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Abstract

In an increasingly data-driven world, sparking children’s curiosity for meaningful data
exploration provides a powerful foundation for lifelong data literacy. Human–data inter-
action (HDI) offers a promising approach by making data more accessible and engaging,
particularly in informal learning environments like museums. However, there is limited
understanding of how children, as a distinct user group, engage with embodied, interac-
tive data visualizations. This paper presents findings from an exploratory field study of
a gesture-controlled HDI installation deployed in a large urban museum. We analyzed
the interactions of over 200 children, primarily from visiting K-12 school groups, as they
engaged with an HDI prototype, the data on display, and each other. Our thematic analysis
reveals that children’s interactions are deeply social, playful, and imaginative, often priori-
tizing collaborative discovery and role-playing over direct data interpretation. Based on
these observations, we present design recommendations for creating HDI installations that
leverage these behaviors to foster meaningful data engagement.

Keywords: human–data interaction; embodied interaction; museums; data visualization;
data exploration; public displays; interaction design for children

1. Introduction
In today’s data-driven world, fostering data literacy in children is crucial [1]. Inter-

active data visualizations offer a promising avenue for engaging young audiences with
data in informal learning environments like museums; however, children may struggle to
engage with the data, which may be seen as overly complex [2–7]. Human–data interaction
(HDI) installations are interactive displays that enable users to explore data visualizations
using gestures and body movements [8,9]; they offer a unique opportunity to engage
museum visitors with data [10]. By encouraging physical interaction and facilitating social
interaction around the display, HDI installations can capture people’s attention and foster
engagement in museums [11,12]. However, there is limited research investigating how
children (in contrast to museum visitors in general) engage with each other in front of HDI
installations, what types of social and embodied interaction [13,14] occur, and what could
hinder their interaction with the data on display.

To address this gap, we conducted a qualitative, exploratory study with over 200 mu-
seum visitors, mostly from K-12 school groups, at a large state museum in the U.S. Midwest.
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Our aim was to explore how children interact socially and physically with data-centric
interactive displays in a museum setting. We deployed an HDI installation prototype that
allowed visitors to freely explore data visualizations using gestures and body movements
(see Figure 1). Consistent with HDI practice [10], the content (datasets and data visual-
ization) was curated to attract the attention of diverse groups of museum visitors, not
just children [11,15]. Through analysis of video recordings, we identified instances where
groups of K-12 children interacted with the display and explored how they engaged with
the HDI installation, the data, and each other. We provide insights into children’s interac-
tions with our HDI prototype, and discuss implications for the design of HDI installations
for children.

Figure 1. Screenshots of our interactive data visualization. The interactive display features two
backgrounds: (a) an ocean scene for the fish endangerment scenario and (b) a desert-themed backdrop
for the water access scenario.

2. Background
2.1. Embodied Interaction

Human–data interaction (HDI) builds on embodied interaction, emphasizing that
physical actions and gestures are central to cognition and learning, as they help users
understand abstract concepts through bodily engagement [4,13,14]. This approach is espe-
cially relevant for child-centered design, where interactive gestures like swiping or zooming
make technology more accessible and encourage exploratory, playful behavior [16].

In our study, children used gestures such as swiping and zooming to explore data-
centric displays, fostering collaboration and discovery among peers [17]. Such tangible
interactions enabled direct engagement with the visualized data [18].
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Recent research in embodied and immersive learning further supports the value of
gesture-based and virtual reality (VR) environments for conceptual understanding and
engagement. Johnson-Glenberg et al. demonstrated that embedding gesture and move-
ment within mixed-reality environments helps learners externalize abstract thinking and
strengthen cognitive processing, particularly in scientific domains [19]. Their later work
shows that mixed-reality lessons incorporating passive haptic feedback improve long-term
retention and motivation by linking perception and action [20]. Similarly, Acevedo et al.
designed an immersive VR environment to teach electric-field concepts, finding that em-
bodied motion and multisensory cues supported comprehension of complex spatial rela-
tionships [21]. Price et al. further illustrated that immersive VR systems can turn bodily
movement into a reasoning tool for geometry and spatial understanding among chil-
dren [22]. Many of these embodied and immersive systems rely on motion-tracking
technologies such as the Microsoft Kinect [23,24], which has been widely used in cultural
heritage [25–27] and museum settings to enable gesture-based interaction and whole-body
engagement [11,12,28,29]. Together, these studies highlight how physical embodiment and
immersive interaction can enhance conceptual learning and engagement, which informs
our own investigation of gesture-based data exploration within a museum setting.

2.2. Human–Data Interaction (HDI)

Human–data interaction (HDI) encompasses a wide range of research topics, from
personal data [30] to embodied interactions with data visualizations [9,10,31]. HDI extends
beyond technical engagement with data to include how people interpret and learn from
it. In educational and informal STEM settings, HDI can foster data literacy by helping
users reason with and communicate data through visual and embodied experiences [11,32].
Interactive visualizations that respond to body movement make abstract information
tangible, encouraging exploration and collaborative understanding [32]. These approaches
align with embodied cognition and offer ways to assess learning through visitors’ dialogue
and shared interpretation, connecting HDI with social and experiential learning.

In this paper, we focus on HDI involving gestures and body movements in data
visualization, highlighting how such interactions support meaning-making [9] and facilitate
exploration in informal learning settings like museums [10].

Two themes in HDI literature contextualize our study. First, museum visitors, often
engaging in informal learning without specific goals, typically explore data visualizations
organically, guided by sustained interest rather than structured tasks [10,33–35]. Second,
the diversity of museum audiences has driven HDI work on engagement, personalization,
and learning [11,15,32,36,37]. However, as Trajkova et al. [11] point out, there remains a
need to specifically investigate how children (not museum visitors in general) navigate
data visualizations in museums.

