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Abstract 

This thesis is concerned with the phenomenon of voice-operated interaction with 

characters and environments in videogames. Voice interaction with virtual 

characters has become common in recent years, due to the proliferation of 

conversational user interfaces that respond to speech or text input through the 

persona of an intelligent personal assistant. Previous studies have shown that 

users experience a strong sense of social presence when speaking aloud to a 

virtual character, and that voice interaction can facilitate playful, social and 

imaginative experiences of the type that are often experienced when playing a 

videogame. Despite this, the user experience of voice interaction is frequently 

marred by frustration, embarrassment and unmet expectations. 

The aim of this thesis is to understand how voice interaction can be used in 

videogames to support more enjoyable and meaningful player experiences. Voice-

operated videogames have existed for more than three decades, yet little research 

exists on how they are designed and how they are received by players. The thesis 

addresses that knowledge gap through four empirical studies. The first study 

looks at player responses to a videogame character that can be given commands 

through a natural language interface. The second study is a historical analysis of 

voice-operated games that examines the technological and cultural factors that 

have shaped their form and popularity. The third study develops a pattern 

language for voice game design based on a survey of 471 published videogames 

with voice interaction features. The fourth study compares player responses to 

videogames that feature speech-based voice interaction and non-verbal voice 

interaction, and applies the theoretical perspective of frame analysis to interpret 

their reactions. 

Through these studies, the thesis makes two main contributions to the human-

computer interaction and games studies literature. First, it identifies five genres 

of voice gameplay that are based upon fundamentally different types of vocal 

activities, and details the design patterns and design goals that are distinctive to 

each genre. Second, it presents an empirically grounded theoretical model of 

gameplay that accounts for players’ feelings of engagement, social presence, 

frustration and embarrassment during voice gameplay. Overall, the thesis 

demonstrates that the fictional framing a videogame presents is a crucial factor in 

determining how players will experience its voice interaction features. 
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1 Introduction 

Voice-controlled technology has long been a signifier of the future. For decades, 

science fiction stories have been replete with talking computer systems, whose 

ability to speak intelligently to humans is a sign of their technological 

sophistication. Real-world voice interaction systems are often compared to these 

fictional counterparts, but the user experiences they create typically bear little 

relation. Users frequently report that they find voice interaction embarrassing, or 

that it makes the computer seem stupid rather than intelligent (Budiu & 

Laubheimer, 2018b, 2018a; Jentsch et al., 2019; Luger & Sellen, 2016; Murad & 

Munteanu, 2019; Rico & Brewster, 2010). This is only partly due to technical 

shortcomings. As this thesis will show, voice interaction faces issues of human 

social psychology that science fiction has largely overlooked. 

A scene from the 2013 film Her (Jonze, 2013) stands out as an unusually apt 

depiction of voice interaction. The film is set in a near future in which voice 

interfaces have become the standard format for interacting with digital 

technology. In the scene, the film’s protagonist, Theodore Twombly, is playing a 

holographic videogame by using hand gestures to control the movements of a 

virtual astronaut on a strange world. Suddenly, the astronaut is knocked 

backwards by a small, cute alien, which looks up at the astronaut suspiciously. 

Twombly zooms in to a first-person perspective, so that he and the alien are 

looking directly at one another, and asks it politely for assistance. The alien 

responds with a barrage of obscene insults in a childlike voice. Twombly is briefly 

nonplussed, but figures out that he can win the alien’s cooperation by 

entertaining it with an equally foul-mouthed response. Then, the voice of 

Twombly’s computer announces that he has a new email. Twombly and the 

computer discuss the email, while the alien interrupts with insulting remarks 

about their conversation. 

Despite the futuristic technology, this scene captures several characteristics that 

resonate with the present-day reality of voice interaction. First, it depicts voice 

interaction as a meaningful social experience. The alien represents a gameplay 

challenge, but the nature of that challenge is social: to move the game forward, 

Twombly must understand what the alien is communicating and respect its point 

of view. Second, it shows voice interaction collapsing the boundary between the 

virtual world and the everyday social world. The distance between Twombly and 

his avatar literally disappears, as he shifts from controlling it from a third-person 

perspective to embodying it and speaking as its voice from a first-person 

perspective. Additionally, the game and the email exchange bleed into each other 

because they are conducted through sound; there is nothing to stop the alien 

from hearing the computer speak or vice versa. Finally, the scene portrays voice 
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interaction as absurd and playful rather than serious and sophisticated. Even 

though Twombly’s videogame is a technological marvel, the sight of a grown man 

cajoling a recalcitrant virtual character is inherently comical, perhaps even 

demeaning. This depiction of voice interaction as a social, liminal and playful 

activity reflects the characteristics of voice interaction that this thesis will 

explore. 

In a time when voice interfaces, virtual characters and virtual worlds are all 

becoming more common and more intertwined, the thesis sets out to understand 

the intersection of these technologies by exploring their use in game design. It 

surveys four decades of videogame history to discover the trends that have shaped 

voice game design, and the recognisable patterns that have emerged in the field 

across that time. It develops a theory of voice gameplay as a complex social event 

with paradoxical effects, which can simultaneously heighten a player’s feeling of 

involvement in the virtual world and increase their susceptibility to frustration, 

embarrassment and confusion. Ultimately, the thesis identifies and articulates 

the source of the tensions that run through voice gameplay, and provides a map of 

the design patterns and approaches that can be used to resolve them. 

1.1 Background 

In the past decade, voice user interfaces (VUIs) have become a prominent feature 

of many off-the-shelf consumer technologies. Voice assistants, such as Apple’s 

Siri and Amazon’s Alexa, have taken an increasingly central place in computer 

operating systems and smart home devices. These voice assistants are presented 

not as sets of menus and icons but as virtual characters, with humanlike 

personalities and names (or at least human job titles, as in the case of Google 

Assistant). Prior to the rise of VUIs, talking virtual characters appeared most 

commonly in videogames. Voice assistant design has been directly inspired by 

videogame character design, explicitly so in the case of Microsoft’s Cortana, 

which bears the name and voice of the artificial intelligence (AI) assistant from 

the Halo game series (Warren, 2014). This persona implies that the experience of 

talking to Cortana, the voice assistant, is analogous to the experience of talking to 

Cortana, the futuristic AI game character. 

Voice interaction is an increasingly common feature of videogames. This is not an 

entirely new development: voice-operated videogames (voice games) have existed 

since the 1970s, and include some of the most novel, extensive and popular 

examples of voice interaction with virtual characters. However, as Chapter 5 

shows, their popularity has historically been constrained by the limited 

availability of hardware and software platforms that support voice input for 

games. The rise of VUIs over the past decade has eroded these constraints. 
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Between general-purpose computing devices like the smartphone and dedicated 

game consoles like the Xbox Kinect, it is now normal for a consumer in a Western 

country to own multiple platforms that are equipped for voice interaction 

gameplay. 

However, the proliferation of voice games appears to be hampered by a sense that 

voice interaction is often more frustrating or awkward than fun. Early in my 

candidature, I co-authored a study that analysed online reviews and responses to 

voice games using grounded theory method. In this study, we found positive 

comments about the effectiveness and immersiveness of voice commands in some 

voice games, mixed in with numerous complaints that voice interaction felt 

unnatural, uncomfortable or embarrassing in others (Carter et al., 2015). Little 

other research has been conducted to explain or address these kinds of player 

experience issues in voice games, as Chapter 2 will show. 

The paucity of research on voice interaction extends beyond games. Shortly 

before I began my candidature, multiple scholars had publicly lamented the 

neglect of voice interaction research in human-computer interaction (HCI) in 

general (Aylett et al., 2014; Munteanu et al., 2013). Although the rate of VUI 

studies has increased in the intervening years, a recent review found that the 

literature is still “somewhat fragmented” and lacking a “critical mass” (Clark et al., 

2019, p. 16) in all but a few subtopics. HCI researchers have focused on 

developing and evaluating novel voice interfaces, and testing how users respond 

to different kinds of speech from a computer. These prior studies lay groundwork 

for a general understanding of voice interaction, but leave out many of the 

complexities of videogame play, such as the imaginative dimension of the 

fictional gameworld that may be populated by characters with diverse 

relationships to the player. 

The field of game studies provides more extensive and multi-layered accounts of 

the complexities of games and gameplay. In particular, game studies literature 

emphasises the importance of understanding videogames not only as computer 

systems with interfaces, but also as gameworlds—imagined living places 

populated with characters, cultures and environments, into which players project 

some sense of themselves as an avatar or in-game persona (Bayliss, 2007; 

Jørgensen, 2009)—and as cultural products, situated within various socio-

historical contexts and discourses about game design and the social conventions 

of gameplay. These are crucial factors in understanding how players experience a 

particular game, as this thesis will attest. However, only a handful of game studies 

researchers have examined voice interaction (see Chapter 2), and as a result there 

are fundamental questions about voice interaction in games that have gone 

largely unexplored. 
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1.2 Defining VOICE gameplay 

So far, this chapter has described a distinctive type of voice interaction that has 

been growing in prominence, both in videogames and in other consumer 

technology. There is a confusing array of possible terms that can be used to refer 

to various elements of this type of interaction. Automatic speech recognition and 

natural language understanding describe the back-end speech processing 

systems; speech interface and voice user interface describe elements of the system 

that the user sees and hears; voice command device describes the hardware that 

the user operates; conversational agent and voice assistant describe the virtual 

character that speaks to the user; speech command and voice interaction describe 

the activity that the user engages in; and so on. Each of these terms captures one 

aspect of the phenomenon, but none are adequate as an identifier for the whole. 

Terms that describe this form of voice interaction through reference to games—

such as voice-controlled videogame and voice interaction gameplay—obscure the 

fact that it increasingly exists outside of games. A more specific concept is needed 

to clarify what the thesis is about. 

In this thesis, I refer to the central phenomenon of concern as voice-operated 

interaction with characters and environments (VOICE). The term VOICE 

describes any activity in which a user uses their voice to interact with a simulated 

virtual characters or environments. This definition is intentionally broad, but 

incorporates several crucial distinctions that I will now discuss, both to clarify the 

terminology and to indicate the boundaries of what the thesis will address. 

The first half of VOICE—“voice-operated interaction”—restricts its scope to the 

act of operating a computer system with one’s voice. That is to say, it excludes 

vocal activities that may be performed with a computer system, but do not 

operate the system itself directly, such as player-to-player voice chat, a common 

feature of online games (Wadley et al., 2015). Within this focus on operating the 

computer system, the concern is with any kind of voice behaviour. The term 

“voice-operated interaction” is intentionally agnostic about the form that the 

vocal action takes, encompassing any kind of vocalisation: speaking, humming, 

whistling, commanding, questioning, exhaling. It even allows for voice interaction 

based on unintended vocalisations.5 This is in contrast to alternative terms for 

voice input, which typically restrict the meaning to a certain type of vocalisation. 

 
5 As an illustrative example, the stealth game Alien: Isolation uses unintended 
vocalisations in its “noise detection” mode. When this mode is enabled, in-game enemies 
respond to any sound that the game’s microphone detects as though it came from the 
player-character. This forces the player to play quietly, as a cough or laugh can cause their 
character to be killed in the game. 
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For instance, “voice command” specifies the use of spoken words in the form of a 

direct instruction. 

The second half of VOICE—“with characters and environments”—distinguishes it 

from the general notion of voice interaction with computers. As noted previously 

in this chapter, virtual characters are a central feature of many voice user 

interfaces. Prior HCI research has suggested that this is because humans are 

“voice activated” (Nass & Brave, 2005), in the sense that they tend to perceive 

machines that speak as humanlike, and respond to them in similar ways that they 

respond to people. Videogames, of course, have always been saturated with 

talking characters, from the simple enemy aliens of Space Invaders to the complex 

romantic companions of Mass Effect. Based on the research conducted for this 

thesis, I posit that these types of characters are central to how users make sense of 

voice interaction, which is why the concept of VOICE must be defined in relation 

to virtual characters, rather than treating them as epiphenomena. Additionally, a 

central finding of this thesis is that voice interaction does not only give the 

talking character a greater sense of life—it also gives the player a greater sense of 

being a participant in the gameworld. This extends to voice interactions that do 

not involve a virtual interlocutor, such as when a player can use their voice to cast 

spells or blow out candles in the gameworld. To recognise this, the term VOICE 

incorporates both virtual characters and virtual environments. 

To summarise, the term VOICE encapsulates both the literal activity involved in 

voice interaction and the imaginary framing of that activity as an interaction 

between the player and a fictive living world populated by characters. Throughout 

this thesis, wherever the terms “voice games”, “voice game design” or “voice 

gameplay” are used, they refer to this conception of VOICE. 

1.3 Aim and scope 

The aim of this thesis is to provide a new understanding of VOICE in the context 

of videogame design. It presents four studies, two of which examine the player 

experience of games that use voice or natural language input, and two of which 

examine the history and design or previously published games. Each of these 

studies addresses a gap in the literature on voice interaction in games, and 

contributes to the growing body of research on the wider topic of voice 

interaction design. The aim of the thesis is therefore summarised in its 

overarching research question: 

Main RQ How does voice-operated interaction with characters and 
environments (VOICE) influence the player experience of digital games? 
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Over the course of this thesis, I set out to understand voice games as an area of 

interaction design for which I could find little prior research. I sought to develop 

an account of voice game design that encompasses all of its major variations—a 

map of the territory in its entirety, rather than a more detailed depiction of a 

single one of its enclaves. Consequently, the scope of the thesis is in some 

respects quite broad and open-ended: each study takes an exploratory approach, 

and uses inductive analysis methods to allow for unexpected insights to emerge. 

In fact, the initial scope of the research included text-based interaction as well as 

voice-based interaction, which is reflected in the design of Study 1. However, 

from Study 2 onwards, the thesis is firmly grounded in the concept of VOICE in 

games. The threads of the research are woven together in Chapter 8, which 

presents a unified discussion of voice game design and gameplay that draws upon 

all four of the studies herein. 

With the exception of Study 1, which concerns text-based interaction, the thesis is 

solely concerned with the phenomenon of VOICE in videogames, as a question of 

game design and player experience. It refers to the underlying technologies that 

enable speech processing only where they are directly relevant to the player 

experience. It does not address the adjacent topics of voice communication or 

sound design in videogames, except insofar as they relate to voice game design 

and gameplay.6 It also does not focus on “audiogames”: digital games that provide 

auditory feedback but not visual feedback, often designed for players with visual 

impairments (Friberg & Gärdenfors, 2004; Kirke, 2018). The number of 

audiogames that use voice interaction has skyrocketed in the years since I began 

the thesis. In part, this can be attributed to the proliferation of smart speaker 

systems in this time period. These voice-operated audiogames are outside the 

main scope of the thesis, although a selection of popular voice-operated 

audiogames are examined in Chapter 6. 

In summary, this thesis introduces the concept of voice-operated interaction with 

characters and environments (VOICE), and presents the most comprehensive 

body of research to date on VOICE in videogames. The aim is to explore how 

players experience VOICE in videogames, and how these experiences are 

influenced by the variety of ways in which videogames utilise VOICE in their 

design. The following section provides an overview of the thesis that explains its 

major contributions. 

 
6 Although I do not discuss them at length in this thesis, the doctoral dissertations of 
Jørgensen (2007) and Wadley (2011) were useful to me as introductions to the topics of 
videogame sound design and voice communication in online games, respectively. 
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1.4 Overview of the thesis 

This section provides an outline of each chapter of the thesis. Chapters 1–3 

introduce the research, review prior literature on the topic and explain the 

research methodology. Chapters 4–7 report the results of four studies, each of 

which addresses one or more ancillary research questions related to the 

overarching topic. Each of the results chapters consists primarily of a verbatim 

copy of a peer-reviewed academic article, for which I am the primary author, in 

accordance with The University of Melbourne guidelines for a Thesis with 

Publication.7 Supporting documentation for these articles is included in 

Appendix A. Chapter 8 presents a discussion that draws upon all four studies to 

synthesise the major contributions of the thesis. 

Chapter 2—Literature Review 

Chapter 2 reviews prior work from HCI and game studies. First, it defines several 

key concepts that relate to the topic of VOICE. Second, it summarises the 

technical history of the development of speech technology. Third, it reviews the 

literature on voice user interfaces, focusing on three topics: embodied 

conversational agents, computers as social actors and voice assistants. Fourth, it 

discusses the literature that relates to videogames and voice interaction, 

beginning with a review of efforts to develop voice games for accessibility, 

language learning, speech therapy and non-verbal voice interaction. It examines 

the small number of studies on the player experience of voice games, and 

identifies a research gap in relation to this topic.  Finally, it presents the research 

questions that the thesis aims to address. 

Chapter 3—Methodology 

Chapter 3 explains the methodological considerations that informed the research 

design. It first situates the thesis within the fields of HCI and game studies, the 

epistemological paradigm of constructionism and the theoretical perspective of 

interpretivism. It then presents the array of qualitative methods used in the 

thesis, and discusses their methodological considerations. The chapter concludes 

with a summary of the four studies in turn, which describes how the methods 

used in each case addressed the research questions. 

Chapter 4—Natural Language Gameplay (Study 1) 

Chapter 4 comprises a participant observation and interview study with players 

aged 11–15 who interacted with a videogame character through natural language 

text. It includes an article that was published in Transactions of the Digital Games 

 
7 The University of Melbourne. (2019). Graduate Research Training Policy (MPF1321). 
Retrieved from https://policy.unimelb.edu.au/MPF1321 
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Research Association (Allison, Luger, et al., 2018). The study addresses Research 

Question 1: 

RQ1 How do players make sense of and interact with a game character 
that responds to natural language text? 

The chapter explains the research method, which involved the use of a Wizard of 

Oz prototype to simulate a videogame character that responded appropriately to 

participants’ natural language messages via a text chat channel in the game. 

Based on a content analysis of the message logs and a thematic analysis of the 

post-game interviews, the study makes three main contributions to the HCI and 

game studies literature: 

• A detailed account of relatively spontaneous player approaches to natural 

language interaction in a game, indicating some of the things that players 

might do with and expect from natural language gameplay when they 

have not been given detailed instructions. 

• A thematic analysis of difficulties and concerns that arose from 

attempting to interact with a game character through natural language, 

based on both gameplay observations and post-game interviews. 

• A hypothesis about two key variables that differentiated player reactions 

to a “talking” game character, namely the degree to which they engaged 

with the character and the degree to which they anthropomorphised the 

character. 

Study 1 is distinctive in this thesis, as it concerns text-based gameplay rather than 

voice gameplay. At the time when the study was conducted, I had defined the 

scope of the thesis in terms of “conversational interaction” in games, 

encompassing both text and voice interaction. Chapter 4 includes an 

introductory discussion that situates Study 1 in relation to the rest of the thesis 

and reviews its contribution towards the overall research question.  

Chapter 5—Voice Game History (Study 2) 

Chapter 5 presents a history of VOICE in videogames, from experimental 

research projects in the 1970s to popular commercial entertainment products in 

the 2010s. It includes an article that was published in Games and Culture (Allison 

et al., 2017). The study addresses Research Question 2:  

RQ2 What is the historical lineage of voice game design and what are the 
major influences that have shaped it? 

The chapter introduces the study as a work of media archaeology (Parikka, 2012). 

It describes the research method, which involved an extensive review of primary 

and secondary sources to construct a database of 247 videogames published 
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between 1973 and 2016, accounting for the vast majority of commercially 

published videogames from that time period that featured any form of voice 

interaction. Based on an analysis of these sources, the study puts forward three 

main findings: 

• There have been seven distinct phases of voice game design, distinguished 

by their time period, design focus and geographic centre of activity. 

• Voice game design has been highly reactive to changes in the hardware 

and software platforms that became popular for videogames in each time 

period. 

• There have been systematic differences in the way that voice games from 

Japan and the West present the player-character relationship. 

Chapter 6—Voice Game Design Patterns (Study 3) 

Chapter 6 presents the development of a pattern language for voice game design. 

