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Abstract

Children increasingly interact with intelligent systems through Augmented Reality (AR), but
few authoring tools enable them to create expressive experiences grounded in the physical
world. We present an AR authoring tool that enables children to create interactive experi-
ences by linking visual code blocks to physical objects recognized by vision-based Al models.
The system is built on a block-based programming interface and leverages YOLOvVI11 to iden-
tify physical objects through the device camera. Building on the accessibility of block-based
programming, our system encourages creativity and exploration by extending traditional visual
authoring tools into the physical environment. Through user studies with 20 children aged 7-16
in the United States and Argentina, we found that children could successfully author interactive
AR stories using object detection, creatively extending their environments into hybrid digital-
physical play. We discuss the system design, implementation, and implications for educational
Al tools that blend embodied programming with computer vision. Our findings suggest that the
system supports playful, explorative learning, while also highlighting challenges in real-time

object tracking accuracy and responsiveness.
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Chapter 1

Introduction

Prior work, such as Scratch [39], has demonstrated the transformative potential of empower-
ing children as creators of digital experiences. However, integrating artificial intelligence (Al)
into child-authored augmented reality (AR) experiences remains rare, primarily due to steep
technical barriers in 3D modeling and the complexity of building meaningful interactions be-
tween virtual characters and real-world objects. Designing such interactions typically demands
proficiency in programming and a deep understanding of Al models—skills that are often in-
accessible to young learners.

Recent advancements in computer vision have significantly expanded how AR systems can
perceive and interact with the physical environment [16]. Real-time object detection algo-
rithms, particularly the YOLO (You Only Look Once) family, have emerged as key enablers
for environmental sensing. The evolution of YOLO—from its initial release [38] to the latest
YOLOV11 [24]—has steadily prioritized improvements in speed, accuracy, and computational
efficiency, making real-time applications in AR both feasible and practical [12].

Despite these technological strides, AR authoring tools for children have remained largely
constrained to digital-only interactivity, offering limited support for bridging the physical and
virtual worlds. Most systems prioritize content consumption or restrict creative agency to pre-
defined digital assets, leaving little room for real-world engagement. To address this critical
gap, we introduce a child-friendly AR programming environment that places real-time object

detection at the core of storytelling and creative exploration.



Our system aims to lower technical barriers and enable children to design Al-enabled AR
experiences through an accessible, block-based programming interface. Building on findings
from prior research [28], which showed that children are highly motivated to incorporate phys-
ical toys into their AR narratives, we explore how real-time vision models can further enhance
engagement with the physical world. Through a visual drag-and-drop interface embedded
within the AR environment, children can compose programs that link virtual character behav-
iors to physical object recognition, using off-the-shelf vision-based Al models without needing
to manage underlying complexities.

The vision feature was designed to seamlessly integrate into the creative process, abstract-
ing technical details while preserving expressive control. To evaluate its usability and creative
potential, we conducted workshops with 20 children (ages 7-16) across the United States and
Argentina. Participants created a wide range of experiences—including storytelling, gaming,
and educational scenarios—that demonstrated the system’s ability to support imaginative, in-
teractive AR creations. At the same time, we observed challenges inherent to real-time Al in-
tegration, such as misalignments between detected objects and user expectations, which point
to important future directions.

Our contributions are as follows:

1. We present a child-friendly authoring tool that enables the creation of vision-powered

AR experiences.

2. We demonstrate the tool’s expressiveness through a set of novel example applications

developed by children.

3. We provide empirical insights from user workshops that reveal both the opportunities and

limitations of integrating real-time Al into accessible AR authoring environments.



Chapter 2

Related Work

We draw from prior work in AR/VR authoring tools, visual programming languages, and

child—Al interaction.