2.3. Public Interactive Displays

Human–data interaction (HDI) prototypes typically use interactive displays. Public
interactive displays (PIDs) are ubiquitous in modern life [38], designed to be visible and
accessible in public spaces such as cities, shops, and educational settings [39,40]. Unlike
traditional public displays, which primarily serve a passive audience, PIDs extend engage-
ment by allowing users in the environment to actively interact with the content [41,42].
These displays can facilitate a spectrum of engagement behaviors, ranging from passive
observation to active discovery and playful exploration [42,43], and can transform public
spaces into interactive learning environments [42,44].

The design of PIDs must consider various factors, such as orientation [45], content
format [46], and dynamics [47], to effectively capture the attention of passers-by and
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encourage interaction [41,48,49]. A particularly noteworthy feature of PIDs is the “audience
funnel” effect, where the design of the display gradually draws individuals closer through
engaging visual and interactive elements [50,51]. Another well-documented phenomenon is
the “honeypot effect”, where the activity of one user attracts others to the display, fostering
spontaneous social engagement [52,53]. Such interactions often include conversations
between users, which can deepen their understanding of the display content while also
leading to playful behaviors [44,54].

The study in this paper is grounded in the literature on interactive displays, but
specifically focuses on the children’s interactions with PIDs when the PIDs are used to
display gesture-controlled data visualizations.

Prior work on public interactive displays has explored multi-user gesture interaction
that enables collaboration and shared exploration [9,37]. While such approaches can foster
social engagement, they often face challenges such as gesture overlap, tracking ambiguity,
and unequal control among participants [11,12]. Our system supported a single user only,
to maintain reliable tracking and clear interaction feedback, thereby reducing confusion
during data exploration in a crowded museum setting.

2.4. Social Learning

Social learning theory emphasizes the crucial role of social interaction in the learning
process. In fact, social interaction can contribute to learning through collaboration, discus-
sion, and shared understanding [55]. Children acquire knowledge and understanding not
only through direct instruction but also through observation, imitation, and collaboration
with their peers [3,56–58]. This is particularly relevant in informal learning environments
like museums, where interactive exhibits can act as catalysts for social learning by enabling
children to share perspectives, guide each other, and collaboratively explore content [36].
Models like Falk and Dierking’s contextual model of learning emphasize the importance
of social interaction and dialogue in meaning-making within museum settings [59]. For
instance, frameworks have been developed to analyze and understand “learning talk” [32],
i.e., the productive dialogue that occurs between visitors as they engage with exhibits [5,60].

In the context of our study, social learning provides a valuable lens for understanding
how children engage with HDI installations. By observing and interacting with each other,
children can learn how to use the interface, interpret the data, and make connections to
their own experiences. While our study does not directly assess social learning outcomes,
we recognize its significant influence on children’s interactions with an HDI prototype.

2.5. Children’s Experience in Museums

The study presented in this paper draws upon extensive research in museum learn-
ing, which has investigated how children explore and learn in museums for many
decades [6,61–65]. This body of work highlights the influence of sociocultural, personal,
and physical contexts on children’s learning experiences in museums [36].

The work in this paper complements this line of research (which focuses on static
displays, label-based museum exhibits, and other non-data-centric displays) by specifically
focusing on human–data Interaction, i.e., how children explore datasets through gesture-
controlled data visualizations.

Research on children’s museum experiences highlights how interactive and immersive
systems can foster a range of cognitive and social skills. Through embodied and data-
driven exploration, children practice observation, reasoning, collaboration, and curiosity
as they connect physical gestures to digital feedback [10]. Such experiences help them
build confidence in interpreting information and develop early data-literacy abilities that
complement traditional learning approaches [66].
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3. Materials and Methods
3.1. Our HDI Prototype

Our HDI prototype displayed two 3D globes on a 65′′ TV. Visitors were able to see
themselves on the screen through a live video feed from the tracking camera. This feature
was based on HDI literature that suggests that showing real-time representation of visitors
is an effective strategy for capturing and maintaining attention, particularly in crowded
museum environments [11,51].

3.1.1. Data Visualization Scenarios

We designed two scenarios to facilitate children’s interaction with the display, each
focused on exploring different datasets through interactive globes (see Figure 1).

We selected these datasets because they have already been used in HDI literature
(e.g., [11,67]). While our study focuses on children’s interaction, we intentionally did not
employ age-specific learning goals and chose datasets suitable for diverse museum visitors
(not only children), aligning with HDI principles that museum installations should appeal
to a broad audience [10]. We designed two scenarios (rather than simply using one) to
improve the generalizability of our findings (with only one scenario, it would be unclear
whether the observed behaviors were specific to those particular data or themes).

The system presents a key question at the top of the screen and utilizes two globes to
visualize the data, each globe representing a unique dataset. A color spectrum (ranging
from yellow to deep red) at the bottom of each globe reflected values in the dataset. Gesture
controls allow participants to interact with the data by swiping, rotating, or zooming, with
brief instructions displayed on the right side of the screen. Additionally, two data icons on
the left side of the screen represent the datasets: one for fish endangerment and the other
for water access. Below, we describe each scenario in detail.

1. Fish Endangerment Scenario

In this scenario, the central question posed to participants is as follows: “Does fertilizer
consumption influence the number of threatened fish species?” Two globes appear on the
screen: one representing fertilizer consumption (measured in kilograms per hectare of
arable land) and the other showing the number of threatened fish species. Participants were
shown against an ocean-themed background. A feature of this scenario is the presence of a
virtual fish above the head of the participant currently controlling the display. This fish icon
visually indicates who is in charge of controlling the globe, emphasizing the connection
between the physical gesture control and the digital environment.

