of each student.
There were also many very positive responses

regarding the active learning model employed,

‘‘the method used in class engaged me in the activ-

ities and learning’’, ‘‘the classeswere verydynamic’’.

4.2 Analysis of academic results over several courses

These analysis attempt to answer the questions

related to flipped classroom approach, Q1.1. and

Q1.2. To do this, an analysis of academic results

between the 2009–2010 and 2015–2016 academic

years was carried out first, comparing both average

grades and the percentages of students passing. A
comparison was made between the results for the

degree in Information Systems, because during

those years there was no substantial changes in the

syllabus, assessment method, laboratory or teacher.
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Table 2. Questions and results of the attitudinal survey

Questions relating to the OLE and its learning tools

mean stdDev stdError

OLE1 The content and instructional design was presented effectively. 4.587 0.580 0.0855
OLE2 Using the OLE was simple for me. 4.674 0.519 0.0765
OLE3 I found the Videos useful and effective as a learning tool. 4.783 0.467 0.0689
OLE4 I found the exercises and interactive activities useful to acquire skills in the subject 4.565 0.620 0.0914
OLE5 I found the use of medals and points motivating. 4.109 0.900 0.1327
OLE6 I found study using the OLE interesting and entertaining. 4.543 0.585 0.0863
OLE7 Using the OLE improved my experience with the subject 4.565 0.544 0.0802
OLE8Using the OLE helpedme bring the subject up to date and to bemore active in the classroom 4.022 0.683 0.1007

Questions relating to the Flipped Classroom active learning methodology

mean stdDev stdError

FLIP1 My level of involvement with the subject was high. 4.391 0.649 0.0957
FLIP2 The participatory activities and exercises in the classroom were useful and effective. 4.543 0.585 0.0863
FLIP3 The amount of activities in the classroom seemed appropriate to me. 4.217 0.629 0.0928
FLIP4 The activities and exercises in the classroom helped to create a better working environment. 4.152 0.698 0.1029
FLIP5 It is positive that the participation of students in the classroom was valued. 4.130 0.653 0.0963
FLIP6 I would like to learn more about the subject. 3.783 0.814 0.1200
FLIP7 This was a worthwhile learning experience. 4.696 0.465 0.0686



The only differential variable was the Flipped class-

room approach and the use of ICT integrated in the

OLE during the 2013–2014, 2014–2015 and 2015–

2016 academic years, while in the previous years the

traditional learning approach based on lectures was

used.

The graph above shows a significant improve-
ment in the results in the last three years, whenactive

learning techniques and ICT were used. On these

experimental courses, the grade averages were 4.68,

4.71 and 4.72while in the previous years they ranged

between 3.6 and 3.86.

Figure 6 shows the percentage of students passing

not only the subject Fundamentals of Computer

Technology, but all the first-term subjects in various
years to rule out an alternative explanation for the

improvement as a result of chance, due to a higher

level of students these years.

In the subject studied, Fundamentals of Compu-

ter Technology, there is a clear improvement in the

pass rate in the last three academic years. Other

subjects such as Statistics had good academic results

in 2013–2014, but not in the last two years, while the
subjectMathematical Fundamentals had very good

outcomes in 2015–2016but not in 2013–2014, and in

the other subjects there was no improvement during

those years, which means that alternative explana-

tions can be ruled out.
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Table 3. Average grades

Year Students Average

2009–10 63 3.63
2010–11 86 3.60
2011–12 81 3.86
2012–13 92 3.81
2013–14 76 4.68
2014–15 81 4.71
2015–16 56 4.72

Fig. 5. Average grades over the years

Fig. 6. Comparison of the percentage of students passing in different subjects over the years.



4.3 Comparative experimental group and control

group

To reduce threats to internal validity experimental

groups were compared with control groups in the

2014–2015 academic year and in the 2015–2016

academic year. The only differential variable was

that the flipped classroom approach with ICT was

used in the experimental groups, while the tradi-

tional lecture approach was used in the control

groups. The syllabus, assessments, laboratory prac-
tical sessions and other variables were identical.

