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Abstract—This paper reports our experience in flipping a 

second- year undergraduate course on software architecture and 

integration, taught in the second course of a Software 

Engineering degree. We compare the application of the flipped-

classroom methodology with a traditional methodology. Our 

study encompasses two academic courses, in the years 2017 and 

2018, and involves a total number of 434 students and 6 

lecturers, placing this among the largest studies on flipped-

classroom to date. The paper also reports on the production of 

the videos used with the flipped-classroom methodology, 

recorded by the lecturers in informal settings, and provides 

several lessons learned in this regard. The results of the study, 

backed by a solid statistical analysis of the data, demonstrate the 

suitability of the flipped-classroom methodology for laboratory 

sessions in the subject course. Among other results, our analysis 

concluded that students had on average 24 more minutes per 

session to solve in-class exercises with the flipped-classroom 

methodology; more than 70% of the students considered that the 

quantity, duration and didactic content of the videos were (very) 

appropriate; and 9 out of every 10 students would prefer this 

methodology in the laboratory sessions of future courses rather 

than a traditional face-to-face approach. 

 
Index Terms— Flipped Classroom, Software Engineering, 

Comparative Study. 

 

I. INTRODUCTION 

N increasing number of papers [1, 8, 18] advocate the      

application of the flipped-classroom methodology 

conceived by Bergman and Sams in 2012 [4] as an option to 

optimally organize the learning time. This methodology 

consists in transferring to the student the responsibility of 

acquiring the most theoretical concepts before the class and 

devoting the in-person class to more practical activities such 

as solving exercises and discussions, where the assistance of 

the instructor is much more valuable. To this end, instructors 

typically transfer part of the content to videos that students 

must view before the face-to-face sessions. 

In the context of higher education, and in computer science 

in particular, many studies have evaluated the results of 

applying the flipped-classroom methodology both at the 

national level [12, 13, 17, 19, 20] as well as at the international 

level [3, 5, 14–16]. In most cases, there seems to be a positive 

effect of the application of the flipped-classroom on students’ 

perception of the course and on their academic performance 

in it. Motivated by these results, the authors of this article 
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proposed to solve a problem that was pressing in the course 

of Software Architecture and Integration, in the second year 

of the Software Engineering degree at the University of 

Seville. There was a lack of time to carry out exercises in 

laboratory sessions, partially due to the time invested to 

explain the technical details at the beginning of each lab. This 

explanation was aimed at technical concepts needed before 

starting to work on the lab exercises, such as the step-by-step 

configuration of the programming environment, instructions 

for cloud deployment, use of libraries, etc. 

In this article, we present our experience after having 

applied the flipped-classroom methodology in the laboratory 

sessions of the above-mentioned course. We also describe in 

detail the data collection and analysis carried out and evaluate 

the impact on students. Our study differs from the existing 

ones in several aspects. Firstly, the number of students under 

study. In most cases this number is not very high, ranging 

from 12 [13] to 200 [3, 5, 15–17]. Only a small portion of the 

works so far has more than 300 students: 364 in [19] or almost 

400 in [14], being our study one of the largest, with 434 

students. Another aspect to take into account is the period of 

time to be considered, since in many cases only one course 

and year were considered, being it is difficult to compare the 

flipped-classroom with the traditional methodology. In 

contrast, our study encompasses two consecutive years in 

which we used the same contents and evaluation methods for 

a fair comparison of the results. It is also worth mentioning 

the large amount of data we collected, such as that related to 

class attendance, video views, perceived quality of the videos, 

number of exercises solved, duration of tutoring sessions, 

grades obtained, and degree of student satisfaction, among 

others. In total, we collected and analyzed about 2500 

questionnaires and surveys, and the results of more than 1000 

tests in the gamification platform Kahoot! [10], among other 

data, which allowed us to draw statistically significant 

conclusions. Another key aspect of our work, partly required 

by the volatility of the contents to be used in the course under 

study, was the need to seek a flexible approach to the 

methodology. Much of the content shown in the videos 

changes frequently, mainly due to the rapid evolution of the 

technologies used. This made us discard any process that 

could be slow and heavy in the recording of videos, so we 

propose a flexible guide for the elaboration of the videos, 

following existing recommendations [9].  
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Our study demonstrates the suitability of this methodology to 

be applied in the laboratory sessions of the Software 

Engineering area. Among other results, it is worth mentioning 

that: 1) 9 out of 10 students prefer the flipped-classroom 

methodology to the traditional one, 2) 86% of students 

watched the videos before attending the laboratory sessions, 

3) we had an average of 24 minutes more per lab to devote to 

the execution of exercises as it was our goal, and 4) the 

duration of the tutoring sessions was reduced. 