2.1 Authoring Tools for Immersive Experiences

Authoring AR/VR experiences has historically posed a high barrier to entry for end-users,
especially those without extensive technical expertise. In recent years, many novel AR/VR
prototyping tools have sought to lower the “floor” of creating immersive experiences [43, 26,
35, 34, 50, 44, 27, 47, 5, 17, 14, 49]. A core challenge remains enabling the creation of
interactive behaviors, which traditionally requires extensive programming knowledge.

Visual programming languages have proven effective for enabling novice users to define
interactive behaviors. For example, FlowMatic [50] allows users to program interactions via
dataflow diagrams in VR. ProlnterAR [49] combines a tablet and AR-HMD to let users con-
struct block-based interactive AR scenes. Teachable Reality [31] enables users to create AR
interactions through on-demand tangible and gestural computer vision models. However, these
tools primarily target adult designers or novice programmers, rather than young children.

As AR increasingly enters educational contexts [2], recent research has begun to recognize
the importance of enabling children (e.g., K—12 students) to author or customize their own
AR experiences [41, 51]. Several systems have been proposed to empower children as AR

creators [37, 1,42, 30, 3]. For instance, AR Scratch [37] extends the Scratch platform to support



simple AR experiences, and MovableMaker [1] allows children to design movable AR effects
through guided Uls. ExposAR [30] enables collaborative AR creation via image and plane
recognition. Other efforts, such as MyPart [46], introduce sensing techniques that encourage
exploration of the physical world, while AutomataStage [19] combines visual programming,
paper sketches, and physical sensors for multidisciplinary learning.

Despite these advances, a key limitation of existing child-focused AR authoring tools is
their relatively low ceiling of expressiveness—particularly for creating Al-enabled AR expe-
riences. As Al-driven AR applications become increasingly prevalent [45, 18], our work ad-
vances this line of research by empowering children to leverage vision-based Al models to
program their own AR experiences. Specifically, our system raises the ceiling of expressive-
ness by enabling children to define dynamic, real-time interactions between virtual characters

and the physical world, grounded in live Al-driven perception.

2.2 Visual Programming Languages

Block-based programming languages have been widely adopted to support children’s learning
of computational thinking by lowering syntactic complexity [48]. Over the decades, several
environments have been introduced to teach children programming through visual code blocks,
including Alice [9], Storytelling Alice [23], Scratch [39], and Blockly [15]. Scratch, in par-
ticular, has been influential in empowering children to creatively express computational ideas
through easy-to-use block metaphors.

More recently, researchers have proposed extensions to block-based environments to en-
hance engagement and computational learning (e.g.,[11, 4, 6]). For example, Visual Sto-
ryCoder[11] incorporates a voice-based agent to scaffold programming without instructor pres-
ence. However, most of these environments remain focused on authoring 2D digital content
(e.g., 2D assets, animations) rather than interactive, spatial experiences.

Our work contributes to this area by exploring the design of a block-based programming
environment within AR, enabling children to manipulate code blocks spatially and author in-

teractions between virtual and physical objects. By embedding programming directly into the



3D environment and linking it with real-world Al perception, we extend block-based learning

into a spatial domain.

2.3 Child-AI Interaction

Al technologies are increasingly shaping how children learn, create, and socialize. Kosoy et
al. [25] found that children generally express positive attitudes toward Al and recognize its
potential to support diverse aspects of their daily lives.

Within AR, computer vision models have become key enablers for real-time interaction
with the physical environment [8, 16, 33, 40, 22]. For example, Naji et al.[33] incorporated
YOLOV4 to support vocabulary learning by overlaying English labels on detected objects, and
Blockplay.ai[40] used object recognition to enhance early math learning with physical manip-
ulatives among young children. Kaviyaraj et al. [22] demonstrated improvements in test scores
by applying synthetic image generation to boost AR object detection.

However, prior systems primarily relied on inserting pre-created 3D models into scenes
rather than enabling dynamic, Al-driven interactions with arbitrary real-world objects. In con-
trast, our system leverages real-time object recognition directly from the camera feed to support
child—AlI co-creation grounded in the child’s immediate surroundings. This approach enables
virtual characters to dynamically interact with whatever physical objects the child chooses,
fostering a more contextually grounded child—Al collaboration.

