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The Use of Tactile Models in Non-visual Games

Category: Design

Summary

Today, haptic feedback is becoming increasingly popular in next-gen game, with
many users receiving haptic feedback from video games via their smartphones or
game-pads. However, the majority of non-visual players can only experience a very
small number of products. In response to this market demand, this paper presents
a prototype game that allows visually impaired gamers to experience non-visual
games as well. In this prototype, players can experience non-visual game elements
through different haptic modes. Based on player feedback, the prototype allows
players to perceive stories and actions in different virtual environments through
haptic and auditory senses. The different haptic modalities combined with the
different environments can create a unique emotional experience for the player.
The prototype mentioned in this paper demonstrates that haptic modalities can

enhance non-visual gaming experiences for the visually impaired.
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Chapter 1
Introduction

1.1. Background

How do blind people play games? Can they take part in e-sports? The truth is
that many people have never thought about such questions. Today, in the age of
smartphones, computers and mixed reality, which is full of short videos and games,
people are used to receiving vast amounts of images on a daily basis. However,
few people have thought about how people with visual impairments can access
information from the internet as well as play games like sighted people.

As an example, a 2016 report [1] officially states that there are about 13 million
people with visual impairment in China. Of this, 95% of the sample showed that
the visually impaired were between the ages of approximately 12 and 50, meaning
that the vast majority were young people.

In addition to this, 85% of the sample is visually disabled in the first degree,
manifesting as no light perception and total blindness.

In addition, 34% of the visually impaired persons had a high school education.
Overall, the majority of visually impaired people are highly literate, have good
verbal and written skills, and are independent learners. They are able to learn
different aspects of knowledge and develop social communication skills.

According to the data in the report, 41% of the visually impaired usually spend
more time on the computer than on their mobile phones, and 40% of the visually

impaired have been playing games.
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W 12-20 yrs
@ 21-30 yrs
O 31-40 yrs
O 41-50 yrs
M 51-60 yrs
@ Over 60 yrs

Figure 1.1: Age of the visually impaired in China

B Grade 1 blindness
O Grade 2 blindness
O Grade 1 low vision
O Grade 2 low vision

Figure 1.2: Levels of visual disability for the visually impaired
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Figure 1.3: Educational attainment of the visually impaired
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@ more time using mobile

O Both are about the same

Figure 1.4: Share of time spent on PC/ mobile by visually impaired

B Always play
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0 Used to play

Figure 1.5: Visually impaired have played the game or not

(Source: China Information Accessibility Product Alliance [1])
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1. Introduction 1.2. Problem Statement

However, as many gaming software has not been optimised for accessibility, the
vast majority of gaming needs of visually impaired are not met.

Moreover, not only the visually impaired, but also the sighted are not satisfied
with a single visual and auditory interaction. The vast majority of people, prefer to
interact with their mobile phones or other hardware to temporarily escape and be
satisfied in virtual cultural entertainment. In fact, short videos and mobile games
take up almost all of free time of people. In the gaming sector in particular, in
addition to visual and auditory forms of interaction, there is a growing demand
for haptic interaction, which has led to the creation of many haptic products. For
example, people who have to be away from home for work or other reasons, or who
live with strangers, still need to connect with others due to emotional connections
and an instinctive desire for touch [2]. Public events such as free hug, for example,
can go a long way to alleviating social anxiety. They have been shown to enhance
the emotional connection that people have in their daily interactions [3]. Until
now, people have focused more on visual and auditory communication and less
on tactile communication. Although tactile elements have been shown to enhance
the intimacy of communication, the results are often limited by the size of the

sample and the age and background of the participants.

1.2. Problem Statement

So how do game designers, help visually impaired players to play games?

In presentation of Karen Stevens [4], it was mentioned that we can use 3D
sound design, reactive instructions, audio landmarks, tactile feedback, determin-
istic menus (where the options and order of the menus are fixed) to help visually
impaired players to experience the game. For blind people, it is important that
they know where the cursor is located on the menu. One of the cues that can
replace audio cues in games is haptic feedback, which can also be called rumble.
Take haptic feedback in crossover fighting games as an example, where it can lead
to additional information, such as the weight of the attack, at the moment the
protagonist makes contact with the enemy. But how should a visually impaired
person, in a 3D game, such as the National Football League (NFL), get detailed

information about other players? Also, where are the other players located and
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what is their behaviour and feedback? Without the ability to turn on the default
camera (the default view or camera setting) or auto-navigation, it is difficult for
visually impaired players to provide timely feedback on changes in the game.

In addition to this, as the gaming community continues to grow, the rigid needs
of non-visual players for experiences remain unmet. These demands include more
interaction with other players and the pursuit of a more immersive and rich multi-
Sensory experience.

Recent party games such as Fall Guys: Ultimate Knockout !, Eggy Party 2,
PlayerUnknown’s Battlegrounds (PUBG) # and many more. The success of these
games exemplifies the need for game designers to provide players with more User-
generated content (UGC). Products need to satisfy not only the creative needs of
players, but also their strong social desires.

Game designers and community builders need to think about how to break
down the limits of interaction scenarios so that users in different locations can
convey their mutual happiness through haptic and experience memorable gaming
experiences together in virtual environments. In contemporary game design, many
works focus on mind flow and art style. For example, masterpiece of Jenova Chen
“Journey” [5]. These works present the user with a world that looks like a dream
world in a fairy tale, with an emphasis on the overall mind-flow experience and a
weakening of competitive elements such as strong confrontation and PVP.

However, whether factors such as tactile feedback, community building and
mind-flow experiences are really effective in non-visual gaming experiences still

needs to be further explored.

1 Fall Guys: Ultimate Knockout [Video game]. (2020). London, CA: Devolver Digital.
2 Eggy Party [Video game]. (2022). Hangzhou, CA: NetEase Games.
3 PlayerUnknown’s Battlegrounds (PUBG) [Video game]. (2016). Seongnam, CA: Krafton .
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1. Introduction 1.3. Research Goal

1.3. Research Goal

The research aims to prototype games for people with visual impairments, com-
bining haptic feedback and audio experiences, using the Unreal Engine 4.27 and

PS5 voice coil actuator to achieve this. Questions for this research include:

1. how to enhance the single visual-audio experience for people with visual im-
pairments through multiple haptic modalities such as different tactile cues,

warnings and behaviours

2. how to increase accessibility elements in games by optimising the User In-

terface of game.

3. how to design inclusive and ability-based products to meet the needs of

different players.
4. what types of non-visual games are preferred by blind people and why.
5. what the future direction of non-visual games is.

The contribution of this study is to construct a non-visual gaming experience
for both the sighted and the blind, and to raise the profile of players to visually
impaired players through this research. In addition, the study provides a collation
and reflection of haptic modalities for future entry into the visually impaired gam-
ing community and non-visual game production, and explores the importance and
richness of combining audio and haptic in the practice of prototyping, combined
with theories based on ability design, suggesting a new direction for the future

development of multi-modal experience games.
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1.4. Paper Structure

This thesis consists of 5 chapters.

e Chapter 1 introduces 1. background 2. Problem Statement 3. Research

Goal 4. Paper structure

e Chapter 2 categories other work related to the research topic. Examples
include 1. Visually impaired interactions 2. Accessible Gaming 3. Haptic

for Non-Visual Games

e Chapter 3 discusses the prototype design, including 1. Design Proposal 2.
Preliminary Survey 3. Initial Prototype

e Chapter 4, the prototype made in Chapter 3 is used to verify the hypothesis.

This chapter consists of 1. Pilot Research 2. Experimental iteration

e Chapter 5 summarizes the current research, and discusses the weaknesses
and limitations of the research, and puts forward suggestions for future

research, exploring the possibility.



Chapter 2
Literature Review

2.1. Visually Impaired Interactions

2.1.1 Converting Visual Information into Audio Cues

In a study by Sreekar Krishna et al [6], they developed an assistive device that can
help visually impaired people to enhance their social interaction. In simple terms,
it uses a miniature camera and facial detection algorithms to recognise facial
expressions of others and converts visual information into audio cues via an audio

transmitter, thus helping blind people to better understand their surroundings.

Face Processing Body Processing

Face Detection’ .

Counting People

Face Tracking * _ .
Locating People

Face Recognition’

Body Gestures*

Facial Actions*

Physical
Descriptors *

Facial Expressions®

*: Current Implementation *: Future Work

(Source: A systematic requirements analysis and development of an assistive device to enhance the social

interaction of people who are blind or visually impaired [6])

Figure 2.1: Social Interaction Assistant Software
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In everyday life, social interaction between people includes a large number of
non-verbal behaviours [7], such as facial expressions, posture, eye contact, ges-
tures and so on. These behaviours can convey emotions [8], intentions and inner
thoughts. However, as blind people cannot see these non-verbal behaviours, they
learn how to infer the emotions and intentions of the other person by listening
to the changes in tone and voice during a conversation. And by voicing their
questions and thoughts proactively in order to get more information and help. In
fact, modern technology can help blind people understand non-verbal behaviour
in social interactions. For example, with smartphone Al voice assistants [9], and
especially ChatGPT [10] being loaded onto smartphones, the ability of blind peo-
ple to interact socially can be significantly improved. But a technology-centric
approach tends to ignore the needs and experiences of users when developing
products. In reality, blind people do not always have access to spatially and visu-
ally relevant information in social interaction, as is also evident in 3D games. The
spatial perception and non-verbal expression recognition abilities of blind people
are difficult to meet their daily needs without the help of any assistive design.
Similarly, in the case of facial detection algorithms and identity matching related
issues, the prototype had to ensure that the data was used and stored in a way
that did not lead to the disclosure of personal information and invasion of privacy.
In addition, the sensor may cause a psychological burden to the other person as
it reads the micro-expressions of non-verbal behaviour of a sighted person with-
out informing them. In conclusion, although the prototype helps blind people to
better perceive their surroundings and improve their quality of life, the prototype
may be costly and there are issues of disruption to the lives of those around them,

or privacy and ethics.