Table 4 shows that in the three courses the

academic results in the experimental groups were

better than in the control groups in both academic

years. Percentages of students that passed the

course in experimental groups were 2013–2014:

54.87, 2014–2015: 53.96% and 2015–2016: 57.32%

and percentages of students that passed the course
in control groups were 2013–2014: 47.62 2014–

2015: 38.09 and 2015–2016: 43.74%

5. Discussion

Our research contributes to the ongoing discussion

in the literature on the evaluation of modern educa-

tional technologies, and the active learning peda-

gogy of the flipped classroom, and essentially asks

whether they can engage and motivate students and

achieve better learning outcomes, and if these

technologies help to create the flipped classroom

approach.
Autonomous and virtual learning is increasingly

widespread in higher education while practical

hands-on experimentation is necessary in engineer-

ing studies. Many educational researchers have

reported the benefits they experienced using ICT

such as videos [23–25], virtual labs [29–32] and

game-based learning [37–39].

Our approach integrates teaching videos in an
online web environment in an appropriate instruc-

tional context, as mentioned in [26, 27], with virtual

laboratories and simulators covering the contents of

Fundamentals of Computer Technology and gami-

fying all the activities, enabling students to earn

experience points, badges, and awards in order to

‘‘level up’’ through the curriculum by completing

different stages in order to motivate autonomous

study and create an active learning environment in

the classroom. This had a significant effect on the

improvement of academic results and students’
satisfaction.

Additionally, the flipped classroom design was

highly rated in our study, as well as by other

educational researchers [2, 4, 5, 16, 17]. In addition

to the increase in involvement and engagement with

the subject, higher and better quality interaction

among students and between students and teacher

took place, as reported by Battaglia and Kaya [17].
The flipped classroom is a teaching strategy that is

inherently designed for increasing the instructor’s

accessibility and availability, and this leads to

greater confidence among students to intervene, to

ask questions and to give answers.

Game-based learning has been used not only in

activities in online learning environments, but also

in the classroom, using mobile devices to carry out
activities. These activities encourage every student

to participate, and allow students to be active in

their learning process [49] and are even useful for

showing the level of students’ understanding,

whether any students are struggling, and if early

actions are required.

The analysis of the academic results over several

academic years and the comparison between the
experimental and control groups suggest an affir-

mative answer for the researchquestions concerning

the efficiency and the effectiveness of the flipped

classroom approach in terms of the improvement in

learning (Q1.1) but the positive answer is clear in

terms of grades (Q1.2). The ratings in the ques-

tionnaire also show that the experience and appre-

ciation of students related to both the active
strategies implemented in the Flipped classroom

approach and the OLE learning environment and

its tools were certainly positive for learning and for

the results obtained.
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Table 4. Academic results. Comparison between experimental and control group grades

2013–2014 2014–2015 2015–2016

Experimen.
N = 113

Control
N = 42

Experimen.
N = 139

Control
N = 21

Experimen.
N = 82

Control
N = 96

No % No % No % No % No % No %

With distint. 3 2.65 1 2.38 3 2.16 1 1.04
Outstanding 2 1.77 3 2.16 2 2.44 1 1.04
Good 26 23.01 13 30.95 35 25.18 5 23.81 27 32.93 15 15.62
Pass 31 27.43 6 14.28 34 24.46 3 14.29 18 21.95 25 26.04
Fail 44 38.94 19 45.23 56 40.29 13 61.90 27 32.93 43 44.79
Dropped out 7 6.19 3 7.14 8 5.75 8 9.76 11 11.46



As for research question Q2.1, although there is a

positive relationship between theOLE score and the

classroom involvement, themodel is limited and the

result is poor. However, in the qualitative answers

to the survey, the students said that using the OLE

and its tools facilitated the flipped classroom
approach and participation in the classroom.

Finally, for research questionQ2.2, video was the

most highly rated educational resource in our

project. Most students rated it a useful tool, which

is very helpful for complex topics, which can be

watched, paused and repeated until information is

understood or a skill is mastered.

The students’ feedback indicated that they prefer
this novel learningmethod of the flipped classroom,

using a gamified online learning environment with

virtual labs, interactive materials and videos rather

conventional course structures. However, our

learning approach may be more useful for students

who are more highly motivated or whose learning

style is more suitable for tools andmethodologies of

this type, since the flipped classroom approach
requires commitment from the students and prior

work in order to submit reflections, questions, and

concerns, so the major concern was related to

students not completing the work they needed to

complete at home. In many cases, students watched

videos and performed activities just before the

exam, and flipped learning is not a solution that

remedies this issue. This is certainly the main
challenge, to motivate students to acquire greater

responsibility, outside the classroom with a reflec-

tive self-study and in the classroom taking active

part in their learning. In order to minimize this

problem, the students were awarded with points

that were more symbolic than significant for carry-

ing out activities in the classroom.

