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Abstract 
In recent years the use of Web 2.0 applications, including YouTube, wikis, social networks, blogs, etc. 
has spread to all areas, including higher education. Among these applications, YouTube is the most 
used in the educational field, being highly appreciated by university students. 

Currently, YouTube has more than 1,900 million users, and it is estimated that more than 1,000 million 
daily hours worldwide are spent watching Youtube videos, which are mainly accessed from mobile 
devices. Almost all universities have an institutional channel on YouTube in which in addition to 
disseminating the corporate image and their teaching and research activities, some teaching videos 
used in degree studies and Massive Open Line Courses (MOOC) are included. 

This paper presents the main activities carried out in a teaching innovation project financed by the 
University of Zaragoza (UZ, Spain) for the development and management of a YouTube channel 
which has been designed as a repository of instructional videos. This video collection together with a 
set of short self-assessment questionnaires has been used to support teaching in several related 
subjects in the field of Thermodynamics and Thermal Engineering. 

The paper aims to analyse the visualization statistics of the videos by using YouTube and Moodle 
Analytics, as well as the degree of satisfaction of the students with this innovation experience through 
a questionnaire. Likewise, the possible improvements obtained in the teaching-learning process are 
analysed and possible advantages or disadvantages associated with the use of videos as a 
complementary tool to traditional teaching are identified. 

The results show a high satisfaction degree among students with the videos produced and the self-
assessment questionnaires as well as an improvement in the learning outcomes. 
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1 INTRODUCTION 
In recent years the use of Web 2.0 applications [1], including YouTube, wikis, social networks, blogs, 
etc. has spread to all areas, including higher education. YouTube is a platform that allows free sharing 
videos between distant users. The videos can be labeled and classified by topics. They can also be 
hosted in different channels that can be considered as repositories, which facilitates to carry out 
selective searches. Users can post comments or questions and express their opinion about the 
contents, which promotes interactivity. In addition, the videos can be linked, so that they can be 
accessible from social networks, learning management tools such as Moodle or other web pages, thus 
increasing their dissemination in a wide set of visualization environments [2]. 

At present, YouTube has local versions in 91 countries and is available in 80 different languages. It 
has more than 1,900 million users, which represents almost a third of the total number of Internet 
users. With respect to other social networks, it ranks second, behind Facebook. It is estimated that 
more than 1,000 million daily hours of videos hosted on this platform are viewed worldwide, with more 
than 70% accessed from mobile devices [3]. Considering the number of visitors and views, YouTube 
is placed in the top 2 of websites, just behind Google [4]. 

According to several authors, the use of educational videos facilitates autonomous learning and can 
be a useful tool applicable in different teaching-learning contexts such as the flipped classroom model 
[5-6] or blended learning [7]. Although both students and teachers generally agree on the positive 
effects of the use of videos to improve the learning process, their perceptions are not always 
coincident and it is necessary to carry out more research in this regard [8]. 

Almost all Spanish universities have an institutional channel on YouTube [9] in which, in addition to 
disseminating their corporate image and their teaching and research activities, they disseminate 
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knowledge, incorporating in some cases teaching videos used in their Massive Open Line Courses 
(MOOC). It is estimated that Spanish universities have published more than 71,000 videos 
accumulating more than 132 million views [10]. Considering both the number of views and the number 
of subscribers, the three most prominent universities are the Polytechnic University of Valencia, the 
Miguel Hernández-University of Elche and the Polytechnic University of Madrid. 

On the international stage, it is worth noting the high impact of the "MIT OpenCourseWare" channel, 
which with just over 5,400 videos currently accumulates more than 156 million views, with more than 
1.8 million subscribers [11]. Other universities whose videos also have a high impact on YouTube are 
the Universities of Stanford, Cambridge, Technion-Israel IT and New South Wales [12]. 

It should be noted that not all universities have chosen to group all the contents in their institutional 
channel. There are cases in which independent channels with more specific contents have been 
created. In this way, a more direct, adapted and quick management of the contents is achieved, 
although the image of the university may lose some of its visibility in favor of the department/area that 
manages this independent channel. 

Currently there are many different types of instructional videos depending on the pedagogical 
objectives and the learning outcomes to be achieved [13]. The availability of resources is a 
determinant factor to be considered when selecting for a specific type of video. Thus, a video showing 
the teacher explaining on a blackboard or writing directly on a paper can obtain similar results to a 
video made from a digitizing tablet, but at a lower cost. In this regard, several authors recommend 
producing "low cost" videos [14] which ensure compliance with learning outcomes, while minimizing 
the resources and time devoted to their preparation. 