2.1.2 Multi-Modal Assistive Systems

Firstly, a multi-modal assistive system [11] is a system that is able to assist the user
with specific services and goals through multiple sensory modalities, such as vision,
hearing and haptic. This type of system is able to use a combination of sensory
signals to provide a more comprehensive, accurate and efficient assistance service,
depending on the needs of the user and the changing environment. In a study

by M. Saquib Sarfraz et al [12], it was demonstrated that multi-modal assistive
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systems containing face recognition, voice cues and haptic feedback can allow

visually impaired people to better perceive their surroundings in social situations.

(Source: A multi-modal perception based assistive robotic system for the elderly [11])

Figure 2.2: A typical system output overlaid on a frame

Compared to conventional assistive systems, multi-modal assistive systems have
significant differences. For example, multi-modal assistive systems can provide ad-
ditional assistance not only through voice cues, but also through haptic, olfaction
and even gustatory sensations. As the different sensory modalities can be ad-
justed in real time, they can be more flexibly adapted to the needs of the user
than conventional assistance systems.

When researching multi-modal assistance systems, care must be taken to avoid
counter-intuitive system measures, even when good design solutions are available.
These design approaches are often the opposite of what users are used to and
think. In visually impaired interaction design, for example, inconspicuous colours
or insufficient contrast for the visually impaired [13] may result in the user not
being able to clearly identify different elements. A lack of audio cues can leave
the visually impaired person unaware of exactly what is happening in the game or
story of the experience. Due to the large amount of content that visually impaired
people need to remember in their daily lives [14], complex interaction flows can
lead directly to the user getting lost in the application. Therefore, the design
needs to simplify the interaction flow [15,16] and allow the user to operate the
application with ease. In addition, controls that are difficult to manipulate may

also cause problems for the visually impaired. If there are larger buttons or simple
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gestures that can be used, this will allow users to operate and interact more easily.

As a common need for visually impaired people in social interaction is to be able
to better perceive and understand their surroundings and tasks through multiple
sensory modalities, they need to be able to recognise sounds, objects and people
more accurately and to understand their position, orientation and movement.
Therefore, a multi-modal assistive system may be what visually impaired people
need. In addition, such systems need to be scalable and easy to use to facilitate
a better response to the needs of different visually impaired people. For example,
Microsoft has introduced the Xbox Adaptive Controller [17], which is primarily
designed for the physically challenged, but visually impaired people can customise
the layout of the buttons to make gaming easier and can also personalise the

configuration to suit their needs for a better gaming experience.

2.1.3 Interaction Preferences

In the study by Dragan Ahmetovic et al. [18] it was shown that different interaction

preferences exist for different blind users.

W Cane, without preview B Cane, with preview [ Dog, without preview 0 Dog, with preview

Summary Instructions. Notifications Information

Ratio of undesired messages
e o 2 9 9 €
NoWw s,
v ——

" I ml | |H‘ I I IH I I I j
0 > o+
& & R S IR IS LES ef(\ & ‘@5& & FEF S
R & P F F e P FF PSS S & & & & & & S
& T P TE TS T T IFITSLSS T T TELS S
& & o & & & o &‘Q & & F &£
F ¥ & < q@é‘ ¢ T &
A Y

(Source: Impact of Expertise on Interaction Preferences for Navigation Assistance of Visually Impaired

Individuals [11])

Figure 2.3: Ratio of undesired messages by message type, aggregated by naviga-

tion aid used and by route prior knowledge.

When using different navigation assistance systems, users from different pro-
fessional backgrounds may choose different technologies, for example, those who

come to voice prompts may choose voice navigation, while those who come to

10



2. Literature Review 2.2. Accessible Gaming

visual information may prefer to use augmented reality technologies, depending
on the mental model [19] that the blind user wants to construct. Navigation
Assistance Technology (NAT) [20] is a similar technology that combines voice
prompts, vibration feedback and directional instructions, while Radio Frequency
Identification (RFID) [21] correlates object location information with identifica-
tion information and detects and tracks its position and movement in real time. In
order to provide better services to blind users, the need to differentiate products
to suit the level of expertise of different user groups is an aspect of interaction

design for the blind that needs to be considered in the future.

2.2. Accessible Gaming

2.2.1 Mixed Ability Games

In the study by David Gongalves et al [22], it is mentioned that mixed ability
games can enhance gaming experience and allow people with different abilities to

work together and get a sense of achievement.

Ha5THE T
& 10H 26

D&

(Source: Exploring asymmetric roles in mixed-ability gaming [22])

Figure 2.4: Screenshot details presenting the roles in the games

In order to balance the sense of imbalance in mixed ability games, the gaming
experience can be enriched by dynamic difficulty adjustment [23], teamwork and
diverse game modes. However, the design intent and play experience can vary
greatly from game to game, and some games about ability-based design [24] for

the blind may be exclusive for the sighted. In games, blind people can equally

11



2. Literature Review 2.2. Accessible Gaming

experience the game narrative through sound and text descriptions, as well as
through markers [25], identifying characters and travelling to locations. Due to
the asymmetrical ability character design [26], it indirectly promotes collaboration
and interaction between players, a gameplay style that enhances the enjoyment

and challenge of the game.

2.2.2 Multiplayer Experience for Visually Impaired

Based on research of David and Rodrigues et al. [27], visually impaired people
rely heavily on sound effects in games as they provide narrative and information.
Visually impaired people enjoy multiplayer games, but prefer to play with visually
impaired people, who are more likely to understand each other considering fair-

ness, similar gaming preferences, communication barriers, and shared experiences.

[A] Participants play digital games with other people... Participants play digital games with...

100

Daily Weekly Monthly Occasionally Never [IA
S > N S Sy

Mol 19% | 1% 1 2% | 19% | 13% B 62
TG M I 2% | 1% | 1% - @ - o =
s 1% | 13% | 1% | 2% | % | 13% S~ : — i
MO M W% 1 B | 18% 16% 0 T~
Family Real-life Online Strangers
Friends Friends
Participants play tabletop games with other people... D] Participants play tabletop games with...
D}ily &\’eele/Monthly Occ§ionally I\Ever NA ® y B B
| 12% | 4% | 50% | 1 17% T -
T W6 1% | 5% | 1% 18% o — s
s 1861 1% | 0% | Ik - - p
Mm% 1% | 19% | 50% 6% —

Family Real-life  Strangers
Friends

(Source: Playing with others: Depicting multiplayer gaming experiences of people with visual impairments [27])

Figure 2.5: Gaming habits of respondents to the first survey (Q-VI) particularized

by visual impairment of respondents

In addition to this, visually impaired people prefer to promote asynchronous

games rather than real-time games, mainly due to the imbalance in difficulty of the

12
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games. Strategy [28] and card games [29] are more popular with visually impaired
players due to the length of time that asynchronous games allow players to play
in sufficient time without the need to interact with other players to implement
them. This is because visually impaired people need more time to perceive what
is on the screen through a screen reader [9,19] in order to understand the elements

and actions in the game.

2.2.3 Audio Games

Gamers with visual impairment (GVI) [30] are people who need aids to overcome
their visual impairment in order to complete their gaming tasks. Among them,
audio games [31,32] are the most played type of games by visually impaired

gamers.

(Source: Sound and music in games [31])

Figure 2.6: Rez HD for Microsoft’s Xbox 360, remake of original Rez for Sony’s
Playstation One

Kirk [33] summarises the characteristics of different types of audio games, such

as prompting by voice or text, requiring players to react in time based on timing,

13



2. Literature Review 2.3. Haptics for Non-Visual Games

and limiting the player character to move only on a grid of coordinates, in ways
that control the difficulty [23] of the game and ensure game balance. In addition,
left and right channel and echolocation technologies can enhance the playability
and immersion of audio games, with the former simulating a stereo sound ef-
fect and allowing players to react accordingly to enemy locations and directions
of movement, and the latter allowing players to better determine the source of

sounds, such as the location of enemies in the shadows.

2.3. Haptics for Non-Visual Games

2.3.1 Typological Analysis of Sound and Tactile Sensations

In the study by Valente et al. [34] the inclusiveness of non-visual games is explored
through the use of sound and haptics instead of images and animations in games.
Indeed, systems exist for classifying different sound categories in game design,
such as visual lexical semiotics model of triangular sign structures of Charles
Peirce [35]. The characteristics of sound can be categorised as the meaning, pitch
and rhythm of the sound. In game narratives, the ability to communicate meaning

semiotically is essential.

Volume

10 << ]

Distance
0 _q MaX

Music speed
Faster <7 » Slower

(Source: Turn off the graphics: designing non-visual interfaces for mobile phone games [34])

Figure 2.7: Schematic view of the audio radar
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Haptic feedback in games can be categorised into a number of types, which
Ea Christina Willumsen et al. [36] have reduced to two categories, namely the
feedback source and the level of operation. However, this classification is not the
same as that of HFX studio [37] and Immersion Corporation [38]. Feedback source
include the environment, interaction of objects, User Interface, kinesthetic, phys-
iological, and sixth sense [39] resulting from character actions. Level of operation
includes prompts, technical demonstrations, and elements of dramatic narrative.

This classification is inspired by traditional semiotics. Semiotics considers that
symbols are made up of two important aspects: the Denotation and the Connota-
tion. In the tactile feedback genre of the game, the Denotation are as important
as the connotations. The former provides the specific content and form of the
tactile feedback, while the latter conveys the storytelling and drama of the game
itself. In game design, therefore, designers seek not only a fluid experience for the

player in the game, but also an emotional experience and new perceptions.