We noticed not only an increase in involvement
and interaction in the classroom, but also an

increase in students’ participation and interaction

outside the classroom, e.g. in tutorial hours, and by

means of e-mails. The relationship established

between the students and teacher in the flipped

classroom approach helped students to feel more

relaxed and self-confident when asking for explana-

tions when they did not understand something. The
relationship among students was also enhanced.

The flipped classroom approach encouraged mean-

ingful learning communities to work together. This

was possible thanks to the increased opportunities

for interacting with each other in a learning envir-

onment with greater participation by students.

Nevertheless, there are also some concerns with

this approach, as noted by Missildine et al. [1],
including poor quality video production, the inabil-

ity to provide just-in-time information when needed

and the fact that the flipped approach does not

necessarily mean improved levels of student satis-

faction. Some students can find the inverted

approach distressing at first. In our study, only a

few students remained dissatisfied with the change

from the traditional approach, and said that they

did not want to participate or be asked questions in
the classroom, despite the learning gains that this

entails. Being active and participative undoubtedly

requires more effort, and learning is more difficult

than simply taking notes.

6. Conclusions and future work

In this study, computer simulations, virtual labora-

tories, interactive activities and educational videos

have been applied and integrated in an online

environment devised from scratch. These uncon-

ventional educational tools have facilitated self-

learning, enhancing students’ flexibility when

choosing the place, time, and pace for learning,

and allowing them to catch up if they miss a class.
Furthermore, the use of these learning tools and

prior self-study with them has led to the creation of

more practical and participatory learning scenarios

in the classroom, enabling students to deepen the

content and improve their academic outcomes.

This project was undertaken with a specific sub-

ject in a real engineering domain, although similar

experiences could be carried out in other subjects.
The experience can be useful in encouraging other

lecturers to engage in innovative activities which

increase in-depth learning and improve educational

outcomes.Activities of this nature canbeperformed

for work both inside and outside the classroom.

The implications of our work are as follows: first,

it is possible to develop an online learning environ-

ment with ad hoc technological tools that helps to
create meaningful learning scenarios. Second, com-

bining the virtual environment toolswith the flipped

classroom approach encourages student’s partici-

pation and engagement. Third, these online systems

and the learning methodology can have a positive

impact in terms of academic outcomes and students’

satisfaction.

Nevertheless, this approach does not work for all
students, despite being welcomed by most of them.

The previous study and the participatory learning

involve more effort for students than merely listen-

ing and taking notes. This approach also involves

more work for teachers, the preparation of materi-

als and activities and to devote time for students’

diversity in the classroom.

The flipped learning methodology facilitated by
OLE tools has meant more work for both, students

and teachers, but also it offers benefits to both. On

the one hand, for students because it is obvious that

the effort is rewarded by enhanced achievement. On
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the other hand, for teachers because they have the

opportunity to improve their teaching, to progress

professionally and because of the personal satisfac-

tion by the improvement of academic achievement

or by the enrichment in the relationship with stu-

dents.
Both, students and teachers are not accustomed

to online learning systems and active learning

methodologies of this type. Adaptation requires a

change of rules, habits and customs, and even a

change in the mentality of all those participating

students and teachers.

Although the questionnaire was designed bearing

in mind other reviewedmodels, the survey has some
limitations in terms of the number of single response

questions. In the future, a valid and reliable ques-

tionnaire needs to be designed to evaluate the

impact on students’ learning of the various OLE

tools such as educational videos, virtual labs and

game-based learning, and instructional elements

such as the use of mobile devices for learning in

the classroom, with analysis of both the advantages
and disadvantages.

A more extensive and in-depth study would be

necessary to determine the extent to which technol-

ogy enables liberation from face to face traditional

classroom formats to create successful approaches

to establishing active learning and discussion.

The survey could also be improved by a more in-

depth analysis of the students’ perceptions and
opinions offered in the open questions.

Furthermore, in terms of future research, it may

prove interesting to evaluate how each of the

resources and methodologies used on the course

might impact on the learning from the point of view

of the acquisition of competencies, observing the

different skills that are developed or improved

during the course and considering the diverse
types of learners and the variety of learning styles.
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Previously she was head of networkmanagement in Computer Services ofUniversity of Alcalá. Her research and teaching
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