Motivated by these gaps in prior work, we developed a system that empowers children to
create Al-enabled AR experiences through a block-based visual programming environment.
Our system leverages real-time vision models to ground interactions in children’s immediate
surroundings, enabling dynamic connections between virtual characters and physical objects.
In the following sections, we present an overview of our system, including its design rationale,

system architecture, and interaction capabilities.



Chapter 3

System

The sytem is an iOS application designed for tablets and phones that enables users to program
a digital character, by default a cute capybara, using drag-and-drop code blocks. Our system
enables users to define interactive behaviors between the character and their physical surround-

ings powered by vision-based Al models. We have two primary design goals for the system:

* D1 - Lowering the barrier of entry to program Al-enabled AR behaviors. To enable
children create Al-enabled AR experiences, we leverage visual programming languages
which offer an intuitive medium for children to learn Computational Thinking (CT).
Most notably, block-based programming environments such as Scratch [39] have shown
to be effective by employing a constructionist approach that allows children to learn
programming via building interesting projects. Along this line, in the system, we aim
to further offer more possibilities in such authoring tools by enabling children to create
experiences that are enabled by Al. We also aim to balance between facilitating users’
creative expressions when tasks are automated via machine intelligence, and preserving

children’s agency of learning CT.

* D2 - Facilitating interactions between the virtual and physical worlds. As described
by Billinghurst [2], one of the uniqueness of AR technology is in its support of seamless
interaction between real and virtual environments. Recent studies with children have also
found that they want more interactions between the virtual and physical worlds [28]. We

aim to facilitate seamless interactions between the virtual and physical worlds both dur-



ontanmaton
-

Figure 3.1: The Block-based Programming Environment of the system. (a) In Edit mode, the
system visualize five categories of code blocks and a canvas around the character for program
construction in AR. (b) In Run mode, the user execute the program by sticking out their hand
to touch the character in AR, mimicking a patting action in the physical world.

ing the authoring process and in the authoring outcomes. Specifically, when authoring,
we aim to allow for intuitive interactions and a tangible interface metaphor that users
are familiar with in the physical world. In the authoring outcomes, the virtual charac-
ters should have meaningful interactions with physical objects, based on the system’s

understanding of the physical world.

3.1 Block-based Programming Environments

The system is based on a block-based programming environment in AR, as seen in Fig. 3.1. The
code blocks feature an interlocking, puzzle-like design that visually guides users in constructing
functional programs. These blocks are categorized into four distinct groups, each with a unique

color for easy identification:

(1) Event Blocks (Yellow): These blocks act as triggers, initiating the program’s execution.
In the system, there is one event block: When character is touched. The user ac-

tivates the program by sticking out their hand in front of the rear camera to touch the



virtual character, mimicking the action of patting the character, as seen in Fig. 3.1.b.

(2) Motion Blocks (Dark Blue): These blocks control the character’s movement, including
translation and rotation. Examples include forward to make the character step forward
and turn to turn by a specific number of degrees. The number of steps and degrees can

be selected via a slider.

(3) Looks Blocks (Purple): These blocks add visual elements to the character. For instance,
start trail creates a yellow paint trail as the character moves, allowing users to ex-
press 3D drawings in AR. Users can also customize the character’s accessories using
the start wear code block, and customize the character’s animation using the start

animation code block.

(4) Control Blocks (Orange): These blocks introduce loops and conditional logic for more
advanced programming. The repeat block enables the code within to run as many times
as indicated in the input box, while the code within the forever block will run repeatedly
until the user manually stops it by tapping the character. The if block enables conditional
expressions. All control blocks act as containers which execute the code blocks contained

in the middle.

