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Abstract— Despite the existence of high-level guidelines and
frameworks in Human-Computer Interaction (HCI), there is a
lack of specific user experience principles for designing augmented
reality (AR). This paper proposed the creation of a series of user
experience research (UXR) play cards aimed at providing UX
practitioners concrete, AR-specific UX design based on The Point
of view (POV) UXR playbook. Through the development of a
series of ‘Hidden Reality’ and ‘Modality’ play cards, we propose
a tool that not only enhances the design process but also enriches
the overall AR experience for users, paving the way for more
meaningful and engaging AR applications. At the heart of this
process is the concept of sensemaking, a key method that clarifies
the way forward, simplifies the upward journey of the UX’s POV
pyramid and offers profound insights into user needs and
behaviours.
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I. INTRODUCTION

In the evolving landscape of Human-Computer Interaction
(HCI), the integration of augmented reality (AR) presents a
unique set of challenges and opportunities for enhancing user
experience (UX). Despite the comprehensive guidelines and
frameworks established within HCI, there remains a notable gap
in the development of specific UX principles tailored for AR
applications [1]. This gap highlights the need for a more focused
approach in crafting AR experiences that are not only immersive
but also represent visibility [1] of real-world content and
Modality [6], which are accessible to diverse end users.
Addressing this need, this paper introduces the ‘Hidden Reality’
and ‘Modality’ concept of a set of User Experience Research
(UXR) play cards for AR, drawing inspiration from the Point of
View (POV) UXR playbook [2, 5]. Playbook’s paper [2]
introduced an innovative approach aiming to provide UX
practitioners with specific UX principles, offering a structured
methodology to navigate the complexities of AR design.
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Sensemaking [3] is a methodological approach that
addresses how people give meaning to their collective
experiences. It is particularly relevant in complex and uncertain
environments, where the traditional models of problem-solving
and decision-making fall short. This idea is especially relevant
for identifying the significant awareness of AR in HCI, where
traditional straightforward methods of solving problems and
making decisions don't always work. Sensemaking focuses on
the importance of how individuals and groups interpret and
construct their reality. This is key for helping organizations,
design teams, and individuals find their way through unclear
situations to reach a clear, shared understanding. By
incorporating Sensemaking into the UX POV playbook, the
paper aims to provide deep insights on ‘Hidden Reality’ and
‘Modality’ awareness in AR for researchers and designers.
These insights help tackle important questions, pushing them
towards better design thinking and applicable play cards. By
highlighting AR's unique aspects like visibility and Modality, as
well as considering the diverse needs of users, this paper seeks
to close the existing gap. It lays the groundwork for creating AR
experiences that are more engaging, inclusive, and intuitive.

The essence of these play cards in this paper lies in their
ability to capture best practices, facilitating researchers and
designers in answering critical questions that elevate them to
higher levels of design thinking and application. By focusing on
the unique aspects of AR, such as visibility and Modality, and
considering the diverse needs of users, this paper endeavours to
bridge the existing gap.

Il. LITERATURE REVIEW

A. Augmented Reality

AR technology [7] has advanced significantly, enabling the
superimposition of digital information onto the physical world
in real-time. Augmented reality (AR) has been defined [10,11,
12] as mixing real-world scenes with virtual elements, like 3D
objects, in real-time. This technology, explored by researchers
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across different fields, enhances how we see and interact with
our surroundings, aiming to make our experiences more
immersive and informative. This immersive interaction bridges
the gap between digital and physical realms, offering novel ways
to engage with content. However, these advancements also bring
to the forefront the complexity of designing user-centred
experiences that are intuitive, accessible, and meaningful.
Literature suggests [8,9] that while AR technologies have
progressed, the development of UX principles tailored
specifically for AR lags, emphasising the need for research that
focuses on user-centric design principles in AR applications.

B. UXinAR

Research has increasingly recognised the importance of
addressing specific UX challenges in AR, such as the seamless
overlay [13] of virtual content on the real world, ensuring that
digital augmentations enhance rather than detract from the user's
engagement with their environment. Research explores the
complexities of visibility [1] and Modality [14] in augmented
reality (AR). They recommend AR designs that keep users
aware of their real surroundings while adding virtual elements.

The innovation of User Experience Research (UXR) plays
cards, inspired by the Point of View (POV) UXR playbook [2],
marks a significant advancement in this field. This paper
provides a structured yet flexible approach to tackling AR UX
challenges, emphasizing the iterative refinement of AR
experiences through user-centred design principles. The play
cards, which address scenarios such as 'Hidden Reality' and
various modalities of interaction (audio, tactile, etc.), reflect a
deep understanding of the need for AR systems to be adaptable
and sensitive to user needs.

