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ABSTRACT
Multimedia content and video-based learning are expected to take
a central role in the post-pandemic world. Thus, providing new
advanced interfaces and services that further exploit their potential
becomes of paramount importance. A challenging area deals with
developing intelligent visual interfaces that integrate the knowledge
extracted from multimedia materials into educational applications.
In this respect, we designed a web-based video player that is aimed
to support video consumption by exploiting the knowledge ex-
tracted from the video in terms of concepts explained in the video
and prerequisite relations between them. This knowledge is used to
augment the video lesson through visual feedback methods. Specif-
ically, in this paper we investigate the use of two types of visual
feedback, i.e. an augmented transcript and a dynamic concept map
(map of concept’s flow), to improve video comprehension in the
first-watch learning context. Our preliminary findings suggest that
both the methods help the learner to focus on the relevant concepts
and their related contents. The augmented transcript has an higher
impact on immediate comprehension compared to the map of con-
cepts’ flow, even though the latter is expected to be more powerful
to support other tasks such as exploration and in-depth analysis of
the concepts in the video.

CCS CONCEPTS
• Human-centered computing → Human computer interac-
tion (HCI); • User interface design;
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1 INTRODUCTION
Education, together with the whole society, is experiencing a leap
towards virtualization, speeding up a process that was already un-
der way. Online learning is thus becoming a usual practice and
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experience for millions of students, and we can expect that this will
impact on future education and learning models. In this scenario,
video-based learning is increasingly taking a central role, bringing
with it the pros and cons that are already known after two decades
of experience with Massive Open Online Course (MOOC). This
poses new challenges with the goal of enhancing the learning ex-
perience and effectiveness and meanwhile overcoming drawbacks
and limits of video-based learning. For instance, educational videos
are often lengthy and thus hard to navigate when the user needs
to recall concepts, moreover they lack a structure and tools for
highlighting relevant contents and for exploring them. Concept
maps have been long studied in education and have been shown to
provide multiple benefits for students in general and also for stu-
dents with learning disorders [8, 13]. This study represents the first
step of a project that aims to automate the extraction of concepts
and relations from video sources and the subsequent provision of
visual feedback and hypervideo services. The motivation is that,
while video augmentation services have been shown to be useful for
learners [30, 33], they are hardly provided since their development
is time-consuming and requires manual effort [39]. Specifically, in
this paper we present two types of visual feedback —an augmented
transcript and a dynamic concept map (map of concept’s flow), and
their evaluation, as methods to support video comprehension in
the first-watch learning context.

2 RELATEDWORKS
If prior to COVID-19 pandemic, the digital transition highlighted
a blended learning approach [11, 19] in the last two years, video
production/consumption in the educational field has had an expo-
nential growth and numerous related studies have been possible to
also understand the perception, performance , and needs of students
[31]. This means also opportunities and challenges for the develop-
ment of intelligent visual interfaces that try to fill the shortcomings
of a do-it-yourself education. Visual feedback and interactivity have
been shown to improve the level of activity when studying alone
[21] and offer new opportunities also for people with disabilities
[15]. Technologies for video augmentation can be included in the
aforementioned ecosystem, as a combination of digital video and
hypertext, which draws largely upon audiovisual media as central
parts of their structure. They consist of interconnected video scenes
containing dynamic hyperlinks that are available to explore the
video and that may refer to further information elements (such as,
e.g. texts, photos and graphics) [42]. Video augmentation meth-
ods encompass different types of visual feedback, including video
transcripts, concept maps, knowledge graphs and hypergraphs
[5, 6, 27, 33, 36] that are specifically addressed in our project. Data
driven investigations have explored possibilities for video augmen-
tation through personalized fragment navigation [41], enhanced
exploration of e-learning contents [28, 34], automatic display of
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Figure 1: UI screenshot that displays the Augmented transcript (VF1) and theMap of concept’s flow (VF2) as they appear when
they are toggled on/off and the video is being played.

