When Less Can Be More: Evaluating the Impact of Animated and

Interactive Demonstrations in Voice-Assisted Counting Games for
Young Children

Sulakna Karunaratna

Thesis submitted to the Faculty of the
Virginia Polytechnic Institute and State University

in partial fulfillment of the requirements for the degree of

Master of Science
in

Computer Science and Applications

Sang Won Lee, Chair
Koeun Choi, Co-chair
Chen Yan

December 10, 2024

Blacksburg, Virginia

Keywords: Touch screen, children, Counting

Copyright 2025, Sulakna Karunaratna



When Less Can Be More: Evaluating the Impact of Animated and

Interactive Demonstrations in Voice-Assisted Counting Games for
Young Children

Sulakna Karunaratna

(ABSTRACT)

Early experiences with counting form a critical foundation for children’s numeracy develop-
ment. Despite the increasing use of voice assistants in young children’s math learning, the
effectiveness of different levels of demonstration—animated and interactive—accompanied
by these assistants remains unclear. This study examines how different demonstrations in
touchscreen devices, combined with voice assistants, supported children’s developing count-
ing skills. We developed a tablet counting game for children aged 2-4 years, incorporating
voice assistant counting. In a user study with 32 children, we compared two conditions (an-
imated and interactive demonstrations), with each condition also being evaluated against a
baseline. We found that animated demonstrations improved math performance compared to
the baseline, while interactive demonstrations did not. These findings suggest that counting
with voice assistants has the potential to support early counting experiences and highlight
the importance of designing educational technology with appropriate levels of demonstration

to engage young learners without increasing cognitive overload.



When Less Can Be More: Evaluating the Impact of Animated and

Interactive Demonstrations in Voice-Assisted Counting Games for
Young Children

Sulakna Karunaratna

(GENERAL AUDIENCE ABSTRACT)

Counting is an important foundation for young children’s math skills. As voice assistants
become increasingly common in educational technologies, we explored levels of demonstra-
tions such as animated and interactive accompanied by voice assistants on children aged 2-4
to learn how it affects counting. We developed a tablet-based counting game with a voice
assistant to explore these different levels of demonstrations. In a study of 32 children, we
compared the two approaches: animated and interactive demonstrations, with each condi-
tion also being evaluated against a baseline. Interestingly, the animated condition improved
counting abilities more than the interactive condition, suggesting that too much interaction
might overwhelm young children. These findings can help designers create better educational

games that balance interactions and learning without increasing cognitive overload.
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Early numeracy skills are foundational and have a significant influence on later academic
achievements and everyday life skills. Research indicates that these early skills are reliable
indicators of future progress and success in mathematical performance [42]. Understanding
numbers and quantities begins in early childhood. However, learning math, especially un-
derstanding exact numbers, is challenging for young children because it requires grasping
an abstract and objective concept and involves building a new way of understanding that
may conflict with young children’s previous intuitive and inexact understanding of numbers
[47]. For example, young children may initially think about spreading a set of objects farther
apart to increase the number of objects, rather than the total remains the same regardless

of the spatial arrangement.

Previous work has found that children begin to count at about two and a half years of age,
but they often lack an understanding of the meanings behind the number words and the
quantities they represent [58]. Another study found that children failed to extend relatively

N

large number words, such as "five,” "eight,” and "ten”, from one set to another [50]. This
failure to map number words to specific quantities, even when presented with examples
of sets of objects, demonstrates the challenge children face in mapping number words to
exact quantities. Counting with parents, which involves parents making deictic gestures to

objects during counting, has been shown to be helpful for young children in developing their

counting skills [26]. Despite the critical role of parental input in children’s early numeracy
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development, the counting experiences that parents provide for their children vary according
to various social and cultural contexts, including socioeconomic factors as well as parental

beliefs and comfort with math [10, 22].

As with high-quality interactions with human partners, young learners may benefit from
interactions with technological sources. Existing research on educational applications (apps)
has suggested the importance of physical and verbal interactions in young children’s learning
(1,9, 17, 19, 40]. Emerging research reveals that learners benefit from meaningful social
interactions with technological sources, such as voice assistant technologies [61, 63]. Previous
studies have shown that young children enjoy interacting with voice assistants [21, 36] and
gain linguistic and scientific knowledge from these assistants [61]. Therefore, voice assistants

may hold promise for support math learning by incorporating interactivity in counting apps.

