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Figure 1: Illustrations of the four spatial awareness tools we implemented within Dungeon Escape. These approaches — the
smartphone map, the whole-room shockwave, the directional scanner, and the simple audio menu — represent a broad range
of designs for facilitating spatial awareness for VIPs. However, we still do not yet understand what the relative merits and

limitations of each approach are.

ABSTRACT

Sighted players gain spatial awareness within video games through
sight and spatial awareness tools (SATs) such as minimaps. Vi-
sually impaired players (VIPs), however, must often rely heavily
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on SATs to gain spatial awareness, especially in complex envi-
ronments where using rich ambient sound design alone may be
insufficient. Researchers have developed many SATs for facilitating
spatial awareness within VIPs. Yet this abundance disguises a gap
in our understanding about how exactly these approaches assist
VIPs in gaining spatial awareness and what their relative merits
and limitations are. To address this, we investigate four leading
approaches to facilitating spatial awareness for VIPs within a 3D
video game context. Our findings uncover new insights into SATs
for VIPs within video games, including that VIPs value position
and orientation information the most from an SAT; that none of
the approaches we investigated convey position and orientation
effectively; and that VIPs highly value the ability to customize SATs.
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1 INTRODUCTION

Mainstream 3D video games are largely inaccessible to visually-
impaired players (VIPs) because they often lack crucial accessi-
bility tools [5, 46]. Although some recent mainstream games [16]
have made strides in making certain in-game abilities accessible
to VIPs, many crucial abilities remain inaccessible. Among these is
the ability for players to gain spatial awareness of their surround-
ings, which prior work has established is crucial for granting VIPs
with an enhanced sense of space and presence within the game
world [2, 4].

Sighted players gain spatial awareness using a combination of
vision and auxiliary tools such as minimaps and world maps [7, 13,
14, 58, 67], which we will refer to as spatial awareness tools (SATs).
VIPs, however, are not able to benefit from vision in the same way
as sighted players. Although rich environmental sound design can
ensure some level of accessibility and spatial awareness for VIPs,
these elements can prove to be insufficient, especially in complex
virtual environments. As such, SATs are often an indispensable
view of the game world for VIPs, having an immense impact on
their experience within a game.

Researchers have developed several types of SATs which repre-
sent very different approaches for facilitating a representation of the
game world for VIPs. These include touchscreen maps, shockwave-
like systems, directional scanners, and audio-based menus. This
relative abundance, however, disguises a gap in our understanding
about how exactly these approaches assist VIPs in gaining spatial
awareness and what the relative merits and limitations of each
approach are. It is not yet clear to developers, for example, whether
it is best to use a shockwave-like system like The Last of Us Part 2
did [16] or audio-based menus like Terraformers did [45, 63], and
blind gamers are ultimately the ones who suffer. As such, we take
a step back and ask two important research questions:

RQ1: What aspects of spatial awareness do VIPs find important
within games?

RQ2: How well do today’s differing SAT approaches facilitate
each aspect of spatial awareness, and why?

In this work, we investigate RQ1 and RQ2 by implementing four
leading approaches to facilitating spatial awareness for VIPs and
investigating their merits and limitations. The four tools, illustrated
in Figure 1, are a smartphone map, a whole-room shockwave, a
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directional scanner, and a simple audio menu of points-of-interest.
Together, they represent a broad range of design choices, including
touchscreen-based vs. game controller interaction and "all-at-once"
(collective) overviews vs. pointer-based scanning.

In order to investigate these research questions, we conducted
a user study in which nine visually impaired participants played
multiple levels of a 3D adventure video game using our tools.

For RQ1, we evaluated how important VIPs consider six dif-
ferent types of spatial awareness — that have been found to be
important in physical world settings [20, 22, 24, 29, 31, 34, 49, 65]
— to be in comparison to each other within a video game context.
Section 2.1 identifies the six types. We observed that participants
considered position and orientation to be the most important type
of spatial awareness and that they considered the scale and shape
of an area to be the least important aspects of spatial awareness.
These particular findings reflect existing work within the physical
world that highlights the importance of position and orientation for
VIPs [24, 31, 49], but differ from existing work within the physical
world that has also found knowledge of area scale and shape to be
an important component of better understanding an area, especially
when freely exploring it [4, 30].

With respect to RQ2, we observed that each tool had its own
strength for VIPs: The directional scanner communicated the ar-
rangement of items very well; the simple audio menu communicated
the presence of items very well; the smartphone map communicated
the shape of an area very well; and the whole-room shockwave
communicated the scale of the area well. Importantly, however, we
also discovered significant deficiencies in today’s spatial awareness
tools. No tool excelled across the board, and in particular, none of
the tools communicated position and orientation very well despite
our finding from RQ1 that position and orientation is the most
important type of spatial awareness to VIPs within games. Further-
more, we found issues with the tools that influenced how effectively
they communicated spatial awareness to players, including that
some of the tools provided too much information.

Together, our findings from RQ1 and RQ2 reveal important de-
sign implications for future spatial awareness tools for VIPs within
video games, and we present these in our Discussion. We also dis-
cuss the potential for developing purpose-built hardware for spatial
awareness and how our findings within virtual worlds can inspire
further research in physical world navigation and exploration.

2 BACKGROUND AND RELATED WORK

Our work is built upon a rich history of prior work on facilitating
spatial awareness for VIPs, both within the physical world and
within video games.

We begin this section by explaining what we mean by “spatial
awareness” — in particular, by reviewing aspects of spatial aware-
ness that are known to be important to VIPs within physical world
contexts (Section 2.1). RQ1 will investigate the relative importance
of these aspects for VIPs within games. We then review existing
techniques for facilitating spatial awareness for VIPs, both in the
physical world and within video game environments — and review
the tradeoffs inherent within the design of these tools (Section 2.2).
Through RQ2, we take a step back and investigate the relative
merits and limitations of these approaches.
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2.1 What do we mean by “spatial awareness”?

Spatial awareness, as used in this work, refers to a user’s awareness
of their surrounding environment and of their own state within the
environment [35, 64]. Past literature within physical world contexts
has shown spatial awareness to be multifaceted. Thus, in this work,
we investigate RQ1 and RQ2 with respect to six distinct aspects of
spatial awareness we identified through prior work. Specifically, we
looked through existing research in cognitive map formation and
spatial awareness for VIPs within the physical world and looked
for explicit information on what aspects of spatial awareness are
most important to VIPs. We chose to investigate the following six
types of spatial awareness since they were mentioned as important
across a breadth of prior research [20, 22, 24, 29, 31, 34, 49, 65]:

Types 1 & 2: Scale and shape of the area. Prior work —
mainly in tactile maps [30, 49] and echolocation [4] — has
found area shape to be important to VIPs in obtaining a
general impression of the area, which can be especially cru-
cial when exploring and trying to learn about the environment.

Type 3: Position & orientation. Researchers have found that
understanding where one is within a mental map of the area
(for example, their Cartesian coordinates or their heading
direction in degrees) — that is, within an allocentric [34],
map-like mental representation of the environment — is vital
to continuously updating their own current state within the
environment and thus effectively move through it [20, 22, 34].
Yet, prior work in physical world contexts [24] has shown that
obtaining this understanding is especially demanding for VIPs.

Types 4 & 5: Presence and arrangement of items.
Researchers have emphasized that providing VIPs with the
information necessary to perceive the locations of objects can
allow them to infer spatial relationships between objects and
can lead to increased spatial awareness and more accurate
cognitive maps [24, 29].

Type 6: Areas adjacent to the player’s current area. Prior
work with physical world tactile maps [49] and mobile-based
spatial tactile feedback for communicating geographical
information [65] have underscored the importance of
understanding the global structure of the world — general
overviews of an area and spatial relationships between
multiple areas — for VIPs, which can help them plan out
routes and backtrack as needed.