2. Water Access Scenario

The second scenario asks participants to explore the following question: “Does access
to fresh water influence the mortality rate?” Here, the background depicts a stream, a faucet,
and a water pump to reinforce the theme of water access. One globe presents data on access
to fresh water (measured in cubic meters per person), while the other globe visualizes the
mortality rate (as a percentage). Similar to the fish scenario, an icon (this time, a water
pump) appears above the participant who is actively controlling the display, providing a
visual cue as to who is interacting with the system.

3.1.2. Software Description and Content

We created the main platform for the system using Unity 3D. To enable body tracking
and gesture support, we used Azure Kinect for Windows Software Development Kit (SDK)
2.0 in conjunction with the Azure Kinect camera and developed the gestural interaction
system in C♯.
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We modified a globe map package for Unity 3D to display the boundaries of each
country along with realistic clouds. The datasets were automatically uploaded to a desig-
nated location on the map. A color gradient applied to each country reflected the values in
the dataset files, with the color values normalized in the range [0–1] to create a consistent
gradient scheme.

As shown in Figure 1, the display showed users against a virtual background relating
to the datasets displayed on the globes. The user controlling the display had a small
3D control icon hovering above their head to indicate that the display would respond to
their gestures.

Users manipulated the display through the use of specific gestures to activate certain
system functions, which are shown in Table 1. These gestures were selected because they
have been used in previous HDI literature, e.g., [67]. A small gesture guide is shown on the
right edge of the screen.

Table 1. Gestures used to control different system functions.

System Function Gesture

Switch Dataset Swipe or Jump

Rotate Globes Using a steering wheel gesture

Zoom In or Out Moving hands closer together or farther apart

3.1.3. Hardware Description and Setup

The system runs on an Intel® CoreTM i7-4710HQ CPU @ 2.50GHz 2501 MHz, 4 core(s),
8 logical processor(s) 16.0 GB RAM, and NVIDIA GeForce GTX 970 GPU. For the experiment
described in this paper, we used Microsoft Azure Kinect.

The visualization was shown on a 65“ TV screen with the Kinect camera placed directly
below it, meaning that it was visible to participants. A table was placed behind the screen
to hold the computer controlling the display. Researchers were standing around the display
to monitor it for any glitches. When participants had questions or were not able to operate
the screen, researchers tried to prompt visitors towards gestures that would allow them to
interact with the display, and clarified who was in control of the display (see Figure 2).

3.2. Participants

The interactive display was set up at a large urban museum in the U.S. Midwest
during weekdays in the spring.

Most children who interacted with our display were part of groups visiting the mu-
seum from local K-12 schools, rather than in smaller family units [44]. We came to this
conclusion both as a result of children (and adult chaperones) wearing the same shirts with
school names, as well as by verifying with a few of the chaperones that the groups were
from local schools. Because of this, the ratio of children to adults was much higher than one
would find with family units visiting museums [44]. Children self-selected to participate in
the experiment by approaching the display at will. Through the IRB process, we obtained
a waiver of consent on the basis that we were observing public behavior and wanted
participants to naturally approach and leave the display without our intervention. Signs
were placed around the display indicating that we were recording participants and our
university affiliation. While they interacted with the display, moderators offered children
guidance on how to interact with the display, and a few times asked them not to touch the
Kinect sensor, but they remained respectful and encouraging the whole time. Children
who asked researchers about the content of the display were told a quick summary of
the topic on the screen. Adult caretakers who asked researchers about the purpose of
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the experiment were informed that we were investigating how children interacted with
embodied museum displays.

Figure 2. A photo of children interacting with the display. A moderator on the right in a plaid shirt is
offering guidance.

3.3. Observations and Analysis Methods
3.3.1. Screen Captures

To capture data on participant interaction, we collected screen recordings of the
computer controlling the display using open broadcaster software 32.0.1 (OBS), which did
not impact system performance. These screen recordings contained camera footage of the
participants with the background removed and the data visualization, showing us what
the participants would have seen on the display during their interaction. However, these
recordings had low sound quality, which did not allow us to understand what participants
were saying.

We recorded a total of approximately 6 h of footage containing participant interaction
(4 h of footage on 20 March (Wednesday), and approximately 2 h of footage on 21 March
(Thursday)). The footage was divided into 12 30-min chunks, and we analyzed 6 chunks
containing the most group participant interaction (4 from 20 March and 2 from 21 March).
The nature of the camera footage in the screen capture with participant background cut out
meant that, occasionally, participants were not visible in the footage even if they were in
view of the camera. However, this footage did contain at least 200 distinct participants over
the course of the observation.

One primary researcher initially watched the footage, taking notes on participants’
interaction with each other and assigning each participant a unique label. Using a thematic
analysis approach [68], these notes and relevant video segments were then reviewed by a
team of four researchers and relevant ones were grouped into themes.
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3.3.2. Camera Footage Recordings

Additionally, we used camera footage as a complementary dataset. The camera was
placed to unobtrusively record the participants’ activities and interactions within the study
environment. This setup resulted in a total of 7 h 18 min of footage, which was divided
into 10 separate video segments for ease of analysis.

One primary researcher was responsible for initially analyzing the recorded footage.
This researcher was not the same one who initially coded the screen captures: we wanted
two different, primary researchers to look at the same data from different perspectives
(screen capture and camera footage). Each video segment was then reviewed and coded
by a team of four researchers, with the relevant codes being systematically documented in
an Excel spreadsheet, by a team of four researchers. This approach ensured consistency in
the analysis process and facilitated a structured examination of the recorded interactions.
Researchers marked instances of disagreement or video segments that required further
discussion in the spreadsheet; all instances of disagreement were discussed and resolved
during eight meetings.