(5) Sensing Blocks (Light Blue): These blocks allow the system to “sense” the physical
world. The touch object block allows users to select a physical object and detect
collision between the virtual character and the object (details in Section 3.2). The touch
zone block allows users to define a region on a physical plane and detect the collision

between the virtual character and the region.

When the application launches, users are instructed to place the character in the physical envi-
ronment by finding a flat open area. When coding, users can drag and drop code blocks directly
from the code inventory onto a canvas surrounding the character in AR. The code blocks in-
ventory hovers vertically above the canvas for easy access when the canvas is open. Users
can drag the code blocks away from the canvas to remove them. The design of the system

differentiated between on-screen interaction for building the program and gestural interaction



beyond the screen for triggering programs. Programming actions are restricted to on-screen
interactions, such as tapping to open the canvas as well as dragging and dropping code blocks.
In contrast, triggering the created programs uses playful gestures, such as physically acting
out petting the character in the real world to activate “When character is touched”. This clear
separation between building and play simplifies the programming process, while the gestures

add playfulness to the interaction with the character and the physical world (D2).

3.2 Bridging the Virtual and Physical World via Vision-based

Al Models

A key limitation of existing authoring tools for children is that the outcome experiences remain
in the digital world. One of the design goals of the system is to facilitate children to create
interactions between the virtual and the physical world (D2). We leverage off-the-shelf vision-
based Al models to detect objects in the user’s physical surroundings (Section 3.3).

Users can program interactions with physical objects using the touches object block.
When users drag this block onto the canvas, they are directed to the page where they can select
objects for detection (see Fig. 3.2.a). We curated a set of 24 recognizable objects, including
food items, utensils, furniture, and common workplace tools, from the YOLOvI11 detection
categories based on COCO dataset [29]. These objects were selected in order to support creative
expressions of children’s everyday experiences.

When the user runs the program that contains touches object, the system initiates real-
time detection and displays a “Searching for object” message on the UI (see Fig.3.2.b). Once
the object is found in the scene, the app overlays a flashing bounding box on the object and
updates the Ul to display “Object found” (see Fig.3.2.c). If a collision between the character
and the selected object is detected, the UI displays “Object touched” (see Fig.3.2.d), and the
subsequent code blocks are executed accordingly.

To demonstrate the complete authoring workflow of combining the above functionalities
and showcase the expressiveness of the system, we offer an example fictional scenarios enabled

by the system, which are difficult to create using prior tools (see Fig. 3.3 for the screenshots of
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Figure 3.2: User interface for setting up object detection. (a) Object selection. (b) Searching
for the selected object in the view. (c) Object found in the view. (d) Character touches the
object.

the complete program): This experience features a custom tiger character preparing for the day
by putting on a cowboy hat (middle) and walking to greet someone on a physical laptop (right),

demonstrating the interactive behavior with the physical laptop powered by object recognition.

3.3 Implementation Details

Overall, the system is an i0OS app implemented using SwiftUI, ARKit, RealityKit, and Vision.
In this section we describe the implementation details of the object detection feature. A high
level architecture for character and animation customization is depicted in Figure 3.4.

The system enables programming interactions between the virtual character and the phys-
ical surroundings using the codeblock touches object. Our system enables understanding
the physical world by employing a deep neural network for real-time object detection, i.e.,
YOLOv11. We adapted the YOLOvI11 model provided by Ultralytics [20] and converted it to
CoreML format for deployment. To balance computational efficiency and detection accuracy,
inference runs every 10 frames with a confidence threshold of 0.6. The single top-1 detected
object is used for comparison with the selected object. Our system detects a “touch” event by

sampling points within the selected object’s 2D bounding box and raycasting from those points
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Figure 3.4: Vision-based Interaction Pipeline.

into the AR scene. If any ray intersects the character entity, we consider the object and the AR

character to be colliding.
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Chapter 4

Evaluation

To understand the benefits and challenges of object detection in The system, we conducted a
series of user studies with children in United States and Argentina. Because these creations are

subjective, we focused on three key research questions:
* RQ1: Are participants able to create experiences using the object detection feature?
* RQ2: What are the creative uses of this feature?