Although prior work has determined these six aspects of spatial
awareness to be important to VIPs in the physical world, video
games are very different from the physical world. Within the phys-
ical world, practicality and physical safety are extremely important
factors [6], while in video games, agency and pleasure (fun) are
very important, and VIPs’ in-game “safety” may not always be a
major concern. It is possible that, due to these differences, VIPs may
find certain aspects of spatial awareness more or less important
within games when compared to the physical world. We, thus, use
RQ1 to explore these preferences.
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2.2 How do games supplement spatial
awareness?

Games made for VIPs often use ambient signals to provide implicit
spatial awareness to players. These ambient signals usually take the
form of environmental audio cues that communicate information
about the player’s immediate environment. For example, hearing
running water may indicate that there is a waterfall or stream near
the player. When environmental sounds reverberate, the player
may realize that they are inside a cave or tunnel, and the extent of
the reverberation can indicate the size of the cave or tunnel. The use
of 3D sound can additionally communicate the relative direction
that the source of sound is in with respect to the player.

Although ambient signals may be sufficient for simple envi-
ronments, they can become less useful to players as environments
become more complex, as is typical for many mainstream 3D games.
Ambient cues can become overwhelming when there are too many
items in the environment, and they may also be vague, giving
players little information about what the sounds they are hearing
actually represent. As a result, using ambient signals alone as a
means to facilitate spatial awareness for players limits the com-
plexity of games that accessible game designers are able to make.
Accessible game designers, thus, face a tradeoff between designing
environments that are interesting and designing games that are
still accessible and playable by VIPs [2, 52].

Given the limitations of implicit forms of spatial awareness, ac-
cessible game designers often turn to creating tools that explicitly
communicate spatial awareness information to players. These spa-
tial awareness tools (or SATs) — which include (but are not limited
to) tactile maps, radar systems, and grid systems — supplement
implicit spatial awareness cues by clarifying environmental infor-
mation and affording players greater control over what information
they hear and when they hear it.

Table 1 shows an overview of SATs from prior work. Below we
review some explicit approaches for facilitating spatial awareness
in games and in the physical world.

2.2.1 Facilitating spatial awareness for VIPs within video games.
Tools that explicitly communicate spatial awareness information to
VIPs are not commonplace within mainstream video games. Most
examples, instead, come from “audio games” (audio-based games
created for VIPs), which generally provide players with spatial
awareness by presenting environments in the form of lists and
grids that players can query. This technique is employed by many
well-known audiogames, including Terraformers [45, 63], A Hero’s
Call [44], and ShadowRine [39]. These representations may com-
municate the presence and arrangement (Types 4 & 5 from Section
2.1) of items and points-of-interest and are sometimes further sup-
plemented by additional tools such as radars and compasses.

Several examples of SATs have come from the research commu-
nity as well. A notable example is NavStick [41, 42], which repur-
poses a game controller’s right thumbstick to allow VIPs to “look
around” their in-game surroundings via line-of-sight. A directional
scanning system like NavStick could allow VIPs to determine the
presence and spatial arrangement of objects around them (Types
4 & 5) as well as their relative position and orientation within the
game world (Type 3).
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Artifact ‘ Ambient spatial awareness cues ‘ Explicit spatial awareness tools (SATs) ‘ SAT(s) in our study
ShadowRine Audio cues in environment. Tactile display showing top-down view of player’s location Smartphone ma
(virtual) [39] (e.g., enemy & object sounds) play g top play ’ P P
The L Part 2 | Audi i i .

h‘e ast of Us Part u'dlo“cues. m env1ronme13t "Enhanced listen mode" (shockwave-like tool). Whole-room shockwave
(virtual) [16] (with “audio cue glossary”)
NavStick Audio cues in environment. "NavStick" (direction-based object scanner) Directional scanner
(virtual) [41, 42] (e.g., enemy & checkpoint sounds) a a ) ’ alsea
A Hero’s Call . . . . . . .
(virtual) [44] Audio cues in environment. Menu of nearby points of interest. Simple audio menu
Swamp Audio cues in environment. “Radar” (beeps based upon empty space or solid walls). Whole-room shockwave
(virtual) [32] (e.g., zombie growls) Audio menu (with compass- & tile-based guidance). Simple audio menu
Terraformers Audio cues in environment “Sonar” (provides distance to object in current facing direction). | Directional scanner
(virtual) [45, 63] ’ “GPS” (audio-based menu of nearby objects & positions). Simple audio menu
SmartTactM

martfactviaps Sounds from physical environment. | Smartphone-based augmentation of physical tactile map. Smartphone map
(physical) [28]
Timbremap . . .
(physical) [56] Sounds from physical environment. | Touchscreen-based 2D map exploration. Smartphone map
Echolocation . . . s .
(physical) [33, 43, 57] Sounds from physical environment. | Behavior of reflected sounds within the environment. Whole-room shockwave
Talking Points 3 . . P . 5 Tie s L

. Sounds from physical environment. | “Directional Finder” (direction-based landmark scanner). Directional scanner

(physical) [64]
MS Soundscape Sounds from physical environment Selection of points of interest from a menu. Simple audio menu
(physical) [40] Py " | Notifications about nearby landmarks using 3D sound. P
SpaceSense Sounds from physical environment Vibration cues indicating the direction of a location Simple audio men
(physical) [65] ounds from phiysicat environment. | 1. ted from a menu. ple audio menu
NavCog3 Sounds from physical environment. | Audio notifications of immediate surroundings N/A
(physical) [50] phy : &s:

Table 1: An overview of prior work in communicating spatial awareness to VIPs within both virtual and physical contexts.
These artifacts represent a variety of ideas ranging from audio-based solutions to tactile solutions. For each, we present the
ambient/implicit spatial awareness cues that it provides, the explicit spatial awareness tools (SATs) it introduces, and the
corresponding SAT(s) in our study. The four SATs we implement collectively represent a significant portion of prior work.

A notable exception to the lack of SATs in mainstream games
is The Last Of Us Part 2, a 3D action-adventure game released in
2020 [16], which introduced an "enhanced listen mode" for VIPs.
The enhanced listen mode provides spatial awareness to players by
placing 3D audio beacons at the locations of nearby enemies and
other points-of-interest on the press of a button. The beacons may
give players a sense of the spatial arrangement of items in the area
(Type 5) as well as a sense of the surrounding area’s scale (Type 1).

2.2.2  Facilitating spatial awareness for VIPs in the physical world.
Some audio-based tools within the physical world have features
that explicitly provide VIPs with spatial awareness information and
can thus inform the design of SATs for game worlds. NavCog3 [50],
a turn-by-turn indoor navigation system for VIPs, for example,
emits notifications about nearby landmarks and points-of-interest
to promote awareness in the user of their presence (Type 4). Simi-
larly, Microsoft Soundscape [40], an audio-based wayfinding system
that can be used by VIPs, uses 3D sound to communicate the pres-
ence and relative direction (i.e., arrangement, Type 5) of nearby
landmarks. The spatial awareness that these systems provide is,
however, limited. For example, they do not provide any information
about the area’s shape and size (Types 1 & 2).

Tactile-based systems provide spatial awareness by providing
overviews of areas [30, 49], which may include the scale and shape
of an area (Types 1 & 2), the presence and arrangement of landmarks
and other points-of-interest (Types 4 & 5), and even what areas

may be adjacent to a given area (Type 6). These not only include
physical tactile maps but also mobile-based tactile systems, such as
Timbremap [56] and SmartTactMaps [28], which can allow VIPs to
survey the area they are in using a commodity smartphone.
Echolocation, which has been explored for both physical [33, 43,
57] and virtual [2, 3] environments, is another technique that VIPs
may use to gain spatial awareness within environments. Using the
acoustic properties of the environment can allow individuals to
learn about the structure of the area they are in, including the scale
and shape of the area (Types 1 & 2), as well as the presence and
arrangement of nearby objects (Types 4 & 5) [33, 57].