This paper is an extension of a previous paper [23] presented 

at the XXV "Jornadas sobre Enseñanza Universitaria de la 

Informática" (JENUI 2019), where it was selected among the 

six best papers of the conference to be sent to IEEE-RITA. 

The main extensions of this article with respect to the one 

presented in JENUI 2019 are the following: 

• The subject and its context are described more extensively. 

• The data collection is explained in more detail 

accompanied by 4 new figures. 

• A new research question has been introduced and 

answered, which investigates the influence of the selected 

methodology on the tutoring sessions. 

The rest of the article is organized as follows. Section II 

describes the context of the course as well as the participants 

and methodologies followed in this study. Section III explains 

how data collection was carried out and Section IV shows 

how the video recording process was approached. The 

evaluation of the results is presented in Section V. Finally, the 

lessons learned and conclusions drawn from our work are 

presented in Sections VI and VII, respectively.  

II. CONTEXT 

The study was carried out in the course Software 

Architecture and Integration, covering two academic years, 

in 2017 and 2018, involving 6 instructors1 and 434 students 

(225 in the first year and 209 in the second). Students were 

evaluated in the same way in the two years covered by the 

study. The traditional methodology was applied in the first 

year (2017), while the methodology based on flipped- 

classroom was applied in the second year (2018). 

Descriptions of the course, participants, methodology 

followed for the study, and data gathered are provided 

below. 

A. The course 

The compulsory course Software Architecture and 

Integration is studied in the second semester (from February 

to June) of the second year of the Degree in Software 

Engineering at the University of Seville. The objectives of 

the course in general terms are (i) to understand the concepts 

of software architecture and the aspects that determine its 

design, (ii) to learn classic architectural patterns and 

styles, (iii) to create a simple architectural design document, 

(iv) to understand the concepts of application and data 

integration, (v) to identify and distinguish different 

integration patterns, and  (vi) to develop hybrid web 

applications (so-called mashups) using web technologies 

 
1 The 6 instructors are the authors of this paper. Throughout the paper, we 

write “the instructors” and “we” indistinctly 

such as REST and JavaScript. The course is taught over a 

period of about 15 weeks, with a theoretical and a practical 

part. The theoretical part consists of 18 face-to-face 

classes, while the practical part consists of 12 laboratory 

sessions in computer classes. Each class lasts 1 hour and 50 

minutes. 

Students were evaluated in the same way in the two 

academic years. In the practical part, students had to 

organize themselves in groups of two to four students to 

carry out the course project, which consisted in developing 

a mashup (hybrid web application) by consuming third-

party resources through their API REST (application 

interfaces). The mashup had to satisfy several 

requirements, including the integration of at least three real 

applications (through their APIs), the use of the model-

view-controller architectural pattern, the modeling and 

documentation of the application architecture, and its 

deployment on the cloud. The project deliveries were 

organized in three incremental deliverables, evaluated by 

the instructors. Although the project was developed in 

groups, the final grade was individual, as usually not all 

students contribute equally to the project or have the same 

commitment and dedication. For this reason, the instructors 

had interviews with each group, where they asked each 

member of the group individual questions about the project 

developed. In addition, students had the possibility to take 

two optional programming exams during class hours, 

which could increase their final grade in the practical part 

up to 1 point, being 10 points the maximum achievable 

grade. As for the theoretical part, it was evaluated through 

a test at the end of the course. This had a weight of 40% in 

the final grade, while the grade obtained in the practical 

part (project plus optional programming exams) had a 

weight of 60%. 

During both courses, instructors offered personalized 

tutoring sessions to groups to solve problems and doubts. 

