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ABSTRACT

While pattern mining is characterized by empirical exam-
inations the applied solutions propagated in the patterns
are only rarely the subject or the result of empirical tests.
However, confidence that a pattern will serve its purpose can
only be obtained through testing and using them in practice.

This article uses the pattern Video Segmentation as a
use case to present an iterative approach on how to integrate
iterative empirical tests into the elaboration of design pat-
terns. This approach aims to explore the design space and
specifies the context of a pattern. With the approach pre-
sented here, we want to encourage researchers from different
disciplines to communicate their empirical research results in
the form of design patterns.

Using learning analytics methods, two studies were con-
ducted for this purpose. In the first study 10 popular educa-
tional YouTube channels were analysed regarding the length
and sequence of 4.136 videos. By using a cluster analysis
three groups of videos of different length could be identified:
videos under 8 minutes playing time, videos between 8 and
20 minutes duration and longer videos.

For the second study 22 participants were split up into
two groups using a video player supporting segmented videos
in two different ways, and a control group watching a non-
segmented video. Segmented videos with sequences of up
to 10 minutes resulted in higher learning effects than the
non-segmented version of the same video.

CCS CONCEPTS

• Human-centered computing → Social media.

KEYWORDS

design pattern theory, learning analytics, video segmentation,
pattern mining

Permission to make digital or hard copies of all or part of this work
for personal or classroom use is granted without fee provided that
copies are not made or distributed for profit or commercial advantage
and that copies bear this notice and the full citation on the first page.
Copyrights for components of this work owned by others than the
author(s) must be honored. Abstracting with credit is permitted. To
copy otherwise, or republish, to post on servers or to redistribute to lists,
requires prior specific permission and/or a fee. Request permissions
from permissions@acm.org.

EuroPLoP ’20, July 1–4, 2020, Virtual Event, Germany

© 2020 Copyright held by the owner/author(s). Publication rights
licensed to ACM.
ACM ISBN 978-1-4503-7769-0/20/07. . . $15.00
https://doi.org/10.1145/3424771.3424778

ACM Reference Format:
Niels Seidel. 2020. Video segmentation as an example for elab-

orating design patterns through empirical studies. In European
Conference on Pattern Languages of Programs 2020 (EuroPLoP
’20), July 1–4, 2020, Virtual Event, Germany. ACM, New York,

NY, USA, 15 pages. https://doi.org/10.1145/3424771.3424778

1 INTRODUCTION

The context of a design pattern describes the application do-
main and the conditions under which the solution described
in the pattern works. If there are a lot of alternative ap-
plications domains or conditions mentioned in the context
statement, the pattern claims a lot. It therefore seems logical,
that a “pattern should only claim as much as has been tested”
[17, p. 139]. In that sense patterns are considered as testable
theories [17, p. 129] or hypotheses. A passed test provides
confidence in the hypothesis, but a finaly failed test requires
a rejection of the hypothesis.

In the practice of pattern mining and writing testing plays
a minor role. The Rule Of Three suggests to find known uses
to prove the proposed solution. The way of “proving” is meant
rather as observing, tracing back, or describing examples,
instead of scientific rigor in testing the solution under different
conditions. It becomes even more complicated when it is
recognized that design patterns do not occur in isolation, but
appear as a network of patterns. As a consequence, patterns
cannot be tested separately without considering each force.
However, the existence of multiple interdependent variables
is not a reason not to test. In the social sciences and in
psychology, for example, the multivariate analysis of variance
(MANOVA) is used for this purpose.

A further difficulty resulting from the Rule Of Three is
the compulsion to derive the essence of a solution from ex-
isting (hardly validated) examples instead of being able to
present well-founded and empirically tested developments
as a patterns. This compulsion is one reason why patterns
seem hardly applicable to practitioners and scientists of dis-
ciplines like phychologie, learning scienes, but also subfields
of computer science [44].

From the perspective of scientific theory the pattern elabo-
ration process incorporates parallels to design-science research
[16] as well as design based research [12, 20]. Thinking the
way of design-science patterns can on the one hand be con-
sidered as viable and relevant artefacts that are iteratively
processed in the “cycles of design, testing, analysis, and re-
design” [12] (cf. [38]). On the other hand patterns can be
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viewed as the resulting principles of an applied design based
research process.

This article uses the example of the pattern ”Video Segmen-
tation” to present an iterative approach on how to combine
the elaboration of design patterns with the conduction of
empirical studies. It shows ways to explore the possible ap-
plication domains and the design space of a pattern.

This paper contributes to the pattern theory literature
by presenting a process model for the refinement of design
patterns based on empirical studies. We are particularly inter-
ested in how, in addition to the known issues, comprehensible
empirical studies enable a more precise delimitation of the
context and the solution. Another contribution in the area
of Learning Analytics is to analyse the structure and extent
of videos in relevant YouTube channels. With regard to the
design of video learning environments, we make a contribu-
tion in the field of video-based learning. We conducted a
user study (N=24) about two treatments for presenting two
types of segmented videos in a interactive video player. For
practitioners in the field of technology-enhanced learning the
presented design pattern Video Segmentation may sup-
port to the design of video learning environments and the
production of video-based learning resources.

The remainder of the paper is structured as follows. In the
next section we discuss related work. After that the process
of empirical eleaboration of design patterns is presented in
section 3. In section 4 we take a look at existing theories
and the state of empirical research on the length and seg-
mentation of learning videos. Section 5 is dedicated to two
empirical studies. In the first study the current practice in the
production and application of educational videos is examined.
The second study is a user study, in which design variations
in relation to the realization of the video segmentation are ex-
amined comparatively. The pattern Video Segmentation as
the preliminary result of the applied pattern elaboration pro-
cess presented in section 6. The paper ends with a conclusion
and an outlook in section 7.

2 RELATED WORKS

Seidel [40] focused on video-based learning environments in-
corporating the design of video players and platforms that
host collections of videos. Althoug patterns like Sequential
Media describe the technical foundation the matter of video
segmentation as a possible step in the video production pro-
cess was not covered in that pattern language. Koumi [19],
Bates [3], and Schön and Ebner [34] worked out more or
less uniformly structured manuals and guidelines for produc-
ing educational videos. Further production related patterns
dedicated to screencast was presented by Chen and Rabb
[8]. In these works segmentation is not seen as an option in
post-production or as a design feature of a video player.

In another production-related pattern Mor and Warbur-
ton [28] emphasized the need for limiting the video length
in the pattern Six Minute Video. In relation to the ob-
jectives of this paper, this pattern refers to a very limited
design space (video length) and covers an equally limited

application domain (MOOCs). In the sense of the previously
presented iterative process for the empirical elaboration of
design patterns, the pattern Six Minute Video can serve
as a starting point for empirical-based improvement.