2.3.2 Tactile Prompts as an Alternative to Visual Ones

In study of Kuber et al. [40], tactile cues were identified as the key to developing
non-visual memory games. In research of Kuber and Yu [41], it was found that
users were able to remember multiple tactile messages and could convert tactile
stimuli into memories through extensive training. In paper of Evreinova et al. [42]
, it was revealed that an egocentric [37] 2D plane orthogonal to the visual axis
with a haptic spring effect may better help non-visual players to understand the

game space.
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Figure 2.8: Gamespace: 6 by 6 cells, 4 states per cell and the game character

Scrat

In analysis of Jaime [43] revealed that haptic cues related to direction, dis-
tance and environment can help visually impaired people to improve their spatial
awareness. Zulfi Alam [44] argues that different rhythms and intensities can be
presented through the rumble of the game controller, allowing players to play more
naturally and intuitively, and using tactile channels to maintain brand loyalty and
brand awareness. Haptic-audiovisual (HAV) system [45,46] can also improve the

attention of users, sense of presence [47] and emotional engagement [48,49].

2.3.3 Haptic Feedback Practices in Games

Rich haptic modalities can enhance the gaming experience for visually impaired
players. In the work of Grabski et al. [50], haptic devices such as the Phantom
were used to help visually impaired players simulate different physical sensations

such as force, pressure, vibration and friction in asymmetrical games [22].
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Figure 2.9: System overview

In the study of Youngbo Aram et al. [51], invisible interactions [52] based on
physical springs, damper simulations and collision representations can convey in-
formation that is difficult to represent visually and auditorily. In the research by
Andrade et al. [30] provides a framework for introducing games for visually im-
paired players by describing the gaming experience for visually impaired players
and suggesting that designers and visually impaired players should work together
to design tactile gaming experiences. The Immersion Corporation [38] reports
that aspects of in-game states, cues and warnings, behaviours and actions can
be grouped into one of the categories of haptic feedback in games. These cate-

gories are reflected in recent games such as God of War Ragnarck* and Horizon

4  God of War Ragnarck [Video game]. (2022). San Mateo, CA: Sony Interactive Entertain-

ment.
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25, Uncharted 45 . The research by Ulrik Soderstrom et al. [53] also demonstrates
vibrational cues such as explosions, shots, and heartbeats [54] in shooter games.

These are all types of feedback that can have a positive effect.

2.4. Summary

The following points can be summarised from these studies:

e Not only in social situations, but blind people have the same need for tactile
and audio cues in games, as the vast majority of blind people do not have

access to visual information.

¢ A multimodal system that includes haptics is necessary for the use of non-

visual games.

e Non-visual games should respond to the interaction preferences of the visu-

ally impaired.

e Games with mixed abilities can be considered to increase the multiplayer

experience for the visually impaired.

e The results of haptic typology analysis and the practice of haptic feedback

can be applied to the design of haptic models for non-visual games.

5 Horizon 2: Forbidden West [Video game]. (2022). Amsterdam, CA: Sony Interactive Enter-

tainment.

6 Uncharted 4: A Thief’s End [Video game]. (2016). Santa Monica, CA: Sony Computer

Entertainment.
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Chapter 3
Concept Design

3.1. Design Proposal

3.1.1 Overview

The project is called Chujing, which is derived from the Chinese idiom, chu jing
sheng qing, from the Yuan dynasty sanqu song Gui Yuan [55]. It means that scene
which recalls past memories. As chu is also used in Mandarin, it means to haptic.
Here, in a double entendre, we want to convey the meaning of allowing visually
impaired people to perceive non-visual virtual gaming experiences through the
sense of haptics.

The initial goal of the research is to create different scenarios for the visually
impaired based on a semiotic haptic model and the results of a questionnaire
study. The game engine produced, which will be based on Unreal Engine 4.27 [56],
will eventually be exported as software for users to test. The visually impaired
will move through the different scenes and feel the changing landscape of forests,
deserts, glaciers and fields through their sense of tactile and auditory senses. The
hardware for input system to the PC will be the DualSense wireless controller of
PlayStation [57]. The game prototype will start with a single-player flow, where
the sound of the character stepping on different physical material [58] surfaces,

through the sense of touch, will be transmitted to the experience.
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(Source: Yijie Sun)

Figure 3.1: forrest concept

3.1.2 Target Users

The target users of the study were visually impaired people, both totally blind
and partially sighted. However, before designing the visually impaired workshop,
we intend to use preliminary survey to understand the common haptic patterns
of users in the current market, and collate the types of haptic expressions in
PlayStation games through the typology of haptic [36], and a methodology for
recording 1-hour gaming experiences [38], and utilize them into the prototype
design. We will first invite sighted people to participate in a pilot study of the
prototype, modify the version based on the feedback and invite blind people to

participate in the workshop once the modifications are complete.
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3.2. Preliminary Survey

3.2.1 Pre-Experiment Questionnaire

The pre-experiment questionnaire was made through the WenJuanXing(WJX)
platform, and the number of questions was 38 based on the research direction and
theme. The answers to this questionnaire were all from WeChat, and a total of
109 valid questionnaires were received. The main purpose of the pre-experiment
questionnaire is to understand the favorite types of games from users and their
preference for haptic feedback in different types of games. The goal is to improve
the quality of user experience test feedback by inviting the target audience and
prioritizing their feedback. Ultimately, content about the game (including haptic
feedback design, art style, and game system design) is provided based on the
selected goals, preferences, needs, habits, behavior patterns of the user group,
and market research. In conclusion, the results of this questionnaire can reduce
the cost of prototyping, effectively use resources, and increase the potential for the
prototype to resonate in the market. At the same time, through the questionnaire,
we can understand the average amount of money spent by different players, and
the games they are currently playing or familiar with. The names of the survey

participants were kept anonymous.

3.2.2 Survey results

Next, the research results will be analyzed in terms of age, gender, player moti-

vation, response to PVP, value in the game, and expectations of haptic feedback.

Gender

Finding: Among the people who participated in this questionnaire, the male ac-
counted for 49% and the female accounted for 51%. Summary: Male to female

ratio is close, there is no obvious gender preference.
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Female

Male
Figure 3.2: Gender

Age

Finding: The number of people aged 31-40 was the largest in this questionnaire,
accounting for 23%. Those aged 41 to 50 and 18 to 24 accounted for 23% and
16% respectively. The number of people above 60 years old was the smallest,
accounting for 8%. Summary: The age distribution of the people participating in
this single topic is balanced, but the young and middle-aged group has a higher

participation.
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25-30 years

31-40 years 18-24 years

Under 18 years old

Over 60 years old

41-50 years 41-50 years

Figure 3.3: Age

PVE mode

Concept: Unmatched matchups are often referred to as PVE matches, which are
played against a computer Al In this case, high scores and rewards can be earned
by completing quests, defeating bosses, etc., competing with other players for
rankings and achievements. Findings: There are 48% people like or very like the
unmatched game, there are 40% people do not like or very dislike the unmatched
game. In addition, 12% were neutral. Summary: Some people like PVE, but
others may prefer PVP.
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PVE

neutral

PVP
Figure 3.4: PVE Mode

Main Play Platform

Finding: In the last 6 months, the most popular gaming platform was console,
followed by PC and mobile. Emulators and consoles have relatively low usage
rates, but average scores are higher than other platforms. MR platforms have rel-
atively low usage, but high average scores among those who use them. Summary:
The average score across all platforms is around 3.8, indicating that there is no

significant correlation between platform choice and satisfaction.

The Popularity of Multiplayer PvP Games

Finding: Over 85% (94 people) prefer multiplayer PvP games. Among them, 46%
(50 people) are addicted to it, 40% (44 people) like it, and 14% (15 people) have a
general attitude. The number of people who do not like it at all and the number
who do not like it is zero. Conclusion: Multiplayer PvP games are quite popular
among respondents, with the majority of those who like them excessively and
those who like them immensely.
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Table 3.1: Main Play Platform(Matrix)

Title or Options 1 2 3 4 5  Average score

pPC 8 13 12 40 36 3.76
Console 1 6 9 45 38 3.85
Mobile 9 10 12 36 42 3.84
Simulator 2 18 7 39 43 3.94
Handheld Console 11 8 7 42 41 3.86
MR 5 10 21 40 33 3.79

Total 46 65 68 242 233 3.84

Very satisfied

8% — Dissatisfied

OK

Satisfied

Figure 3.5: The Popularity of Multiplayer PvP Games

Most Played Multiplayer Online Games

Finding: The most popular types of multiplayer online games are MMORPG
and FPS, both at 49%. This was followed by Co-op ACT and Battlefield, with
50% and 38%, respectively. Arena games had the lowest percentage at 15%. In
addition, the percentages of Cards, Sandbox Survival and Tarkov games were also
relatively high at 13%, 12% and 12%, respectively. Diablo games had the lowest
percentage at 8%. Summary: Prototypes of MMORPGs and design games are
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likely to be more popular with gamers.