C. Sensemaking

the application of Sensemaking within the AR design
process highlights an evolving perspective on UX research,
focusing on understanding user behaviours, preferences, and the
cognitive processes involved in interacting with AR. This
approach facilitates a more nuanced exploration of how AR can
be optimized to support users in navigating and making sense of
enhanced realities.

Overall, the existing literature highlights the critical role of
UX in the development and adoption of AR technologies. By
prioritising user-centred design and exploring innovative
methodologies like UXR play cards [2], the field continues to
evolve towards creating more meaningful, engaging, and
accessible AR experiences. This body of work not only
addresses the 'Hidden Reality' or ‘Modality’ challenge but also
sets a foundation for future research to build upon, encouraging
a broader exploration of how AR can transform user interactions
across various domains.

I1l. METHODOLOGY

This section offers a detailed overview of the methodology
adopted in this study, which is mentioned by the User
Experience Research (UXR) playbook [2]. This innovative
approach is centred around the development and application of
play cards, designed to provide UXR practitioners with a
comprehensive set of strategies and tools. The playbook cards

play an important role in this methodology. Each card is
designed to represent either a potential challenge or an
opportunity for establishing a POV. The cards are dual sided:
the front side outlines the issue, card type, and includes an
insightful quote along with related cards, while the back side
provides detailed guidance with ‘Best Practice’ on addressing
the issue. This structure promotes a dynamic and adaptable use
of the play cards, facilitating seamless transitions between levels
as required by the research or design process.

Four levels: foundation, data collection, insight generation,
and crafting a compelling UXR POV have been clearly defined
in the UXR POV pyramid framework [2]. This structure
symbolises a systematic approach, integrating various
disciplines like technology and marketing, to achieve a cohesive
and impactful research perspective.

To offer UXR practitioners a tangible toolkit in AR
design, the playbook card approach enables the examination of
specific AR UX issues, combining deep user understanding and
‘Best Practices’ guidance. This structured flexible framework
also supports the UX team to iteratively refine AR experiences,
ensuring they are not only immersive and engaging but also
grounded in user-centric principles.

Crafting a compelling UXR Point of View (POV) in AR isn't
a linear journey. It's a dynamic exploration through the
complexities of user research, data analysis, and team
collaboration, akin to scaling the multifaceted UXR POV
Pyramid. In this paper, we used another specialised approach
called Sensemaking [3] to identify the key UX issues for
designing Augmented Reality. Sensemaking can illuminate the
path forward, streamlining the ascent of the UXR POV pyramid
and revealing deeper user understanding at every step.
Sensemaking can be seen as the guide for the UXR POV
Pyramid journey. It equips researchers and their teams with the
skills to: Discern patterns and trends. By iteratively analysing
research findings, user feedback, and market signals,
sensemaking helps identify critical themes and connections.
Bridge disciplinary divides: Different areas (design, research,
marketing, technology, business etc.) bring unique perspectives
to the table. ensuring all voices are heard and integrated into a
balanced, holistic POV, represented by the different sides of the
POV pyramid working in harmony. Embrace continuous
learning: The iterative nature of Sensemaking encourages an
openness to new information and feedback. This adaptability
allows researchers to refine their POV as they progress through
the pyramid, constantly incorporating new insights and
perspectives. The iterative learning is represented in the arrows
moving between the pyramid's levels.

Our team reviewed the existing AR features [4] together, AR
examples, user feedback and research. Then identified the main
theme — Hidden Reality and Modality awareness that could
enhance the AR UX design. By working together across
different areas like design, research, and technology, we make
sure everyone's ideas are included. These cards help us look at
user research in a way that informs how to improve AR visibility
and other Modality channels and enhance AR UX design.



IV. AUGMENTED REALITY PLAY CARDS: VISIBILITY AND
MODALITY

A. Foundation AR features

AR technology now has been designed for different users (e.g.
vulnerable, disability, different culture background, ageing
population). Sha’s PhD [4] identified a series of AR user
experience features listed below:

. Hidden Reality: Virtual content overlies or hides the
real content, where the real content is not required to achieve
users’ goals.

. Modality-focus Augmentation: Virtual content can be
provided in different modalities (such as visual, audio, vibration,
etc.), depending on the users’ goals.

. Instantaneous Augmentation: If the virtual content
cannot be displayed promptly, then provide prompt and
informative feedback to the users.

«  Accurate Augmentation: The virtual content is
displayed in the way that users would expect, given their goals.

. Layer-focus Augmentation: Where more than one
piece of virtual content is required, these can be displayed in
separate layers if that supports the users’ goals.

Based on UXR POV pyramid framework [2], all these
features could be seen as the foundational level of user
experience because they set essential guidelines for designing
inclusive AR technologies, ensuring broad accessibility and user
empowerment. Instantaneous and Accurate Augmentation are
largely dependent on the quality of the AR device, addressing
the technical capabilities required to meet user expectations for
prompt and precision. Layer-focus Augmentation is a complex
question. It emphasises the one or multi-layer overlay of virtual
content based on user needs, either increasing or decreasing it.
This paper only focuses on the single-layer virtual content.
Multiply-layer focus can be explored in future research.
Therefore, the two major features: Hidden Reality and Modality
are highlighted here.