In educational psychology, a number of empirical findings
on the segmentation of dynamic visualizations have been
shared with the scientific community. In section 4 we will
discuss this in more detail. However, many of these studies
consider isolated variables under controlled conditions in the
laboratory. However, there are only a few field studies. In
contrast, in the field of Learning Analytics almost exclusively
empirical data are collected and analyzed in the field. Guo
et al. [14] and Li et al. [21], for instance, have developed
pattern-like design recommendations based on studies of
user behaviour in video-based Massive Open Online Courses
(MOOCs). Empirical well-founded principles for multimedia
learning were proposed by Mayer [24] and Clark et al. [9].
Although these recommendations, principles, and guidelines
have a practical use, the reference to the design of adequate
software applications is missing. Compared to the format of
design patterns, they lack structure.

Empirical studies also play an important role in pattern
mining. For example, artefacts (e.g. literature) are evaluated
in which experts reflect their experiences, comparisons with
similar systems are made (cf. [37]), ethnographic observations
are conducted (cf. [2, 22, 31] and [35, p. 85-91]) in addition,
self-observations in the form of retrospectives are carried out
(see [2]) or experts are asked about their own experiences and
self-identified patterns (see [1, 5]). A more detailed overview
of the different methods can be found at Kohls [17, p. 135f]
as well as at Seidel [38]. It is remarkable, however, that the
application of the solution propagated in the pattern is no
longer the subject of empirical studies. If design patterns
represent hypotheses according to Kohls [17, p. 129], we
can observe a lack of attempts to test these hypotheses in
practice.

3 PROCESS OF EMPIRICAL ELABORATION
OF DESIGN PATTERNS

The Irsee onion dom1 model shown in Fig. 1 represents the
process cycles on how empircal studies fertilize the pattern
writing and revision.

The model consists of a lower and an upper loop. The upper
loop symbolizes the evaluation and revision of the written
manifestation of a design pattern. Typically, this iterative
process will take place in a circle of pattern authors. Also
feedback processes like the Shepherding [15] and the Writers’
Workshops [10], as they are common on pattern conferences,
lead to multiple evaluations and revisions of a pattern text.
This applies analogously to Pattern Languages Seidel [38].
However, the subject of this process loop are formal criteria
of the pattern format, the comprehensibility of the language
and the plausibility, which is verified through the experience

1The name is an allusion to the typical shape of Bavarian church towers,
as they can be found at the Irsee Monastery, where the EuroPLoP
takes place.
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Figure 1: The Irsee onion dom representing the process of
empirical elaboration of design patterns

of the experts involved. The actual subject of the pattern
solution is not subject to any test that could meet strict
scientific criteria. For this reason, we argue that a second
loop is needed in which empirical data is collected, evaluated
and used to revise the pattern.

The lower loop in the process model of Fig. 1 is based
on the research and development cycles of Euler [13]. The
design of a prototype or a procedure is refined and empirically
investigated according to a particular research design. The
findings of the investigation are used to revise the pattern
and simultaneously substantiate statements of the pattern.
The core idea is to stepwise extend the design space or the
empirical validity of a study in each cycle in order to expand
the context of the pattern or to specify the solution if the tests
were successful. If the tests fail and the proposed hypotheses
have to be rejected the context of a pattern needs to be
narrowed or the scope of a solution needs to be adjusted.
In an extreme case a design pattern has to be withdrawn.
This gradual expansion makes it impossible in most cases to
use existing empirical research. Exsiting works often have a
slightly differnet scope and do not expand the design space
in a systematic manner.

This described process can be started at three different
points within the two loops:

• Entry point 1: Based on empirical research, generaliz-
able principles and principles are derived and formu-
lated in the form of a design pattern. Further empirical
investigations are carried out to determine the extent
to which further generalization is possible. Apart from
this, the written representation of the pattern is itera-
tively revised in the manner described above.

• Entry point 2: Starting from a given pattern, validity
in the described design space is empirically examined.
If the evaluation is successful, the design space can be
extended or the scope of the solution can be expanded
for the next testing round. If this test is also successful,
the results will be formulated accordingly in the context
and the solution statement of the pattern. Starting from
the new version of the patterns
• Entry point 3: A special case of entry 2 exists, if proven
theories form the foundation of a pattern. The empirical
investigation of a design artifact then serves not only
to verify the statements in the pattern, but also to test
hypotheses that may support or falsify a theory (and
thus the pattern based on it).

As a consequence of this approach, design pattern become
fluid instead of manifested and static. If a pattern should
be published – as for example in this article – it is only a
representation of the current available knowledge about the
subject, which is based on empirical investigations and was
brought into a comprehensible written structure considering
the feedback from colleagues and other experts. In the sense
of Kohls [17] a pattern is to be regarded as a theory that is
subject to further investigations and tests [18].

By applying this procedure we want to give an impulse
to revise and empirically test existing patterns. This will
increase the scientific importance of patterns as a profound
knowledge representation and thus their relevance for the
dialogue between science and practice.

In the further course of this paper we are using the pattern
Six Minute Video [28] as an example to demonstrate the
application of the process described above. Therefore, we
start at the 2nd entry point and continue with two empirical
studies related to the length and segmentation of learning
videos. Before that, we will look at the theoretical and basic
principles and the empirical studies that are available on this
subject.

4 THEORETICAL FOUNDATIONS AND
EMPIRICAL RESULTS FOR VIDEO
SEGMENTATION

Short videos are preferred by user, but what is short? The
video platform YouTube itself classifies videos as “short” if
they are under 4 minutes long. “Long” videos, on the other
hand, are all over 20 minutes. Short videos are also preferred
by students. The short length of the videos is intended to
prevent the viewer from becoming too passive, and to prevent
thoughts from wandering [7, 32]. Guo et al. [14] analysed the
engagement time (video watching session length) in multiple
MOOCs by comparing videos of different type (e.g. lecture,
tutorial, other), production style (e.g. slide presentations,
classroom, Khan-style), and video length. At least for MOOC-
like setting Guo et al. [14] recommended that individual
videos should be kept shorter than 6 minutes, except tutorials
where the duration does not matter. However, this results can
not be generalized for all types of video, production styles and
learning scenarios. For an in-depth analysis a comprehensive
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classification of learning videos such as presented by Seidel
[39] should be taken into account.

