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Figure 1: Playground+ is a projection-based AI-MR system designed to support family physical activity play (PAP). Using a
webcam and a home projector, the system supports the ideation, generation, and guidance of diverse PAP activities.

Abstract
Physical activity play (PAP) is vital for children’s physical, cogni-
tive, and social development, and previous systems and research
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have explored how various technologies can support it. However,
existing approaches often offer limited game choices, rely heav-
ily on family initiative for ideation, and do not align well with
everyday, open-ended play practices. Al-augmented mixed real-
ity (AI-MR) systems offer new opportunities through improved
contextual awareness, support for play ideation that lowers bar-
riers for families, and wearable-free visual guidance. We present
Playground+, a projection-based AI-MR system that combines com-
puter vision and large language models to ideate, generate, and
guide PAP. Using a ceiling-mounted projector and webcam, the
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system delivers multimodal guidance that accommodates different
parental roles and children’s developmental levels. Future work
will focus on designing temporal and social support, exploring dif-
ferent possibilities of open-ended play, comparing with spatially
flexible solutions through user studies, and addressing technical
and deployment challenges.

CCS Concepts

« Human-centered computing — Interactive systems and
tools; Collaborative and social computing systems and tools.
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1 Introduction

Physical activity play (PAP) is a term primarily used in research
on children’s play, referring to moderate-to-vigorous bodily play
that involves dynamic engagement, physical coordination, and
spatial interaction [22, 26]. PAP plays a critical role in children’s
physical [2, 3, 26, 31], cognitive [27, 28] and social development [1].
Commercial products and systems have long supported family PAP,
including home exercise applications such as Tinatiantiaosheng
! and interactive systems and devices such as Nintendo Ring Fit
Adventure 2. In everyday settings, PAP often takes the form of
open-ended play. Open-ended play lies between structured games
and free play, and often shifts between the two within a single
session. It combines the benefits of skill development with creative
expression by giving children autonomy to guide the direction
of the activity [5]. Prior research suggests that this form of play
reflects children’s natural play patterns and often involves bodily
movement [1, 26]. Therefore, supporting open-ended play provides
a promising direction for designing for PAP.

While HCI research has explored a wide range of technologies
to support PAP, from simple GUI-based applications [19], to in-
teractive environments enhanced through tangible or ambient in-
teraction [12, 30] or Mixed Reality (MR) [10-12, 16, 18, 20], their
application in family contexts remains limited [21, 23]. As a re-
sult, although these systems demonstrate the potential to provide
instruction and utilize the physical environment, they have seen
limited adoption to support open-ended play in everyday, long-
term family settings. This limitation is often reflected in fixed game
formats and restricted variation. Moreover, they introduce novel
forms of play that do not align with everyday PAP practices. Recent
work [15] suggests that generative Al may offer a potential way to
address these limitations.

TianTianTiaoSheng is a Chinese mobile application that facilitates jump rope activities.
https://www.tiantiantiaosheng.com/

ZRing Fit Adventure is a Nintendo Switch exergame that turns full-body physical
exercises into a role-playing adventure using motion-sensing accessories. https://www.
nintendo.com/us/store/products/ring-fit-adventure-switch/
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Generative Al has been widely used in different stages of game
design [9, 29] and player assistance [17]. Recently, large language
models (LLMs) have been used for tasks such as content generation
[6, 8, 9] and game mechanism design [29]. Although most work
focuses on supporting professional designers, it could also lower
the barrier for lay users to create games [29]. For instance, recent
research has used generative systems to automatically create envi-
ronments and reward mechanisms for agent learning [7]. While not
situated in a playful context, the generated challenges can be inter-
preted as physical play, suggesting the potential of using generative
Al to create PAP experiences.