It includes an article that was published in the Proceedings of the 2018 Annual 

Symposium on Computer-Human Interaction in Play (Allison, Carter, et al., 2018). 

The study addresses Research Question 3:  

RQ3 What design patterns are currently implemented in voice games? 

This chapter builds upon the work in the previous chapter by surveying the 

design of 471 videogames that afford voice input. This represents a 

comprehensive and systematic approach to compiling a complete census of 

published voice games, including those from academic, commercial and hobbyist 

developers. Based on a range of primary and secondary sources, I recorded a 

description of each game’s voice interaction mechanisms, as well as information 

about its development, format and presentation. Through a process of iterative, 

inductive coding, I developed a set of 25 design patterns that represent the main 

repeated variations in voice game design. The chapter also contains a further 

analysis that identifies five core genres of voice gameplay, each of which 

represents a different kind of voice-based activity. 

Chapter 7—Voice Gameplay (Study 4) 

Chapter 7 presents an investigation into the player experience of voice gameplay, 

which uses Erving Goffman’s frame analysis (Goffman, 1974) as an interpretive 

framework. It includes an article that was published in the Proceedings of the 

2019 CHI Conference on Human Factors in Computing Systems (Allison et al., 

2019). The study addresses Research Question 4 and Research Question 5: 

RQ4 What is the distinctive nature of voice gameplay? 

RQ5 How do players experience verbal and non-verbal voice gameplay? 
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This chapter describes a participant observation and interview study, in which 

participants played a selection of videogames alternately using voice and 

traditional manual controls. The games represented different forms of voice 

gameplay, including both verbal (speech-recognition-based) and non-verbal 

(non-speech-recognition-based) voice interaction. The study empirically 

validates an existing theoretical model of gameplay events (Conway & Trevillian, 

2015), and develops it with an additional level of detail based on player 

comments. Finally, the chapter presents seven qualitative themes that describe 

the player experiences of verbal and non-verbal voice gameplay, based on a 

thematic analysis of the participant interviews informed by the theoretical 

perspective of frame analysis (Goffman, 1974). 

Chapter 8—Discussion 

The final chapter draws together findings from all four studies and discusses how 

they have contributed towards addressing each of the research questions. The two 

main contributions of the thesis are a theoretical model of voice gameplay based 

in frame analysis and a typology of voice game genres grounded in design 

patterns. Due to the constraints of a Thesis with Publication structure, the 

previous chapters were limited in their ability to discuss these contributions in 

the context of the thesis as a whole; consequently, Chapter 8 provides a holistic 

discussion of both the model and the typology that draws upon the findings of all 

four studies. Following this discussion, the chapter considers the implications of 

the thesis for smart speaker games, voice assistants and virtual/augmented reality 

experiences. Next, it acknowledges the limitations of the research design, and 

reflects upon the value of including historical analysis in HCI research. The thesis 

ends with a discussion of opportunities to extend this research into the domains 

of virtual and augmented reality systems and smart speakers. 
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2 Literature Review 

The preceding chapter introduced the topic of voice-operated interaction with 

characters and environments (VOICE) and described how an idealised version of 

VOICE has long been presented as a desirable goal for the future of human-

computer interaction, particularly in the context of videogames. This chapter 

reviews prior work from the research fields of human-computer interaction (HCI) 

and game studies on several topics relating to voice game design, to set the 

foundation for the research in the following chapters. First, it defines several of 

the key terms and concepts on which the thesis is based (Section 2.1). Second, it 

presents a brief account of the history of speech technology, to explain how its 

current capabilities differ from those of past decades (Section 2.2). Third, it 

provides a synthesis of the most relevant research on voice user interfaces, 

drawing upon research related to embodied conversational agents, computers as 

social actors and voice assistants (Section 2.3). Fourth, it summarises the research 

that has been conducted on voice game design and gameplay, and evaluates prior 

work on the role of game characters as social actors that shape the player 

experience (Section 2.4). Finally, it identifies gaps in the literature that pertain to 

the history, design and player experience of voice games, and presents the 

research questions that have been formulated to address these gaps (Section 2.5). 

As a Thesis with Publication,8 this thesis contains a full peer-reviewed published 

article in Chapters 4, 5, 6 and 7. Each of these articles contains a review of prior 

work that relates to its specific area of that study. This chapter presents a broader 

overview of the literature that provides the foundation and context for the thesis 

as a whole. 

2.1 Definitions and scope 

Voice user interface (VUI) denotes an interface through which a user may interact 

with a machine system by using their voice as a form of input. The term is 

sometimes used to refer specifically to interfaces that employ automatic speech 

recognition and respond to spoken language (e.g. Cohen et al., 2004, pp. 5–6). 

However, in this thesis “VUI” includes any interface that responds to any aspect of 

a user’s voice, including verbal voice input (spoken language) and non-verbal voice 

input (Igarashi & Hughes, 2001), such as pitch and volume. 

Voice interaction refers to the act of a user operating a system through a VUI. 

Following Hornbæk and Oulasvirta’s definition of interaction (2017, p. 5049), it 

includes the user’s responses to the system, the system’s responses to the user, 

 
8 The University of Melbourne. (2019). Graduate Research Training Policy (MPF1321). 
Retrieved from https://policy.unimelb.edu.au/MPF1321 
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and the ways in which the two entities determine each other’s behaviour over 

time. As with VUI, “voice interaction” refers to either verbal or non-verbal voice 

input, whereas “speech interaction” refers specifically to verbal voice input. Voice 

interaction is distinct from voice communication and voice chat, which in the 

context of this thesis refer to players in a videogame or virtual world conversing 

with each other through a voice-over-internet-protocol system, rather than using 

their voice to control the game (Wadley et al., 2015; Wadley & Gibbs, 2010). Voice 

communication and voice chat are out of scope for this thesis. 

The particular type of voice interaction with which this thesis is concerned is 

voice-operated interaction with characters and environments (VOICE), defined in 

Chapter 1. That is to say, the research does not look at the types of voice 

interaction that a user engages in when dictating a manuscript, when 

commanding a television to “pause” and “play”, or when being passively 

monitored by a system that records their affect. It looks specifically at voice 

interaction in which the player’s voice affects a virtual character or a gameworld. 

Gameworld denotes the imaginary universe that a videogame depicts through 

visual and audio representations.9 Jørgensen defines gameworlds as “world 

representations designed with a particular gameplay in mind and characterized 

by game-system information that enables meaningful player interaction” (2013, p. 

3). A gameworld is simultaneously an imaginary world and an interface to a 

system governed by the logic of its game mechanics, as Jørgensen notes: 

“gameworlds are presented in part as similar to other world systems, such as the 

physical and fictional worlds, and in part as a system for human–computer 

interaction that does not have any obligation to fictional coherence” (2013, p. 4). 

Gameworlds are the ideal context for studying VOICE, as they are the most 

common and widely familiar examples of complex virtual environments 

populated by interactive virtual characters. 

Game sound design merits a brief mention, as a topic that is closely related to 

voice game design but is outside the scope of this thesis. Sound design is 

recognised as an important part of human-computer interaction, with different 

sounds having widely varying effects on a user’s recognition, understanding and 

emotional response in an interaction (Dingler et al., 2008; Fernström, 2003; 

Franinović & Serafin, 2013). Videogame sounds have a substantial impact on the 

player’s experience, and particularly the player’s emotional reaction to events and 

characters in the gameworld (Collins, 2013, 2011; Jørgensen, 2007). The way an 

avatar makes sounds in response to the player’s actions is a particularly important 

element of sound design, as it can strengthen the player’s feeling of connection to 

their avatar: “players have a direct, embodied interaction with the sounds that 

they evoke and hear in games, and coupled with physical or kinesonic-congruent 

 
9 Usually, although there are videogames with audio-only interfaces (Friberg & 
Gärdenfors, 2004; Röber & Masuch, 2005), tactile interfaces (Parisi, 2008, 2013) and 
other such variations. 
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action, these sounds (and thus the game character) can become an extension of 

the self” (Collins, 2013, p. 44). Sound design may be of heightened importance in 

voice gameplay, since voice games raise the potential for sound output to conflict, 

overlap or be incongruent with sound input. However, the sound design of voice 

games has not been explored at length in any prior literature, to the best of my 

knowledge, and due to time and space limitations this thesis includes only 

limited discussion of this aspect of voice game design. 

2.2 A brief history of speech technology 

Building a machine to recognise human speech is a pursuit that predates digital 

computers. As early as 1916, children’s toys with names like Radio Rex used a 

mechanical form of proto-speech-recognition to respond to sounds in the human 

vocal range (Cohen et al., 2004, p. 15; Gernsback, 1916, p. 104; ‘Toys that obey 

your voice’, 1916, p. 718). In 1952, Bell Labs created a system that could recognise 

the sound of ten digits, when spoken at a set pace by a voice for which the 

machine had been pre-configured (Davis et al., 1952). Over the next two decades, 

researchers in Japan, UK, USA and the Soviet Union developed new techniques to 

grow the vocabulary of speech recognition systems, still using the approach of 

matching individual words against stored sound patterns (Moskvitch, 2017). 

Progress received a boost in 1971, when the US Defence Advanced Research 

Projects Agency (DARPA) funded a five-year program of speech recognition 

research across multiple labs (Lea & Shoup, 1979; Rabiner & Juang, 2008). Two of 

the most successful projects to emerge from this venture were developed at 

Carnegie Mellon University: Hearsay and Harpy. One version of Hearsay could 

recognise standard Chess instructions such as “Bishop to Queen Three” and 

update an on-screen Chess board accordingly (Reddy et al., 1973); it is the earliest 

documented example of a voice-operated digital game that I have found in my 

research. Harpy was the first speech recognition system to successfully use a 

language model to recognise multiple words in a sentence (Lea & Shoup, 1979; 

Moskvitch, 2017). 

A particularly important contribution for speech recognition was the 

development of hidden Markov models, a statistical technique to infer the 

probability of hidden information based on observable information (Baum et al., 

1970). In 1988, Lee combined a hidden Markov model approach with elements of 

Harpy to create Sphinx, “the world's first accurate large-vocabulary speaker-

independent continuous speech recognition system” (K.-F. Lee, 1988, p. 375). 

Hidden Markov models remain at the core of speech recognition technology 

today, and updated versions of Sphinx continue to be among the most widely 

used speech recognition systems, including in some videogames (see Chapter 5). 
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The next big leap came in the 2010s. A combination of increased computing 

power, better optimised computing infrastructure, greatly increased datasets and 

breakthroughs in machine learning techniques powered a rapid improvement in 

the error rates and fluency of speech recognition systems, including in noisy 

environments (Huang et al., 2014; J. Li et al., 2014). Much of this recent progress 

has been driven by large software companies, such as Apple, Microsoft, Google 

and Amazon, seeking to put forward so-called “intelligent personal assistants” 

with which their users can engage in conversation. Whereas previous waves of 

progress in speech recognition had introduced the experience of speaking to an 

automated call centre menu or dictating words to a computer, this new wave of 

progress introduced the experience of speaking to virtual characters as a regular 

occurence in everyday life. It is this experience—using one’s voice to interact with 

a virtual character or virtual environment—that is the focus of this thesis, albeit 

in the specific domain of videogames. 

2.3 Voice user interface research 

While research on speech recognition technology has been extensive since the 

1950s, several researchers have noted that the user side of speech interaction has 

received comparatively little investigation (Aylett et al., 2014; Clark et al., 2019; 

Munteanu et al., 2013; Murad et al., 2019). Murad et al. (2019) argue that this has 

contributed to a lack of design guidelines that are specific to speech interaction, 

leading to a situation in which voice user interfaces are typically designed 

according to guidelines that were intended for graphical user interfaces. Non-

verbal voice interaction, it must be noted, has received even less attention than 

speech interaction (Poláček, 2014, p. 17). 

A recent review of the HCI literature found a total of 99 peer-reviewed research 

papers, all published since 1990, that focused on spoken interaction and included 

some kind of empirical evaluation with users (Clark et al., 2019). Of these, 22 

concerned synthesised speech as an output from the system, rather than user 

speech as an input to the system, and thus do not involve “voice interaction” as 

defined in Section 2.1. The authors noted that a great deal of the design research 

focused on narrow application areas and specific interface components, whereas 

more generalisable design guidelines were absent: “there is still a need to 

establish design considerations and robust heuristics for developing user centred 

speech interactions” (Clark et al., 2019, p. 17). In addition, they noted that few 

studies have looked at speech interaction in situations that involve more than one 

user—a scenario that this thesis examines in Chapter 7. 

2.3.1 Embodied conversational agents 

Much of the research on voice interaction centres on the role of conversational 

agents, and particularly embodied conversational agents. A conversational 
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agentis a computer system that converses with the user through language, while 

an embodied conversational agent is such a system that features a visual 

depiction of a character to represents the agent that is speaking. Justine Cassell, 

who conducted some of the most significant early research on this topic, defines 

an embodied conversational agent as: “an interface in which the system is 

represented as a person, information is conveyed to human users by multiple 

modalities such as voice and hand gestures, and the internal representation is 

modality independent and both propositional and nonpropositional” (2001, p. 

67). This definition encompasses social robots as well as characters that are 

animated on a screen. A videogame character that converses with a player and 

expresses itself with both bodily and vocal actions—such as Pikachu in Hey You, 

Pikachu!—is an example of an embodied conversational agent. 

As Cassell describes, the visible body of an embodied conversational agent gives it 

a greater ability to complement “propositional” information (the content of the 

conversation itself) with “interactional” information: signalling understanding, 

confusion, wish to speak, readiness to listen and other such states through the use 

of bodily cues such as gaze behaviour and gestures (Cassell, 2000, pp. 74–75; 

Cassell et al., 2001, pp. 57–58). Embodied conversational agents can express a 

sense of personality through non-verbal actions, such as demonstrating 

extroversion by making larger gestures and signalling greater readiness to take 

turns in conversation. Sproull et al. (1996) found that users judged the 

personality of an embodied conversational agent with an animated face 

differently from that of an equivalent conversational agent with no animated face. 

Users in that study also sought to present themselves in a more positive light and 

reported feeling less relaxed and confident when interacting with the embodied 

conversational agent—a set of behaviours that suggests a heightened perception 

of being under social scrutiny. Chen et al. (2010) found that users preferred an 

extroverted embodied conversational agent to an introverted one. However, it is 

unclear whether this finding represents a general preference for extroversion in 

embodied conversational agents or an effect of something else, such as cue 

consistency. Isbister and Nass (2000) found that users preferred embodied 

conversational agents that exhibited consistent personality cues across their 

verbal and non-verbal behaviour. 

Isbister and Doyle (2002) identified a tendency for embodied conversational 

agent studies to lack a clear indication of the specific design problem they are 

trying to solve, and therefore failing to make clear advances on well-defined 

problems. To address this, they presented a taxonomy of research related to 

embodied conversational agents that consists of five areas of enquiry, each with a 

different overall aim. Research on “appearance and behavioural believability” 

aims to understand how embodied conversational agents can present an illusion 

of life to the user. Research on “social interface techniques” aims to understand 

how embodied conversational agents should engage in social roles, including 

scenarios that involve multiple embodied conversational agents interacting with a 
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user. Research on “application domains” aims to understand how embodied 

conversational agents can be of use to specific user groups and for specific 

contexts of use. Research on “agency and computational issues” aims to 

understand how to improve the underlying technical architecture that drives 

embodied conversational agents. Finally, research on “production” aims to 

understand how embodied conversational agents can be produced in a way that is 

highly consistent and lacking in disruptions. As a great deal of the research in this 

thesis concerns embodied conversational agents in the form of videogame 

characters, the thesis itself can be categorised as an example of embodied 

conversational agent research on the application domain of videogames. 

Believability and social interface techniques make up a secondary focus of the 

research, as these two aspects are often central to understanding the success or 

failure of embodied conversational agent interactions in videogames. Technical 

production and agency and computational issues are not the focus of the thesis. 

2.3.2 Computer voices as social actors 

Nass et al. (1994) proposed the idea that “computers are social actors” (CASA). By 

this, they meant that humans respond to other humans and to computers in 

similar ways, such that a generalised finding from social science about human 

behaviour or attitudes towards other humans could often be replicated if the 

other human was replaced by a computer that had characteristics associated with 

humans. This effect was dubbed the “media equation” (Reeves & Nass, 1996). 

Nass et al. (1994) speficied a procedure for testing the media equation, which 

involved providing a computer system with four “human” characteristics: 

language output, responses based on multiple prior inputs, responding in a 

human-sounding voice, and performing a role that is traditionally performed by a 

human (Nass et al., 1994, p. 72). Note that three of the four characteristics that 

were intended to make a computer function as a humanlike social agent are 

related to language and speech. A range of experiments have shown that users do 

indeed follow some of the norms of inter-human social behaviour when 

interacting with a computer, and particularly a conversational agent. Nass and 

Moon (2000) attribute these effects not to users being fooled into believing that 

computers are humanlike, but to users acting “mindlessly” according to familiar 

behavioural scripts—an interpretation that has been supported by at least one 

subsequent experiment (D. Johnson & Gardner, 2009). 

Early studies in the CASA paradigm showed that users follow certain norms of 

politeness when speaking to computer agents. Nass et al. (1999) found that users 

provided a more positive evaluation of a conversational agent when interviewed 

directly by the agent than when filling out a separate questionnaire—an apparent 

example of social desirability bias (Fisher, 1993), as though the users were 

attempting to ingratiate themselves with the computer interviewer. The same 

effect was replicated by Hoffman et al. (2009) with an embodied conversational 

agent. Nass et al. (1994) found that users were more swayed by a computer agent’s 
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praise of another computer agent’s performance on a tutoring task when the two 

agents spoke in different voices, indicating a perception that the praise was more 

reliable because it came from a different “person”. This result was unaffected by 

whether the voices came from the same physical computer or two separate 

physical computers, indicating that voice overrode physical embodiment as an 

indicator of the computer agent’s “identity”. This is consistent with the theory, put 

forward by Nass and Brave (2005), that humans are especially inclined to respond 

to voices in technology as though they came from a human being. 

Some studies have challenged the extent of the politeness effect. Goldstein et al. 

(2002) found that users gave lower evaluation scores for a handheld computing 

device when it was present during their evaluation than when it was absent, 

rather than higher scores as the CASA paradigm would have predicted, and used 

this finding to challenge the generalisability of the CASA politeness effect. 

However, the devices in their study were not provided with conversational agent 

features, such as language understanding or speech output, as Nass et al. (1994) 

prescribed, and this could account for the discrepancy. More recently, Lang et al. 

(2013) found that users did not provide more positive evaluations of an embodied 

conversational agent when responding to the agent directly. The authors 

speculated that perceptions of computers may have changed in the years that 

internet usage has become ubiquitous, such that users are less likely to perceive a 

computer program as an isolated social entity. Once again, however, Lang et al. 

(2013) did not provide their agent with voice output, and so an alternative 

interpretation of their results is that it is voice output that is the strongest driver 

of the CASA effect, as Nass and Brave (2005) assert. This interpretation is 

supported by Qvarfordt et al. (2003), who found that users’ perception of a 

computer system as being humanlike increased as it provided a greater volume of 

spoken feedback. 

Conversely, a number of studies have shown that users demonstrate rudeness and 

disinhibition towards conversational agents. In a multi-user interaction with an 

embodied conversational agent, Rehm (2008) found that users partly followed 

human-human behavioural norms when interacting with the agent, but also 

engaged in typically anti-social behaviour such as verbally insulting it and staring 

at it. De Angeli and Brahnam (2008) studied textual dialogues with 

conversational agents, and found that a great deal of the dialogue was abusive, 

pornographic or simply rude. When the conversational agents were embodied 

with different gender presentations, the female-presenting agent was subject to a 

higher proportion of swear words, sexual comments and negative stereotyping 

(Brahnam & De Angeli, 2012). Silvervarg et al. (2012) likewise found that a 

female-presenting embodied conversational agent received more verbal abuse 

than a male-presenting agent and an androgynous agent. These results are not 

inconsistent with the notion of computers as social actors. Rather, as De Angeli 

and Brahnam suggest (2008), they imply that users sometimes engage with 

conversational agents as social actors that are not protected by the ordinary 
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boundaries of appropriate social behaviour; users draw some sense of social 

entertainment or novelty from abusing conversational agents, precisely because 

the users have the impression of the agents as social actors while they are 

simultaneously aware that the agents are not human beings whose feelings can be 

hurt. 