In any case, shorting is a design decision for which many
implementation possibilities exist. During video production,
content can be streamlined by eleminating side issues, rep-
etition of pre-knowledge (cf. pre-training principle [24]) or
redundant informations (cf. reduncancy principle [26]). In-
creasing the speaking rate will save a few seconds, but can
lead to more attention according to Guo et al. [14]. Content
can be also outsourced to other videos by referencing them.
In post-production, pauses in speech can be removed [14], the
playback speed can be increased by a factor of two and visual
content can be reduced to relevant still images. If a video is
compressed in the described way, it may have to be watched
several times. A compressed learning video is therefore not
necessarily self-contained, since it is not possible to thor-
oughly examine the learning content without dealing with
additional learning materials. Last but not least, it should
not be forgotten that passages with lower information density
give viewers a break. If a video is reduced to the relevant and
densely packed passages, the viewer has hardly any time left
to breathe.

As an alternative to shorting videos, the segmenting prin-
ciple postulates the division of longer passages into smaller,
separate sections. After the individual video, the learner usu-
ally has to become active himself and click on the next video
[7]. This can be done by segmentation during post-production
or by better planning of the videos with regard to their length
during pre-production. Segmentation is said to have two main
advantages that have a positive impact on learning facilita-
tion: a reduction in cognitive load and better structuring of
the learning material [41].

Mayer and Chandler investigated the effect of segmentation
on learning by letting learners watch an animation of the
creation of lightning. One group was shown a version in which
the entire learning content was presented as a unit and a
second group was shown a version with 16 individual segments
[25]. In a subsequent transfer test, the learners who had
worked with the segmented version and who had to actively
click to the next section in each case performed significantly
better. In addition, a further experiment tested in which
order a holistic video and a segmented video should be used.
The “Whole-Part” approach describes the showing of the
whole video and then the segmented individual sections. The
“Part-Whole” approach describes the display of the individual
segmented sections and then the entire video. Congruent to
the theory of cognitive load, the learners of the “Part-Whole”
group scored better [25].

These advantages of segmentation shown by Mayer and
Chandler were confirmed by Moreno [29] a few years later.
In Moreno’s study, prospective teachers were shown videos
about principles or techniques of teaching. A control group
was shown a continuous 20-minute video with the teaching
techniques. A test group was presented with the same con-
tent in seven segmented individual videos and each video
presented only one technique. Again, the learners who saw

the segmented videos scored better on transfer tests, which
measured the implementation of the learned material.

Other studies have also shown similar results. At Mayer,
Dow and Mayer, learners were shown an animation of how
an electric motor works [23]. Here the segmented version was
linked with interactive elements. When the learner clicked
on a question, the corresponding segment was shown. In the
non-segmented version, a continuous video with identical
content was shown. Again, the group with the segmented
version performed better [23].

Boucheix and Guignard were also able to demonstrate
the effect in slideshows [6]. The learners who received the
segmented version again achieved measurably better results.
They were able to influence the speed of learning themselves
by clicking on the next-button, while two other groups were
shown a fast and a slow, continuous version of the same
slideshow.

In the technical literature, the pacing principle is regularly
used synonymously with the segmenting principle. There is no
desirable distinction between segmentation of learning videos
with step control by the learners and segmentation with
pauses given by the learning program without active control
by the learners. Moreno and Mayer also use the term ”pacing”
as an alternative to segmentation [30]. In Doolittle, Bryant
and Chittum segmentation is directly defined as control over
pacing [11].

A segmentation without segment pauses forced by the pro-
gram, but with chapter subdivision and short transitions,
should in theory achieve the effect of increasing learning fa-
cilitation through better structuring of the learning material,
since the learning material must also be structured in this
type of segmentation and divided into logically connected
individual sections. The second effect, the increase in learning
facilitation by reducing the cognitive load, could be achieved
at least partially if the transitions are designed in such a way
that there is enough time for the learners to structure what
they have already learned before the next chapter comes.
Compared to segmentation with forced interruptions until
the active interaction of the learning person (e.g. via a Next
button), the pauses here are fixed by the video itself or the
learning program, so that no adaptation to the level of knowl-
edge or the processing speed of the learning person can take
place.

A segmentation without pauses forced by the program
was investigated by Spanjers et al. [42]. In the study they
conducted, there were four conditions; not segmented, seg-
mentation only via the brief blackening of the screen, segmen-
tation only with pause, segmentation with pause and brief
blackening of the screen.

A meta-analysis by Mayer and Pilegard [27] showed that a
segmentation effect could be demonstrated in 10 of 10 studies
examined. The median effect size was 0.79 which is a strong
indicator that segmantation has a positive effect on learning.
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5 EMPIRICAL STUDIES

On the basis of the available theoretical and empirical findings
presented in the last section, there are still a number of open
questions for the formulation of a design pattern:

• What is the recommended video length for different
video types, producion styles, learning scenarios?
• In how many parts should a longer video be divided?
• How long should a segment be?
• What features requires a video player to support the
use of segmented videos?
• Does the design of the video player for segmented videos
have an influence on the learning success?

With regard to the creation of a design pattern on how
to segment learning videos, we would need to answer these
questions using empirical methods.

As a first step, we are interested in current practice in
the production and application of educational videos. For
this purpose we are studying a large number of relevant
educational videos on YouTube. YouTube provides a great
varity of video types and production styles. The naming of the
videos also gives information whether the video is part of a
series of a certain size. The number and duration of segments
can thus be determined. However, statements about certain
learning scenarios and the design of video players cannot
be made on the basis of a single video platform. For this
reason, we have conducted a user study as a second empirical
pillar, investigating alternatives for the design of video players
supporting segmentation.

5.1 Analysis of the video length of popular
learning videos on YouTube

As the largest video platform in the world, YouTube is par-
ticularly well suited to determine video trends and analyse
viewer behaviour. The trend towards greater acceptance and
demand for shorter learning videos should therefore also be
reflected here. The aim of this analysis is to examine the most
successful or popular knowledge-sharing YouTube channels
in terms of the length of their videos. For this purpose, a
list of channels to be investigated must first be compiled and
then the length of all videos must be documented.

5.1.1 Method. First, we found out which YouTube chan-
nels belong to the education sector. The question was asked
once for ”most popular” (list A) and once for ”best” (list B)
YouTube channels. The first 10 results of both search queries
were taken into account. Since there were seven overlaps with
the two search terms (see table), this resulted in a list of
13 websites. Each website has its own list of recommended
channels. The number varies between 8 and 100, with the
first 20 recommendations being taken into account. In the
list ”medium” no order could be found and all entries were
considered. All channels that were recommended in more
than 3 of the 13 lists, i.e. were part of the entries considered
in more than 3 lists, were then taken into account. This was
the case for the following 12 channels. The number of lists in
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Figure 2: Overall distribution of the video length clustered for
video length

which each channel was represented is shown in the second
column of Table 3.