3 FOUR SPATIAL AWARENESS TOOLS

In order to investigate RQ1 and RQ2, we implemented four existing
approaches for giving VIPs spatial awareness of their surroundings
that represent a wide range of possible designs. Figure 1 depicts
the four approaches. They include a smartphone map, a whole-
room shockwave, a directional scanner, and a simple audio menu.
We limited our exploration to just four tools to avoid fatiguing
our user study participants while still effectively evaluating the
tools. Regardless, Table 1 shows that these four tools collectively
represent a significant portion of approaches from prior work on
explicitly communicating spatial awareness information to VIPs.
We were able to replicate two of the tools (the directional scanner
and the simple audio menu) concretely from existing work [41, 42,
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45, 63]. For the smartphone map and the whole-room shockwave,
however, we went through multiple design iterations because their
implementation included many open design decisions that were
not fully specified by prior work. In our design iterations, which we
describe in Sections 3.1 and 3.2, our focus was to polish the tools’
designs and ensure that they showcased the potential of the two
SAT approaches in the best possible way so that our results would
not be confounded by a potentially bad design.

In order to ensure that our tools most accurately represented
current approaches and to ensure that our study procedure was
sound, we conducted pilot tests with two visually impaired and
eight sighted-but-blindfolded people. We intended for the testing
phase that included the sighted-but-blindfolded participants to be
a naive-yet-useful way of catching any low-hanging fruit with
respect to procedural, game-related, or tool-related issues before
piloting with our visually impaired team members. Our visually
impaired team members — whom we hosted as part of the research
team during the project — then provided feedback that was critical
to developing the final designs of the tools.

In the following subsections, we describe the design and imple-
mentation process of the four SATs. We direct readers to the accom-
panying video figure for a demonstration of all four tools. We cre-
ated all four tools using the Unity game engine (v2020.3.16f1) [59].

3.1 Smartphone Map

The smartphone map interface, shown in the upper-left corner of
Figure 1, uses a smartphone-based touchscreen map that works in
tandem with the game. The player can use their finger to survey
the map. As the player moves through the level, the map will auto-
matically pan and rotate in real-time, allowing users to explicitly
keep track of their own position and orientation, respectively.

The smartphone map interface represents prior work in tactile-
based maps to support spatial awareness. Tactile maps in the phys-
ical world have been shown to support spatial awareness in VIPs
by providing general overviews of spaces and landmarks [30, 49].
Our work with video games necessitates a digital solution; as such,
the smartphone map interface we implemented also derives from
prior work in touchscreen-based accessible graphics, particularly
in presenting floor plans and other maps to VIPs [23, 25, 26, 28, 56].

When a player places their finger on the screen, they will begin
surveying at their position, regardless of where on the screen they
are touching. As they move their finger, they will survey the map
relative to their position, with the app announcing anything that
the player touches. The app will announce all items in the world
(as well as the player’s position) using sound effects and/or text-
to-speech. The app only reacts to touches within the current room
that the player is in — if the player drags their finger outside the
room, a continuous warning tone will play.

In the first version of this tool, players started surveying at the
portion of the map where their finger touched the screen; however,
our visually impaired pilot participants ended up spending large
amounts of time searching for their current position, which frus-
trated them. As a result, our second and final version registers a
player’s initial touch at their current position.
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3.2 Whole-Room Shockwave

The whole-room shockwave, depicted in the upper-right corner
of Figure 1, uses an acoustic shockwave that the player triggers
to communicate information about their surroundings. When the
shockwave hits anything in the room, an announcement and/or
sound effect emanates from that object via 3D sound. The shock-
wave corresponds to real-world physics in that closer objects will
emanate their sounds back to the player before objects that are
further away. If the player moves while the shockwave is active,
the rate of expansion will match the player’s speed.

The whole-room shockwave originated from our explorations in
echolocation, which has been shown to promote spatial awareness
in VIPs by communicating physical properties of the room and
nearby objects [33, 43, 57]. Our initial echolocation prototype had
players press a button on their game controller to emit a click sound
originating from the player’s position, similar to how some VIPs use
echolocation within the physical world [33, 36]. Our echolocation
prototype was similar to virtual echolocation techniques used in
prior work [2] that used Steam Audio’s built-in head-related transfer
function [62] to generate sound reflections based on the physical
structure of each room.

In our pilot tests, however, we found that echolocation by itself
was not equivalent to the other tools. While echolocation commu-
nicates the raw layout of an area, the other tools can communicate
raw layout in addition to specific object information through sound
effects and text-to-speech. Furthermore, our visually impaired pilot
participants were not at all experienced in echolocation and did
not know how to decode and interpret the sound echoes in our
game environment; they could only interpret broad qualities of the
area such as how large it was. Although users could learn to use
echolocation, prior work has indicated that it may take weeks for
users to learn how to use click-based echolocation effectively [43].

We, thus, made modifications to the initial echolocation design
and created the whole-room shockwave — a refined and more com-
prehensible version of echolocation. In its first iteration, the shock-
wave announced every item that it hit, which proved to be auditorily
overwhelming. Furthermore, both visually impaired participants
found the shockwave to be too fast. As a result, our second and
final version halved the speed of the shockwave and implemented
a filtering mechanism. Players can press the right button on the
D-pad to cycle through four filtering options — all objects, mission-
critical points-of-interest, non-mission-critical (decorative) objects,
and walls only. Only items within the selected category will emit
sounds during a shockwave.

3.3 Directional Scanner

The directional scanner, illustrated in the lower-left corner of Figure
1, allows players to survey in any direction using the right thumb-
stick. Players use the tool by tilting the thumbstick in any direction.
This triggers an announcement naming the first object that lies in
that direction via line-of-sight with respect to the player’s current
position and orientation. The announcement is made via 3D sound
from the point of the object in space. If the first object in a direction
being pointed at is not an object of interest (i.e., a wall or other
generic obstruction), the scanner will emit a 440 Hz sine tone from
the direction of the obstruction.
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This tool represents prior work that has sought to replicate
the act of “looking around” (or directionally scanning an area) to
promote spatial awareness for VIPs. We take particular inspiration
from NavStick [41, 42], which introduced the concept of directional
scanning within game worlds and showed how VIPs enjoyed the
ability to survey their game environments directly by “looking
around.” Some prior work with directional scanning also exists in
the physical world. Talking Points 3 [64] is one such example: It
features a “Directional Finder” that provides a list of landmarks that
lie in the general direction that a VIP points their mobile device.

Our implementation of the directional scanner was derived from
NavStick, and we did not implement any major changes to it as a
result of our pilot tests.

3.4 Simple Audio Menu

The simple audio menu, shown in the lower-right corner of Figure
1, represents the idea of using a list to promote spatial awareness
— in particular, by allowing VIPs to learn about the contents of
the area they are currently in. Many audio games made for VIPs,
such as Terraformers [45, 63] and A Hero’s Call [44], use list- and
grid-based representations to present the world to VIPs.

The simple audio menu we implemented exposes an audio-based
list of points-of-interest (POIs). Players use the tool by pressing
the left bumper button to open a list of POIs within the room
they are currently in. As the player scrolls through the list using
the D-pad, they will hear each item’s associated sound effect and
text-to-speech announcement. The simple audio menu is modeled
after list interfaces used in some audio games as well as prior
research [41, 45, 63] in that it employs an alphabetical ordering
of items. Previous research has suggested that, for a linear menu,
a stable alphabetical ordering is less confusing than a proximity-
based or direction-based ordering, both of which can change as the
player moves [41].

Similar to the directional scanner, we did not implement any
major changes to the simple audio menu as a result of our pilots.

4 USER STUDY

We performed a user study to investigate two important research
questions about SATs within video games for VIPs:

RQ1: What aspects of spatial awareness do VIPs find important
within games?

RQ2: How well do today’s differing SAT approaches — as repre-
sented by the four tools we implemented — facilitate each
aspect of spatial awareness, and why?