The presence of gender stereotypes is one of the most common findings in the 

literature on CASA, although the direction and influence of these stereotypes is 

not always consistent. Nass et al. (1997) tested a conversational agent as a tutor 

and an evaluator of information with a human user, and found that when the 

agent was given a female voice as opposed to a male voice, both male and female 

users rated it lower in performance at either role, less friendly as an evaluator, 

more informative about the stereotypically feminine topic of love and 

relationships, and less informative about the stereotypically masculine topic of 

computers. Lee et al. (2000) found that a female-voiced conversational agent was 

perceived to be less socially attractive and trustworthy than a male-voiced 

conversational agent. Conversely, Linek et al. (2010) found that users preferred 

and learned more from a female-voiced conversational agent in an instructional 

task. Zanbaka et al. (2006) found that male users were more persuaded by a 

female-presenting conversational agent and vice versa. Consistent with the 

“mindlessness” explanation of CASA effects, Lee (2008) found that users 

attributed greater competence and conformed more to the instructions of a male-

presenting conversational agent than a female-presenting conversational agent, 

but only when distracted by other tasks during the interaction. Interestingly, 

when the conversational agent was given a synthesised male or female voice, users 

rated its apparent gender as more salient, but responded to it in a less gender-

stereotypical fashion—perhaps because speech output pulled the users’ attention 

to the focal task more effectively than text output, and thus reduced the 

“mindlessness” of their responses. In response to the accumulated literature on 

gender-stereotyped responses to computers, several scholars have argued that the 

use of gendered voices in computer systems needs to be approached with much 

greater care and concern for the wider societal implications—in particular, the 

possibility that the proliferation of female-sounding voice assistants may 

reinforce gender stereotypes of women as polite and subservient—than has 

previously been the case (Brahnam & Weaver, 2015; Guzman, 2016; Phan, 2017; 

Woods, 2018). 

Research from outside the field of HCI also supports the conclusion that people 

make various snap judgements about a speaker based on characteristics of their 

voice, although once again the effects are not always as simple as a universal 

preference for one type of voice over another. The gender effect is supported by 

studies such as that of O’Connor and Barclay (2017), which have found that 

people rate voices as more or less trustworthy according to a combination of 

factors including the gender and pitch of the voice and the context in which the 

trust would be granted (e.g. economic trust versus mating-related trust). McAleer 
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et al. (2014) found that a large group of respondents gave consistent impressions 

of a speaker’s personality based on recordings of the speaker saying “hello” that 

lasted for less than a second. Ryan and Sebastian (1980) found that middle-class 

Anglo-American students rated Spanish-accented English speakers less 

favourably than American-accented English speakers on a range of judgements 

when the speaker was introduced as coming from a lower-class background, but 

not when they were introduced as coming from a middle-class background. In a 

study that involved users playing a trust-based economic game with a 

conversational agent, Torre et al. (2018) found that conversational agents that 

acted in a generous fashion were trusted more if they had a Standard Southern 

British English accent than if they had a Liverpool or Birmingham accent, 

whereas conversational agents that acted in a less generous fashion were trusted 

more if they had one of the latter accents. This suggests that user ratings of an 

agent’s personality are partly dependent on congruency between the agent’s 

demonstrated behaviour and the expected behaviours that users associate with 

the sound of its voice. A meta-analysis of research on the effect of accents on 

interpersonal evaluations supported the general hypothesis that standard accents 

(those spoken by a majority of a population) are generally preferred to non-

standard accents (those spoken by a minority of a population) in almost all 

instances (Fuertes et al., 2012). Taken together, the literature presents clear 

evidence that voice output is a strong driver of user perceptions that a computer 

system has a “character” or “personality”, in combination with other features such 

as the system’s actions and the context of use. 

2.3.3 Voice assistants 

In the past decade, the focus of HCI research on voice interaction has turned to 

commercial voice assistants, such as Amazon’s Alexa, and the devices in which 

they are situated, such as the Amazon Echo smart speaker. Market research 

suggests that voice assistants have become highly popular despite a widespread 

sense that they have poor usability (Adobe, 2019; Budiu & Laubheimer, 2018b; 

Whitenton & Budiu, 2018). Studies on the use of voice assistants have shown that 

both usage and satisfaction tend to decline over time, as users become frustrated 

and unwilling to spend time learning the boundaries of what the assistant can 

and cannot do (Lopatovska et al., 2018; Luger & Sellen, 2016). This fits with a 

study by Knijnenburg and Willemsen (2016), which demonstrated that users tend 

to form more anthropomorphic mental models10 of conversational agents that 

exhibit more humanlike characteristics. The authors argue that the failure of 

voice assistants to provide an enjoyable user experience lies in their overly 

humanlike appearance, which causes users to assume they have a degree of 

humanlike capabilities—an overestimation that leads inevitably to 

disappointment. Multiple HCI researchers have suggested that the “human 

metaphor” for voice assistants should be reconsidered in light of its tendency to 

 
10 For a discussion of mental models in human-computer interaction, see Norman (1983). 
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attract unrealistic attributions of intelligence or other human characteristics 

(Cowan et al., 2017; Culley & Madhavan, 2013; Knijnenburg & Willemsen, 2016; 

Luger & Sellen, 2016). 

Perhaps because of their apparent human-ness, voice assistants have shown a 

notable tendency to be integrated into domestic social life. Smart speakers are 

most often placed in communal areas such as the home kitchen or living room, 

and their usage is interwoven with social activities such as meal times and 

discussions between family members (Lopatovska et al., 2018; Porcheron et al., 

2018; Purington et al., 2017; Sciuto et al., 2018). A study of online reviews found 

that users who described using Alexa for more social interactions, including those 

with a higher number of members in the household, were more likely to talk 

about Alexa in personified terms (Purington et al., 2017). Collectively, these 

studies support the principle that “computers are social actors” (Nass et al., 1994) 

in the case of voice assistants, and that it is therefore important to study VUIs not 

only as interfaces but as characters. 

2.4 Games research 

The study of games has coalesced in the past two decades, from a pursuit that had 

been scattered across many academic fields and disciplines in a loosely connected 

fashion to a distinct field of research in its own right. In the early 2000s, major 

debates in the newly minted field of game studies centred on the boundary-work 

(Gieryn, 1983) of distinguishing “the game”, and particularly “the videogame”, as a 

unique phenomenon that merits dedicated study due to its inherent differences 

from other forms of media (Copier, 2003; Deterding, 2017). Game scholars were 

largely successful in this pursuit, establishing dedicated game studies institutions 

such as scholarly associations, conferences and journals, as well as helping to 

legitimise the study of games in related fields such as HCI and communication 

studies (Deterding, 2017, pp. 530–531). This success was no doubt aided by a 

broader societal shift, in which videogames and tabletop games became 

increasingly popular, socially accepted and culturally prominent across the world 

(Brand et al., 2019, p. 10; T. Cross, 2017; Duggan, 2015; Jolin, 2016; Keogh, 2016). 

Multiple scholars have sought to compile a picture of the topics that games 

research has focused on over its history. Using a network analysis of keyword co-

occurences in publication from core games research venues, Melcer et al. (2015) 

found a separation between technical games research (mostly related to artificial 

intelligence methods and topics) and non-technical games research (including 

human-computer interaction and related topics such as player experience). These 

findings were supported by Martin (2018), who conducted a wider network 

analysis of keyword co-occurences and author co-citations, and also analysed 

how the literature has changed over time. Martin found that the focus of games 

research has shifted from a heavy concentration on technology and media effects 
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before the turn of the millennium to a wider range of topics in the new 

millennium, including games as cultural products, online gaming, game-based 

learning and medical applications of games, as well as a burst of interest in 

artificial intelligence in games. Coavoux et al. (2017) conducted a content analysis 

on three core game studies publication venues,11 and noted a divide between 

humanities and social science approaches to the study of games. The major 

limitations that Coavoux et al. noted in the literature was an overrepresentation 

of a small number of videogames (notably World of Warcraft) and game genres 

(notably online gaming, first-person shooters and role-playing games), with a 

long tail of uncited games and “forgotten genres” that were rarely if ever studied 

despite being widely popular. It is to avoid such arbitrary narrowness of focus that 

the studies in Chapter 6 and Chapter 7 have been designed to include as many 

relevant videogames as possible in their analysis. 

Games research has long been a subcategory within the field of HCI, which 

received a boost in prominence in 2014 with the founding of the ACM SIGCHI 

Annual Symposium on Computer-Human Interaction in Play (CHI PLAY) 

conference series. Based on an analysis of HCI literature in the 10 years prior to 

this date, Carter et al. (2014) described four major research paradigms in which 

HCI games research had been conducted: operative, epistemological, ontological 

and practice. Operative research uses games as instruments to achieve some 

objective that is outside the normal purpose of game-playing, such as games that 

are designed to change the player’s habits or attitudes. Epistemological research 

uses games as research tools to generate insights into some other topic, such as 

using videogames as test-beds for novel interaction techniques. Studies in both of 

these paradigms, the authors argue, have tended to frame gameplay as an 

insufficiently valuable or worthwhile activity when it is not instrumentalised for 

an external purpose. In contrast, the ontological and practice paradigms of games 

research involve studies that seek to understand games and the interactions that 

emerge from gameplay (respectively) for their own sake. 

Caroux et al. (2015) conducted a systematic review of HCI research to map the 

concepts that have been studied in relation to player-videogame interaction. This 

review was limited to studies that have presented empirical evidence about 

player-videogame interaction in entertainment situations. They described six 

main conceptual themes within this research: player engagement, player 

enjoyment, input and output techniques, game contents, multiplayer gaming, 

and global (i.e. holistic) approaches to studying player-videogame interaction. In 

relation to input techniques, Caroux et al. found empirical studies on motion-

based interaction, tactile interaction, tangible interface interaction, gaze-based 

 
11 The three publication venues analysed in the study were the journals Games & Culture 
and Game Studies and the proceedings of the Digital Games Research Association 
(DiGRA) conference series. 



Literature Review 

22 

interaction and brain-computer interaction. They did not find any empirical 

studies on voice interaction in videogames that met their criteria for inclusion. 

There have been a significant number of past studies on voice interaction in 

videogames, as the following sections will describe. However, nearly all of these 

studies have focused on the development of a specific novel voice-controlled 

game or game interface. Most reflect either the operative paradigm of HCI games 

research (Carter et al., 2014, pp. 32–33), in that their stated intention is to develop 

a voice game that provides some kind of extrinsic benefit to the player, or the 

epistemological paradigm of HCI games research (ibid., p. 33), in that their stated 

intention is to use a game as a tool to generate knowledge about another topic. 

Few papers have reflected the ontological paradigm (ibid., p. 33), in that they have 

sought to understand voice game design in and of itself, or the practice paradigm 

(ibid., p. 33), in that they have sought to understand player experiences and 

interactions with voice games. Those that have done so are discussed in Section 

2.4.5. 

2.4.1 Voice interfaces for accessibility in videogames 

Grammenos et al. (2007) conducted a program of research to design three 

universally accessible videogames as case studies for how to improve the 

accessibility of videogames in general. The games were an online version of Chess 

(Grammenos et al., 2005) and two multiplayer variants of Space Invaders 

(Grammenos et al., 2009, 2006). Similarly, Norte and Lobo (2008) created a 

voice-controlled version of the number puzzle game Sudoku. Each of these games 

was designed to be inherently controllable through multiple interaction 

modalities, including voice commands. In addition, multiple HCI researchers 

have developed systems that allow voice-based control of existing videogames, 

using either speech input (Derboven et al., 2014; Harada et al., 2011; Mustaquim, 

2013; Sporka et al., 2006) or non-verbal voice input (Harada et al., 2011; Igarashi 

& Hughes, 2001; Sporka et al., 2006). Collectively, these papers represent a 

valuable contribution towards the design of more accessible videogames. 

However, the investigation of player responses to any of these voice game 

prototypes is limited to tests of usability, and so this body of research does not 

contribute to an understanding of player experiences of voice gameplay. 

2.4.2 Voice games for language learning 

Voice games have an obvious appeal as educational tools that can provide 

structure and motivation to support self-directed language learning. This was 

recognised early by DARPA, which commissioned the development of the 

Tactical Language and Culture Training System, an educational simulation 

videogame designed to teach US Armed Forces personnel how to communicate in 

a foreign language (W. L. Johnson, 2007; W. L. Johnson & Beal, 2005; W. L. 

Johnson & Valente, 2009; W. L. Johnson & Wu, 2008). A report found that 
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trainees showed significant improvements in their knowledge of Iraqi language 

and culture after 40 hours of training with the system, indicating that the 

approach was at least somewhat successful (W. L. Johnson & Valente, 2009, p. 

82). Voice games have since been developed for learning Mandarin Chinese 

(McGraw, Yoshimoto, et al., 2009; McGraw & Seneff, 2008), Portuguese (Silva et 

al., 2011), French and German (Roy, 2016), as well as games that can be adapted to 

multiple languages (Anderson et al., 2008; Jewell, 2011). A study on one of these 

educational games found that its players indicated high levels of engagement, 

enjoyment and motivation to play again. However, it noted that there were 

inherent problems with getting a speech recognition system that was trained on 

native speaker pronunciations to recognise the pronunciation of a non-native 

speaker of the language, even if the pronunciation was recognisably correct to a 

human ear (Anderson et al., 2008, pp. 615–616). Overall, this literature suggests 

that voice games are a promising avenue for language learning, in part because 

voice gameplay has the potential to be entertaining for the players, but it offers 

few generalisable insights into the design of voice games that are not intended for 

language learning or other education purposes. 

2.4.3 Therapeutic voice games 

A category that has emerged relatively recently, but already received a substantial 

amount of attention, is voice games that are designed to support players in 

conducting therapeutic exercises. Such voice games have been developed to 

facilitate speech rehabilitation (Cler et al., 2017; Loaiza et al., 2013; Lv et al., 2017, 

2015), speech therapy (Duval et al., 2018; Krause et al., 2013; Lan et al., 2014; 

Navarro-Newball et al., 2014; Rubin & Kurniawan, 2013; Zajc et al., 2018) and 

emotion regulation (Fernández-Aranda et al., 2012; Kostoulas et al., 2012; Sonne 

& Jensen, 2016). Of these, the study by Navarro-Newball et al. (2014) provided 

the most extensive user evaluation, based on observations of gameplay as well as 

questionnaires and interviews with the players, the parents and the therapist. It 

determined that the voice game used in the study—which presented a cartoon 

animal scenario, and required players to practice pronouncing phonemes 

correctly to proceed—was received very positively, receiving the highest possible 

scores for enjoyment and engagement, despite some usability challenges. These 

studies point to voice games as a viable format for the provision of therapeutic 

voice exercises, but provide little insight into the player experience of these 

games, nor general findings about the design of voice games in a broader sense. 

2.4.4 Non-verbal voice input for videogames 

While the majority of the research literature on voice games has concentrated on 

the use of spoken language, there is a smaller body of work that has looked at 

non-verbal voice interaction in games. Igarashi and Hughes (2001) proposed 

three interaction techniques for non-verbal voice control of games: control by 

continuous voice, in which the player causes an action to continue by producing a 
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consistent vocal sound until they wish the action to stop; rate-based parameter 

control by pitch, in which an action is modified by the pitch of the player’s voice 

as they produce a consistent vocal sound; and discrete control by tonguing, in 

which a player produces discrete sounds to count out a number that they wish to 

select. The authors acknowledged that the techniques require “an unnatural way 

of using the voice” (Igarashi & Hughes, 2001, p. 156) and may be tiring for long-

term usage. However, the paper did not address the social acceptability of making 

unusual vocal sounds to control a computer, which subsequent HCI research has 

indicated can present a barrier to usage of voice interfaces (Al Hashimi, 2007; 

Rico & Brewster, 2010). 

More recent research has demonstrated the possibility for games to be controlled 

by the player’s breath, rather than their speech (Sra et al., 2018; Tennent et al., 

2011). Sra et al. (2018) found that players gave a breath-controlled virtual reality 

(VR) game relatively high ratings for novelty, accessibility and usability compared 

to an equivalent VR game controlled with a motion trackpad. Players described 

the experience of breath-based interaction as “intuitive” and “natural” and stated 

that it heightened their sense of presence in the VR gameworld. However, players 

also reported that breath-based interaction was more physically demanding than 

controller-based interaction, and that they had greater difficulty remembering 

breath inputs than controller-based inputs (Sra et al., 2018, pp. 8–9). These 

findings closely echo the results of the player experience study presented in 

Chapter 7. 

2.4.5 Voice gameplay 

The prior research on voice games described in previous sections has included 

limited exploration of player experiences of voice gameplay. In the studies that 

have reported on player responses, there has been a general theme of high levels 

of enjoyment, engagement or immersion being reported during voice gameplay, 

despite usability challenges that are greater than those for traditional manual 

controls. In all of those studies, however, players were evaluating a novel voice 

game that was created or adapted by the researchers. As a result, the findings may 

be influenced by demand characteristics,12 which may have reduced the 

likelihood that players would report negative experiences with the voice games. In 

addition, the fact that the studies were all on voice games developed for research 

 
12 “Demand characteristics” are aspects of a study that may cause participants to change 
their responses, intentionally or unintentionally, to match what they believe the 
researcher expects of them, thus causing the findings to differ from what would have been 
observed if the participants did not have a expectations about the researcher’s 
expectations. The importance of demand characteristics in research was established by 
Martin Orne (1962). In a user study on a novel computer system, anything that causes the 
participant to think that the researcher has designed the system and would like it to 
succeed can be a demand characteristic, which may influence the participant to give the 
system a more positive evaluation. 
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or training makes it uncertain how closely the results would apply to voice games 

that have been developed for entertainment. 

The most widely popular category of voice game to date has been singing-based 

games, as Chapter 5 describes. These games are designed to be played at social 

events involving multiple players and spectators, and so a proper understanding 

of their player experiences requires an investigation of how they are played in that 

context. Accordingly, Fletcher and Light (2011) conducted two ethnographies of 

social groups that played the karaoke game SingStar. They provided a detailed 

account of how karaoke gameplay was physically conducted by the players, with 

widely varying configurations of different numbers of players filling different 

roles and appropriating the game’s microphones in a variety of ways. Fletcher and 

Light emphasised the role of SingStar as an activity around which social activities 

and relationships were structured, characterising it as a “glue technology that 

assists in crafting and strengthening social linkages amongst players” (Fletcher & 

Light, 2011, p. 1). 

Hämäläinen et al. (2004) conducted informal testing of two games controlled by 

non-verbal voice input, including one controlled by singing. They noted that their 

results supported the view that voice interaction was unlikely to succeed as a 

replacement for a traditional controller, but had potential to be popular in games 

that were designed around vocal action as their core activity, rather than as a 

control mechanism: “the interface makes gaming a spectator sport—you can 

show off your musical skills much the same way as when singing karaoke or 

performing on stage in a concert” (Hämäläinen et al., 2004, p. 370). This echoes 

the findings of Fletcher and Light (2011) described above, and suggests that a 

playful social spectacle may be an important part of the appeal of voice 

interaction—a possibility that has received little attention in the wider HCI 

literature on voice user interfaces. 

A further question is whether the satisfactions of social voice gameplay can only 

be provided by playing in the presence of other people, or whether non-player 

characters can provide some of the same kinds of engagement in voice gameplay. 