After that, we determined the popularity of the channels
by ranking the number of page views. The channels to be
evaluated were analyzed with the help of the web applica-
tion ”YouTube Playlist Analyzer”. The application makes it
possible to list the last 600 videos and display their length.
Eight of the twelve channels in the list have less than 600
videos, so all existing videos are evaluated here. Of the four
channels with more than 600 videos, the last 600 videos were
considered.

To eliminate outliers, all videos that are 10 times longer
than the average (e.g. hours long live broadcast) were ex-
cluded.

5.1.2 Results. The observation included 4.263 videos. The
video length ranges from 9 to 3.417 seconds. The overall
shape of the distribution of the video length is skewed to
the left (see Fig. 2). The historgram indicates a multimodal
distribution of at least two independend groups of videos.

In order to identify and describe possible groups we used
K-Means as a clustering algorithm. The number of cluster
was computed using the average silhouette of observations for
k clusters with k = [1, . . . , 15]. The maximum of the average
silhouette over the range values for k cluster was 3. Tab. 1
provides an overview of the clusters found in the data set.
The smallest cluster contains 99 longer videos with a duration
ranging from 19:25 to 56:55 minutes (M=27.70, SD=7.84).
The cluster of videos with a medium length contains 1422
videos with a total length between 7:32 and 19:15 minutes
(M=10.85, SD=2.32). The biggest cluster is the one of short
videos. The duration of 3102 videos is between 9 seconds and
7:31 minutes (M=4.20, SD=1.64).

The remarkably large number of videos in clusters 2 and 3
raises the question whether these videos stand alone or are
part of a series. Series can be understood as a continuation of
a story or as a segmentation of a longer video. However, the
difference between the two variants cannot be determined due
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Table 1: Clusters C for video length in seconds

C Videos Min Max M SD
total segm.

1 99 19 1165.00 3417.00 1662.23 470.76
2 1422 570 452.00 1155.00 650.92 139.31
3 3102 156 9.00 451.00 251.92 98.18

Cluster 2
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Figure 3: Overall distribution of video length of segmented
and unsegmented videos

to the missing date of release that we could not determine
with the used tools.

Regular Expressions were used to identify videos from the
sample whose titles contained indications of segmentation.
Specifically, the keywords part, episode, volume, period, #
– including plural forms and common abbreviations – were
searched for in conjunction with digits. A manual review of
the 745 extracted video titles did not find any false positives.
As shown in Fig. 3, there are 570 segmented videos (76.5%)
in cluster 2, 156 (20.9%) in cluster 3, and only 19 (2.6%)
longer videos as part of a sequence in cluster 3. Thus, the
YouTube channels considered in this study tend to produce
and publish videos of medium and short length as part of a
series of videos. The share of segmented videos in cluster 2 is
40.0%, in cluster 1 5.0%, and in cluster 3 at least 19.2%.

Apart from the overall distribution of the video length
we have examined the indivual channels in detail. As shown
in Tab. 2 there is only one channel whose videos are on
average longer than 10 minutes. The most common time
frame is 3-5 minutes. Four channels fit into this range. It is
noticeable that there are no channels whose videos are on
average shorter than 3 minutes. This is also due to the fact
that even channels that have a lot of videos under 3 minutes,
such as ”MinutePhysics”, also have some longer videos that
pull up the cut. The ”typical” videos of these channels are
thus each below the average running time indicated here.

5.1.3 Discussion. The selection of YouTube channel starte
with a Google search for hit lists of popular and widespread
educational videos. However, the search with Google is highly

personalized and was therefore not free from the subjective
imprints of the experiment leader. The identified hit lists of
YouTube channels are also not free of imprints. No detailed
investigation was carried out into how these lists came about.
Commercial intentions, thematic preferences or individual in-
terests of the list makers may have influenced the compilation.
This kind of disturbing systematic influences is also evident
in the fact that, with a few exceptions, only English-language
videos were included in the channels. Any cultural differences
could therefore not be taken into account.

The multi-stage selection process was subject to several
practical and technical compromises. Starting with the search
for hit lists, the selection of lists and channels and the inclu-
sion of 600 videos per channel, several decisions were made
which could not be justified empirically. The sample of the
learning videos available on YouTube that we are looking at
here was therefore only selected quasi-randomly. The sample
of N=4.263 videos was also relatively small compared to the
total number of learning videos. The number of 12 out of
841,317 YouTube channels is also very small, even if compared
to the number of channels in the category education.

For the individual videos it could not be determined beyond
doubt whether they were all learning videos in the strict sense.
The content of the videos (e.g. topic, field), the production
style (e.g. office video, presentation, khan-style), type of
learning video (e.g. instruction, explanation, observation)
and the target audience (e.g. K12, university students) were
not examined in detail. Possible differences in video duration
with respect to these dimensions were not investigated.

Each video was viewed individually. The context of videos
which belong to a series or sequence of videos was determined
by common keywords appearing in the video title. Semantic
relations that were not expressed in the video title, but in
the video itself could not be considered.

A technical feature of the video was used to determine
the video length. The duration of the didactic intervention
conveyed in the video could not be recorded. From the video
length one would have to subtract as the time used for the
opening credits, closing credits or other interruptions.

5.1.4 Design implications. The investigation of video length
based on the length of video in popular educational YouTube
channels has shown that there are three groups of videos of
different length. The largest group represents two thirds of the
videos which are shorter then 7:52 minutes. This result shows
that the production of short videos has proven itself, at least
within the successful YouTube channels. The production of
videos with up to 8 minutes playing time can be considered as
a common practice. However, videos with an length between
7:52 and 19:25 also make up a significant proportion of 30 8%,
while longer videos are the exception.

With regard to the segmentation of educational videos, the
channels considered here show a clear picture. 40.0% of the
videos with medium length and 19.2% of the short videos
are part of a series of segmented videos. This result shows
that more comprehensive topics can be transported in the
form of a video if they are divided into smaller parts. In the
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Table 2: Overview of the analysed channels.

Channel name Number of videos Views in mio. Video length (mm:ss)

total sample ratio total per video M SD

CrashCourse 1100 600 54.5 1035,3 0,94 10:31 02:26

Veritasium 265 265 100.0 509,9 1,92 05:30 03:08

Vsauce 378 378 100.0 1584,5 4,19 07:32 07:07

ASAP Science 314 314 100.0 1217,7 3,88 03:46 02:21

SciShow 1912 600 31.4 1003,3 0,52 07:30 06:08

MinutePhysics 232 232 100.0 395,4 1,70 03:05 02:36

TED-ED 1574 600 38.8 1321,7 0,84 04:44 00:59

CGP Grey 130 130 100.0 428,0 3,29 04:39 03:43

SmarterEveryDay 298 298 100.0 559,4 1,88 05:56 04:34

Khan Academy 7284 600 8.2 1658,4 0,23 06:12 04:51

Numberphile 518 518 100.0 398,5 0,77 08:55 05:16

Kurzgesagt 96 96 100.0 597,5 6,22 06:53 02:26

All 14101 4631 32.8 892,5 2,20 06:16 03:48

YouTube channels considered here, it is a common practice
to divide videos into medium and short length segments.