* RQ3: What are the benefits and challenges of using object detection?

4.1 Participants

We recruited 20 participants (12 female and 8 male, age 7—16), including nine groups, across
the United States and Argentina, to gather a diverse range of feedback. By default, each study
session involved two participants, except for US1 and AG1, where a third participant was in-
volved since they are friends to one of the other two participants. We recruited U.S. participants
through word of mouth. We recruited participants in Argentina through local schools and a
non-profit organization that provides digital literacy classes in Buenos Aires. The participants’
demographic information is shown in Table 4.1. All participants have used Scratch at least
once in the studies, but we report the use of coding tools when their self-reported use time is
more than one month to indicate their proficiency. For example, P4 reported using Scratch in a

one-day workshop and is thus not included in Table 4.1. Over half of the participants (13 out of

12



Table 4.1: Participants Demographics Information. Sessions are labelled as country name +
session id, where US stands for United States and AG stands for Argentina.

ID Session Gender Age Coding Tools Use

Pl USI1 Female 13 Scratch

P2 US1 Female 13 Scratch

P3  USI Female 13 Scratch

P4 US2 Male 10 N/A

P5 US2 Male 15 Scratch

P6  US3 Female 11 N/A

P7  US3 Female 7 N/A

P8 US4 Female 10 Scratch

P9 US4 Female 10  Scratch, Tynker
P10 US5 Female 14 Scratch, Blockly
P11 US5 Female 13 N/A

P12 AGI Female 15 Scratch

P13 AGl Male 15 Scratch

P14 AGI Male 15 App Inventor
P15 AG2 Female 15 Scratch, Blockly, Tynker
P16 AG2 Male 16 Scratch

P17 AG3 Male 15 CODE.GAME
P18 AG3 Male 15 App Inventor
P19 AG4 Male 14 Tynker

P20 AG4 Female 14 N/A

20) have experienced Augmented Reality, such as Pokémon GO and AR filters, at least once.
Most participants (17 out of 20) have used no-code creation tools, such as Minecraft, at least
once. We compensated each U.S. participant with an Amazon gift card worth $15 USD for 90
minutes of their time. We elected not to provide compensation to Argentinian participants to

avoid coercion after consulting with the non-profit we collaborated with.

4.2 Procedure

Our studies took place in a room on a university campus in the United States and at a non-
profit organization in Argentina. Each study session lasted approximately 90 minutes. At the
beginning of the study, participants and their parents signed consent forms and completed a
demographics questionnaire. Parents were invited to stay in the room if they wanted. The
experimenters then helped participants feel comfortable by talking about school and hobbies
before starting the study.

The study session began with an introduction and a walkthrough of the system that lasted

13



approximately 20 minutes. We ran the system on an iPad Pro (13-inch, M4 Chip, 2024)
throughout the sessions. During the walkthrough, participants were shown individual features,
including each code block category as described in Section 3.1, to get familiar with the system.

After the walkthrough, we asked participants to complete a warm-up exercise. In this ex-
ercise, we asked participants to create the example experience: program a character’s day such
that when it encounters a selected object (e.g., a backpack, banana, or chair), it turns and walks.
We designed this exercise to help participants understand the novel experience that they can
build by integrating the object detection feature and to see whether children can use the system
to create such experiences. The researchers encouraged participants to ask any questions about
the usage of the system, but they were not allowed to proactively provide instructions on how
to accomplish the exercise. The warm-up exercise lasted for 15 minutes.

Then, participants completed a 30-minute open-ended authoring task. In this task, we told
participants to create any experience that they imagined. To help facilitate creative ideas of
using our features, we provided several physical objects (recognizable in our app), toy animals,
and tools like playdough, markers, pen, and paper. Participants were free to ask questions
throughout the task. The experimenters were permitted to answer technical questions about the
app’s usage but were not allowed to guide what to create.