relevant frames and visual summaries representing points with
high learner activity [20]. The advancements in machine learn-
ing and natural language processing supported the production of
interactive transcript of videos and keyword summary [20], and
text summarization [7, 20, 23]. From the pedagogical point of view,
the application of concept maps [17] has been extensively tested
in various scientific domains [9, 12, 35, 40] and at different levels
of education (from primary school to university) [3, 4], proving a
positive impact on learners, even in the context of students with
special needs and specific learning disorders [8, 13]. However, the
use of concepts maps and knowledge graphs to support video-based
learning are less covered [26, 37, 38], likely due to the effort needed
to build them using manual approaches and to the still low accuracy
of fully automatic methods [39]. A trade-off to balance cost and
utility is using a semi-automatic approach, that we also currently
adopt when high accuracy is required. Semi-automathic concept
map generation is used for instance by Hayama and Sato [18]. The
authors propose a system that allows the creation of a concept
map by the learner, not from scratch but with the support of a
series of candidate components such as concept-labels and related
words from lecture speech texts. Among the approaches for pre-
requisite extraction from videos, [10, 32] rely on Wikipedia and
ontologies to identify domain concepts and relations, while very
few works use unsupervised methods, one example is [2]. More
research on prerequisite extraction can be found on educational
texts, also applied to video transcript [1, 16, 25]. To the best of our
knowledge, this paper is the first attempt to compare augmented
transcript and concept map of prerequisites to support video-based
learning, especially with the characterization of concept map as a
dynamic concept map, that will be discussed in more detail in the
next section. Conversely, the use of transcript together with video
has already been shown to be effective in past research [22].

Video augmentation methods described in this paper have been
designed by following the principles of instructional design, includ-
ing the use of methods for structuring, highlighting and annotating
content in video-based learning [5, 17, 36].

3 VISUAL FEEDBACK METHODS
The web interface we developed is aimed to provide a set of func-
tionalities that are suited to support the learner in a specific phase,
i.e., learning context [37] (first-watch, rewatch) or for a specific goal
(exploring, searching, analyzing, annotating). To this aim, the user
interface combines different canvases containing the video player
and other visual tools and services that implement the designed
functionalities. In this paper, we take into account specifically two
Visual Feedback (VF) methods: the augmented transcript (VF1) and
themap of concepts’ flow (VF2). Theywill be described in this section
and then tested to investigate their effect on the comprehension of
a video lesson in the specific ‘first-watch’ learning context. However,
it is worth noting that the two visual feedback methods include
also features, particularly VF2, that have been designed to support
also video exploration and in depth analysis, not addressed in this
paper. As a common feature, both VF1 and VF2 are intended to
make explicit and highlight to learners the knowledge embedded
in the video. Thereby, the knowledge extracted from the video is
used to augment the User Interface of the video player.

3.1 Augmented transcript
Video transcript is augmented by highlighting the concepts ex-
plained in the video and by linking them to the points of the video
where the concept is explained. The effectiveness of transcripts
to support comprehension has already been studied in previous
research, among which, recently [22], while the automatic extrac-
tion of keywords from videos to help users understand and learn
terminologies has been addressed for example in [39]. In the system
we developed, the augmentation of the transcript is performed by
using state-of-the-art libraries for keyword extraction and natural
language processing and concepts are represented using SKOS data
model [29]. The right part of Figure 1 shows an example of the
augmented transcript.

3.2 Map of concepts’ flow
The second method is a temporal graph whose nodes are the con-
cepts explained in the video, connected through edges to other
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concepts that are prerequisites of that concept. Following the prin-
ciples of hypervideos, concepts are linked to points where they
occur in the video, moreover, the progress bar of the video player
is enhanced with some markers of different size that show where
the concept is explained and where it is just mentioned.
The major contribution with respect to the literature is the dynamic
nature of the map, that reflects the way how concepts are explained
in the video: since concepts evolve together with the video flow
(as their explanation goes deeper), they are initially presented with
lower complexity, resulting in a map that shows a simple graph.
Later on in the video, the same concepts may be deepened with
other notions. Thus, concepts do not have a static representation
during the whole video and the map evolves dynamically and grad-
ually according with the video flow. This is the reason why we
do not refer to this temporal graph simply as a concept map, but
as map of concept’s flow, as shown in Figure 1. The graph is built
as a view over a semantic RDF graph, extracted from the video
and annotated using the W3C Web Annotation Vocabulary1. The
prerequisite relations in the graph are estimated using an algorithm
designed for textbooks [1, 24], that we adapted for the extraction
from the transcript. Basically, the approach uses a Hidden Markov
Model to identify bursting intervals of keywords [24] that reveal
the focus of the stream on a concept, then uses temporal algebra to
model the relations between concepts showing bursting appearance
along the video, in order to identify prerequisite relations between
them.