3.4. Research Questions

This study adopted a qualitative and exploratory approach to investigate children’s
interactions with a large, interactive data visualization screen in a museum setting. While
our aim was to gain rich insights into children’s behaviors and interactions around our
human–data interaction (HDI) prototype, the team of four researchers agreed to employ
two guiding research questions to focus our thematic analysis:

• RQ1. How do children interact socially and physically with data-centric interactive
displays in a museum setting?

• RQ2. What hindered children’s engagement with the data on display?

Although our study was qualitative and exploratory in nature, these research questions
served as a framework for our analysis, helping us to identify key themes and patterns in
the observed interactions. Within the framework provided by each research question, we
then identified emergent themes from the video segments using an inductive approach,
recognizing the exploratory nature of this research.

4. Results
4.1. RQ1. How Do Children Interact Socially and Physically with Data-Centric Interactive
Displays in a Museum Setting?

Peer Instruction

Children often turned to each other for help when interacting with the display. In
some cases, one child became the leader, figuring out how to interact with the display and
then teaching or demonstrating to the others. The following excerpt demonstrates that
this social dynamic reinforces the importance of peer learning in these contexts; each time
a new child takes control, the others provide verbal and physical support, guiding and
demonstrating how to interact with the display.

25:30: A moderator asks the group, “Who has the hat?”, instructing the teens on
how to interact with the display. Initially confused, the group does not follow the
gesture instructions.

One girl then takes the initiative, creating her own gesture by opening her arms
and leading the others.

They immediately follow her cues, waving and jumping in front of the screen,
experimenting with their positioning.
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28:45: Another child, acting as the leader, calls to the others, “Guys, watch this!”,
as he performs a swiping gesture to interact with the display.

The others mimic his actions, trying to swipe in unison. When a moderator
explains that the child with the “fish on their head” is the controller, the other
children actively support their peer, insisting, “Yes, you do, just swipe,” and
demonstrating the gesture when their friend is unsure.

30:54: When another child receives control of the display, the group encourages
him to “come closer” and “try swiping.”

In another instance, one child who had been interacting with the display previously
stood behind another who had just approached and gotten control of the display. The child
behind held the one in front’s arms and was physically manipulating them to control the
display, as shown in Figure 3. This was particularly interesting because it went beyond
one child telling another what gestures they should do or just demonstrating them, and
included one child moving another’s arms so they would perform the correct gestures.

Figure 3. The boy in the brown/black hoodie has control of the display, and the boy in blue standing
behind is moving his arms in a swiping motion to change the dataset (image cropped to mainly
show participants).

While much peer instruction focused on navigating the interface, a particularly in-
sightful moment occurred when one child, by pointing to the color scale and explaining
the higher and lower coding to her companion (Figure 4), directly engaged in data interpre-
tation. This highlights how peer-to-peer interactions can extend beyond physical control to
attempts at understanding and discussing the visualized data.
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Figure 4. The girl on the left is explaining how to read the visualization to the girl on the right,
highlighting the higher and lower color coding.

Moderators and Parents’ Guidance

Because our display was still a prototype, researchers were standing nearby to help
visitors navigate the interface and to mitigate technical issues. However, these researchers
also took on a role as moderators who could play a pivotal role in guiding children’s
interactions with the display. Their instructions, demonstrations, and adjustments to the
technology ensure a smoother experience, helping children understand how to use the
display and keeping interactions orderly. In the excerpt below, the interaction shows how
moderators are crucial in guiding children’s use of the display. When confusion arose
over control, the moderator made the instructions clearer, e.g., “The one with the fish on
their head can swipe”, which helped the children understand the system and continue
engaging meaningfully.

5:44: Several kids tried to take control of the display, causing confusion.

Moderator: “The one with the fish on their head can swipe.”

Kid: “Where is the fish?”

Moderator: “It switched. You’ll gesture. . . now it’s the fish.”

Later, as more kids approached, the moderator stepped in again to clarify:

Moderator: “Whoever has the fish is in control.”

However, in a non-experimental deployment, these moderators would not be present,
so parents visiting the museum with children could play an active role in encouraging and
enriching their children’s interaction with the digital display.

The excerpt below illustrates the critical role parents can play in enhancing their
children’s engagement with interactive displays. The mother’s active participation helped
her children navigate the controls and overcome initial confusion, thereby facilitating more
productive interactions with the exhibit. Her guidance also mitigated potential conflicts
between her children and other visitors, ensuring that everyone had an opportunity to
engage with the display.

“1:04–6:25: A mother with two young children—Hannah, around 3–4 years old,
and Iris, likely 2 years old—arrived at the display. The mother, immediately
fascinated by the large screen, called out to her children, “Oh, Hannah, come here,
look!” She waved at the screen and said excitedly, “Ohh, there you are. Heyyy,”
as Hannah stepped in front of the screen and mimicked her gestures. The mother
then asked, “What are you supposed to do? Do I spin?”
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As the mother tried to figure out the controls, she started swinging her finger,
mimicking a spinning action. The moderator intervened, explaining, “You can
swipe.” The mother responded with, “Oh, swipe innnn,” demonstrating the
action to Hannah. The moderator added, “You can also zoom in,” prompting the
mother to say, “Oh, left, right. Oh, zoom in and out.” She continued to model the
gestures for Hannah, who was now actively engaged with the display.