We created a 3D adventure game called Dungeon Escape to in-
vestigate these two research questions. We included the four tools
within Dungeon Escape and used the game to run a user study with
VIPs. In this section, we describe Dungeon Escape and our user
study.

4.1 Game: Dungeon Escape

Dungeon Escape is a 3D third-person adventure game set in a fan-
tasy world, in which the player must escape small dungeons by
finding objects that allow them to clear obstacles. We chose to
create Dungeon Escape to address RQ1 and RQ2 because the game
requires players to use the tools they are given to search for and
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Trial Level Level 1 Level 2

Level 4

@ Start Point

9 Goal Checkpoint
o Key

8 Obstacle

Figure 2: Overhead views of Dungeon Escape’s trial level and
four main levels. All levels have a common set of points-of-
interest: a start point, a key, an obstacle that the key affords
passage through, and a goal checkpoint. Each level, however,
possesses a unique layout, allowing us to evaluate the four
spatial awareness tools within a variety of layouts.

understand where objects are located and how the rooms in each
level are laid out in order to succeed — thus testing how well they
are able to gain spatial awareness using those tools.

We created Dungeon Escape using the Unity game engine [59],
and we designed the dungeon’s layout using the Dungeon Architect
Unity asset [12]. Figures 1 and 3 show views from Dungeon Escape.

Dungeon Escape consists of four levels (small dungeons), which
allowed us to study the four SATs within separate dungeon layouts.
Figure 2 shows overhead views of all four main levels and the
trial level. In each main level, the player must reach a goal area by
gaining passage through an obstacle: either a locked door, a cracked
wooden door, a spider web, or a dog blocking the exit. To do so, the
player must find a relevant object in another room: a key, an axe, a
burning torch, or a bone, respectively. Each level consists of several
rooms scattered with decorative objects such as crates and barrels.

We generated the four level layouts by deriving them from a
single Dungeon Architect “grid flow.” This grid flow defined basic
parameters from which Dungeon Architect would generate levels.
Each level consisted of:

e A “start room” within which the player first spawns.

e An “obstacle room” containing the obstacle.

e A “key room” containing the object that clears the obstacle.
e A “main hall” connecting the start, key, and obstacle rooms.
e A “final hall” containing the goal checkpoint.

We then fed random seed values into this grid flow to generate
the final layouts. This allowed us to have unique level layouts while
keeping them equivalent in terms of difficulty and structure. The
trial level followed a similar conceptual structure but was much
smaller, consisting of a start room, a combined key-and-obstacle
room, and a final hall with the checkpoint.

Players move the main character with the left thumbstick. Tilting
it forward and backward will move the character forward and
backward. Tilting it left and right will rotate the character left and
right. This control scheme reflects controls found in mainstream
3D games such as Tomb Raider [15], Resident Evil 1-5 [1, 8-11],
Metroid Prime 1-3 [53-55], Heavy Rain [17], and Silent Hill [51],
which use a fixed over-the-shoulder camera and use left/right on
the left thumbstick to rotate the character. The right thumbstick
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is used by the directional scanner condition; thus, to eliminate a
confound, we removed right thumbstick controls from all other
conditions. Players can press the bottom face button to pick up an
object or to use an object to remove the relevant obstacle.

Players hear a scraping sound if they physically hit an obstruc-
tion; the sound will be situated in the direction of contact. Keys,
obstacles, and checkpoints play a relevant sound once the player
is within two meters of the object. Players will hear the name of
the room (for example, “Start Room” or “Key Room”) announced
on entry, and they can also press the right face button to hear the
room name on-demand. We integrated these sounds to allow VIPs
to be informed of these events — i.e., hitting a wall or entering a
room — when they occur. Sighted players can perceive these events
solely via sight, but VIPs require notifications via other means.

We also implemented a “rotation indicator” utility that helps
players understand how much they are rotating when they turn
left or right using the left thumbstick. As the player rotates, a click
sound will be played at 15° increments via 3D sound only in the
direction of the player’s objective (i.e., the obstacle that must be
cleared). The rotation indicator mimics snap rotation controls found
in many games created for VIPs [32, 45, 63], which allow players
to snap to pre-defined angle increments. In order to bring Dun-
geon Escape’s controls closer to the free movement of mainstream
3D games, we gave players full analog control via the left thumb-
stick but maintained the feedback afforded by snap rotation via the
rotation indicator. The rotation indicator was available across all
four tools and pointed in the direction of the objective regardless
of any intervening obstacles. Similar utilities have also been im-
plemented in prior work that has investigated navigation by VIPs
within virtual environments [2, 4, 41].

Additionally, players could place looping audio beacons on ob-
jects of interest so that they could lock onto and keep targets within
their “field of view.” Once placed, these beacons emit a looping
sound, which players can use to orient themselves and move to-
wards the target. With NavStick, players point at a target with the
right stick and press the right bumper button to place the beacon.
With the simple audio menu, players scroll to a target and press the
left bumper. With the smartphone map, players tap on the upper
one-fifth of the screen to place a beacon at the last announced
target. There was no mechanism for beacon placement with the
whole-room shockwave. We added the beacons exclusively for guid-
ance purposes to speed up the process of walking toward a target
— players still need to use an SAT to find objects and other targets
before they can place a beacon at that object/target.

4.2 Participants

We recruited nine participants for this study. In our pre-study ques-
tionnaire, eight described themselves as being completely blind and
one (P1) described themselves as having light perception only. All
participants were male and have had their vision impairments from
birth. Six participants were 18-25 years old; two (P5 & P9) were
26-35 years old; and one (P3) was 36—45 years old. In addition to
having vision impairments, two participants (P3 & P6) reported
having slight hearing loss in one of their ears.
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Figure 3: Remote study session with a participant and two
facilitators. The participant is currently sharing their screen.
Within the game, a blue key is situated to the participant’s
right. The participant will need to collect that key to progress
through the level. (Faces obscured to protect anonymity.)

We recruited participants through posts on the AudioGames.net
Forum,! an online discussion board that centers around audio-
based games and is frequented by VIPs. Six of our participants
reported themselves as being very experienced with video and
other electronic games (4+ on a 5-point Likert scale), while the
other three (P2, P6, & P8) reported themselves as being moderately
experienced with games (3 on a 5-point Likert scale).

4.3 Technical Setup & COVID-19 Challenges

We performed this study remotely due to the COVID-19 pandemic
and the difficulties that VIPs may face in travelling to our institution.
We sent each participant an executable of our game for them to
download to their computer before their study appointment. The
game included all of the SATs except for the smartphone map. We
distributed that tool as both iOS and Android apps using the Google
Firebase App Distribution service [27]. We designed both Dungeon
Escape and the smartphone map to connect with a cloud backend,
which allowed both components to synchronize with each other,
and allowed us to remotely observe and control the runtime state
of participants’ games using a custom-built control panel.

We held the study appointments over Zoom and asked partici-
pants to share their computer audio (and, optionally, video) with
us. Although there was no way for us to see the smartphone map
during the study, most participants’ microphones picked up the
sound from the app. Figure 3 shows a study session in progress.
The study and our data collection efforts were approved by the
Columbia University Institutional Review Board (IRB).

4.4 Procedure

To address RQ1, we began the session by administering a two-
part pre-study questionnaire. The first part requested demographic
information alongside information about participants’ existing ex-
perience with video games and physical world navigation. The
second part directly asked participants about how important they
find each of the six types of spatial awareness — that we identified in
Section 2.1 — within a video game context. For each type, responses
were given on a 5-point unipolar Likert scale where 1 indicated

!https://forum.audiogames.net/


https://forum.audiogames.net/
https://AudioGames.net
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that the type of spatial awareness was not-at-all important and 5
indicated that it was extremely important. Afterwards, we placed
participants in a room within the game where we introduced basic
movement and interaction controls.

