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ABSTRACT
Most video-based learning content is designed for desktops with-
out considering mobile environments. We (1) investigate the gap
between mobile learners’ challenges and video engineers’ consid-
erations using mixed methods and (2) provide design guidelines
for creating mobile-friendly MOOC videos. To uncover learners’
challenges, we conducted a survey (n=134) and interviews (n=21),
and evaluated the mobile adequacy of current MOOCs by analyz-
ing 41,722 video frames from 101 video lectures. Interview results
revealed low readability and situationally-induced impairments as
major challenges. The content analysis showed a low guideline com-
pliance rate for key design factors. We then interviewed 11 video
production engineers to investigate design factors they mainly
consider. The engineers mainly focus on the size and amount of
content while lacking consideration for color, complex images, and
situationally-induced impairments. Finally, we present and validate
guidelines for designing mobile-friendly MOOCs, such as provid-
ing adaptive and customizable visual design and context-aware
accessibility support.

CCS CONCEPTS
• Human-centered computing → Empirical studies in HCI;
User studies; Empirical studies in ubiquitous and mobile computing.
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1 INTRODUCTION
Mobile learning has gained popularity and has been a key dri-
ver in enabling ubiquitous learning [55, 64]. In addition, major
online learning and Massive Open Online Courses (MOOC) plat-
forms including edX [19], Coursera [38], Khan Academy [40], and
Udemy [41] provide mobile apps to support learning on mobile
devices. Despite the rise in popularity, mobile video-based learn-
ing has physical (e.g., small screen size) as well as environmental
(e.g., limitations on sensory channels posed by ambient noise and
light) [66] constraints. Existing learning frameworks suggest that
tiny font sizes and content-heavy lecture materials on small screens
increase learners’ cognitive load [47, 70, 71] and lower judgments
of learning (JOLs) [25, 63]. Meanwhile, situational factors such as
ambient noise [76], ambient light [21], and the mobile state of the
learner [21, 66] may saturate mobile learners’ visual and auditory
channels and cause situationally-induced impairments and disabili-
ties (SIIDs). Prior work revealed that SIIDs might impede learning,
deteriorating text legibility [54], reading comprehension, and cogni-
tive performance [2]. Furthermore, most of the existing educational
videos have been primarily designed for desktop environments.
Although a body of research suggested design guidelines for mobile
educational apps and websites [20, 42, 53, 67], few studies have con-
tributed guidelines specific to mobile video-based learning content.
Unlike static content, educational videos are temporally dynamic
with both audio and visual information, and contain unique de-
sign components such as talking-head instructors and real-time
handwriting. Also, existing literature mainly focuses on the learner
side, leaving how designers currently consider the difficulties of
the learner side in the design process largely unknown.

To fill in this gap, we conducted quantitative and qualitative anal-
ysis on the visual design of video content that causes readability
issues and SIIDs from three perspectives: (1) learners (through sur-
veys and interviews), (2) video content (through content analysis),
and (3) video production engineers (through interviews).

To uncover the challenges learners face in mobile MOOC learn-
ing, (1) we surveyed 134 learners and conducted follow-up inter-
views with 21 learners. The results revealed two main difficulties
learners experience with visual content design: readability issues
and limitations on sensory channels. We then evaluated whether
the current MOOC videos are suitable for mobile learning. Through
the content analysis, we diagnosed how severe the problem is,
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thereby quantifying de�ciencies of current design and guiding im-
provement schemes. (2) We analyzed 41,722 video frames sampled
from 168,508 frames in 101 courses from MOOC platforms by ap-
plying the known design guidelines. The content analysis results
showed a low guideline compliance rate for the key readability
design factors (2.79% for font size, 74.20% for the amount of text,
0.94% for the font size of the text in the image, 66.22% for color
contrast between text and background). (3) Finally, we interviewed
11 video production engineers to investigate how they currently
consider the learners' challenges. The results showed that read-
ability is the biggest concern, and they focus on the font size and
amount of content. Meanwhile, little attention has been paid to
complex images and images with text in the design process, which
was the major learner-reported di�culty. In addition, engineers do
not pay signi�cant attention to situationally-induced impairments
of learners in the design process. The �ndings imply a gap between
learners' challenges and engineers' design considerations.