Table 3.2: Most Played Multiplayer Online Games(MC)

Options Total Proportion
MOBA 34 31%
MMORPG 53 49%
FPS 53 49%
Co-op ACT 55 50%
Battlefield 41 38%
Arena 16 15%
War Simulation 23 21%
Battle Royale 5 5%
Cards 14 13%
RTS 6 6%
Tactical Action 6 5%
Sandbox Survival 13 12%
Tarkov 13 12%
Diablo 9 8%

Total 109

The Relevant Factors to Consider When Buying Console Games

Finding: Of all the options, the media received the highest rating from players,
with an average score of 4.02, indicating that players were more likely to listen
to other players to make purchase decisions. Story was the highest, with an
average score of 3.87, followed by gameplay and graphics, indicating that players
were more focused on story and gameplay. Whether the game is exclusive to the
platform and whether it has the highest player rating in the media indicates that
players are more concerned about uniqueness and word-of-mouth. The low price
score indicates that price is not the most important consideration when buying

console games. Summary: The highest scores in the subtotal are for options 5 and
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6, indicating that players are more concerned about uniqueness and reputation of

the game, as well as whether the game has a local translation.

Table 3.3: The relevant factors to consider when buying console games(Matrix)

Title or Options 1 2 3 4 5  Average score
Visual Quality 7T 9 16 37 40 3.86
Storytelling 14 3 5 48 39 3.87
Gameplay 7 6 15 48 33 3.86
Price 5 11 12 38 43 3.94
Media Player Rating 5 10 10 37 47 4.02
Localized Translation 4 13 7 43 42 3.79
exclusive to the platform 14 4 9 36 46 3.88
Total 56 56 74 287 290 3.92

Tactile Feedback in Daily Life

Finding: 67% of the people experienced haptic feedback in computer and mobile
devices. This was followed by medical and dental scenarios, with 60% experiencing
tactile feedback. Games and entertainment scenes had the fewest tactile feedback,
with only 46%. The number of people experiencing tactile feedback in automotive
and aviation scenarios was also low, at 46%. Summary: Haptic feedback is most

commonly used in computer and mobile device scenarios.

Types of Tactile Feedback Experienced in Games

Findings: The most common type of tactile feedback experienced in games is
behavior and action, with 62% choosing this option. This was followed by provid-
ing tips and warnings, which was chosen by 60%. Signal status and alarm were
also common types of tactile feedback, with 48% choosing this option. For the
enhancement of emotion and the creation of atmosphere, relatively few people
chose these two options, 49% and 22% respectively. Summary: Actions and be-

haviors, as well as prompts and warnings, are the types of haptic feedback players
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Table 3.4: Tactile feedback in daily life(MC)

Options Total Proportion
PC and mobile devices 73 67%
Medical and Dental 65 60%
Games and Entertainment 50 46%
Automotive and Aviation 50 46%
Total 109

experience the most in games.

Table 3.5: Types of tactile feedback experienced in games(MC)

Options Total Proportion
Status and Alerts 52 48%
Tips and Warnings 65 60%
Behaviour and Action 68 62%
Emotions 53 49%
Sense of Atmosphere 24 22%
Total 109

Tactile Feedback in Action Adventure Games

Findings: According to the data table, the most important haptic feedback was
to increase fear, tension, enemy presence alarm, and fatal blow, swordsmanship,
other weapons, and explosion. The average haptic feedback score was 3.95 and
3.92, respectively. The average score for haptic feedback was 3.78 for warning
when hit or blocked, machine gun strength, recoil, and immediate danger. Next
came the collapse of pillars and walls; Fighting back, riding bumps, solving puz-
zles, editing scenes, fighting. A sixth sense, such as Ul hints that users can create

a secret base, is also important. The average score for other tactile feedback was
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between 3.7 and 3.84, which was relatively low. Summary: Warning of the pres-
ence of enemies, different vibrations of weapons, and explosions are some of the

most important tactile feedback in action adventure games.

Table 3.6: Tactile feedback in action adventure games(Matrix)

Title or Options 1 2 3 4 5  Average score
Warning 9 10 13 41 36 3.78
Rumble Level 1 9 9 54 29 3.72
Fear 8 8 12 34 47 3.95
Explosion 6 12 6 46 39 3.92
Disaster Weather 10 9 12 51 27 3.7
Building Collapse 5 12 9 46 37 3.9
Carriers 11 8 8§ 43 39 3.83
Transition Animations 10 10 4 50 35 3.83
Puzzles 9 8 11 46 35 3.83
Walking 7T 12 8 46 36 3.84
Sixth Sense g§ 11 12 40 38 3.82
Total 94 109 104 494 398 3.83

3.2.3 Haptic Models Solution

Taking “God of War: Ragnarok” as an example, the haptic mode in the game
can be roughly divided into Common, recurring type and Notable types. Among
them, the Common, recurring type is more of the external manifestation of haptic
feedback. The Notable types tactile feedback emphasizes the purpose of tactile
feedback. Haptic feedback, for example, can be subdivided into warnings, tips,
behaviors, emotions, and atmosphere. In “Ragnarok”, the character Atreus can
navigate with haptic through fragments of the mask, and when the green mask is
pointed in the right direction, the voice coil actuators on both sides of the game-
pad emit a continuous progressively stronger vibration. Away from the correct

direction, this vibration will weaken until it stops vibrating. There are more
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haptic feedback that represent character behavior. Running, climbing, opening
doors, and using props are all different haptic feedback, and they will change the
sound channel and alternate vibration of the left and right motors according to
the spatial position of the character. Since special haptic feedback emphasizes the
purpose of feedback, narrative sound effects, particle effects, audio or action cues,
UI interaction, and haptic hardware parameter adjustment can all be included
in this category. Specifically, in the early chapters of “Ragnarok”, Atreus will
feel the natural energy by touching the cedar bark with his hand, and the tactile
feedback will gradually pass from the base of the cedar bark to the top of the leaf

cluster, spreading out in the form of pulses.

God of War 5: Ragnarok
Warning navigate through the mask (prop) ]
) Summoning rune, Jump, Climb
Ti P Pick up props (materials, silver coins)
Extension Rotating wooden mechanism, Open the door,
P Smash the Treasure box, Open the lid of the box
Common, Behavior
recurring type 4 Y } * Drop all weapons
* Lift the door
Performance of * Fight back with a shield
haptic feedback
[Emotions Rapid heartbeat
Trigger a gunpowder explosion
Creation of EXpOSION
) atmosphere Touch the altar with the scepter and
Connotation P switch dynamics day and night
Notable types/ Preview * Yemengad (Giant Serpent) Speaks
) * Freya strangled Atlas by the neck with vines
other Video
* Wolves (Specchi and Swana) run through the
The purpose of Cinematics snow. Snowmobile skiing.
. * Strike back with an elbow.
haptic feedback e ot L an s oo

* Sharpening the arrow with a knife, the arrow
was put into the fire and hissed.

(Source: Yijie Sun)

Figure 3.6: Haptic Model
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3.3. Initial Prototype
In prototyping, we assume:

e Tactile feedback and auditory can meet the demands of the player and can

convey the actions and movements of players.
e The player could play the game mechanics completely without visual cues.

e Basic tactile model methodology could be summarized and new tactile expe-
rience could be designed based on the results of previous literature research

and questionnaire survey.

The final prototype will be evaluated using the Game User Experience Satis-
faction Scale (GUESS-18) [59]. Past user experience satisfaction scales for games
have been too lengthy to be applied in practice. The GUESS-18 is relatively easy
and convenient to use. It includes game-play, aesthetics and emotions. As the
study focuses more on tactile feedback and sound rendering [60], the question

template of part of the satisfaction scale will be modified.

3.3.1 Production of Game Prototypes

For the game prototype, Unreal Engine version 4.27 was used in the game En-
gine section. In the game-play section of the game, it borrows game-play design
from early 3D endless games. The player controls an avatar, running through an
endlessly generated block of blueprints named Tile. In an earlier design version,
Tiles have no physical material and are only filled with regular material materials.
Therefore, no physical material distinction was made between the three runways.
If the runways are separated by physical material [58], the player can experience
completely different auditory and tactile experience in the three tracks. For ex-
ample, the physical feedback of walking on grass, wood and plastic should be
completely different. Due to time, no physical material distinction was added in

this prototype.
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Figure 3.7: Production of Game Protypes

3.3.2 Goals of the Game

The object of the game, in its original design, was to score higher and earn more
gold on the run. Based on the theory of game designer Masahiro Sakurai, the
essence of games is reward and risk [61]. In this prototype, the reward includes
earned gold coins, boots, and magnets. The risks are obstructions, including red
water pipes and metal boxes. If the avatar of player is unlucky enough to hit an
obstacle, it will trigger a physical collision with the Ragdoll System [62], causing
the game to fail, and the screen will return to the User Interface. The player has

to choose, on the User Interface, to restart the game or end the game.

P e ———
Character Movement

disable character movement "
— L — e
i imulate Physics _f Disable Movement

i Death Function = Create Game Over Screen Widget

Target Target Return Value

Simulate [
Owning Player

(Source: Yijie Sun)

Figure 3.8: Ragdoll Death Function
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Figure 3.9: Game Design

3.3.3 Design of Non-Visual Versions of Game Prototypes

After completing the first complete game package, we needed to modify it to a
version that could be used by the visually impaired or blindfolded, sighted people.
Based on the results of our tests, we artificially reduced the initial speed value from
the default of 600 to 300. At the same time, we removed the acceleration because
it was difficult to react quickly to the increased level acceleration while playing
the game with your eyes closed. Most importantly, we needed to know when
the player would encounter an in-game obstacle. Since the presence of obstacles
(red water pipes and metal boxes) can indirectly lead to the end of the game, we
designed tactile and auditory cues before the player is about to encounter them.
In this prototype, therefore, the tactile cues for the obstacles are generated in
advance and are represented by emissive materials in order to allow the player to
decide and make the correct avoidance action in advance after encountering these

pre-generated cues and warnings.
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(Source: Yijie Sun)

Figure 3.10: Tactile Cues

3.3.4 Ways to Design Non-Visual Versions of Games

There are many ways to design non-visual versions of games. In a study by David
Goncalves et al. [25], they showed how blind people play games. Using channels
such as TrueBlindGaming on youtube as a source, the research team analyzed
the unique perception of blind people while playing, with the goal of focusing on
how blind people experience non-visual experiences in mainstream games. They
describe the obstacles players face and what to do about them, inspiring new
accessibility practices and more inclusive design. Through online ethnographic
research, they analyzed the comments of blind content creators playing digital
games, including videos uploaded by content creators. Using the terminology of
the game industry, these characteristics can be summarized into the following

categories.
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Path-Finding

In the aspect of path-finding, the blind can “locate by sound” by swinging a
sword and hitting obstacles or walls. The player can use spatial audio to sense
the position and direction of elements. Sounds and dialogue [14] are important
to convey position and state of the character. The player can construct a map in
his mind [19] using various sound elements, such as building torches to increase
the possibility of environmental landmarks, so that the player can find the right
path through these sound effects. The player may also learn proper path-finding
by deliberately returning to the birth point through the death of the avatar.