Supporting family PAP further requires an "interactive play-
ground", which is defined as "an assembly of allocated resources
(household items, times, spaces) that alone or together, encour-
age and foster either game or play spaces, or both" in previous
family-related work [23]. While it emphasized actively improvis-
ing play with available household resources, such improvisation
can be enhanced by systems that coordinate and repurpose these
resources collaboratively. Recent AI-MR approaches demonstrate
better contextual awareness of the physical environment [4], sug-
gesting their potential in facilitating play ideation in domestic set-
tings. Among existing approaches, projection-based systems are fre-
quently adopted as the MR strategy for physical play [10, 11, 16, 20],
as the high physical demands of PAP make most wearable devices
impractical, while collaborative play benefits from a synchronized
view of the play space [10, 11, 16, 20].

With their ability to perceive physical and social context, lower
barriers to create developmentally beneficial play for families with
limited game design experience, and provide wearable-free visual
support, projection-based AI-MR systems represent a promising
direction for family PAP. Building on previous empirical work on
domestic PAP [15, 23], we introduce Playground+ as an initial ex-
ploration of how to design adaptable and context-sensitive AI-MR
systems for family PAP that address these challenges.

2 Playground+

Playground+ is a projection-based AI-MR system designed to sup-
port PAP for families with children aged 6 to 10, corresponding
to early-to-middle childhood, a stage characterized by frequent
locomotor and socially coordinated physical play before the shift
toward more structured activities [26]. The system uses computer
vision to capture environmental context and state, and LLMs to help
ideate and plan PAP activities and generate multimodal instruc-
tions including audio and visual outputs from simple geometric
cues to text and image content. The projection-based MR renders
instructions to guide families during play.

2.1 Design Goals

Based on the gaps identified in previous work [15, 23], including
the lack of flexible and diverse support for everyday PAP activities,
maintaining temporal and spatial coherence during play, addressing
imbalances in cognitive abilities between children and parents, and
providing physically embodied guidance beyond verbal instruction,
our goal is to create a system that: (1) provides stable spatial plan-
ning and instruction; (2) supports the ideation and adaptation of
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diverse PAP activities; and (3) facilitates family co-play by accom-
modating different participation patterns and levels of cognitive
development among children and parents.

2.2 System Design and Implementation

Playground+ is designed to be easily deployable at home using
a ceiling-mounted home projector (JMGO P5X) ® and a webcam
(UGREEN CM827). We used an adjustable photography stand sized
to the room and temporarily mounted both devices on the stand for
testing. The devices were powered and connected via cables routed
along the walls and stand, and connected to a personal laptop that
runs the system (see Figure 1).

To address design goals, the system consists of three components:
(1) a multimodal conversational agent that perceives spatial states
and interprets family preferences; (2) a reasoning agent that uses
a back-end Al model to produce diverse, detailed, and executable
play plans per request; and (3) a runtime engine that renders visual
cues in-situ for family players and supports monitoring of safety,
physical states, and play intentions.

2.2.1  Multimodal Conversational Agent for Perception and Context
Interpretation. This component manages how the system perceives
the environment and provides up-to-date contextual information.
To meet privacy requirements for in-home deployment, data collec-
tion is limited to real-time processing. No video is recorded. Audio
is temporarily transcribed for LLM processing. Only structured
scene metadata is stored locally during runtime and deleted af-
ter each session. No facial recognition is used, and any personal
information is optional and limited to the current session. Given
the diversity of household items, we use the YOLOE model 4 to
support open-vocabulary object detection. Detected entities’ labels
and bounding boxes are written into a state JSON file. Since it is
inconvenient to let families use tangible input devices during PAP,
we choose the conversational user interface (CUI) to capture par-
ticipants’ intention and interpret it with LLM. Both scene state and
context are provided to the reasoning agent and runtime engine.

2.2.2  Reasoning Agent for Spatial Planning. To support flexible
ideation and the creation of everyday PAP among children, we
adopt a hybrid approach in which LLM reasoning > supports the
ideation of play forms and rules, while primitives convert these
ideas into executable representations. In our prototype, end-to-end
game generation, from finalized user input to executable visual cues,
takes approximately 1-2 minutes, including retries and backtracking
when validation fails.