These sessions had variable duration, usually depending on 

the difficulty of the problem to be solved and the 

knowledge of students about the problem. In order to have 

access to these tutoring sessions, students had to previously 

fill in a form in which they were asked for information 

about the problem they wanted to discuss, and they were 

asked for a diagnosis of its cause and a proposal of a 

possible solution. Therefore, before attending the tutoring 

session, students had to try to find out how their problems 

could be solved. 

B. Participants 

Six instructors participated in this study through the 

preparation and execution of the flipped-classroom 

methodology and data collection and analysis. The same 

group of instructors participated during the two academic 

years of the study, 2017 and 2018. The instructors had 

between 2 and 12 years of teaching experience in software 

engineering courses, and all had taught the course in previous 

years. As for students, the participants in the study were 

second-year undergraduates. A total of 434 students 
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participated, 225 in the first year (2017) and 209 in the second 

(2018). Students were divided into 10 laboratory groups so 

that they could fit into the laboratories and receive appropriate 

attention from the instructors. Data collection from students 

was conveniently anonymized when requested, and none of 

the students requested to be excluded from the study. 

 

C. Methodology 

This study focuses on the comparison of the flipped- classroom 

methodology with traditional methodologies in the practical part 

of the subject. During the first year, 2017, a traditional 

methodology was followed, where at the beginning of each 

laboratory session the instructor explained everything related to 

practice, such as IDE (development environment) 

configuration, use of new libraries, steps to deploy applications 

on the cloud, etc. Slides, web pages, and code extracts were used 

for this purpose. These explanations ranged from 15 minutes 

(13.6% of the class time) to 55 (50% of the class time), with an 

average of 33.2 minutes (30% of the class time, Figure 1(a)). 

During the rest of the class, students had to do the proposed 

exercises and solve their doubts with the instructor. During the 

second year, 2018, we applied the flipped-classroom 

methodology. Thus, we recorded all the explanations on videos 

(see section IV), which students had to watch before attending 

class. 

To find out if the concepts presented in the videos were 

understood by students, we used the gamification platform 

Kahoot!1 to perform interactive tests with students at the 

beginning of the laboratory sessions. We displayed questions 

related to the video contents on the projector and students had 

to choose the correct answer using their mobile phone or 

computer (Figure 2(a)). Kahoot displays the number of correct 

answers after each question (Figure 2(b)) and ranks students 

according to the number of correct answers and the time it took 

them to answer. This encourages students to answer the 

questions as correctly and as fast as possible. Based on the 

answers obtained, the lab instructor decided which concepts to 

clarify. The Kahoot tests plus relevant clarifications took from 

6 minutes (5.5% of class time) to 20 (18.2% of class time), 

with an average of 9.1 minutes (8.3% of class time, Figure 

1(b)). This meant that students had an average of 24 more 

minutes than the previous year to do exercises and ask 

questions to the instructor. 

 

1https://kahoot.com/ 

III. DATA COLLECTION 

Throughout the two years, a large amount of data was 

collected for this comparative study. The data collected, its 

sources and measurement mechanisms are detailed below: 

• Grades obtained by students. We got a total of 185 final 

grades in 2017 and 163 in 2018. 

• Duration of laboratory sessions. As explained in the 

previous section, laboratory sessions worked differently in 

each academic course. For this reason, instructors wrote 

down the available time that students had to carry out 

exercises in all sessions. 

• Kahoot questionnaires. The answers obtained in the 

Kahoot tests were stored after each class so that they could 

be part of the analysis. In order to have traceability of 

students, they introduced their digital identifier of the 

university as identifier in the Kahoot platform. In total, we 

stored 1027 answers to the Kahoot test questions. 

• Questionnaires on each laboratory. To evaluate both 

methodologies, students completed a questionnaire after 

each lab session over the two years. They had to answer 

questions such as the number of exercises completed 

during the session, difficulty of exercises, interest in the 

lab session, clarity of explanations, technical quality of the 

videos (in 2018 only), etc. Students had to answer the 

questions using a Likert [2] scale, thus they were easy to 

answer, and this also facilitated further analysis of the 

answers. In total, we collected 1166 questionnaires in 2017 

and 1174 in 2018. 