Precise Interaction

One player was playing God of War IV 7 (SightlessKombat) when the player had
to use the R3 key to kill enemies in the game, but was unable to find the right
direction by sight. As a result, the player often has to walk around a dying enemy;,
constantly pressing buttons to interact. As the game becomes more complex, it
becomes harder for the player to make real progress. For example, how to dodge
enemies and find hidden enemies, in a non-visual game, it is challenging to defeat
enemies without automatically tying them down.

Precise localization of sound and interaction within a precise time frame are
also extremely effective, as in Anonymous channels, the player experiences The
Last of Us ® in a non-visual way without making timely judgments about the

exact spatial location of the level.

7 God of War IV [Video game]. (2018). San Mateo, CA: Sony Interactive Entertainment.
8 The Last of Us Part IT [Video game]. (2020). Santa Monica, CA: Sony Computer Entertain-

ment.
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Automatic Steering

Games like The Last of U ® and Forza Horizon 5 ° have auto steering, which
greatly reduces the level of interaction and challenge provided by the game, but

also reduces the initiative of player.

Tips and Warnings

In multiplayer online games, such as Left 4 Dead 2, non-visual players can interact
with each other by “going left” and “turning right.” While the speed of interaction
would suffer in a first-person game, hints and warnings could be profitable in non-

visual gaming experiences.

Sensory Sharing

It is a fun way to play, and it is shown in “eggy party” and “Neverwinter.” For

)

example, in “Neverwinter,” one player can only judge how to use the skill to kill
the enemy, while the other player finds the way and describes what is going on in

the game [22].

3.3.5 Seven Design Principles Based on Ability

Wobbrock, J. O et al. [24] mentioned seven design principles based on capability
in their research. Many of these principles have implications for prototyping. For
example, 2. Responsibility: Designers should take responsibility for the systems
they design and for poor performance, rather than letting users take responsibility
for the problems themselves. Performance: The design should take user perfor-
mance into account and monitor, measure, model, or predict that performance in
order to continuously improve the design. In the case of non-visual games, there
are several ways a game designer can deal with poor performance: Make sure the
sound effects and voice prompts are clear and explicit so that blind people can

understand the content of the game accurately. Because speech is a requirement

8 The Last of Us Part IT [Video game]. (2020). Santa Monica, CA: Sony Computer Entertain-

ment.

9 TForza Horizon 5 [Video game]. (2021). Leamington Spa, CA: Xbox Game Studios.
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for interaction and way-finding in non-visual games. Provides a simple operation
interface and guide for users to quickly get started. Clear and unambiguous input
system can reduce learning costs. Considering the usage habits and needs of blind
users, it may be necessary to design dynamic game difficulty adjustment [23] to
facilitate their enjoyment of the game. By examining the performance of user and
feedback during the game, it is also possible to understand the needs and expecta-
tions of the user. The game design can be improved based on post-game feedback.
It is also necessary to have an easily accessible and usable feedback system so that
users can give feedback to the designer on problems and suggestions in the game.

With regard to the “ability hypothesis”, different users may have different levels
of ability, and people with low vision and total blindness may face visual or cog-
nitive challenges that can make a product or service difficult to use. The ability
level of different users needs to be considered to ensure that products and services

can be used by as many people as possible [63].

Design System Based on User Ability

Edwards has developed a visual language that focuses on the capabilities of the
user and the matching of the system. The basic idea is to design a system interface
suitable for users according to their ability and needs to improve the usability of
the system and user satisfaction. For example, in the game “Ting You Jiang
Hu” 19 designed for the blind, all the keys have voice prompts because the blind
cannot interact with the content in the software through vision. If in some game
levels, the blind user is unable to sense the orientation of virtual space through
voice prompts, it means that the system is not well matched to his ability. Many
games have elements of both ability-based design, universal design and inclusive
design, and they use different design methods to meet various user needs and

improve game usability and user satisfaction.

10 Ting You Jiang Hu [Audio game]. (2021). Beijing, CA: xinzhihudong.
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3. Concept Design 3.3. Initial Prototype

Ability-Based Design vs. Universal Design

As for the difference between ability-based design, universal design, and inclusive
design. [63] For example, the blind mobile games Ting You Jiang Hu '° and
“Rong Yao Zhan Chang” use a ability-based design approach. This is because the
developers of these games have taken into account the special needs and abilities
of blind people, and designed appropriate auditory game interfaces and modes of
operation for them to provide a better experience. The Last of Us and Uncharted
4, which included accessible design, followed a universal design approach. This
is because the game developers at Naughty Dog Studios, taking into account the
needs and abilities of most players, have designed an easy-to-use game interface
and operation mode for players to improve the usability of the game and user
satisfaction. At the same time, players can choose to turn on subtitles, so that
people with hearing impairments can also understand the dialogue and plot of the

game.

Situationally-Induced Impairments and Disabilities (SIID)

SIID can be thought of as a physical and psychological injury that can result in
certain situations. Disability is not only a physical condition, but also a sign of
social identity [64]. It is relatively difficult for people who have not experienced
disability to understand the feelings and experiences of people with disabilities.
Instead of focusing on a flaws and inadequacies of people, we should identify
their strengths and potential, especially in specific circumstances. Some physical
limitations may interfere with our daily lives, but technology and innovation can
help us overcome these physical barriers. For example, blind users can not see the
images on the game interface, but can use voice and haptic feedback instead of
visual feedback. Specifically, sound and haptic feedback can be used to indicate
locations and actions within the game, while in-game text and sound cues can be
used to convey in-game information. In addition, smartphones can be equipped
with voice recognition technology and gesture recognition technology, allowing
blind users to operate games by voice and gesture. These technologies can help

ssid people enjoy the fun of the game.

10 Ting You Jiang Hu [Audio game]. (2021). Beijing, CA: xinzhihudong.
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3. Concept Design 3.4. Summary

3.4. Summary

The software required for this experiment is almost complete, including the blue-
prints for the game created and packaged using Unreal Engine 4.27. We have
made a clear distinction between the visual and non-visual versions, through ac-
celeration, tactile cues, and auditory cues. In addition, we were able to smoothly
transmit signals from the video game-pad to the input system of game engine.
Players are able to feel different haptic feedback when collecting props in a mo-
bile game, manipulating buttons in the user interface or colliding with obstacles
leading to the end of the game. Next, we will conduct experimental studies and

workshops for the blind to test our hypothesis.
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Chapter 4
Proof of Concept

4.1. Pilot Research

4.1.1 Overview

For the pilot study, we need to gather feedback from other game designers, espe-
cially insights on accessibility design. We will record the issues they point out in

the initial non-visual version for further analysis.

4.1.2 Participant

We invited two colleagues, Liu and Lu, aged between 22 and 24 years old, who
work for a gaming company. The test took place on Saturday 27 May 2023 at
4pm, with Liu taking part in the offline test and Lu taking part in the online test
via microphone due to time constraints. The game was relatively long, lasting 1
hour, with about 5 minutes spent explaining the game upfront and between 15
and 20 minutes spent on the game itself. After the test, we spent about 5 minutes
filling out a questionnaire and discussing issues related to the non-visual version

of the game prototype.
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4. Proof of Concept 4.1. Pilot Research

(Source: Yijie Sun)

Figure 4.1: Participant

4.1.3 Method

In the experiment, participants were first asked to play the first version of the
game prototype with their eyes open to get a rough idea of the game mechanics.
The second version of the game prototype, the non-visual version, will then be
played with a blindfold on and the participants will be asked to play with their
eyes closed. At the end of the game, the players will be invited to complete a
questionnaire on WeChat. The questionnaire is based on a reworked GUESS-18
questionnaire, which takes the satisfaction of players with the game and analyses

the shortcomings and limitations of the non-visual version of the prototype.
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4. Proof of Concept 4.1. Pilot Research

4.1.4 Result
Playability

The results of the player tests show that the game itself is playable.

Voice Prompts

However, in the non-visual version of the prototype game, players inevitably ran
into obstacles during testing due to a lack of adequate audio descriptions and
prompts. Therefore, more audio prompts for actions are needed in the non-visual
version of the prototype game. In addition, in the non-visual version it may be
difficult for visually impaired gamers to understand whether or not the progress
of the game has ended because of the lack of audio cues for the ending sound,

only sound effects.

Introduction of Game Mechanics

As it was not possible for visually impaired gamers to understand the game me-
chanics through the first visual version in the subsequent workshop for the blind,

additional audio files for the introduction to the actions of game were required.

Game Difficulty

Colleague Liu suggested that the acceleration could be increased. In the visual
version of the prototype, the difficulty of the game is increased due to the accel-
eration. In the non-visual version, however, the difficulty becomes less because
of the removal of acceleration. In the obstacle generation mechanism, there are
cases where boxes and pipes are generated in the same row, so the generation pa-
rameters and random values need to be dealt with when generating game objects,

and good constraints need to be put in place.