When a third child arrived and inquired, “Hey, what’s that?” while pointing at
the screen, the moderator replied, “Hat.” The mother joined in, encouraging the
child, “Do you want to swipe it?” As the child attempted to swipe but struggled,
the moderator demonstrated, “Like that. To the right.” The mother reinforced
this by saying, “There you go. See how it changed.”

Later, when Iris got too close to the camera, the mother directed her, “No touch,
thank you,” and repositioned her children, saying, “Let Iris have one turn up
front,” ensuring that each child had a fair chance to interact with the display. As
the older sister returned to the screen, the mother reiterated, “Let’s go,” signaling
the end of their session.”

Taking Turns

Children cooperated by trying to take turns and hand off control to each other. This
type of turn-taking allowed different children to experiment with control of the display. At
times, their peers stood by offering advice, while other moments saw them observing to
learn the controls themselves (an example can be seen in Figure 5).

Figure 5. Three boys who approached the display together (navy shirt, red shirt, and teal shirt) then
interacted one at a time. (a): Navy shirt controls the display with red shirt visible in the background;
(b): teal shirt controls the display with navy shirt and red shirt visible in the background; (c): red
shirt controls the display with teal shirt visible in the background. Images are cropped to better focus
on participants and represent three distinct instances of interaction. (labels for the visualization are
cropped, but participants are still visible.

Some children took it as a cue to take turns when the system selected someone to
control the display without purposeful input from the users. Once children noticed the
control icon hovering over someone’s head, they would alert that person and encourage
them to come into the center of the screen, with the one who had previously been in control
often stepping aside to allow for this. However, we did see a few incidents in which the
child who had previously been in control refused to allow a new child to take their place.

Children would verbally prompt each other with phrases like, “Back up so I can be
in charge,” or “Now you try,” reflecting how these interactions promoted social skills and
teamwork. In one instance, a group of five children gathered around the display. As one
child took the lead by swiping the screen, the others stood behind, watching and mimicking
his actions, but allowing him to maintain control.

Solo Interaction with the Display: One Actor and Multiple Spectators
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We saw that children could be more productive in terms of learning how to control
and understand the display either when on their own (before other children arrived or after
they left) or were the only ones actively trying to control the display while others around
them watched (though our system only supported single user interaction, multiple people
could be seen on the screen). Multiple groups of children seemed to naturally organize
themselves to let one person try to control the display while the others watched, though
this was not a universal trend.

At one point, we saw three boys approach the display together with a few other
children. Initially, they playfully interacted, danced and looked at their reflections on
screen. The other children left soon after, but the three boys remained interested in the
display, eventually taking turns trying to control the display one at a time while the others
watched, as shown in Figure 5. During their individual time with the display, all of them
made progress learning the controls with some guidance from the moderators and were
able to manipulate the on-screen visualization.

Coordinated Team Efforts

Children exhibited a natural inclination toward social learning, often observing each
other’s actions and taking turns to engage with the display, sharing their discoveries,
offering suggestions, and encouraging peers to attempt different gestures. Despite the
system design allowing only one person to control the display at a time, indicated by an
icon hovering over the designated individual’s head, children often tried to participate
collectively, following the guidance of a peer or a moderator.

For instance, in one observation involving a group of four boys, approximately ten
years old, they collectively attempted to switch datasets by jumping, though the footage
did not clarify which of them had control. After about a minute of unsuccessful attempts,
a chaperone intervened, instructing them, “One more jump, then we’re going inside [to
rejoin the school group]”. In response, one of the boys placed his hands on two others’
shoulders and rallied the group by saying, “Everybody jump in 3, 2, 1”, resulting in a largely
coordinated group jump before they left the display (Figure 6). Although their success in
controlling the display was limited, this example highlights the children’s enjoyment and
their collaborative efforts in engaging with the task.

Figure 6. A group of 4 boys trying to switch datasets on the display. (a): Uncoordinated individual
jumping; (b): boy with his hands on the others’ shoulders says, “Everybody jumps in 3, 2, 1”; (c): a
mostly coordinated group jump (arrows indicate chronological order).

Role-Playing and Imagination

Children frequently used the display as a platform for imaginative play, with the
data’s themes directly influencing their scenarios. For instance, the underwater background
for the fish endangerment dataset prompted multiple children to make gestures as if they
were swimming or pretending to be fish, directly connecting their physical play to the
environmental data presented. Their engagement showcased how role-playing allowed
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them to creatively interact with the display, adding a personal dimension to the experience.
This type of imaginative engagement highlights how children make sense of the content by
integrating the visualized data into their storytelling. In the following excerpt, two girls
transformed the display into a weather forecast, narrating their own playful story. Such
presenter roles seemed to be common choices, with a few other children trying to present
the data as if they were news.

8:33: A group of older kids walks by the screen with their chaperone. One of the
girls notices the display but doesn’t engage.

Another girl steps up and, seeing herself on the screen, starts walking as if on
a runway.

A second girl joins her, role-playing, “Okay, guys, the forecast for today is... umm,
cloudy, wet, well, not wet but... hmmm.”

They both look at the screen as she continues, “It’s cold and chilly, so kids may
not be able to go outside. They might get cold and sick.”

Their chaperone calls, “Alright, girls, let’s go,” and they say goodbye, with one
girl blowing kisses at the screen.

9:39: The girl turns back and blows another kiss to the camera before leaving.

4.2. RQ2. What Hindered Children’s Engagement with the Data on Display?
4.2.1. Barriers to Engaging with the Data

In several instances, a child’s actions, whether intentional or playful, disrupted others
trying to engage with the visualizations or learn how to control the display. Children
reacted to this interference in various ways: some tolerated it or passively observed, while
others physically pushed the disruptive child out of the way. A few, frustrated by their
inability to interact, would leave the display entirely.