4 EXPERIMENT
We conducted a controlled experiment to empirically study the
effectiveness and limitations of the Visual Feedback methods to
support learners in their first-watch of a video lesson.

Our hypothesis is that both the augmented transcript (VF1) and
themap of concepts’ flow (VF2) can increase the learner comprehen-
sion, helping the learner focus on the relevant concepts and their
related concepts and contents. While for the augmented transcript
there are already evidences in the literature for its effectiveness,
for the map of concepts’ flow, as defined above, the literature is
scarce and the risk for learners to get distracted by the dynamic
map is high [14], with the effect of potential reduced attention and
comprehension.

The independent variable of our experiment is thereby the Visu-
alization Feedback method, with VF1 and VF2 as the experiment
conditions. In addition to them, for the experiment we also added
a third condition that is the simple video player with subtitles
switched on, used as baseline. Thus, the 3 conditions used in the
experiment are: VF1 (augmented transcript), VF2 (map of concepts’
flow), VF3 (baseline video player).

User Interface setting. For this experiment, participants are re-
quired to use only the video player, the video transcript and themap
of concept’s flow. The frames containing the transcript and the map
can be toggled on and off in order to view them separately.
The video used in the experiment is a video lesson on computer
networks, available on YouTube.2

1https://www.w3.org/TR/annotation-vocab/
2https://www.youtube.com/watch?v=3QhU9jd03a0

4.1 Participants
For the experiment we recruited 12 university students of foreign
languages, 9 females and 3 males, in an age range between 21 and
32 years old (AVG=24.6, SD=2.7).

Only subjects that had in their career an introductory computer
course were considered for recruitment. This to ensure that all
of the participants could have the base knowledge required to
understand the video content but not too much to be able to answer
to a questionnaire by using only their background knowledge. None
of the participants was affected from learning difficulties or eyesight
problems (self-reported in an anonymized questionnaire).

4.2 Experimental design
4.2.1 Procedure. The experiment was conducted as an online study.
1) Participants were first asked to fill in a quick demographic survey
including the informed consent and the questions about learning
and possible eyesight problems.
2) Then they have been assigned to one of 4 groups of 3 people
(details in Sec. 4.2.2) and, separately for each group, they have been
briefed about the experiment, and then invited to try the user in-
terface and the VFs for 3 minutes.
3) After this short training period, participants were instructed
about the tasks they had to perform: all of them had to watch the
provided video under 3 different visual conditions: with the aug-
mented transcript toggled on and the map off (VF1), with the map
of concepts’ flow toggled on and the transcript off (VF2), with both
the transcript and the map toggled off (VF3). To avoid bias, the
sequence of the 3 conditions for the 3 participants in the group was
different, following a schema explained in Sec. 4.2.2. As a result,
the session is split in 3 sessions for each participant, i.e. one for
each VF condition. After each session, participants had to answer
a couple of questions (Q) aimed to Qa) assess the comprehension
of the portion of the video watched in that session and Qb) col-
lect subjective feedback about the VF condition. In each session,
participants were not allowed to pause or rewind the video and
neither use the interactive features available on the user interface.
Each session had a start and end point at given times and covered
a specific topic.
4) At the end, participants were asked to compare VF1 and VF2
methods considering different learning contexts and goals. They
were given three more minutes to explore the interactive features
of the tool which they could not use during the experiment. The
overall time required to each participant for the experiment was
about 40 minutes.

4.2.2 VF conditions and groups. The presentation order of the three
VF conditions was varied between participants, according to a dou-
ble Latin square (3*3) with three experimental conditions and three
experimental periods, i.e., sessions. All the possible combinations
of the VF conditions are covered through 2 groups of 3 participants
and 3 sessions. We replicated this schema 2 times, for a total of 4
groups and 36 trials.

4.3 Results
4.3.1 Qa results: comprehension. After each session, participants
were asked to answer multiple choice questions about the content
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Figure 2: Qa results for video comprehension after VF1, V2
and VF3 sessions.

