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ABSTRACT

This paper presents a qualitative analysis of a literature review on
affordances in XR environments. Affordances refer to the way how
the system communicates to the user how to perform a task. Pre-
liminary studies showed that there was no consensus and neither
a standard taxonomy for describing affordances in XR. The goal
of this study was to investigate how affordances were used as a
strategy to promote discovery and usage in XR environments. We
collected and analyzed works that describe affordance concepts and
carry out experiments in 3D environments describing the applied
affordances. We mapped the affordances usage in 8 dimensions:
kind of environment, modality, location, temporal aspect, learn-
ing aspect, category of tasks, domain tasks and kind of affordance.
Additionally, findings were categorized according to VR tasks and
Bloom’s learning existing taxonomies. Finally, the relationship be-
tween the dimensions was analyzed and discussed as a tentative
reflection and guidance on the future design and development of
affordance taxonomy for XR environments.

CCS CONCEPTS

« Human-centered computing — Mixed / augmented reality;
Virtual reality.
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1 INTRODUCTION

This paper investigates the use of affordances in three-dimensional
(3D) virtual environments and more specifically, 3D environments
that rely on the use of Head Mounted Displays (HMDs) to cre-
ate applications in Virtual Reality (VR), Augmented Reality (AR),
and/or Mixed Reality (MR), which make up Extended Reality (XR)
[20, 45, 46, 50]. XR environments offer unique opportunities for
creating immersive and interactive experiences that can be applied
in diverse areas, from education to entertainment [8, 14]. However,
the effectiveness of these experiences largely depends on the user’s
ability to understand and interact effectively with the virtual envi-
ronment [27]. In this context, the concept of affordance emerges as
a fundamental piece to improve the user experience (UX) [4, 39].

The concept of affordance, derived from psychology and popu-
larized by James Gibson [17], refers to the clues or suggestions that
the environment offers to an observer about how it can be used.
In Human-Computer Interaction (HCI), the term began to be used
when Donald Norman published the book The Design of Everyday
Things, conceptualizing affordance as the quality of an object or
environment that suggests how it should be used [33]. However,
despite its potential importance, the concept of affordance in XR is
not yet well established. There is a diversity of interpretations and
approaches [5, 21, 38, 43, 49], which made it crucial to carry out a
Systematic Literature Review (SLR) to investigate how researchers
have explored this concept in different contexts.

As we did not find other works on affordances in XR with a
similar objective to ours, we carried out this research to identify
current trends in the scientific community. Our objective was to
investigate what is being researched and used in terms of affordance.
In this sense, we believe that this work, as a literature review, is
valid.

When discussing the use of affordances as design strategies, we
refer to the way designers apply them to create immersive environ-
ments. There is a vast literature describing the use of affordances.
Nonetheless, the review of the literature presented hereafter is
mainly focused on articles describing XR systems that employ af-
fordances to create user experiences of discovery, which refer to
the ability to learn how to use the system to complete the proposed
tasks. Based on an in-depth analysis selected papers from the liter-
ature review, we could identify eight dimensions that characterize
affordances used in learning tasks (which are related to the concept
of discovery in XR environments).
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The results of the analysis of the literature provides a description
on how researchers are exploring affordances in XR. Our analysis
allows to understand how affordances can be explored as effective
strategies to improve discovery in 3D virtual environments. This
included investigating how different types of affordances can be
applied in different contexts and how the use of these affordances
affected the UX and the usage learning process. Finally, this paper
prompts to emerging trends in the research in the field by analyzing
how established dimensions interact and correlate. The data were
analyzed quantitatively, through diagrams and graphs, and qual-
itatively, through grounded theory approach including thematic
analysis [37, 47, 52].

The rest of the text is organized as follows: Section 2 presents
a concept of affordance in XR is suggest based on literature in-
sights; Section 3 presents a SLR of affordances in XR, describing
the planning, conduction and data analysis; Section 4 presents the
design space of the research, describing the dimensions and classifi-
cation of the articles; Section 5 provides a discussion of the results;
Section 6 presents insights into affordances in XR environments
that emerged from SLR, such as opportunities and challenges; Fi-
nally, Section 7 addresses conclusions, research limitations and
recommendations for future work.

2 DEFINITION OF AFFORDANCES IN
IMMERSIVE ENVRIONEMNTS

In this section, we explore the concept of affordance in XR envi-
ronments, highlighting its origins in psychology, its evolution in
the area of Human-Computer Interaction (HCI) and its specific
application in XR. Furthermore, we analyzed works that described
affordances in XR to identify insights that contributed to a definition
of the concept.

2.1 Origins: psychology and perception

The concept of affordance has its roots in psychology in the 70s,
having been proposed and popularized by James Gibson [17]. The
term is derived from the English "afford", which means "to pro-
vide" [1]. It intrinsically relates to the perception, cognition and
interaction of human beings with the environment around them
[16].

At its core, affordance refers to the clues or suggestions that the
environment offers to an observer about how it can be used [17].
In the field of psychology, can still be described as "a resource or
support that the environment offers" [51] and "factors of perception
and action that make interfaces easy to learn and use" [16].

To understand affordances, human beings use their senses as
sensors, interpreting information through vision, hearing, touch,
smell and taste, to perceive and understand the possibilities of
action in the world around them.

2.2 Affordance in HCI

In the area of HCI, the concept of affordance gained notoriety with
the publications of Donald Norman [33, 34]. He conceptualized
affordance as the quality of an object or environment that suggests
how it should be used. A classic example brought from the real
world by Norman is that of a door with a handle: the handle suggests
being turned, indicating the action necessary to open the door. This
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approach highlights the importance of affordances in the UX and
usability of information systems, as design elements that favor
interaction are implemented.