For example, one boy repeatedly jumped in front of his peers, danced briefly, and
then exited the area, only to return and repeat the behavior over a ten-minute period. He
was pushed aside by other children on at least two occasions so they could interact with
the display (see Figure 7). Although these interruptions were brief, their repetitive nature
seemed to cause frustration among the other children.

Figure 7. The boy closest to the camera repeatedly jumped in front of other children, resulting in
them pushing him out of the way twice.
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In another case, a boy knelt directly in front of the camera, taking up a significant portion
of the display’s visual field (see Figure 8). He also leaned side to side, which blocked other
children from view. He retained control of the system throughout, preventing any other
children from interacting with the display. One girl even stood over him and told him to
move, though this did not escalate into physical conflict. He retained control of the system
throughout, preventing any other children from interacting with the display and therefore
from exploring the data visualizations themselves. Ultimately, the group remained clustered
around the camera, and none were able to effectively engage with the display again.

Figure 8. One child kneeling in front of the camera, which takes up most of the space visible between
the globes and prevents other children from being able to take control of the display.

This is illustrative of a recurring issue we encountered with children clustering around
the camera, usually pushing at each other to be able to see themselves on screen. A few
children approached the camera and knelt down to see their faces larger on screen, and
started making funny faces. Though they were amusing themselves, this prevented any of
them from being able to control the display. If they were within one foot of the camera, it
often also resulted in none of them being visible on the screen, as the display would default
to the digital background when the camera was blocked.

The system’s design, which allowed only one child to control the display at any given
time, could foster competition among the children. While competition is not uncommon in
child–child interactions (as noted in [44]), this sometimes results in one child dominating
the interaction, leaving others unable to participate and leading to frustration.

In one observed interaction, control shifted from a boy wearing a navy sweater to
a girl in a blue polo shirt who had just approached the display. The boy then playfully
but firmly blocked her attempts to move her arms and control the system, even stepping
in front of her. This discouraged the girl, who walked away from the display soon after
(see Figure 9).
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Figure 9. (a): Boy in navy sweater tries to stop girl in blue shirt from interacting with the display after
she had gained control; (b): blue shirt leaves the display while navy sweater continues to interact.
(arrows indicate chronological order).

4.2.2. Technology Does Not Respond as Expected to Gestures and Body Movements

Children were frustrated when the display did not respond as expected, which could
push them away from the screen if the issue was not resolved. This is not a new finding,
and it was expected, because communicating system affordances is a common challenge
with embodied interaction, both with children and adults [11].

For example, in the excerpt below, one teenage visitor became frustrated after her
repeated attempts to control the display met with failure. She asked for clarification on how
to perform one of the control gestures and wondered if the display was broken. Notably,
despite these setbacks, she was eventually able to control the display and appeared to be
quite pleased when she did so: as we discussed in the previous section, moderators’ and
parents’ guidance may help mitigate this problem.

Ava steps up to the display and begins using gestures, but quickly encounters
difficulties. She asks, “How do you rotate the steering wheel, like this or...?”

Moderator: “Yeah, yeah, small steering wheel-like movements.”

Ava tries again but seems confused. Moderator: “You can zoom in, zoom out.”

Ava continues to struggle, and after a few failed attempts, says to the display,
“What’s wrong? Stop!” She laughs, adding, “I like you right there.”

Finally, after repeated attempts, she says, “Yes, I got it. Okay,” but her frustration
is evident.

4.3. An Example of Children’s Interaction with the Display

The following excerpt exemplifies dynamic interaction between two children as they
explore a museum display together, highlighting the interplay between embodied move-
ment, curiosity, social negotiation, and facilitated guidance.

An older child (7-8 years old) approaches the screen, sees her reflection, and
exclaims, “Whaaaat?” She moves slowly side to side, testing the screen’s tracking.

Two women (likely moms) move closer. The child says, “Mom, I want to see what
this is.” She gets closer, saying, “What’s this?” Another child (her friend) appears
behind her and pushes her aside, saying, “I want to see.”

The moms tell the kids to back up.
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The first child, who now has the hat with horns on the sides, says, “I’m a bull,”
and they all laugh. Both kids stand in front of the screen, eyes fixed on it.

The second child says, “Why do I have the fire hydrant?” He pushes the first
child again. The first child responds, “I’m the fire hydrant.”

They start jostling to get the hat. The first child says, “Switch already. How can
we switch?” The second child replies, “It’s not a fire hydrant. It’s a water spell.”
He points at the screen, saying, “You see that thing right here?”

The moms step in, “Don’t touch the screen.”

The second child repeats, “It’s a water spell.”

The facilitators arrive. “One at a time,” they instruct. “If you want to move the
screen, you can swipe.”

The moms tell the kids, “One of you come here. One of you stay, okay? Try
swiping.”

The facilitators demonstrate how to swipe.

“Jump once,” one facilitator instructs.

The first child jumps. The second child joins in, and they both start jumping. The
first child counts, “1, 2, 3, and jump!” They laugh.

The moms remind them, “One at a time.”

The second child tells the first, “You get out of the way.”

The first child responds, “No, I’m a fish.”

The second child protests, “I want to be a fish. You go, go.”

The moms and facilitators repeat, “One at a time.”

The first child moves away while the second child continues. The moms show
him how to use his hands to zoom in and out. “Now do this with your hands,”
they say.

The second child ignores the instruction and jumps again.

The moms redirect, “Pay attention. Look, this way.”

The second child follows the hand motions, zooming in and out.