Fraser et al. (2018) tested one approach to making non-player characters more 

responsive to the player in voice gameplay. They developed a prototype game that 

could process natural-language speech input from the player, analyse the 

sentiment of the player’s words and the tone of their speech, and cause a non-

player character (to whom the player was speaking in the game) to respond in a 

manner that reflected the emotion that the player had expressed. Participants in 

the study rated this emotionally responsive voice game more positively than an 

alternative version of the game that did not use the emotion detection features, 

and also spend more time playing the emotionally responsive version of the 

game, which the authors interpret to mean that they were more engaged with it. 

This provides some evidence that non-player characters can provide a socially 

engaging single-player experience in a voice game. However, the ability to 
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generalise from this study is limited, as the comparison was only between a 

videogame that was designed for emotionally responsive dialogue and an 

alternative version of the same game with the emotionally responsive dialogue 

(the core game mechanic around which the game was designed) turned off. A 

broader understanding of the player experience of voice gameplay requires a 

broader study of fully realised voice games. 

In 2015, at the beginning of my PhD candidature, I co-authored a grounded 

theory method study that looked at online reviews and responses to commercially 

published voice games (Carter et al., 2015). We noted many positive comments 

about the enjoyability and immersiveness of voice commands, but also a great 

deal of frustration with voice commands that were slower or less reliable than the 

traditional controller equivalent. One of the key contributions of this research 

that had not previously been noted was the theme of “identity dissonance”: 

numerous players, in a variety of games, reported that voice commands felt 

uncomfortable or unnatural when they were phrased as being directed at the 

player-character, rather than phrased as something that the player-character 

might have said. We argued that this was due to a dissonance between the normal 

game controls, which evoked a sense that the player-character was the player’s 

own embodied persona in the gameworld, and the voice controls, which evoked a 

sense that the player-character was a separate identity to whom the player was 

speaking. Voice commands that aligned the player’s own identity with the player-

character identity were much more positively received, and less subject to 

complains about feeling “unnatural”. The findings of this study provided the 

inspiration for the topic of my PhD research: initially on conversational 

interaction with game characters (the focus of Chapter 4), and then on VOICE in 

games as I developed a clearer understanding of the role of voice in driving the 

“identity dissonance” effect. 

2.4.6 Game characters as social actors 

This chapter has reviewed a range of studies that indicate that users respond to 

conversational agents, to a certain extent, as though they are human. This does 

not mean that users are deluded into believing that these agents are human or 

have humanlike consciousness, as HCI researchers have been at pains to point out 

(D. Johnson & Gardner, 2009; Nass & Moon, 2000). Rather, users appear to 

respond to these agents as if they were humanlike, in a similar manner to how 

film viewers and novel readers respond to fictional characters as if they were real 

people. This is further complicated in videogames by the fact that there are 

multiple overlapping types of characters and identities that players may respond 

to—and which may come into conflict with each other, as the phenomenon of 

“identity dissonance” (Carter et al., 2015) suggests. Consequently, this section 

reviews prior research on the different types of characters and identities in 

gameplay, based on studies of non-voice-based games. 
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Games researchers have defined a number of identities that a person may take on 

when interacting with a videogame. Many studies have focused on two identities 

in particular: that of the player or user as the physical person operating the game 

system, and that of the character or avatar as their controllable virtual figure in 

the gameworld (e.g. Banks, 2015; Bessière et al., 2007; Hart, 2017; Klimmt et al., 

2009; Yee & Bailenson, 2007). These studies typically conceptualise the character 

(or avatar) as an externalised projection of the player’s sense of self, or as a means 

by which to temporarily inhabit the role of an alternative self. However, this 

presupposes a form of gameplay in which the player controls a singular avatar that 

represents their character in the gameworld. 

Multiple aspects of this supposition are variable across different types of games. 

As Jørgensen (2009) has pointed out, the number of figures that a player controls 

in a gameworld may be more than one; or it may be zero; or it may be ambiguous, 

as in a real-time strategy game in which the player issues commands from a 

disembodied overhead perspective to units that follow those commands but are 

otherwise autonomous. In addition, as Bayliss (2007) has argued, the notions of 

avatar and character are distinct from one another and not always synchronised: 

a player character such as Lara Croft has a defined identity that stands apart from 

the identity of the player and the identity of the avatar; one imagines that the 

character of Lara Croft could drink at a bar or play cricket, even though the avatar 

of Lara Croft is not programmed with these abilities. This distinction was 

empirically supported by a series of interviews conducted with players of an 

online game by Carter et al. (2012), who found that players made a distinction 

between their character and avatar identities along the lines that Bayliss (2007) 

suggested, and also distinguished between the identities of themselves as the user 

and themselves as a player. The interviewees tied their identity as a player to their 

reputation within that game’s community, and felt that it was separate from the 

“offline” identity that they had outside the context of the game community 

(Carter et al., 2012). 

Within the conceptual category of game characters, there is an additional 

distinction to be made between player characters and non-player characters. 

Player characters represent the player’s identity role (or roles) in the gameworld, 

and their actions and decisions are usually controlled to some extent by the 

player. Non-player chracters represent other people or beings in the gameworld, 

and their actions and decisions are usually controlled primarily by the game’s 

artificial intelligence programming or a predetermined script (although some 

non-player characters also respond to instructions from the player). Player 

responses to non-player characters have been studied at length in the game 

studies literature, with much of the research focused on the question of how to 

design non-player characters to be believable or engaging (e.g. Gillies, 2018; 

Lankoski et al., 2011; Lankoski & Björk, 2007; Rivera et al., 2012). However, this 

thesis is concerned with the narrower question of how players form a sense of 

social relationship between themselves (as the player or as the player character) 
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and non-player characters, in the manner of the “computers as social actors” 

paradigm (Nass et al., 1994). 

Some insights into the multifaceted nature of the relationship between a player 

and a player character or non-player character have been provided in a survey 

study by Bopp et al. (2019). The survey asked players to explain their thoughts 

and emotional attachments towards a game character for whom they had felt 

especially strong appreciation, desire, respect, devotion or care. The authors 

developed seven themes to describe the types of emotional attachments that 

players reported: “cool and capable”, “respected nemesis”, “admired paragon”, 

“crush”, “concern for one’s protégé”, “sympathetic alter ego” and “trusted close 

friend”. Although these themes were developed to describe types of emotional 

attachments, each theme in fact describes a type of social relationship by which 

the character is positioned in relation to the player.13 Players mentioned both 

player characters and non-player characters in their responses, and the authors 

found that each theme had a clear tendency to be applied to one or the other type 

of character. For example, player characters were more likely to elicit the sense of 

being an admired paragon, whereas non-player characters were more likely to 

elicit the sense of being a trusted friend. This study shows that players experience 

games as complex social situations in which there are multiple ways for the player, 

player character and non-player character identities to relate to one another. 

Much of the research on identity in games does not address the role of non-player 

characters, and uses the term “character” to mean “player character” without 

clarification. This is perhaps attributable to the fact that a large proportion of 

these studies (e.g. Banks, 2015; Bessière et al., 2007; Carter et al., 2012; Gilbert et 

al., 2014; Yee & Bailenson, 2007) were conducted in the context of massively 

multiplayer online role-playing games (MMORPGs) such as World of Warcraft 

and online virtual worlds such as Second Life, in which constructing a distinctive 

player character identity is a central part of gameplay, and in which it is typical for 

the majority of a player’s non-violent interactions to be with the avatars of other 

players. However, the distinction between player character identities and non-

player character identities is critical for this thesis, as the relationships between 

these identities will emerge as important drivers of the player experience of voice 

gameplay in the following chapters. 

2.5 Research gaps and questions 

The research summarised in this chapter supports the argument that humans are 

“voice activated”, as Nass and Brave (2005) have asserted: that we respond to 

 
13 The social relationship is apparent in the names of all seven themes except for “cool and 
capable”. This theme describes characters that participants found exciting or amusing, 
like a funny or skilful friend, or a sense of empowerment in their own player character 
identity (Bopp et al., 2019, p. 317). 



Literature Review 

29 

virtual agents that speak in some of the same ways that we respond to humans, 

consciously or unconsciously following some of the same behavioural scripts and 

expectations that we would normally follow in person-to-person social 

interactions. The literature review shows that HCI researchers have explored the 

potential of voice interaction to evoke a sense of social presence through 

embodied conversational agents, voice assistants and game characters. It also 

shows that voice interaction has been used in videogames to work towards a 

number of practical purposes, such as language learning and speech therapy. 

Despite this body of work on voice interaction and voice game design, the existing 

literature contains few studies that provide a wider understanding of what voice 

game design is, outside of research labs, or how it is experienced by players. Only 

a handful of studies have investigated voice gameplay as it is practiced, rather 

than seeking to develop new forms of voice games that are oriented towards some 

extrinsic purpose beyond the inherent pleasures, meanings and experiences of 

gameplay. There is a gap in the literature on the topic of how voice games are 

designed, how players respond to voice games, and even what types of voice 

games exist beyond the serious games developed for research purposes. 

To address that gap, this thesis sets out to answer the following research question: 

Main RQ How does voice-operated interaction with characters and 
environments (VOICE) influence the player experience of digital games? 

The research question is deliberately broad and open-ended. Rather than 

attempting to pinpoint one narrow facet of voice game design, this thesis aims to 

shine a light on this under-examined area of game design in its entirety. The 

research question reflects the fact that the thesis is concerned with both how 

voice games have been designed in the past—as an indicator of the breadth of 

ways in which voice games may be used in the future—and how players 

experience different forms of voice gameplay. 

The overall research question is broken down into the following more specific 

research questions, which are addressed in separate studies: 

RQ1 How do players make sense of and interact with a game character 
that responds to natural language text? 

The first research question addresses the topic of how players respond to dialogue 

with a game character. Unlike the following questions, RQ1 concerns text-based 

interaction rather than voice interaction. This reflects the initial focus of the 

research, which was intended to cover “conversational interaction” with game 

characters across both voice and text, before it was narrowed to focus on voice 

gameplay in the subsequent studies. RQ1 is addressed primarily in Chapter 4, 

through a participant observation study of text-based interaction with a game 

character in Minecraft. 
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RQ2 What is the historical lineage of voice game design and what are the 
major influences that have shaped it? 

The second research question aims to alleviate the lack of information about what 

voice games are, outside of research labs. RQ2 is addressed primarily in Chapter 

5, through the construction of a history of voice games from their earliest 

beginnings to 2016, which accounts for how these games have developed both as 

technological systems and as cultural products. 

RQ3 What design patterns are currently implemented in voice games? 

The third research question also addresses the lack of information about voice 

games, but this time with a focus on the specific variations that have appeared in 

the design of voice games. RQ3 is addressed primarily in Chapter 6, through the 

development of a pattern language for voice game design and a typology of five 

fundamental genres of voice games. 

RQ4 What is the distinctive nature of voice gameplay? 

The fourth research question is once again deliberately broad. This thesis seeks to 

understand how players experience voice gameplay, and specifically what is 

different or noteworthy about voice gameplay compared to other forms of 

gameplay, without presupposing what that might be. RQ4 is addressed primarily 

in Chapter 7, through a participant observation study and a frame analysis 

approach to interpreting player accounts of voice gameplay. 

RQ5 How do players experience verbal and non-verbal voice gameplay? 

The fifth research question is a response to the observation that non-verbal forms 

of voice input have been used successfully in both academic and commercial 

voice games, and yet the player experience of non-verbal voice gameplay has 

received even less study in prior literature than speech-based voice gameplay. 

RQ5 is addressed primarily in Chapter 7, through a participant observation study 

in which players engage in both verbal and non-verbal voice gameplay and discuss 

both experiences in relation to each other. 
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3 Methodology 

The literature review in the last chapter highlighted that voice game design and 

gameplay are not well understood. It concluded with the five research questions 

that guide the thesis. This chapter explains how each of these research questions 

was addressed. It situates the thesis first within the fields of human-computer 

interaction and game studies (Section 3.1), and then within the constructionist-

interpretivist research paradigm (Section 3.2). It details the range of research 

methods used to study gameplay in Chapters 4 and 7 (Section 3.3) and to study 

voice game design in Chapters 5 and 6 (Section 3.4). It concludes with an 

overview of the research design that explains how each method was chosen to 

address one or more of the research questions (Section 3.5). 

3.1 Disciplinary orientation 

This thesis is situated at the intersection of human-computer interaction (HCI) 

and game studies. Both of these fields concern the study of interactive systems 

and their users; for game studies and for a subset of HCI, the interactive systems 

in question are digital or analog games. The fields are also similar in that they 

both employ a wide variety of research methods and theoretical perspectives 

drawn from other areas of scholarship. HCI has been described as “polycentric” 

(Liu et al., 2014, p. 3561) and an inter-discipline (Blackwell, 2015, p. 505) due to 

its lack of standardised research perspectives and themes, just as game studies 

has been described as “polyphonic” (Mäyrä, 2014) and multidisciplinary 

(Deterding, 2017, p. 537; Mäyrä, 2008, p. 6) for much the same reason. 

3.1.1 Game studies 

The multidisciplinarity of game studies stems partly from its youth. Although 

individual scholars have studied games in a piecemeal fashion for many decades,14 

game studies did not emerge as a truly cohesive field until after videogames 

reached a critical mass of popularity in the 1990s. Aarseth declared that “2001 

can be seen as the Year One of Computer Game Studies15 as an emerging, viable, 

international, academic field” (Aarseth, 2001). He noted that game studies was 

greatly influenced by the range of disciplinary backgrounds of its members: “we 

all enter this field from somewhere else, from anthropology, sociology, 

 
14 Early scholars of play and games include Huizinga (1949 [1938]), Caillois (2001 [1958]), 
Suits (1978) and Sutton-Smith (1997). Sudnow (1979) is noteworthy as one of the first 
individuals to study the experience of playing digital games. 
15 Although Aarseth used the term “Computer Game Studies”, the field has come to be 
known simply as “Game Studies”, and includes a rich tradition of research on non-digital 
games. 
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narratology, semiotics, film studies, etc, and the political and ideological baggage 

we bring from our old field inevitably determines and motivates our approaches” 

(Aarseth, 2001, emphasis in original). That remains broadly true today. However, 

Deterding (2017) has observed a countervailing trend, in which an increasing 

volume of games-related research is conducted under the banner of other 

disciplines—including HCI—which has caused those viewpoints to become less 

well represented within mainstream game studies journals and conferences. Both 

trends are reflected in this thesis, which has drawn upon multiple disciplines and 

methodologies for its research design, and published its findings in a 

combination of game studies and HCI venues. 

3.1.2 Human-computer interaction 

Human-computer interaction has been constituted as a recognisable field for 

considerably longer, and undergone more clearly defined shifts over time. Its 

roots stretch back before the advent of the digital computer, to the fields of 

Industrial Psychology and Human Factors in the early 20th Century (Grudin, 

2012, pp. 4–7), and some of the earliest examples of what we would today call HCI 

research were conducted in the 1950s (Grudin, 2012, p. 8). The historical 

development of HCI is commonly divided into three waves (Bødker, 2015, 2006) 

or paradigms (Harrison et al., 2007, 2011). Each wave reflects a different set of 

goals and concerns, and is therefore typified by a different mix of research 

approaches. 

The first wave of HCI has its roots in the engineering discipline, and particularly 

the field of human factors, beginning in the late 1950s (Grudin, 2012, pp. 8–10). 

Research in this paradigm treats human-computer interaction as an ergonomic 

design problem to be solved. Its goal is to optimise users’ performance on 

computer tasks by resolving any problems that would impair their productivity. It 

typically achieves this through systematic testing and the establishment of fixed 

guidelines (Bødker, 2006, p. 1), under a broadly positivist/postpositivist research 

paradigm (Duarte & Baranauskas, 2016, p. 2). How the user understands the 

interaction is considered only insofar as it affects output; first-wave HCI “tends to 

take a pragmatic approach to meaning, ignoring it unless it causes a problem” 

(Harrison et al., 2007, p. 7). 

The second wave, by contrast, is centrally concerned with what and how the user 

thinks. Influenced by cognitive science, it depicts computer use as a continuous 

communication loop between two information processors: the computer system 

and the user’s mind. Typically, second wave HCI research aims to understand the 

manner in which information flows between computers and people, with the end 

goal of improving the efficiency and accuracy of this exchange (Harrison et al., 

2007, p. 10). The second wave emerged in the 1980s, at a time when computer 

usage was becoming progressively more widely practiced and also more 

discretionary (Grudin, 2012, p. 16). Accordingly, second-wave HCI is 
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characterised by a greater focus on understanding the context of interaction, and 

on considering interaction scenarios that involve more than one person or 

computer system (Bødker, 2006, p. 1). It makes greater use of proactive, 

naturalistic and participant-oriented research methods, such as participatory 

design and contextual inquiry, but remains primarily concerned with computing 

activities as a form of purposeful work (Bødker, 2006, p. 1; Duarte & Baranauskas, 

2016, p. 3). 

The third wave arose in the first decade of the 2000s, partly in response to the 

growing presence of computer systems in non-work contexts, such as homes, 

classrooms and mobile applications (Bødker, 2006, p. 1; Harrison et al., 2007, pp. 

5–6). It represents a shift away from the study of computing as productive 

information processing work, and towards the study of computing as meaningful 

participation in culture. As Bødker describes it: “the focus of the third wave, to 

some extent, seems to be defined in terms of what the second wave is not: non-

work, non-purposeful, non-rational, etc” (2006, pp. 1–2). The third wave is 

concerned with embodiment (Dourish, 2004), emotion (Harrison et al., 2007, p. 

6), meaning-making (Harrison et al., 2011, p. 388) and experience (Bødker, 2006, 

p. 5; McCarthy & Wright, 2007) as central elements of human-computer 

interaction, rather than as marginalia. To understand these phenomena, the third 

wave moves the focus of HCI from testing and evaluation to more exploratory, 

discover-oriented research (Bødker, 2006, p. 2). It makes greater use of 

ethnographic and ethnomethodological approaches, which “tend to eschew a 

priori categories of interest in favor of discovering what emerges from interaction” 

(Harrison et al., 2011, p. 387). Third-wave HCI exhibits the concern for lived 

experience and socially constructed meaning that are the hallmarks of a 

constructionist-interpretivist research paradigm. However, as Duarte and 

Baranauskas point out, the third wave frequently “inherits” (2016) certain 

features of the positivist/postpositivist paradigm in which HCI first developed, 

namely a common use of quasi-experimental methods as opposed to more 

naturalistic inquiry, and an emotionally neutral and objective rhetorical style. 

This thesis sits firmly within the third wave of HCI research. It is ultimately 

concerned with understanding the ways in which players experience voice 

gameplay as a meaningful event, rather than with the discovery of universal laws 

about the operation or efficiency of voice interaction in games. This is reflected in 

the research questions, which address how players “make sense of” and 

“experience” voice gameplay. Accordingly, I have approached this research from a 

constructionist-interpretivist perspective, as the next section will describe. 

3.2 Epistemology and research approach 

This section explains the epistemology (constructionism) and theoretical 

perspective (interpretivism) that have guided this thesis. It describes their 
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consequences for the research methodology, and ends with a summary of the 

overall research design. 

Constructionism is an epistemology, or theory of how knowledge is formed 

(Crotty, 1998, p. 3). It holds that people’s understanding and experience of the 

world is a creation of their interactions and their beliefs (Neuman, 2014, p. 104). 

Human beings have no direct access to objective reality, as “all knowledge, and 

therefore all meaningful reality as such, is contingent upon human practices, 

being constructed in and out of interaction between human beings and their 

world, and developed and transmitted within an essentially social context” 

(Crotty, 1998, p. 42). In the constructionist viewpoint, a research finding is not an 

objective fact recorded by a neutral observer, but an account of an idea that the 

researcher has actively developed. The researcher constructs their own 

understanding, and they are influenced in this process by the concepts and 

cultural-social processes to which they have previously been exposed. 