However, the implications set out above apply only to the
possible uses within YouTube. The videos of the channels
examined here were produced exclusively for YouTube and
the tools available there. Other video players may support
other tools and therefore enable other usage patterns. The
following study examines how video segmentation can be
supported by video player design.

5.2 User study on segmentation of educational
videos

The analysis of popular YouTube channels has revealed a
certain practice by which videos are produced and used. How-
ever, the perspective of the users as well as other design
options have not yet been considered. The goal of the follow-
ing user study is to compare design variants for video players,
each of which supports the segmentation of longer videos in
different ways. The comparison of different player variants
should lead to findings for the design of video players that
are conducive to learning.

5.2.1 Design of the study. The study is a comparative study.
Participants are randomly exposed to different treatments.
The treatments consist of two video types and three segmen-
tation variants – two treatments and one control condition.
The test persons receive a short e-mail with explanations
about the scope of the data collected and the content of the
study. The attached link takes them to the web application
where they can participate in the study. All participating per-
sons go through the same process steps. First, some personal

data is collected in step 1. In step 2, previous knowledge
of the topic dealt with in the video is asked for. In step 3
the participating persons are shown approx. 45 minutes of
video material. In step 4 an evaluation of the shown learning
material is asked for and in step 5 the same knowledge query
is made as in step 2. After submitting the knowledge query
again, participation is finished. It took about 5 to 10 minutes
each to answer the two questionnaires at the beginning and
at the end of the test participation. Together with a running
time of the videos of about 45 minutes each, this results in a
total time of about one hour for the test participants. In the
end, the learning success is calculated and evaluated from
the answers to the two knowledge questions.

5.2.2 Material. The study is basically two studies that were
conducted with the same framework conditions for two differ-
ent types of video. One is a lecture, which strongly resembles
a lecture recording in structure and content, and the other is
a TV documentary, similar to the TerraX format, which is
broadcast regularly on Sunday on ZDF.

In the control condition (variant 1), the participants are
allowed to watch a non-segmented video. The video is not
divided into subchapters and does not contain chapter titles.
Participants can pause and resume the video at any time
or jump forward or backward as desired by clicking on the
progress bar. The UI of the player as shown in Fig. 4 is
therefore hardly different from a normal video player.

For variants 2 and 3 the video was segmented at previously
selected points. Chapter transition animations were inte-
grated at these points. The screen goes dark for 1-2 seconds
and the title of the current segment is displayed. However,
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Figure 4: The video in variant 1 was not segmented. The video
player provided only basic functionality.

both variants differ in the way the segmented content is pre-
sented. The learning environment of variant 2 (see Fig. 5)
has been enhanced compared to variant 1 with a chapter
overview, chapter boundaries and navigation options. In vari-
ant 2, the video learning environment has been changed so
that a chapter overview is permanently displayed on the left
side of the video player. There the test persons can view
the chapter structure and jump directly to it by clicking on
the chapter. The chapters are also displayed on the progress
bar. Red markers distinguish the different chapters from each
other in colour. There is also another button in the video
player. Besides the progress bar, another chapter navigation
option has been integrated. Thus, even in full screen mode,
in which the left chapter overview would no longer be visible,
it is possible to jump to any desired segment.

In variant 3, the video of variant 2, extended with chapter
transition animations, was cut at the segment boundaries
and individual videos were generated from it. The individual
videos were not shown continuously, but were followed by
a pause forced by the learning environment, which could
only be ended by the interaction of the test participants
with the learning environment. As can be seen in Fig. 6, the
individual videos with thumbnails are displayed above the
video player. By clicking on the images or the titles directly
below, the corresponding video is loaded. The next video is
loaded by clicking on one of the thumbnails or on the button
”Continue to chapter [x]”. The participating person has to
actively decide whether the next video should follow directly,
or whether the person wants to reflect briefly on what he has
learned or perhaps watch some content again. In addition,
the title of the currently shown video is displayed directly
above the player.

5.2.3 Collected data. Since the study was conducted online
and the investigators had no personal contact with the par-
ticipants, socio-demographic data, knowledge acquisition and
feedback on the respective intervention were collected by
means of four questionnaires and video analytics methods.

• Personal data: In detail, demographic data (age, gen-
der, educational level), video consumption behaviour,

Figure 5: Variant 2 with segmented chapters which were la-
beled on the timeline and in a table of contents

Figure 6: Variant 3 splitted chapters into separate video vi-
gnets. The chapter videos were provided as in variant 1, but
with a thumbnail menu (see above) linked to remaining chap-
ter videos.

interest in the topic of the video and a self-assessment
of learning and memory skills were collected. Question-
naire
• Pre-test: A test of the participants’ prior knowledge,
adapted to the video. The test consisted of 10 multiple-
choice questions.
• Video analytics: During the video playback clickstream
data and timeupdate events are collected in a logfile.
• Feedback: Participants evaluate the learning environ-
ment in terms of entertainment, structure, information
content and length. Additionally, questions about the
learning content, climate change, are asked again.
• Post-test: Repeat performance of the pre-test. The
learning success results from the difference between the
score of pre-test and post-test.

5.2.4 Participants. Computer science students and colleagues
were invited to participate in the survey by e-mail. It is
estimated that 100 to 150 people received the invitation, since
the invitation mail has been forwarded to instant messaging
channels among others. Of these, 38 people called up the
web application and filled out the first questionnaire (20 for
the lecture video and 18 for the documentary). During the
second step of the study (pre-test before watching the videos,
4 persons ended the experiment prematurely (all of them were
assigned to the lecture video). Of the remaining 34 persons,
another 2 persons interrupted their participation in the study
while watching the video (one person per video type). Of the
remaining 32 persons, 6 more persons briefly watched the
video and then proceeded to the next step, only stopping
the experiment there without editing the two questionnaires
afterwards (2 were assigned to the lecture video, 4 were
assigned to the documentary).
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Table 3: Distribution of participants per treatment and video
type

Type of video Variant 1 Variant 2 Variant 3 sum

Documentary 4 4 4 12
Video lecture 3 3 4 10

sum 7 7 8 22

Of the 26 persons who filled in all questionnaires, 4 were
not considered because they had seen less than 10% of the
video material (all of them were of the lecture type). In total,
22 of the 38 persons who had started the study were still able
to evaluate the data. This corresponds to a rate of 57.8%. In
the following, the number of participants will therefore always
refer to the 22 persons (14 male, 8 female). 17 participants,
and thus the majority, were between 25 and 45 years old. 2
participants were under 25 years of age and 3 participants
were over 45 years old. Table 3 shows how the participants
are divided between the three treatments and the two video
types.