“There you go,” the moms say.

The facilitators show him how to turn the wheel, “Like driving a car.”

Everyone says, “Wow,” as they see the changes on the screen.

The moms express their delight, “Look at that.”

The child continues excitedly jumping. He jumps about 20 times.

The first child returns to the front and mimics the zooming and swiping gestures.

The moms conclude, “That’s cool.”

The group leaves.

Both children in this example engage the display through physical actions: swiping,
jumping, and zooming; as the children move their bodies in response to the digital display,
they are actively exploring its affordances, testing boundaries, and learning through trial
and error. Furthermore, the interaction between the two children highlights a key theme in
this study: the negotiation of control in shared digital spaces. Both children demonstrate a
strong desire to take on specific roles within the digital environment, whether it is being a
“bull” or a “fish”, but this desire leads to moments of conflict. The children push and jostle,
trying to gain control of the hat or the screen’s tracking. This competitive negotiation is an
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important part of their learning experience, as it reflects how children assert agency and
navigate shared experiences with peers.

The children’s interactions are also marked by moments of imitation and feedback.
The second child closely observes the first’s actions before jumping in to replicate them.
The facilitators’ and mothers’ feedback, both verbal and physical demonstrations, guides
the children, but their learning is often led by their own curiosity. For instance, when
the second child repeatedly jumps instead of following the mothers’ gestures, it shows
a tendency to prioritize immediate physical engagement over more complex actions like
zooming or turning the wheel.

Finally, the excerpt showcases how children integrate play into their interactions with
the display; they engage in role-play, where virtual objects like the “bull” or “fire hydrant”
take on imaginative meanings. The second child even reinterprets the “fire hydrant” as
a “water spell”, further highlighting the creative ways children make sense of the digital
environment. This playful engagement enriches their experience, turning what might
otherwise be a simple interaction with a display into a deeper, more meaningful encounter.

5. Discussion
5.1. Implications for the Design of Human–Data Interaction (HDI) Installations “with” Children

Children’s interactions with museum exhibits differ from those of adults or mixed
groups, often involving energetic, spontaneous, and highly physical engagement, including
simultaneous interface use and gestural communication [2,44]. While prior research on
HDI in museums has generally addressed families or undifferentiated visitors [11,37,44],
groups with a high proportion of children (such as school field trips) present distinct
social dynamics, with children engaging more with peers than adults [69]. This makes
children an essential user group for HDI design, as their collaborative and hands-on
behaviors can inform systems that foster early data literacy and can be translated to other
high-energy audiences.

By actively involving children, designers can ensure that the interactive elements not
only capture their attention but also intuitively guide them towards understanding and
interpreting the displayed data, fostering early data literacy skills. Conducting participatory
design activities that directly involve children in the design and testing of installations can
reveal which gestures are intuitive and enjoyable for children [70]. For example, workshops
and role-play design activities with children (e.g., as in [71]) could inform interactive
and narrative elements, resulting in HDI systems that support children’s imaginative and
collaborative learning.

5.2. Designing for Different Age Groups

We want to acknowledge different trends that we noticed across different age groups.
Toddlers and Preschoolers (2–4 years) are highly curious, engaging in exploratory,

sensory play and mimicry-based interactions [72,73]. For instance, younger children closely
observed and imitated older siblings’ engagement with the display. Designs for this age
should also prioritize highly responsive visual feedback to their movements.

Early Elementary (5–7 years) children can follow simple instructions and enjoy
movement-based tasks with immediate feedback [74,75]. Adult guidance is particularly
effective in facilitating their participation.

Late Elementary (8–10 years) children exhibit greater independence, mastery orienta-
tion, and competitiveness [76,77]. For example, children in this age group often attempted
to control the display and demonstrate their skills to other children [78].
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Preteens (10–12 years) are technologically adept and look for logic and functionality
in exhibits [79]. They prefer independent exploration and quickly disengage if tasks do not
meet their interests.

5.3. Supporting Peer Collaboration

Children’s cognitive development benefits from both physical and social learning.
Through collaboration and shared experiences, they construct understanding by discussing
and clarifying concepts with peers [58]. While interacting with our HDI prototype, children
frequently demonstrated gestures and gave verbal instructions to each other, enhancing
comprehension and fostering shared ownership [80].

Many children engaged in group activities, such as performing gestures together and
teaching peers, behaviors that promote interest in the display and socialization [29,69].
Interestingly, this peer-driven exploration occurred without adult prompting.

Thus, designers can encourage peer learning by incorporating spaces for children to
share findings and by embedding collaborative features, such as assigning roles (e.g., “nav-
igator” or “data analyst”) or requiring coordinated actions (like the waving seen in
Figure 10). Activities encouraging older children to mentor younger ones can further
facilitate collaborative learning. Future research should explore scaffolding strategies to
support these dynamics.

Figure 10. Four girls try the zoom gesture at the same time: note that the two in front are kneeling
down so they can all be seen on screen.

5.4. Facilitating Control and Taking Turns

During our observations, we saw children at times struggle to control the display. Our
system recognized gestures that required small, precise movements. Most children used
large, exaggerated rotations, for example, bringing their hands from horizontal to vertical
when performing our “steering wheel” gesture, which the system didn’t recognize. This
highlights the need to design gestures that align with children’s natural movements.