Other HCI authors define affordance as "the relationship between
the properties of a person and the perceptual properties of an object
in the environment" [41] and "the attribute of an object that allows
people to know how to use it" [42]. Rogers’ [41] definition empha-
sizes the bidirectional relationship between the user and the object,
highlighting that affordances are influenced by the characteristics
of the object and the user’s perceptual capabilities. Sharp’s defini-
tion [42] reinforces the idea that affordances are closely linked to
the user’s perception and understanding of the environment and
objects. One factor highlighted is the use of reality. The authors
mention that the use of reality in the interface can make beginners
more comfortable when learning to use an application, highlighting
the importance of affordances in facilitating learning.

Affordance concept in HCI highlight the relationship between
perceptual elements and user actions. They emphasize the impor-
tance of clear and intuitive perceptual cues to guide the user in
interacting with objects and environments[33], but they also bring
additional nuances, such as bidirectionality [41] and the ability of
affordances to provide comfort and facilitate learning [42].

2.3 Insights About Affordance Concepts in XR

Although widely established in HCI for interfacing traditional sys-
tems, the concept of affordance is still in development when applied
to immersive environments.

We found few works that explicitly describe affordance concepts
[5, 9, 15, 21, 38, 40, 49]. This suggests that, although most works
address affordances in some way, a clear definition of this concept
is still a gap in the literature. Among the explicit concepts, a key-
word analysis highlighted the following terms: "object", "possible”,
"learned”, "user”, "target", "actions", "through", "use" and "percep-
tion".

The explicit concepts found in the literature provide valuable
insights into the definition of affordance in XR. They highlight
the emphasis on the user’s ability to understand objects and rela-
tionships in the 3D environment, the influence of affordances on
the user’s actions and the potential to stimulate the neurological
system. Furthermore, individual perception of what is possible and
important, together with the preparation of actions through per-
ception, are fundamental elements. An analysis of the concepts
based on coding [52] and the results of the work also allowed us
to understand that there is a direct relationship between the use
of affordances and the completion of objective tasks in immersive
environments.

Other works that address affordance in XR were also found. Stef-
fen [46] built on Gibson’s seminal work [17] to create a generalized
affordances framework for immersive activities in relation to the
affordances of physical reality. To do this, they compared the use of
affordances in the real world with AR and VR. The framework facil-
itates the comparison of virtualized activities with non-virtualized
activities and the comparison of similar activities between VR and
AR. The work also highlights that designers can find success by
focusing development on the specific affordances that VR or AR
are best equipped to realize. However, the concept of affordance is
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not explicitly described in the article and can be understood as any
resource contained in the system, capable of replicating of a task
as it occurs in the real world. A limitation of the article in relation
to the study of affordances is the fact that no aspects related to
UX were evaluated, other than those related to the replication of
real-world affordances. It is understood that the possibilities in
immersive environments go beyond those found in the physical
environment, and that this enhances the use of affordances in XR.

Gu et al. [19] analyzed the implementation of XR technologies for
autistic individuals based on technological affordances, highlighting
the lack of studies on linguistic autonomy and participants’ comfort.
The work also does not present an explicit definition of the term
affordance, but relates it to the resources that the system offers to
users to generate autonomy (the ability to perform tasks alone).

Shin [43] wrote about the theory of affordance concretization,
describing that an affordance does not produce results without
concretization, which refers to the actions performed by users
as they take advantage of one or more affordances through their
interaction with technology to achieve a direct concrete result
in support of their motivations. In this sense, the ability of users
to perceive the possibilities of the environment is a fundamental
aspect.

Although with a different focus than the present study on af-
fordances in XR environments, Assaf et al. [3] examines the com-
plexities of collaboration in XR and explores innovative visual cues
that have recently been employed in research to enhance user un-
derstanding. Although it does not directly focus on affordances
such as technological resources, the article offers valuable insights
into how visual elements can facilitate effective collaboration in
XR environments. The findings presented reinforce the importance
of understanding how users perceive and interact with the col-
laborative environment, thus contributing to the field of study of
affordances in immersive realities, albeit from a different perspec-
tive.

The works cited reinforce the fact that there is no well-established
consensus on the definition of affordance in XR and present insights
into: a) affordance as a technological resource of the system; b) af-
fordance needing to be perceived, understood; c) affordance being
useful for completing tasks. We suggest this concept below.

2.4 Discussion of Definition of Affordance in
XR

We propose to have a discuss about the definition of affordance
in XR through the origins of the term, contributions from authors
in the field of HCI, literature analysis and insights from explicit
concepts.

In fact, some of the affordances as defined by Gibson and Norman
work very well in immersive systems, but there are special cases.
Because of these special cases we suggest understanding affordance
in XR as a technological resource perceived by one of the
human senses that explicitly aims to favor the completion of
a task in the immersive environment. This definition highlights
the interaction between the user and the XR environment, where
affordances are elements that, when perceived by the human senses,
guide and facilitate the execution of tasks, thus contributing to the
improvement of the user experience and the learning process.
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What we understand from Gibson’s definition [17] is that the ob-
ject’s design can include characteristics that allow us to understand
how it works. This works well when we design physical objects
or for objects that we can directly manipulate. However, when we
work with XR, we are often including elements as plugins to exist-
ing objects to create "shapes", like a notation. Often, this affordance
is a special type that allows you to create a connection between the
virtual world and the real world.

Gibson’s definition of affordance is related to the possibilities
of action and perceived results. In the context of XR, there is a
dissociation between the perception of immersive reality (an artifi-
cial image that does not configure something real) and affordances
based on objects in the real world. In the case of AR, for example,
affordances are placed on the object to explain what it can do. In
other words, the design and shape of the object in the real world are
its affordance. When we add something so that the person under-
stands, we are not transforming the object. This concept is different
and we found evidence that it is a topic that deserves to be discussed
with the community. In this aspect, affordances come as something
additional that can be placed in the environment or on an object,
for example.

It should also be noted that this is not the same as what happens
with 2D interfaces, where the effects activated by interaction with
objects, such as hover for buttons activated by the mouse cursor,
are part of the object’s properties. Gibson [17] and Norman [33]
[34] talks about design and what can be perceived from the design
of the object. What we are suggesting as an affordance in XR is
something superimposed on the original design of the object in the
virtual world, different from a hover on a button in a 2D interface.