The increasing use of voice assistants in children’s math learning through digital technologies
is accompanied by various levels of demonstrations, including visual, animated, and touch-
based interactive formats. Such demonstrations also have the potential to expand the range
of modalities that children can use to interact, rather than relying solely on speech-based
interaction. However, most studies on voice assistance focus on speech-based interactions
[63] and human-AT collaborations [5, 54|, leaving the impact of integrating voice assistants
with different levels of demonstrations on children’s learning and engagement remain largely
unexplored. A growing body of research suggests that interactive media technologies are
not always beneficial for young children’s learning [19, 33]. This highlights the importance
of considering various factors, such as specific design features (e.g., level of interactivity),
individual differences (e.g., child age and cognitive characteristics), and the demands of
specific tasks (e.g., math) [9]. Therefore, it is important to examine the impact of technology
design features (levels of demonstration) on children within a specific age range, taking into

account both general and domain-specific cognitive characteristics.



This study aims to address this gap by investigating the impact of different types of demon-
strations along with a voice assistant on touchscreens on children’s early numerical skills,
with a focus on young children’s counting skills. We developed a tablet counting game
for children aged 2-4 years that incorporated voice assistant counting. A user study using
a within-subjects design with 32 children specifically compares children’s engagement and
performance between two levels of counting demonstrations along with a voice assistant:
00000000 DOOO0000o0Io0 00000000, in which the voice assistant counts aloud while the child
watches and [0000000000 00OO000000O0 O0OOMODO, in which the voice assistant asks a child to
press each object and speak aloud the number. Each condition was also evaluated against a
0000000 (visual only, no demonstration). By examining how different levels of demonstration
affect early math learning with a voice assistant, this study contributes to the understand-
ing of how to design effective educational technology that supports young children. Such
understanding is expected to provide an important foundation for shaping future learning

environments where collaboration between humans and Al will play a key role.
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Preverbal infants and older children can distinguish large quantities, such as discriminating 5
and 10 or 10 and 20 without counting [12, 59, 60]. Despite their ability to approximate large
quantities to distinguish them, young children often fail to accurately interpret the meaning
of large cardinal number words (e.g., “ten”), even when these number words are presented
with concrete examples and contrasts that can be easily distinguished perceptually. For
example, when presented with an example image of five turtles along with a pair of choices
between another image of five turtles and a distractor image of ten turtles, young children
often have difficulty accurately identifying the number words (e.g., "five,” "ten”) with the

corresponding images [50].

One possible explanation for children’s failure to extend the number word from one example
image to another is that children do not tend to attend spontaneously to numerical infor-
mation, especially when numerical features are contrasted with shape or color [15]. Recent
evidence suggests that verbal counting may help to direct children’s attention to numerical
quantities. One source of evidence comes from research with 3- to 6-year-old children, show-
ing that children who spontaneously count objects are better at interpreting large number

words [43].
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However, children who have less access to language input containing exact number words,
such as ’one’, 'two’, ’three’, tend to perform poorly on symbolic math tasks compared to
those who are exposed to exact number words [49]. Therefore, counting with parents or
teachers further helps young children overcome these limitataions and successfully attend
to quantities [55, 56]. For example, observing verbal counting helps 18-month-old infants
overcome their spontaneous bias to represent a set of objects as individual “object files”
[23]. Instead, counting helps infants to focus on the approximate quantity of the whole array
and become able to keep track of large sets of objects [55]. Therefore, it was expected that
animated demonstrations of counting would similarly improve children’s interpretation of

cardinal number words by supporting their numerical attention.

It is possible that interactive demonstrations, which require children’s active engagement
and manipulation of objects, might help solidify these early quantitative abilities into more
formal counting skills. However, there has been no direct causal evidence of how counting,
especially an active experience of pointing at and counting objects, impacts children’s nu-
merical attention or their interpretation of cardinal number words. Therefore, in this study,
we explored an open research question as to how such touch-based interactive demonstration

would impact children’s interpretation of cardinal number words.

00 000boooooboot o dobbooiooot ooo

Interaction refers to two entities influencing each other’s behavior over time. In the Human-
computer Interaction (HCI) context, these entities are computers, including input devices
and systems, and humans, ranging from end effectors to tool users [28]. Therefore, interac-
tivity in touch-based educational apps refers to the degree to which users can actively engage

with the content through various means, such as tapping, dragging and more.
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Young children’s learning primarily occurs through immersive interactions such as play and
experiencing [27]. Therefore, it is important to understand what types of learning could
be achieved through interactive devices, such as touch screens and voice agents, and how to
create interactions to achieve them. These interactions should be designed to engage children
actively and meaningfully with the educational content, fostering their understanding and
skill development. A previous work proposes a learning taxonomy with three levels, one of
which is active learning [16]. The paper defines active learning as engaging in an activity

(typically involving physical movement) while learning.