B. Hidden Reality Play Cards

This paper takes an in-depth look at the impact of Hidden
Reality and Modality awareness. The concept of HR emphasises
that the virtual content will hide or obscure some of the real
content and users cannot see through. Sometimes, we must
remove the existing AR/VR device and let the user see real
content clearly. However, repeatedly putting on and taking off
the device will greatly affect the user experience. Based on the
UXR Playbook template, we create a series of play cards to
follow when we try to address the Hidden Reality issue.
Designing the virtual content needs to consider what will be
hidden as much as what will be shown. Although users should
benefit from seeing the virtual content, it should not obscure the
meaningful real content that provides important surrounding
information.

Based on the awareness of Hidden Reality, this paper lists
a series of play cards including (see Fig. 1):

e Diminishing Virtual Content (Fig. 2)
e Separating Virtual Content (Fig. 3)

e Transparency (Fig. 4)

e  Closer or Distancing (Fig. 5)

e Dragand Drop (Fig. 6)
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Fig. 1: Hidden Reality awareness play cards within UXR-AR.

UXR POV

A 1ssUE

Diminishing Virtual Content

ERIEE

Designing Hidden Reality insights

See-through information will
appear by re-sizing the
augmentation.
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Designing Hidden Reality insights

Streamline user goals by

layering virtual content;
clutter confuses, but clarity
empowers
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@: BEST PRACTICE

Re-size the virtual content to
avoid hiding the useful
reality.

We can change the size of
the virtual content window
through gestures to meet
the user's visual needs. Need
to reflect the individual
needs of users, like the
elderly or people with
disabilities.

Back

Fig. 2: Diminishing Virtual Content play cards in Hidden Reality awareness.
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virtual content is required,
these can be displayed in
separate pieces if that
supports the users’ goal. If
no separating, users will
encounter increased
operational complexity
regarding finding the
information they need.

Back

Fig. 3: Separating Virtual Content play cards in Hidden Reality

awareness.
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adjust transparency
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Fig. 4: Transparency play cards in Hidden Reality awareness.
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Fig. 5: Closer or distancing play cards in Hidden Reality awareness.
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Fig. 6: Drag and Drop play cards in Hidden Reality awareness.

These play cards, whose format is inspired by the UX paper
template [2], highlight the need to carefully manage the overlay
of virtual content to avoid fully blocking the view of the physical
world. This is critical for AR usage contexts where users still
need to visually perceive their real surroundings. Techniques
such as resizing, separating (additional setting might be
required), transparency, and drag-and-drop features are now
standard in the latest AR/VR devices, like Apple Vision Pro [20]
and Meta Quest [21]. However, the ability to manipulate virtual
content's proximity, specifically hiding it behind real content or
bringing the real content closer, is not yet available in these
devices. Nowadays, two play cards including diminishing

Virtual Content and Drag and Drop can be operated directly
through hand gestures, but changing transparency and
separating virtual content windows still require special functions
to assist. In addition, these play cards can be combined with each
up. For example, "Diminishing Virtual Content" and "Drag and
Drop" play cards can be integrated into one single solution.
Transforming virtual content to scale it down and change its
position simultaneously through gestures.

C. Modality Play Cards

This paper further explores the play cards of Modality
awareness in augmented reality (AR), emphasising the
integration of multi-sensory experiences to enrich user
interaction (Fig. 7). Specifically, it addresses three key
modalities: audio, smell, and haptic/tactile sensations.

Here is a list of play cards within Modality awareness:
e  Audio virtual Modality (Fig. 8)
e  Smell virtual Modality (Fig. 9)
e Haptic/Tactile virtual Modality (Fig. 10)

' ™

Audio virtual Smell virtual Haptic/Tactile
Modality Modality virtual Modality

Fig. 7: Hidden Reality awareness play cards within UXR-AR.
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of users.
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¥ RELATED CARDS

UXR Skills: Technology Awareness
Methodology and Sample

Front Back

Fig. 8: Audio Virtual Modality play cards in Modality awareness.
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in satisfying user experience.

Amplify user experience by
enriching smell, mindful of
privacy and accessibility.
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Fig. 9: Smell Virtual Modality play cards in Modality awareness.
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Haptic/Tactile virtual Modality Virtual content can be
adapted to users' needs
through different modalities,
like haptic or tactile
feedback, to reduce reliance
on sight and sound. This
method enhances
interaction with virtual
content through touch,
making the experience more
inclusive and accessible for
all users.
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Designing Modality insights

Haptic feedback bridges the
gap. making virtual content
tangible.
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Fig. 10: Haptic/Tactile Virtual Modality play cards in Modality
awareness.

