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Abstract

Storytelling plays a significant role in a child’s development, fostering creative and cognitive skills. How-
ever, children are often reluctant to create their own stories, either due to a lack of inspiration or interest.
While previous research has examined technology’s role in addressing these challenges, many ap-
proaches fall short by restricting creativity, being overly complex, or requiring specialized equipment.
Augmented Reality (AR), though widely studied for its educational and interactive potential, remains an
underexplored medium in the context of digital storytelling. To address these gaps, we developed a
mobile AR application to support story creation, as well as to explore how this technology impacts the
collaborative creation process and the resulting artifacts. A user study was conducted to observe partici-
pant behavior, preferences, and the generated artifacts. Our findings reveal that the system encouraged
creativity, collaboration, and embodied interaction. Participants found the AR environment more engag-
ing and preferred it over other digital mediums. Additionally, the study highlighted the importance of

agency, artistic expression, and multiculturalism in the storytelling process.
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Resumo

A narragao de histérias desempenha um papel significativo no desenvolvimento infantil, promovendo
competéncias criativas e cognitivas. No entanto, as criangcas muitas vezes mostram-se relutantes em
criar as suas proprias histérias, seja por falta de inspiragao ou de interesse. Embora estudos anteriores
tenham explorado o papel da tecnologia na tentativa de resposta a estes desafios, muitas abordagens
falham ao restringir a criatividade, serem excessivamente complexas ou exigirem equipamento espe-
cializado. A Realidade Aumentada (RA), apesar de amplamente estudada pelo seu potencial educativo
e interativo, continua a ser um meio pouco explorado no contexto da narrativa digital. Para colmatar
estas lacunas, desenvolvemos uma aplicacao moével de RA para apoiar a criagao de histérias, bem
como para explorar o impacto desta tecnologia no processo de criagdo colaborativa e nos artefactos
resultantes. Realizou-se um estudo com utilizadores para observar o comportamento dos participantes,
as suas preferéncias e as histérias criadas. Os nossos resultados revelam que o sistema incentivou a
criatividade, a colaboragao e a interagdo embodied. Os participantes consideraram o ambiente de RA
mais envolvente e demonstraram uma preferéncia por este em relagdo a outros meios digitais. Além
disso, o0 estudo destacou a importancia da agéncia, da expressao artistica e do multiculturalismo no

processo de criagcdo narrativa.
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Storytelling is a fundamental component to the development of a child, most notably in the areas of
creativity, communication, collaboration, language and cognitive skills [8-11]. As such, it is important to
encourage children to engage in storytelling activities, both in educational and ludic contexts. However,
children are often reluctant to create their own stories, which can result from a lack of inspiration, as well
as due to the task not seeming appealing enough [12, 13].

Technology has the potential to not only mitigate these issues, but also to enhance storytelling activ-
ities, as its adoption in education has been observed to increase entertainment and engagement while
promoting the development of the aforementioned competencies [14, 15]. For children, the ability to
observe or interact with virtual objects and characters, particularly in three-dimensional (3D) spaces, is
a signi cant motivator for their ongoing usage of the system [16]. This is further reinforced when applied

to storytelling since a digital medium enables visualizing ideas with ease, which not only facilitates the



story creation process, but also fosters collaboration among children by allowing them to more clearly

express and discuss their ideas.

Augmented Reality (AR) is a technology that allows interacting in real time with virtual 3D content
overlapped onto the physical environment [17]. Therefore, when using an AR application, the real world
greatly in uences the experience, making it a suitable medium for encouraging the creation of narratives
that incorporate physical elements, which might be the child's surroundings and their toys [3, 4], or even
their own scenarios and props created through analog means such as paper or playdough [18]. Not only
does this inspire children to use existing objects in novel ways, but it can also motivate them to engage
in artistic endeavors that stimulate their creativity, while not limiting their imagination to the choices
available in the system. Moreover, research has shown that interacting with physical objects plays a
signi cant role in the development of children's cognitive abilities [19]. Hence, it is important to provide
adequate support for this type of interaction. AR also facilitates direct collaboration by not con ning
activities to the virtual realm, and allowing users to be more aware of the presence of others and see

them at all times [20].