5.2.5 Hypotheses. The following hypotheses have been tested:

H1 Segmented videos with sequences of up to 10 minutes
in length (variant 3) achieve a higher learning effect
than long, non-segmented videos (variant 1).

H2 Segmented videos (variants 2 and 3) are perceived by
viewers as better structured than non-segmented videos
(variant 1).

H3 Long videos are just as conducive to learning as seg-
mented individual videos (variant 3), provided that the
video learning experience is supported by a Table of
Contents or chapter index, navigation options, short
chapter transitions and visible chapter boundaries (as
markers on the Annotated Timeline) (variant 2).

5.2.6 Implementation. Since the invitation e-mail contained
a link to the web application the recipients were able to start
the app immediately. When opening the app the first time the
participants were randomly assigned to a video type (lecture
or documentary) and segmentation variant. During and after
the study the investigators were not communicating with
the participants. The conduct of the study was not actively
monitored by investigators. There were no problems during
implementation or requests for assistance. The video usage
data was collected by the web server and the survey results
were stored in a Google spreadsheet.

5.2.7 Results.

Learning gain. For all videos and across all groups, partic-
ipants had minimal prior knowledge (see Tab. 4). The topics
covered in the documentary were intellectually less demand-
ing, which is why the participants scored slightly better in the
pre-test compared to the lecture. The participants assigned to
the three variants hardly differed from one another in terms
of their prior knowledge. Only the participants in the control
group (variant 1) recorded slightly better results (M=1.29,
SD=1.11).
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Figure 7: Boxplot of learning gains by variant

The post-test showed larger differences in performance. The
differences between the two video types are only marginal, but
the learners with variant 2 and 3 achieved significantly better
results than the control group with variant 1. Compared to
the control group, the learners with variant 2 achieved a good
22% better test results (M=8.43, SD=0.98). With variant 3
the learners achieved an increase of 13% (M=7.60, SD=1.85)
compared to the control group (M=6.57, SD=1.62).

The differences in post-test are reflected in the learning
gain. Compared to the control group, the participants scored

almost 29%̇ more points with variant 2. And also with variant
3 the results were better by 22%. Fig. 7 and 8 show the
distribution of leaning gains for each group.

An analysis of variance (ANOVA) with the variant 1 and
2 as a between-subjects factor and learning gain as a within-
subjects factor revealed significant for learning gain, F(l, 14)
= 9.12, MSE = 1.7619, p < .01. ANOVA with the variant
1 and 3 as a between-subjects factor and learning gain as a
within-subjects factor resulted no significant effect for learn-
ing gain, F(l, 15) = 1.9216, MSE = 3.49, p = ns. Consequently,
H1 can be accepted.

Video interactions. Based on the evaluations of other stud-
ies (cf. [4, 33]), it was to be expected that the pause function
would be used only rarely. These expectations were confirmed.
Only three participants used the pause function once each.
Since there was no field study here, it can be assumed that
the participants wanted to complete those presented in the
study quickly and without interruptions. The paused periods
were 27 seconds (type documentation variant 1), 89 seconds
(type presentation variant 2) and 5 seconds (type presenta-
tion variant 1). In all cases these are participants of a group
who were shown a variant without automated breaks. Par-
ticipants in group 3, who were shown the individual videos
segmented with forced pauses, did not pause, but on average
allowed more time to pass before clicking on to the next video.
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Table 4: Mean pre-test and post-test scores and learning gains for each group and type of video.

Type of video Variant n Pre-test Post-test Gain
M SD M SD M SD

Documentary 1 4 2.00 0.81 6.75 0.96 4.75 0.96
Documentary 2 4 1.25 1.89 8.75 0.96 7.50 1.29
Documentary 3 4 1.50 0.58 7.50 2.08 6.00 2.58
Documentary 1-3 12 1.58 1.17 7.67 1.56 6.08 1.98
Video lecture 1 3 0.33 0.58 6.33 2.51 6.00 2.00
Video lecture 2 3 0.67 0.58 8.00 1.00 7.33 1.15
Video lecture 3 4 0.50 1.00 7.75 1.89 7.25 1.71
Video lecture 1-3 10 0.50 0.71 7.40 1.84 6.90 1.60
All 1 7 1.29 1.11 6.57 1.62 5.29 1.49
All 2 7 1.00 1.41 8.43 0.98 7.43 1.13
All 3 8 1.00 0.93 7.60 1.85 6.63 2.13
All 1-3 22 1.09 1.11 7.55 1.65 6.45 1.82
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Figure 8: Distribution of learning gains by variant

Usually 30 seconds to 2 minutes. One person waited over
3 hours between two video segments. It is conceivable that
another activity was started during this time and the test
participation continued afterwards.

Compared to the breaks, jumps in the video were used
relatively often. 14 of 22 participants used the possibility to
jump forward or backward on the progress bar in the video.
The participants who used this possibility jumped on average
3 times while watching the video in one or the other direction.
Of the 42 recorded jumps, 34 were forward and 8 backward.
When jumping backwards, it was mostly only a few seconds
(approx. 7 to 15 seconds), when jumping forward, however, it
was longer distances (approx. 30 seconds to 4 minutes). There
was no repeated playing of a chapter or a longer passage, the
few rebounds that were performed were usually only a few
seconds. It is conceivable that something was overheard here
which should be played again. It is also conceivable that the
test persons remembered the questions of the prior knowledge

test and recognized that what they had just heard or seen
contained an answer to a question and should be looked at
again. There were also strong outliers in the jumps. One
participant jumped forward by 36 minutes directly after the
second second. One explanation would be that there was a
technical problem (e.g. browser crashed) and the participant
had to reload the page.

Participants of group 1 were provided the non-segmented
version with the standard player, accordingly they could not
select chapters or segments. Participants of group 2 were
able to orientate themselves by the chapter markers on the
progress bar and to jump to a chapter at will via the chapter
menu. Out of 8 people in group 2, only 2 people did not use
the chapter menu and simply let the video scroll through
from start to finish. Two people used the table of contents
to jump to a desired location only once, three people three
times, and one person four times. Group 3 participants had
to click either on the ”Next” button or on one of the chapter
thumbnails to move on to the next video. All participants
followed the given order of the chapters. There was no non-
sequential viewing of the videos. If chapters or sections were
left out, they were not viewed later.