Audio virtual Modality leverages sound to create immersive
environments or provide navigational cues, enhancing the user's
spatial awareness and engagement with the virtual content. For
example, some studies have started to focus on audio augmented
reality in different scenarios such as cars [15], museums [16],
tourism [17] and others. Smell virtual Modality, though less
common, offers unique opportunities for creating deeply
immersive experiences by incorporating scent, thereby tapping
into the user's olfactory senses to evoke memories or emotions.
Erkoyuncu and Khan’s article [18] outlined an olfactory-based
AR system to help with the identification of maintenance issues
using smell. Lastly, the haptic/tactile Modality in augmented
reality (AR) uses physical sensations to bring virtual
experiences to life. Haptic feedback involves vibrations or
forces to simulate the sense of touch, allowing users to ‘feel’
virtual objects or actions, like the push of a button or the impact
of an object. Tactile feedback, a subset of haptic sensations,
specifically refers to textures and shapes, enabling users to
perceive the smoothness of a surface or the edges of a virtual
object. This distinction between haptic and tactile feedback
enriches AR experiences by offering more nuanced interactions.
Haptic feedback can convey actions and responses, while tactile
feedback can simulate the physical characteristics of virtual
environments and objects, making the virtual world feel more
real and interactive. For example, Zhang et al.’s article [19]
introduces innovative haptic devices enabled by curved origami.
These devices allow users to actively experience a range of
mechanical sensations, from softness to hardness and even the
sensation of breaking, through user-initiated touch. This
approach offers a more authentic and immersive virtual reality
experience by closely mimicking real-world physical
interactions. The technology's ability to simulate both positive
and negative stiffness enhances the realism of virtual
environments, presenting new possibilities for VR and AR
applications across various sectors. However, Research in this
area is still in the exploratory phase and has not yet led to the
development of products.

Overall, these play cards offer valuable guidance for keeping
the real-world view accessible while overlaying helpful virtual
elements. Making the AR adaptable aligns with human-centred
principles as well.

V. CONCLUSION

In conclusion, this study has embarked on a pioneering
journey to bridge the gap in augmented reality (AR) user
experience (UX) design by introducing the innovative concept
of User Experience Research (UXR) play cards. Drawing
inspiration from the Point of View (POV) UXR playbook, we
have developed a series of play cards that encompass essential
UX principles tailored specifically for Hidden Reality (see Fig.
11)) and Modality. These play cards serve as a dynamic toolKit,
enabling UX practitioners to navigate the complexities of AR
design with a structured and user-centric approach. Through the
application of these play cards, our methodology not only
addresses the 'Hidden Reality' and ‘Modality’ challenge but also
enhances visibility and multi-sensation interaction within AR
environments.
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Fig. 11: The simplified diagram of Hidden Reality awareness in AR.

The strategic use of sensemaking throughout this process has
illuminated the path forward, enabling our team to identify
critical scenarios and insights that significantly contribute to the
refinement of AR UX design. This study represents a significant
step towards creating more meaningful and accessible AR
applications. By leveraging the UXR play cards, we aim to
inspire further innovation in the field (e.g. Modality, Accuracy,
Instantaneous, Layer), encouraging practitioners to explore new
horizons in AR UX design.

This study represents a significant step towards creating more
meaningful and accessible AR applications. By leveraging the
UXR play cards, we aim to inspire further innovation in the
field: multi-sensational Modality, interaction between hand
gesture and virtual content, transparency, bringing virtual
screens closer or moving them further away, and the hidden
relationship between real and virtual elements, encouraging
practitioners to explore new horizons in AR UX design. Adding
to this, this research introduces concrete examples of play cards
in both data collection and insight generation levels within the
UXR POV pyramid framework, suggesting the potential for
future research to expand the play card system. Future
investigations might also explore diverse play card formats
across different levels of the pyramid and adapt the UXR POV
pyramid structure to suit various scenarios, further enriching the
AR design process and outcomes.



VI. LIMITATION AND FUTURE WORK

Limitations of this research include the focus on a specific set

of UX principles tailored for Hidden Reality and Modality in AR.

There should be more potential applicability of using UXR play
cards to other aspects of technological design. Additionally, the
effectiveness of the play cards in 'Hidden Reality' and 'Modality'
remains to be fully validated through user testing and real-world
application. Further user studies like workshop, focus group or
interview could be conducted for evaluating the effectiveness of
these play cards.

The further development of play cards could contribute to the
refinement of the UXR POV theoretical framework.
Additionally, researchers may draw inspiration from this
endeavour to explore new methods for designing UX play cards.
It could potentially bridge the gap between conceptual research
and applied technology-related solutions.
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