This paper presents the methodology followed and the main results obtained to date in a teaching 
innovation project funded by the University of Zaragoza (UZ, Spain). Based on the experience of the 
use of teaching videos in a set of subjects in the field of thermodynamics and thermal engineering, this 
paper aims to answer the following questions: What are the students' viewing habits? Do they 
visualize the full content of the videos? Is there an improvement in the grades of the students? Are the 
students more motivated to attend classes and study the subject? 

2 METHODOLOGY 
Below a detailed description of the sequence of activities developed in this teaching innovation work is 
presented. 

First, a group of subjects from the same area of knowledge (see Table 1) with some similar 
competences and learning outcomes was defined, and the group of professors participating in the 
project was constituted. Next, the most relevant subjects and learning outcomes of the previously 
selected subjects were defined. Then a list was prepared, including topics, typology and approach of 
the teaching videos to be developed, subjects in which each video could be used, as well as the 
professors responsible for its preparation and a planned date for the recording of each video. 

It was decided that most of the videos were slideshow videos. They are based on the capture of a 
PowerPoint presentation which includes theoretical explanations and small practical exercises of 
application, incorporating the voice-over of the teacher. Nevertheless, some videos (12%) explaining 
operation of different types of common use facilities (refrigerators, heating, ventilation and air 
conditioning systems for buildings, etc.) have also been prepared. Although these videos are similarly 
based on the capture of a PowerPoint presentation, they also include video recordings and/or 
photographs of those facilities. In addition, there are some videos based on the resolution of typical 
problems (11%), which have been developed by capturing them from a digitizing tablet. The computer 
tool selected to edit and produce the videos was Camtasia. 

5165



Table 1. Subjects of the UZ with learning results and competences  
partially covered by the educational videos. 

Subject Bachelor’s degree 

Engineering Thermodynamics and Fundamentals of Heat 
Transfer 

Industrial Technologies Engineering  

Mechanical Engineering 

Electronics and Automation Engineering 

Electrical Engineering 

Chemical Engineering 

Thermal Engineering Industrial Technologies Engineering 

Mechanical Engineering 

Air Conditioning Electrical Engineering 

Experimentation in Chemical Engineering I Chemical Engineering 

Thermal Machines and Engines Mechanical Engineering 

Before being published in the YouTube channel, entitled "Innovación Docente Área MMT EINA-UZ" 
(see Fig. 1), each instructional video underwent an internal review process by the lecturers involved in 
the project. This channel was created a few months before starting the academic year 2018-19 by 
including a reduced number of videos developed in previous courses. 

 
Figure 1. Image of the channel "Innovación Docente Área MMT EINA-UZ" on the YouTube platform. 

It is worth noting that the whole process of developing and managing a channel on YouTube is simple 
and usually requires little time. Before creating the channel, a Google account must be created. Then 
a name and a header image for the channel are selected, and a brief description of the channel has to 
be included as well. Once created, the videos can be published in the channel as they are ready, 
labeling them correctly with some metadata, such as: title, authorship, category, etc. To achieve 
greater efficiency in this process, only one responsible manages the channel. The main tasks are the 
publication of the videos, the monitoring and analysis of statistical data through "YouTube Analytics", 
and managing and answering students’ comments. 
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After the publication of each video on YouTube, the channel manager has been responsible for 
providing the URL of each video to the group of professors, so that they could recommend their 
students to visualize it by including the link in the internal Moodle website of the corresponding 
subjects. 

After the end of each semester, professors conducted a brief survey for students, so that they could 
express their degree of satisfaction about the use of instructional videos in the different subjects. The 
survey was conducted through a short questionnaire implemented in Moodle or directly on paper. The 
questions included in the questionnaire are shown in Table 2. 

Table 2. Survey for the assessment of educational videos and self-assessment questionnaires. 