Perceived structuredness. The participants were asked to
state how well structured they perceived the video material
shown. Both segmentation variants were rated on average
23% as better structured than the non-segmented video (see
Fig. 9). For both types of video, a clear picture emerges with
regard to the evaluation of the structuring. The advantages
of segmentation on learning success identified in other studies
are partly attributed to the increase in learning facilitation
through better structuring of the learning material. The data
collected here confirm that the improvement in structuring is
also perceived and confirmed by the viewers. It is striking that
the evaluation of structuring, more than all other variables
discussed here, hardly differs according to video type. The
data suggest that there is a clearly discernible tendency to
perceive segmented videos as more structured if they have
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Figure 9: Perceived structuredness for each variant

short chapter transitions and chapter titles. Consequently,
H2 can be accepted.

Segmentation support. Variants 2 and 3 supported the
segmentation of longer learning videos in different ways. The
extent to which both variants can be regarded as conducive
to learning should be determined in this study.

The comparison between variant 3 and 2 provides a mixed
picture. With regard to the perceived structuring, both still
achieved similarly good results. Variant 2, however, received
an overall rating 6.8% better than variant 3 and a 10.5%
better rating of the information content, but was rated 5%
worse in the learners’ self-assessment, has a lower probability
of being recommended to others and was also rated more
often and more strongly than too long.

With regard to the measured learning success relevant
to the hypothesis, variant 2 (M = 7.25, SD = 1.16) scored

9.4%̇ better than variant 3 (M = 6.63, SD = 2.13). The
chapter menu and the visible chapter boundaries were able
to raise this segmentation variant to the same high level as
the variant segmented with individual videos with regard
to structuring. The chapter menu not only improved the
structure and served as an identifier for the selected chapters,
but was also actively used as an interactive navigation element
by the test persons. As the evaluation of the interactions with
the video player showed, these possibilities were used by 8 of
the 10 participants of group 2.

It is noticeable that the given sequence of the segments,
which were numbered with a chapter number, was adhered
to by all test persons. The navigation options were thus used
to jump from the current segment to the beginning of the

next segment or to skip a segment completely - but not to
view segments in any order.

5.3 Discussion

The number of 22 participants was relatively small. Due to
the examination of longer videos, the participants had to
invest a considerable amount of time without receiving any
financial or non-material insentives. An expense allowance
might have increased the motivation to participate in the
study and reduced the drop out.

Since the study was conducted online, the participants
could not be monitored under laboratory conditions. We
assume, however, that the participants performed all tasks
independently and without outside help or other aids.

Regarding the video reception, it was not possible to de-
termine how much attention the participants paid to the
learning content. At least one participant in the experiment
proved that he let almost 2 hours pass before continuing with
the tasks he was given after watching the video. For technical
reasons it was unfortunately not possible to record the exact
playback behaviour. A connection between the learning effect
and the playback behaviour (e.g. multiple viewing of sections)
could not be determined.

The videos examined here both dealt with climate change.
It is possible that other domain-specific topics with the player
variants examined here lead to better or worse learning out-
comes. The same applies to effects due to production styles
other than lecture and documentation. Neither were target
group-specific effects (e.g. K12, university students, voca-
tional training) considered. Finally, it cannot be ruled out
that certain learning scenarios may favour or restrict learning
with one of the player variants.

The player variants were firmly defined. In variants 2 and
3, several design elements were combined. In detail, these
design elements could be differentiated more precisely and
presented in a different way that might be more conducive
to learning.

The experimental groups were not pre-selected accord-
ing to their level of knowledge. Although the level of prior
knowledge was queried and can be compared among the
test participants, the 10 multiple-choice questions are hardly
suitable for grouping dedicated knowledge level differences.
Disturbing variables such as the handling of ignorance can
falsify the results. Some participants chose ”Don’t know” for
questions whose answer they did not know, others chose any
answer in case of ignorance. In addition to the ”Don’t know”
option, there were usually five other possible answers. With
five answers, the strategy of randomly choosing between the
possible answers would provide the correct answer on aver-
age in 20% of cases. With only 10 questions, this can skew
the evaluation of the participants’ prior knowledge level. In
addition, the learning content shown in both video types
was aimed at people with no prior knowledge about climate
change. Accordingly, the content is designed in such a way
that all learners are assumed to have no prior knowledge of
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the topic. Experts could probably only benefit from their
previous knowledge to a very limited extent.

The multiple-choice questionnaires used were mainly used
to measure the participants’ memory and attention immedi-
ately after watching the video. Statements about the long-
term learning effect require the implementation of follow-up
tests.

Finally, the results cannot be generalised to draw con-
clusions about learners who learn with videos because the
sample was not random and could be biased. So the results
may not be representative for a population of video learners.

5.4 Design implications

The study has shown that video segmentation should be
supported by the design of the video player. The player used
in variant 2 differs significantly from standard players used
by the control group with variant 1. In addition to a Table
of Contents, a Annotated Timeline with the segment
boundaries, temporal pauses with identification of segment
transitions and titles were realized.

Also the division of a long video into shorter segments led
to better learning results if the individual segments were rep-
resented in a sequence to be called up individually. YouTube,
for example, offers the possibility to list related videos within
playlists for the video segments identified in the YouTube
EDU channels.

From a technical point of view, it is remarkable that the
design options presented in variants 2 and 3 can be realized
completely in the player without splitting the underlying
longer video.

6 DESIGN PATTERN

The procedure for the empirical elaboration of design patterns
presented in section 3 started with the pattern Six Minute
Video by Mor and Warburton [28]. The hypothesis expressed
therein consists of three statements:

A ”create smaller discrete episodes” (six minute video)
B ”episodes that you can feel confident will be watched

in their entirety by your learners.”
C ”Ensure that the material is designed within a structure

for REGULAR ATTENTION RECUPERATION2

.
In the first study (see section 5.1) statement A was partially

confirmed. YouTube educational videos are usually shorter
than 8 minutes, or shorter than 20 minutes if they are part
of a series. So there is some evidence that the production of
shorter episodes is a common practice. The guideline value
of ”6 minutes” is in line with the average length of all videos
viewed, but without taking into account the distribution of
video length. The assumption made in the pattern of Mor

2REGULAR ATTENTION RECUPERATION: ”Include delivery forms
and activities in your lecture that help with regaining the attention
of the students. Vary in the sorts of activities/delivery forms and
involve the students actively in these attention refreshments”. Mor and
Warburton [28].”

and Warburton [28] is thus consistent, but not differentiated
enough.

Regarding statement B, no statements on the duration and
intensity of the video observation could be made in the second
study (see section 5.2). On the basis of the learning gain,
however, it can be concluded that the videos were watched
almost completely. Thus, it could be shown that segmentation
is more conducive to learning, which supports statements A
and B.