The primitives include condition checks, geometry rules, and
spatial cue types to ensure that the generated content is controllable,
safe, and aligned with the play intention. We collect them from
taxonomies in the literature [14] and use LLM to brainstorm a wide
range of common PAP activities, a method widely used in LLM-
related research [13]. Then, we analyze the spatial relationships
of the game elements according to the rules of each play. Figure 2
illustrates the spatial instruction primitive as an example.

3In a room with a ceiling height of 2.7 m, the calibrated projection area on the floor is
approximately 2.7 m (length) x 1.8 m (width); a higher ceiling increases the projection
area proportionally, depending on the projector’s throw ratio.
“4https://docs.ultralytics.com/models/yoloe/

SWe use the qwen-plus model provided by Alibaba Cloud. https://qwen.ai/apiplatform
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LLM reasoning translates context and scene state into a struc-
tured play specification and effects through three stages. Game
reasoning defines the semantic details of a PAP. These include the
phases of play with entry and exit conditions and required instruc-
tions; spatial components including both existing entities in the
environment and additional visual overlays to be generated for
the play; and their spatial relationship. Specification reasoning con-
verts the generated game content into an executable specification
through logical restructuring. Each phase comprises three stages:
enter, during, and exit. It then validates the result against the defined
primitives. Effect reasoning determines the visualization. While this
stage is largely deterministic and driven by geometric primitives,
LLM is used to adjust unreasonable parameter values and repair
cases not covered by those primitives based on the context. All spa-
tial elements are derived from and constrained by detected scene
entities and global boundaries, ensuring that all instructions are
desired and do not extend beyond the defined playable area.

2.2.3  Runtime Engine for Visualization and Monitoring. This com-
ponent renders spatial instructions produced by the reasoning com-
ponent using Tkinter in Python. All visual elements are positioned
and drawn on a black background, ensuring that only instructions
are projected onto the floor. Meanwhile, a global update module
monitors runtime conditions, such as early exits, unexpected or
potentially unsafe objects. During play, the runtime decision loop
evaluates and monitors phase conditions at 0.2-second intervals,
and visual cue rendering refreshes at 50 milliseconds, enabling re-
sponsive embodied feedback during movement. Visualization is de-
signed to accommodate different patterns of parental participation
and differences in cognitive abilities between parents and children.
When parents act as bystanders, the system provides monitoring
by detecting unexpected objects, obstacles, or unsafe conditions,
highlighting them visually, and providing audio alerts to prompt
parental intervention. When parents participate as co-players, the
system presents differentiated instructions: children receive audio
guidance and animated cues, such as footprints, to indicate actions
and movement paths, while parents are provided with more formal
instructions using arrows and text. To accommodate the develop-
ing physical abilities and intentions of children, the system also
includes exit mechanisms that are activated when players leave the
play area or explicitly indicate that they wish to stop, for example
due to fatigue.

2.3 Play Flow

To use the system, families install the devices above a designated
play zone (e.g., a cleared area in the living room or a children’s play
mat) and bring selected household objects or toys to this space. Once
a participant enters the space, the play session begins. The system
first asks family members to communicate their needs by answering
four predefined questions about personal information (name and
age), play duration, play preferences, and desired constraints. It
may request additional details until sufficient context is collected to
design a PAP session. Then, the system generates the play activity
and prompts the family to prepare or take a short break while
processing. When the instructions are ready, family members follow
the projected guidance on the floor to complete the round. After
each round, families can replay the same activity without changes,
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Figure 2: The design of spatial cue primitives. Ephemeral cues move with their associated entities and are used to indicate
anticipated actions, targets, and directions of movement. Phase-stable cues persist throughout a phase and remain at fixed

positions, functioning as game elements.

regenerate the activity with modified rules or preferences, start a
new session from scratch, or stop and exit. To illustrate the diverse
play forms the system supports, we present example outputs in
Figure 3.