Motivation to Keep Playing

A good game needs to keep the player motivated to keep playing. Lu suggests

that this can be improved through the design of in-game rewards. For example,
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4. Proof of Concept 4.2. Experimental Iteration

the coins collected during the game and the time spent alive in the game can be

converted by an algorithm into a score for the game result.

Questionnaires

Some of the questions in the questionnaire were repetitive.

4.2. Experimental Iteration

4.2.1 Overview

In this version we have added an audio version of the introduction to the game
mechanics, a distinction between sound cues in the user interface, and footsteps
based on physical materials. The entire workshop will take place at the front desk
of a blind massage therapy.

Based on a 2016 report by the China Information Accessible Products Al-
liance [1], the majority of visually impaired people are engaged in blind massage
therapist, at 63%, while only 7% of the sample are school students. Therefore,
the workshop chose to find blind massage therapists to test the non-visual version

of the prototype.

>
>
o],
»
¥
T

(Source: Yijie Sun)

Figure 4.2: Introduction to game mechanics
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4. Proof of Concept 4.2. Experimental Iteration

4.2.2 Participant

mechanics Personal interview End of interview

Prototype testing
Introduce the (5-10 minutes per Fill out the Add contact
project person) questionnaire information

Q (7] Q3 Q4

10:00am 10:10am 10:20am 10:30am 11:20am 11:50am 12:00
L

Meet Test the prototype Interview End of workshop

(Source: Yijie Sun)

Figure 4.3: Process of Testing

The participants of the workshop were eight masters of massage for the blind.
We made an appointment for the next day the day before the workshop and
negotiated with the blind masseurs to avoid delaying their work. As a result, we
scheduled the workshop in the morning. At the same time, we reached a price
agreement with the blind masters. At 10am on 4 June 2023, we arrived at the
designated blind massage therapy. At around 10.10am, we introduced the project
to the participants and played the recorded introduction of the game. Afterwards,
we conducted a 5 to 10 minute test with each blind master. At around 11.30am,
we conducted individual interviews and filled in questionnaires. At around 12

o’clock, we exchanged contact details and concluded the workshop.

44



4. Proof of Concept 4.2. Experimental Iteration

(Source: Yijie Sun)

Figure 4.4: participant
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4. Proof of Concept 4.2. Experimental Iteration

4.2.3 Method

Participants were asked to hold the game-pad, dodge and collect according to
the elements mentioned in the audio introducing the game mechanics, and follow
the voice prompts they were given during the game. Before the game started,
the player was introduced to how to use the buttons on the joystick and which
ones would be used. During the designated play period, the player can experience
the non-visual version of the prototype an unlimited number of times and feel
the tactile and auditory elements of the game. During the game it is possible
to discuss and promptly ask for in-game situations and action tips. Before the
game starts, we do not tell the player what tactile feedback they will feel, only
what sounds they will hear and how to distinguish them and act accordingly to

continue the game.

4.2.4 Result

According to the experimental data, six participants were relatively satisfied with
their experience of the game. Of these, four members felt challenged during the
experience. Seven players found no difficulty in navigating with the tactile and
auditory cues in the game. Four found the game itself to be fun. Three liked the
sounds in the game. Four participants felt that the tactile and auditory aspects
of the game enhanced the play experience. Three users found themselves focused
while playing the non-visual version of the game. Four participants would like the

game to support more social interaction, such as chatting, in the future.

4.2.5 Discussion
Dynamic Game Difficulty

Blind massage therapist suggests adding dynamic difficulty adjustments to the
game, for example, starting the game with one path and gradually increasing
the number of paths to eventually three as the non-visual player becomes more

familiar with the game mechanics.
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4. Proof of Concept 4.2. Experimental Iteration

Table 4.1: Related analysis

OPT AVG  STD Diff Tactile PLY XP SNS

Dift 4.50 2.07 1
Tactile 4.63 1.06 -0.62 1
PLY 4.13 1.89  0.09 0.17 1
XP 4.38 1.85 047 -0.79* -022 1
SNS 3.88 203 039 -069 -022 024 1

p<0.05 p<0.01

Sound effects

The sound effects in the game, the warnings could be more defined, for example
they could be changed to sirens or a more defined sound. Even though the non-
visual version of the prototype has more and clearer voice cues compared to the
last test, there is a lack of clarity in the alerts and hazard cues, especially for

water pipes and metal boxes, and a clearer distinction needs to be made.

Game Sound Atmosphere

Some blind masters would like to experience more, differentiated characters with
rich sounds. Regarding the creation of sound. The perception of left and right

channels and spatial ambience needs to be enriched.

Boundary collision cues

In the visual version, the sighted player can clearly know the boundaries of the
three paths. In the non-visual version, however, the blind player cannot perceive,
through the sound effects, the border between the left and right side of the road,

and so cannot judge the presence of the border.
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4. Proof of Concept 4.2. Experimental Iteration

Types of game

In terms of game genres, some players do not like racing games, but prefer strategy,
card and first-person shooter games, which do not require timely perception of

acceleration and direction.

Haptic feedback

Three to four masters were interested in haptic feedback and felt that current
games for the blind rely too much on hearing and would like to experience more

haptic experiences.

4.2.6 Summary

Mobile gaming remains the most common gaming device used by blind players. In
the non-visual versions of the games, haptic feedback plays a large role in adding
to the gaming experience and bringing some novelty to the participants. Auditory
games such as RongYaoZhanChang Game for Peace, Dou Dizhu, MingJiangSan-
Guo ,ShouHuRongGuang, and TingYouJiangHu are popular with blind players.
The sound design in all these games is excellent, but there is little tactile feedback
or visual support.

In fact, the screen reader [9,19] is faster than I would have expected. Most
blind players have a screen reader speed of 9x, while the average visual player has
a maximum sound speed of 2x. In addition, while the visually impaired were using
the screen reader to read the screen, in-game Ul interaction sounds or character
voices were also played. The difference is that the character sound effects and
voices are played at double speed. In other words, for blind players, the doubled
speed sounds are what needs to be played at the normal rate for the gaming
experience, while the game voice prompts, even if played at several times the

speed, they can still easily catch the auditory information they need.
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Chapter 5

Conclusion

Main Findings

The final prototype of Project Chujing presents an attempt at a non-visual game.
We inducted a haptic model through typology to enhance the experience of gaming
for the visually impaired through sound cues and tactile cues.

The purpose of this research is to create games for visually impaired people
using tactile and auditory information. And through this study to awaken the
awareness of other players to the visually impaired.

In the literature review in chapter 2, we found out that, games using tactile and
audio cues are already available in the market. Designers have created games with
mixed abilities for the visually impaired through multimodal interaction. Visually
impaired players are able to change the interaction to their preferences through
hardware and software. However, it is still possible to create diverse types of
games for the visually impaired based on typological models. And through the
innovation of interaction, we could develop tactile games based on ability design
for visually impaired players.

From the experimental results, the enjoyment of the game is positively cor-
related with the haptic feedback, and the difficulty of the game is negatively
correlated with the haptic feedback.

Sighted players can experience the game mechanics in their entirety without
visual cues. These hypotheses were tested on a relatively small scale with a non-
visual game prototype produced through the Unreal Engine 4.27 environment.
However, many other factors, such as the richness of the audio and haptic combi-
nation, still need to be considered to fully validate the ability of the haptic model
to give visually impaired people more enjoyment of the game. Due to time and

human resource constraints, there are still many possibilities to be explored.
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5. Conclusion

Future Work

Possible directions for future research include experimentation with massively
multiplayer online games with multiple modes of PVE and PVP for the visually
impaired. Visually impaired people need more social possibilities. Existing social
circles for the blind do not meet the social needs of the visually impaired in gen-
eral. Customisation with audio and tactile feedback, card games for the visually
impaired and strategy games could also be tried. Turn-based games are proba-
bly what most visually impaired people would like to experience, as there is no
need for real-time feedback. Visually impaired people may want more sound am-
bience and tactile experiences, so more ambience switching could also be added.
Mixed ability gaming is also a possible direction, based on auditory haptic abili-
ties, allowing players with different abilities to experience different sensory gaming
experiences and collaborate to complete game tasks is also one of the future di-
rections of gaming. Finally, by optimising the user interface of the game, a more

accessible interactive experience can be brought to visually impaired players.
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Appendices A. Haptic Feedback Conceptual Design Preliminary Questionnaire

ARIEE230503
Lees T

Please select by category

1. SBEOMER R A
What is your gender
O Bt

male

O it

female

2. EIEIRRIO IR, (SRR
Please select your age group.
O 18HLULT

Under 18 years old
O 18-243

18-24 years old
O 25-30%

2530 years old
O 31-40%

31-40 years old
O 41-50%

41-50 years old
O 51-60%

51-60 years old
O e1ZLLE

Over 61 years old

LEGER TR, TR A EE S EE?
How important are the following game elements and activities 10 you when you play video games?
3 AER—1 e =5 R
|2
Play the game as an imaginary game character with an elevated world view.
O FmE
unimportance
O iEiER
Relative importance
O FxER
Very important

4 FABRIHRESPRFTEENY, TREBMAYMXFTGI SIS R, (s
Deeply experience all the plot of the game, and understand the main characters and their story
background.
O FE®
unimportance
O 1aRIEE
Relative importance
O RER
Very important

5. PR ESRE, AR A (S5, (SRR
Challenge difficult tasks that require multiple attempts to succeed
O F@E

unimportance
O s
Relative importance

O HEE
Very important

Figure A.1: survey a 01
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6. BRkE L THIEEXERES, B\, Sk, &8, B8R, AR, (Hd)
There are hundreds of custom colors, styles, skins, equipment, weapons, and costumes.
O FEE
unimportance
O 1ERIER
Relative importance
O RER
Very important