• Number and duration of tutoring sessions. To evaluate the 

impact of the change of methodology in the tutoring 

sessions, instructors wrote down the duration of the 

session and the subject of students’ doubts for all the 

sessions throughout the two years of the study. In addition, 

as mentioned above, to attend each tutoring session, 

students had to fill in a previous form. In this form, 

students were required to provide a minimal diagnosis of 

the problem and establish a possible cause for it. The data 

obtained from these answers were available to the 

instructors as soon as they were generated by students. 

Thus, doubts were answered more accurately and quickly 

during the tutoring session. 

 

• Final survey on the use of the flipped-classroom 

methodology: Finally, at the end of the course in the

  
(a) Traditional methodology               (b) Inverted class methodology 

Figure 1. Average time distribution. 

(b)  

(c)  

  

        
(a) Answering on the mobile    (b)  Question result, displayed on the 

projector phone 
Figure 2. Using the Kahoot platform. 
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second year, students were asked to fill out a final survey showing 

their satisfaction with the flipped-classroom methodology. They 

completed it before knowing their final grade, so that this did not 

influence their answers. The survey included questions to be 

answered using a Likert scale, such as whether they watched the 

videos before class, whether they watched them at any other time 

during the semester, whether the length and content of the videos 

were adequate, etc. For other questions, it was allowed to write 

free text, for example about what parts of the videos were more 

useful, the preferred methodology for future classes, advantages 

and disadvantages of the flipped-classroom methodology, etc. In 

total, 144 surveys were collected. 

All the information described above is available for consultation 

at [11]. In addition, the forms used for data collection and the 

scripts for statistical analysis of the information have been also 

included. 

IV. VIDEO RECORDING 

To record and produce the videos, we first considered the 

services and resources offered by the university. The University 

of Seville offers a video recording service available to 

instructors2. To use this service, instructors must fill in a 

reservation form, wait for approval, go to a specific university 

building on the assigned date, prepare the recording contents 

and finally receive the edited video on a CD-ROM. This process 

was not adapted to the instructors’ needs since it is a slow process 

and does not provide a flexible method to face the constant 

updates required by the agenda of the course. These changes, 

such as constant modifications of external API specifications 

and the tools used in the laboratory sessions, are unavoidable. 

For this reason, it was essential for us to follow a flexible 

methodology for video recording, so that we could easily update 

the content of the videos at any moment. Therefore, we decided 

to record them ourselves, without any professional help. In fact, 

some recent studies have concluded that recording videos in 

informal settings can be even more effective than doing it in 

professional studios [9]. To this end, we needed to acquire the 

right material, as well as research about video recording and 

post-production, as only one of the instructors involved had 

previous experience. The following sections detail this process, 

which is summarized in Figure 3. 

A. Acquisition of equipment 

After researching the equipment needed for video recording, 

we purchased HD webcams, desktop and clip-on microphones, 

webcam tripods, mobile holders, and various cable adapters and 

extenders. The funding was obtained through a Teaching 

Innovation Project of the university and we were granted a 

budget of 2500€. The purpose of this project was the 

implementation of the flipped-classroom in the course, so the 

project was specifically assigned to us with this aim. 

2https://servicio.us.es/websav/index.php/servicios/polimedia 

Unfortunately, the call for the innovation project expressly 

prohibited investing the money in the purchase of software 

licenses. This made impossible for us to obtain the latest 

version of popular video recording and editing tools, such as 

Camtasia or Adobe Premiere. This was a major obstacle to the 

recording and production of the videos. The solution was to use 

Camtasia Studio version 6 (released in 2008), available in our 

department, and the open OBS Studio (version 21). 

B. Training and preparation 

The purpose of the videos was to capture the attention and 

interest of the student, so the way in which the videos were 

recorded was decisive. After studying guides and related work, 

we decided to follow the recommendations proposed by Guo et 

al. [9]. They presented an empirical study on how the way 

videos are produced affects students’ commitments. In 

particular, we decided to establish a minimum set of guidelines 

to be followed for the creation of the videos: 

1) Videos have to be short. According to Guo et al. [9], 

short videos are more interesting than long videos. As a 

result of the study, they recommend segmenting the 

agenda into videos of less than 6 minutes. Following this 

recommendation, we agreed to record up to 4 videos per 

lab session and no longer than 6 minutes. 

