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ABSTRACT
This paper describes a Tabletop Imaginative Play as Enactive Sto-
rytelling (TIPES) system for children that captures their tabletop
enactment and transforms them into animated cartoons in real
time. In this paper, we compare children’s storytelling support us-
ing TIPES (AR condition) and the raw tabletop-play recordings
without using TIPES (TR condition). We conducted a study involv-
ing 18 pairs of 7-13 year-old children. Each pair engaged in creating
two stories in the AR or TR conditions, respectively. We coded
for actions and vocalizations and grouped these action-vocalization
compounds into enactment idea units. We identified a statistically
significant positive correlation between total actions and vocaliza-
tions of each story in AR but not in TR and a statistically significant
negative correlation between action complexity (actions/idea unit)
and vocal richness (vocalizations/idea unit) in TR but not in AR. It
can be inferred that children manifest distinct engagement in con-
structing story enactment ideas by demonstrating a more balanced
management of semantic loads between executing actions and ut-
tering vocalizations in AR compared to TR. This implies varying
levels of incorporating multimodality in expression across differ-
ent conditions. Furthermore, the analysis of interview responses
highlighted greater enjoyment in utilizing TIPES.
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1 INTRODUCTION
Expressive communication requires a level of sophistication in lan-
guage to articulate and convey ideas. Such communication requires
ideas to express, the structuring of ideas for expression, and the
necessary language skills. Children, especially elementary school
students who are still in the process of attaining mastery of lan-
guage often struggle with this combinatorial process [16]. However,
when engaged in imaginative play or role-play (also referred to
in literature as pretend play [4], or story enactment [9]), children
reveal remarkable capability for story creation and expression. Chil-
dren’s enactive play is replete with imagination and stories. They
form imaginative ideas and create their own narratives when giving
voice to their toys and building story fragments in their play.

Our research investigates the effect of employingDigitally-Augmented
Enactment (DAE) [37] on children’s idea generation and formula-
tion (structuring) in relation to their expressive abilities. Instead
of having children go directly from generating ideas to structured
verbalization, our approach leverages technology as a ‘bridge’ to
decompose the storytelling activity into two stages: story creation
and structuring through embodied enactment and the encoding
of the story into linguistic expression. In this paper, we introduce
the Tabletop Imaginative Play as Enactive Storytelling (TIPES, pro-
nounced TȳPES) system that augments physical tabletop play with
realtime digital animations. This animation is combined with chil-
dren’s voice-acting at the time of play during playback.

This paper compares children’s storytelling support using TIPES
(Animation Recording, AR, condition) and raw video recordings of
tabletop play without TIPES (Tabletop Recording, TR, condition).
The children were given story prompts for their tabletop story play.
The children wrote their stories after either watching the TIPES-
generated cartoons (AR) or the raw tabletop video recordings (TR).
These recordings are multimodal, combining the physical enact-
ment through the tabletop toys with the vocalizations (voice-acting,
sound effects, narrations). By separately analyzing the physical ac-
tions and vocalizations in the story recordings, we acquire a deeper
understanding of the children’s enactment idea construction pro-
cess.

2 BACKGROUND AND RELATEDWORK
In this section, we present a brief review of the previous research on
the effects of story enactment on children’s cognitive development
and digital storytelling approaches.
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2.1 Storytelling and Enactment
Storytelling fulfills various functions, encompassing education, en-
tertainment, and cultural preservation. According to Bruner [6],
narratives are an essential means of organizing and interpreting
experiences, empowering individuals to derive meaning from their
surroundings. Utilizing narrative structures simplifies intricate con-
cepts and ideas, fostering enhanced comprehension and engage-
ment. Engaging in play encourages individuals to explore fictional
worlds, fostering the exercise of imagination and creative think-
ing abilities [5, 17]. Individuals immersed in enactive story worlds
during play envision various scenarios, construct mental images,
and craft elaborate narratives and characters [3, 13, 17]. This imag-
inative engagement not only has the potential to enhance creative
thinking but also to facilitate the development of critical thinking
skills, adaptability, and emotional intelligence [2]. Additionally, our
research aims to provide children with a collaborative storytelling
experience by asking players to cooperate and negotiate during the
play, leading to the cultivation of social skills [29].