Figure 3: Qb results on subjective feedback afterVF1 andVF2
sessions.

explained in the portion of the video watched in that session. In
order to investigate if there was any effect of the augmented tran-
script (VF1) or the map of concepts’ flow (VF2) on the first-watch
comprehension results, we computed the average score obtained
for each VF condition considering all the trials. Each question was
scored in a range between 0-1. The results, shown in Figure 2 are:
VF1 (AVG=0.67 SD=0.27), VF2 (AVG=0.58 SD=0.33), VF3 (AVG=0.35
SD=0.36). We used t-test to investigate if the better results of VF1
and VF2 compared to VF3 baseline were significant and we found
that only VF1 results are significantly better than VF3 (p=0.02). We
also checked for significance the difference between VF1 and VF2
and we obtained that VF1 results were not significantly better than
VF2 results.

4.3.2 Qb results: subjective feedback. In order to collect the per-
sonal opinion of participants about VF1 and VF2, after each ses-
sion under VF1 and VF2 conditions, participants had also to rate
their agreement with 6 statement items (three positive Qb1-Qb3,
and three negative Qb4-Qb6) on a 5-point Likert scale (1=disagree,
5=agree). Fig. 3 shows higher appreciation for VF1 than VF2 (Qb1-
Qb3) and less disliking for VF1 than VF2 (Qb4-Qb6). Their difference
is significant only for the group of positive statements (p=0.047).
Considering the single items, we observe that only for Qb3 and Qb4
the difference is significant (p=0.006, p=0.046 respectively).

4.3.3 VFs comparison results. Since the augmented transcript and,
mostly, themap of concepts’ flow have not been designed to support
only the first-watch of a video but also other phases and tasks
of the learning process, we asked participants to provide a score
on a range 0-3 to VF1 and VF2, considering also other possible
uses (ref. Section 3). Results confirm that VF1 is preferred over
VF2 for first-watch (AVG VF1=2.67, VF2=1.42), while for rewatch
they gain the same score (AVG=2.75). Conversely, for the exploring

goal, participants see potential benefits from VF2 more than VF1
(AVG VF1=2.14, VF2=2.54) and the same for in depth-analysis (AVG
VF1=0.43, VF2=2.23) where the difference is significant. While the
last result is unsurprising, the potentials of augmented transcript
also for exploration was not in the expected results.

5 DISCUSSION AND LIMITATIONS
The overall finding from this preliminary evaluation suggest that
both the augmented transcript (VF1) and the map of concepts’ flow
(VF2) can increase the learner immediate comprehension (first-
watch learning context), helping the learner focus on the relevant
concepts and their related concepts and contents. However, we
observe that the increased performance, compared to using a sim-
ple video player, is statistically significant only for the augmented
transcript. This confirms the results already available in the litera-
ture [22] about the effectiveness of combining video and transcript.
In our approach, we use an augmented transcript thus providing
further support for focusing the learner attention to the relevant
concepts in the video lesson. This emerges also from the results to
Qb questions about the subjective feedback to each visual condi-
tion. The map of concepts’ flow performed well overall but results
seem to suggest that while it can support the comprehension in the
first-watch phase, it is expected to provide more support for other
learning tasks that are not specifically investigated in this paper
but that seem to emerge from the answers to the third group of
questions about VF comparison in different learning contexts and
for different goals. Participants seem to appreciate the possibility
for exploration and particularly for in-depth analysis that the map
of concepts’ flow can provide when interacting with it.

Anyway, limiting the discussion to the objectives of this exper-
iment, we observe that both the visual feedback methods have
been designed with the goal of improving video-based learning
by providing a bit of structure to video content. By increasing the
immediate understanding –as shown in this experiment–, we could
expect a general improvement in efficiency (less time to acquire
the knowledge) of the learning process. However, further research
is needed to make any statement about that.

Considering the results of Qb questions, another useful finding is
about the risk of distraction that can be brought by the presence of
visual feedback. This is a relevant topic in information visualization,
and a risk we acknowledge, especially for the map of concepts’
flow. This risk is confirmed by results that show a difference that
is statistically significant about distraction produced by the map
compared to the transcript (Qb4). This could also be due to the
specific layout of the user interface that does not allow to resize
or move the panels of the transcript and the map. Results to Qb3
about the position of the VF seem to support this hypothesis. This
is a limit of the current user interface that we need to investigate
with specific usability tests. As next steps, we plan on the one hand
to make some changes to the user interface, in order to reduce the
problems that the subjective feedback already highlighted, and on
the other hand to perform a user study where participants are asked
to use the tool for a longer period, at least one month, in order to
investigate the improvements required and the real potential of the
tool as a support for different learning contexts and goals.
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