2) Instructors have to appear in the videos. Guo et al [9] 

conclude that students prefer the face of instructors to 

appear in the videos since a human face gives a more 

’intimate and personal’ feeling and breaks the monotony 

of slides and code screenshots. They do not give any 

recommendations on how or when instructors should 

appear in the videos but do recommend that they appear 

whenever it makes sense in the video. We agreed to start 

all videos with the instructor by making an introduction 

to the video. Each instructor would decide when they 

should appear in the rest of the video for any explanation 

or clarification. 

3) Videos must have good quality. To ensure good quality 

videos, we organized a 4-hour course where basic 

concepts for flexible video recording and editing were 

explained. This course was taught by colleagues from 

our department with extensive experience in recording 

teaching videos. In the course, concepts such as the 

position of the instructor’s body in the recording, the 

configuration of the microphone, video recording with 

mobile phones and tripods, or video editing, among 

others, were taught. We agreed that all videos should 

have a high-quality (Full HD resolution) and clear sound, 

avoiding any kind of echo or background noise. 

4) Spend time in pre-production. Guo et al. [9]  suggest that 

the pre-production phase (i.e. planning) has the greatest 

impact on the outcome of the videos, so they recommend 

investing effort in pre-production. Based on this, we all 

agreed to work hard in the preparation of each video, 

creating scripts for the videos, examples, and 

demonstrations, and trying to minimize improvisation. 
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Figure 3. Video recording and publishing process. 

 

Once we agreed upon these guidelines, each instructor 

became familiar with the purchased material and the recording 

and production software on their own. They researched and 

decided which configuration would be most appropriate. We 

held informal meetings to share our own findings so that 

everyone was aware of everything before and during video 

recording. 

C. Recording and result 

Each instructor recorded the videos in her/his own office 

using clip-on microphones, webcams, and the necessary 

extension cables and adapters, as can be seen in Figure 4. In 

addition, two instructors also used a green chroma-key 

background to overlay content with post-production effects. 

Each instructor was responsible for recording the videos of one 

or two laboratory sessions. Some instructors could not fulfill 

the restriction of creating videos with a length fewer than 6 

minutes. In total, we produced 29 videos, having the shortest a 

duration of 2 minutes 34 seconds and the longest 9 minutes 45 

seconds. The average length was 5 minutes and 58 seconds, and 

we obtained 3.6 videos per lab session. All videos included the 

instructor introducing the lab session at the beginning of the 

video, and in some of them, the instructor also appeared in 

intermediate parts of the videos. An example of a video opening 

can be seen in Figure 5(a). One of the instructors decided to 

keep the upper body part throughout the video in the lower 

right corner, as shown in Figure 5(b).  

All the videos were uploaded to a YouTube playlist3. The 

playlist was created as unlisted, so the videos did not appear in 

any Internet searches and only users with the link could access 

the videos. In this way, we avoided that people outside the 

course could access the videos, which could have compromised 

the results of the evaluation. We activated the option to allow 

comments on the videos, but they had to be reviewed and 

approved by the course instructors before being shown online. 

V. EVALUATION 

In this paper, we aim to answer three research questions, 

namely: 

• RQ1 - What is the students’ perception of the flipped- 

classroom methodology? 

3http://bit.ly/PaqueteLaboratorioClaseInvertidaAISS 

 

 

 

 

 

 

Figure 4. Video recording in the office. 

 

 

(a) Introduction to each video. (b) An instructor using a chroma-key 
background. 

 

Figure 5. Explanatory videos for the flipped-classroom. 

 

• RQ2 - What is the impact of the chosen methodology on 

student performance? 

• RQ3 - What is the impact of the chosen methodology on 

the number and duration of tutoring sessions requested by 

students? 

Since we collected data from different sources, we use the 

correlation coefficient of Pearson to evaluate if there exists a 

linear relationship between two quantitative random variables. 

This coefficient shows how strong the relationship between the 

variables is. When this coefficient is not negligible, we also 

calculate the p-value, which determines whether the correlation 

is significant or not. Additionally, we compute the non-linear 
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Figure 6. Students’ opinions about the flipped-classroom. 