Interpretivism is the theoretical perspective or philosophical stance adopted by 

practitioners of interpretivist social research (Crotty, 1998, pp. 2–8; Neuman, 

2014, p. 103). Interpretivist research is concerned with “meaningful social action” 

(Neuman, 2014, p. 104), which is to say, how people construct meaning within a 

situation and how they experience life in a particular setting. The meaning of a 

human action is dependent on the meaning system—such as the culture or 

language—in which it occurs, and through which it is interpreted by other social 

actors (Neuman, 2014, p. 104). There is no neutral perspective from which to 

explain an action in terms of its meaning; it can only be understood from one or 

more subjective viewpoints. Therefore, interpretivist research generally requires 

the researcher to develop an understanding of a situation as it appears to its 

participants, “from within”. To this end, research in this tradition typically 

employs qualitative methods of data collection, and inductive forms of analysis in 

which theories are derived in a bottom-up fashion from empirical observation 

(Neuman, 2014, p. 70). 

The studies described in this thesis use three different methodological frames 

and a variety of research methods, all within the overarching paradigm of 

constructionist-interpretivist research. Study 1 and Study 4 are player experience 

studies in the traditional mould of lab-based HCI research, with the details of 

their research design engineered to produce rich qualitative insights. Study 2 is a 

historical analysis of voice game design, conducted under the aegis of media 

archaeology. Study 3 is a work of design pattern analysis. The methodologies and 

methods used in each study are shown in Table 3.1. 
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Table 3.1 Research approach (see Crotty, 1998) 

Epistemology Constructionism 

Theoretical 
perspective 

Interpretivism 

Main research 
question 

How does voice-operated interaction with characters and environments (VOICE) influence the player experience of digital games? 

Study Natural Language Gameplay 

(Chapter 4) 

Voice Game History 

(Chapter 5) 

Voice Game Design Patterns 

(Chapter 6) 

Voice Gameplay 

(Chapter 7) 

Ancillary 
research 
questions 

RQ1 How do players make 
sense of and interact with a 
game character that responds 
to natural language text? 

RQ2 What is the historical 
lineage of voice game design 
and what are the major 
influences that have shaped it? 

RQ3 What design patterns are 
currently implemented in 
voice games? 

RQ4 What is the distinctive 
nature of voice gameplay? 

RQ5 How do players 
experience verbal and non-
verbal voice gameplay? 

Methodology Observation and interview 
study 

Media archaeology Design pattern language Observation and interview 
study 

Data 
generation 
methods 

Participant observation 

Semi-structured interviews 

Interaction logs 

Wizard of Oz prototype 

Artefact review 

Paratext review 

Artefact review 

Paratext review 

Participant observation 

Semi-structured interviews 

Data analysis 
methods 

Inductive thematic analysis 

Qualitative content analysis 
(informed by conversation 
analysis) 

Historical analysis Design pattern analysis Inductive thematic analysis 

Frame analysis 
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3.3 Research methods for studying gameplay 

This section describes and discusses the research methods used in Study 1 

(Chapter 4) and Study 4 (Chapter 7), which focused on voice gameplay as an 

activity. The methods are: participant observation, Wizard of Oz prototyping, 

semi-structured interviews, thematic analysis, content analysis and frame 

analysis. The research methods used to study voice games as designed artefacts 

are described in Section 3.4. 

3.3.1 Participant observation 

Observational studies are among the most common approaches to HCI (Sharp et 

al., 2019, p. 260) and games research (Sangin, 2018). In a typical observational 

study, the researcher recruits participants to engage in a task that involves a 

computer system. The task may take place in a controlled setting, such as a 

usability lab, or in a more naturalistic setting (“in the field”). The researcher may 

observe participants directly (in person) or indirectly (through video recordings, 

sensor recordings or system logs). Participants in observation studies often 

answer questions about their experience, either after the task is finished through 

a questionnaire or interview process, or during the task itself using a think-aloud 

process (Lewis, 1982). 

Study 1 and Study 4 were participant observation studies. For both studies, 

participants were recruited to attend a session in a controlled lab setting, during 

which they played through multiple game scenarios. For Study 1, the sessions 

involved text-based natural language interaction with a game character in 

Minecraft, operated as a Wizard of Oz prototype (see Section 3.3.2). For Study 4, 

the sessions involved voice and non-voice gameplay with three different 

commercially published videogames. Data was collected through a combination 

of direct observation, system logs and interviews (see Section 3.3.3). The 

following sections will discuss the methodological considerations of each of these 

factors. 

Observation in a controlled environment 

Lab-based studies provide several benefits for observational research. They allow 

for controlled comparisons, by minimising the variance between sessions and 

conditions to isolate the cause of any observed differences. They enable the 

researcher “to investigate use of technology without deploying it, to compress 

time and thereby study infrequent phenomena, to study interaction that would 

otherwise be unethical or impossible to obtain data about, to control external 

factors, and to collect fine-grained data” (Hornbæk, 2013, p. 6). These factors 

made the controlled-environment observation approach well suited for Study 1 

and Study 4, as the aim of these studies was to produce a detailed comparative 

analysis of players’ experiences with multiple uncommon forms of gameplay. 
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As an additional benefit, the lab setting also allowed me to control the degree of 

privacy with which the games were played. While privacy was not a significant 

ethical concern, prior research has shown that participants may find voice 

interaction embarrassing in the presence of other people (Carter et al., 2015; 

Williamson, 2011). As a result, the presence of others was a factor of interest in 

this research. Study 4 utilised the controlled lab study design to ask participants 

to perform different types of voice gameplay in the presence of two people: myself 

as the researcher, and one other participant. This generated a number of insights 

into the social psychology of voice gameplay, which are detailed in Chapter 7. 

The benefits of a lab study come at the cost of external validity. The artificiality of 

the lab environment and the potential for social desirability bias introduced by 

the observing researcher can mean that participants behave differently than they 

would during an unobserved interaction (Gergle & Tan, 2014, p. 195; Sharp et al., 

2019, p. 301). Gergle and Tan (2014, p. 195) note three strategies to mitigate these 

issues, each of which was employed in one or both of the observational studies as 

discussed below. 

The first strategy is to make the participants’ task match as closely as possible to 

the reality of the activity that it is intended to recreate. To this end, both lab 

studies used commercially published videogames rather than custom research 

prototypes, and involved gameplay tasks that matched the normal goals and 

structure of gameplay in those games. In Study 4, the study room was furnished 

and decorated as a domestic lounge room, with comfortable sofas, pot plants, 

bookshelves, board games, a coffee table and a television. In Study 1, the study 

room was furnished as an office environment, but decorated with toys and props 

that represented objects from Minecraft, the videogame used in the study, to 

create a more relaxed feel. 

The second strategy is to choose participants who are similar to those who would 

normally undertake the task, outside the research context. For Study 1, 

participants were recruited from a demographic group (11–15 year olds in 

England) among which Minecraft is almost ubiquitously played, based on a 

consultation with a senior developer on the game. For Study 4, there was no clear 

profile of a typical voice game player, and so participants with a range of ages, 

genders and gameplay experience levels were recruited (see Chapter 7 for further 

details). 

The third strategy is to assess how closely the behaviours observed in the lab 

reflect behaviours observed in the field. Prior to Study 4, I had conducted 

extensive analyses of video recordings and written reviews of voice gameplay for 

Study 2, Study 3 and an additional grounded theory method study of voice 

gameplay on which I was a co-author (Carter et al., 2015). As a result of this 

experience, I was able to verify that the behaviour and attitudes observed in Study 
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4 were a good match for behaviours and attitudes observed outside the lab 

settting. 

The knowledge gained from prior studies also meant that I began the research 

with preconceived expectations about what the findings might be, and these 

expectations may have the influenced the research outcomes. From a positivist or 

postpositivist perspective, such influences are sources of bias that ought to be 

minimised through precautions in the data collection and analysis processes. For 

example, the original formulation of grounded theory method (GTM) instructs 

researchers not to read anything that might influence their interpretation of the 

research object before they conduct the research: “literally to ignore the literature 

of theory and fact on the area under study, in order to assure that the emergence 

of categories will not be contaminated” (Glaser & Strauss, 1967, p. 45). From a 

constructionist perspective, there is no such “uncontaminated” perspective to 

protect, because the researcher’s existing mental constructions are the only tools 

by which they can construct an understanding of any phenomena, and these 

constructions are always socially and experientially based (Guba & Lincoln, 1994, 

pp. 110–111). As Thornberg notes, attempting to preserve an unbiased perspective 

is only likely to prevent the researcher from admitting to biases that they 

inevitably have—not to mention the practical problem that Glaser and Strauss’ 

dictum “makes it impossible for researchers to conduct studies in their own areas 

of expertise which appears odd and counter-intuitive” (Thornberg, 2012, p. 244). 

The appropriate way to address one’s preconceptions as a constructionist 

researcher is to acknowledge them and to be reflexive in considering how they 

may have influenced the research findings, as I have sought to do in this thesis. 

External factors must also be considered when evaluating the findings of the 

participant observation studies. Study 1 and Study 4 were conducted in relatively 

formal settings, under visible observation, and under instruction rather than 

through spontaneous play; each of these is likely to have had some effect on how 

the participants interacted with the games, how they interpreted the gameplay 

experience and how they spoke about it afterwards. The controlled lab study 

approach was effective in generating insights into voice interaction and 

conversational interaction gameplay, and particularly for allowing close 

comparisons between different modalities of gameplay, but it would be valuable 

for these insights to be further investigated and validated through more 

naturalistic inquiry. 

Interaction logs 

In addition to direct observation and video recordings, participant behaviour can 

be observed indirectly through interaction logs. Interaction logs are records of 

participants’ specific interactions with a system, such as their key presses, mouse 

movements, task-flow sequences or activity durations (Sharp et al., 2019, pp. 

299–300) As a data generation method, interaction logging has the benefit of 
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being unobtrusive, allowing a large volume of information to be collected about 

users’ behaviour without interrupting the flow of their activity. 

Study 1 used interaction logs to record participants’ natural-language dialogue 

with a game character in Minecraft. Messages to and from the character were sent 

through the game’s built-in text chat console. These messages were recorded and 

saved as a plain text file at the end of each session, for later analysis (see Section 

3.3.5). 

3.3.2 Wizard of Oz method 

The Wizard of Oz method is an approach to prototyping and evaluating an 

interactive system, in which the system is presented to research participants as 

being fully automated, but some of its workings are operated in secret by a 

human researcher (Kelley, 1984). The method was originally developed to study 

user interactions with natural language systems (Gould et al., 1982; Green & Wei-

Haas, 1985; Kelley, 1983), and it has since become widely used to study user 

interactions with other types of systems, including embodied AI agents 

(Goodrich & Schultz, 2007; Maulsby et al., 1993; Riek, 2012). Originally designed 

for use in an iterative fashion over several cycles of prototyping and development 

on a single system (Kelley, 1984), the method has since become commonly used 

in single-cycle studies to evaluate or explore user responses to a certain type of 

system design (Riek, 2012, p. 129). 

The Wizard of Oz approach presents several benefits. It allows researchers to 

rapidly prototype and test “hypothetically possible systems” (Clark et al., 2019, p. 

6) that would be prohibitively expensive, time-consuming or difficult to construct 

in reality. It enables researchers to collect samples of human-computer dialogue 

(or other interaction data) that are representative of what a future system will be 

built for, effectively reversing the normal construct-then-test pipeline to allow the 

system’s design to be informed by “real” user inputs from an early stage (Dahlbäck 

et al., 1993, p. 259). It is particularly suited to natural language applications, as it 

allows an application to be tested with users without the constraints of a flawed 

and inflexible speech recognition or language processing system, thus isolating 

usability issues that are not attributable to those subsystems. 

Study 1 utilised the Wizard of Oz approach to simulate a virtually embodied AI-

driven game character in Minecraft, who could respond to natural language text 

inputs and adapt its behaviour over time based on player instructions. To ensure 

the interaction was a fair representation of a plausible near-future gameplay 

scenario, the behavioural script for the prototype game character was based on 

extensive background research, which included: reading literature review papers 

on artificial intelligence in games (Yannakakis, 2012; Yannakakis & Togelius, 

2015), natural language processing (Dahl, 2013; Picca et al., 2015; J. O. Ryan et al., 

2015; Zagal et al., 2012), human-robot interaction (Goodrich & Schultz, 2007; 
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Kahn et al., 2008; Lallée et al., 2010; Riek, 2012) and interactive machine 

learning (Amershi et al., 2014; Knox et al., 2012); consulting with experts in 

commercial game AI (two senior game developers) and machine learning (my co-

author and project supervisor, Katja Hofmann); and examining various existing 

examples of language-based assistant AI characters for games like Minecraft. 

The aim of Study 1 is not to create a perfect representation of what natural-

language-based gameplay interactions will look like in the near future. Rather, as 

Dahlbäck et al. (1993) suggest, it was to use the Wizard of Oz approach to collect 

information about how humans respond to such a system, so that these reactions 

can be taken into account for future developments in natural language gameplay 

(and, in the context of this thesis, to provide insights into language-based 

gameplay more generally that connect with the research on voice gameplay). 

3.3.3 Semi-structured interviews 

The interview is a core method of data generation in HCI (Sharp et al., 2019, p. 

260) and games research (Bromley, 2018; Cote & Raz, 2015). It has been defined 

simply as “conversation with a purpose” (Bingham & Moore, 1959, p. 3). 

Interviews can be conducted in a multitude of ways: in person or remotely; 

verbally or through text dialogue; with individuals or with groups; in a single 

session or across multiple sessions; structured, semi-structured or unstructured 

(Fontana & Frey, 2005, p. 361). Unstructured and semi-structured interviews are 

a powerful tool for gaining insight into topics that research participants know a 

great deal about (Charmaz, 2014, p. 29), and particularly for understanding how 

their social worlds look from the inside (Miller & Glassner, 2010, p. 137). For 

games research, interviews “offer one of the only ways to understand players’ 

motivations, [and] their understanding of mechanics or features in the game” 

(Bromley, 2018, p. 163). In comparison to other methods of generating player 

data, such as surveys and gameplay logs, interviewing allows an unparalleled level 

of depth and detail about each individual player’s thoughts, at the cost of being 

time-intensive and labour-intensive per participant (Cote & Raz, 2015, p. 95). 

In-depth, semi-structured, face-to-face interviews were the primary method of 

data generation used in Study 1 and Study 4. This choice was informed by the 

research questions for these studies as well as the overall epistemological stance. 

As the research questions for these two studies were broad and exploratory—

asking how players respond to, make sense of and experience different forms of 

gameplay—it was important to allow for insights to emerge that the researcher 

did not anticipate in advance. Unstructured or semi-structured interviewing is 

suitable for this, as its lack of rigid boundaries enables the researcher “to 

understand the complex behavior of members of society without imposing any a 

priori categorization that may limit the field of inquiry” (Fontana & Frey, 1994, p. 

366). This accords with the constructionist epistemology of the research, as it 

positions the interviewer as being in conversation with the interviewee, 
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collaboratively constructing an account of their experience, whereas a positivist 

approach would aim to record the interviewee’s words from a neutral perspective 

(Miller & Glassner, 2010, p. 131). 

That is not to completely discount my influence as an interviewer, whose 

preconceptions and aims are reflected in the questions that I chose to ask. For 

both Study 1 and Study 4, I used a loose interview structure that began with 

broad, non-specific prompts for the participant to describe their experience of the 

gameplay, followed by progressively more specific questions that focused in on 

the research questions if the participant did not address them more 

spontaneously. However, I adapted my questions to the flow of each session, by 

adding questions about specific events that had occurred or remarks that were 

made during gameplay, and by probing for further explanations when a 

participant made an observation that was outside the scope of the planned 

interview. More specific details about the interview approach are provided in 

Chapter 4 and Chapter 7. 

In Study 1, I encouraged participants to vocalise their thoughts during the 

gameplay sessions, in accordance with the “think aloud” protocol that is 

commonly used in HCI research (Sharp et al., 2019, p. 524). I did not give this 

instruction in Study 4, as the participants needed to use their voices to interact 

with the game system; requiring them to alternate between voice commands and 

verbal commentary would have added a confounding complication to the 

research. By conducting semi-structured interviews immediately after gameplay, 

and prompting the participants with questions about specific events that had 

occurred during the gameplay, I was able to gain a relatively fresh account of their 

experiences without the use of the think-aloud protocol. 

Reflections on my role as an interviewer 

My own capabilities and tendencies as an interviewer will have inevitably 

influenced the outcomes of the research. Prior to my graduate studies, I worked 

for several years as a market researcher, in the course of which I conducted 

numerous interviews and focus groups. From this experience, I developed skills 

in building rapport with interviewees, balancing a structured approach with 

following new threads in the conversation, and taking shorthand notes while 

remaining visibly attentive to what the interviewee is saying. These skills helped 

to ensure the interviews were productive. 

However, Study 1 presented new challenges for me as an interviewer. I had not 

previously interviewed middle-school-aged children, as I did in that study. While 

all interviews have an imbalanced social dynamic, due to the inherent asymmetry 

in the roles of the interviewer and the interviewee, the effect was heightened in 

Study 1 by the fact that I was an adult interviewing children and young teenagers. 

I found it relatively difficult to build rapport, particularly in the short time-frame 

of the lab study. I also noticed that I needed to adjust my communication style 
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(question wording, speed, tone of voice, body language, physical proximity, use of 

props and so on) substantially between participants, tailoring my interviewing 

approach to what I sensed the individual participant was most comfortable with. 

This may have limited the richness and depth of insight I was able to gain in this 

study—although many of these young participants did provide interesting 

comments, as detailed in Chapter 4. 

3.3.4 Thematic analysis 

A central challenge for qualitative research is how to synthesise diverse data to 

produce findings and theories, in the absence of the kinds of mathematical 

methods that underpin quantitative analysis. Qualitative methods allow a 

researcher to explore a topic in depth by examining the complexities of the 

research data in a manner that goes beyond measurement and testing (Creswell, 

2014, p. 4); but it is neither practical nor meaningful to simply describe such data 

in its totality. The researcher must form interpretations about what the data 

means, and codify those interpretations into findings that will be meaningful to 

other people. Qualitative research in general, and qualitative research under a 

constructionist-interpretivist paradigm in particular, acknowledges that the 

researcher acts as the primary instrument of analysis by constructing their own 

interpretation of the data (Creswell, 2014, p. 185). This means that a qualitative 

analysis is always in some sense idiosyncratic to the researcher’s perspective, but 

by following a structured analysis process, the researcher can ensure that they 

approach the data methodically, and limit the natural human tendency to assume 

that datapoints fit their preconceptions. A structured process also allows the 

researcher to expose their decision-making framework so that readers can 

evaluate the validity of their claims (Braun & Clarke, 2006, p. 93; Creswell & 

Miller, 2000, p. 128). 

The core analysis method used in Study 1 and Study 4 was thematic analysis. 

Thematic analysis is a method for identifying patterns of meaning in a dataset, 

variations of which have been employed in qualitative research for decades. The 

specific form of thematic analysis used in these studies was reflexive thematic 

analysis (Braun & Clarke, 2019), codified by Braun and Clarke (2006) as a series 

of six steps or phases, outlined in Table 3.2. The researcher proceeds through 

these six steps sequentially, but in a recursive process, such that they often loop 

back to an earlier step to iterate upon their previous work (Braun & Clarke, 2006, 

p. 86). 
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Table 3.2 Phases of thematic analysis (from Braun & Clarke, 2006) 

Phase Description of the process 

1 Familiarising yourself 
with your data 

Transcribing data (if necessary), reading and re-reading the 
data, noting down initial ideas. 

2 Generating initial 
codes 

Coding interesting features of the data in a systematic 
fashion across the entire data set, collating data relevant to 
each code. 

3 Searching for themes Collating codes into potential themes, gathering all data 
relevant to each potential theme. 

4 Reviewing themes Checking if the themes work in relation to the coded 
extracts (Level 1) and the entire data set (Level 2), 
generating a thematic ‘map’ of the analysis. 

5 Defining and 
naming themes 

Ongoing analysis to refine the specifics of each theme, and 
the overall story the analysis tells, generating clear 
definitions and names for each theme. 

