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Figure 1: ProInterAR is an integrated visual programming platform for creating immersive AR interactions with a tablet and
an AR-HMD device. (a)-(b) The AR creator specifies physical contents or creates virtual contents (i.e., a physical white box
and a virtual tree) from the AR-HMD. (c)-(d) The creator programs the interactive behaviors of the created AR contents from
a block-based visual programming interface in the tablet. (e) The creator executes, watches, and controls the programmed
AR application in the AR scene. In this example, an AR game “pat and bounce” is created using ProInterAR: The player first
uses his hands to pat a virtual ball to make it move in the AR space continuously. It will bounce when it collides with the AR
contents (i.e., physical walls, ground, a physical box, a physical chair, and a virtual tree). If the player catches and pats the ball
once by hand, the score will be added by one.

ABSTRACT
AR applications commonly contain diverse interactions among dif-
ferent AR contents. Creating such applications requires creators to
have advanced programming skills for scripting interactive behav-
iors of AR contents, repeated transferring and adjustment of virtual
contents from virtual to physical scenes, testing by traversing be-
tween desktop interfaces and target AR scenes, and digitalizing
AR contents. Existing immersive tools for prototyping/authoring
such interactions are tailored for domain-specific applications. To
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support programming general interactive behaviors of real ob-
ject(s)/environment(s) and virtual object(s)/environment(s) for novice
AR creators, we propose ProInterAR, an integrated visual program-
ming platform to create immersive AR applications with a tablet
and an AR-HMD. Users can construct interaction scenes by creating
virtual contents and augmenting real contents from the view of
an AR-HMD, script interactive behaviors by stacking blocks from
a tablet UI, and then execute and control the interactions in the
AR scene. We showcase a wide range of AR application scenarios
enabled by ProInterAR, including AR game, AR teaching, sequential
animation, AR information visualization, etc. Two usability studies
validate that novice AR creators can easily program various desired
AR applications using ProInterAR.

CCS CONCEPTS
•Human-centered computing→Ubiquitous andmobile com-
puting systems and tools; Mixed / augmented reality; Graph-
ical user interfaces; User interface toolkits.
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1 INTRODUCTION
Augmented Reality (AR) seamlessly blends the virtual and phys-
ical realms, enhancing our perception and providing immersive
experiences that were once con�ned to science �ction. From en-
tertainment and gaming [30, 33] to education [43], healthcare [51],
and industry [10], AR applications have the potential to transform
numerous sectors and rede�ne the way we live, work, and play [6].

AR applications involve numerous types of interactions of both
real and virtual AR contents in dynamic or static forms. Currently, a
typical work�ow to create AR applications usually consists of four
steps: 1) conceptualize and plan basic ideas; 2) build AR contents by
augmenting physical elements with virtual elements; 3) design user
interfaces and AR interactions required for users to interact with
the contents; 4) script the controlling and reactive behaviors of the
AR contents in game engines and frameworks (e.g., Unity, Unreal,
ARKit, ARCore). One signi�cantly di�cult step for inexperienced
creators without strong programming background is to script AR
interactions [20] since it requires advanced low-level coding skills
and heavy coding tasks. In virtue of visual scripting [26], some
desktop-based tools (e.g., Unreal Blueprints and Lens Studio) en-
able users to script AR experience using node-based programming.
Although they relieve the programming burden, they require the
AR contents to be placed �rst in a virtual scene or template and
then transferred to a physical scene with repeated adjustment. Be-
sides, they require creators to traverse between programming on
desktop interfaces and testing on target AR scenes from mobile
devices, limiting �exibility [2]. On the other hand, AR contents and
their properties (e.g., motion, appearance) need to be obtained or
used during programming. Virtual contents can be accessed easily
in virtual representations, while real-world contents need to be
digitized for access by desktop-based programming interfaces and
scripted behavior transfer in AR scenes. How to smoothly fuse the
AR contents in programming remains a question for novice AR
creators.

To make the creation of AR applications to be more in situ,
researchers have proposed various immersive toolkits for author-
ing and prototyping AR interactions. Such toolkits allow users to
specify reactive behaviors of AR contents via visual programming
work�ows [ 39, 40, 48, 52]. However, these works have mainly fo-
cused on domain-speci�c interaction tasks (e.g., gestural interaction
[39], toy-based interaction [52], spatially-aware interaction [48],
human-centered context-aware interaction [40]). For more general
AR interactions, the behaviors of the real and virtual contents might
contain many properties and variations to be controlled, so it is
hard to achieve them using existing toolkits. Recent works like
LearnIoTVR [53] and FlowMatic [50] are proposed for creating gen-
eral VR applications. However, they focus on scripting interactions

among virtual contents, while we aim to handle AR scenes contain-
ing both real and virtual contents and more complex interactive
paradigms, especially between the real and virtual contents.