Piaget’s stages of children’s cognitive development outline key
milestones in phases such as sensorimotor, preoperational, con-
crete operational (COP), and formal operational (FOP) thinking
[28]. While questions have been raised about the exact points of
transition, that children generally move from a more concrete form
of thinking (e.g., using physical manipulatives for arithmetics) to
more abstract forms of thinking around the 7 - 12 years age range
(COP to FOP) is undisputed. We situate our research within this
general stage of transition.

2.2 Digital Storytelling
Digital augmentation in storytelling integrates digital technolo-
gies to enhance traditional narrative experiences. Jager et al. [14]
conducted a systematic review of digital storytelling in research,
involving 25 articles that reported its benefits on professional devel-
opment, education, and community building. Various researchers
have significantly contributed to the development of digital sto-
rytelling applications. Helmes et al. [19] and Alofs et al. [1] pre-
sented storytelling applications allowing children to interact with
2D scenery and story characters on a multi-touch tabletop screen.
For 3D experiences, Song et al. [32] provided a mixed reality story-
telling environment based on Kinect and HoloLens. Other works
relied on tracking devices like RFID [21] and body motion tracking
equipment [8, 38] to support children in telling imaginative sto-
ries in a mixed reality environment. Kim et al. [22] generated an
immersive and interactive augmented reality running on a minia-
ture based on real-time camera tracking. Juan et al. [20], utilizing
physical markers for camera tracking, incorporated audio of an
invented narrative into storytelling. Park and Moon [27] presented
an AR-based interaction system utilizing ARToolKit markers at-
tached to tangible objects. Our approach involves developing a
storytelling system offering a 3D experience, employing real-time
camera tracking of physical fiducial markers, and implementing a
simple yet effective tabletop setup.

3 TIPES SYSTEM
The TIPES system (Figure 1(a)) enables the coherent linkage of
physical figurines with virtual objects and provides real-time 3D

graphical support displayed on a screen. Children generate story
ideas and structure as they voice-act and manipulate their tangible
figurines on the tabletop space (Figure 1(b)). The system captures
physical figurine movements on the tabletop (Figure 2(a)) through a
top-downweb camera. The figurines are tracked using ArUco-based
marker tracking [26] to produce realtime animated story scenes
(Figure 2(b)) through a Unity-based [36] animation subsystem. Fur-
ther details on system design and development can be found in a
preceding paper [23].

4 THE STUDY
We conducted a user study with a total of 36 participants, 16 boys
and 20 girls, ranging from 7 to 13. Each study trial lasts approxi-
mately 1 to 1.5 hours. The following section details the selection
and recruitment of the participants, how the study was designed,
and a brief overview of various data collected.

4.1 Selection and Recruitment of Participants
The participants of this study were selected off the following crite-
ria: between the ages of 7 to 14, have a reasonable understanding
of the English language. We recruited participants for the study
with the help of a local elementary school teacher with deep ties
to a local Hispanic community. This teacher informed people in
his community of the study and allowed the research team to talk
with prospective parents of the participants. The participants had
varying understandings of the English language and additionally
Spanish. An assent form and a consent form were presented, re-
spectively, to the child and his or her legal guardian. The forms
were both available in English and Spanish, as some of the parents
had a limited understanding of English. Both the participants and
the legal guardians were made aware that the data collected is con-
fidential to the research team, and face blurring would be applied
for any potential publications. The participants were thanked for
their time, and they received a small gift of their choosing at the
end of the study.

4.2 Study Design
The children were paired up by similar age and same gender. Each
pair was asked to create two stories in a counter-balanced order of
AR and TR conditions (see Figure 1(b)). To prevent children from
using identical characters and thus generating similar stories, we
provided different sets of figurines for the AR and TR conditions.
Each set comprised six characters. While three figurines (a yellow,
blue, and green duck) were common to both conditions, the remain-
ing ones differed. The AR set included a beach ball, an umbrella,
and a palm tree, whereas the TR set had a sofa, a couch, and a lamp.
These varied figurines were used to inspire different stories.