 

correlation coefficient of Spearman to determine monotonic 

correlations not identified by Pearson’s coefficient. We also use 

the Cronbach’s Alpha coefficient [7] to determine the reliability 

and consistency of the data provided by students in their final 

surveys on the flipped-classroom experience. Finally, regarding 

students’ final grades and the duration of the tutoring sessions, 

since these data do not follow a normal distribution according 

to the results of the Shapiro-Wilk [22] test, we performed the 

test of signed ranges of Wilcoxon [24] to compare the mean 

range of two related samples and to determine whether there are 

differences between them. To evaluate the size of the effect 

associated with the differences between the measurements of 

the distributions, the Cohen’s d estimator [6] was used. 

A. RQ1 - Students’ perception 

From the data analyzed, a decisive conclusion is that 87% of 

the students surveyed (122 out of 144) prefer the flipped- 

classroom methodology over traditional methodologies. 

Concerning the questions answered using a Likert scale [2] (I 

totally agree, I agree, I neither agree nor disagree, I disagree, 

I totally disagree), the answers related to the level of students’ 

satisfaction are shown in Figure 6. 

It should be noted that the responses were generally very 

favorable to the flipped-classroom methodology. Thus, 76% of 

the students surveyed were (very) satisfied with the flipped- 

classroom experience and 59% stated that they were motivated 

to learn more with this methodology. Besides, 61% and 67% of 

students would recommend a friend to enroll in a course that 

applies this methodology and thought that others should apply 

it, respectively. Three out of four students found the Kahoot 

tests useful. 

More than half the students worked more at home with this 

methodology than with traditional methodologies. Concerning 

videos, 86% watched the videos before attending the practical 

sessions, and 64% watched them at other times during the 

semester. Figure 7 illustrates the percentage of students who 

claimed to have done some work prior to the laboratory 

sessions (reading the slides in the first year and watching the 

videos in the second). A very significant and homogeneous 

change is observed in every laboratory session. Finally, more 

than 70% of students were (very) satisfied with the number of 

videos, their duration, and their content. Most of the  

students considered that the most valuable part of the videos are 

practical demonstrations, and, indeed, they requested these 

sections to be extended for future versions of the videos. 

 

 
Figure 7. Percentage of students who say they have done prior laboratory work 
by year and laboratory. 

 

 

 

 

 

 

Lab session 
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Figure 8 shows a violin plot describing the distribution of 

students’ ratings regarding the technical quality of the videos 

in each laboratory session. These data were analyzed with 

the surveys collected after each class. The shape associated 

with the column for each laboratory session describes the 

probability density of occurrence of the different scale 

values (between 0 and 10) resulting from the students’ rating. 

Furthermore, the plot represents the median and different 

quartiles with horizontal lines. As depicted in the figure, 

scores are quite good in general as the median values are 

around 7 in most cases. However, there are important 

variations between the different laboratory sessions, with 

laboratory 8 being the one that has obtained the worst results. 

Precisely, the videos of laboratory 8 hardly include practical 

demonstrations. 

 

Figure 8. Opinions on the technical quality of the videos. 

 

B. RQ2 - Impact of the methodology on students’ performance 

Results indicate that there is no evidence that the 

methodology applied influenced students’ grades, either 

positively or negatively (the Wilcoxon test generated a p-value 

of 0.403). 

Secondly, we studied if there exists any relationship 

between lab sessions attendance and obtained grades. To gather 

information on student’s attendance, we simply needed to check 

whether they undertook the Kahoot test and/or submitted the 

questionnaire. In the first year, where the traditional 

methodology was applied, we obtained a positive correlation 

(with a linear correlation coefficient of 0.33), which means 

that students who attended classes usually obtained better 

grades. However, this correlation practically disappeared in 

the course where the flipped-classroom methodology was 

followed (with a linear correlation coefficient of 0.14, 

reducing it to less than half). This result is probably due to the 

fact that students can follow better the course when the 

flipped-classroom is applied, even if they cannot attend all 

laboratory sessions since they have the explanatory videos of 

every session available to watch at any time. 