There are still very few tools for supporting novice AR creators
to create general AR applications. One of the exceptions is ARcadia
[19], which presents a prototyping platform for a real-time tangible
interface based on block-based visual programming. However, it
employs marker-based AR through a laptop camera with a �xed
viewpoint while we want to utilize the advantages of markerless
AR based on AR-HMD (Augmented Reality Head Mounted Display)
to provide a more �exible and immersive interface for scripting
3D behaviors of AR contents tightly coupled with users' surround-
ings. In this work, we �rst discuss the design scope of general AR
interactions. Based on it, we proposeProInterAR, a block-based vi-
sual programming system to create immersive AR interactions, for
novice AR creators who have some background in programming
but limited experience in creating AR applications.

To achieve in-situ and portable authoring experience and re-
lieve hand fatigue, we provide user interfaces (UIs) with integrated
devices: a visual programming UI from a tablet browser, a scene
creation, execution, and controlling UI from an AR-HMD. Creators
can construct interaction scenes by creating AR contents from the
view of the AR-HMD, script the interactive behaviors by stacking
blocks from the tablet UI, and then execute and view the scripted
interactions by controlling the contents and detecting the interac-
tions in the AR scene. We design the programming blocks based on
Scratch [32], which can be dragged, stacked, and grouped to any
created/speci�ed AR contents. Various types of interactions can be
implemented with a diverse range of blocks. We demonstrate four
application scenarios (i.e., AR game, AR teaching, sequential ani-
mation, AR information visualization) to show its expressiveness
and usability. We conducted two usability studies with AR creators
to evaluate the usefulness ofProInterAR. From the studies, we �nd
that novice AR creators can easily create diverse AR applications
with varying complexity using our system.

In summary, our work makes the following contributions:

� A design scope that describes general AR interactions.
� A visual programming toolkit integrating a tablet browser

and an AR-HMD for creating general AR interactions.
� A demonstration of application scenarios.
� Two usability studies to validate the usefulness of the pro-

posed system.

2 RELATED WORK
2.1 Visual Programming Approaches and

Interfaces
To program interactive behaviors, developers usually use tradi-
tional text-based programming interfaces to express the logic, iter-
ation, and operation. However, it requires a steep learning curve
and a solid understanding of syntax and coding structures. Vi-
sual programming paradigms [4, 26] are proposed to lower the
entry barriers to non-experienced developers, with the forms of
�owchart-based programming [5, 15, 49], block-based program-
ming [17, 32, 53], state-machine programming [3, 21], etc. As a
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representative type of �owchart-based programming, node-graph-
based programming is widely adopted in prototyping complex pro-
gram logic and data processing pipelines for various applications,
e.g., graphical applications [37], AR/VR applications [31, 34, 50],
and machine learning tasks [9]. Alternatively, block-based program-
ming [13,19,24,32] is considered to be easy for beginners [1,41,53]
by utilizing simple and self-contained blocks and drag-and-drop
interfaces. Among them, Scratch [32] is one of the popularly used
tools for kids and beginners to create interactive 2D graphical ap-
plications, e.g., stories, animations, games. We share a similar goal
with Scratch � to allow non-professional creators to create interac-
tive applications easily, but di�erently � to script immersive 3D AR
applications. Thus, we carefully design our visual programming
interface based on Scratch.

2.2 Toolkits of Developing AR/VR Applications
Currently, professional creators usually resort to 3D game engines
such as Unreal and Unity to create AR/VR applications by build-
ing scenes and writing scripts using the programming language
supported by a chosen engine. Creators must implement object
behaviors, user interactions, gameplay mechanics, and any cus-
tom functionalities required for the AR/VR experience. However, it
requires extensive low-level programming.