6 Producing the report The final opportunity for analysis. Selection of vivid, 
compelling extract examples, final analysis of selected 
extracts, relating back of the analysis to the research 
question and literature, producing a scholarly report of the 
analysis. 

  

Braun and Clarke (2006, pp. 83–85) note three main variations within thematic 

analysis: inductive or deductive code development, semantic or latent code 

content, and essentialist/realist or constructionist epistemology. Study 1 and 

Study 4 used primarily inductive code development, a bottom-up approach in 

which codes are created in response to the data rather than according to a pre-set 

coding scheme. This reflects the research aims, which in both cases were to 

understand how players would respond to an unusual form of gameplay. 

Inductive code development allowed for the development of a new, holistic 

understanding of the subject grounded in the data, rather than only collecting 

answers to specific questions based on a pre-existing theory. The content of my 

codes was primarily semantic, in that it described the patterns that I saw directly 

in the data, and reserved theorising about the implications of those patterns for a 

later stage of analysis. 

The epistemology requires some further discussion. My overall epistemology in 

this research is constructionist, as explained in Section 3.2. However, the themes 

that I have developed more closely resemble the types of themes that Braun and 

Clarke describe as characteristic of an essentialist/realist epistemology, in that 

they report “experiences, meanings and the reality of participants” (2006, p. 85) 

and do not examine “the ways in which events, realities, meanings, experiences 

and so on are the effects of a range of discourses operating within society” (2006, 

p. 81). The discrepancy, as I understand it, comes from assumptions about the 
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object of study. Braun and Clarke write about performing thematic analysis in the 

discipline of psychology. In psychology, where the object of study is internal 

psychological processes, a “social constructionist approach” is by definition 

concerned with the way in which human experiences are socially produced, and 

this defines what the researcher can meaningfully examine. The studies in 

Chapters 4 and 7 do concern players’ experiences, but only insofar as those 

experiences are externally expressed in the participants’ words and actions. That 

is to say, for the purposes of these studies I am not concerned with how the 

meanings that participants ascribed to their experiences arose; but I do approach 

the research from the constructionist epistemological position, by which I 

acknowledge that both the participants’ descriptions of their experiences and the 

concepts that I use to describe them are socially constructed phenomena, 

inescapably contingent on meanings that have emerged from social interactions 

(Crotty, 1998, p. 42). 

On inter-rater reliability 

Inter-rater reliability is a statistical measure of the level of consistency with which 

two or more people coded the same dataset (McDonald et al., 2019, p. 2). A 

metric with roots in positivist research, it is intended to demonstrate whether the 

findings of an analysis are replicable across coders—a type of reliability that 

Krippendorff terms “reproducibility” (2004, p. 215). Although there were two 

coders for the thematic analysis in Study 4, we do not report an inter-rater 

reliability score for this study. This is in accordance with the guidelines set out by 

McDonald et al. (2019), who state that inter-rater reliability is not suitable for 

inductive analyses, in which the objective is to develop emergent themes or 

theories, nor for analyses in which one coder has particular expertise in the 

subject matter. Both of these conditions are applicable in the case of Study 4. 

Chapter 7 explains the process that was followed to reach a consensus on the 

research themes, which alternated between phases of independent coding and 

inter-coder discussion. 

3.3.5 Content analysis 

Content analysis is a research method that involves categorising media texts and 

other forms of qualitative data, and then systematically analysing the frequency 

and distribution of categories within the dataset (Sharp et al., 2019, p. 332). It was 

originally intended to be a strictly quantitative technique, with roots in a method 

for reducing the contents of newspapers to countable variables that was known as 

“quantitative newspaper analysis” (Krippendorff, 2004, pp. 3–17). Modern 

variations on this quantitative approach continue to abound in the digital age, 

with online media providing effectively endless sources of data about human 

communication behaviours to be analysed (McMillan, 2000). 

Content analysis now appears in qualitative as well as quantitative forms. The 

distinction between the two is not entirely clear-cut; Krippendorff argues that 
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content analysis is always partly qualitative, since “all reading of texts is 

qualitative, even when certain characteristics of a text are later converted into 

numbers” (Krippendorff, 2004, p. 16). In general terms, however, “qualitative 

content analysis” describes an approach that involves a greater focus on close 

interpretation than frequency analyses of counted variables (Mayring, 2004). 

Study 1 used qualitative content analysis to provide an overview of research 

participants’ dialogue with a game character through a text interface. The 

variables included surface-level attributes of the text, such as the length and 

grammatical structure of each messages, as well as implicit attributes, such as the 

intended speech acts that each message performed. The content analysis 

provided a basic description of what the participants had done during the study, 

which was supplemented by a thematic analysis of the interviews to ascertain 

what the participants had been thinking and how their attitudes had informed 

their actions. 

3.3.6 Frame analysis 

Frame analysis (Goffman, 1974) is a dramaturgical approach to understanding 

everyday social situations, in which people’s interaction is understood through a 

broad metaphor of theatre. Goffman argued that just as actors on the stage 

reproduce a script, so social situations are enacted and experienced as 

instantiations of more general patterns. Goffman referred to these shared 

patterns for understanding social situations as “frames”. A frame could be 

anything that provides an answer to the question “What is it that is going on 

here?” A major innovation in Goffman’s approach, relative to other conceptions of 

social patterns, is the observation that situations can be multiply framed. On 

seeing a chess game, for example, we may answer the question “What is it that is 

going on here” at different levels, by responding that people in the situation are: 

moving pieces of wood; playing chess; striving to prove their intellectual 

superiority; or that one person is distracting the other while their house is being 

burgled. In Goffman’s terms, an “original” or “primary” behaviour of moving 

pieces of wood is transformed by the frame of chess, then transformed again by 

the frame of a battle of intellect, and finally transformed by the frame of a 

diversion for a home burglary. Frames in which all participants are mutually 

aware of the framing are described as “keys”, and the process of creating them as 

“keying”, by analogy to musical keys (Goffman, 1974, pp. 43–45). Frames in which 

some participants are not aware of the framing, such as the deceptive home 

burglary frame above, are known as “fabrications” (Goffman, 1974, p. 83). 

Among social science methods, frame analysis is unusually well-suited to the 

study of gameplay. It is a research approach explicitly designed to illuminate the 

layers of role-playing in which people engage, and gameplay is a situation in 

which people take on particularly well-defined and distinguished roles. Goffman 

himself referred to gameplay extensively in his writings (Goffman, 1961, 1974), 
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and a considerable number of scholars have continued to do so in subsequent 

years. 

Fine (1983) adapted frame analysis to the study of role-playing games, identifying 

how Dungeons & Dragons players alternate between a fantasy frame and a 

primary frame of real life. Fine identified two reframings in this situation: the 

original social behaviour of a person was reframed into that of a player, which was 

reframed again into the activity of a game character. An important observation 

was the way people moved rapidly between frames, sometimes marked by subtle 

shifts in spoken style to signify the role-playing frame (“What be the date?” “It’s 

the end of Langala.”) or the primary framework of the untransformed social 

situation (“No, in this world.” “August tenth.”) (Fine, 1983, p. 202). 

In more recent years, researchers have further adapted both Goffman and Fine’s 

work to the study of digital games. Deterding (2009) offered frame analysis as a 

theory to explain the so-called “magic circle” (Salen & Zimmerman, 2004, p. 95) 

boundary that differentiates the rules governing gameplay from the rules 

governing ordinary social behaviour. Linderoth (2012) applied frame analysis to 

role-players in an online game, and found that the technologically mediated 

nature of online gameplay created tensions between the untransformed frame of 

the game and the fantasy frame of the imaginative role-playing, which required 

effort on the part of the players to overcome. Building upon all of the above, 

Conway and Trevillian (2015) proposed an ontological model that separates the 

event of gameplay into three frames: the Social World, Operative World and 

Character World. 

Study 4 employed frame analysis as an interpretive framework for understanding 

player responses to voice gameplay. The research provides an empirical validation 

for the model proposed by Conway and Trevillian (2015), and builds upon that 

model to form the core of one of the main contributions of this thesis (see 

Chapter 8). Frame analysis did not provide a “method” for the research per se. 

Goffman was infamously vague about the details of his research approach; so 

much so that an author of several books about the sociologist commented that 

“Many would question whether Goffman had a method in any of its usual senses” 

(Smith, 2006, p. 11). Consequently, Study 4 used thematic analysis as the core 

method for organising and analysing the data, and frame analysis as the 

theoretical lens through which to interpret the initial findings. 

3.4 Research methods for studying games as designed artefacts 

This section describes and discusses the research methods used in Study 2 

(Chapter 5) and Study 3 (Chapter 6), which focused on voice games as designed 

artefacts. It begins with a discussion of design research and the use of paratexts, 

and continues with an overview of historical analysis, media archaeology and 
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design pattern analysis. The research methods used to study voice gameplay as an 

activity are described in Section 3.3. 

3.4.1 The study of artefacts as designed 

Study 2 and Study 3 involved direct analyses of games as designed artefacts. In 

both studies, the core method of data generation was to compile a database of 

information on previously published voice games by examining the games 

themselves and secondary information about the games. The database included 

commercially published games for entertainment, serious games for education 

and training, research prototypes described in academic papers, small games by 

independent hobbyist programmers, microgames produced in a weekend at game 

jams, fan-made modifications (“mods”) for existing games, and several voice 

control software systems marketed for use with digital games. Detailed 

information about each game was added to the dataset according to the needs of 

the two studies. 

This type of research has been labelled in various ways. In HCI, it has been 

described as the study of “the artefact as designed” (Dix et al., 2003, p. 79) or 

“archaeologically-inspired artefact analysis” (Dix et al., 2003, p. 79). In the field of 

Design Research, it has been described as “design phenomenology” (N. Cross, 

1999, p. 6). Under either title, its purpose is the same: to interpret the knowledge 

that is implicitly encoded in the end product of a design process, “in the forms 

and materials and finishes which embody design attributes” (N. Cross, 1999, p. 6), 

as opposed to the knowledge that can be drawn from designers, users and design 

processes. 

Initially, I conceived of a small study of voice games-as-designed as a preliminary 

step to be undertaken before the “real” research on voice gameplay. However, once 

I began the process, I discovered that there was a great deal to learn from past 

voice games, which reflected important lessons about the history of the format 

and the variety of ways in which voice input has been used in digital games. I also 

found that these topics had not been the subject of any substantial reporting, 

either in the academic literature or in the wider world of professional and 

hobbyist games media. To study voice gameplay without first establishing a 

thorough understanding of voice games would be to build a house without a 

foundation; any conclusion drawn from a particular configuration of gameplay 

could turn out to be either irrelevant to real-world game design, or already 

anticipated and solved by designers of existing games. Furthermore, the process 

of documenting, narrativising and codifying voice games was an inherent 

contribution to knowledge in this design space. 

Paratexts 

The term paratext was coined by the literary theorist Genette (1997), originally to 

describe the parts of a printed work that are not the main text, such as a book 
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cover, table of contents and appendix (Genette & Maclean, 1991). It was 

introduced to game studies by Consalvo (2007, 2017), who applied the concept to 

the secondary industries that had sprung up around digital games: “Gaming 

magazines, strategy guides, mod chip makers, the International Game Exchange, 

Even Balance and other companies” (2007, p. 9). The term has since been used in 

game studies primarily to refer to secondary media that are about specific games, 

such as online forum posts (Iacovides et al., 2013), patch notes (Paul, 2010) and 

gameplay videos (Carter, 2015). 

To put together the database on voice interaction game design, I drew upon a 

large variety of paratexts about voice games. The primary paratexts were an 

assortment of scholarly papers and books, game manuals, game-related 

promotional materials, gameplay videos, game reviews, wikis, strategy guides and 

online forum posts. Details about the processes used to identify and select these 

sources are included in the published papers in Chapter 5 and Chapter 6. 

These paratexts were used to compile a detailed description of the presentation 

and voice gameplay functionality of games that were impractical or impossible to 

play directly. Sources that provided unfiltered information about the game’s 

design, such as lightly edited “Let’s Play” gameplay videos (see Glas, 2015) and 

game manuals, were prioritised over sources that provided second-hand 

accounts, such as game reviews and forum posts. Wherever possible, information 

was triangulated from multiple sources to ensure that the details recorded about 

each game were accurate. 

The majority of the sources consulted were in English. However, I made efforts to 

search for sources in other languages—mostly through Metacritic, a review 

aggregator website that collects game reviews in several languages. I used Google 

Translate to interpret these sources. The games themselves were primarily 

available in English, often alongside one or more versions in other languages. 

Only a few dozen games were available solely in a language other than English, 

primarily either Japanese or a different European language. 

3.4.2 Historical analysis 

Study 2 used the information compiled about voice games to conduct a history of 

voice game design, under the aegis of media archaeology. The process that was 

used to search and select games for analysis in Study 2 is described in the 

published article (see Chapter 5). 

Media archaeology 

Media archaeology is somewhat difficult to introduce. Scholars in the field 

acknowledge that “there is no general agreement about either the principles or 

the terminology of media archaeology” (Huhtamo & Parikka, 2011, p. 3). It has 

been described as a “travelling discipline” (Parikka, 2012, p. 15), as it has not 
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found a home within any one parent discipline—and this is reflected in a 

deliberate avoidance of prescriptive methodologies. The common thread that 

holds media archaeology together is a focus on the overlooked histories of current 

media cultures. Media archaeology seeks to understand the influences and 

alternative pathways that have influenced present media, but have been 

disregarded in the standard narrative. As part of this, media archaeologies often 

investigate “failed” and “dead” media formats as case studies, putting these 

mostly forgotten cases on equal footing with more successful media as a basis for 

understanding present culture through the lens of the past (Parikka, 2012, pp. 12–

14). 

While media archaeology often involves a narrow but in-depth analysis of a small 

number of case studies, Study 2 presents a history of voice games that prioritises 

encompassing the entire breadth of the format, which precludes it from exploring 

in depth aspects such as the media-cultural contexts in which the games were 

developed. According to the typology of game histories proposed by Suominen 

(2016), it is a genealogical and pathological history: genealogical in that it maps 

the lineages and categories of voice interaction game that have appeared at 

different times; and pathological in that it puts forward an explanation of why 

voice interaction games developed in the ways they did, with reference to material 

preconditions and conceptual antecedents. It focuses on identifying trends and 

links between games based on their chronology, genre, geographic area of 

production and technological platform. 

Primary and secondary historical sources 

The quality of historical research depends to a large extent on the quality of its 

sources. One of the most important distinctions to consider is between primary 

sources and secondary sources. Primary sources are “original unfiltered evidence” 

(Benjamin, 2006, p. 27): first-hand accounts or recordings from contemporary 

witnesses. Reliable primary sources are the sine qua non of historical research, as 

they are the closest a scholar can get to a direct observation of a past situation or 

object. As Marwick bluntly states: “historical work is generally esteemed serious 

and scholarly to the extent that it is properly based on the primary sources” 

(Marwick, 1989, p. 199). Secondary sources are those that report on a situation or 

object indirectly. They have an important role in historical research as a guide to 

the topic, a map of the historical territory to steer the historian’s search, and a 

source of alternative perspectives to triangulate an understanding of the subject 

(Benjamin, 2006, p. 28; Marwick, 2001, p. 26), but do not carry the same weight 

as primary sources. 

The difference between primary and secondary sources is not always clear-cut, 

particularly in histories of media. Marwick (2001, p. 156) draws a broad 

distinction based on contemporaneity, in which primary sources are those 

created within the time period that is being studied. He encapsulates this in a 
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simple maxim: “Rule number one: look at the date!” (2001, p. 27, emphasis in 

original). Benjamin (2006, p. 26) draws a finer distinction, illustrated with the 

example of a news report: a written report from a direct eyewitness to an event is a 

primary source for that event, but a report that draws its information from the 

accounts of other people is a secondary source; however, the latter would be a 

primary source if the object of study is the journalistic coverage of the event, or 

the individual journalist. Benjamin’s definition and Marwick’s definition appear 

to be in conflict. However, the apparent disagreement can be resolved by taking 

into account their implied objects of study. Marwick writes of historians studying 

a time period rather than a specific event or object; anything from that time 

period is therefore a direct record of some part of the subject. In contrast, 

Benjamin refers to the study of a specific event. This shows that, although it is 

simple enough to define primary sources as those that provide direct evidence, 

determining what constitutes direct evidence requires some consideration. 

Study 2 and Study 3 used five main categories of primary sources to understand 

the design of each game: the game itself, video recordings of the game, the game 

manual, game reviews and academic papers. I prioritised examining the game 

itself over other sources, but as the work encompassed more than 400 games by 

the completion of Study 3 (many of which required specific platforms to operate), 

I was able to play only around one in ten of the games directly. For most of the 

games in the dataset, I was able to find multiple video recordings by different 

players on YouTube, often in the form of “Let’s Play” videos (see Glas, 2015), 

which provided direct evidence of how the game operated. The publisher’s 

website often provided written manuals for the game that detailed its 

functionality, including its voice interaction affordances. The publisher’s website 

often provided a written manual for the game that detailed its functionality, 

including voice interaction affordances. Game reviews provided direct, first-hand 

accounts of most of the games in both studies; reviews from professional game 

journalists and critics were prioritised first, followed by user reviews on websites 

such as Steam and Metacritic. Finally, for the games that were produced as part of 

an academic research project, the main source was usually a peer-reviewed, 

published article by the researchers who had developed the game and conducted 

some form of evaluation. Academic books and papers also provided first-hand 

accounts of a small number of commercial voice games, including details of their 

design and functionality. These primary sources were supplemented by a variety 

of websites that aggregated information about games, ranging from large wikis 

such as Wikipedia and Giant Bomb to game discussion forums such as 

GameFAQs and NeoGAF. Those secondary sources were particularly useful for the 

initial identification of new voice games. 

3.4.3 Design pattern analysis 

For Study 3, the research aim was to understand major design variations across 

the category of voice games, rather than lineages and historical phases that 
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connected games across time. The core approach was similar to Study 2, in that it 

involved the creation of a large database of published games that featured VOICE 

aspects. The number of games in the database was nearly doubled, from 247 in 

Study 2 to 471 in Study 3. This reflected several factors: the inclusion of more 

academic research prototypes and other types of serious games; a large spike in 

the number of voice games published in the year after the end of data collection 

for Study 2; and the addition of 37 games that I had overlooked in the previous 

study (mostly small web-based games by independent game makers, plus several 

games published only in Japanese that were not well known outside Japan, and a 

handful of English-language commercial games). The process used to search and 

select games for Study 3 is described in the published article (see Chapter 6). The 

full list of voice games analysed is included in Appendix B. 

For each game in the database, the following information was collected and 

recorded for Study 3: 

• The year in which it was first published 

• Whether or not it was developed as part of an academic research project. 

• The type of platform for which it was designed (e.g. “mobile” or “PC”) 

• The primary videogame genre to which it belongs (e.g. “sports” or “RPG”) 

• How central voice input is to its overall design (e.g. “central feature” or 

“optional alternative control scheme”) 

• Whether it uses verbal or non-verbal voice input 

• The general type of speech act that its voice input enables (e.g. 

“command” or “singing”) 

• Whether it frames voice inputs as coming from the player (i.e. from 

outside the diegetic gameworld) or a player-character (i.e. a character that 

exists within the diegetic gameworld) 

• The type of recipient to whom the player speaks (e.g. “a non-player 

character” or “the game system itself”) 

• A summary description of the voice-operated gameplay mechanisms 

Based on these features, I conducted an iterative process of open coding 

(functionally equivalent to the inductive thematic analysis procedure described in 

Section 3.3.4) to develop a pattern language that describes the major variations 

that observed within this population of games. 

