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Abstract—In this study, multidisciplinary teams were formed to develop
educational content as digital videos to help in the learning process in Science,
Technology, Engineering and Mathematics (STEM) education. The usefulness
of the web-learning tool was evaluated by surveys and tests taken by chemical
engineering freshman students. The results showed that these students’ scores
were higher than the scores obtained by students of previous courses where the
web-learning tool was not employed. On the other hand, the audience analysis
indicated that the average age is 18-24 (91.2%) and the gender distribution was
54.9% male and 46.6% female from different countries (Mexico, Colombia,
Spain, U.S., among others).
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1 Introduction

The percentage of enrolment to postsecondary education has increased over the last
few decades [1], [2]. In the UK, it is expected an increase of 31% in full-time Eng-
land-domiciled undergraduate entrants by 2030 [3]. Thus, the number of students per
classroom is constantly growing, making the teaching process more difficult [4]. On
the other hand, the worldwide internet access has increased more than 600 percent
since 2000 [5], [6], and the internet access of the 16-24 age group population has
increased as well. For instance, in the UK it has increased from 81% to 95% since
2011[7]. As a result, web-based learning techniques have emerged as learning support
tools by taking advantage of technology in the teaching-learning process [8]-[11].
One of these learning tools is digital video which is an instructional media that has
become popular because the information is presented in an attractive manner that
makes students learn more enthusiastically [12], [13]. Moreover, Merkt et al., [14]
demonstrated that learning with videos is comparable or even superior to learning
with illustrated textbooks because the learners can match the pace of information to
their own cognitive level. Jackman [15] considers digital media, such as digital vide-
0s, as an unique educational e-resource. Furthermore, digital videos have been applied
to enhance Science, Technology, Engineering and Mathematics (STEM) education.
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For instance, video-based learning has become an effective method that enhances the
learning performance of medical students [16]-[20]. Also, Abulencia ef al., [21] used
video media to enhance conceptual learning in a thermodynamics course. They con-
cluded that watching and making videos enhance the affective domain and conceptual
learning of the students. Barns ef al., [22] evaluated the impact of worked-example
videos (WEV) in maths-heavy undergraduate engineering units at the Queensland
University of Technology over three semesters. They found that WEV improved the
understanding of technical content by the media controls that allow to pause and re-
wind the video, which lead to personalised learning.

The aim of this work is to present a methodology to make a web-based learning
tool that requires low investment and the integration of a multidisciplinary team to
enhance the students’ outcomes in STEM education and their learning process.

2 Materials and Methods

In its current iteration, the web-based learning tool is a YouTube channel named
CienciasIQ UANL that has been created for uploading several videos that explain
chemistry concepts. To make these videos, a four-stage methodology was employed:

e Equipment and staff: For making the educational videos, it was necessary to ac-
quire one kit of lights, 3 softboxes and one audio mixer with an approximate total
cost of € 500. The staff that recorded and produced the videos was composed of
two art students (bachelor of language and audio-visual production) that participat-
ed in this program as part of their social service. Chemical engineering bachelor
students volunteered to participate as presenters.

e Selection of topics: Chemistry professors were asked about the concepts that their
students usually struggle to understand. Then, the topics were selected for the first
phase of this program.

o Scripts: The topics selected were assigned to the chemical engineering bachelor
volunteers (CEBV). The CEBV made the scripts in a text processor and a schemat-
ic script that included images and the sequence that must be followed for better un-
derstanding of the topic. The chemistry professors checked the scripts made by the
CEBYV and some corrections were made when needed.

o Showtime: The final scripts were delivered to the staff. The equipment was assem-
bled by the art students in a conference room provided by the institution. The pre-
senters read the scripts in sections until the last slide. Then, the art students edited
the videos and added the logo and copyright free music. After, the program coordi-
nator and the professors checked the videos to ensure there are no errors. Finally,
the program coordinator uploaded the videos to the channel (www.youtube.com/chan
nel/UCtjyH5zxyqClscNBkaAgaFg) and promoted the channel on social networks
(Figure 1).
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Fig. 1. Screenshot of the CienciaslQ UANL channel. More than 129,000 visits.

