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Abstract—This Innovative Practice Work-In-Progress article
describes the implementation of video material in undergraduate
mathematics and physics courses for engineering and computer
science students. The COVID-19 pandemic has highlighted the
need to provide online material to which students can return
whenever their technical and temporal resources allow. A similar
need has long existed among students who support themselves
by working part- or even full-time while studying towards a
degree. This student group is well represented at our institution
as access and outreach initiatives target professionals with voca-
tional training in a technical field. The didactic concept of the
videos as well as didactic opportunities for face-to-face lecturing
in combination with online video material will be described.
Students’ responses to the innovative practice were surveyed in
two ways: first, through an online questionnaire administered to
students of an introductory physics course. The questionnaire
data is subjected to quantitative and qualitative analysis in this
article, with results leading to an indication of high student
satisfaction. Second, students’ experience as gathered from group
interviews with students from a first-year mathematics course
will be analysed. Collectively, this information sheds light on
the advantages of the practice presented as well as on further
improvements.

Index Terms—blended learning, student perception, higher
education

I. INTRODUCTION

Within higher education and beyond, the question of how
to best use the technological resources available for creating
blended learning settings is vividly debated [1] [2] [3]. This
question has become even more pressing with the COVID-
19 pandemic. Existing blended learning resources for higher
education have been put to a test by constraints on face-to-face
teaching [4]. This was also the case for the implementation of
video material presented in this article. In 2019, a process to
move from traditional lectures and classes to blended learning

D.F. acknowledges support by The Austrian Science Fund (FWF) under
project P 33140-N, and the hospitality of the University of Vienna (Wolfgang
Pauli Institute).

was initiated at our institution, the University of Applied
Sciences Technikum Wien. So was the process of producing
videos in order to make them part of blended learning units
that consist of different types of learning material and comple-
ment face-to-face teaching. During campus closures caused by
the COVID-19 pandemic, online live lecturing replaced face-
to-face teaching. Thus, the videos at all times retained their
purpose as material that accompanies, and does not replace,
synchronous lecturing. In this article, the process of producing
the videos and their implementation into maths and physics
courses for engineering and computer science students will be
described. Based on student feedback, the effects of video ma-
terial on student learning at our institution will be discussed.
Student feedback was gathered in two ways that complement
each other: in one first-year physics course, students were
asked to fill in a short questionnaire on the material provided
for each blended learning unit, i.e. weekly over the course of
8 units in total. This feedback was collected for two academic
years. In order to learn more about how students study with
the videos provided, group interviews were conducted with
students from a first-year mathematics course. The authors
of this article also reflect on the opportunities provided by
videos in blended learning settings from their perspective as
both video makers and lecturers. It is our intention to continue
research on the video material, especially as production and
implementation of additional videos is ongoing.

II. BACKGROUND

Video has long been an integral part of open educational
settings and distance learning [5]. Higher education’s turn to
video as part of blended learning settings is more recent,
intricately intertwined with attempts to individualise student
learning in order to cater adequately for the needs of a diverse
student body [6]. To the benefit of practitioners wishing to
create their own educational videos, findings from previous



research are often combined with recommendations for video
design [7] [8] [9]. One persistent recommendation is to keep
videos short, corroborated once more recently in a controlled
experiment in a setting similar to the one under scrutiny in
this article [10]. Brevity was thus a guiding principle for
the production of videos at our institution. The decision to
produce videos specifically adapted to our course content was
informed by a study that found a preference among students
for ‘instructor-developed videos’ [11]. A recent finding from a
study attributing clickstream data to students’ activities when
engaging with videos ties in with a concern at the forefront
of video production and integration at our institution [12]:
helping students navigate through a single video and a video
collection, both by providing hints in the videos themselves
and by the learning environment into which they are integrated.

III. IMPLEMENTATION OF THE LEARNING MATERIAL

A. Blended Learning at our institution

Mathematics and physics courses at our institution are of-
fered across multiple bachelor-of-science degree programmes.
All of these courses have the same blended learning setup:
each weekly unit of a course is split up into three study
phases: self-study, face-to-face lecture, self-study. On Moodle,
students will find a wide array of learning materials already
attributed to a specific unit and to one of the three study
phases within this unit. Examples of the learning material
provided are: videos, applets, textbooks, scripts, fact sheets
(compact summaries of topics), checklists (compact list of the
learning objectives for a topic), quizzes, etc. Each topic has
a learning path, i.e. a list of operationalised tasks that gives
students guidance on how to use the suggested material. Our
institution turned to blended learning in order to give students
more flexibility with regard to when and where to study new
content or revise prerequisite knowledge.