A pattern language is a framework for identifying, cataloguing and describing 

common variations in a design field. The concept was first advanced by Alexander 

and colleagues (1977) in architecture and urban planning, and has since been 

used in various fields including software engineering (Gamma et al., 1995), 

interaction design (Borchers, 2001), human-computer interaction (Pan & 

Stolterman, 2013) and game design (Björk & Holopainen, 2004). A pattern 

language is a “vocabulary” of individual design patterns. Each design pattern is a 

formalised explanation of a reusable approach to a design challenge, typically 
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illustrated with one or more real-world exemplars. Other elements of a design 

pattern vary, but they typically include an idiomatic title, an explanation of the 

circumstances in which the pattern may be used, a description of what the 

pattern entails in practice, and an explanation of how the pattern overlaps with or 

connects to other patterns from the same pattern language. 

The purpose of a pattern language is to provide designers and researchers with a 

set of reusable solutions to design problems. There is some debate over whether 

these “solutions” should be prescriptive rules, based on normative value 

judgements about what designers should be trying to achieve, or descriptive 

showcases, which simply communicate one possible approach to a design problem 

without implying that it is correct or preferable to other approaches. The original 

pattern language of Alexander et al. (1977) was certainly prescriptive, and the 

merits of a prescriptive approach to game design patterns has been championed 

by Dormans (2013) and McGee (2007). However, researchers in game studies 

have commonly declined to put forward normative pattern languages, and 

instead presented pattern languages as records of common design approaches. 

The precedent for this was set by Björk et al., who were among the first to apply 

the pattern language approach to game design, and who argue that framing 

design patterns as problem-solving tools makes them inappropriate for use as 

analytical tools: “not all aspects of design can or should be seen as solving 

problems, especially in a creative activity such as game design which requires not 

only engineering skills but also art and design competences” (2003, p. 183). 

Accordingly, Björk et al. adapted and redefined Alexander et al.’s original pattern 

template for use in game studies. 

The design patterns presented in Chapter 6 follow a slightly simplified version of 

the template developed by Bjork et al. (2003). This fits with the constructionist 

epistemology under which I have approached this research. For a constructionist 

researcher, any argument about how well a design solution works is bound to the 

perspective from which the judgement was made, and so it is not possible to 

justify a universal judgement that a certain design solution is generally preferable 

to others. 

3.5 Summary of the research design 

The preceding sections of this chapter have described the methodological 

foundations of this thesis and the research methods that it has employed. This 

section concludes the chapter with a synopsis of the four studies, outlining the 

research questions and research methods that are specific to each one. 



Methodology 

53 

3.5.1 Study 1: Natural Language Gameplay 

The first study was an exploratory investigation of how players engage in 

conversational interactions with a game character, and what sort of attitudes and 

expectations this might elicit. The study was designed to answer Research 

Question 1: 

RQ1 How do players make sense of and interact with a game character 
that responds to natural language text? 

A Wizard of Oz prototype of a plausible near-future artificially intelligent game 

character was designed based on a review of recent literature in game AI, natural 

language processing, human-robot interaction and interactive machine learning. 

The details of this process and the study method are described in Chapter 4. 

Participants aged 11–15 (n=18) were recruited to play a game scenario that involved 

conducting collaborative tasks with the character in the sandbox videogame, 

Minecraft. A qualitative content analysis was performed on logs of the in-game 

messages to construct a detailed account of how the players used natural 

language to interact with the game character. Semi-structured interviews were 

also conducted with the participants. A thematic analysis of the interviews and 

gameplay recordings produced a set of themes that explain the attitudes, 

expectations and concerns that informed the players’ actions. 

3.5.2 Study 2: Voice Game History 

The second study was a historical analysis of voice games as a media format, 

conducted under the rubric of media archaeology. The study was designed to 

answer Research Question 2: 

RQ2 What is the historical lineage of voice game design and what are the 
major influences that have shaped it? 

An extensive array of primary and secondary sources (see Section 3.4.2) were 

analysed to construct a database of information about 247 voice-operated 

videogames, published between 1973 and 2016. Chapter 5 presents a narrative 

history of voice games based upon this database, which describes seven distinct 

historical phases of voice game design distinguished by a combination of time 

period, design focus and geographic centres of activity. It  

identifies an ebb-and-flow pattern to the production of voice games, indicating 

that voice game design has been highly reactive to changes in the hardware and 

software platforms that predominated in each time period. Finally, it identifies 

systematic differences in the ways that videogames from Japan and videogames 

from Western countries have presented voice gameplay. 
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3.5.3 Study 3: Voice Game Design Patterns 

The third study involved the creation of a pattern language for voice game design. 

The study was designed to answer Research Question 3: 

RQ3 What design patterns are currently implemented in voice games? 

For this study, the database of voice games used in Study 2 was substantially 

updated and extended, nearly doubling the number of videogames included to 

471. New information was encoded about every game in the database, to describe 

its format, development, presentation and mechanisms. As in the previous study, 

this information was drawn from a variety of primary and secondary sources. A 

process of inductive open coding on this database produced a pattern language 

consisting of 25 design patterns for voice games. The patterns range from specific 

game mechanisms to high-level structures of voice input. Furthermore, an 

analysis of the co-occurrence of these design patterns within games identified five 

genres of voice gameplay, each based on a different type of voice interaction. The 

complete pattern language and genre analysis are presented in Chapter 6. 

3.5.4 Study 4: Voice Gameplay 

The fourth and final study was a comparative investigation of the player 

experience of different voice games, using frame analysis as an interpretive 

framework. The study was designed to answer both Research Question 4 and 

Research Question 5: 

RQ4 What is the distinctive nature of voice gameplay? 

RQ5 How do players experience verbal and non-verbal voice gameplay? 

Adult participants (n=24) were recruited in pairs to play three three commercially 

published voice games. The set of games was chosen to offer both verbal and non-

verbal voice gameplay, and to reflect a range of aesthetic game genres. 

Participants played each game using both voice input and a traditional manual 

control scheme, and were interviewed in pairs after playing each game. The 

interview recordings were analysed by two researchers using inductive thematic 

analysis, with frame analysis as an interpretive theoretical framework. Chapter 7 

presents the two main outcomes of this research: a set of seven themes that 

characterise the player experience of voice gameplay, and a general model of 

gameplay based in frame analysis that accounts for the experiences that 

participants described. 
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4 Natural Language Gameplay 

This chapter presents Study 1 in the form of a peer-reviewed journal article: 

Allison, F., Luger, E., & Hofmann, K. (2018). How Players Speak to an 
Intelligent Game Character Using Natural Language Messages. 
Transactions of the Digital Games Research Association, 4(2), 1–50. 
https://doi.org/10.26503/todigra.v4i2.88 

The article is included verbatim in its published format, following a discussion of 

how it contributes to the thesis. I led all stages of the research and writing 

process. Data collection was conducted during a 12-week research internship at 

Microsoft Research Cambridge, UK. My supervisors for that research internship, 

Ewa Luger and Katja Hofmann, contributed to the study design and writing of the 

paper. 

4.1 Introduction 

The preceding chapters introduced and contextualised the topic of this thesis: 

voice-operated interaction with characters and environments (VOICE) in games. 

They also note that I began the research by exploring the broader topic of 

“conversational interaction” in games, encompassing both text and voice 

interaction, before refining the focus to voice gameplay. This chapter presents the 

results of Study 1, which investigated player interactions with a game character 

using natural language text dialog. The study addresses Research Question 1: 

RQ1 How do players make sense of and interact with a game character 
that responds to natural language text? 

To answer this question, I devised and conducted a lab-based study in which 

participants interacted with a Wizard of Oz prototype (Kelley, 1984, 1983) of a 

game character that could respond appropriately to natural language messages, 

sent via a text dialogue interface. The study makes three main contributions to 

the HCI and game studies literature: 

• A detailed account of relatively spontaneous player approaches to natural 

language interaction in a game, indicating some of the things that players 

might do with and expect from natural language gameplay when they 

have not been given detailed instructions. 

• A thematic analysis of difficulties and concerns that arose from 

attempting to interact with a game character through natural language, 

based on both gameplay observations and post-game interviews. 



Natural Language Gameplay 

56 

• A hypothesis about two key variables that differentiated player reactions 

to a “talking” game character, namely the degree to which they engaged 

with the character and the degree to which they anthropomorphised the 

character. 

Study 1 is distinct from Studies 2–4 in that it involves text-based gameplay, rather 

than voice gameplay. I chose to study text-based gameplay in the first study on 

the basis that it would allow me to develop an understanding of language-based 

gameplay in isolation from sound-related factors, such as speech recognition 

errors, player embarrassment at needing to speak aloud, and the pitch, tone, 

accent and gender of the game character’s voice. The results bear this out, to an 

extent: some of the player experience themes documented in this chapter echo 

themes that were later observed in voice gameplay (Chapter 7), as Section 4.4 

describes. However, many of the detailed findings are particular to text-based 

interaction, such as the disruptive effect of spelling errors and the way in which 

punctuation is used to indicate intent. 

This sections that follow set the context for Study 1. They describe its research 

method, summarise its main findings, and discuss how its results have contribute 

to the aims of the thesis overall. The chapter concludes with a report on the study 

and its outcomes in the form of a published peer-reviewed journal article. 

4.2 Research method 

Participants aged between 11 and 15 (n=18) were recruited, all of whom had prior 

experience with the videogame Minecraft. This age group was chosen to represent 

a demographic in which playing Minecraft was especially common, following 

consultation with one of the game’s developers. Each player was asked to perform 

a series of tasks in the game with the assistance of an artificial intelligence (AI) 

agent, which was represented as a game character with a robotic appearance. 

During one of the tasks, players could write to the AI agent using natural 

language messages through a text interface. In response, the agent would send a 

simple text reply and update its current behaviour according to what the player 

wrote. Players were informed that the agent would attempt to provide them with 

assistance, and would also learn to adapt its behaviour based on their feedback. 

After each task scenario, players were interviewed about their experience. 

The “AI” agent was in fact a Wizard of Oz prototype (Kelley, 1984, 1983): a system 

designed to represent a collection of plausible near-future AI behaviours, but 

secretly controlled by a hidden human researcher. The agent’s behavioural script 

was formulated based on a review of recent research literature in videogame AI, 

natural language processing and interactive machine learning, as well as two 

interviews with expert game developers. Players were given intentionally minimal 

instructions for how to interact with the agent. The aim of this approach was to 
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elicit relatively spontaneous responses to an AI character that reacts intelligently 

to natural language. 

A content analysis was conducted on the logs of the natural language messages. 

The coding scheme was informed by both conversation analysis (Sacks et al., 

1974) and the theory of speech acts (Searle, 1969): it recorded each message’s 

syntax, function, subject and direct object, as well as whether it included an 

indicator of amounts or locations, or involved conversational breakdown or 

repair. This coding was used to create a detailed description of the types of 

messages that players sent. This was supplemented by a thematic analysis of the 

interviews, which developed the themes described in the next section.   

4.3 Summary of findings 

The content analysis showed that players’ use of the text dialogue varied 

considerably, in terms of message frequency, message length and specific 

wording. The majority of messages were in imperative syntax, with a substantial 

minority in interrogative or declarative syntax. Most messages were intended as 

commands, while a small proportion were intended as cancellations, queries, 

explanations, acknowledgements, self-corrections or tests. The paper describes a 

number of detailed findings about the grammatical construction of the various 

types of messages, as well as their contexts of use. 

One such finding concerned the messages with interrogative syntax. Some of 

these messages were intended as genuine questions, but a majority were intended 

as polite commands. This distinction is easy for humans to make, due to the 

cooperative principle (Grice, 1975), but potentially difficult for computers. The 

content analysis found that genuine questions were far more likely to end with a 

question mark than polite commands, providing a potential textual clue to the 

player’s intention. Players also stated in the interviews that they had attempted to 

use politeness as a form of positive feedback to reinforce certain behaviour by the 

AI agent. 

Players encountered several types of recurring difficulties with the text dialogue. 

They found communicating amounts, locations and object boundaries to be 

challenging, both because it was difficult to formulate sufficiently precise 

commands, and because they did not trust the AI agent to interpret ambiguous 

instructions according to their wishes. Conversely, players were often unsure how 

to interpret or investigate the meaning of responses from the agent that they 

found ambiguous. Despite these difficulties, nearly all players stated that they 

found the conversational interaction enjoyable to use, particularly because it 

created an impression that the agent character was alive and understanding. 

Players exhibited varying expectations about the agent’s capabilities, reflecting 

differences in their mental model (see Norman, 1983) of the nature of its 
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intelligence and how it processed the game environment. In the interviews, 

players cited a range of external cues that informed these expectations. Common 

cues were: analogy to human intelligence, prior experience with AI characters in 

games, prior experience with other humans in games, knowledge of programming 

languages and game cheat codes, and depictions of AI in science fiction films. 

Notably, players often did not test their mental models carefully, but instead 

operated on the assumption that their expectations were accurate until they 

encountered evidence that something was not working as intended. This 

reinforces the importance of clear early cues to set player expectations. 

Players’ attitudes towards the AI agent varied on two primary axes. The first axis 

was their level of engagement, expressed through factors such as whether they 

spent a great deal of time interacting directly with the agent during the game and 

asking questions about it during the interview, or largely ignored it during the 

game and displayed little interest in it during the interviews. The second axis was 

the degree to which they anthropomorphised the agent, by expressing empathy 

towards it and reacting to it as though it had human-like thoughts and feelings. 

These two variables were at least partially independent: some players appeared to 

be relatively high or low on both axes, while others appeared to be relatively high 

on one axis and relatively low on the other. 

4.4 Contributions to the thesis 

This study addresses Research Question 1: “How do players make sense of and 

interact with a game character that responds to natural language text?” The 

results provide a detailed account of players’ communication behaviours, in terms 

of both the actions themselves and the intentions behind those actions. The 

study indicates the categories of “speech acts” that players see natural language 

interaction as affording, as well as some of the difficulties that players encounter 

in attempting to express their wishes. 

One of the conclusions of the study is that players’ expectations of a language-

understanding game character are strongly influenced by contextual cues. Some 

of the cues identified in this study relate specifically to Minecraft: the normal 

behaviour of its AI characters, the social practices of its online player community, 

and the format of the cheat codes it accepts. Other cues relate to the wider world: 

human intelligence, human body language, knowledge of programming 

languages, depictions of AI in films. Because these factors influence the players’ 

responses, it follows that player responses to conversational interaction are likely 

to vary under different conditions. This limits how the results of this study can be 

generalised to the overall research question of the thesis, since voice interaction 

may elicit a different set of associations for the player than text interaction. 

However, the larger finding of this study remains relevant: that players interpret 

conversational interaction with a game character through a variety of lenses, not 
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all of which are prompted by the game itself, and that these lenses cause the 

player to experience gameplay in ways that cannot be predicted based on the 

mechanics of the dialogue system in isolation. 

This core finding informed the design of the studies that followed. Both Study 2 

(Chapter 5) and Study 3 (Chapter 6) are based upon a wide-ranging analysis of 

voice game design, aiming to understand not only how videogames use voice 

interaction in a mechanical sense, but also how videogames frame the meaning of 

voice input by depicting its effect on the gameworld. For Study 4 (Chapter 7), the 

research aim was to understand how players understand and interpret voice 

gameplay, using interviews and frame analysis to develop a theoretical model of 

their game experience. Two of the findings of Study 4 strongly echo the findings 

of Study 1: that spoken interaction elicits a heightened impression of game 

characters being alive and aware of the player, and that players often struggle to 

connect their voice commands to specific places and actions in the gameworld. 

Collectively, the results outlined in this section indicate that text interaction 

cannot be treated as a direct equivalent of voice interaction in games, but that 

these two forms of language-based gameplay carry some similar usability 

challenges and a shared potential to imbue game characters with a sense of social 

presence.
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ABSTRACT

AI-driven characters that learn directly from human input are rare
in digital games, but recent advances in several fields of machine
learning suggests that they may soon be much more feasible to
create. This study explores the design space for interacting with
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such a character through natural language text dialogue. We
conducted an observational study with 18 high school students,
who played Minecraft alongside a Wizard of Oz prototype of
a companion AI character that learned from their actions and
inputs. In this paper, we report on an analysis of the 186 natural
language messages that players sent to the character, and review
key variations in syntax, function and writing style. We find that
players’ behaviour and language was differentiated by the extent to
which they expressed an anthropomorphic view of the AI character
and the level of interest that they showed in interacting with it.

Keywords

Natural language, AI, human-agent interaction, Wizard of Oz,
Minecraft

INTRODUCTION

In recent years, advances in machine learning have driven rapid
improvements in artificial intelligence (AI) techniques, both
within and outside of videogames. Game worlds make effective
testing grounds for learning AI due to their ability to simulate
real-world challenges in incremental, constrained stages in a
controllable and measurable environment (“Why AI researchers
like video games” 2017). As a result, games have been the focus
of a great deal of AI research involving machine learning
(Yannakakis & Togelius 2015; 2017), from digitised board games
(Silver et al. 2016) to real-time arcade games (Mnih et al. 2015;
Shaker et al. 2013) and three-dimensional gameworlds that more
closely approximate physical space (Johnson et al. 2016).

Despite this, game developers have been slow to take up machine
learning techniques for in-game character AI.Games that do
feature AI characters that learn from player inputs have been either
notable for their novelty, such as Black & White and Forza
Motorsport, or confined to academic projects, such as NERO:
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NeuroEvolving Robotic Operatives (Stanley et al. 2005). Both the
tools and the imagination needed to change this are surfacing. On
the tools side, several companies including Unity (Juliani 2017)
and Microsoft (Johnson et al. 2016) have released open-source
platforms that facilitate the training of machine learning agents
in game environments, and these platforms can be adapted for
imitation learning (in which agents learn from actions
demonstrated by a player or another agent) and reinforcement
learning (in which agents learn from a reward signal provided by
the environment, such as a game score). On the imagination side,
the idea of AI characters that learn from players is becoming more
prevalent in games. For example, the 2017 stealth-action game
Echo is built around the design conceit that enemy characters learn
and replicate the actions taken by the player (Robertson 2017).
And in 2014, Middle-Earth: Shadow of Mordor featured a system
in which individual enemy characters were permanently
transformed and adapted by their encounters with the player
(Taljonick 2014). However, these conceptual examples do not
appear to be driven by machine learning technology in any real
sense. Shaping the user experience for a game character that
actively learns through interaction with a player remains
challenging, as there are concerns that the interaction may be
inconsistent, difficult for players to understand, or simply not fun
(Muñoz-Avila et al. 2013; Yannakakis & Togelius 2015).

The present study is positioned as a pilot study designed to support
the long-term aim of developing AIs that can learn to make sense
of complex game environments (Johnson et al. 2016), especially
in multi-agent settings that include AI and human players. Its
purpose is to take a speculative look into the near future, and
consider what the user interface considerations would be for an
AI character that dynamically changes its behaviour based on
what it learns from the player. As this character would have the
potential to be less predictable and more adaptable than a character
with static AI, an ideal interaction modality should allow for a
wider variation of player inputs than a traditional gamepad. It
should also be expressive enough to convey detailed state changes

Natural Language Messages 3

4.5 Study 1 (Publication)

62



in the AI back to the player, including ones that may not be
obvious in the character’s actions. Despite this increased scope
for complexity, it should remain intuitive enough for the player to
understand and formulate new input combinations without needing
to spend a great deal of time learning how to do so. A natural
language dialogue system is a common proposal for an interface
that meets these criteria, as evidenced by the near ubiquity of
spoken interaction among science fiction AIs, from the androids in
Westworld to Holly the ship’s computer in Red Dwarf.

Natural language interaction presents an intriguing mode for
interacting with relatively independent and teachable AI agents.
In principle, it could give players great flexibility to direct and
interact with an AI character in an “off-script” fashion, without the
need to learn and navigate an extensive graphical or physical user
interface. And language understanding systems have improved
rapidly in recent years, driven by the success of neural network
models of machine learning.