We also studied the relationship between attendance to 

previous laboratory sessions and the average number of 

exercises solved in each class. We obtained the same result: in 

2017 there is a weak positive correlation (with a linear 

correlation coefficient of 0.23), while in 2018 it is greatly 

reduced until it almost disappears (the value of the correlation 

coefficient, in this case, was 0.09). Thus, in the first year, students 

who attended more classes managed to complete more exercises 

in subsequent laboratory sessions overall, while in 2018 

attendance in previous classes was not as decisive in completing 

more exercises in subsequent laboratory sessions. In terms of the 

number of exercises completed in the laboratory sessions each 

year, in 2018, students finished 0.4 more exercises than in the 

previous year (representing up to 13.3% of the total exercises in 

some laboratory sessions). Moreover, in several cases, students 

did not do more exercises simply because they had finished them 

all. Thus, the percentage of students who finished all exercises 

increased from 22.4% in 2017 to 35.9% in 2018. This result is 

very positive, although predictable, as in 2018 they had on 

average 24 more minutes per class to do exercises (see Section 

II). 

Finally, there is a slight positive correlation between students’ 

final grades and the points obtained from the Kahoot tests (linear 

correlation coefficient of 0.28). This indicates that these tests 

were assessing how much students had learned after watching 

the videos, at least in the same sense as final grades of the course 

do. Furthermore, this learning was reinforced by taking Kahoot 

tests. 

D. RQ3 - Impact of the methodology on the number and 

duration of tutoring sessions 

 

Figure 9. Aligned histograms of the duration of tutoring sessions per year (in 

minutes). 
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During the first year, 109 tutoring sessions were 

conducted, which means a total of 0.449 sessions per 

enrolled student. In the second year, the number of tutoring 

sessions decreased to 101, but considering the number of 

students enrolled that year, this means 0.483 tutoring 

sessions per student enrolled. These values are very similar, 

and we cannot affirm that the change in methodology had an 

impact on the number of tutoring sessions conducted. 

However, if we consider the duration of the tutoring sessions, 

significant differences do appear. The total time devoted to 

tutoring the first year was 3316 minutes, with an average 

duration of the sessions of 30.4 minutes. The total tutoring time 

the second year was 2217 minutes, with an average session 

length of 21.9 minutes. Figure 9 shows the aligned histograms 

of the duration of the tutoring sessions for both years. In the 

second year, there is a significantly higher number of shorter 

tutoring sessions (15 minutes or less) and the number of 

tutoring sessions lasting more than 35 minutes is significantly 

lower, even though there are still sporadic sessions of 

extremely long duration (up to 75 minutes). 

The Wilcoxon test provides a p-value of 0.0000535, which 

allows us to say that the differences between the length of the 

sessions are significant. The average difference in session 

length is 7.5 minutes, which translates into a Cohen’s d-value 

of 0.546. This, according to the interpretation guidelines for 

this estimator [21], translates into a medium effect size. 

The reduction observed in the duration of the tutoring 

sessions may not be the exclusive consequence of the change 

in methodology, but rather the combination of the change in 

methodology and the use of a pre-session form. This form 

forces students to propose a hypothesis about the cause of the 

problem for which they want to attend the tutoring session and 

to make an initial search for the solution to the problem. The 

same form was used during the two years of this study. 

However, it is possible that during the solution-seeking phase, 

students used the videos developed for the flipped-classroom 

(and especially the practical demonstration sections). This 

might have helped them to pose the questions during the 

tutoring sessions in a clearer and more precise way, which 

resulted in a faster problem resolution and a shorter duration of 

the sessions. This hypothesis to explain the significant 

differences observed is supported by the fact that 64% of 

students claimed to have watched the videos at other times 

during the course (as explained in Section V-A), and by the 

students’ assessment of the most useful sections of the videos 

(practical demonstrations, as mentioned in the following 

section). 

VI.  LESSONS LEARNED 

After our experience implementing the flipped-classroom 

methodology and the subsequent analysis we conducted, we 

are able to highlight several lessons learned regarding the 

video-recording process: 

It is possible to record videos in a flexible way. While it is 

true that the learning curve was steep, the final results suggest 

that the effort invested is worthwhile. For example, it took 

time to find the right settings in the software to start recording 

the videos, as well as to handle all the post-production 

possibilities. However, once instructors learned the basics, we 

were able to produce high-quality 5-minute videos in about 

20 minutes. We also learned that the minimum equipment for 

recording high-quality videos consists, apart from the 

software, of a webcam or mobile phone, a tripod, a lavalier 

microphone, and cable extenders. All this can be purchased 

from the Internet for less than 200 euros. 