For each tool, we first placed participants into the trial level. We
explained how to use the tool and afterwards allowed participants
to traverse the trial level at their own leisure. The trial level was the
same across all tools. After the trial level, we placed participants
into one of the four main levels. Although all participants played
the four levels in the same order, we counterbalanced the order
of the tools themselves via a Latin square design to reduce any
variations caused by order effects.

In order to address RQ2, we administered a two-part post-level
questionnaire; we did this after participants traversed a level with
a tool. In the first part, we asked participants to elaborate on their
impressions of the tool, what they think is missing, and in what
game situations they might use the tool. In the second part, we
gauged how well participants thought the tool satisfied each of the
six types of spatial awareness. Responses were given on five-point
scales, where 1 indicated that the tool facilitated that type not-at-all
well and 5 indicated that it facilitated that type extremely well.
Participants were encouraged to elaborate on all questions.

After completing all four levels, we administered a two-part
post-study questionnaire. In the first part, we asked participants
to consider a scenario where they were able to play the levels in
Dungeon Escape using more than one tool at once; we did this
in order to determine if using multiple tools at once could have
improved participants’ spatial awareness in any way. As part of this
section, participants were asked to provide two combinations of
two tools each that they would have liked to use if they were given
the chance to do so. (We should note that Dungeon Escape is capable
of activating two tools at once; however, in our initial pilot tests,
including additional game levels to test these combinations made
study sessions well exceed our limit of two hours.) In the second
part, we asked participants how likely they were to recommend
each individual tool to a friend or colleague, assuming they had the
same visual impairments as the participant. Responses were given
on a 10-point net promoter score scale [48], where 1 indicated they
were very unlikely to recommend it and 10 was very likely.

4.5 Data Collection & Analysis

We administered all questionnaires by having the facilitator read out
each question and input the participant’s response into an internal
Google Form. For all choice- and rating-based questions, we asked
for participants’ open-ended opinions via the questionnaire itself by
explicitly following up on their responses. The facilitator was also
encouraged to follow up on any other points they found interesting
throughout the session — though they were not allowed to disturb
the participant while a game level was in progress. We have included
the questionnaires as part of our supplementary material.

We recorded all sessions with participants’ permission for tran-
scription purposes. We also obtained raw data of participants’ ac-
tions within the game by capturing in-game logs.

To analyze sessions, we followed an inductive coding process
that involved five members of the research team. Individual coders
went through session transcripts and coded quotes and other events.
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Ranking

Type 1 .
Area Secale 1 5th (tie)

Type 2 .
Area Shape 1 5th (tie)
Type 3
Position & Orientation | 1st
Type 4
Presence of Items
Type 5 1
Arrangement of Items
Type 6
Adjacent Areas

Aspect of Spatial Awareness

1 2 3 4 5
Importance rating (out of 5)

Figure 4: The importance of the six aspects of spatial aware-
ness within games for VIPs (RQ1). Responses were given on
a five-point unipolar Likert scale. Red lines indicate median
ratings within this box plot. Rankings based on median rat-
ings are shown to the right.

Then, all five coders iterated on the codes together until there was
unanimous agreement that they could not iterate further.

5 ROQ1 RESULTS: ASPECTS OF SPATIAL
AWARENESS IMPORTANT TO VISUALLY
IMPAIRED PLAYERS

In this section, we report our findings regarding our first research
question (RQ1): learning what aspects of spatial awareness VIPs
find important within games. We captured these opinions in the
second questionnaire that we administered as part of our pre-study
procedure.

Figure 4 shows box plots of participants’ importance ratings for
the six types of spatial awareness. Note that the median rating for
each measure is highlighted in red in each type’s box plot.

The data suggest that the six types of spatial awareness can be
divided into three levels of importance for VIPs. The most important
aspect of spatial awareness to VIPs within games is position and ori-
entation (Type 3) awareness, which received a median importance
rating of 5 on a 5-point unipolar Likert scale. Below that, three
spatial awareness aspects — presence of items (Type 4), arrange-
ment of items (Type 5), and adjacent areas (Type 6) — tied each
other with a median importance rating of 4. The least important
aspects of spatial awareness to VIPs within games are scale (Type
1) and shape (Type 2) awareness, both of which received median
importance ratings of 3.

The following subsections dive deeper into participants’ rea-
soning behind how important they rated each aspect of spatial
awareness to be within games. All quotes come from participants’
open-ended responses while completing this questionnaire. In Sec-
tion 7, we discuss how these findings and the findings from RQ2
(in Section 6) collectively reveal new design considerations and
research opportunities for spatial awareness tools.

5.1 Rank 1: Position and Orientation [Type 3]

Participants found position and orientation to be the most impor-
tant aspect of spatial awareness within a video game context. Six
participants explicitly affirmed this aspect of spatial awareness as
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the most important because it was crucial to determining their
current state within the game world:

“You have an idea of how fast you’re turning and in

what direction. I would say it’s the most important

thing.” — P3

Another participant who echoed this sentiment, P9, recounted

extensive experience with shooter audio games, such as Swamp [32],
that require players to move through a complex environment. P9
affirmed position & orientation awareness — and thus, awareness
of their current state — as extremely important to helping them
plan out future actions, which is a crucial aspect of shooter-type
games:

“You have to know where you are at and where you are
oriented to in order to know where to go and what to do
next.” — P9

These opinions reflect work within the physical world that has
found position and orientation to be important to VIPs [22, 24]. They
also establish that SATs for VIPs within video games must satisfy
a high bar in terms of communicating position and orientation
information. In Section 6, we determine if any of the four tools we
implement for this study satisfy this high bar.

5.2 Rank 2 (three-way tie): Presence,
Arrangement, and Adjacent Areas [Types 4,
5, and 6]

After position and orientation, participants found the next most
important aspects of spatial awareness to be the presence and ar-
rangement of items within the space (Types 4 & 5) and information
about areas adjacent to their current area (Type 6).

These aspects are all important to participants in certain con-
texts, but not in all situations like position and orientation is. As P3
and P9 implied in their quotes in the previous subsection, position
and orientation awareness grants players with a sense of their cur-
rent state within the world. Prior work in the physical world has
found ascertaining this knowledge to be cognitively demanding
for VIPs as they move through an environment [24, 38]. This in-
creased cognitive load can interfere with VIPs’ ability to understand
other aspects of spatial awareness, making position and orientation
awareness essential.

Seven participants found presence to be very important for spa-
tial awareness because if an SAT did well at communicating pres-
ence, then they could be confident that they would not miss finding
anything within the game:

“If you hear [a familiar object], you know you are rel-
atively in the right place and you can search the area
specifically” — P7

Five participants clarified why the importance of knowing the
arrangement of items is heavily context-dependent. For example,
when faced with objectives that involve finding a specific item,
participants believed that knowing the arrangement of items was
very helpful because it would help them figure out where to go first.
However, participants noted that having knowledge about items’
arrangement may be detrimental in less restrictive, exploration-
oriented tasks since that knowledge may reveal too much infor-
mation and rob players the enjoyment of discovering items for
themselves:
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‘[Knowing arrangement] depends on what the task is [at
hand]. It’s especially [important] if it involves triggering
certain things in certain orders, finding an item then
finding a person, or facing off against a challenger then
finding an NPC.” — P7

Six participants felt that having an SAT communicate which
regions are adjacent to the one they are currently in would be
beneficial as it would make navigation through the game world
easier:

“To be honest, I'll say [having an SAT communicate
adjacencies is] extremely important because it makes
it much easier for the player to move from one area to
another without moving through the whole map.” — P5

However, three others feared that having this information pre-
sented outright may make exploration and discovery less fun. One
such participant was P4 who was a fan of games that required a
high level of strategy. P4 asserted that the game should preserve
a level of challenge and instead convey connections to other nav-
igable places using plot and contextual cues such as dialogue or
readable signs in the world itself:

“If it’s one of those strategy games where you have to
discover it on your own, it’s not important. Let’s say it’s
a hidden area, [...] it should stay hidden.” — P4

The other two participants, P2 and P6, echoed similar sentiments.