After finishing all activities, participants filled out a system usability survey. Then, we con-
cluded the study session with an open-ended discussion with participants on what they enjoyed
about our system, what they found challenging, and other usability topics, including what else
they would like to be able to create with it. During the sessions, the experimenters took notes
during observation in the study process and the retrospective interviews. Our institution’s IRB

approved our study protocol.

4.3 Measures and Analysis

We measure the usability of the system using a system usability survey adapted to children’s
reading skills based on prior work ([36]). Participants rated the questions on a 5-point Lik-

ert scale (1=Strongly Disagree, to 5=Strongly Agree). We transcribed the interview data and

14



conducted semantic analysis on the data. The survey and interview responses collected in Ar-
gentina were translated by a bilingual researcher into English and Spanish. One researcher
developed a codebook covering participants’ experiences of using our system. Once this initial
codebook was developed, three researchers coded the transcripts separately and met frequently
to discuss and resolve disagreements. Our research team then grouped similar codes to create

themes, which we present in the following section.

15



Chapter 5

Results

Participants’ experience using the system during the studies suggest that the system empow-
ered them to create engaging and personalized AR experiences enabled by Al. Specifically, all
participants were able to complete the given warm-up exercise using the system, addressing
RQ1.

Additionally, we visualize participants’ responses to the system usability scale survey in
Figure 5.1. Overall, we found that participants generally felt that the system was easy to
use (M=3.80, SD=1.01). They also thought that they enjoyed playing the system (M=4.35,
SD=0.99) and that they felt confident when playing the system (M=4.40, SD=0.82). To further
investigate users’ perceptions of the experiences using the system, we analyzed our interview
data and solicited users’ qualitative feedback. In the following sections, we provide more
detailed insights into the participants’ creative usage and perceptions of the system, also the

challenges they faced.

5.1 Vision Feature Enables AR Interactions with the Physi-
cal World; However, Tracking Inaccuracy and Latency
Remain Key Challenges

Our findings indicate that the system’s design successfully supported participants in creating

interactive behaviors between virtual characters and the physical world.

16



For instance, participants in US1 noted that object detection allowed virtual characters to
respond dynamically to real-world items: “When it saw an object, it would react in a different
way.” Similarly, a participant in US2 emphasized the ease of incorporating household items
into their stories: “You can just grab something from your house.” This highlights the sys-
tem’s accessibility and its potential to foster creativity using familiar physical objects. Another

participant elaborated on this flexibility:
“That you can add any objects you want. Like this doll, or the ‘mate.”” — ARS

Some participants also imagined more semantically meaningful interactions between the
character and the environment, such as household chores. They even related these scenarios to

owning a pet:

“Maybe you could get the capybara to do the laundry [---]. It would be fun. If I

had a capybara, I’d use it to clean my room.” — US3

Despite the enthusiasm, participants also pointed out limitations in detection robustness.
For example, in US1, one participant commented: “If they have the item but it looks different
because of the brand or whatever, it might not register as quickly.” In the same session, others
experienced difficulty in recognizing a backpack, stating: “You could work on the tracking
a little better.” These observations underscore ongoing technical challenges and point toward

opportunities for improving tracking accuracy and responsiveness in future iterations.

5.2 Vision Feature Facilitates Social Interactions

In addition to enabling individual creativity, the vision feature also facilitated social interac-
tions among participants. Children leveraged the object detection capability not only to create
personalized experiences but also to engage in collaborative and playful activities with others.

For example, in US4, a group of participants proposed a hide-and-seek game that incor-
porated both physical and digital elements. One participant explained: “Hide and seek. Like
hiding them [objects] around the place, and then, you give the tablet to someone else and then

they code it to try and go find the item.” This scenario illustrates how object detection was
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reimagidrivened as a tool for social play—where one child hides objects in the physical envi-
ronment, and another programs the virtual character to locate them using the system’s visual
recognition capabilities.