The participants were first asked to fill out a pre-survey includ-
ing the Mini Big Five [31] and some pre-questions to gauge how
they felt about storytelling before being presented with the AR and
TR conditions. As a point of note, we reformulated the questions in
the Mini Big Five questionnaire to ensure they’re comprehensible
for young children since they were originally designed for adults.
The children were then given a brief explanation of the setup and
encouraged to start story planning with a prompt sentence given to
them by one of the researchers: “Imagine that you are at a friend’s
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(a) TIPES system setup (b) Children’s tabletop playing (TR)

Figure 1: Collaborative Story Enactment approach

(a) Figurines’ layout on the tabletop (b) Corresponding virtual scene in the screen (default camera view)

Figure 2: Transformation from a Tabletop scene to a Virtual scene

house/on the beach and you find out all the furniture/beach envi-
ronment objects can move and talk.” Each pair was then given 8
minutes for TR and 10 minutes for AR to plan a two-minute story
with their counterpart. The extra two minutes for AR were pro-
vided to allow children to get familiar with the TIPES system. The
children then stated to a researcher that they were ready to record.

After the children completed their story enactment, the recorded
enactment was played back to them, and they were tasked with
writing a story based on it. In addition, tomitigate challenges arising
from spelling and motor difficulties in writing [12], we provide
the option of dictation, enabling children to verbally express their
thoughts of what to write about the story, which we then assist in
typing. Children have the flexibility to review and make edits to
their dictated story at any point. After watching the recording, a
researcher prompted the child to start with the dictation process
by asking, “What do you want to write? Tell me the words and
sentences, and I’ll type them down for you.” Occasionally, the child
chose to write it themselves. A post-survey followed; it was used
to assess their enjoyment and opinions on the story enactment and
writings for different conditions. The story-creation process was

repeated for the opposite condition. Finally, a post-interview was
conducted to measure the child’s overall experience. The whole
study process was recorded using a Go-Pro camera, which was used
for observing the children’s physical actions in later data analysis.

4.3 Data Collected
The data collected from the various stages of the study are displayed
in Table 1. Each pair of children planned and enacted their story
together but wrote it out separately. Of the 72 written stories in
both conditions, 64 were dictated and 8 were handwritten. And each
child in the pair was surveyed and interviewed separately. During
the pre-survey and post-interview stages, we didn’t distinguish the
conditions and repeated the processes.

5 ANALYSIS
To comprehend the impact of our approach on children’s engage-
ment in both story enactment and retelling stages, we conducted
three analyses utilizing different sets of data: enactment analysis
focused on story enactment recordings; writing analysis on written
story texts; and enjoyment analysis derived from questionnaires
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Table 1: Different types of Data collected from the Study

Participants Pre-surveys Post-surveys Post-interviews Story enactment recordings Writings
AR 18 pairs 36 36 36 18 36
TR 18 pairs 36 18 36

and interview responses. Enactment analysis aims to elucidate the
process of children’s idea construction during play, while writing
analysis assesses children’s capabilities in retelling stories.

5.1 Enactment Analysis
We base our cross-modal analysis of the enactments on the theory
of motion descriptions by Leonard Talmy [34]. According to Talmy,
motion descriptions contain multiple aspects (e.g., manner, ground,
direction, subject, object) [33–35]. McNeill and Quek showed these
motion descriptions are represented multimodally through visual
expression (e.g., gesture and enactment) and speech [24, 25, 30].
We analyze how the visual performance in the story enactments
relates to the vocalizations as an indicator of the integrated story
imagination. We further analyze how these enactment-vocalization
compounds combine into sequences, providing insights into the
cohesion of the constructed story scenes.

We obtained the raw video recordings of children’s story enact-
ment in both AR and TR conditions and transcribed them. Among
all 18 pairs of children, we obtained 15 pairs of valid data. The raw
story enactment recordings of two pairs using our system (AR)
were incomplete due to technical recording problems. Additionally,
in one pair, one child participated in story planning and rehearsals
with her partner but was too shy to complete the formal recording.
And a researcher intervened to assist the other child with the record-
ing. Therefore, these three pairs of video recordings were excluded
from the enactment analysis due to practical issues. In total, we
analyzed approximately 102 minutes of video recordings, as quite a
few groups produced stories exceeding the required duration of 2
minutes. The enactment analysis results from both partners within
the same pair were combined since they collaborated to create the
same story, thus preventing overlap.