To address this issue, researchers have explored the use of dif-
ferent types of visual programming interfaces with lower entry
barriers in building AR/VR applications [11,14,17,19,50]. Commer-
cial tools [34, 38] with rich media integration employ node-based
systems and allow users to connect nodes that represent speci�c
actions, operations, or functions to de�ne the logic and interactive
behavior. However, these tools require users to �rst build scenes
and script programs on desktop interfaces and then deploy the ap-
plications on target AR/VR-enabled devices, and place AR contents
�rst on virtual scenes or templates and then convert and adjust
them to physical scenes repeatedly. Meanwhile, users must map
the real-world contents and their digital representations in the au-
thoring tools. The gap between the target scene and the developing
platform induces in-situ programming interfaces. For example, an
early work, Smarter Objects [14], introduces an initial prospect in
designing a tablet-based AR interface to program the functionality
of physical objects and virtual interactions by connecting lines.
We also utilize a tablet-based visual programming interface, but
di�erently, targeting immersive AR scenes for more general 3D
interactions. ARcadia [19] presents a block programming interface
to de�ne and execute interactive behaviors between tangible ob-
jects and UI elements in marker-based AR scenes. It is built on a
desktop with a camera with limited FoV. In contrast, our markerless
AR-HMD system enable users to author and test AR interactions
from an AR-HMD and program on a tablet, thus allowing users to
experience unconstrained perspectives while keeping free traverse
between two devices. BlocklyXR [17] adopts a block-based pro-
gramming approach to allow general users to design storytelling.
Compared to these works, we aim to support the programming of
3D interactions of various physical/virtual objects/environments
controlled from an AR-HMD, especially for the close interactions
between the virtual and physical elements. Besides, our system sup-
ports hand-based interactions such as hand grasping and collision.

For VR applications, FlowMatic [50] and XRSpotlight [11] utilize
functional reactive programming and programming with examples,
respectively, to help developers build VR interactions. While they
provide much control to event- and example-based interactions for
virtual objects, our block-based programming UI introduces more
basic programming concepts with �exible combination and event
listening for both virtual and physical objects.

2.3 AR Authoring/Prototyping Interfaces for
Contents and Interactions

Instead of programming interfaces, recent research has focused
more on exploring interactive techniques for authoring and pro-
totyping AR contents and interactions. Various types of interac-
tions can occur between real and virtual contents, such as respon-
sive and interactive visualization and animation between humans,
tangible objects, sketches, and animated characters[18, 27, 29, 36,
44, 47], freehand AR interactions with digital contents [8, 39],
spatially-aware interactions among physical objects and humans
[46, 48], etc. Although most existing works propose novel author-
ing work�ows for creating AR experiences and interactions for
end-users/designers, they support creating domain-speci�c AR ap-
plications. More general and customized interactions that contain
multiple control (e.g., conditions, iterations, loops, time waiting) are
not well supported. For example, CAPturAR [40] provides an AR
programming interface to author human-involved context-aware
interactions. Instead of human-centered behavior, we want to sup-
port more general AR interactions happening with various real
(including a user's hands and head) and virtual contents. From the
design goal's perspective, CAPturAR aims to provide a high-level
rule-based authoring tool for building personalized daily applica-
tions based on historical context data, while ours o�ers a grounded
programming tool to script various AR interactions from the basic
function combination. ProObjAR [48] allows users to design spatial
interactions of physical objects in an event-triggering work�ow,
but it does not support the design of linked interactions that in-
volve multiple event-triggering mechanisms. In AR applications,
the interactive behavior of one object might work as the triggering
condition of another object's behavior. The object behaviors might
have di�erent levels of variations to be controlled. However, the
existing works can only author the pre-de�ned interaction work-
�ows. To �ll in these gaps, we propose a programming toolkit that
can 1) o�er more control over the behavior properties and varia-
tions and 2) handle di�erent levels of control (e.g., iterations, loops)
of/between the behaviors of the object(s).

3 DESIGN SCOPE OF GENERAL AR
INTERACTIONS

Since most of the existing AR authoring tools are tailored for spe-
ci�c tasks, there is no framework discussing the possibilities and
boundaries of general AR interactions. In this section, we develop a
design scope that describes general AR interactions from multiple
dimensions, and discuss how ours and the closely related works
support these dimensions.

