350

and Exhibition

Title:
Enhancing the pedagogic impact of Augmented Reality experiences: storyboarding as a human-
centred design approach

Authors:

Omar Huerta-Cardoso, o.i.huertacardoso@leeds.ac.uk, University of Leeds, UK.
Ertu Unver, e.unver@hud.ac.uk, University of Huddersfield, UK.

Abdil Kus, abdilkus@uludag.edu.tr, Uludag University, Turkey.

Ridvan Arslan, ridvan@uludag.edu.tr, Uludag University, Turkey

Keywords:
Human centred design, Storyboarding Augmented reality, Pedagogy, Technical drawings

DOI: 10.14733/cadconfP.2023.350-356

Introduction:

Augmented Reality (AR) has come a long way from a science-fiction dream to a science-based reality.
AR brings and enhanced view of the real, physical world with the help of computer-generated
elements. These elements may range from sound to video, to graphics to GPS overlays and many more.
The development of AR applications has evolved and now requires collaborative teamwork. AR has
quickly found its way into commercial applications for different sectors such as advertising, education,
healthcare, and entertainment, showing potential for engaging with new generations of users.

Higher education institutions have raised some concerns on the difficulty of teaching and learning
abstract and complex topics (i.e.,, design and engineering). There is growing evidence that
simulations/animations along with AR can improve learners’ engagement, competence, and sKkills;
especially when compared to traditional didactic methods. However, the overall teaching and learning
experience happens within a complex system that dictates the requirements needed for an AR
application to cover user expectations and in consequence to be fully embraced in such complex
systems. The challenge is to develop new and appropriate T&L tools and methods that can be used in a
complex system where lecturers, students and other stakeholders involved in the learning process
need to meet the demands of both academia and industry.

This work will not address the limitations or effectiveness of AR in education; instead, it expands
on the use of storyboarding to increase the pedagogical impact of AR in complex teaching systems, in
particular for design and engineering topics. This work explores the use of this tool (storyboarding), to
bring a practical and human-centred approach at early stages of the development and testing of AR
applications, when little changes may have a larger impact down the line.

AR in education and the need for a balanced approach

The decline in technical skills and understanding of essential principles and the conventions that
underpin complex and abstract topics (i.e., technical drawings) represent a challenge for HE
institutions [35]. There are many traditional and more modern teaching and learning (T&L) approaches
and methods. Some may consist of conventional lectures, tutorials, or laboratory-based sessions.
Others incorporate real-life concepts, experiences, technologies [26],[33] and project-based work.
However, these are usually isolated from each other [28]. Additionally, there are different learning
styles that may be present in a cohort. Despite design students tend to have visual, inductive, and
active learning styles; most engineering education and in particular the teaching of technical drawing
skills has relied on auditory, abstract, deductive, passive, and sequential teaching styles [15]. These
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days it is more common to find students with reduced attention levels throughout a whole lecture;
even when active learning strategies are used to improve learning and attention spans [29]. Moreover,
the traditional teaching methods are missing the adequate interaction between the academic staff and
the students, especially when students are passive learners [28],[32], and when more recent teaching
strategies based on cognitive sciences have shown how the knowledge can be constructed by the
student [10],[11].

The overall effect of augmented reality-based methods and tools on the teaching and learning
experience has been deemed positive [3]. AR applications have found their way into HE settings as they
provide help on the delivery of abstract topics [24]. These abstract and complex topics have always
been and will continue to be an essential component in the formative education of professionals.

The Students experience

AR has become popular and it is widely used in educational settings offering many advantages [7], it
no longer requires expensive hardware or sophisticated equipment, the technology now can be used
with computers or mobile devices, and it has been used already in every level of schooling, from K-12
to university level. [8],[13],[22]. AR helps students engage in explorations and increases motivation, but
how are the elements that create this motivation being considered? This brings an important question
into the development of AR applications; who is the user? what do they need? and how AR
developments can consider these different needs?.