1.1 Problem

The Creative Learning Spiral [21] is an approach devised by Resnick that aligns with a constructionist
model of learning [22] and encourages creative thinking. It is a cyclical process of "Imagine, Create,
Play, Share, Re ect, and back to Imagine” [ [23], p. 2]. In light of this concept, the author delineates
some principles that tools designed for children should follow, such as being adaptable in order to not
restrict imagination, providing opportunities to create and experiment, focusing on sharing with peers as

a source of inspiration, and encouraging the evaluation of their own work in order to improve it.

Many of the existing applications of technology to support storytelling activities do not follow these
principles, as they are constraining in different aspects. Most enable experiencing only existing stories
with limited or no possibility to in uence the narrative in meaningful ways, forgoing the ability to create
[1,24,25]. Others allow fabricating stories, but have a number of drawbacks, such as being too complex
for inexperienced users [26, 27] and discouraging playful exploration or experimentation [26, 28-30], or

requiring separate equipment [31-38].

Taking into account the attributes of AR and its recognized bene ts when used in educational con-
texts [39], it has the ability to improve on the existing systems and address their issues. In spite of
this, AR still hasn't been suf ciently explored in the context of storytelling, especially with respect to the

creation of narratives by children.



1.2 Approach

This project centers on the usage of augmented reality to create animated stories. With its persistent
connection between the real and virtual worlds, AR overcomes system limitations by allowing to incor-
porate physical elements into the narratives. Moreover, it allows the environment to serve as a source of
inspiration, and enhances engagement in the activity, encouraging children to participate in storytelling.

The application developed for this project enables children to create stories on a mobile device,
either individually or in collaboration with peers. These stories are built through the interactions of virtual
elements, which children can move through space or assign animations to. Stories can be set in the
physical world or within virtual 3D landscapes, offering exibility for creativity even when the physical
environment is not as inspiring, and allowing to explore different locations. Additionally, the stories can

be further enriched and personalized with audio recorded by the users.

1.3 Research Questions and Hypotheses

To guide the development of the system, as well as to have a basis for evaluating its success in meeting
the de ned objectives, the following research questions and associated hypotheses were formulated:

* RQ1: Does the solution promote creative thinking?

H1: The solution leads to the generation of creative artifacts.

— H2: The materials do not constrain the story.

H3: The design facilitates experimentation.

H4: The solution encourages re ecting and building up on past work, as well as sharing it

with peers to exchange ideas.
* RQ2: Does the solution promote real-time collaboration?

— H5: The solution facilitates discussion during story creation, and enables equal participation

in this process.
« RQ3: How often and in what ways do children make use of their surroundings in the stories?
— H6: The physical environment is incorporated in the stories.
* RQ4: Does the solution increase willingness to engage in storytelling activities?
— H7: The users enjoy creating their own stories and feel more motivated to do so.

The validity of these hypotheses was evaluated through a user study conducted in a school set-
ting with fourth-grade children, where pairs of students were tasked with collaboratively creating and

recording a story using the system.



1.4 Organization of the Document

In Chapter 1, we introduce the problem addressed in this study, outline the research questions guiding
the investigation, and present the hypotheses we anticipate will be veri ed. In Chapter 2, we provide
a background on the theories that informed our approach, and present previous works on the eld,
analysing their strengths and limitations. In Chapter 3, we describe the prototype that was developed,
focusing on both its design and technical aspects. In Chapter 4, we describe the methods employed to
evaluate our solution. The results obtained from the evaluation are displayed in Chapter 5. In Chapter 6
we discuss the aforementioned results, identify the limitations of the study and propose future research
directions to verify and expand upon our ndings. Finally, in Chapter 7, we summarize the main take-

aways from the project and our contributions to the eld.
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2.1 Background

2.1.1 Sociocultural Theory of Cognitive Development

Lev Vygotsky's sociocultural theory [40] emphasizes the importance of interpersonal communication and
cultural context in the development of cognitive processes. Speech, which often accompanies activities,
helps children perform tasks and guides their behavior. It is through speaking that children organize
their thoughts, plan solutions to a problem, and seek assistance when facing challenges. Vygotsky
introduced the concept of the zone of proximal development, de ned as "the distance between the
actual developmental level as determined by independent problem solving and the level of potential
development as determined through problem solving under adult guidance or in collaboration with more

capable peers” [40, p. 86]. This underscores the value of collaboration as, through engaging in activities



alongside peers with a higher pro ciency in different capabilities, children can perform tasks that they

aren't yet capable of doing independently, thus developing emerging cognitive functions.

