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ABSTRACT

Likewise, a child playing a digital game with the Wii game controller or the Kinect is acting within a situation where the context
is given. Psychological research in design fixation has shown that
the provision of external structures can prime the individual’s
imagination or idea generation [1, 2]. How does that affect the
design of authoring interfaces for children?

This paper investigates how the presentation of contextual visual
images may influence a child’s imagination during the use of
authoring systems to create digital content. This issue is particularly significant to understand what supports the child’s creativity
in authoring systems in creative storytelling. We address specifically children aged 8 to 10 because of the ‘Fourth-Grade Slump’
phenomenon whereby children experience a decrease in creative
engagement at this period. We carried out a study in which children used a storytelling system that allows the user to physically
enact stories in a digitally-augmented space contextualized by
either a contextual background image or a blank screen. Using
methods of video coding and analysis, we uncovered themes relating differences between children’s enactment in the presence of a
digital background and without in terms of both the process and
product of storytelling. We discuss implications that the themes
have for the design of story authoring systems for children.

Authoring interfaces provide a digital environment for children to
create in. They frame the creative process of the child as the latter
engages in idea generation and expression. In the domain of creative storytelling that we focus on, research has looked at the technical implementation of systems, the proposition of new interaction concepts, or the study of a particular technology to support
learning, social connectedness, motivation, etc. Examples of story
authoring systems include POGO [3], StoryMat [4] and StoryRoom [5]. Yet, little research has been done to understand the
specific requirements for designing digital interfaces in such authoring systems. The design of the system’s interface is typically
arbitrary to a large extent. Our research aims to provide guidelines
as to the design of story authoring interfaces for elementary
school children. We investigate how the presentation of contextual visual images may influence a child’s imagination during the
story creation process and the stories produced.
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H.5.2 [Information Interfaces and Presentation]: User Interfaces (Screen Design)

Many existing story authoring systems for children such as those
mentioned above have been developed to leverage the child’s
capacity to readily engage in pretend play. In fact, Chu & Quek
[6, 7] proposed the concept of performative authoring whereby the
child physically enacts out to construct or tell a story, thus providing a transparent creation medium as opposed to, for instance,
writing which requires technical skills. This paper presents a study
in which children used a storytelling system that creates a digitally-augmented space where the user can enact stories contextualized by varying visual presentations.
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1. INTRODUCTION
The affordances of both physical toys and digital interfaces have
tremendous power to transport children into worlds of imaginary
pretend play. An 8-year-old playing with a stick may imagine
herself to be a knight, pirate, or even her favorite superhero. She
imagines freely and creates stories in her ‘mind’s eye’, projecting
mental imagery on artifacts in her environment. If we place this
child in a room with a pirate-ship wallpaper motif however, her
imagination may become constrained to pretend play as a pirate.

2. BACKGROUND & CONTEXT
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We focus on children aged 8 to 11 (3rd – 5th grade) because children of that age range undergo a period of cognitive, social and
emotional development, and are susceptible to a phenomenon
called the ‘Fourth-grade slump’ [8], whereby children experience
a sudden decline in creative engagement. One possible explanation that has been advanced for the decline is the intensification of
social awareness in the child, which causes the child to selfevaluate her output more negatively. This in turn leads to a drop
in the child’s self-efficacy, and a consequent decline in motivation
to engage in creative activities [9, 10].
In contrast to theories of design fixation [11], theories of embodied cognition have suggested that external representations such as
visual images are helpful for people to think. McNeill [12] proposed that external objects can be appropriated as ‘material carriers’ to represent thought objects, in essence bringing the person’s
perceptual and spatial abilities to participate in her thinking pro-

Our research question is as follows: How do contextual visual
structures in story authoring systems affect the child’s process of
creative storytelling and the nature of the creative product?

cess. This suggests the positive participation of perception in the
creative process. Empirical evidence has been presented to that
effect showing that features of the physical environment can mediate creative performance [13].