This finding is quite surprising: These three participants thought
that an SAT did not necessarily need to communicate adjacencies
despite us identifying this as a basic aspect of spatial awareness.
This points to the importance that participants place in their ex-
perience within the game over the actual information they receive,
implying that VIPs may be willing to sacrifice receiving some pieces
of information for the sake of a more interesting gaming experience.

5.3 Rank 5 (two-way tie): Shape and Scale
[Types 1 & 2]

Participants generally found scale and shape information about an
area to be the least important aspects of spatial awareness. VIPs’
opinions generally revolved around the sentiment that, unlike the
other types of spatial awareness, scale and shape information may
be outright unnecessary much of the time.

Seven participants stated that having a sense of the room’s scale
was not important to them and that SATs should focus on conveying
information about the presence and location of nearby objects
instead:

“T feel when you are navigating in games you don’t
really need to know how big the area is as long as you
know where the objects in that area are.” — P1

Seven participants thought that an SAT should only convey in-
formation about the surrounding area’s shape when absolutely
necessary and that communicating shape information is too much
for an SAT to do, possibly resulting in information overload. How-
ever, these participants also thought that knowing shape informa-
tion in some situations may make navigation more efficient — for
example, in a situation where the room does not have a circular or
rectangular shape:

“If the room is an odd shape — every time I play a game,
I assume the room is like a square, but that’s not always



ASSETS °22, October 23-26, 2022, Athens, Greece

Aspect of Spatial Awareness

Type1 Type2 Type3 Typed4d Type5 Typeb

Scale Shape Position & Presence Arrangement Adjacent
Orientation  of Items of ltems Areas

Directional
scanner 40+11 | 33+15 [ 36£13 | 42+1.0 [ 46£0.7 | 3.6+ 1.7

Whole-room

shockwave (494 d2 | 22:1.1 | 31415 | 42413 | 37209 | 3.7£1.1

Tool

Smartphone 3 4 3 4 5

map 33+14 | 40%£13 | 3315 | 37+1.0 | 3.8+1.6 | 34+1.4

Simple 2 1 3 5

audiomenu | 54414 | 18211 | 29+14 | 50£00 | 3812 | 40%1.2

5th 5th 1st
(tie) (tie)

Importance Ranking (from RQ1)

Figure 5: Participant ratings for how well each SAT approach
facilitates each type of spatial awareness. Large text indicates
median values, and small text indicates mean plus/minus
standard deviation. Responses were given on a five-point
unipolar Likert scale. Blue and red cells indicate the best and
worst performing SAT approaches for each spatial awareness
type (column), respectively. The importance rankings from
our RQ1 analysis are shown again at the bottom.

the case, sometimes rooms may have [many] sides, parts
that jut out — so I believe it’s a consideration.” — P3

In a situation where a room is not rectangular, knowing the
room’s shape could help players plan out their movements more
carefully. Otherwise, players may resort to hugging walls to traverse
the room and search for doors, which may become frustrating.

6 ROQ2 RESULTS: COMPARISON OF SPATIAL
AWARENESS TOOLS FOR VIRTUAL WORLDS

In this section, we report our results regarding our second research
question (RQ2): determining how well the four tools we imple-
mented facilitate the various aspects of spatial awareness. Com-
bined with our RQ1 results, these results will shed light on how
SATs should be designed to best facilitate the aspects of spatial
awareness that are most important to VIPs.

Figure 5 shows an overview of the “winners” and “losers” in
terms of participants’ post-level responses on how well each tool
facilitated the various aspects of spatial awareness. We determined
these by looking at the median ratings for all four tools for a given
spatial awareness aspect. A tool “wins” an aspect of spatial aware-
ness if it has the highest median rating out of all the tools; a tools
“loses” an aspect of spatial awareness if it has the lowest median
rating. We broke any ties using the mean rating.

We see that the directional scanner scored the highest in terms
of facilitating three aspects of spatial awareness (scale, position &
orientation, and arrangement), meaning that participants thought
it was the best tool for facilitating those aspects. The simple audio
menu scored the highest in two types (presence and adjacencies),
and the smartphone interface and whole-room shockwave scored
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the highest in one type each (area shape and tied with the directional
scanner on area scale, respectively). The directional scanner did
not score the lowest on any type.

The results presented in this section are organized thematically,
with each theme representing opinions shared by a majority of our
participants.

6.1 Since participants could trace out the
contours of a room with their finger, the
smartphone map communicated the shape
of an area better than other tools.

Figure 5 shows that participants’ ratings on how the smartphone
map communicated the shape (Type 2) of the room were generally
the highest out of all four tools. Five participants resonated with
the following sentiment:

"[The smartphone map] gives you a general idea of
where openings and spaces are. It [also] gives you an
idea of how far each edge is from your center point
which tells you, ‘OK, [the wall] angles a bit.”" — P6

One participant even used this ability to their advantage. For
example, in the irregularly-shaped final room of Level 3, P8 used
the smartphone interface to trace out the walls of the room and
determine that they needed to turn a corner to reach the goal
checkpoint:

“Having that memory of ‘Oh, I know a little bit more
about the shape of the room than I had previously with
the other tools.” — that really helped me get a better sense
of exactly where I needed to go in terms of [knowing
that] I have to round a corner instead of trying to run
directly forward for the target.” — P8

6.2 The whole-room shockwave allowed
participants to quickly ascertain a general
overview of an area, especially with respect
to its scale.

Figure 5 shows that the whole-room shockwave tied the directional
scanner for being the best tool at communicating an area’s scale
(Type 1). Participants found that the distance-based volume atten-
uation afforded by Dungeon Escape’s 3D sound system and the
delayed timing of objects’ sounds during a shockwave helped them
approximate how far away objects were and, thus, how big the
room was.

P8 was one such participant; they described themselves as "not-
at-all experienced" with echolocation techniques in the pre-study
questionnaire. (Recall from Section 3.2 that we derived the whole-
room shockwave from our explorations in echolocation.) Yet, they
relayed the following positive sentiment which was shared by many
other participants despite their inexperience with echolocation:

“Even though doors and objects were further away from
me, I was still able to know that they are still in fact
there. [The shockwave] helped me quickly gauge OK,
cool. I know I'm in a corridor [...] and I know there is a
door in the far end, and so this helps me determine on a
higher level how big the room might be.”” — P8



Uncovering Visually Impaired Gamers’ Preferences for SATs Within Video Games

The quick nature of the shockwave particularly advantaged par-
ticipants within areas with many items. One such area within Dun-
geon Escape was the irregularly shaped room mentioned in Section
6.1, which contained obstacles in the form of barrels and crates.
Participants who used the whole-room shockwave hit the check-
point in that room much faster (M = 19 sec., SD = 2.8 sec.) than
those who used the directional scanner (M = 51 sec., SD = 17.7
sec.), simple audio menu (M = 123 sec., SD = 5.0 sec.), and smart-
phone map (M = 135 sec., SD = 15.5 sec.). The shockwave provided
participants with an almost-instant overview of what obstacles
were in the room. However, those who used the other tools spent
a much longer time searching for these very obstacles — scrolling
through each item (using the menu), trying to point at them (using
the directional scanner), or trying to find them on a map (using the
smartphone).

6.3 Participants made extensive use of the
whole-room shockwave’s filters.

All nine participants made use of the whole-room shockwave’s
filtering mechanism. Six of them explicitly mentioned that this
ability was extremely important to them and that they highly valued
this ability even in applications outside of games. One participant
invoked the customizability of screen readers as an example:

“Everybody has different needs and wants so I really
believe in allowing information to be filtered in such
a way where you just get the information you need as
you need it like in the shockwave. [...] Screen readers
have settings like this for a reason.” — P3

6.4 The physical use of the right stick in the
directional scanner meant that participants
could obtain a clear idea of how items were
arranged around themselves.