3 Results and Discussion

In order to evaluate the effect of the web-based learning tool on chemical engineer-
ing students, the chemistry professors asked their students to watch the videos of three
specific topics: limiting reagent, cations and anion nomenclature, and double titration.
For the first two topics, the professors used the video only as an enforcement tool, to
increase the understanding of the students about the topics. Next, the comprehension
of the students was evaluated by a test and the scores were compared with those ob-
tained by the students enrolled in the fall semesters of 2014 and 2015. In the case of
the double titration topic, the professor first asked the students to watch the video and
then, the students were asked to solve double titration exercises using only the
knowledge acquired through the double titration video. Again, the scores were com-
pared to those obtained by the students enrolled in the fall semesters 2014 and 2015.
According to the results shown in Figure 2, the student scores were higher than the
scores obtained by the students of the previous courses where the web-learning tool
was not employed. For instance, in the comprehension of the nomenclature topic, the
percentage of students that obtained a very good score (91-100) was increased by 2.11
fold and 6.5 fold compared to the scores obtained in fall semesters 2014 and 2015,
respectively.

Furthermore, the percentage of students that obtained unsatisfactory scores was re-
duced from 60% in the fall semester 2014 to 23% in the fall semester 2016. Similar
results were obtained in the evaluation of the other topics.

k20 mFALL SEMESTER 201

"
®FALL SEMESTER 201
=FALL SEMESTER 201

[ 1] |
™

uuuuu nor
(0-80)  saTiSFACTORY
«m)

6
= R a0 d
o =FALL SEMESTER 2014 s

L 1
oo w5

Percentage of students
Percantage of students

5

“

»

» I

o

- inl Hn. Hmm
veAveoor  Goop  mmmn un ot
o100 @ T samseactony

s

Fig. 2. Comparison of students’ scores using the web-based learning tool (fall semester 2016)
and without it (fall semesters 2014 & 2015). Topics evaluated: a) anion and cation no-
menclature, b) limiting reagent, and c) double titration
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Finally, the students were asked to answer a survey about the usefulness of the
web-based learning tool where the Likert scale, the most common rating scale used in
education contexts, was employed to measure the satisfaction of the students. The
survey was anonymous and it comprises five questions:

e How much do you think you learned about double titration by reading the text-
book?

e How much do you think you learned about double titration by listening to your
professor?

e How much do you think you learned about double titration by using the YouTube
channel “CienciasIQ UANL”?

o The subject double titration was easier to understand when exposed by students in
the YouTube Channel "CienciasIQ UANL" than by the teacher.

e The videos of the YouTube channel “CienciasIlQ UANL” are useful tools as a
supporting material for increasing my meaningful learning.

This survey was applied to evaluate the comprehension of different subjects, such
as: anion and cation nomenclature, limiting reagent and double titration. The results
show that the students had a better understanding when the topic was explained to
them by students rather than by the professor (Figure 3). It is well-known that peer-
teaching technique, i.e. students teaching students, is underlined by the social con-
structivism theory, where a student teacher and student learner have a short cognitive
level gap, making the learning process more suitable. When the students were asked if
the web-based learning tool was a useful tool for their meaningful learning, 42% of
the students chose agree or totally agree while 11% chose disagree or strongly disa-
gree, the rest remained neutral.
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Fig. 3. Results of the survey about the usefulness of the web-based learning tool. Topics evalu-
ated: a) anion and cation nomenclature, b) limiting reagent, and c) double titration

On the other hand, it was analyzed the audience of the educational videos by means
of YouTube Analytics data. The results showed that the videos were view by people
from different countries such as Mexico, Colombia, Argentina, Spain and United
States (Figure 4) and a total of 129,215 views were registered since 2016 until now.
Also, the demographics analysis of the audience indicate that the average age is 18-24
(91.2%) and the gender distribution was 54.9% male and 46.6% female (Figure 5).
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Fig. 4. Geographic analysis of the audience of the educational videos.

Finally, the web-based learning tool was promoted on social networks. The promo-
tion received great response from the chemical engineering students who became
subscribers to the channel. These educational videos received comments from profes-
sors and students from other institutions and other countries who also promoted them
on their social networks. Furthermore, undergraduate and graduate students showed
interest by participating in the development of scripts and as presenters of other topics
related to chemical engineering. The next phase of this program is to follow this
methodology with new art school students and chemical engineering professors to
increase the number of videos on other topics such as: programming for chemical
engineers, mass and energy balance, transport phenomena, separation processes,
chemical reactors and so on.
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Fig. 5. Demographic analysis of the audience of the educational videos.

4 Conclusion

The comprehension of the engineering students on chemistry topics is increase by
the use of the educational videos produced under the methodology proposed. Fur-
thermore, the unsatisfactory scores in the chemistry test taken by the engineering
students was reduced by using the educational videos. Also, the methodology pro-
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posed for the production of the educational video allowed to engage audience from
different countries. It can be concluded that the use of the web-based learning tool
enhanced the students outcomes.
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