3. THE STUDY

In line with fixation theories however, Neblett et al. [14] found
that the presence of physical objects of particular shapes made
available for perception and manipulation was functionally equivalent to simply visualizing or projecting the shapes in one’s mind,
resulting in no difference in outcomes. Anderson & Helstrup [15]
saw that physical synthesis could generate more patterns, but the
patterns were not necessarily more creative. In this sense, the
presentation of perceived structures may not translate to benefits.

We ran a study in the form of a digital storytelling workshop in a
studio space for children aged 8 to 11 (3 boys and 3 girls) whose
parents voluntarily signed them up. Story backgrounds shown on
a large display (see Figure 1 top right) were chosen as the form of
contextual visual structures to be provided. This configuration is a
common feature in many interactive systems for children. An
interactive digital story authoring system was developed to help in
the conduct of the study. The system has two modes: 1. Story
listening, and 2. Story creation. In the story listening mode, the
system plays a video of a story reader narrating a story (Figure 1
top left). In the story creation mode, the system allows the child to
tell a story using enactment with a generic tangible object. The
use of the tangible object enables the child to interact with an
analogous digital version of the object on the screen, e.g., moving
a tangible toy lantern in the ‘enactment box’ will correspondingly
move a digital 3D model of a lantern onscreen. In this story creation mode, either a background image or a blank screen can be
displayed together with the digital object model on the screen.

Given the conflicting theories, it is difficult to determine whether
the provision of visual contextual structures may support or hinder
the child’s story creation process. Bipolar explanations for possible outcomes include: the ‘design fixation’/’stimulus’ hypothesis, whereby the perceived structures either have an overpowering
effect on cognition or triggers the creation of new lines of association among the child’s memory structures; the ‘lack of raw materials’/‘structures influx’ hypothesis, whereby the child either
does not have sufficient experiences from which to draw or has a
large store of memory structures that creates an influx of connections to be actualized in the creative act; the ‘offloading’/‘automatic retrieval’ hypothesis, whereby the external
representations either help the child to reduce cognitive load
therefore facilitating her retrieval of memory structures or cause
the ‘automatic’ retrieval of schema (memory structures) associated with the task preventing the child to readily recombine other
farther structures; and the ‘cognitive dissonance’ hypothesis [16]
stating that people may show poorer performance in creativity
when imagined and perceived stimuli are mismatched/misaligned.
Story listening screenshot

Sample story backgrounds

Tripods with small
HD cameras

Child enacting with
tangible object

Large screen

Generic object

Study room setup

The study was carried out as illustrated in Figure 2: using the
digital storytelling system, the child participant first watched the
narration of a novel story of three dwarves going into a cave to
find resources for their town. The story consisted of two parts,
each part consisting of three segments or episodes. The three episodes in each story part were crafted to tell the same events (i.e.
dwarves cooking, dwarves digging, dwarves shooing away enemies). The story was paused after each episode and the system
was switched to creation mode. The child was asked to continue
the story using enactment. All children engaged in two kinds of
study sessions: enactment with a background image and with a
blank screen. If a background image was displayed during enactment episodes of Story Part 1 for a participant, a blank screen was
displayed for story creation in Part 2. In total the study took 1.5
hours, with each story listening episode lasting around 3 mins and
each story creation session lasting about 2 – 3 mins. The children
indicated to the researcher when they were done enacting their
story part. All enactment sessions were video recorded.

Digital
object

Enactment
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The overall analysis approach of the enactment videos is shown in
Figure 3: (1) Using the Inqscribe software [17], the base transcription was done based on Chu & Quek’s MAIA approach [18], in
which the videos are transcribed first at the level of micro-actions
(atomic actions including the use of voice), and second at the level
of vignettes, meaningful groups of micro-actions telling a story
piece; (2) Each micro-action is coded using a variant of McNeill’s
[19] reference chain analysis scheme into three levels: object(referencing the story that the child is telling, e.g., rocking the
frying pan to enact a cooking action), meta- (referencing the process of telling the story, e.g., pausing in mid-action to think about
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Figure 3. Data analysis of story enactment videos
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Figure 2. Design of study conducted
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objects, we observed that the provision of the digital backgrounds
consistently caused greater interest in the child to engage in story
creation. The fewer number of micro-actions until the first storyrelevant micro-action on average for many of the children, as well
as comments during the post-interviews, provide evidence of the
motivational effect of the digital structures.