Subject.AR contents can be divided into four subject types: real
objects (e.g., tangible items, human body parts, animals), virtual
objects (e.g., 3D models, visual e�ects and �lters, annotations), real
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Table 1: Design scope of AR interactions, and how the closely related works cover the dimensions. RO, VO, RE, and VE refer to
real objects, virtual objects, real environments, and virtual environments, respectively.

environments (e.g., walls, grounds), and virtual environments (e.g.,
virtual surfaces). Environments provide a broader spatial context
in which the interaction is situated than objects. Any AR interac-
tion can be decomposed into basic interactions happening between
two subjects of the same or di�erent type(s). Removing meaning-
less combinations of two subjects, we list seven combinations in
Table 1 within the subject dimension. Most existing works focus
on authoring the interactions of real or virtual objects. In these
works, real environments mainly serve as a contextual background
[21, 22, 40], which does not involve direct interactions with other
AR contents. Our system aims to enable both the environments and
objects with direct interaction capacities, such as a human evading
moving virtual walls, and a ball falling to the ground and bouncing
up.

Scenario. AR interactions are designed to meet the needs of
di�erent usage scenarios. Most of the existing works explore AR
interactions in certain domains of usage scenarios by adopting a
certain type of AR contents, such as context-aware human-centered
behavior [40], spatially-aware object interactions [48], freehand
interactions [39], toy-based interactions [52], mobile AR prototypes
[21], etc. Interactions in more general usage scenarios such as proto-
typing AR experience [22] and tangible AR [19, 25] involve broader
paradigms. Our system aims to support general interactions (i.e.,
spatial, hand-based, exterior, and geometric interactions) of broader
types of AR contents.

Concurrency. From the time perspective, AR interactions can
happen serially or parallelly. In the serial mode, one interaction
follows the completion of its previous one. This sequential nature
ensures that each interaction receives the necessary attention be-
fore moving on to the next. On the other hand, in the parallel mode,
AR interactions can occur concurrently, enabling multiple inter-
actions to occur simultaneously. This parallelism leads to a more
dynamic and interactive AR experience. The works relying on a
trigger-action work�ow [ 39, 40, 48, 52] usually support serial in-
teractions. Video-�ow-based prototyping [21, 22, 44] can support
simultaneous interactions ideally, but they mainly aim to author
a series of interaction �ows along the video �ow. We design our
system to program interactive behaviors for individual AR contents
so that the interactions can happen independently, enabling both
serial and parallel patterns.

Logic. An AR interaction can encompass a range of logic �ows,
varying from simple to complex. In simpler cases, the logic �ow
may involve straightforward and linear sequences of steps such as

a single trigger-action interaction [39, 48, 52]. However, AR interac-
tions can also feature complex logic �ows incorporating branching,
loops, iterations, time control, and multiple conditional statements.
For instance, an AR interaction might involve recognizing di�er-
ent human behaviors [40], each triggering a speci�c set of e�ects.
We want to support programming interactions with complex logic
controls.

4 SYSTEM DESIGN
4.1 Overview
To support the programming of the general AR interactions dis-
cussed above, we proposeProInterAR, a block-based visual program-
ming system implemented in an integrated tablet and AR-HMD
interface. An iPad Air 4 and a Microsoft HoloLens 2 are used to
deploy the application. The presented ideas can be easily ported
to other combinations of tablets (e.g., Microsoft Surface Pro) and
AR-HMD devices (e.g., Apple Vision Pro).ProInterARconsists of
three main components: a scene creation UI (Section 4.2), a visual
programming UI (Section 4.3), and an execution and controlling UI
(Section 4.4). We design our visual programming UI in the tablet,
mainly considering the hand fatigue issue of immersive program-
ming. The system is designed based on the imperative programming
concept [12]. We will �rst introduce these three components and
UIs and then use an example (Section 4.5) to illustrate the program-
ming work�ow.

4.2 Scene Creation UI
Interactive Content Selection/Creation. To start developing
an AR application, the creator �rst needs to create the contents
to be interacted with. Based on the design scope discussed above,
we allow users to create AR contents from four categories: real-
world objects, real-world environments, virtual objects, and virtual
environments.

Real-world Objects.A real-world object needs to be tracked with
a 6-DoF pose for interaction. Since the limited computation capac-
ity of HoloLens 2 does not support real-time estimation of a 3D
bounding box of arbitrary objects, we adopt an interactive approach
for manually initiating an object's bounding box. The user drags
a 3D bounding box to a real-world object of interest and adjusts
its volume and direction using pinch gestures (Figure 2(a)). Once
�nished, a real-world object with its position and orientation is
created in the system and passed to the programming UI for access.
Since the user can manipulate the real-world object by hand, we



ProInterAR: A Visual Programming Platform for Creating Immersive AR Interactions CHI '24, May 11�16, 2024, Honolulu, HI, USA