An example of affordance in XR that favors the understanding
of the proposed concept are the limits in the virtual environment
generated by the impossibility of moving beyond them in the real
world. As there is no way to modify the real world and expand these
limits, an object like a wall is superimposed when we get close.
These affordances are necessary because they create a connection
with the real world, which, in this case, cannot be modified. In
this sense, we can consider that an association occurs from the
dissociation created by the immersive reality.

While the concept of communicability from Semiotic Engineer-
ing provides valuable insights into the interaction between users
and technological resources and also address the concept of affor-
dance [31], the notion of affordance presented still offers a unique
perspective on how users perceive and interact with immersive
environments.

We seek to embrace the complexity of affordances in immer-
sive environments and establish a solid conceptual foundation for
exploring their role in promoting learning and interaction effective-
ness in XR environments. It recognizes the importance of perceptual
cues provided by human senses and their impact on the interac-
tion between the user and the immersive environment. In the next
sections, we explore how this definition relates to the data col-
lected and how affordances can be applied effectively in different
XR contexts.
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3 SYSTEMATIC LITERATURE REVIEW OF
AFFORDANCES IN XR

To understand the current state of research related to affordances
as a strategy for dicovery in XR, we conducted a SLR guided by
Keele [23]. Our analysis was inspired by the grounded theory ap-
proach [37, 47, 52]. For planning and conducting the review, we use
Parsifal!. For analysis, we used Google Sheet? to tabulate data and
create graphs and MGExplorer [29] to create a NodeEdge diagram
of the relationship between the works and the affordance modality
included in them.

3.1 Planning

Initially, we were interested in understanding the concepts of af-
fordances in XR and how affordances were being used. To achieve
this, we defined the following research questions (RQ):

RQO01 What are the concepts of affordances in XR?
RQO02 What kinds of affordances are being used in XR?
RQ03 What purposes are affordances being used in XR?

We decided to collect papers from digital libraries, including
the IEEE Xplore, the ACM Digital Library and the ScienceDirect
database, because they have conferences and articles relevant to the
research context. We inspected an initial set of articles, including
titles, abstracts and main texts if necessary, to evaluate whether the
criteria allowed for a well-balanced search or whether we needed to
revise the initial search query. We realize multiple iterations to reach
the final collection. Our search used boolean search queries with
multiple search terms within the categories of XR, affordance and
discovery. We used the following query for searching ScienceDirect
and similar variants for IEEE and ACM.

TITLE-ABS-KEY(("virtual reality" OR "VR" OR "augmented
reality" OR "AR" OR "mixed reality" OR "MR" OR
"extended reality" OR "XR" OR "immersix environmentx"
OR "3D virtual environment" OR "3D environment"

OR "metaverse") AND ("affordance") AND ("discoverx"

OR "learnx" OR "user experience"))

One of the main motivations for such a configuration in the
search string was to observe how people understood and used the
word affordance within the context of immersive environments. We
chose to use the term affordance to narrow the search and check
how people are using it in XR.

Regarding the inclusion criteria, we included works that address
experiences in immersive environments using HMDs and provide
empirical or theoretical contributions to understanding affordances
in XR. Exclusion criteria were:

EC01 Affordance approach beyond the concept established by
Gibson [17] and Norman [33]

EC02 XR approach unrelated to immersive HMD experiences

ECO03 It does not present experiment related to the use of XR

!Parsifal is available in https://parsif.al/ and is an online tool where geographically
distributed researchers can work together within a shared workspace, designing the
protocol and conducting the research.

2Google Sheet is available in https://www.google.com/sheets and is a free, full-featured
spreadsheet program maintained by Google.
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EC04 Short papers, technical reports, course conclusion works,
dissertations, theses, posters, workshop proposals, tuto-
rials and books

ECO05 Itisnot freely available, even after contacting the authors

ECO06 Language other than English

We use a question scheme with answers "yes" (1 point), "partially”
(0.5 point) or "no" (0 points) to assess the quality of the articles. The
maximum possible score was 7 points. This was useful for weighing
the importance of individual studies when results were synthesized
and served as a more detailed exclusion criteria. Articles with a
score below 5 were excluded. The quality assessment (QA) was
adapted from [23, 24] and involved the following questions:

QAO01 Title and abstract relevant to a research about affor-
dances in XR?

QAO02 Clear objectives?

QAO03 Research Methods Described?

QA04 Documented data collection and analysis?

QAO05 Clear and objective discussion of results?

QAO06 Research limitations described?

QAO07 Affordances clearly described?

The planning stage ended with the definition of the data ex-
traction form from the articles. Four researchers went through an
iterative coding process to derive orthogonal design dimensions
of affordances in XR. The researchers inductively derived a stable
consensus set of codes by inspecting a few random sampled papers
through open, axial and selective coding [47]. Then, they looked
for taxonomies that could cover the established dimensions. The
dimensions and taxonomies that are part of the extraction form
are described in detail in Subsection 3.3 and Section 4. The fields
"affordance concept obtained in the article" and "classification of
this concept (explicit or not)" completed the extraction form.

3.2 Conducting the review of the literature

The search was conducted in May 2023. We search titles, abstracts
and keywords of scientific articles published at any time. We did
not temporally limit our analysis to discover how long researchers
have been exploring affordances as a tool to influence discovery in
XR. Removing duplicate, we obtained an initial set of 216 articles.

We guided our selection of the papers from the initial set by
applying inclusion and exclusion criteria. In the selection phase, 77
articles were included based on analysis of the title and abstract.
After applying the exclusion criteria during the extraction phase,
including the application of the quality questionnaire, 30 articles
remained, which are studied in this work. Even though the number
of articles can be considered small, we highlight our interest in
carrying out an in-depth analysis of it. Two researchers evaluated
each article in both phases.