3 Discussion and Future Work

In this system prototype, we focus on designing spatial reasoning,
planning, and visualization for family PAP support to address the
limited physical embodiment of current multimodal generative
Al systems, such as Al chatbots. Our next step is to conduct a
pilot study to assess the feasibility and refine the current design
regarding spatial support. However, through system design and
self-testing, we also identified several open questions that motivate
future work.

First, while our current design prioritizes spatial guidance as
a core challenge for family PAP, existing theory and literature

suggest a broader design space. Montola et al. [24] propose that
pervasive games can be expanded along spatial, temporal, and social
dimensions, a framework that has been applied to family PAP in
previous work [23]. As noted by Hughes [14], PAP has different
categories. However, not all of them require spatial guidance. For
example, activities such as jump rope may only require temporal
or social support, such as counting and encouraging, rather than
spatial instruction. As a next step, we plan to extend the system
with temporal and social support modules, including mechanisms
to assess and balance family members’ engagement, a memory
module to enable long-term personalization for in-situ deployment,
and enhanced context awareness through monitoring participants’
state over time (e.g., fatigue or loss of focus).

Second, our system opens opportunities to examine how differ-
ent design strategies related to form and space for Al-supported
PAP shape development goals in family settings. In terms of forms,
Matjeka et al. distinguish between “game” and “play" according to
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Figure 3: Example outputs of Playground+: (a) Obstacle Race, where household objects are used as obstacles; (b) Hopscotch,
generated as request when no objects are present in the scene; (c) Toy Toss, ideated and generated by the system when the user

shows no preference.

whether the structure is predefined, while Segura et al. highlight
technology choice as a central design challenge to support these dif-
ferent PAP experiences [22, 25]. Previous work documents frequent
moments of improvisation during PAP despite preset rules [23]. In
Playground+, open-endedness is mainly at the level of session con-
figuration: families decide which objects to use, what type of play
to engage in, and which rules to follow. The LLM then generates
diverse scenarios based on these inputs. Bekker et al. discuss the
need to balance abstract play ideas with concrete interaction in
open-ended play [1]. Our prototype reveals a similar boundary. Al-
though generative Al expands the range of possible play scenarios,
physical play still requires a certain level of procedural structure to
maintain temporal coherence. How this boundary affects the format
of open-ended play and mediates between goals such as creativity
and self-expression and functional outcomes such as physical and
social development remains an important direction for future re-
search. From a spatial perspective, our system operates within a
designated PAP area. In contrast, previous work on pervasive games
explores the full-room and cross-room deployment of artifacts, ef-
fectively turning the entire home into a playground [16, 23, 24].
Recent studies also show that families already use Al chatbots with
multimodal capabilities on their phone or home robot to conduct
PAP at home, which is more flexible in terms of space [15]. Com-
parative user studies across these approaches could help clarify
the trade-offs between spatial arrangement and flexibility, as well
as their implications for risks and benefits regarding development
goals.

Lastly, future work also involves addressing several technical
considerations to support robust in-home deployment. Occlusion

from players’ shadows may introduce safety and usability con-
cerns. To mitigate this, we reduce instructions to simple geometric
shapes, making brief occlusions less disruptive. Future work could
further address this limitation through solutions such as multi-
projector setups [10]. While YOLOE enables the detection of many
common household items, switching to models specifically trained
on household objects would enhance the reliability of geometry
generation and condition evaluation during play by improving de-
tection accuracy and temporal stability. Similarly, incorporating
multi-camera tracking or depth sensing could mitigate limitations
related to perspective distortion and occlusion. Beyond sensing,
simplifying device setup and installation is critical for everyday
family use. Exploring more integrated hardware configurations,
such as replacing the laptop with a customized microcontroller and
developing portable projector-camera assemblies, could substan-
tially lower barriers to adoption and long-term use.
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