Our findings with the directional scanner provided insights into
how physically moving a joystick to survey an environment might
provide players with an enhanced sense of its layout. Five partici-
pants explicitly mentioned that moving the joystick to “look around”
allowed them to understand how objects were arranged:

“Because of where I had to put the stick to see stuff
around me, it really helped. It was easier to tell what
was behind me, what was in front of me, or what was
in any other direction because I knew where my stick
position was.” — P6

P6 went on to say that surveying with the joystick “felt natural”
and compared the directional scanner to a camera which they could
use to “look” for objects. This sentiment is further reflected in Fig-
ure 5, which shows that the directional scanner scored the highest
out of all four tools in terms of communicating the arrangement of
items (Type 5).
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6.5 The simple audio menu’s straightforward
presentation of items meant that
participants received information about the
presence of items extremely well.

Participants found that the simple audio menu clearly communi-
cated the presence of every item in the room. As seen in Figure 5, the
simple audio menu received an average/median rating of 5.0 with a
standard deviation of zero on communicating the presence of items
(Type 4) — every participant gave the menu the maximum possible
score on this aspect of spatial awareness. Participants unanimously
agreed that they were able to obtain a clear idea of what was in the
room because of its straightforward presentation:

“You know everything that’s there because it’s in a
menu. There’s nothing hidden. It doesn’t matter if you're
far away from it. If you’re in the same room as it, it’s
on that list. That’s something I really like” — P3

Yet, some participants complained that the simple audio menu
provided too much information. Within games, a certain degree of
surprise and exploration — that is, the ability to “discover” aspects
of the game world — are core elements for making a game fun for
players [37]. Knowing the presence of objects so easily can remove
this aspect of discovery from the game. Indeed, five participants
felt that the simple audio menu did not promote exploration and
made the game less enjoyable:

“T thought that I was using a shortcut. [...] I like that
it’s faster, but it takes something out of the game expe-
rience.” — P2

Within Dungeon Escape itself, participants tended to avoid de-
viating from the task at hand while using the simple audio menu,
going directly to POIs they needed to go to. Figure 6 plots paths
taken by participants within the key room in Level 2. Note how P3
went straight to the key when using the simple audio menu in Level
2, while participants who used other tools in the same level roamed
around the room in an effort to survey their surroundings more
thoroughly. This behavior is also visible in the raw time data we
collected within the room: Those who used the menu collected the
key much faster (M =17 sec., SD = 4.2 sec.) than those who used the
shockwave (M = 84 sec., SD = 6.5 sec.), smartphone (M = 93 sec.,
SD = 17.5 sec.), and directional scanner (M = 105 sec., SD = 5 sec.).
Although players completed the levels with the simple audio menu
(and often did so quickly), it remains an open question whether
players’ increased focus on objectives and lack of exploration is a
net positive for the game experience or not.

6.6 No tool excelled at communicating position
and orientation.

As we found in Section 5, participants rated position and orientation
(Type 3) as the most important aspect of spatial awareness to them.
However, post-level ratings indicate that participants perceived all
four tools to be mediocre at facilitating position and orientation
information. As Figure 5 shows, the average score that each SAT
received in terms of affording position and orientation information
was a low-to-mid three (“moderately well”). Our results indicate
that these four tools may not meet the high bar that these tools
need to meet for such an important aspect of spatial awareness.
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Directional scanner [P4]

Simple audio menu [P3]

Whole-room shockwave [P1]

Smartphone map [P7]

Figure 6: Illustration of paths taken by participants within the Level 2 key room. The subfigures depict four different participants
traversing the same room with different tools; the key is located in the lower left corner, and participants enter through the
door at the bottom. Paths are divided into segments — the end of a segment represents a point where the participant paused to

survey using the tool.

6.7 Participants disliked having to juggle
multiple pieces of hardware when using the
smartphone map.

Five participants mentioned that they found the smartphone map
cumbersome to use. Participants often found themselves needing
to physically switch between their controller and their smartphone
when they wanted to explore the map. Furthermore, at least six
participants used noise-cancelling headphones during their sessions
and had to adjust them as well to hear the smartphone’s audio
output. These experiences annoyed some participants:

"I have mixed emotions [about the smartphone map]
because I have to do one thing on one device and then
move with the other device [...] That made things a bit
confusing and annoying." - P2

6.8 The simple audio menu did not
communicate scale and shape well.

As Figure 5 shows, participants thought that the simple audio menu
communicated the scale (Type 1) and shape (Type 2) of areas quite
poorly with average ratings of around 2 out of 5. The simple audio
menu did not explicitly communicate boundaries or other char-
acteristics of the room itself. As such, many participants could
not definitively determine the structure (scale and shape) of the
surrounding area using the menu:

"T could probably use [the simple audio menu’s] 3D
sounds to assume that, say, a bunch of items were
against a wall if they’re coming from the same general
side relative to me [...] but that’s an educated guess." —
P6

6.9 Participants found the whole-room
shockwave to be overwhelming, which
negatively affected their spatial awareness.

Five participants felt that despite communicating scale relatively

well, the whole-room shockwave provided too much information,

which negatively affected their sense of spatial awareness. We were
surprised by this finding since we designed the shockwave to emit

slowly for better intelligibility, and every participant used the filters
to make the shockwave easier to understand.

Yet, despite these improvements, participants still felt that the
shockwave was too information-dense, making it difficult for them
to ascertain information about their environment. Our conver-
sations with them yielded insights into how VIPs view similar
echolocation-inspired tools within other games. P3, who described
themselves as having played "everything" when asked about their
gaming experience during the pre-study, was especially vocal:

“Everybody thinks you can just send out a sonar ping
and get information about an environment. [...] Echolo-
cation is very overwhelming, especially in a game. Try-
ing to hone in on an item that is far away and being
masked by another item is ludicrous.” — P3

6.10 Participants preferred combinations of
tools that excelled across multiple spatial
awareness aspects.

Figure 5 gives us an interesting perspective on how combinations
of tools can best facilitate multiple aspects of spatial awareness
jointly. As stated in Section 4.4, we asked participants to state their
two most preferred combinations of tools. The (directional scanner
+ simple audio menu) combination was one of the most selected
combinations, with five participants selecting it. This combination
"wins" in four out of the six aspects of spatial awareness: position
& orientation, presence of items, arrangement of items, and com-
municating adjacent areas. Furthermore, this combination is "tied"
with the whole-room shockwave at being the best at conveying
area scale. Five participants also selected the (directional scanner +
whole-room shockwave) combination, which wins at three of the
six aspects of spatial awareness. We discuss these selections further
in Section 7.

7 DISCUSSION: TAKEAWAYS FROM RQ1 AND
RQ2 TOGETHER

In Sections 5 and 6, we reported our findings about what aspects of
spatial awareness VIPs find important (RQ1) and how well current
SAT approaches facilitate the various aspects of spatial awareness
(RQ2). In this section, we now synthesize these findings together to
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form broader takeaways for how SATs should be designed. We hope
that game designers can use these takeaways to decide which SAT
is best for them to incorporate into their game to make it accessible,
if they only have the resources to implement one or two of them.

7.1 Position and orientation is the most
important type of spatial awareness for
VIPs, yet is not well-served by current tools.

Our results indicate that communicating position and orientation
well is a crucial challenge that must be addressed when designing fu-
ture SATs. As we reported in Section 6.6, participants rated position
and orientation as the most important aspect of spatial awareness
to them. Yet, they also felt that all four tools were mediocre at fa-
cilitating position and orientation information. Surprisingly, this
includes the smartphone map, which was the tool that most ex-
plicitly communicated position and orientation information, as we
described in Section 3.1. This indicates that communicating position
and orientation information to VIPs is harder than researchers as-
sume and that a major opportunity for future research is to develop
better indicators for VIPs’ position and orientation.