The Lecturers experience

Teaching has become a challenge. New pedagogical approaches in which the conventional notion
of classroom-based learning is inverted, and the use of new technologies has open up the access to
learning to a wider community. However, as it has been shown, some lecturers lack experience using
new technologies such as VR, in some cases laboratories are not equipped to deal with VR, and
textbooks and current teaching materials could not support the implementation of these new
technologies. Recent research outcomes have tried to recommend teaching methodologies with the use
of VR in engineering education; but there are still uncertainties over how to implement VR into
engineering education [18]. Hence, new AR and VR developments with a focus in education should
consider the T&L experience as a complex activity where lecturers are an important part of it with their
particular needs and limitations.

The Context / scenario of use

Context or scenario are terms frequently used in the design field to make reference to the
circumstances, background, or environment in which a user and product coexist through a series of
interactions. Here, it is important to mention that sociocultural aspects are entwined with the
environment where the interactions occur, therefore the context also refers to the immediate physical
and social setting where the users, and in this case AR applications coexist. Consequently, the “context
of use” can determine the purpose, design and function of an AR application. Furthermore, the
consideration and understanding of a “context of use” should help ground the initial idea and make
seemingly unclear problems more tangible. Also, having a clear understanding of the context(s) before
any AR development start should help developing an application that fits into the real world, where it
will be actually used with all the restrictions or problems it may represent for every type of user.

The quest for a balanced approach

AR has been perceived as a highly technological product. During the early years of AR, developments
were done through a technology push strategy. Then it was more important to bring both physical and
virtual worlds together rather than to consider thoroughly the why behind such cutting-edge
developments. Nowadays, AR developments have been moving away from that notion towards a more
user-centred approach that is both technology efficient and user friendly.
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Fig. 1: AR development process.

The AR developments based on technology-driven approaches and interactive tools, have shown to
incrementally improve the efficiency. However, not having the user at the core of the development
somehow limits the application impact by losing sight from the people (i.e. student and lecturer) who
is involved in the overall use of the application. Traditionally, many methodologies have been applied
in the development of T&L materials, design of subjects, information technology, and AR applications
(see Fig. 1).

T&L is a complex task, and technology driven developments may not foster student’s learning [12]
and some topics (e.g., technical drawings) require an interactive dialog and co-operation between
lecturer and students to facilitate the construction of knowledge. This interaction may occur in a
variety of media types, forms of interaction and contexts. Hence, a purely software-technology driven
approach may not provide an opportunity to fully address the relevant needs for a successful teaching
and learning experience [5],[12],[27]. Therefore, an integration of a human-centred approach that
combines pedagogy and technology can provide better considerations for the addressing of learning
difficulties to enhance the impact or AR applications in educative environments [6],[9] through a
complete understanding of users’ needs, and how their emotions drive their decision-making process
[34].

The rationale behind a human-centred approach for the development of an AR-based application
with pedagogic purposes, is the search for the right balance between the many teaching methods and
learning styles, as well as the stakeholders involved in the T&L experience, and the context where this
experience happens. In the quest of this balance, the teaching methods and relevant topics should be
appropriately matched with the different learning styles and scenarios where the T&L occurs to deliver
an enhanced learning experience (see Fig. 2).

Enhanced T&L

experience Students

experience

Lecturer

appropriate T&L experience
method

Context/
scenario of use

Fig. 2: Elements for a balanced and enhanced T&L experience.
Storyboarding (a storyboarding story):

The development of didactic materials based on AR applications through a “design” approach involves
a sense of anticipation of the communication processes involved in the T&L experience (Fig. 2) [14], and
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it is at this design stage, where storyboarding may be a useful tool to design, test and implement the
relevant content for such applications.

Fig. 3: Storyboard frames.

A storyboard is a short graphical depiction of a narrative (Fig. 3). Storyboarding is a tool originated in
the contexts of production and filmmaking industry [30] but has found its way into Human Computer
Interaction (HCI) for its practical way at demonstrating system interfaces and contexts of use within a
complex narrative system [19]. Storyboarding can be used as a narrative tool to help anticipating a
variety of T&L experiences for different users and in different context conditions.