the next step in the story being told), and para- (referencing objects and persons in the immediate environment unrelated to either
the story being told or the process of telling the story); (3) ‘Object-level’ actions that indicated simulated interactions with some
sort of story environment element were coded into three categories based on Kirsh’s [20] spectrum. Kirsh classifies the use of
external structures participating in cognitive processes depending
on its level of dependence on what may be readily perceived in
the environment. In Perception, the mental imagery is anchored
completely in perceived external structures. In Projection, imagined structures retrieved from memory are anchored on external
structures, similarly to one wearing ‘augmented reality’ glasses. In
Imagination, mental imagery is wholly retrieved from memory,
and is independent from any perceived external structure. The
utility of Kirsh’s model is that it provides us with a way to analyze and understand the mechanism by which the child imagines
and creates her enacted story.

PRODUCT: Affordance-based Imagination: The types of actions that the child performed in the digital background sessions
were usually more typical of the situation presented in the story
episode than in the no-digital background sessions. For instance,
the first event of the child’s story tended to consist of an action
that plays off the key contextual digital element (e.g., scoop up
mushrooms) when digital structures were present, whereas with
no digital structures the first story event was often one that sets
some form of context or background to the child’s story (e.g.,
declaring “I’m hungry”, planning to get more food). The overall
storyline as well was usually more typical of the schema of the
story situation (e.g., gather food, cook food, eat food). More imagined actions and objects outside of the typical schema of the story
narration were seen in the no-digital background condition (e.g.,
spotting ants, getting burnt, walking in a tired manner). We call
the child’s imagination in the with-digital background sessions
‘affordance-based’ as the ideas that the child retrieved to include
in the story were more often than not associated with what the
perceived digital structures directly provided.

5. FINDINGS
We describe and discuss below themes uncovered in our analysis
in terms of the process of story creation and the stories produced.
The findings are summarized in Figure 4.
With Background
Translation + Augmentation of digital stimuli
Projection from environmental structures

Without Background
Augmentation of any environmental stimuli

Creativity flow

Reduced story focus

Greater motivation

More structured storyline

PRODUCT: Structured narrative: The stories told in the sessions without digital backgrounds were observed to generally
follow more of the narrative structure with a beginning, middle
and end than those from the with-digital background sessions. The
no-digital background storylines tended to start with speech uttered by the story character, the child’s own narration, or character
action that sets the context of the story (e.g., “I’m a miner”, the
character walking to the mines, the character being hungry). Although a clear climax was not always immediately evident, the
child typically provided a closure or wrap up of some sort to the
story (e.g., the character assessing the food cooked as “yummy”,
the character walking out of the scene to the next). With digital
backgrounds present, the storylines were more focused on interaction with the elements perceived instead of producing an actual
story that is normally defined by the narrative arc.

Projection from memory

More typical storyline
More elaborate storyline
Figure 4. Summary of findings
PROCESS: Transformed Imagination: There were differences
in terms of the types of objects that the child’s imagination targeted depending on the background condition. In the case with the
digital background, the child would appropriate the perceived
digital structures, e.g., mushrooms on the cave banks (refer to
Figure 1), move them elsewhere on the screen or out into the
world onto a different anchor, e.g., the tangible object. This transformation of perceived structures were not limited to translation
or movement only, but also included augmentation of the state of
the structures, e.g., the mushrooms being chopped up and cooked
instead of raw. However, in the sessions without the contextual
backgrounds, the child augmented any perceived structure in the
environment (the tangible object, the blank screen, the floor, etc.)
with structures retrieved from memory. Processes of appropriation, translation and augmentation were not needed.