Based on the noticeable �ndings from the study of learners, engi-
neers, and video content, we suggest a set of design guidelines for
creating mobile-friendly MOOCs. We then validated the suggested
guidelines through an evaluation session with video production
engineers. The engineers' ratings on each guideline item demon-
strated the guideline's clarity and applicability. We further discuss
design opportunities for future research, which include providing
adaptive and customizable visual design and context-aware accessi-
bility support. The contributions of this paper can be summarized
as follows:

� An identi�cation of the gap between learners' challenges
and video production engineers' design considerations on
mobile MOOC learning

� A mixed-methods analysis of mobile MOOC learning expe-
riences encompassing three aspects: learners, MOOC video
content, and video production engineers

� A set of validated design guidelines for video production
engineers and content designers in designing mobile-friendly
MOOCs

2 RELATED WORK
Here we introduce existing work on (1) content design for educa-
tional videos and (2) design guidelines for mobile learning.

2.1 Content Design for Educational Videos
Studies of content design for educational videos mainly lie in two
branches: lecture types and visual design elements. First, studies
have explored how di�erent lecture types a�ect student engage-
ment [8, 24]. For instance, Guoet al.[24] analyzed 6.9 million video
watching sessions from four courses. They found that talking-head
videos and Khan-style tablet drawings are more engaging than
slide-based, programming/coding, and classroom recordings.

Other work highlighted the importance of visual design elements
in the learning process, such as text and images. Inappropriate font
sizes [47] impose cognitive load with reduced readability and lower
judgments of learning (JOLs) [25, 63]. Besides, an excessive amount
of words increases the cognitive load [47, 71] and information over-
load [1]. Image elements can also increase the cognitive load by
splitting learners' attention when multiple images are presented at

once [46, 47] or when the graphics are too complex [27, 74]. Due to
the importance of visual designs in a learning context, several stud-
ies [14, 72] emphasized readability as a key factor in mobile content
design. Also, Crosset al.[15] used crowdsourcing to improve the
legibility of educational videos.

However, existing literature has only covered content design
for instructional videos or mobile learning websites, leaving the
intersection area �- mobile video-based learning �- unexplored.
Furthermore, previous work mainly focused on learners' perspec-
tives, not involving content creators' viewpoints or interactions
between two groups. To �ll in this gap, we investigated challenges,
perceptions on current content design, and design opportunities
from both perspectives of learners and video production engineers.

2.2 Design Guidelines for Mobile Learning
Mobile learners have di�erent requirements from desktop users due
to the constraints such as limited screen sizes and distracting mobile
learning environments. In consideration of these user needs, several
studies suggested guidelines for mobile learning applications, such
as interface design (e.g., menu, links, and navigation between pages,
etc.) [23] and framework for mobile learning design considering
learning contexts [59]. O'Malley et al.[57] also presented usability
guidelines for mobile learning, which includes segmenting video
content into small chunks and giving controls to learners to adjust
the pace of learning. Later on, Wanget al.[73] gave practical rec-
ommendations on utilizing caption, icon, and color to guarantee an
adequate mobile learning experience. Huberet al.[33] introduced
video interface concepts that are GUI-based and touch-based to
enhance mobile video browsing. Meanwhile, other research sug-
gested recommendations for the instructional design of mobile
learning. Stantonet al.[68] investigated how the characteristics of
mobile environments are re�ected in the procedure of designing
mobile learning based on Bloom's pedagogy. Mandulaet al.[50]
recommended instructional designers to limit the graphic content,
shorten the lecture length, and support multimedia content for
mobile video learning.

Nonetheless, existing guidelines and recommendations are lim-
ited to educational websites, applications, and instructional design,
which calls for design guidelines for visual and audio elements of
mobile video-based content. The visual and audio elements are the
main factors that a�ect mobile learning experience since mobile
environments pose physical (e.g., limited screen sizes) and contex-
tual (e.g., ambient noise) constraints on visual/auditory channels.
Furthermore, validated mobile video learning guideline that con-
siders the transitional characteristic (e.g., temporal mappings with
audio) and unique design components (e.g., talking-head instruc-
tors, real-time handwritings) of video-based learning content is
needed. To that end, our research suggests design guidelines based
on empirical evidence and their applicability and utility evaluation
from the content creators.

3 STUDY1: LEARNER PERSPECTIVES
To investigate the di�culties of mobile learners when consuming
video-based lectures, we conducted surveys and follow-up inter-
views with mobile MOOC learners.
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