5.1.1 Analysis methods. We applied three approaches derived from
prior research to extract vignettes (sequential combinations of mul-
timodal compounds) [7, 9], descriptors (adverbial/adjectival char-
acterizations in the verbal accounts that are not contained in the
physical enactments) [38], and story digests (decomposition of sto-
ries into individual idea units) [9, 38]. We adapted and integrated
these in coding story enactment recordings for physical actions,
vocalizations, and enactment idea units. An action is a minimal mean-
ingful enactive action. Some examples are jumping, flying, hitting,
jiggling a character figurine while it’s walking, changing a char-
acter’s orientation to talk to other characters (indicating "Who"
[18]), moving to a specific location [33], and so on. Vocalizations
are represented mainly by vocal descriptors. A vocal descriptor is
an identified descriptive word or phrase in the video transcription,
including adjectives, adverbs or phrases together with prepositions
that function as adverbs indicating "When, Where, Why and How"
[18], descriptive verbs like "sleep, run, faint, etc.", descriptive nouns
like "love" in "a love story," and sound effects. An enactment idea

unit is a single complete story idea that combines a sequence of
actions and vocalizations.

Open coding was conducted by two coders on a randomly se-
lected 20% of the total data. A final agreement level of approximately
90% was reached for both coding physical actions and idea units.
Prior to analysis, both coders reached an agreement on the cod-
ing protocol for vocalizations. Then the data was divided into two
halves and assigned to the respective coders.

Based on the segmented enactive idea units, we analyzed the
degree of sophistication of these units in terms of the complex-
ity of the physical actions and the richness of the accompanying
vocalizations. Accordingly, we defined these two measurements:
Action complexity, operationalized as the number of observed
physical actions in the enactment idea units, and Vocal richness,
the occurrence of identified vocalizations (vocal descriptors) in the
enactment idea units. We further analyzed the relationship between
complex physical actions and rich vocalizations per idea unit in the
AR and TR conditions.

5.1.2 Statistical analysis results. The overall descriptive statistics
showed little difference in the average numbers of action complexity
(mean=1.1733, sd=.4850 in AR, mean=1.0025, sd=.4431 in TR) and vo-
cal richness (mean=1.2636, sd=.3351 in AR, mean=1.1907, sd=.5284
in TR) across the AR and TR conditions. Moreover, ANOVAs [15]
were performed to explore variations in actions, vocalizations, en-
actment idea units, action complexity, and vocal richness between
the AR and TR conditions. No significant differences were observed
in any of these aspects across the two conditions. We also compared
different datasets based on age and gender but found no discernible
differences between genders or age groups. However, one notable
observation emerged regarding children aged 10 and older: their
motivation to play with the figurines appeared to be relatively lower
compared to younger children, particularly in the TR condition.

We conducted a Pearson correlation [10] to investigate the rela-
tionship between the total numbers of Actions and Vocalizations
for each story and the Action complexity (actions per idea unit)
and Vocal richness (vocal descriptors per idea unit). The results
are displayed in Table 2. Notably, a statistically significant posi-
tive relationship between the total numbers of Actions and Vocal
descriptors was found only in the AR condition with a higher corre-
lation coefficient (r=+0.689, p=0.004) compared to the TR condition
(r=+0.008, p=0.997) (see Table 2(left)). It’s not hard to understand
intuitively that as time progresses, more actions and vocalizations
tend to occur, leading to an overall positive correlation between
them. However, the result reveals that this positive correlation
is only evident in the AR condition, not TR. This suggests that
even under the influence of the time factor in the TR condition,
the total numbers of actions and vocalizations remain significantly
divergent.
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Table 2: Two sets of Pearson Correlation results (**. Correlation is significant at the 0.01 level)