Storyboarding in AR

During the design and development stage of any AR-based application, storyboarding offers the ability
to capture the minds and behaviours of relevant stakeholders to transport/immerse them into the
desired T&L narrative, allowing stakeholders to fully engage with the information presented by the
story [16],[17]. Telling a story visually can also help overcome some issues related to dissimilar
backgrounds in relevant stakeholders to facilitate the understanding of information and improve the
outcomes [4],[20]. Therefore, a storyboard can become a communication tool to help teams move
across the development of AR applications (Fig. 4). In this context, the major goal in visual storytelling
is the successful communication of information within the system described in Figure 1.

Fig. 4: Content planning through storyboarding.

How to tell a compelling story in AR

There are several elements involved in a good narrative, but based on Aristotle’s earliest surviving
work “Poetics” [2], the following 7 elements of storytelling can be applied to AR applications for
pedagogic purposes developed through a Human-centred approach (Fig. 2):

e Plot: This relates to the problem the AR application or a section of it is aiming to solve. The
problem needs to be thought thoroughly to be reframed [31]. For the sake of simplicity this
could be referred as the desired T&L experience that the application is aiming for.

e Character(s): These are the stakeholders/users involved in the T&L experience, not only
students and lecturers, but anyone involved in the overall experience.

Proceedings of CAD’23, Mexico City, Mexico, July 10-12, 2023, 350-356
© 2023 CAD Solutions, LLC, http://www.cad-conference.net



http://www.cad-conference.net/

354

e Theme: This refers to the concept, the broad idea behind the designed section or overall AR
application. This, outlines and articulates the plan to solve a problem.

e Diction: This element refers to the way the users/stakeholders will be addressed. The tone in
which the users are addressed will influence their perception regarding the story, and
consequently the overall AR application.

e Melody: Users tend to prefer recognizable patterns as they give a sense of knowledge and
comfort. Melody, refers to the rhythm and the recognizable patterns set out in AR applications
in a way that users may expect.

e Décor: This is basically the visual communication and additional graphic design elements
considered to facilitate the storytelling process.

e Spectacle: No story will be complete without a twist or climax moment. This refers to the
consideration of catchy, memorable and exciting elements that will stick into the users’ minds
and make the overall T&L experience more memorable.

Depending on the development stage the storyboard is being used, some of the above-mentioned
elements may be more relevant than the others. On the other hand, the more the AR development
advances, the more detail can be added, and the remaining elements could also be included in a more
complex and detailed way using digital tools (Fig. 3), and through the use of some diegetic prototypes
(Fig. 5) to help describe and present the solutions in a viable and credible way [21],[36].

Fig. 5: Diegetic prototype.

Conclusion: Storytelling moves people and projects forward

In any design process, iteration plays an important role in helping improve ideas. Storytelling through
storyboards facilitates this iterative process as it helps people move forward through the presentation
of compelling ideas. In this sense, persuasion plays an important role in communicating inspiring new
ideas. In storyboarding, stories tend to fulfil a personal and emotional experience. It is not only about
laying out lots of information into, but to also arouse the users’ emotions.

Understanding how to best appeal to the user in an emotional level requires a human-centred
approach, abductive thinking, and sense making to drive synthesis and to unveil the users’ desires [23].
It takes rationality to understand what moves the user at an emotional level, but also some creativity to
generate a compelling argument using storytelling. Storyboarding requires insight on the topic,
knowledge and empathy with the user, and storytelling skills to present ideas with enough emotional
power to be memorable. Iteratively improving the T&L experience using a low cost tool such as
storyboarding helps test the pedagogic principles and other application features even before time and
money are invested in fully developing the application (Fig. 6). This approach allows early validation
cycles of iterative testing-improvement loops, and enough time to develop the application before going
into the wild and no longer have control on how it is perceived and used by ever-larger sets of users.
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Fig. 6: AR application in use.

The application of storyboarding brings together different user’s requirements and needs, so that they
can be kept at the core of the AR development. Storyboarding is easily used as a diegetic prototyping
tool across the several stages of the AR development to help reconsider requirements and design
features at early stages (pre-production stage) of the work. The use of this tool allowed the AR
development to take a quick iterative dynamics within a human-centred framework where the different
needs from the many stakeholders involved in the T&L experience required to be re-assessed and
integrated into the design and development of the AR application.
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