B. Video design and production

With the specific aim of providing support for the produc-
tion of online learning material, our institution has equipped a
studio room with high-quality audio and video infrastructure.
A 75” Smartboard touch monitor with SMART Meeting Pro®
software serves as the whiteboard background in videos.
Header video lights are used in a sophisticated lighting setup
for professional illumination. The whiteboard monitor can be
controlled by the presenter or from the control room, enabling
the use of complex video-editing techniques such as video-on-
video and to enrich our instruction material with multimedia
content.

C. Didactic concept of the videos

The aim is to present the whole content of all first-year
mathematics and physics courses in a kaleidoscope of short
videos (5–10 minutes). More complex concepts are explained
in a series of videos that refer to each other, but each video
can be watched on its own. We distinguish between theoretical
and practical content. Typically, in one video the theory of
a concept is explained and in another one an example is

presented. In videos addressing more advanced content, basic
concepts are not explained in detail, but the video in which
the basics are explained is referred to. Complex calculations
need basic calculations. This is important to make our videos
work when watched as a series. In videos dealing with basic
calculations, we aim to use exactly the ones we need for more
complex calculations in other videos. Thus, we can keep our
videos short, while being able to provide students with entire
complex calculations on video.

D. Implementation of the videos in the courses

The videos are hosted on YouTube and implemented into
Moodle courses via links to single videos or entire playlists in
the learning paths. It is advisable to give links to two playlists,
one called ‘recommended’, the other ‘optional’. Thus, while
the ‘recommended’ playlist focuses on the topic of the respec-
tive unit, students have videos covering common questions
concerning prerequisite knowledge for this topic directly at
hand in the ‘optional’ playlist. Another way of organising the
playlists is by dividing videos on the topic of a unit into
videos ‘to be watched before’ and ‘videos to be watched
after’ the lecture. In lectures, it is clearly communicated to
students that they can and should use the videos for studying
and rehearsing at any time deemed sensible to them, that is,
beyond the specific unit, and possibly lecture, to which the
videos are assigned. The number of videos provided per unit
varies. The two courses for which we gathered feedback can be
seen as representative: In the course Grundlagen der Physik für
Ingenieurswissenschaften (‘Fundamentals of Physics for Engi-
neering Science’), the median of videos provided per unit is
10. The unit with the lowest number has 3 videos; the unit with
the highest number has 19. Numbers are comparable for the
course Mathematik für Engineering Science 2 (‘Mathematics
for Engineering Science 2’): the average of videos provided
per unit is 8, with a minimum of 2 and a maximum of 19
videos. These big ranges are due to the fact that some of
the self-study phases to which the videos are assigned require
students to repeat content from previous units or even courses.

IV. PRELIMINARY RESULTS

A. Online survey

In the academic years 20/21 and 21/22 students of the
lecture Grundlagen der Physik für Ingenieurswissenschaften
were asked to give feedback on the videos. This physics
course is particularly apt for surveying student opinion as it
is offered to roughly 250 first-year students, i.e. 1/4 of our
yearly student intake. All students were asked to fill in an
online questionnaire for each of the 8 units of the course.
During previous evaluations at our institution, we observed
that students’ motivation to give feedback decreases when
asked to do so multiple times. We perceive feedback as a
rare resource. Therefore, when designing the questionnaire,
we were sensitive of students’ time. The questionnaire was
identical for each unit. The question read ‘How do you
perceive the videos provided for this unit?’. The response
options were: ‘helpful’; ‘not helpful’; ‘not used’. With our



students’ convenience in mind, the response options were
always presented in the same order, although we recognise
that changing the order may lead to more accurate results [13].
Table I shows the achieved response rates of roughly 50% for
both years. In absolute numbers, approximately 500 students
completed more than 2000 feedback forms. This should suffice
to draw a representative picture of student satisfaction with
videos at our institution.