2.1.2 Constructionism

Constructionism, a theory proposed by Seymour Papert, suggests that "learning is particularly effective
when it is embedded in an activity the learner experiences as constructing a meaningful product” [22, p.
1]. Unlike the traditional model of learning, where concepts are often presented in isolation from practical
application and learned through rote memorization, the constructionist model proposes that knowledge
should be acquired in the context of other activities that personally motivate the learner. Papert praised
the use of computers as limitless tools for building various artifacts, such as games, simulations and
artistic creations. In line with this, he co-developed LOGO, a exible and intuitive programming language.
While having a project in mind, children explored the capabilities of the language while applying concepts
of mathematics, physics, music and others [41].

Following these ideals, Mitchel Resnick introduced a set of principles that aimed to help children
grow as creative thinkers. These are the Four P's of Creative Learning: Projects, Passion, Peers and
Play [21]. He asserts that children learn better when working on the creation of projects they deeply care
about, in a playful and experimental way, and when they collaborate with peers and receive feedback.
Moreover, Resnick describes the Creative Learning Spiral, a cycle of "Imagine, Create, Play, Share, Re-
ect, and back to Imagine” that occurs when learners work on a project [23]. Following the educational
success of the programming language Scratch®, which he co-founded, the author delineates a set of
principles for designing technologies that support creative learning: tools should be versatile to avoid
constraining childrens' imaginations; the technology should be oriented towards creation, rather than
mere interaction; the process should be fun and engaging, and allow children to experiment with new
ideas; it should enable sharing creations with others to inspire and motivate; and nally, the technol-
ogy should allow children to review their work and re ect on their successes and shortcomings, thus

consolidating learning and sparking new ideas.

2.1.3 Embodied Cognition

The Embodied Cognition theory argues that body and mind are intrinsically linked, and that the develop-
ment of cognitive processes does not occur in isolation, being instead shaped by an individual's sensory
and motor interaction with the environment [42,43]. As a result, physical action and perception are
paramount for potentiating the acquisition of fundamental competencies, not only for the task at hand,

but also extending to other activities involving the same processes [44]. Research has demonstrated that

1scratch homepage, https://scratch.mit.edu/



embodiment has an in uence on areas such as memory [45], socialization [46], language [47], music
cognition [48] and knowledge acquisition for education [49]. The principles of embodied cognition have
been increasingly applied within digital contexts, often for educational purposes. These approaches en-
able interaction with systems through sensorimotor input or output, leveraging perception and movement

to facilitate learning and understanding.

2.2 Literature Review

Existing systems that support storytelling differ in how much the user can interact with the story. Some
systems present only a complete story where the user is a passive watcher, and while they might be
able to make some decisions, they ultimately do not affect the course of the story. Contrarily, more
interactive storytelling systems allow the user to in uence certain details in an existing story to change
its plot. Taking a step further, there are systems that enable users to create an entire story from scratch.

In this literature review, we will focus on the last two types of systems.

2.2.1 Interactive Storytelling

Interactive storytelling systems allow the user to perform certain actions in order to affect the story. This
technique is best known through electronic games, where the user is often placed in the role of the main
character. In interactive ction [50], text-only stories are shown on the screen, prompting the user to
type the action they wish their character to take in order to progress through the story. With posterior
advances in computing power, these were expanded into graphic adventures, which still allowed choice
but with the inclusion of visuals to accompany the story. However, one can argue that mainstream video
games aren't to be considered interactive storytelling, as the story that is formed tends to be heavily
in uenced by mandatory gameplay elements, such as puzzles designed to entertain the player [51].

On the opposite end of the spectrum, there are systems that attempt to establish a clearer correspon-
dence with the classic story book format. One approach is to use physical books as basis for a digital
augmentation, commonly through augmented reality [1, 24,52]. In these systems, the content on the
pages of the book is used as markers that get recognized by the application and trigger the appearance
of virtual characters that can be interacted with. This approach integrated with a real book has the ad-
vantage of the access to the story continuing beyond the digital application. Other strategies to present
interactive stories employ the simple presentation of text and graphics on a display as they would ap-
pear in a book, possibly with the addition of accompanying audio or other novel features [53]. Similarly
to the aforementioned interactive games, the narrative can be in uenced by the user, usually by pressing
buttons symbolizing multiple choices. Besides this, some systems allow changing the presentation of

the story itself. This is the case of TinkRBooks [25, 54], storybooks that can be viewed on a tablet that



(a) Physical book. (b) Gesture-based interaction with virtual elements.