3.3 Data analysis

The affordance concepts obtained in the articles were analyzed to
answer RQO1. Explicit concepts were found in 7 (23%) works. They
served to derive the concept that we established in Section 2.
During planning, eight dimensions related to affordances were
considered important for the classification of works seeking to
answer research questions RQ02 and RQ03: kind of environment,
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modality of interaction with the affordance, location of the affor-
dance, temporal aspect, learning aspects, category of tasks, domain
tasks and type of affordance. They were obtained by identifying
emerging themes and codes as researchers analyzed an initial set
of articles, as described previously, in Section 3.1. Based on the
dimensions, the researchers looked for taxonomies that could sup-
port the classifications. Table 1 presents a relationship between the
dimensions and taxonomies used.

3.4 Quantitative analysis

Regarding the classification of accepted works, all present primary
research. This is due to the fact that we did not find secondary
research describing experiences in XR environments with sufficient
information to extract affordances (EC03 and QA07).

Among the accepted works, the oldest is from 2017. We high-
light the growth of interest in research involving affordances in XR.
The most recurrent sources were IEEE Conference Virtual Reality
and 3D User Interfaces (3), Computers & Education (3) IEEE Inter-
national Symposium on Mixed and Augmented Reality (2), IEEE
Transactions on Visualization and Computer Graphics (2), Trans-
actions on Learning Technologies (2) and Advanced Engineering
Informatics (2).

Other data are related to the categories of each dimension presents
in Table 1, which constitutes our design space. We built this design
space as a way to explain what we found in the literature. The
Figure 1 presents a radar chart with the percentage of category
within each dimension. We discussed the percentages that appear
on this radar chart in Section 4.

4 XR AFFORDANCES DESIGN SPACE

The dimensions of design broadly fall into three main categories:
how, why and what. How is the affordance comprised: kind of
environment, modality of interaction, location of the affordance
and temporal aspect. Why is the affordance comprised: learning
aspects, category of tasks and domain tasks. What is the affordance
described what is the type of affordance. Figure 1 presents a radar
chart with the configuration of the articles within the dimensions
found. Following we describe the definition of each dimension and
the current state of using affordances in XR.

4.1 Kind of Environment

The type of environment was classified based on the nature of
the immersive interaction and the device used. Figure 2 shows the
difference between the environments. Considering the XR context,
we classify articles as VR, AR or MR [50]. We obtained 60% (18/30) of
the works using VR environments. The use of AR environments was
not far behind, appearing in 46.6% (14/30) of works. However, the
numbers highlight greater interest from the community in research
involving affordances in VR compared to research with AR. MR
environments were explored in 10% (3/30) of the works.

Four studies (4/30) compared the use of VR and AR, and one
study compared the use of the three types of environments. He
highlights that the user tends to complete the task more easily
depending on how stimulating and immersive the environment is
[21].
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4.2 Modality

We classify the modality of interaction with the affordance based on
an adaptation of the taxonomy in Hertel et al. [22], establishing the
modalities: visual - vision, gaze; sound - hearing; and haptics - touch.
Visual appeared in 100% (30/30) of the works. Although it is not a
universal rule, this is motivated by the fact that all environments
have graphical interfaces, which tend to be the system’s main form
of communication with the user. Sound appeared in 50% (15/30)
of the works, as well as haptic. Figure 3 presents examples of the
three modalities used to design interactive affordances.

The use of haptic affordances has generally been associated
with devices other than the HMD, serving to control the system
or receive haptic feedback [26]. The fact that they are modalities
associated with sensors that are not the most used in 3D interaction
and appear in most works raises the possibilities due to the use of
the other two human senses, which are not currently explored due
to technological limitations: smell and taste. In an ideal technologi-
cal scenario for a representation closer to reality, visual, sound and
haptic modalities are used [46]. The next step involves developing
technology to support other human senses.

The combination of the three modalities was present in 13.3%
(4/30) of the works. It allowed us to favor discovery [9, 28] and UX
[49], proving one of our research hypotheses.

When studying affordances in XR environments, it is crucial to
recognize that modality is a property of the affordance itself, not
the user’s interaction with it. This understanding implies that the
modality is determined by the design of the affordance, shaping
how it is perceived and how it can be used by users. On the other
side, the interaction modality, which refers to the way users inter-
act with the system (for example, by gestures, voice or traditional
control), can significantly influence the design of these affordances.
XR designers must therefore carefully consider how different in-
teraction modalities impact the perception and effectiveness of
affordances, ensuring that they are intuitive and promote a good
user experience. This involves a detailed analysis of the context
of use and user capabilities, as well as a skillful integration of the
technologies involved to create an interaction.

4.3 Location

The location of the affordance, that is, where it is placed within
the XR environment, is a crucial aspect in determining how users
interact with it. We classify the location based on Belani et al. [6],
which can be: in the environment, in an object, on a dashboard, or
on a physical device.

The most common approach, in 66.6% (20/30) of the works, was
the placement of affordances in virtual objects. This means that
interaction elements were associated with specific objects, such as
tools or interactive elements. This approach can be useful when
you want to highlight specific objects as interaction targets [39, 44].

In 56.6% (17/30), the affordances were placed directly in the 3D
virtual environment. This means that the interaction elements were
incorporated into the virtual scenario itself, providing users with
perceptual cues on how to interact with the environment. This
approach can create a sense of immersion and naturalness in the
interaction, as affordances are integrated into the context [6].
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Dimension

Description

Kind of environment

Kind of environment was categorized based on the nature of the immersive interaction and the devices used, and
could be classified as AR, VR or MR [50].

Modality The modality of interaction with the affordance was categorized based on an adaptation of the taxonomy in Hertel
et al. [22]. This taxonomy classifies different modalities of interaction based on human senses that can be used in
immersive environments (visual, hearing and touch), deriving the categories visual, sound and haptic.