Statement C is unfortunately very imprecise. However,
there is an indirect demand to interrupt the video viewing by
forms of presentation and built-in activities and thus attract
the attention of the learners. In the second study we purposed
the variants 2 and 3 to investigate suitable designs for video
players that meet these requirements. Statement 3 could thus
be made more precise with regard to concrete design.

In view of this critique of the pattern Six Minute Video,
which are only exemplary described here, a new pattern had
to be written, which takes into account the empirical results.
The design pattern called Video Segmentation presented
below is limited to the types of videos investigated, includes
literature findings and mentions our own empirical studies.

Video Segmentation

Divide longer videos into meaningful segments of up to 20
minutes and support the transition between the segments in
the player.

Educational videos such as lecture recordings, documen-
taries, and explaination videos.

✤✤✤

Learners do not watch longer learning videos until the end
and thus miss relevant learning content.

• Cognitive load: The constant flow of information gener-
ates a high cognitive load on the viewer if the informa-
tion follows each other too quickly [43] like it is often
the case in a video.
• Production effort: Producing a video is much effort
compared to text or audio representations of the same
content.
• Dramaturgy: The dramaturgy of a learning video or the
rhetorical structure of a lecture is not accidental, but
intended by the presenter. This dramaturgical structure
cannot be broken up easily.
• Breaks: If someone interrupts the playback in the course
of the video, there is a chance to continue watching at
that point later.
• Information seeking: If you are specifically looking for
information in the video and have found it, it is a
legitimate reason to stop the playback and turn to
other activities.

✤✤✤
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Divide longer videos into meaningful segments of up to 20
minutes. Mark the boundaries of the segments clearly. Present
the segments as a labeled sequence of related videos.

The segments must be defined manually. It is advisable
to use existing segments, such as section headings or con-
tent parts. Segments should never be defined on the basis
of rigid temporal intervals, but should comprise semantic
units. Advances in the detection of sections and paragraphs
using natural language processing methods based on video
Transcripts have not yet been used to create meaningful
segments.

The length of a segment should be less then 20 minutes.
A longer video should be divisible into at least two segments.
If there are more than 10 segments, it will be difficult for
the learner to keep track of them. In this case an additional
hierarchy level should be used. As a result typical lecture of
90 minutes length can be segmented into five to six pieces.

From a technical perspective a segmentation can be per-
formed in different ways within a video player without chang-
ing the source material of the video. The beginning of a
segment can be marked by a still image or blank screen
showing the corresponding title of the segment. If the video
does not pause automatically, the viewer should be given
enough time to adjust to the coming segment. Breaks have
a double function. On the one hand, they give the learner
time to recover and recapitulate, on the other hand, they
emphasize the end of a semantic unit. These units can also
be presented in the form of a Table of Content or as a list
of Sequential Media elements to facilitate precise jumps
between segments. In order to recognize not only the topic
of a segment by the labels displayed, but also its temporal
extension, the segments should be annotated on the timeline
(cf. Annotated Timeline).

Benefits.

• Cognitive load: Both, structuring of the learning ma-
terial and the learning breaks made possible by the
segmentation can help the learner to reduce the cogni-
tive load.
• Production effort: A subsequent editing and splitting
of the video material is not necessary. Existing videos
can be re-used if the segments have been marked and
labeled.
• Dramaturgy: The intended structure of a video becomes
transparent by the table of content and the labeled
segment boundaries on the timeline (cf. [41]).
• Breaks: Breaks help the learner to conclude with a unit
of content. Breaks are necessary to reactivate cognitive
resources.
• Information seeking: Named segments can help learners
get an overview of video content and quickly find the
information they are looking for. For a more detailed
search, however, further technical aids such as full-
text search in a Transcript, Temporal Tags, or
Temporal bookmarks may be required.

Liabilities.

• Cognitive load: The proposed solution doesn’t force the
learner to make a break at the end of a segment.
• Production effort: Segments need to be annotated for
existing video footage. Segment boundary may als be
generated by the learners [36]. However, this is a very
time-consuming and cognitively demanding task.
• Dramaturgy: There is a risk that segments will be
torn out of context as a result of the division. The
fact that the segments build up on each other enabled
previous knowledge to be built up and assumed in a
later segment. However, if learners do not look at the
previous segments, they may lack previous knowledge
and understanding of the current segment.
• Breaks: Breaks may disrupt the flow of learning if they
occur in unfavorable positions.
• Information seeking: Named segments can help learners
get an overview of video content and find the infor-
mation they are looking for more quickly. For a more
detailed search, however, further technical aids such as
full-text search in a Transcript, Temporal Tags, or
Temporal bookmarks may be helpful.

Empirical background. In an analysis of 10 popular YouTube
Channels 745 segmented videos (18.0%) were found in a
sample of 4.136 video. 76.5% of the segmented videos were
between 7:52 and 19:25 minutes long. 20,9% of the segmented
videos were shorter then 7:52 minutes.

In a user study (N=22) segmented videos with sequences
of up to 10 minutes resulted in higher learning effects than
the non-segmented version of the same video.
Known uses.

Figure 10: At Coursera MOOCs are split up into several
sequences of short videos.
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Figure 11: Lecturio

Figure 12: Digital tutors

Figure 13: iVersity was a former MOOC provider whose
courses consisted of several units, which in turn consisted of
short videos.

Related Patterns.
In the drafted pattern Six Minute Video Mor and Warbur-
ton [28] emphasized the need for limiting the video length,
but the segmentation of longer videos has not been addressed.

The patterns Table of Content, Sequential Media,
and Playlist as well as Basic Controls and Annotated
Timeline introduced by Seidel [40] complement the segmen-
tation of learning videos.

7 CONCLUSION

While pattern mining is characterized by empirical exam-
inations the applied solutions propagated in the patterns
are only rarely the subject or the result of empirical tests.
However, confidence that a pattern will serve its purpose
can only be obtained through tests, evaluations and their
application in the field.

This article uses the pattern Video Segmentation as a
use case to present an iterative approach on how to integrate
results of empirical studies into the elaboration of design
patterns. This approach aims to explore the design space
and specifies the context of a pattern. For this purpose we
analyzed educational YouTube channels regarding their struc-
ture and video length. In a user study (N=24) we compared
two design variants with a control condition for two types of
segmented videos.

Longer videos should be divided into meaningful segments
of 6-8 minutes length. The segment boundaries should be
marked clearly and titled using the video player. A combi-
nation with further patterns proved to be beneficial for the
learners.

With the approach presented here, we want to encourage
researchers from different disciplines to communicate their
empirical research results in the form of design patterns.
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