Previous research has shown that VIPs rely heavily on land-
marks and other environmental features to determine their position
and orientation, which, in turn, allows them to navigate through
environments [21, 66]. These landmarks include walls and other
boundaries dictating the area’s scale and shape (Types 1 and 2) as
well as the layout of items within the space (Type 5). From our
findings, however, we see that VIPs do not find it suitable to merely
infer their position and orientation from these other cues and would
rather benefit from having it communicated more explicitly.

Design Implication #1: VIPs will benefit greatly from a
purpose-built tool for communicating position and orientation
in real time.

7.2 The four most important aspects of spatial
awareness are covered by two tools.

If we consider the four most important aspects of spatial awareness
from our RQ1 findings — position and orientation (Type 3), item
presence (Type 4), item arrangement (Type 5), and adjacent areas
(Type 6) — we can see that the combination of the directional
scanner with the simple audio menu “wins” at communicating all
four of these types. We do not consider area scale (Type 1) and
area shape (Type 2) because participants found them to be the least
important; however, we can also see that the directional scanner is
tied for “winning” scale as well. From a theoretical standpoint, this
implies that VIPs would most gravitate toward this combination,
and indeed, we saw precisely this during our study.

The fact that participants are excited about the (directional scan-
ner + simple audio menu) combination makes sense. It seems that,
with this combination of tools, participants gravitated toward a
combination that facilitates the greatest number of spatial aware-
ness aspects well.
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Figure 7: Box plot of net promoter score responses for all four
tools. Red lines indicate median. The whole-room shockwave
received some of the lowest scores out of all four tools.

Design Implication #2: Of today’s SATs, the combination of
the directional scanner and simple audio menu gives VIPs the
greatest spatial awareness.

7.3 VIPs highly value the ability to customize
SATs.

In addition to the (directional scanner + simple audio menu) com-
bination, five participants also picked the (directional scanner +
whole-room shockwave) combination as one of their favorite combi-
nations. Unlike the former combination, however, the latter combi-
nation only “wins” at three of the six types of spatial awareness (i.e.,
the two tools cover winning values for three columns in Figure 5).
Additionally, Figure 7 shows that the shockwave had some of the
lowest net promoter scores out of all of the tools, and participants
even complained about the tool being overwhelming. This finding
implies that there exists a consideration that VIPs may find even
more important than raw spatial awareness.

One possible explanation lies in the fact that the whole-room
shockwave was the only tool that participants could change the
behavior of — in this case, selecting the type of information they
wanted to hear. Participants’ enthusiasm for customizable tools
— especially evident in their comparisons with other tools such
as screen readers — shows that SATs should implement similar
capabilities, allowing VIPs to take control of what they hear.

Design Implication #3: SATs should embrace customizabil-
ity, allowing VIPs to customize and filter the information com-
municated.

8 FUTURE WORK

The findings from our study revealed several avenues for future
work, which we propose in this section.
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8.1 Toward optimally communicating each
spatial awareness type.

Our findings showed that communicating some aspect of spatial
awareness well is not simply about doing so to the maximum extent
possible. For example, when it comes to conveying the presence
of items (Type 4), the simple audio menu facilitated it perfectly
(receiving perfect Likert scores), but many participants disliked
how it listed every item within the room they were currently in.
They thought that the menu communicated too much information
— enough to affect how much fun they had playing the game.
These findings indicate that — particularly within video games —
communicating a specific type of spatial awareness optimally does
not necessarily mean communicating it at the maximum possible
level. Future work should address what "optimal" really means
in terms of communicating each type of spatial awareness. For
example, in the case of item presence information (Type 4): What
is the proper level of item presence that should be communicated
to the player, and what factors — such as game objectives — may
influence the level of item presence a tool should communicate?
Similar questions can be extended to the other types as well.

8.2 Toward purpose-built hardware.

Participants revealed that they disliked juggling multiple pieces
of hardware while using the smartphone map. Future touch-based
SATs should reduce the number of devices required. One possibility
involves using touchpads found on game controllers such as the Du-
alShock 4 [18], DualSense [19], and Steam Controller [60]. Hybrid
touchscreen controller devices, such as the Nintendo Switch [47]
and the Steam Deck [61], are also promising alternatives.

8.3 Applications for physical world navigation.

In Section 5, we addressed RQ1 by reporting participants’ prefer-
ences for the six types of spatial awareness within a video game
context. Future work could explore VIPs’ preferences within the
physical world and see how they differ from their preferences within
video games. We found that some of our results resemble prior work
in the physical world: Participants generally agreed that position
& orientation was extremely important — in our study, they collec-
tively saw it as the most important type of spatial awareness. In a
similar vein, much physical world work for both visually impaired
and sighted people has found position & orientation awareness
to be very important [20, 22, 24, 31, 34]. Participants also gener-
ally found knowledge of item presence, item arrangement, and
adjacent areas to be relatively important as well — reflecting prior
work that has echoed the importance of inter-object and inter-area
relationships in promoting spatial awareness [24, 29, 49, 65].

We were surprised, however, when we found that participants
did not find scale and shape awareness to be very important within
video games. This differs from much prior work from physical world
contexts — especially in the realm of tactile maps and echolocation
— that has found general overviews of spaces, including information
such as scale and shape, to be crucial for spatial awareness [30, 49].

An interesting direction for future work may involve repeating
the study presented in this paper, but in the physical world, to enable
a direct comparison. The physical world presents its own challenges
and circumstances. SATs’ accuracy within physical environments
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and VIPs’ physical safety considerations [6], for example, could
influence how important VIPs find the various types of spatial
awareness and even how they wayfind and explore using the tools.

A direct comparison can help the community establish a hier-
archy from the spatial information that we know is important to
VIPs. It can also help the community establish formal principles
for prioritizing the display of different types of information during
physical world navigation.

9 LIMITATIONS

As with many studies that involve people with visual impairments,
we had a low number of participants. The preferences for spatial
awareness that we found are based on the perspective of our nine
participants and may differ for other VIPs. Although the four SATs
we implemented covered a broad range of design possibilities, there
may be other designs that we did not consider that could reveal
more insights into what VIPs value in a spatial awareness tool for
virtual worlds. Furthermore, while we are grateful to the nine VIPs
who participated in our study, we regret not being able to recruit
a more diverse group of participants. Finally, our work focused
on 3D adventure video games with large worlds that players can
traverse, and our testbed did not feature any moving objects. As
such, additional work is needed to investigate SATs that may assist
VIPs within other types of video games, especially those that feature
moving objects (for example, enemies and projectiles).

10 CONCLUSION

In this work, we explore the merits and limitations of existing
approaches to facilitating spatial awareness for VIPs within video
game worlds in order to allow accessible game designers to have
a better understanding of which spatial awareness tools are best
to include in games to make them accessible to VIPs. Through a
user study, we investigated four leading approaches to facilitating
spatial awareness for VIPs in an effort to understand what aspects
of spatial awareness VIPs find important within games (RQ1), and
to determine how well today’s differing SAT approaches facilitate
the various aspects of spatial awareness (RQ2).

Regarding the first question, we found that participants consid-
ered position and orientation to be the most important aspect of
spatial awareness, and that scale and shape are the least important.
Regarding the second question, participants found the directional
scanner to communicate the arrangement of items very well, the
simple audio menu to communicate the presence of items very well,
the smartphone map to communicate the shape of areas very well,
and the whole-room shockwave to communicate the scale of the
area well. Our findings also revealed deficiencies in current SAT
approaches, including that some tools tend to provide too much
information and that no tool excels at communicating position and
orientation information — despite it being the most important type
of spatial awareness to participants.

We hope that better understanding VIPs’ preferences for spatial
awareness as well as how today’s SATs work can open up access to
more mainstream 3D video games, granting VIPs the same gaming
experiences that sighted players are so often afforded.
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