Location The location of the affordance was categorized based on Belani et al. [6], where the authors tested different

locations for anchoring content in XR: in the environment, on an object, on a physical device or on a
dashboard.

Temporal aspect

The temporal aspect of affordances was categorized into two main classes, according to Cecil et al. [10]: static or
dynamic. The static aspect refers to affordances that remain constant over time, while the dynamic aspect refers
to affordances that can change over time.

Learning aspects

Learning aspects are related to the learning objective in using the affordance, that is, what the user should
be able to do or achieve after completing the interaction with the affordance. The taxonomy in Anderson &
Krathwohl [2] was adapted from Bloom’s Taxonomy [7] and used for this classification. It presents a matrix of two
high-level dimensions: knowledge and cognitive process. However, we perform the classification at a low-level.
Section 4 presents the classification in detail.

Category of tasks

The task category was classified based on Laviola et al. [25]. The taxonomy classifies interaction techniques
for tasks into three main categories: selection and manipulation, navigation, and system control. These
are common, low-level user tasks in 3D interfaces. For each of these tasks, there are a large number of possible
interaction techniques (combinations of input device and user interface).

Domain tasks

For this dimension, the classification involved a thematic analysis based on key words in articles that explicitly
described affordance concepts [11, 37]. The categories generated were: learning, 3D exploration, mounting
and communication.

Kind of affordance

The kind of affordance was classified as perceptible or hidden, based on Gaver [16]. Perceptible affordances are
those that are easily identified and understood by users in an environment, generally highlighted or evident. On
the other hand, hidden affordances are less evident and may require exploration or discovery by the user to be
recognized. This is related to how it is activated. The term hidden should be understood as inactive.

Table 1: Relationship between dimensions and taxonomies used for classification of works.

In a significantly number of articles, equivalent to 76.6% (23/30),
the affordances were incorporated into a dashboard that was avail-
able to users within the XR environment. These dashboards often
contained controls, buttons and indicators that facilitated interac-
tion and provided additional information to users. This approach
can be effective for organizing and centralizing interaction elements
[53].

Less common, but still present in 33.6% (11/30) of articles, the
physical device was the location of the affordances, described in
most cases as controls. This approach is mainly related to the hap-
tic modality and can be valuable when seeking closer integration
between the real and virtual world, as well as increasing the feeling
of immersion [6, 46].

The majority of articles included in the SLR (28/30) adopted a
diversified approach, placing affordances in two or more defined
locations. This multi-location approach suggests a strategic adapta-
tion of affordances based on the specific needs of each XR context.

4.4 Temporal Aspect

The temporal aspect dimension refers to the nature of the affordance
behavior over time. We use Cecil et al.’s [10] work to classify works
as containing static, dynamic affordances or both.

In 40% (12/30) of the articles analyzed, affordances were classified
as static. This means that these interaction elements maintained a

fixed and unchanging nature during the user’s interaction with the
XR environment. However, it is important to highlight that all cases
in which affordances were classified as static, dynamic affordances
were also found. We deepened the research and realized that this
type of affordance appeared when the representation of an object
from the real world was taken into the environment to influence the
understanding of the objective of the interaction, but the affordance
remained unchanged over time, for example, as happened with a
book represented in the environment at [4].

All articles (30/30) included in the SLR described the use of
dynamic affordances. This means that these interacting elements
showed some degree of mutability or adaptability over time. Dy-
namic affordances can adjust in response to user actions, changes
in the virtual environment, or other contextual factors [10]. This
flexibility allows for a richer interaction adapted to the user’s needs.

Dynamic affordances have the potential to make interactions
more engaging, adaptable and effective, contributing to UX and
facilitating discovery in virtual three-dimensional environments
[44].

4.5 Learning Aspects

In the dimension related to the learning aspects, we classify the
works according to the learning objectives, using Bloom’s Taxon-
omy [7], adapted by Anderson & Krathwohl [2]. This allowed us
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Figure 1: Radar graph with the percents of papers in each category. "Others" in the "Learning aspects" dimension corresponds

to the works classified as "fewer papers" in Figure 4.

another way of seeing the results, considering the completeness of
the taxonomy used. Figure 4 shows the distribution of items over
the classification and the dimensions of knowledge and cognitive
process. Each work was classified into only one of the low-level ob-
jectives, considering the need for an analysis of the work objective
associated with the affordances used. In other words, the objective
in interacting with the environment as a whole was considered,
and not each affordance individually.

The results show that the most common learning objectives were
use (23%), followed by recognize (17%) and identify (14%), respec-
tively. It can be seen that two of the three objectives are classified
as metacognitive in the knowledge dimension of the taxonomy.

In fact, what we mean with learning is that one of the main
purpose of affordances is to facilitate how to use the objects or

environments. Because of that, we look into Bloom’s Taxonomy to
try to understand where affordances are situated in the framework.

4.6 Category of Tasks

The category dimension of 3D interaction tasks focuses on specific
activities that users perform in XR environments. We use Laviola
et al’s [25] classification of 3D interaction tasks: selection and
manipulation, navigation, and system control.

In 66.6% (20/30) of the articles analyzed, affordances were asso-
ciated with selection and manipulation tasks. This indicates that
affordances played a fundamental role in the selection of objects or
elements within the XR environment and the manipulation of these
objects. This category of tasks involves direct interactions with
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Figure 2: Demonstration of affordances in XR environments. In (a) [32], in the VR environment, affordances are visualized as
graphic elements in the virtual space, such as a circle marking the point of interaction and a directional arrow that guides
the user to the next step. In (b) [30], in the AR environment, affordances are incorporated as interactive frames (dashboards)
that float in the field of vision, providing contextual information necessary to perform tasks. Finally, in (c) [35], in the MR
environment, affordances are presented as indications about physical objects that must be manipulated to progress in the task,
through virtual elements pointing to the object.
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I

Figure 3: Different modalities of interaction with affordances [14]. In (a), the affordance is represented by a highlight on
the screen on the elements selected by the visual interaction, guiding the user as to which elements are interactive. In (b),
the affordance is displayed on the HMD anchored in the environment, showing a graphic element that indicates the gesture
necessary for the interaction to occur. In (c), sound affordances are activated by voice commands, with the system responding
with audio that guides the interaction, exemplifying a hidden affordance [22] that reveals features not immediately visible. In

this figure, (a) and (b) are immersive and (c) are not.

virtual objects, such as picking up, moving, resizing, or modifying
elements in 3D space.