7. IR R AHREATR/ . [P
Accumulate a large amount of game resources/currency
O F =8
unimportance
O iEdEE
Relative importance
O REE
Very important

7 iR, (YR -
Explore unexpected or unusual ways to travel.
O FER
unimportance
O iEERE
Relative importance
O REE
Very important

8. RFHT

9. SN AI R AER, (SR ¢
Try to collect every collectible item in the game.
O FEE

unimportance
O 1ExdEE

Relative importance
O REE

Very important

10. BINERENMRBIEE, FETEEDI5EA. [Fikm
Try to collect powerful weapons and items to become as powerful as possible.
O FEE
unimportance
O 1ExIER
Relative importance
O RER
Very important

1. AEEBIE R MENRE, (P
Characters with interesting backstories and personalities.
O FEE

unimportance
O ifpdER

Relative importance
O REE

Very important

BRFER NETTENTR?
How much do you enjoy the following game elements and behaviors?
12. ESARUREU TR ST, [FiEERT)
Gameplay that requires constant action and excitement.
O ZEFER
like very much
O BrEm

like a little

Figure A.2: survey a 02
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O BEFER TR
neither like nor dislike
O Btk

dislike a little
SE 518

dislike very much

13. SHEftHRENT. (AN -
Play in groups with other players.
O ZRFER

like very much
O HmEn
like a little
O BARERERIR
neither like nor dislike
O BTk
dislike a little
O FrEIR

dislike very much

14, FEFPEP R RELA IR S A, (B8] *
Become the represent of chaos and destruction in the game.
O ZEFER

like very much
O BmER

like a little
O BERE AR
neither like nor dislike
O Btk

dislike a little
O FEHITR

dislike very much

15. BERERRAIGTE, [FRINE) -
Play that requires quick reactions.
O m=2ARER

like very much
O BmER

like a little
O BEREM AT
neither like nor dislike
O Brudk

dislike a little
O FFEWR

dislike very much

16. JFENIB, RAESEMIRTS. (FiGH
Unmatched matches can also be played against other players.
O B2AFER

like very much
O BrEm

like a little
O BEFREMEATR
neither like nor dislike
O BT

dislike a little
O FEHITR

dislike very much

17. BEAPIIRHIEREEAORL. (SR

Games that require long-term planning and strategy.

O EEFER
like very much

Figure A.3: survey a 03
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O BREW

like a little
O BEFRER AR
neither like nor dislike
O BrITR

dislike a little
O JEHITR

dislike very much

18. TUERRIAEANG, EHNEE, (PR
The gameplay needs to be well thought out and well thought out.
O =ARER

like very much

O BmER

like a little
O BEAEMAITR
neither like nor dislike
O BrudR

dislike a little
O FFEIFR

dislike very much

LEFERTHRES, SR TEEE?
When you play video games, do you often do the following things?
19. IUAAFMSHIEFAE, (PiEH)
Develop characters in different ways.
O BE
always
O &
very often
O Hta
somewhat often
O FéH
not very often
O hA
never

20 MANARIEHEA LS, [Pk
Join a large family or guild.
OpR

always

O 2x

very often
SE=r-==2

somewhat often
O M

not very often
O hF

never

21, FroETRAEFIRFRaMEAIZS, M SSMuiikT. (it -
Study the good moves of other players or learn from them to improve your own game.
O pR

always
O g5
very often
O FEEH
somewhat often
O FEH
not very often
O AT
never

Figure A.4: survey a 04
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22, RIOEMEIAIER, FEIRHFAGLERMEA, (5
Experience various elements and wonder what the game world allows me to do
o=

always
O gm
very often
O Bz
somewhat often
O FEH
not very often
O WA

never

23. 7R 6 MRE, BEBRFTNTFARMA? HABSILILE IEFERM) -

What platforms have you been playing on for the past & months? Please outline the specific gravity

(PIEEE5)
1 2 3 4

PC / B3B&i(Personal

computer games) © h © © ©
PS & XBOX/ EHF

#&(Playstation,

Xbox, Console © o © . ©

platform)
F#l(Mobile

phone) o o o o o
541128(simulator) o o [e] [e] e]
Sl (Switch /

Steamdeck) © © © © ©
VRI/AR/XR [e] o [e] e} o

IEHEEIRERD, ETRBS TR T RS RT!
Thank you very much for your cooperation. Next, we would like to know more about your game
preferences!

24. FIAEHEFLATB—INSERR? (Sie)
Which of the following types of players do you think you are?
O pliatd: ST sef@bhrseiime Bir. RaESEmet, LREehtt.

Achievers: Focus on gaining status quickly and/or fully and achieving preset goals. Achievers want elite
status, and the ability to flaunt it.

ORFEE: SETRFIRIARNNNT. WRSFBEEASIN0,, SNEEAMENSERE,
Explorer: The drive to explore and discover the unknown. Explorers want to go where no man has gone
before. They want to know what no man knows.

O #zrE: EEFHRHSIREIARMKEANE, bilEtAHFERE, REMINAE S

3.
Socializer: Focus on networking and working to develop a network of friends and contacts. It doesn't
matter what they do, as long as they do it with their friends.

OFF: SETHRE. HSNEENRTRES. X—BEXTEW S DA

Killer: Focus on winning, ranking, and direct peer competition. It's all about "beating" the other person,

25 BERZ A PYP I (aodtR) AUlRID? ] PyP kg, ZiesBaise AN (saisE) «
Do you like multiplayer PvP (player versus player) games? Any PvP game, regardiess of genre or art
style

EeAEI®R O1 O2 03 04 O5 RKEEWR

26. 73 ER 6 NAE, BIRRSHNEAEERERREGA? (SiEHE
What type of multiplayer online game have you played the most in the last 6 months?
COMOBA (EERIE, JUfEHkE, Dota2)
MOBA (Honor of Kings, League of Legends, Dota2)
OMMORPG (MESSHHR, #ktz, MEL(M814, iiidhol)
Mmorpgs (e.g. World of Warcraft, Guild Wars 2, Final Fantasy XIV, The Elder Scrolls Online)
O SIHXKHK (MCS:GO, TRRLK), FEHFIMR, FE&HR, FLS: BR)
Shooter games (CS:GO, VALORANT, Call of Duty, Overwatch, rainbow six siege)
O afFhfFsls (diE2, SE: kHERE, SE4K: 159

Cooperative action shooting (e.g. Destiny 2, Warhammer: End Times - Vermintide, Warhammer 40,000:
Darktide)

Figure A.5: survey a 05
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O KEpaIdzE (ki ABMRR, SA/NN)

Big battlefield shooting class (Battlefield, Hell let loose, Squad)
O shos (niatiiee, Sigas)

battle arena (e.g. Chivalry 2, For honor)
O gty (MBRER, SPEE)

Tactical role-playing game (e.g. World of Tanks, War Thunder)
O KBk (ntaitiReaE, kEITIE, Apex, fERBMG: HX)

Battle royale game (e.g. Pubg, Naraka: Bladepoint, Apex, Call of Duty: Warzone)
O ezt (oiafein, RIinzese)

Cards (Hearthstone, Thronebreaker: The Witcher Tales)

O RTS (MEfFSE2, LMEES: THH)

RTS (e.g. Starcraft 2, Total War: Arena)

O SARENIES (AN, EREREER)

Real-Time Tactics (e.g., Conqueror's Blade, Blood of Steel)
OPRERR URNZ T, 75 £7. BiR)

Sandbox game (e.g. Sons of the Forest, Ark: Survival Evolved)
DBk (ANEmETS, J5%: X5, Dark and Darker

Tarkov (e.g.Escape from Tarkov, Hunt: Showdown, Dark and Darker
O EERBOAEE (MBS, SOE/57. ML EE)

Diablo (e.g. Diablo, Lost Ark, Path of Exile)

27. HER T TR R 7 SRR
How often do you play video games?
O NNFFin
Barely play games
O BFERILR)
Play games occasionally (several times a month)
O ZETEEILR)
Play games regularly (several times a week)
O NFERRHT

Play games almost every day

28. BEWG (REBLIE) BLPS/XooxEH FORTIEARL (St -

What kind of games do you like to play (or watch streamers play) on playstation /Xbox?

O imseahEse: BME BXEEE. (CE12. BEZRI. MIRAK. RUR. NEEN2. UREER
Melee Action: Wo Long: Fallen Dynasty, Nioh: Complete Edition 1-2, Demon's Souls 3, bloodborne,
Sekiro: Shadows Die Twice, The Surge 2, Elden Ring

O ahfess: MiFIES &ied-5. BMIEAHR. RENETRE BEIR. Wiiss. EeBn. &

BEERF. WESUHE. FHAE. RERAFSEL. UL
Action game: Bloodline: Curse, God of War 4-5,Monster Hunter: World, The Last of Us: The Reset,
Uncharted 4: A Thief's End, Resident Evil 7, Notorious: Second Son, Ricky and Tinker Bell, The past is
no more, Batman: Arkham Knight, Death Stranding

O GtERIfEE: SKERE12. BF. BANE. MEER. Wk BOMNEHR. +SNEHEE. BR

W12, FRALRNE, FRAL!, SEMAGE, HiEE
Linear Drama: US Doomsday 12, Rainstorm, Extraordinary Twins, Plague Legend, Yakuza Zero ,
Thirteen Machines Defense Circle, Evil Possession 12, Strange Life Prequel, Strange Life 1, Tomb
Raider: Rise, Uncharted 4: A Thief's End

O s RFZ0. BEDER: MEG. FARE2. M. TEZIH3. 5elkHoutriders, 2
Shooting: Heart of the atom, Wolfenstein II: The New Colossus, Titanfall 2, Battlefield 1, Borderlands
3, Pioneer outriders, Fury 2
O FRgit R TFLTIEE. FE2: FERER, RIFAEE2. W3, GTAS. HEMER2077. J§

. XBBzEH
Open World: Horizon Zero Dawn, Horizon 2: Western Forbidden Zone, Red Dead Redemption 2, The
Witcher 3, GTAS, Cyberpunk 2077, Genshin Impact, Ghost of Tsushima.