TABLE I
DATA SUMMARY FOR THE LECTURE

Grundlagen der Physik für Ingenieurswissenschaften

Year Students Possible Completed Response
Feedbacks Feedbacks rate

20/21 232 1856 1040 56%
21/22 261 2088 1023 49%

Fig. 1 and Table II show a generally positive perception
of the videos. As reported in Table II, the approval rate
rose between the academic years 20/21 and 21/22. It may be
presumptuous to speak of a positive trend with only two data
points. However, a possible explanation for the increase in
approval may be that a number of videos were produced in
2021 and added to the course. Thus, the students attending
the course in 21/22 had more video material at their disposal,
which may have led to higher approval. In order to gather
more data to support this interpretation, the online survey will
be conducted again in the academic year 22/23.

TABLE II
DATA SUMMARY FOR THE FEEDBACK ON VIDEOS FOR THE LECTURE

Grundlagen der Physik für Ingenieurswissenschaften

Year Completed Helpful Not Helpful Approval
Feedbacks Not Used rate

No Comment
20/21 1040 661 379 64%
21/22 1023 728 295 71%

Fig. 1. Histogram of the feedback data, showing the total of students’
responses for different categories of possible answers.

Text comments from the two previous surveys already sug-
gest a possible correlation between higher number of videos
provided and approval rate. The online questionnaire includes
a field that allows respondents to add a text comment, to more
freely and extensively elaborate on their perception of the

course. A total of 118 students explicitly mention the videos in
the open comment field. Often, they express their appreciation
for the mix of textbook chapters, videos and fact sheets, and
for the fact that they can use the videos to study at their
own pace. Several students stated that this was their preferred
part of the course. Moreover, they felt that they would benefit
in the future from an even increased amount of videos and
increased share of video-based learning, with an even more
in-depth insight into the different topics to facilitate their
knowledge acquisition. Many students felt additional videos
could further help with the explanation of important laws
and relationships, and especially could provide examples of
calculations and guidance on the solving of specific equations
and practical, hands-on exercises (e.g., also including real-
world applications). In response to these student comments,
video production and implementation is ongoing, as is the
evaluation process.

B. Student experience as gathered from group interviews

One of the authors, who both lectures and is responsible
for video content, conducted mid-term evaluations in her
course Mathematik für Engineering Science 2, a second-
semester blended learning course. She teaches the course to
five different groups of students. The evaluation was carried
out in all groups in the form of a semi-structured interview.
At the day of the interview 18, 19, 21, 22 and 16 students
respectively were present in class. We acknowledge that the
participants of the interviews were a convenience sample and
that there are advantages and disadvantages attributed to the
teacher acting as facilitator of student group interviews [14].
Nevertheless, as student answers from all five groups overlap,
we are confident that they can shed some light on student
learning with video. The interview questions were:

• ‘Do you use the videos for studying?’
• ‘What do you like/dislike about the videos?’
• ‘Why do/don’t you use the videos for studying?’
• ‘What would you do if we did not provide videos?’

Most of the students use the videos for studying, in each
group approximately 80% of students. Students like about
the videos that they are short. This answer was the one most
frequently given to the question ‘What do you like about the
videos?’. Students explained that the advantage of short videos
is that every single video is easy to follow, because it makes
them focus on one specific aspect. After finishing one video,
it is very likely for them to watch the next video: the first
video makes them feel confident that they will understand the
following one, too. This feeling leads students to watching
the whole playlist, exactly as recommended in the Moodle
course. In addition, students said that they are motivated to
watch the whole playlist on a certain topic because they
perceive a ’story line’ that runs through different videos
on one topic, sometimes expanding to videos on different
topics, too. Student answers to the question ‘Why do you use
the videos for studying?’ focused on the following aspects:
students stated that, in the videos, the most important content is
pointed out. Moreover, connections between the mathematical