Navigation was present in 46.6% (14/30) of articles. This implies
that the affordances were designed to facilitate exploration and
movement within the virtual environment, in these cases. Navi-
gation tasks may include moving around virtual space, changing
visual perspective, interacting with maps, or exploring 3D environ-
ments.

Some affordances were directed towards system control tasks
(12/30). This means that affordances were used to manage configu-
rations, adjust parameters or control specific functionalities of the
XR environment. These tasks may be related to personalizing the
experience or configuring devices.

Furthermore, it is important to note that several works were clas-
sified into more than one task category, reflecting the multifaceted
nature of interactions in XR environments [6, 28].

4.7 Domain Tasks

The domain tasks dimension focused on the specific activities that
users performed in XR environments. A thematic analysis helped
identify four categories: learning, 3D exploration, mounting, and
communication.

Learning (13/30) refers to tasks related to acquiring knowledge
through interaction in XR environments. The affordances asso-
ciated with this category are designed to help users understand
concepts, acquire new skills or develop specific skills. This may
include using affordances for learning educational content [36],
professional training [9] or developing practical skills [28].

Mounting (4/30) involves tasks related to building, assembling or
configuring objects within the XR environment and was the least
listed category. In all cases it was related to AR environments and in-
volved instructions inserted into dashboards or in the environment
itself.

3D exploration (21/30) covers tasks related to exploring environ-
ments. The affordances associated with this category are designed
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Figure 4: Percentage of classification of papers in Bloom’s Taxonomy of Learning Objectives, adapted from [2].

to assist users in navigating and interacting with 3D objects and sce-
narios. This may include using affordances to explore educational
environments [53], virtual worlds [32] or entertainment scenarios
[12].

Communication (6/30) involves tasks related to interacting with
other users or entities within XR environments. The affordances
found in this category are designed especially to assist users in
collaborative tasks [18, 36, 44] and in interacting with immersive
environments for feedback from the user [12, 32, 48].

The distribution of domain tasks highlights the versatility of
affordances in XR environments, where they can play fundamental
roles in a wide range of activities, from formal learning to 3D explo-
ration in entertainment environments. The prevalence of the "3D
exploration” category reflects the immersive nature of these envi-
ronments and the importance of affordances that support spatial
exploration and interaction with three-dimensional objects. This

understanding of domain tasks helps to contextualize the use of
affordances in XR and how they can contribute to user experience
and discovery in different scenarios.

4.8 Kind of Affordance

In kind of affordance, we focus on the nature of affordances in XR
environments, based on Gaver [16], and classify whether they are
explicitly perceived by the user or kept hidden.

The perceptible category (30/30) involves affordances that are
easily identified and recognized by users. These affordances are
designed to be visible, intuitive and accessible, providing clear and
explicit clues on how to interact with the XR environment [16].
Users can perceive these affordances through visual, auditory or
haptic feedback. The presence of perceptible affordances in all
works reflects the importance of providing clear cues for users,
making interaction more intuitive [33].
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On the other hand, the hidden category (10/30) includes affor-
dances that are deliberately hidden or not easily noticeable at first
glance. These affordances may require users to discover or explore
the XR environment to identify them [16]. Although less obvious
initially, hidden affordances can add a layer of depth and discovery
to UX, creating immersive experiences that encourage exploration.

It is important to note that all works classified as containing
hidden affordances also have perceptible affordances. This suggests
that combining perceptible and hidden affordances can be an effec-
tive strategy for creating XR experiences that balance accessibility
with elements of discovery and challenge [36].

5 DISCUSSION

Our investigation revealed a series of significant observations,
among which we highlight the positive impact of affordances on XR
discovery [9, 28, 36], as well as the diversity of approaches identi-
fied [5, 9, 15, 19, 21, 38, 40, 43, 46, 49]. Furthermore, we also address
the implications of exploring affordances in XR, the connections in
design space and the strategies for using affordances found.

5.1 Exploration of Affordances in XR

The 30 articles included in this SLR after refining the search string
highlights that the discussion about the use of affordances explicitly
in XR is still little explored. We believe this is related to two main
factors.

First, the inherent complexity of XR environments, which often
involve a variety of sensors, input devices, and multimodal interac-
tions, may have discouraged researchers from explicitly addressing
affordances in their investigations. Integrating affordances into XR
requires a deep understanding of users cognitive and perceptual
nuances, as well as the technical capabilities of XR systems.

The second factor to consider is the lack of a common language
and consolidated guidelines for the conceptualization and imple-
mentation of affordances in XR. As a result, researchers may have
approached the topic in a heterogeneous way, making it difficult to
identify and systematically analyze relevant work.

These considerations highlight the continued need for research
and development around XR affordances as the technology evolves
and new challenges and opportunities emerge. This need can be
reinforced by the fact that the articles included in this research are
dated from 2017.

5.2 Connections in Design Space

The connections in design space presents relevant insights, among
which the combination of affordances in different modalities with
their positioning in different locations stands out. This combination
resulted in: a) increased interactivity [32, 49]; b) facilitating discov-
ery / improving understanding of the environment [9, 12, 14, 28]; ¢)
efficiency in completing tasks [10, 13, 21, 26]. These gains were also
present in the description of the results of the works that presented
more categories [12, 32, 49].