Topic Question 

1. Assessment of the educational videos viewed 
Possible answers: 
1-Nothing, 2-Little, 3-Some, 4-Quite, 5-Much 

1.1. Amenity 

1.2. Adequacy of the video running time 

1.3. Technical quality of the video (audio, image, 
edition) 

1.4. Clarity in the exhibition / presentation of the topics 

2. Assessment of the self-assessment 
questionnaires associated with the educational 
videos 
Possible answers: 
1-Nothing, 2-Little, 3-Some, 4-Quite, 5-Much 

2.1. Level of difficulty 

2.2. Relationship between video contents and test 
questions 

3. Assessment of the teaching innovation project 
Possible answers: 
SD=Strongly disagree, D=Disagree, NAND=Neither 
agree nor disagree, A=Agree, SA=Strongly agree 

3.1. Viewing educational videos has taken up time to 
study 

3.2. Viewing educational videos has increased my 
motivation to study 

3.3. Viewing educational videos has improved my 
learning process 

3.4. Solving tests has improved my learning process 

4. Global assessment 
Possible answers: 
1-Very bad, 2-Poor, 3-Average, 4-Good, 5-Very good 

4.1. Global assessment of videos and questionnaires 

Other comments (free text) 

3 RESULTS 
In this section, the general statistics for viewing the videos of the channel "Innovación Docente Área 
MMT EINA-UZ" are firstly presented together with an analysis on viewing habits. It should be noted 
that these statistics not only include students enrolled in the subjects participating in the project, but 
also any YouTube user from anywhere in the world interested in the topic addressed. 

Subsequently, as an example, viewing habit statistics, as well as the satisfaction degree of students 
are analysed for one of the subjects included in the project. Specifically, the subject "Engineering 
Thermodynamics and Fundamentals of Heat Transfer" of the Degree in Electronics and Automation 
Engineering has been selected. This subject is taught in the second year of the Degree and has six 
ECTS. In the 2018-19 academic year there were 34 students enrolled in this subject. 

3.1 Analysis of viewing habit statistics 
Since its creation a year ago, the YouTube channel "Innovación Docente Área MMT EINA-UZ" offers a 
total of 38 videos that have been published in the channel progressively. The channel currently has 81 
subscribers and a total of almost 10,000 views have been recorded, with a total viewing time of 35,334 
minutes. This implies an average duration of the views of 3:33 minutes in comparison with an average 
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duration of the videos of 10:46 minutes, which entails an average watch time percentage of 
approximately 33%. 

The preferred device for watching videos is the computer (73%), followed at a considerable distance 
by the mobile phone (23%), and a minority use of tablets and televisions. 

Interaction with users is relatively low at the moment, having received 152 "like", 10 "do not like" and 8 
comments. On 103 occasions, users have shared some videos of the channel and at least 135 times 
users have included some videos of the channel in their playlists. 

Regarding the geographical location of the audience, approximately 26% of the total viewing time and 
number of views correspond to Spanish users. At certain distance, there are other Spanish-speaking 
countries such as Mexico, Peru and Colombia with 10%, 7% and 4% of the views respectively, and 
then there are several countries with percentages lower than 2% such as Ecuador, Bolivia or Chile. In 
contrast to this, Ecuador's users are the ones with the highest average watch time percentage of the 
videos, reaching an average of 56% of the total duration of the videos, followed by users in Peru and 
Colombia with percentages of 42% and 36% respectively. All of them are ahead of the Spanish users, 
whose average watch time rate stays at 32%. 

The monthly evolution of the number of views and the average watch time percentage shows a similar 
pattern. As can be seen in Fig. 2, both metrics show a significant growth during the first months of the 
academic year (October and November). On the other hand, there are also increases when the 
examination periods are approaching (June, September and January). However, during the last two 
months, the average watch time has tended to stabilize while the number of views has experienced 
strong growth. 

 
Figure 2. Monthly evolution of the number of views and the average watch time percentage  

of the videos on the YouTube channel “Innovación Docente Área MMT EINA-UZ” 

In order to analyze more carefully the audience retention, a correlation between the average watch 
time percentage reproduced and the duration of the video can be established. Although it can be seen 
slightly that the longer the video, the lower the watch time percentage, no clear trend is discernible 
(see Fig. 3). Thus it is necessary to analyze longer periods of time to be able to draw more precise 
conclusions. 
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Figure 3. Average watch time percentage versus duration of each teaching video 

Regarding the viewing habits of the students of the analyzed subject, it is worth mentioning that 
although the viewing of the videos was completely voluntary, in the 2018-19 academic year a total 
number of views of the videos higher than 1130, with an average of 47 views/video, a minimum of 27 
and a maximum of 90 views/video was reached according to the statistics provided for this subject by 
the Moodle platform. This represents approximately 11% of the total views of the YouTube channel. 
The percentage of students enrolled who watched each video varied between 44% and 91% 
according to the theme of the video. Similarly, the number of displays per student varied between 1.4 
and 3.2. 