O /NEREAMESE: PUCAEHD. SROARR. MBER. KA (BBE) BRHF

Mini-game action: Death Cells, Iron Rats, Misty Journey, No One (Anonymous) Saves the World
O BRes: 2KMREHER (BEK)
Balls: 2K Happy Arena (basketball)
O Fritt R FEIICTS: GTASHEIEEFS
Open world action adventure crime: GTAS Grand Theft Auto 5
O Bl A
Movie Style: Detroit: Become Human
O #8shFEABIT10
Fighting: Mortal Kombat 10
O ifreime: RIBER

Figure A.6: survey a 06
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Stealth Games: Assassin's Creed

29. ERITENHEATAMEREZCE ISR 2 [FERE R RA] *
How much of a factor do you consider when buying console games

(BRIHERS55))
1 2 3 4 5
il (Visual
quality) fe) fe) o o o)
Bt
(storytelling) © © © © ©
A o ° o)
(gameplay)
#i& (price) o o o
s ERTRIFHN
(Media player o] o o] © (o]
rating)
RERPUE
(Whether there is
localized © © o © ©
translation)
BREAZTaMmGH
R (Whether the o Ie) o o o

game is exclusive to
the platform)

30. FERIARICN A, BTSSRI EARBES? (k) -
In the last 8 months, how much did you spend on games per month on average?
O 507TLAR

Up to $7
O 51-100 7T
$710 815
O 101-2007%
$1510 $30
O 201-5005%
$30to $70
O 501-10007%
$7010 $150
O 1001-20007%
$150 to $300
© 200050kl E
More than $300

31. EARES I LA T ROBPLER LA BT EE? (i) -
Which of the following are you likely to pay for?
Otk (M)

Game ontology (copy)
O fERek
Character skin
OmF
Dot card
mET
New Character
O it
New map
O HEARS (RFSR. 2E8%)
Value oriented content (leveling, equipment, etc.)
O L& EEEEENNE
Custom content such as profile picture and voice

CRERRETHRAMERIR? BEEAE
32. BEEFEPRLITEIMG RS, BESMERIR? (Sik)

In which of the following situations in your life have you experienced haptic feedback?

DRz (B8, B, SESB4: i, ReW, BiR, EE, SRR

i PAIICTTE.

Figure A.7: survey a 07
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Automotive and aviation (warning, communication, auto parts: steering wheel, seat belt, pedals, seats,
drivers clothing)

O EFMFR (HEIFR, ERETIE, EXUEHENRIFIZER)
Medicine and dentistry (minimally invasive surgery, laparoscopic tools, medical education specific
virtual reality models)

O tEimeahiaes (At SioAefn. TR FS30mE)
Computers and mobile devices (desktop computers, laptops, tablets, mobile phones, etc.)

O HREFRA (BT, TR, ARA. FHareiem RIBHIRSEER)
Games and entertainment (joystick, joystick, steering wheel, jet seat with force or electro-tactile
feedback)

33. BERFE P L PP RGO RIR?  (AIRURIAS, ATCRESNNE) [SiEE) "
Which of the following types of haptic feedback have you experienced in your game?

O ESRSETIR (E@ETIR, F5, RERS, RETE, RTHRHE, B

Signal status and alerts (health point drop, injury, attack status, stay focused, check game progress,
continue the experience)
O RURTAINEE (RISEAIMARELR, 187, BIE, FIIRSHAMNIEE, AEANKN, B0
. R, EBE)
Provide tips and warnings (find hidden enemies or targets, gunshots, explosions, judge the distance
from the enemy, judge the size of the enemy, find hidden objects, items, paths)
O AT RMEE (EFRME, RESTHPEA, PHEIEML)
Behavior and movement (the vibration of the car, whether the weapon hit the enemy, whether the
defense was successful)
O iR (B, 58K, @, (RE, ERUBRL, FRBRIRS, WETHm, SRITRERE
s
Emotional reinforcement (fear, nervousness, excitement, surprise, intense confrontation, raised
expectations, disorientation, rewarded satisfaction)

BUEE (TRRANMR, MRIMNEER, B8 ObinE)

Atmosphere creation (creepy ghosts, dramatic battle backgrounds, suspense, heart racing)

34. EEASEEEIETR, ITILAMERISEREEN? Sk

Which of the following haptic feedback do you think is most important in action adventure games?

O PR S HER, MISRE. BY); ERRRMNES
Alerts when hit or blocked; Machine gun intensity, recoil; Warnings when in imminent danger
O FEIR B TRRE
Different rumble levels for different weapons
O INEPRSIR, F3K MAFESR
Intensify fear, tension; the enemy is on the alert
O Fe—E; fIA, Hithias, ®'iE

Fatal blow; swordplay, other weapons; explosion

O %73

35. EEASERMEEIEER, LTI RREER? (ErFaEm)
Which of the following haptic feedback do you think is most important in action adventure games?
(RIERF55)
1 2 3 4 5
WSS

(Alerts when hit or
blocked; Machine
gun intensity,
recoil; Warnings
when in imminent
danger)

TR TRER
Different rumble
levels for different
weapons

IMEIRMR, K &
AFEEIR
Intensify fear, o (¢} o Lo} o}

tension; the enemy
is on the alert

He—&; R K o o o ° o
e e
Fatal blow;

Figure A.8: survey a 08
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swordplay, other
weapons; explosion
R R,
1 BRSSRR.
(Hit warning; o o o o 16
inertia, collision;
thunderstorm; air
turbulence.)

TS, e
18; R&E

Pillars collapse, o [e] [e] e} e]
walls collapse;
counterattack

B 6. B
&

Helicopters, planes,
motorcycles
BERIAR. &R
Editing scenes, o) o o) o o)
battles
ik
Solve puzzles
B EEE
The bumps of riding © ° °
SN (EeHUR
TALEEE
i) o o o o o
Sixth sense (such as
Ul prompts to create
a new secret base)

36. EESEREHIPLF, LITBARERRESRERM? ARz
Which of the following haptic feedback do you think is the most important in a fighting game?
(BIERE55)
1 2 3 4 5
FRHEMZEAN
4

Indicates the
intensity of the © © © © ©
punch and the
punch
AR ek R
RERRHIEER: =
BRAEIE; B
WETBRE B
MEERERR SR
Alarm and sense of
intensity when the
player is blocked or
hit; alarm that needs
to be dodged;
landing punch and
sense of intensity;
alarm when an
animal attacks from
behind
RZANEHE
#; $ERETER o] o o ) [e)
E

Marking, fighting,
lock picking; need
to rob people and
break into stores

37. BEHSE rh, LAY REREEN? [ =)
Which of the following haptic feedback do you think is the most important in racing games?

(BILERAS55))

1 2 3 4 5
HUFARAESE o o ° ° P
TSR
gmm: HH

Game state
information
independent of

Figure A.9: survey a 09
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visual and acoustic

cues; crashes and

collisions; off-road

ter
TR RI;

BHMISE; B

B, BHE; ffE

R EEZ NN

e 2=300M

SEESIN; Fi0E

ERIEFRTRME

BEFREARIN

B2

Slight vibration

when cornering;

bumping into other © o o o el

cars; curbs, bumps,

bumps; terrain

differences, making

it easier to judge

grip and stability;

traction and loss of

traction; wheel

wobble, providing

information about

when the player is

pushing the vehicle

too hard

ERARRAESD

FRIRAOE; Zith

XSRS, #5F

S BTSN

FEEE;

Cars accelerate,

shift gears, speed, e} [e] [e] [e] e]

providing a sense of

how much control

the player has;

police alerts for the

area; crashes and

obstacles, indicating

the severity of the

impact;

38. EERAFEAEAISRIGLITETS, ATHLMERRRSEEN? (EFaERT
Which of the following haptic feedback do you think is the most important in future leisurely social
games?

(BIBER57)
BF. Mgt
™

Social etiquette o o o (e} o
such as shaking
hands, hugging
RIS AR
ez, WEESE
(Vibration
transmission, tactile o ] o © e}
synchronization
during co-
production design)
REXE, AR, &
SERMESMUEE
=
(Ul prompts for o o o o o)
interface interaction,
upgrades, getting
props and
equipment)
EUER, RIFS o) o o o] o
03, RggoeiE, s
FRPRRSER,
BESGIRYE
(Walk through the
wheat waves, listen
to the birdsong, the
wind blowing, feel
the weather changes

Figure A.10: survey a 10
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in the environment,
the sun is shining)
RIMES, IR
Kill, aKSRIkiR,
MR, KT
e o o o o o
(Hot weather,
blazing fire, cold ice,
moist rain, sticky
honey)
BEHAFHER, ®
BMnERE, S50
38, FREAEREN
(The rebound of
holding the rope, the fe) o fo) o o
heaviness of farm
tools, the elasticity
of fishing rods, the
vibration of electric
drills)
EEEMNMIRER
REFIR, SrE+ERy
FRR, RRENES
ER
(Furry animals are © o o] © o
comfortable to the
touch, stretchy
furniture, soft bread
and cakes)

Figure A.11: survey a 11
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