We chose to explore data visualization in the modality dimension
through a NodeEdge Diagram, which can be seen in Figure 5. In it,
we also insert the relationship of the articles with another concept
related to what we study: spatial affordance. We found relevant
works that explicitly discuss this category of affordance and we
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understand that it is an emerging term in the area. Spatial affordance
is defined as the functionality that a place or space offers to user
activity [44]. Studies have indicated that the spatial configuration
of the immersive environment is one of the factors that can favor
learning to use and completing tasks [6, 28, 39, 44].

The diagram provided a clear visualization of the trends and pat-
terns found in relation to the interaction modalities in the included
articles. It was evident that the visual modality is widely predomi-
nant, being used in all articles analyzed. On the other hand, sound
and haptic modalities, although less common, still play a significant
role in various XR contexts. Analyzing the visual distribution in
the diagram, it is clear that few works are positioned at the edges
of the graph, highlighting the relevance of the set of works in this
review for exploring modalities of interaction with affordances in
XR.

Only one work addresses the three modalities of interaction
and spatial affordance [28]. Among the relevant results in it, the
authors highlight that capturing interactions is a relevant factor for
discovery as it allows the diagnosis of risky behaviors or knowledge
deficiencies that can impact the interaction. They also present the
possibility of multisensory interaction in MR environments, using
the three interaction modalities.

Regarding the learning aspects, based on Bloom’s learning objec-
tives [2] (Figure 4), the fact that the majority of work was classified
under the "metacognitive” knowledge dimension suggests that re-
searchers are emphasizing the importance of self-reflection, critical
thinking, and understanding cognitive strategies in learning expe-
riences in XR.

The emphasis on the metacognitive knowledge dimension sug-
gests that researchers are interested not only in providing direct
information or instructions to users, but also in enabling them to
develop skills that may be relevant in XR environments, where
interaction and active exploration play a key role in discovery.

Furthermore, the fact that the second scored category in the
knowledge dimension is conceptual indicates that researchers also
value the construction of knowledge and the understanding of fun-
damental concepts. This combination of emphasis on metacognitive
and conceptual dimensions suggests a holistic approach to learning
in XR environments, which not only conveys information but also
promotes the development of advanced cognitive skills and a deep
understanding of the underlying concepts.

The fact that most work has been classified under the cognitive
process dimension “remember” within Bloom’s taxonomy of learn-
ing objectives suggests that many of the learning approaches in XR
environments focus primarily on information retention.

In Bloom’s taxonomy, the remember dimension represents the
most basic level of cognitive processing, where learners are able to
retrieve previously learned information without necessarily under-
standing or applying that knowledge in a meaningful way [7]. This
may involve memorizing facts, definitions, or procedures without
a deep understanding or connection to other concepts.

The fact that the second highest scoring category was "apply”
suggests that there is a recognition of the importance of applying
knowledge in practical contexts, but this category is still below
the "remember" level. This may indicate that, although there are
efforts to apply knowledge, the main focus is still on information
retention.
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Figure 5: NodeEdge Diagram of the relationship of articles with the modality of interaction and spatial affordance. Papers are

colored red. Modalities and spatial affordance appear in yellow.

This distribution of categories may suggest that XR researchers
are initially concerned with ensuring that users have a solid foun-
dation of knowledge before moving on to higher levels of cognitive
processing such as analysis, evaluation, and creation.

We noticed that the combination of visual and haptic modali-
ties with affordances located on dashboards and physical devices
(controls) associated with selection and manipulation tasks was
what predominated in articles classified as "metacognitive" in the
knowledge dimension of Bloom’s taxonomy. This points to the
possibility of experiments that explore these configurations of af-
fordances in immersive environments, associated with learning
objectives at higher levels of the cognitive process dimension, such
as deconstructing, reflecting and creating.

5.3 Affordances Strategies

According to the data categorized in Figure 1, it was possible to iden-
tify five distinct strategies that reflect the diversity of approaches
adopted in the integration of affordances into XR environments.
These strategies emerged from the analysis of the classification
of works in design space, seeking to find patterns in the use of
affordances. They offer insights into designing interactions in XR
environments to enhance user experience and task effectiveness.
Next we present each strategy.

5.3.1 Multimodal tendency for system control. This strategy pro-
vides users with greater flexibility by allowing them to employ a
combination of gesture input, voice commands, touch controls, and
receive feedback through audio, video, and haptic devices. This
multimodal interaction enhances the user experience by catering
to different preferences and needs, improving accessibility, and
enabling more natural and intuitive interactions. For instance, in a
virtual training environment for surgeons, professionals can manip-
ulate virtual instruments using gestures or controls, access critical
information via voice commands, and experience haptic feedback
that simulates the sensation of touching virtual organs. Further-
more, they can receive auditory feedback on their progress during
simulated procedures, which aids in real-time learning and situa-
tional awareness.

The integration of these various input and feedback methods
can significantly enhance the realism and immersion of the training
environment, making the learning process more effective and engag-
ing. However, this approach also poses several challenges. Ensuring

seamless and synchronized interaction between different modalities
requires sophisticated software and hardware integration. Addi-
tionally, designing intuitive interfaces that do not overwhelm the
user with excessive information or feedback is crucial to maintain
usability and prevent cognitive overload.

Moreover, the effectiveness of these technologies in improving
training outcomes depends on their ability to accurately replicate
real-world conditions and provide meaningful feedback. This neces-
sitates continuous refinement and validation of the virtual environ-
ments and haptic devices. As these technologies evolve, ongoing
research and development will be essential to address these chal-
lenges and fully realize the potential of multimodal interactions in
enhancing training and other applications in immersive environ-
ments.

5.3.2  Touch and vision in navigation. Using touch and vision as
guides when navigating XR environments can significantly improve
user interaction, providing multimodal feedback that facilitates
complex tasks and reduces errors. For example, in a virtual tourism
application, users may receive haptic vibrations through their con-
trollers or wearable devices as they approach points of interest.
This haptic feedback serves as an intuitive guide, allowing users
to navigate the virtual space more naturally. Simultaneously, vi-
sual information such as pop-up descriptions or augmented reality
overlays can provide contextual details about locations and land-
marks. This dual-sensory approach tends to enrich the exploration
experience.