objects are drawn, which they find difficult to discover by
themselves. As an important aspect of video-based learning,
students mentioned that they can pause the video, in order to
reflect on the content that was explained. Students reported
that they watch difficult sections multiple times – perceived
as a great advantage of video, as it is obviously impossible
to watch repeatedly the explanation of a lecturer when given
in the classroom. Another argument from students was that
video supports their learning type. Knowing that the concept of
learning types is discussed controversially [15], we may con-
clude that students appreciate multi-medial learning material.
An important aspect for mathematics is language, which has to
be exact and which students perceive as difficult. Students ar-
gued during the group discussions that the videos translate the
mathematical content from a written mathematical language to
an every-day spoken language. These student observations tie
in with an advantage of learning with video material that has
been theorised by R.E. Mayer as the ‘personalization principle’
[16]. Last but not least, students addressed the various possi-
bilities of giving explanations that a video offers in contrast
to learning material in a written form: presenting graphical
solutions, going forward and backward, switching between the
calculation and the graphical interpretation, as well as the fact
that a solution is not encountered in its final written version
at first, but that it is developed step by step in the course of
the video. There was agreement in all student groups that, if
videos were not provided, they would watch videos on the
internet that cover the same content. The problem, however,
that students observed with regard to videos from other sources
is that they are not perfectly shaped for their coursework. It
is important to note here that students state to use videos
for studying regardless of whether these are provided by an
institution. In our view, this strongly supports providing videos
in a blended learning setting, preferably produced specifically
for this purpose, in order to prevent students from turning to
more dubious sources. The students who do not watch the
videos gave as reasons that they generally do not study a lot
on their own or that they find that the playlist on the private
YouTube-channel has no structure. The first reason highlights
the general need to adapt the mode of face-to-face-teaching
alongside implementing material for self-study in order to
make this material more compelling to students. The second
comment has more of an internal value. Since students who
choose to watch the videos reported to perceive a structure in
the playlists provided, we need to work towards making this
structure more apparent at first glance.

C. Teachers’ perspectives

Three of the authors of this article were involved in produc-
ing the video material and in teaching the respective courses.
In this subsection, they provide their perspectives. Maths and
physics courses for first-year engineering and computer sci-
ence students cover introductory topics by nature. This created
the wish among lecturers to record explanations of common
topics, with a focus on the conceptual difficulties that typically
arise for students. From the start, the aim of recording content

was not to replace lectures, but to gain more didactic options
for shaping lectures. There are basic concepts that need to be
introduced, but typically do not raise many student questions.
With videos, we can shift the introduction of these concepts to
self-study. In the lecture, based on students’ video-supported
preparation of the introductory content, we can move on to
applications and more complex concepts. Gaining time for
complex content is crucial, as from our teaching experience,
students rarely understand more complex concepts just from
listening to an explanation once. This is especially true if the
explanation is placed at the end of a lecture, when student
attention is already reduced, which is almost inevitable in a
more traditional lecture setup. Videos addressing these more
complex concepts are also provided, for students to watch after
the lecture. This has two advantages: students can return to
these more complex concepts when they feel ready to process
them and they can split these concepts into small pieces, thus
making them easier to understand. Taking account of the fact
that videos are provided, lecturers have the possibility to adapt
didactic concepts even spontaneously during lessons. The time
reserved in a lesson for a complex concept can be used to give
students an overview of its most central ideas and applications.

Each student, and each teacher who used to be a student,
will remember at least one situation in which a good and
compact explanation by a peer or teacher suddenly cleared
up all the questions left unanswered after hours of study
with a book. To emphasize this we want to share a recent
personal experience of one of the authors. After discussing
Gauss’s law and the Electric Flux with students, a student
expressed appreciation: ‘It would be great if you could make a
video of this explanation!’ Of course, it will never be possible
to cover all student questions in videos and it will always
be advantageous to have face-to-face lectures to tackle more
complex problems interactively. Nevertheless, in order to have
the time during lectures to do so, the videos are a powerful
tool to clear up easier problems.

V. FUTURE WORK

All evaluations of the practice presented in this article
were conducted with an eye to improving the ongoing video
production and implementation. In addition, students’ attitudes
towards the videos in the academic years surveyed may have
been affected by the constraints imposed by the COVID-
19 pandemic. Once implementation is completed, it is the
authors’ intention to repeat and optimise their surveying of
students’ perception of the videos in order to gain a more
robust data sample. A particular future research interest will be
to look more closely into the relationship between an ‘inverted
classroom’ teaching mode and students’ video use. We may
hypothesise that students engage more deeply with the video
material in a self-study phase if they know that they have to
apply their knowledge actively in the following lesson. The
data already collected promises to provide interesting points
of comparison with a follow-up study focused on a student
sample from a course that consistently applies an ‘inverted
classroom’ teaching mode.