Such interactions underscore the potential of vision-based AR systems to support not only
individual engagement but also shared experiences that involve turn-taking, role-switching, and
cooperative storytelling, expanding the scope of AR applications from solitary exploration to

social play.

5.3 Vision feature unlocks new creative possibilities; how-
ever, participants desire 3D model creation from real ob-
jects and greater spatial control

The vision feature unlocked new creative possibilities by enabling children to incorporate phys-
ical objects into their interactive stories. For instance, participants in AG4 created an interac-
tion where the virtual character began a typing animation when touching a physical keyboard
(Fig. 5.2). A participant in US2 remarked that vision recognition could “add more variation,
and an actual object from your house could be used,” while another participant noted that
it could “expand the story.” Similarly, participants in AG3 felt that object detection fostered
imagination, allowing characters to “do many things.”

Building on these opportunities, participants expressed a desire for richer and more intricate
interactions with the physical world. Several participants wished to create digital versions of
real objects that virtual characters could pick up or interact with. For example, children in US5

suggested:

“It would be cool if it would create a digital version of that object and just pick it

up sometimes.” — USS
“The panda could, if it touches an orange, an orange appears in its hand.” — US5

They also proposed scanning real-world objects to generate digital representations:
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Question Strongly Disagree
| thought Capybara was easy to use Diagree
| was confident when | was playing Capybara Neutral
| knew what to do next when | played Capybara Agree

—_—
—_—
—_—
| really enjoyed playing Capybara | [ Strongly Agree
| plan to telling my friends about Capybara |
| think most of my friends could learn to play Capybara very quickly |
If I had Capybara on my iPad, | think that | would like to play it a lot |
If we had more time, | would keep playing Capybara ]
| was confused many times when | was playing Capybara m
I had to learn a lot of things before playing Capybara well |
| would need help from an adult to continue to play Capybara -
Some things | had to do to play Capybara were kind of weird
Some things | had to do when playing Capybara did not make sense ]

Figure 5.1: System Usability Survey Results.

“Or, you could maybe scan it to try and get an image of it.” — USS5

Similarly, participants in US3 envisioned interactions involving virtual counterparts of phys-
ical objects, expressing interest in a tighter coupling between virtual and real-world elements.
Spatial control also emerged as a recurring theme; participants desired that virtual charac-

ters recognize and respond to physical barriers. For example, a participant in US1 suggested:

“Like, have it detect walls or things around it. Not just zones that you make. There

was a ghost and it just passed.” — US1

Beyond object interaction, participants requested a broader selection of accessories to sup-

port storytelling. As one participant observed:

“It’s really cool, I just wish there were more options overall because I don’t know

if everyone will have a random orange lying around.” — US5
Participants also envisioned the ability to detect multiple objects simultaneously:
“You could have multiple objects or multiple animals.” — US5

Moreover, some participants desired more control over detection timing, suggesting more in-

teractive mechanisms. For instance, a participant in US1 proposed:

“Maybe tap on one person. And then it’ll only interact with the objects around it.”

- US1

These findings highlight opportunities to further enhance vision-enabled AR storytelling by
expanding object digitization, improving spatial awareness, and increasing the interactivity and

variability of object-based triggers.
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Figure 5.2: An usage case in the user studies where participants from AG4 created an interac-
tion where the character started a typing animation when touching the physical keyboard (view
from the back).
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Chapter 6

Discussion

Our results demonstrate that the system design enables children to create Al-enabled AR expe-
riences by programming interactive behaviors with the physical world. However, embedding
Al into AR applications remains challenging. In particular, there is still significant room for
improving tracking accuracy and reducing latency. Based on our findings, we highlight the op-
portunities and challenges revealed by the system design and discuss the broader implications

of our research.