Total Actions with Vocal descriptors Action complexity with Vocal richness
Overall 𝑟 = +0.528∗∗ 𝑝 = 0.003 𝑟 = −0.543∗∗ 𝑝 = 0.002
AR 𝑟 = +0.689∗∗ 𝑝 = 0.004 𝑟 = −0.364 𝑝 = 0.182
TR 𝑟 = +0.008 𝑝 = 0.997 𝑟 = −0.750∗∗ 𝑝 = 0.001

Furthermore, an overall (without separating AR and TR condi-
tions) statistically significant negative relationship between action
complexity and vocal richness was found with a large r value [11]
of -0.543 (see Table 2(right)). This result implied a complementary
relationship between the semantic loads of performing actions and
speaking vocalizations in constructing story enactment idea units.
On top of that, a statistically significant negative relationship be-
tween action complexity and vocal richness was only found in the
TR condition (r=-0.750, p=0.001). These correlations further demon-
strate that while constructing a story idea in TR, the number of
physical actions decreases as the number of vocalizations increases,
and vice versa. To elaborate, in the TR condition, the participants
tended to express their ideas separately across modes (i.e., some
idea units are expressed more richly through actions with fewer
vocalizations, and others may be expressed more richly through
vocalizations with fewer actions). On the contrary, the significant
negative correlation doesn’t exist in the AR condition, indicating
that actions and vocalizations are used more together to construct
ideas. Since the average numbers of complex idea units were simi-
lar across both TR and AR conditions, it can be inferred that the
expression from the different modes was distributed in a more bal-
anced way in the AR condition, which suggests a higher level of
multimodality.

5.2 Writing Analysis
Similar coding analyses were performed in children’s written story
texts obtained from dictations or their hand-writings. For text analy-
sis, we also coded for written idea units and descriptors. We divided
the numbers of written idea units and descriptors by the total word
count of the story text and defined two normalized measurements,
Written story complexity and Written story richness, in assessing
children’s story writing performance. We also conducted a series
of ANOVAs on story complexity and richness. No significant differ-
ences in any of the aspects between the AR and TR conditions were
found in the written story texts. Some possible explanations for
this finding are discussed in the limitations subsection of Section 6.

5.3 Enjoyment Analysis
We collected qualitative data, including pre- and post-questionnaires
and post-interview question responses from all 18 pairs of children,
36 participants in total. No statistically significant differences were
found in the questionnaires. For interviews, we focused on the
answers to these questions: "Which story you wrote do you prefer,
and why?" "Which approach (with or without using our system,
AR or TR) do you prefer, and why?" and "What is your favorite
part of today’s experience?" We classified all their responses for
reasons why they prefer one writing or one approach over another

and their favorite experience during the whole participation into
different categories, respectively.

We observed a higher preference for story writings in AR (20
out of 36) than in TR (15 out of 36) (see Table 3). The predominant
reason categories are: Technology attraction (16/36), Better content
(8/36), and Unspecified (7/36). In addition, there was a much higher
preference for AR approach (32 out of 36) than TR approach (3 out
of 36). And the three most commonly mentioned reason categories
are: seeing the animation/like a movie (18/36), more imaginative
information (11/36), and Unspecified (3/36) (see Figure3(b)). For
favorite experience, the top three experiences that children liked
the most are: Using TIPES system (19/36), Making stories (9/36),
and Working with friends (4/36) (see Figure4).

6 DISCUSSION
Interrelationship between actions and vocalizations. Although the
writing outcomes are comparable across different conditions, we
identified a distinction in the process of how children enacted their
stories and built their ideas across the AR and TR conditions. Our
findings suggest greater unimodal expression in either action or
vocal modes in TR, and more reinforced co-expressions occurred
in the AR condition. It is likely that the presence of animation in
AR might enhance multimodality in enactment, which could imply
a greater embodied imagination when utilizing TIPES.