In the context of educational apps, activity can take many forms. For instance, children can
interact with the device in various ways, such as touching the screen, moving it, using the
microphone, and listening to sounds—these encompass different types of interactions [27].
The authors discussed a concept of active learning known as "active minds on” learning,
where activities are designed to engage students and shape their thinking and understanding
as a natural consequence of their experiences and interactions within learning environments
[27]. They provide an example of a mathematics app aimed at building skills in understand-
ing quantity, which may present analog representations of physical objects (such as photos
of red rubber balls) while allowing direct manipulation of these virtual objects. Addition-
ally, the app may provide verbal labeling of quantities (”You found 5 balls!”) and numerical
representations (”5”). This study extends these insights by examining the impact of varying
levels of demonstrations that incorporate different levels of interactivity, such as animated
demonstrations and interactive demonstrations, on improving young children’s understand-
ing of cardinal number words compared to a baseline (visual only no demonstration) through

supporting their counting skills.
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While interactivity has the potential to enhance children’s mathematical learning, it is impor-
tant to recognize that not all forms of interaction are equally effective [33]. Some interactions
can facilitate learning by promoting a sense of agency, increasing engagement through rele-
vant responses, and directing visual attention to key information on the screen. On the other
hand, interactions that require excessive cognitive demands, such as complex planning and
motor responses while navigating tasks may hinder learning [33]. Therefore, understanding
how to effectively combine levels of interactivity and match interactions with specific tasks

is essential for optimizing learning outcomes.

Several studies have explored the relationship between interactions and learning outcomes
in young children. Prior studies have demonstrated that animated demonstrations in screen
media can successfully support young children’s learning. For instance, research on learning
from animated videos indicates that features like engaging animations and child-directed
speech can help children develop expectations that the content is both understandable and
worth paying attention to [30]. Mares and Pan’s [37] meta-analysis of a children’s educa-
tional program targeted at preschoolers, Sesame Street, indicated positive effects on cognitive
outcomes (quantity) and learning about the world (environment and science). It was also
found children between ages 3 to 7 have shown effective vocabulary gains by consistently
watching educational programs like Sesame Street, which uses these engaging elements [46].
Longitudinal studies have found that educational television exposure during the preschool

years predicts readiness at school entry [2] and academic achievement at least as far as high

school [2].

When it comes to research on learning from interactive media, The impact of learning from
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interactive media varies depending on several factors. These factors include design features
(e.g., levels of interactivity), individual differences (e.g., child age and cognitive abilities),
and the demands of specific tasks [9]. For example, it was found that the specific conditions
that lead to learning vary with age among 2-4 years. For instance, young 2-year-olds learn
new information more efficiently when videos require them to interact with the screen in
a contingent manner compared to passive viewing of non-interactive videos [34]. That is,
young 2-year-olds learned best from touch-screen applications that guided attention through
touch-based interactivity, but not from applications that were more flexible (e.g., letting
them touch anywhere on the screen to continue) or from non-interactive video [34, 48].
On the other hand, some of the existing studies reveal that older 2-year-olds and children
between the ages of 3 and 5 learn better from watching digital games rather than actively

playing them [1, 48].

Together, the results from the existing body of research on interactive media for young
children highlighted that the success of interactive educational apps is closely related to
the deliberate selection, arrangement, and integration of interactive modes, based on an
understanding of young users’ cognitive capacities, physical capabilities, and preferences
[11]. Thus, the present study focused on the varying levels of demonstrations during voice
assistant counting as a key design feature, and systematically assessed their effects in chil-
dren’s understanding of cardinal number words within a specific age group (2-4 years), while
also considering children’s individual differences in cognitive abilities (memory, numeracy).
Specifically, we compared the following two experimental conditions for voice assistant count-
ing: 1) animated demonstration condition resembling video or television viewing, and 2)
interactive demonstration condition having touch activities. Additionally, we included a
baseline that provided only visual input without any demonstration to compare children’s

pre-post differences in each condition.
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Our system consists of four key components: a touchscreen interface, the integration of
familiar characters, a voice assistant, and counting tasks with the two demonstration condi-
tions and the baseline. The goal is to create an engaging research tool to effectively measure
our research objectives. We developed our system using React/JavaScript for the frontend,

Node.js for the backend, and MongoDB for data storage and management.