6. IMPLICATIONS FOR DESIGN
We investigated the role of contextual digital structures in story
authoring systems for children to inform the design of interfaces
that optimize support for the creative process of the child. Our
findings indicate that there are clear tradeoffs. On the one hand,
these structures act as prompts for task and story engagement for
some children. On the other hand, they may harm the quality of
the stories or creative products that a typical child can produce.
Amabile’s [22] componential model highlights the importance of
motivation, creativity-relevant skills and content knowledge for
creativity. Given the ‘Fourth-Grade Slump’ phenomenon that we
described in Section 2, motivation is a key component that should
be considered for our 8 to 10 year-old target age group. Compromises may have to be made in design decisions when considering
the level of perceived support to provide in an interface. For example, if contextual digital representations are excluded in the
design of a system so as to maximize support for the child’s creativity-relevant skills and content knowledge, one may want to
incorporate a separate feature designed to increase the motivation
of the child to be involved in the creative activity.

PROCESS: Story Focus: We found that the child had a harder
time getting started and staying on task in storytelling without the
perceived stimulus of the digital background. To a large extent,
sessions without digital backgrounds were punctuated with more
periods of play or non-story relevant actions than sessions with
digital backgrounds. ‘Meta-level’ and ‘Para-level’ micro-actions
were significantly more prevalent. The child would often drift in
and out of the story mode (e.g., to examine the tangible objects or
to play with the technology) instead of having an unbroken block
of storytelling activity. This is detrimental given that enactment
has been identified as episodes of ‘flow of creativity’ [6, 21], and
has formed the rationale for many children’s storytelling systems.
PROCESS: Motivation, Interest and Excitement: Apart from
the excitement of the children by the interactive capabilities of the
storytelling system with regards to the tracking of the tangible

The stories constructed by our participants in the with-digitalbackground were less elaborate and exhibited poorer structure in
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the form of a less apparent narrative arc. The reason for this may
be Kirsh’s [20] observation that projecting mental imagery onto
perceptual structures incurs a ‘cost’ for the viewer to deconstruct
the background structure and to transform its elements. In the nobackground-image case, the child does not have to overcome this
‘cost’ in order to employ prior experience both in content and
understanding of narrative structure.
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One possible way to alleviate the ‘cost’ and making contextual
structures effective is to reduce the ‘size’ of the unit of the provided contextual structure. Investigating the design of physical objects for children’s story enactments, Chu & Quek [23] proposed
that the affordances of objects may lie on a spectrum of culturalspecificity ranging from very similar to very arbitrary to real-life
referent objects. Similarly, we can think of the background and
no-background conditions in our study as two poles along a continuum of ‘atomization’ of perceived digital elements. We made
use of a ‘whole’ background in our study. In the background condition, all visual pieces are rigidly embedded in a whole image
with semiotic roles for each element. In the no-background condition, only the animated objects are present, disconnected from any
specification of its meaning. We can imagine a continuum of visual representations with varying commitment to ‘whole construction’ that a child may use (e.g., tires and vehicle bodies à whole
fire engines à fire engines at the scene of a large fire, as different
points on the continuum). Where representations lay on this continuum may help to satisfy the trade-off requirements of degrees
of visual support for motivation and creativity.
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7. CONCLUSION
Our findings are necessarily limited to the context of the choices
that we made in the design of the study and system, e.g., despite
efforts to construct similar and comparable story episodes for each
study condition, minor differences and other factors beyond our
control may have influenced children’s creative processes. Possible directions for future research are numerous: presented digital
structures can be manipulated to be smaller units to test our ‘atomization’ premise; contextual representations can be extended to
be not only perceived in the visual sense but in terms of other
sensory modalities like hearing; apart from story backgrounds that
we studied, other types of contextual structures commonly used in
system interfaces for children can be manipulated, e.g., pregenerated characters.
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discoveries in physical and mental synthesis, in Creative
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Our research studied the impact that contextual digital structures
may have on the process of how children imagine stories and the
actual stories produced. The five themes uncovered show that the
design of interfaces with respect to the child’s imagination is more
complex than one may expect, and is worthy of thorough study.
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