Presently, we understand that our TIPES system engages children
differently in story enactment, but the reasons behind it remain
unknown. Hence, a more fine-grained analysis of the nuanced
meanings embedded in actions and vocalizations is needed. So
far, our analysis involves instances of actions and vocalizations.
However, for future investigation, we could introduce subcategories
for vocalizations, such as scene-related narratives, action-related
descriptors, and dialogues. This analysis could yield two potential
outcomes: first, a scenario with more actions coupled with more
action-related vocal descriptors in one condition compared to the
other, signifying a stronger activity enactment; second, a scenario
with more verbal scene-related elements than physical actions in
one condition compared to the other, indicating a better affordance
for narration.

Greater enjoyment. Out of 36 children surveyed, 32 expressed
a preference for the AR approach (1 child mentioned both, and
3 preferred TR). Three predominant reasons are: seeing things
moving on the screen like a movie was interesting; being able to see
the screen helped with how to set up scenes and move characters;
and the real-time animated video provided more information that
could help them imagine the story. As a point of note, among the
20 children who favored their story writings in AR (see Table 3), 14
pointed to technology attraction as the primary reason (see Figure
3(a)). Sample responses included "I like it because it’s so cool, I
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Table 3: Children’s preference on story creation

Condition Preferred written story Preferred approach
AR 20 (55.6%) 32 (88.9%)
TR 15 (41.7%) 3 (8.3%)
Both 1 (2.8%) 1 (2.8%)

(a) Story writings (b) Approach

Figure 3: Reasons for children’s preferences

Figure 4: Children’s favorite experience

can play with it the whole day" and "It was so fun that I could see
things moving on the screen," indicating a fondness for our TIPES
system. Their top-rated experience was being able to control the
characters and see the animation on the screen using the TIPES
system, providing them with a sense of novelty and enablement to
make movies. Common responses also included enjoying the act of
creating stories and collaborating with friends, showcasing their
appreciation for creative activity and social interaction.

Limitations. Opinions from the three children who preferred
the TR approach indicated that the AR approach might impose
additional mental effort on children. There were concerns about
accidentally blocking markers on top of figurines while playing and
meticulous manipulation of the figurines to achieve desired virtual
character movements. This could explain their preference for the
story writings in TR because "it was easier to make" (see Figure
3(a)). Another child preferred watching the TR story recording

because it accurately reflected their actions during story creation.
From these responses, it can be inferred that the AR approach
presented tracking restrictions (e.g., loss of tracking when markers
are blocked or moved too quickly) and couldn’t fully replicate all
their manipulations in the animation.

Additionally, our study is not powerful enough to detect results
in terms of story quality outcomes, partially due to the limited
sample size. More importantly, we were working with a local com-
munity where our participants came from diverse backgrounds,
encompassing too many variations in age, grade level, language
preference, writing ability, pre-existing familiarity between the
child pair, and so forth. For future studies, a potential strategy
could be to recruit all participants from a single class to reduce
variability.
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7 CONCLUSION
This paper presented an approach by utilizing the TIPES system to
support children’s tabletop enactment in storytelling.We conducted
a study with 18 pairs of children and analyzed their story enact-
ment recordings, story writings, and interview responses to explore
engagement differences in AR and TR conditions (i.e., with andwith-
out using TIPES). Statistically significant results indicate that our
approach (AR) distinctively engages children in story enactment,
altering the dynamics of their semantic loads compared to tradi-
tional tabletop play (TR). In their expression of an enactment idea,
AR displays a relatively more equitable distribution between using
multiple modes of physical actions and vocalizations, whereas TR
exhibits a greater attendancy towards unimodality. We aim for this
discovery to open up new directions to better understand children’s
multimodal enactment behaviors. Additionally, both qualitative and
quantitative findings from interviews suggest that our approach
contributes to greater enjoyment, which not only enriches chil-
dren’s immediate experience but also plays a crucial role in their
overall development.

8 FUTURE WORK
In future endeavors, we will further explore the interrelationship of
the actions and vocalizations as discussed in Section 6. Furthermore,
we will investigate the impact of our TIPES system on children’s
embodied interaction while they are playing with the figurines from
various dimensions. This investigation will include understanding
how children immerse themselves in story-playing from different
narrative perspectives (e.g., first-person or third-person). Other
possible directions involve analyzing children’s eye gazes while
playing, improving the categorization of their diverse actions, and
examining their conversations related to the system.
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