000 U00ooooboooo

We chose to design a tablet app because touchscreens have introduced a new level of inter-
activity to educational apps, allowing users to interact with apps using their hands. This
tactile engagement enables even the youngest children to interact with digital devices. Be-
cause our age range is children aged 2 to 4 years, it is difficult for them to use external input
devices like keyboards and mouse, due to their developing motor abilities [35]. The tablet
eliminates the need for such devices. Also, tablets have become widely available to kids re-
cently. Furthermore, previous research has shown that touchscreen usage promotes learning
by providing interactive content [18, 33, 39]. Their findings showed that children as young
as 24 months old performed better when actively engaged with touchscreen interfaces rather
than passively observing them. Young children may be better able to navigate a simple,

intuitive touchscreen interface than a game controller or computer mouse [44]. The design

9
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of the app was guided by the TIDRC (Touchscreen Interaction Design Recommendations
for Children) framework, which provides guidelines for creating tablet-based apps targeting

children 2-11 years [51].

00 Oogiidt dobobobibt boboboooeg

Research has shown that children often develop strong parasocial relationships with media
characters, which can significantly enhance their learning and social development [13]. For
example, Piotrowski [41] found that familiarity with Dora the Explorer, a preschool show,
improved learning outcomes for children aged 3-5 years. We used a Sesame Street theme
featuring familiar characters such as Cookie Monster and Big Bird in conjunction with a
voice assistant, we aim to foster these parasocial relationships and interactions. Additionally,
previous research indicates that cartoon images in touchscreen media can improve children’s
learning experiences [64]. By integrating these well-known and beloved characters, we create

a relatable and engaging environment that further aids in learning.

00 booiboboo 0o oibt oooooooo

Voice assistants have become a strong alternative to developing human-computer interfaces
that provide more human-like interactions between children and the system [62]. The voice
assistant in our system was designed to provide support to children as they navigate the
system by guiding them throughout all tests and helping them learn counting by responding
to their touch gestures such as continuous and tapping motions on the screen. Selecting a
voice for the assistant was an important decision, as most Al voices are designed for adult

conversations and tend to sound robotic, which is not suitable for engaging young children.
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We selected the voice for the assistant through the Google Text-to-Speech API. Children
are more likely to listen to a voice that sounds like a female adult with lively music and
sound effects [7]. To make the Al voice more child-friendly, we selected a female voice with
a higher pitch, which is generally more appealing to young children. The voice was made
to speak more slowly, emphasizing keywords and phrases to enhance comprehension and
maintain the child’s attention. We also used exclamation marks and varied punctuation to
make the speech sound more natural and engaging. In future work, we plan to enhance the
voice agent’s capabilities to recognize speech input and respond to users using generative
Al systems, making interactions even more dynamic and engaging. Thereby increasing the

social aspect of the interactions.

00 ooiooitn footbbbbobbigubid bouooooog

When developing the animated and interactive conditions, we focused on creating inter-
actions that would reinforce Gelman and Gallistel’s counting principles [24]: one-to-one
correspondence, stable order, and cardinality. These principles are central to improving
children’s understanding of counting and helping them grasp the concept of larger cardinal
numbers. The one-to-one principle emphasizes the importance of matching each item in a
collection to a distinct spoken or written word, ensuring a clear and accurate correlation.
The stable order principle emphasizes the need to keep a consistent sequence of number
names, as any change interrupts the counting process. Finally, the cardinal principle states
that when the one-to-one and stable order principles are applied, the final number in a count
represents the total number of items in the collection. We’'ll talk more about the particular

interactions intended to support these principles below.
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U000 O0D0IOO represents a static image, such as an audiobook with visuals, where there is no
animation and no interactivity. For example, the voice assistant asks the child the question,
"Cookie Monster has 10 cookies. Can Big Bird also have 10 cookies? Which tray has 10
cookies? Green or purple?” Subsequently, Big Bird appears on the screen with his green and
purple trays, and the child is asked to select the correct tray (See Figure 3.1.). This condition

aims to assess the child’s performance in an environment without interactive elements.

®

Cookie Monster has 10 cookies..
Can big bird also have 10

cookies? which tray has 10
cookies? Green or purple?

g Il

Figure 3.1: Baseline: Without animation or interactivity

U000 00000000 OUUDOCDU represents a video or traditional media, such as TV, where there is
animation without interactivity. For example, the Cookie Monster appears with his cookie
tray, and the voice assistant prompts, "Cookie Monster has 10 cookies. Let’s count together!”
The system then highlights and wiggles each cookie sequentially, counting them aloud. To
emphasize the concept of cardinality, after counting, the total number of cookies is then
enclosed in a circle through a circular animation [31]. The voice assistant then mentions
the total number of cookies. Following this, Big Bird and his trays appear, and the voice
assistant asks the child, "Can Big Bird also have 10 cookies? Which tray has 10 cookies?
Green or purple?” The child then selects the correct tray(See O0.). This demonstration

introduces visual and auditory cues without requiring active participation from the child.
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