The social interaction around the HDI display also presented challenges. Competition
for control or disruptive behaviors sometimes hindered collaboration. For example, some
children dominated interactions, derailing the social learning that could have occurred,
while leaving others unable to participate effectively. Addressing these challenges requires
design interventions, such as dynamic control mechanisms or structured prompts to guide
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equitable participation [42,44]. Adult intervention, such as prompting children to take
turns, helped, but was not always present. In our implementation, the system switched
the person in control when another child occluded the field of view of the tracking camera.
Interestingly, the children seemed to take the display, switching the child who was in
control, as a cue to take turns. To take advantage of this, we suggest creating a system that
periodically switches who is in control when multiple people are in front of the display. We
suggest using simple mental patterns such as “front-back” to designate who has control of
the system [81]. One method would be to have the person closest to the camera selected
as the controller, or whichever person is in a particular position in front of the display.
Additionally, it may be beneficial for the display to more clearly designate who is in control
through methods like outlines or more visible or explicit control icons. We believe that this
would encourage the children already interacting with the display to take turns, and could
encourage more reluctant children to interact if the system “chooses” them.

5.5. Preventing Overcrowding

Our camera was positioned in plain view of participants beneath the screen, and most
users recognized it as the source of the live video feed. This visibility encouraged some
children to repeatedly approach the camera to make their faces or bodies appear larger
on the screen. One potential solution is to place a physical barrier between participants
and the camera to keep them at an appropriate distance. Another potential solution would
be to have an onscreen indication that users were too close to the camera and prompt
them to back up. While our display already responded to close proximity by showing only
the digital background when participants came too close for the Kinect camera to detect
them, this mechanism proved insufficient. Children often ignored the response, especially
when competing with peers to appear on screen. More dynamic feedback, such as playful
animations or auditory cues when participants step back into the optimal range, could
increase engagement while guiding appropriate behavior.

5.6. Supporting Play and Imagination with Data

Children approach museum exhibits eager to play, and this enthusiasm can be chan-
neled to enhance their learning experiences [80]. It can be especially useful to help children
push past the initial confusion and questions, as the fun of experimenting with the sys-
tem could overcome frustration as they figure out how to control the display [11,44,54].
Playful interactions also demonstrated social learning [82]. Children engaged in role-
playing activities, such as pretending to swim with the ocean-themed visualization or
acting as newscasters while interpreting data. These playful scenarios allowed children to
explore abstract concepts in a relatable and imaginative way, potentially deepening their
understanding while building social connections [29].

However, this playfulness may mean that a traditional data interpretation approach
that focuses on learning outcomes may not be best suited to children [2]. Instead, given
children’s inclination towards role-playing and show and tell (as seen in both our observa-
tions and [80]), it may be more useful to help children take a perspective on the data or to
see themselves inside, and communicate what they see to others [2].

In other words, playfulness can be a powerful tool for engaging children with data vi-
sualization, but designers should structure the experience in a way that connects children’s
imagination to the information on display. In our study, we noticed that a properly designed
icon to identify active users (in our case, a fish icon or a water pump icon displayed above
the user) was sometimes the spark for children’s role play and imagination. In a broader
sense, this means that data should not be presented in isolation but, rather, be embedded
into a consistent visual narrative. For example, the visualization could be framed as a
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journey through an underwater world, with the data points representing different creatures
or features of the environment. Additionally, designers should provide tools or prompts
that encourage children to create their own stories based on the data. Examples could
include interactive elements that allow children to manipulate the visualization to create
different scenarios based on the data, or allowing children to choose a persona related to
the data (e.g., a scientist, an explorer, and a creature from the visualized ecosystem) and
make choices that affect the visualization based on their role and the data narrative.

6. Limitations and Future Work
A future version of the display should allow multiple children to control individual

globes at the same time, promoting collaborative sense-making of different datasets. For ex-
ample, having the TV screen divided in half (left and right) to allow two users to control half
of the application could mitigate some of the competition for control that we observed. Ad-
ditionally, the current brief instructions at the screen’s edges were likely too inconspicuous,
highlighting the need to test more effective ways of communicating instructions.

The technical setup can benefit from an updated GPU. If memory clearance is not
properly handled in Unity (either in the custom-made code or in the tracking libraries),
leaving the system unattended for extended periods may cause performance degradation
and lag. Replacing the GPU we used (GTX 970) with a more recent one, like GTX 980,
may help.

During our deployment, we could not interview visitors about their learning, relying
solely on observing children’s interactions. Over the course of this study, we did not prompt
participants to discuss the data on screen, so we did not collect enough learning talk to
conduct an analysis of learning. Future research should prioritize direct measurement of
learning outcomes and ways to get children more engaged in data-related conversations,
using user feedback to assess comprehension and engagement. Additionally, it could
compare the learning talk facilitated by our prototype vs. the conversations that spark with
different prototypes or more traditional, non-interactive installations.

Our prototype was located in a lobby setting; display placement in other exhibit halls
might yield different themes. It could also be valuable to test the display in different
locations, both within museums and other public spaces [51], because the context can
influence user interaction.

7. Conclusions
This study examined how children interact with a large, interactive data visualization

in a museum setting. We observed that children engaged with the exhibit in diverse ways,
incorporating play, collaboration, and peer learning into their exploration of the data.
While the gesture-based interface typical of human–data interaction (HDI) installations
encouraged physical engagement and social interaction, it also presented challenges related
to control and competition.

Our findings highlight the importance of designing HDI installations for children that
are engaging, playful, supportive of social interaction, and foster children’s imagination
and role-play.

This research contributes to HDI by showing how complex data visualizations can be
presented to children in an engaging and educational way through interactive displays.
By creating embodied experiences that connect abstract concepts to physical actions, we
can help children relate the data to their own lives, making the learning experience more
memorable. Further research is needed to explore the long-term impact of HDI installations
(and the design strategies that we discuss in this paper) on children’s learning and attitudes
towards data.
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