Figure 2: Create or specify AR contents for interaction. (a)
Create a bounding box to specify a real-world object. (b)-(c)
Create a plane using a palm gesture to specify a planar real-
world environment. (d) Create multiple planes and group
them together to specify a compound real-world environ-
ment. (e)-(f) Select a part of the detected spatial mesh to
specify a curved-surfaced or customized real-world environ-
ment. (g) The object library contains various commonly used
virtual contents. (h) Drag and drop a virtual model from the
library and transform it using hand gestures.

track its dynamic 6-DoF pose according to the hand pose due to the
relative rest state between the object and the hand. Two speci�c
types of real-world objects, i.e., hands and head, are also in the con-
tent lists for users to select in our system. We extract the positions
and orientations of hand objects (i.e., left-hand palm, right-hand
palm, and 15-�nger joints) and the head object from the HoloLens.

Real-world Environments.Di�erent from real-world objects, real-
world environments usually stay static. So, we only need to specify
their initial states without tracking them later. Three techniques are
supported to create a real-world environment for interaction. First,
we allow users to create a plane using a hand palm gesture (Figure
2(b)) and transform it using a pinch gesture to overlay it with a
physical environment (Figure 2(c)). It can turn a planar physical
environment into an interactable object in the system. Second,
we allow users to create multiple planes and group them to form
a compound environment object (Figure 2(d)). It is applicable to
the physical environment with multiple planes (e.g., a chair with
vertical and horizontal planes). Third, for curved surfaces or other
customized environments, users can use a hand-pointing gesture
to select a part of a spatial mesh detected by HoloLens 2 (Figure
2(e)-(f)). Using these three techniques, an environment is speci�ed
and passed to the programming UI for selection.

Virtual Objects.We provide an object library that contains mul-
tiple commonly used virtual elements in AR applications (Figure
2(g)). This library can be easily expanded based on target applica-
tions. The user can drag and drop a virtual object to the AR scene
and change its size, position, and orientation using a pinch gesture
(Figure 2(h)). In addition, we allow users to import their customized
virtual objects by uploading them from the interface of the tablet
browser.

Virtual Environments.The user can use a similar method to
real-world environment creation to create a virtual environment,
or drag-and-drop an argument value like box zone to work as a
virtual environment. The creation and deletion of all the contents
are updated in real-time in the programming UI and the AR scene.

Figure 3: Create �ve types of argument values: (a) Create a
small bounding box to specify a certain position, (b) Create a
large bounding box to specify a certain box zone, (c) Create a
plane to specify a certain plane zone, (d) Create an arrow to
specify a certain axis, and (e) Create a text proxy to specify a
certain text. (f) The argument option �eld of a block in the
programming UI is updated when an �Axis1� is created.

Argument Value Creation. Besides the contents to be inter-
acted with, some argument values also need to be created in advance
in the AR scene and passed to blocks for further interaction. For
example, when the user wants to program the behavior of a car
rotating around a customized axis or the e�ect of a mole to appear
at a random location within a customized zone in a whack-a-mole
game, the axis and the zone need to be �rst created in the scene
and then shown in the block argument �eld for speci�cation. Our
system supports the creation of �ve types of argument values (i.e.,
position, box zone, plane zone, axis, and text), as illustrated in Fig-
ure 3. The user can create a small bouncing box that indicates a
certain position (Figure 3(a)), a large bounding box indicating a
certain box zone (Figure 3(b)), a plane representing a certain plane
zone (Figure 3(c)), an arrow that represents a certain axis (Figure
3(d)), and a certain text (Figure 3(e)). Once an argument value is
created, it will be passed to the argument option �eld for selection
(Figure 3(f)).

4.3 Visual Programming UI
The UI running on the tablet provides a visual programming inter-
face to specify the AR interactions of the created contents. Based
on Scratch [32], we design theProInterARprogramming interface
(Figure 4(a)). During the programming phase, the user can hold and
operate on the tablet while wearing the AR-HMD to view the AR
scene (Figure 4(c)). The UI consists of three main components: a
block list, a block-stack �eld, and a content-selection list (Figure 4).
The content-selection list shows all the created AR contents in the
AR scene. Once an AR content is created, the user can rename it in
this �eld.

Block Categories. According to the coding contents, the blocks
are divided into the following nine categories, as illustrated in
Figure 5 with di�erent colors. We re-design the categories of motion,
looks, and sensing to make them applicable for AR interactions
in 3D space. We propose a new category �Hand� to enable hand-
based interactions. The other categories are directly adopted from
Scratch.
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