Figure 2.1: Interactive storytelling system in "An Interactive Mobile Augmented Reality Magical Playbook: Learning
Number With The Thirsty Crow” [1].

allow children to point at textual and graphical elements in order to change them. This produces simple
changes in the story, such as changing the weather from "sunny” to "rainy”, which promote literacy by
connecting written and visual concepts.

While interactive storytelling systems allow some freedom in determining plot elements and some-
times the story's resolution, they are always tied to the same base narrative and setting created by the
authors. Moreover, as it is impossible to represent every single possible outcome, the choices are limited
to what was programmed in the system. When the user only controls the actions of a single character,
the outcome of these choices might not even be clear, as they sometimes only change events further
in the future. For these reasons, this type of system highly constrains the creativity of the users by not
allowing them to alter the stories in the ways they desire. While they play an important role on the pro-
motion of storytelling behaviors related to reading and listening, systems that only support interaction,

but not design or creation, pose a challenge to the development of creative thinking [21].

2.2.2 Story Creation

Current story creation systems provide the ability to author rich stories with an expressive graphical
representation. However, to grant the user the freedom to create exactly the type of story they envision,
these systems are naturally more complex. By integrating the storytelling component with preexisting
software frameworks, such as game engines, the system can take advantage of their established meth-
ods to develop visual applications. This approach is adopted by Kapadia et al. in the creation of a tool
that automatically generates interactive narratives [26]. To create a story, the user needs to use an en-
gine to program the different plot arcs, the state and relationships of the characters and objects, and the
desired animations. One issue with this approach is that, similarly to other systems, it requires program-

ming knowledge, thus posing a signi cant skill barrier to story creation. Moreover, the ensuing work ow



is more suited for materializing stories that are already formed, forgoing the process of exploration that
gives rise to new ideas [21]. A subsequent study [27] aimed to make this type of tool more accessible
by developing a graphical platform to de ne the story characteristics, but it still required understanding
speci ¢ concepts such as behavior trees and logical expressions, making the tool dif cult to use by

users who do not possess this knowledge.

The expected level of computer literacy required for these systems makes them unsuitable to be used
by children, though it is undeniable that programming-based methods offer a lot of freedom in creating a
completely personalized story. The popularization of drag-and-drop and block-based programming envi-
ronments such as Alice [55] or Scratch [56] has made this skill more accessible to children by replacing
code with visual blocks that can be arranged together into a sequence of actions. These environments
help children express their creativity in the form of games, music, animations, and, more relevant to the
present work, stories [57-59]. Nevertheless, most block coding systems aren't suited for younger chil-
dren who haven't yet acquired reading skills. To address this, Dietz et al. developed Visual StoryCoder
(Figure 2.2), a mobile application for story creation [2] that relied solely on programming blocks that had
symbols in place of text, as well as an animated voice agent that provided help and suggestions. The
narrative was formed by sequencing together blocks representing chapters, and augmenting them with
drawings, music and sound effects. While the simplicity of this system is a plus, both due to it being
easy to use and facilitating swift story creation, the limitation of the types of media that can be used and
how they can be arranged restricts the variety of stories that can be authored. It is dif cult to nd a bal-
ance with systems involving programming as, if they allow too much freedom, they pose an added layer
of complexity that might detract some children from using them to create stories, particularly as they

encounter problems in the code [60], but when simplifying them too much, their limitations are apparent.

Figure 2.2: Story creation with block programming in Visual StoryCoder [2].