6.1 Programming intricate interactive behaviors between the
virtual and physical worlds

Our findings suggest that the system effectively facilitates children’s programming of interac-
tive behaviors between the virtual and physical worlds. This capability is primarily supported
by the system’s understanding of the physical world through vision-based models and collision
detection between virtual and real-world objects. Participants expressed a desire for more in-
tricate behaviors, such as virtual objects bouncing off walls or jumping onto physical furniture
like chairs and tables.

Future research could explore recognizing a broader range of physical objects across differ-
ent contexts, such as education. For example, children could create AR experiences involving

interactions with physical textbooks [16]. Additionally, future systems could enrich collabora-

21



tive learning by enabling children to share, remix, and build upon each other’s creations [10].

Participants also envisioned digitizing elements of the physical world, such as virtually
picking up a physical orange. We see exciting opportunities to incorporate recent advancements
in 3D reconstruction technologies, such as 3D Gaussian Splatting [13], which could enable
duplicating physical environments into virtual spaces. More specifically, Apple Object Capture
also provides photogrammetry active sensing to create 3D object from a series of photographs
directly. Allowing children to program virtual characters to interact with or modify the physical
environment, such as picking up physical objects, could also be explored through techniques in
Diminished Reality [32, 7, 21].

Beyond physical objects and environments, it would be valuable to empower children to
author AR experiences that understand human-physical interactions. For example, a child could
program a virtual companion that reads alongside them while studying, offers comfort when
detecting a sad facial expression, or cheers when recognizing a smile. By integrating physical
interaction understanding, children could create more engaging, intelligent, and personalized

AR experiences.

6.2 Limitations

Our paper explores empowering children to create vision-based AR experiences using Al mod-

els. However, several limitations remain.

6.2.1 System limitations

Our system has several technical limitations. It relies on real-time object recognition, which
is susceptible to misclassification, missed detections, and latency—particularly in uncontrolled
environments or when objects are occluded or ambiguous. The YOLOv11 model used is pre-
trained on the COCO dataset and supports only a fixed set of 80 object categories, limiting
the diversity of physical interactions children can meaningfully program. Moreover, although
visual block-based programming is accessible, it can become unwieldy as the complexity of

programmed behaviors increases, imposing a ceiling on expressiveness without more advanced
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programming constructs.

6.2.2 Evaluation limitations

Our user evaluation also has important limitations. First, we conducted studies with a relatively
small sample of participants (N = 20). While the workshops provided valuable insights, the
limited sample size restricts the generalizability of our findings. Additionally, we did not deeply
explore how cultural or contextual differences between participants in Argentina and the United
States might influence system perceptions or use patterns.

Given the short-term nature of the workshops, it remains unclear how sustained use of the
system would impact children’s learning, creativity, or understanding of Al and AR concepts
over time. Finally, our participant pool included a range of prior coding experience, from
novices familiar with Scratch to an advanced participant who had already learned programming
languages such as Python and Java by the age of 13. As a result, our findings may not fully

generalize to all future users.
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Chapter 7

Conclusion

In this paper, we introduced an authoring tool that empowers children to program interactions
between the virtual and physical worlds using vision-based AI models. Our system enables a
set of novel experiences by linking virtual behaviors to real-world objects, lowering technical
barriers to AR authoring. Through a series of user studies conducted across two countries, we
investigated children’s perceptions and engagement with the system.

Our findings suggest that vision-based Al models can enable children to create interactive
AR experiences that seamlessly connect the physical and virtual worlds. The programming
environment supported participants in designing dynamic interactions, while also highlighting
challenges such as tracking inaccuracies and latency that could impact user expectations. We
offer insights and recommendations that provide a foundation for future research and practice
in leveraging vision-based Al to foster children’s creativity and learning in AR environments.

Looking ahead, future work could explore cross-platform integration, such as extending
support to devices like Apple Vision Pro. Incorporating depth estimation to enable 3D recon-
struction, expanding beyond object detection to include surface sensing and spatial behaviors,
and conducting large-scale field deployments are promising directions to further enhance the

system’s capabilities and understand its long-term impact.
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