REFERENCES

[1] K. Mestan, “Create a fine blend: an examination of institutional transi-
tion to blended learning,” Australas. J. Educ. Technol., vol. 35, no. 1,
pp. 70–84, 2019.

[2] B. Bruggeman, J. Tondeur, K. Struyven, B. Pynoo, A. Garone, and
S. Vanslambrouck, “Experts speaking: crucial teacher attributes for
implementing blended learning in higher education,” The Internet and
Higher Educ., vol. 48, pp. 1–11, Jan. 2021.

[3] S. Lyakhova and M. Joubert, “Post-16 Further Mathematics blended
learning: learner self-regulation, mathematical resilience and technol-
ogy,” Teaching Math. and its Applications: An Int. J. of the IMA, vol.
41, pp. 51–68, 2022.

[4] M. Gaebel, T. Zhang, H. Stoeber, and A. Morrisroe, “Digitally en-
hanced learning and teaching in European higher education institutions,”
European University Association absl., Brussels, Belgium – Geneva,
Switzerland, 2021. Accessed: April, 10, 2022 [Online]. Available:
https://eua.eu/downloads/publications/digi-he%20survey%20report.pdf

[5] R. Beyth-Marom, K. Saporta, and A. Caspi, “Synchronous vs. asyn-
chronous tutorials: factors affecting students’ preferences and choices,”
J. Res. Technol. Educ., vol. 37, no. 3, pp. 245–262, 2005.

[6] C. Dziuban, C. R. Graham, P. D. Moskal, A. Norberg, and N. Sicilia,
“Blended learning: the new normal and emerging technologies,” Int. J.
Educational Technol. Higher Educ., vol. 15, no. 3, pp. 1–16, 2018.

[7] P. J. Guo, J. Kim, and R. Rubin, “How video production affects student
engagement: an empirical study of MOOC videos,” in Proc. 1st ACM
Conf. Learning@Scale, March 4–5, 2014, pp. 41–50.

[8] A. Thomson, R. Bridgstock, and C. Willems, “‘Teachers flipping out’
beyond the online lecture: maximising the educational potential of
video,” J. Learn. Des., vol. 7, no. 3, pp. 67–78, 2014.

[9] C. J. Brame, “Effective educational videos: principles and guidelines for
maximizing student learning from video content,” CBE – Life Sciences
Education, vol. 15, no. 4, pp. 1–6, Dec. 2016.

[10] A. Manasrah, M. Masoud, and Y. Jaradat, “Short videos, or long videos?
A study on the ideal video length in online learning,” in 2021 Int. Conf.
Inf. Technol. (ICIT), July 2021, pp. 366–370.

[11] T. Long, J. Logan, and M. Waugh, “Students’ perceptions of the value of
using videos as a pre-class learning experience in the flipped classroom,”
TechTrends, vol. 60, pp. 245–252, 2016.

[12] K. Seo, S. Dodson, N. M. Harandi, N. Robertson, S. Fels, and I. Roll,
“Active learning with online video: the impact of learning context on
engagement,” Comput. & Educ., vol. 165, pp. 1–16, 2021.

[13] S. Y. Chyung, M. Kennedy and I. Campbell, “Evidence-based survey
design: the use of ascending or descending order of Likert-Type response
options,” Perform. Improvement, vol. 57, no. 9, pp. 9–16, 2018.

[14] B. T. Kelly, “Focus Group Interviews,” in Research in the College
context: approaches and methods, F. K. Stage and K. Manning, Eds.,
1st ed. New York, NY, USA: Routledge, 2003, ch. 4, pp. 49–62.

[15] M. Kozhevnikov, M. Hegarty, and R. E. Mayer, “Revising the visualizer-
verbalizer dimension: evidence for two types of visualizers,” Cognition
and Instruction, vol. 20, no. 1, pp. 47–77, 2002.

[16] R. E. Mayer, “Principles based on social cues in multimedia learning:
personalization, voice, image, and embodiment principles,” in The
Cambridge Handbook of Multimedia Learning, R. E. Mayer, Ed., 2nd
ed. Cambridge, United Kingdom: CUP, 2014, ch. 14, pp. 345–370.