3.2 Analysis of the degree of satisfaction and improvement of student 
learning 

Students’ participation in the survey for the assessment of instructional videos and self-assessment 
questionnaires was voluntary and it reached 44% of the enrolled students. 

A -Likert Scale- rating 1-5 was used to evaluate four different issues of each educational video. The 
video amenity and the adequacy of the video running time obtained an average rating of 3.4 and 3.8 
respectively, while this figure increased to 4.4 and 4.7 when assessing the technical quality and the 
clarity of the videos presentation respectively. Fig. 4 presents in a more detailed way these results. 
Only small percentages considered that the videos were not entertaining enough or the video running 
time was not completely adequate. However, between 54% and 61% gave a score between 3 and 5 
points to these issues. On the other hand, all the students gave a score between 4 and 5 points to the 
technical quality and the clarity of the videos presentation. 
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Figure 4. Average statistical values of the assessment of the educational videos in the subject under 

analysis. (1-Nothing, 2-Little, 3-Some, 4-Quite, 5-Much) 

A -Likert Scale- rating 1-5 was used again to assess the students’ opinion concerning the self-
assessment questionnaires. An average rating of 3.5 and 4.0 was given to the level of difficulty of the 
questions and the relationship between the video contents and the questions respectively. As shown 
in Fig. 5, 46% of the students felt that the questionnaires had a medium level of difficulty (3 points) and 
46% find them quite or much difficult (4-5 points). Nevertheless, 77% of students considered that the 
questions were adequate or very adequate to the video contents. 

 
Figure 5. Average statistical values of the assessment of the self-assessment questionnaires 

 in the subject under analysis. (1-Nothing, 2-Little, 3-Some, 4-Quite, 5-Much) 

Fig. 6 presents the average results to four different issues related to the global assessment of the 
teaching innovation project. Most students (62%) strongly disagreed or disagreed that viewing the 
videos had taken up time to study, but 23% felt that it had taken some or much time, detecting a 
certain degree of dispersion in the answers. Almost all students (92%) considered that viewing the 
videos increased their motivation to study and improved their learning process. Likewise, 77% of the 
students felt that the completion of the self-assessment questionnaires had helped them to 
consolidate the knowledge presented in the videos. 
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Figure 6. Average statistical values of the assessment of the teaching innovation project in the subject 

under analysis. (SD=Strongly disagree, D=Disagree, NAND=Neither agree nor disagree A=Agree, 
SA=Strongly agree) 

When making a global assessment of the videos and questionnaires all the students gave a score 
between 4 and 5 points, obtaining an average rating of 4.7. Therefore they are very satisfied with this 
innovation experience. 

Finally, with regard to the grades, in this academic year 73% of the students took the first partial exam 
of the subject and 72% of them passed. This last figure was slightly higher (74%) in the previous 
course, in which a smaller number of videos and questionnaires was used. However, an increase of 
8% in the scores within the range of 9 to 10 is observed this year, while reducing the percentage of 
scores within the range of 7 to 8.9 by 12% and maintaining similar percentages within other ranges. 

4 CONCLUSIONS 
From the results of this work it can be concluded that the use of videos as complementary resources 
to the traditional teaching in the field of thermodynamics and thermal engineering is generally 
positively evaluated by the students. In addition there is an improvement in the learning process that 
results in better final grades. This conclusion coincides with what has already been pointed out in most 
of the publications on similar innovation experiences found in the bibliography. 

Regarding the viewing habits of the videos, although the results confirm some trends already pointed 
out by other authors, such as the convenience of making short videos (between 8 and 10 minutes), it 
should be noted that the YouTube channel presented in this paper was created just one year ago, so it 
is considered necessary to extend the observation time and increase the number of views to obtain 
results with greater statistical reliability. 

Finally, it would be convenient to continue working to improve feedback between students and 
professors in order to obtain more information about students’ learning and their assessment of the 
teaching resources used, the time required, their degree of motivation and expectations, etc. It would 
also be interesting to have more results from different subjects in which the same videos were used to 
perform comparative analyses. 
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