Research has shown that multimodal feedback can lead to im-
proved task performance and user satisfaction [46] [44]. They high-
light the importance of perceptual cues to guide users’ actions
and increase the sense of presence in virtual environments. Thus,
incorporating haptic and visual feedback mechanisms into XR appli-
cations aligns with these findings and can contribute to improving
UX.

5.3.3 Sound and vision as guides for mounting. This approach em-
phasizes the synergy between auditory guidance and visual per-
ception to optimize efficiency in assembly tasks within XR envi-
ronments. For example, in a training application for assembling
electronic products, visual instructions are supplemented by sound
guidance indicating the correct component locations and steps to
follow. This multimodal guidance can help reduce errors and im-
prove the assembly experience by catering to different learning
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styles and ensuring users receive immediate and clear feedback on
their actions.

5.3.4 Relevance of touch and vision in the usage learning process.
Touch and vision play vital roles in the learning process within XR
systems. Haptic feedback enhances users’ understanding of inter-
actions, accelerating adaptation and reducing the learning curve.
In a virtual reality 3D design application, haptic feedback indicates
virtual resistance when modeling objects, while visual elements
highlight critical areas or parts requiring attention, facilitating a
more comprehensive understanding of actions.

5.3.5 Prioritization of hearing and vision in general learning. Pri-
oritizing hearing and vision in learning enables users to focus on
essential content, enhancing the learning experience, particularly in
virtual educational environments. For instance, in a virtual reality
app for foreign language learning, prioritizing hearing and vision
allows users to concentrate on correct pronunciation and reading
in specific contexts, thereby improving language assimilation.

6 OPPORTUNITIES AND CHALLENGES

We identify five fundamental insights that emerged from this SLR
about affordances in XR environments. They offer important in-
sights into how to advance XR research and development to maxi-
mize the potential of affordances in creating more effective discov-
ery experiences.

The first insight leads us to consider the possibility of reclassi-
fying articles on a more detailed scale across multiple dimensions,
such as interaction modality. By doing so, we could identify specific
nuances in the implementation of affordances in XR. This would al-
low for a more accurate understanding of how different approaches
impact discovery and user experience, providing valuable insights
for future research and development.

A second insight highlights the importance of the relationship be-
tween users’ cognitive capabilities and the properties of XR objects.
We recognize that the more aligned these elements are, the greater
the potential for effective use of affordances in XR environments.
This emphasizes the need to adopt a user-centered design approach,
where the characteristics of XR environments are carefully tuned
to meet the needs and capabilities of users, influencing the UX.

As a third insight, this work can be seen as the first step to cre-
ating a taxonomy of affordances in XR. The analysis of the articles
revealed several facets of affordances in immersive environments,
which can be grouped and organized into a taxonomic structure.
This taxonomy could serve as a valuable guide for researchers, de-
signers, and developers seeking to understand, create, and evaluate
affordances in XR. Furthermore, the taxonomy can contribute to
the consolidation of a common vocabulary and set of guidelines in
the field, promoting the development of XR environments where
tasks can be completed more easily.

Our SLR revealed strategic approaches for testing and implement-
ing affordances in XR environments. The fourth insight involves the
fact that these strategies present unique opportunities for refining
XR experiences, encouraging researchers and developers to explore
diverse ways in which users can interact with immersive environ-
ments. Leveraging multiple senses and modalities for enhanced
system control, navigation, and learning processes, these strategies
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offer a promising avenue for experimentation in the design and
evaluation of XR applications to optimize user engagement and
task performance.

Finally, the prospect of developing a framework to create affor-
dances in XR emerges. This framework could serve as a practical
guide for designers, providing a structured approach to implement-
ing and evaluating affordances in immersive environments. By
synthesizing the identified strategies and incorporating them into
a unified framework, researchers and developers can streamline
the design process and enhance the effectiveness of XR applica-
tions. Such a framework would contribute to the maturation of XR
technology by establishing best practices, fostering innovation, and
facilitating the creation of more intuitive and user-friendly expe-
riences. This step forward holds the potential to provide a solid
foundation for the continued evolution of affordances in immersive
environments.

7 CONCLUSION

The objective of this research was to investigate, through a SLR,
how researchers are defining and using affordances in immersive
environments. We verified that there is no established consensus in
the area regarding the concept of affordance. Through a thematic
analysis of the concepts found, we suggest understanding affor-
dance in XR as a technological resource perceived by one of the
human senses that explicitly aims to favor the completion of a task
in the immersive environment.

Next, we present a classification of SLR works into eight dimen-
sions that favor the understanding of how affordances are being
used in XR: type of environment, modality of interaction, location
of the affordance, temporal aspect, learning aspects, task categories,
domain tasks and types of affordances. This classification helped
to understand strategies that can be useful to make environments
easier to use, improve UX and increase interactivity.

We present five strategies that can be used to enhance UX in
XR environments. These strategies address crucial aspects such as
system control, efficient navigation, mounting guidance, efficient
system discovery, and effective learning. The configuration of each
strategy stands as a comprehensive guide for the design and im-
plementation of affordances that can make XR environments more
engaging and intuitive.

As a limitation, some dimensions were configured for high-level
classification of articles. They could be configured in another way,
covering low-level categories, for example, to find more accurate
results about the best settings for a given learning objective or task
category.

Furthermore, we consider usability and communicability, for
example, as part of discovery, learning and UX in the search string.
However, we recognize that this is a limitation of this work.

This research opens the door to the development of a taxonomy
of affordances in XR, which can help consolidate the concept in
the area and eliminate ambiguities, in addition to establishing new
dimensions for classifying affordances based on more in-depth
studies.
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The final version of the paper benefited from the use of Chat-GPT
3.5 for the improvement of spelling, grammar, vocabulary and style.
Al suggestions were carefully examined and often corrected by us,
where we take full responsibility for the form and content of the

paper.
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