Post-production software is crucial. We realized that free 

video recording and production software often has some 

limitations. It was also a challenge to achieve the optimal 

configuration with the old version of Camtasia, as it is not 

designed for today’s video resolutions and video formats. 

Therefore, we believe it is worthwhile to invest in video 

editing software.  

Videos have to be created incrementally. We learned that it 

is better to record small video clips rather than long ones. 

Therefore, if mistakes are made on one of the clips during 

the recording, only that part needs to be redone. Similarly, if 

a mistake is identified during the post-production phase, only 

the small clip that contains the mistake needs to be redone. 

It is also useful to keep the videos year after year: several 

parts of the video can remain fixed, such as the opening and 

closing fragments, while intermediate parts will require to be 

updated to keep the examples shown in line with the updates 

performed on the software used at the course. 

The effort involved in applying the flipped-classroom 

methodology is worthwhile. As we mentioned, producing 

the videos ourselves required a significant effort. 

Furthermore, preparing all Kahoot tests and the 

corresponding questionnaires also required several working 

days. However, the good organization between the 

instructors, initiated by the course coordinator, and the 

division of effort between all of them, made the whole 

process more manageable. Moreover, the videos and Kahoot 

tests can be reused in future editions of the course, which 

makes the effort worthwhile. As mentioned, some video 

parts would need to be remade for future use. For instance, 

in the following academic course (2019), all the videos and 

tests were reused as class material, although almost 40% of 

the videos had to be partially modified, either to improve the 

recording quality or to introduce modifications in the 

demonstrations due to the changes in the technology used.  

Demos are a must. The lack of demos in some videos was 

criticized by students. We did not take this into account when 

designing the format for the videos, so we have set the goal 

of adding new demos to the videos of all laboratory sessions 

in subsequent editions of the course. 
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All videos must have a similar format. All videos must 

follow the same format, as proposed by Guo et al. [9]. 

Although we tried to avoid it, our videos were somewhat 

heterogeneous. For example, two instructors used a chroma-

key background on which they superimposed the content of 

the slides (see Figure 5(b)), while the other instructors did 

not use it, and the ratio of demos to slides is also unbalanced 

in the videos. The opinions expressed by students suggest 

that the degree of homogeneity of the videos is important and 

helps students to become familiar with them. 

VII. CONCLUSIONS 

This article presents a comparative study of the flipped- 

classroom methodology with a traditional methodology in a 

computer science course. The study covers two academic 

years and involves a total amount of 434 students. After the 

large amount of data collected and analyzed throughout the 

two academic years, the study concludes that 87% of 

students preferred the flipped-classroom methodology over 

traditional methodologies and that students had 24 more 

minutes to in-class work on the resolution of exercises. In 

addition, students seemed committed to this methodology, 

since 86% watched the videos before going to class, and 

more than 70% were satisfied with the number of videos, 

their length, and their content. The results also suggest 

that the application of the flipped-classroom methodology 

makes the course easier to follow by students who are not 

able to attend classes regularly. Finally, it was observed that 

tutoring sessions were shorter with the flipped-classroom 

methodology, probably because students could prepare prior 

to the sessions by watching video content.  

This article also describes the methodology followed by the 

instructors for recording the videos used in the flipped-

classroom methodology. In addition, several lessons learned 

are described, such as the importance of using demos in the 

videos and the quality of the recording software. This article 

lays the foundations for the application of the flipped-

classroom methodology on a larger scale, including not only 

theory classes but also laboratory classes, even in courses with 

many students and highly volatile contents. 

 

REPLICABILITY 

For the sake of replicability of the study and verifiability of 

the results, a laboratory package has been created. It contains 

all the data collection forms used in this study, the data 

collected, and the scripts for statistical analysis of the data. 

These contents are available through the EXEMPLAR 

platform at [11]. 
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