Visual interfaces tend to be less complicated and more accessible, as their reliance on images means
that they can more easily be used by children whose literacy skills are still in development [61]. As the
usage of text is limited, there tends to be an emphasis on the addition of media chosen or created by
the children to complement the story, an activity that mirrors the process of creating illustrations to ac-
company traditional written stories. Technology further reinforces self-expression with multiple mediums
by enabling the addition of elements such as video and audio recordings, digital drawings, photographs
and even animations. Other approaches employ the use of premade media to direct children's efforts
towards the plot and explore different possibilities. However, Rubegni and Landoni [29] noted that, in
these circumstances, the level of detail given to the characters tended to diminish. This was particularly
evident when the images depicted characters from popular entertainment media, and the resulting sto-
ries would conform to the established ones. Therefore, the authors caution that providing a complete set

of characters and scenarios might direct the narratives in a speci c direction.

These graphic-based systems can be separated into those that require creating a story with a speci ¢
structure, and those that allow for more free-form narratives. The rst category of systems aligns with
concepts from the school curriculum regarding storytelling, such as learning the general structure and
constituents of a narrative belonging to a speci c literary genre. For instance, these applications can
prompt the de nition of typical plot points such as setup, conict, climax and resolution and provide
guidance on what to include in each of them [4, 30, 62], or ask to detail features of story elements
such as a protagonist or an antagonist [28, 29]. Moreover, these systems often provide inspiration by
presenting text or images that may be included in the stories as a starting point. Both of these factors
are important in overcoming the initial hurdles of starting a story, as well as in creating a compelling and
thought-out narrative that lls the authors with a sense of pride. Nonetheless, one can argue that by
only anticipating the creation of structured narratives, children's creativity is restricted by not letting them

experiment with different or unconventional formats [21].

Unstructured narratives generally consist in sequences of scenes that make extensive use of the
various types of media previously mentioned. With the possibility to animate images and easily create
special effects through simple drawings, the objects and characters are manipulated towards a creation
akin to a theatre play, often enhanced with the inclusion of dialogue [63, 64]. To allow children to fully
represent what they envision, physical elements are transported into their stories through audio, image
and video capture [3,18]. Through this continuous interaction with the physical world, they draw inspira-
tion from their environment, either by creating stories set in their current location, by bringing their toys
to life through animations, or by using colors and patterns as a basis for other creations (Figure 2.3).
Their creativity is stimulated by encouraging them to look at their surroundings with a different lens and

giving them a new purpose.

Indeed, as Decortis and Rizzo emphasize, the story creation process is naturally ingrained in the

10



(a) Photographing a toy to use in the story. (b) Animating story elements.

Figure 2.3: Children creating a story with photographs and drawings in TellTable [3].

local environment [18]. Such integration is ampli ed in location-aware narratives, which are meant to be
experienced in the locations they take place in, and commonly track Global Positioning System (GPS)
coordinates to determine the viewer's progress in the story [65]. The inclusion of various types of
media to capture ambient sounds or to illustrate imagined creatures living in the area provides a highly
immersive experience. When creating a story, the author's imagination is sparked by their physical
presence within the setting, being encouraged to delve deeper into the details about the narrative and
how they wish to convey their ideas [66]. The lack of inspiration is mitigated through a careful observation
of the environment to nd items and structures that can be incorporated in the story [4]. Yet, the strengths
of this type of storytelling are what makes them cumbersome to use. Authoring and viewing stories
requires traveling to a speci c location, which poses a signi cant obstacle to children in particular. As

such, even the sharing aspect [21] of the process is compromised due to the effort it requires.

Even if the aforementioned systems promote the manipulation of objects, once the content has been
imported into the program the interaction is done solely on the digital displays. Tangible interfaces [67]
associate physical objects with digital functionalities, allowing users to interact with the system through
the objects themselves. Their applications range from the usage of puppets whose movements animate
characters on a display [32] or play back recorded dialogue when shaken [33], puzzle pieces that con-
struct a story based on the sequence of their connection [35], blocks that determine the appearance
of story elements on a screen and their interactions [36—38], among many others. The usage of phys-
ical objects to interact with the system provides for a more intuitive and embodied experience, which
contributes to an increased engagement and immersion in the storytelling activity. Instead of a task, it
becomes more similar to play. Still, the reliance on single purpose objects presents a signi cant obsta-
cle to the accessibility of these systems, as there is an added cost and burden of acquiring the tangible
objects. In this sense, systems involving more readily-available devices should be considered.

An alternative method to engage with the physical and virtual worlds simultaneously is through aug-

mented reality, a technology that has consistently demonstrated positive outcomes when applied to
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