1
Machine reading comprehension has

approached and even exceeded human standard in some
constrained scenarios (Eckersley et al. 2017), although open
domain language understanding by computers remains far below
human level. However, natural language interaction also
introduces design challenges. For example, the conversational
mode of dictating action to a computer is a departure from the
widely accepted interaction paradigm of “direct manipulation”
(Shneiderman 1982), in which the player’s point of control is
represented as a clear and direct link between the physical controls
in their hands and a singular locus of manipulation in the computer
system or gameworld (Bayliss 2007). This unfamiliarity and the
unbounded nature of natural language can make it difficult to
immediately formulate the “right” thing to say, and can require
a process of learning how to adapt one’s phrasing to the system

1. Many of the recent improvements in natural language processing have come from the

use of neural network models, particularly recurrent or recursive neural networks

(RNN), and specifically variations of long short-term memory (LSTM) and gated

recurrent unit (GRU) RNN models. For a full explanation of the use of neural

network models in natural language processing, see Goldberg (2016).
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(Luger and Sellen 2016, 5289). On the developer’s side, the
openness of natural language can make it difficult to anticipate
what kind of syntax and concepts players will use.

To contribute towards addressing these challenges, we conducted a
study of players interacting with an autonomous, learning-capable
game character using natural language. This study employed the
Wizard of Oz research method, which involves presenting
participants with a convincing replica of an automated system in
which some of the functions are secretly operated by a human
(Kelley 1983). We designed a conceptual prototype of a plausible
near-future AI agent that learns from player actions and uses
natural language text messages to communicate, which we named
help_bot. We invited participants to perform tasks in the
videogame, Minecraft, with the assistance of help_bot, and
provided intentionally minimal instructions for how to do so, so
that we could observe the ways that players spontaneously
attempted to engage and speak with an agent of this type. We
conducted a content analysis on the natural language messages that
players sent to help_bot, to study what type of syntax they used,
what kind of commands they gave and how the use of language
as opposed to traditional game controls created opportunities and
problems for the interaction.

Given the rapid progress in machine learning-based natural
language processing, it is our belief that these techniques have the
potential to dramatically change in-game interaction using natural
language. However, it is extremely unlikely that the available
technology will immediately jump to human-level language
understanding; much more partial and constrained language
interactions appear likely in the near term. Therefore, potential
usage scenarios and player perceptions and behaviours need to
be thoroughly understood, to allow game developers to craft
language-based interactions that suit players’ expectations and
desires within the constraints of the available technology. We see
the key contribution of this work in mapping this space of player
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perceptions and behaviours, paving the way towards the required
understanding and development of novel designs.

PRIOR WORK

In the past decade, there has been a steady increase of research
interest in AI applications in digital games (Yannakakis & Togelius
2017, 19-20). Much of this work has focused on training game-
playing agents using reinforcement learning (RL), in which an
agent is taught to associate combinations of actions and
environmental conditions with a reward signal (such as the
character’s health or a score counter), and learns through trial and
error to maximise the reward signal through its choice of actions
(Sutton and Barto 1998). Famously, Google DeepMind used a
combination of RL and supervised learning from expert human
moves to train a Go-playing program (Silver et al. 2016) that beat
one of the world’s best human Go players, Lee Sedol. RL research
is also being conducted to train agents in real-time digital games,
from older Atari 2600 games (Bellemare et al. 2012) to more
recent games with complex spatial environments such as Doom
(Kempka et al. 2016), Starcraft (Farooq et al. 2016) and Minecraft
(Johnson et al. 2016). A related branch of research has looked
at developing agents that learn from player actions, either from
pre-recorded play data or through direct interactions with players.
The goal of this work can be to learn higher-level performance
strategies, create more convincingly human-like game characters
or adapt to individual players’ preferences and playstyles (Bakkes
et al. 2012).

Studies in interactive machine learning look at scenarios in which
a human actively provides feedback to a learning agent to update
its behaviour. Researchers in this area have consistently found that
users exhibit strong preferences for teaching styles that do not
always align with the learning model of the agent (Amershi et
al. 2014). Whereas RL-based agents are often designed to learn
from explicit feedback on their recent actions, human teachers
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give relatively little explicit feedback, and instead focus on
communicating the desired behaviour conceptually through
demonstrations and positive prompts (Amershi et al. 2014;
Kaochar et al. 2011; Knox et al. 2012). When required to give
repetitive and simplistic input, users often experience impatience
and frustration, and a resulting decline in their performance as
teachers (Cakmak et al. 2010; Guillory and Bilmes 2011). In a
study by Fischer et al. (2013), human users were better at adapting
their teaching behaviour for a learning robot when the robot’s
feedback mimicked the human’s social behaviour (in the form of
gaze), which indicates that their mental models of how the robot
was learning and attending to things were influenced by their
knowledge of human learning and attention. Similarly, a study by
Koenig et al. concluded that human users’ failures to adapt their
teaching behaviour effectively based on feedback from a robot
learner resulted from a “tendency to map a human-like model onto
the capabilities of the robot” (2010, 1111). A review of interactive
machine learning studies by Amershi et al. (2014) concluded that
a wide range of interactions are possible for human teaching of
agents, but studying the human users of these systems will be
critical to ensuring their success.

A common barrier to studying user behaviour with both intelligent
agents and natural language interfaces is the difficulty in
implementing such systems to a high level of reliability. When the
research question is not how users respond to the current state of
the art but how they would respond to a hypothetical version of
the technology, implementing the technology can be prohibitively
difficult or expensive. To circumvent this, researchers in human-
computer interaction often implement Wizard of Oz prototypes
instead. In the Wizard of Oz method, an interface is presented to
the user as being fully automated, but is operated out of sight by
a human facilitator without the user’s knowledge (Maulsby et al.
1993). This approach, first developed for studying user responses
to natural language interfaces (Kelley 1983), is also commonly
used for studying user interactions with intelligent agent systems
(Goodrich and Schultz 2008; Riek 2012). Bernotat et al. (2012)
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used a Wizard of Oz design to test how people responded to a
futuristic “smart home” without specific instructions, and found
that most users defaulted to speech control, demonstrating that
language-based interaction is associated with intelligent systems in
the public imagination. In another Wizard of Oz study, Xu et al.
determined that users could recognise an unsignalled change in the
behavioural pattern of an agent, and adapt their own behaviour to
suit. These studies demonstrate that the Wizard of Oz approach is
well suited to an exploration of how users interact with intelligent
agents, particularly in language-based interactions.

A great deal of research has been conducted on natural language
interfaces, but for the purposes of this study we are primarily
interested in studies of user behaviour in natural language
interactions with embodied virtual characters. Most prominent in
this field is the work of Cassell, who formulated the concept and
early prototypes of the “embodied conversational agent” (2000).
Cassell focused on the role of non-verbal behaviours in sustaining
the experience of human-like conversation, and the ways in which
these factors make conversation fundamentally multimodal.
Mateas and Stern (2005) incorporated expressive and affective
embodied conversational agents into an interactive drama game,
Façade, which was built around natural language interactions; Sali
et al. (2010) compared this version of Façade with alternative
versions wherein the player selected dialogue responses from a
menu rather than typing their own, and found that although the
natural language interface generated frustrating errors and reduced
players’ feeling of control, it was still the most preferred modality
as it provided the greatest sense of presence and engagement. More
recently, Lessard has produced several natural language interaction
games designed around “conversational puzzles” (2016, 6),
making conversation itself more of a game mechanic than a
pseudo-social interaction. Lessard concludes that the natural
language interaction in his games is easy for players to understand
and to start playing with, but that the highly scripted nature of
current game dialogue systems restricts the ability of games to take
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advantage of more emergent gameplay possibilities that would
theoretically be possible with natural language.

WIZARD OF OZ CHARACTER DESIGN

Following a review of literature on AI research in games and
other fields of application, we extrapolated a set of abilities that
we thought represented a reasonable approximation of what an
autonomous agent in a game-world such as Minecraft could be
made capable of within a few years’ time. We named this
hypothetical agent help_bot, and defined its abilities in a manner
that we could represent through a human-controlled character.

Help_bot could “see” the same visual input as a player, and use
this vision to understand and navigate unfamiliar terrain. It could
recognise simple objects by sight within the game-world,
including objects that were defined items in that game (such as the
block types in Minecraft) as well as geometric shapes and patterns
formed from the arrangement of objects in the game. It could add
new objects to its recognised list through being given labelled
examples (such as learning to associate a new shape with the
label “pyramid”). It could learn and imitate behavioural patterns
by watching the actions of a player-controlled avatar, and update
its behaviour based on positive and negative feedback from the
player, as well as behavioural prompts such as being hit or being
given a particular tool or material. It had a limited ability to infer
a higher-level goal from a player’s actions, such as predicting
what larger shape a player might be constructing from the initial
placement of a few blocks.

Notably, help_bot was designed to be a “friendly” or companion
character, in contrast to the majority of AI-controlled characters
in digital games who take an “enemy” or oppositional role.
Help_bot’s behaviour followed a simple loop. Its starting state was
to follow the player’s avatar from a short distance and observe
what they did. Periodically, it would categorise the player’s current
action (e.g. building with bricks) and infer a short-term goal of

Natural Language Messages 9

4.5 Study 1 (Publication)

68



that action (e.g. building a straight wall out of bricks). Help_bot
would then attempt to assist in that task by continuing the action,
such as by adding more bricks onto the wall to extend it in the
same direction. At irregular intervals, or when prompted by direct
interaction by the player, help_bot would reassess what the player
was doing and either continue its current action or choose a new
action accordingly.

The player could override this behaviour by sending help_bot
messages through Minecraft’s built-in chat channel. Help_bot
understood natural language input through this channel, within
constraints. It could distinguish between commands, questions,
statements and acknowledgements and choose an appropriate
response. It looked for verbs in a message that matched an action
in its behavioural repertoire, such as “build”, “follow” and
“attack”, and it looked for a grammatical subject and object to
determine what the verb referred to. In this way, long or
fragmented sentences could have their meaning inferred from key
elements without fully understanding every word, but more
nuanced or obscure meanings would not be understood. Messages
that were understood prompted standard responses from help_bot:
<ok> for commands, <done> after the command was completed,
and <yes> or <no> in response to questions. Messages that were
not fully understood prompted a request for clarification: <show
me where>, <show me how> or <?> (see Responses to prompts for
additional information).

In accordance with the Wizard of Oz research protocol, help_bot
was secretly controlled during the study by a researcher in a
separate room. As described above, the Wizard of Oz approach is
often used for research on intelligent agent and natural language
system prototypes (Goodrich and Schultz 2008; Riek 2012).
Indeed, the method was first developed for studying the responses
of “computer-naïve, first-time users” (Kelley 1983, 193) to a
natural language application. One of the considerations of this
method is that the deception should not be too obvious, which goes
hand-in-hand with ensuring that the prototype is not unrealistically
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high-performing. In our case, the researcher controlling help_bot
was instructed not to make its behaviour appear too intelligent
or natural. They controlled its movements entirely through a
keyboard, rather than a mouse and keyboard, to reduce its fluidity
of movement. Occasionally, the researcher made help_bot make
deliberate “errors” by choosing actions that were plausible but
against the player’s apparent intentions, such as building over an
open space that the player had created. This was to reinforce the
impression that help_bot was computer-controlled, and to allow us
to observe how players attempted to correct unwanted behaviour.
To further support the impression of being an AI-controlled
character, help_bot was given a robotic appearance.

METHODOLOGY

We recruited students from two high schools in the United
Kingdom to participate in an observational user study. Excluding
two participants who dropped out, we had 18 participants (11
female, 7 male) aged between 11 and 15 complete the study. As a
rough indicator of sufficiency, this is equal to the mean sample size
for in-person user studies presented at the ACM Conference on
Human Factors in Computing Systems in 2014 (Caine 2016, 986).
Parental consent was obtained for all participants, and parents
were given the option to be nearby and observe the study. All
participants were required to have played Minecraft before, and
their level of experience varied from a few hours to over a hundred
hours of play.

The study was conducted across two weeks, with each participant
in a separate session. Each session lasted approximately 90
minutes. After greeting the participant and their parent and
explaining the study, the facilitator showed the participant to a
private room with a computer running Minecraft and a video
camera. Participants were asked whether they would like to opt out
of having their image appear in any publications about the study,
which two did. The facilitator then interviewed the participant
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briefly about their experience with Minecraft: how often they
played, which game modes and activities they preferred, and
whether they played in single-player or multiplayer mode. Each
participant was set three building tasks to complete in sequence, in
a pre-saved Minecraft gameworld created for the purpose.

The first task was to build a model boat, without assistance. This
was a warm-up task, which gave the player a chance to get used to
the game controls if they needed to, and to become accustomed to
the study environment. It also allowed the researchers to observe
how the player behaved in “normal” solo Minecraft play, to
understand their habits and strategies so that they could be
contrasted with how they played in the subsequent tasks. Five
minutes was allowed for this task.

After the first task, the facilitator explained that they would be
introducing an AI assistant character named “help_bot” into the
world for the following tasks. Help_bot was described as an
experimental prototype developed by the researchers, which could
learn how to act in Minecraft by watching and interacting with
players. Players were told that help_bot would try to assist them
in their next building task, and that they could teach it or show it
what to do if they wanted.

In either the second or third task, the player was also told that
help_bot could understand messages that were sent through
Minecraft’s chat function. If the text interaction was introduced
in the second task, for the third task the player was told that the
text interaction was disabled. The order of the language and non-
language interaction conditions was rotated, ensuring a balanced
allocation of age, gender and previous Minecraft experience for
participants.

The facilitator deliberately avoided giving specific instructions
or examples of how to interact with help_bot. Before the non-
language-input condition, the player was told that help_bot would
learn from what it saw them do; that it would try to help them
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with whatever they were doing; and that they could teach it things
or show it what to do. Before the language-input condition, the
player was again told that help_bot would learn from what it saw
them do, and also what they wrote in the chat channel; that it could
understand normal sentences; and that they could try to tell it what
to do, teach it things, or give it feedback on what it had done. The
instructions did not specify that players were required to interact
with help_bot, and once the task had begun the facilitator did not
direct the player further except to answer questions. Players who
ignored help_bot or lost interest in their building task and moved
on to other activities were allowed to do so.

Both the second and third task lasted 15 minutes (although players
were allowed to go overtime by up to five minutes to finish what
they wanted to do in the game). The instruction for the second
task was to build a house, and the instruction for the third task
was to add to it with a construction of their choice. After the first
eight participants this task was changed, as most participants were
familiar with the task of building a house from previous Minecraft
experience, and so created it too quickly and often with little
planning required. For the remaining participants, the instruction
was to build a maze.

After each task, the facilitator conducted a short semi-structured
interview with the player, prompting them to explain what they
had been thinking at various moments. Players were also asked
what they thought of help_bot; what strategies they used when
they wanted help_bot to change its behaviour; how well they
felt help_bot understood what they wanted, and what made them
think so; how playing with help_bot compared to playing with
another human; and what features they would change or add.
After the final interview, the Wizard of Oz research approach was
explained and participants were informed that help_bot had been a
human-controlled character. Prior to this debriefing, no participant
indicated a suspicion that help_bot may not be computer-
controlled.
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Content analysis of message logs

Across the 18 sessions of the study, players sent a total of 186
messages through the chat channel. These messages, along with
the responses from help_bot, were saved in a log file. We
conducted a content analysis on these messages to study the
language players had used. These messages were analysed and
coded by the first author in an iterative open coding process. Each
message was coded according to seven main categories:

• Message syntax (e.g. interrogative)

• Message function (e.g. query)

• Message subject (e.g. “I”, “you”)

• Message direct object (e.g. “me”, “this”)

• Amount indicator (e.g. “a”, “some”)

• Location indicator (e.g. “here”, “back”)

• Repair process (e.g. reformulation)

Our analysis approach was informed by conversation analysis
(Sacks et al. 1974), as the high-level goals of this study are to
some extent aligned with the goals of conversation analysis. We
focus on understanding the structures and patterns that can be
discerned among pairs or longer sequences of “utterances” (to use
the conversation analysis term), and how the structure of messages
relates to the ways in which they are employed to elicit specific
actions, rather than pure exchanges of information. We also look at
players’ strategies for repairing failures of communication through
their messages (Schegloff et al. 1977). However, the full method
of conversation analysis is not suitable for this context, as it is
substantially concerned with the mutual organisation of dialogue,
ordinarily in the form of verbal speech. In this study, by contrast,
the organisation of dialogue was one-sided, with the player
initiating and directing nearly all of the conversation under the
expectation that help_bot would act as a passive responder.
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Accordingly, we draw on conversation analysis conceptually in
the definition of codes, but pragmatically take a content analysis
approach that is more tailored to the log transcript data available.

In analysing the messages as action-oriented inputs, we consider
each one as a “speech act” (Searle 1969), intended by the player
to serve a functional purpose. We note that this purpose can be
different to the literal meaning of the sentence, and so a complete
analysis must determine the true function of a message from
contextual information. We draw on both the in-game context and
players’ interview comments to infer the function of each message,
and we identify indirect speech acts (Searle 1975) in which the
literal and functional meaning of the message disagree.

We do not intend through this analysis to lay down firm or fixed
rules of conversational procedure for natural language-based
interaction. However, as Button and Sharrock (1995) argue, we
believe that examining the function and form of players’
spontaneous natural language messages will provide useful
guidance for natural language interactions with game characters,
by pointing out what naïve players might want or expect such a
character to be able to understand and respond to appropriately.

RESULTS

The focus of this paper is on the natural language interactions
between players and help_bot. However, these textual inputs were
highly multimodal with the players’ actions using the traditional
game controls, so some discussion of these actions is also required.
To capture this, we use the following notation when describing
interactions from the study: text inputs in angle brackets, verbal
comments in quotation marks, and physical or in-game actions in
italics. For example:

Player:<come back and give be the wood>

Help_bot:<?>
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Player: “Question mark. So do I have to do every command in one
line? Because I did two commands there.”

Player reads their previous message again.

Player: “Oh, because I wrote ‘give be the wood’.”

The intended meaning of a text command was often dependent on
the virtual space in which the player’s avatar and help_bot were
standing. Some commands directly referred to a visible object, as
in <kill the zombie>, while others carried an implicit expectation
that they would be carried out in the nearest relevant location,
as in <can you get some wood please>. A few commands were
paired explicitly with the player’s actions, as in <copy me>, or
with help_bot’s actions, as in the following exchange:

Player:<break blocks>

Help_bot mines blocks directly in front of it, leaving other blocks
above.

Help_bot:<done>

Player:<there is some at the top>

Help_bot:<?>

Player:<look up>
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Figure 1: Scatter plot of players in the study by the number of messages
they sent (horizontal) and the average length of those messages in words
(vertical).

The extent to which players engaged with help_bot through the
natural language system varied considerably (see figure 1). Several
players sent less than five messages in total, including one who
sent none at all. Conversely, several players sent help_bot more
than one message per minute across the 15-minute task, with 34
being the highest.A few players wrote full sentences of up to 11
words (see figure 2), including polite phrasings and compound
sentences, but the majority wrote primarily in terse phrases that
consisted of no more than three words. There was no strong
correlation between the length of a player’s messages and the
number of messages they sent.
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Figure 2:Distribution of messages by the number of words per message.

In the post-task interviews, some players said that they had kept
their messages short to be sure that they would be understood.
Although they had been told that help_bot could understand
normal writing, players pre-emptively avoided longer or more
complex sentences on the assumption that they would not be
understood, as one player explained:

“It’s quite hard to get the wording correctly to get it to do stuff.
Because like when I told it to bring in the material I was going to say
‘collect this and give it to me’ – I wasn’t sure if it would understand
that. So you have to be quite simple.”

At the same time, however, players were concerned that their
messages could be lacking in necessary detail, and that help_bot
might make incorrect assumptions due to a lack of specificity in
their instructions:

“[I needed] to be quite simple and not overcomplicate it, so it would
understand. [. . .] Probably if I were to say ‘collect wood’, it might
have got any wood, so you have to be quite specific with that, what
type of wood.”

As a result of these conflicting tensions, players often hesitated
over the wording of their messages and expressed uncertainty
about how to engage help_bot in more complex tasks. A few
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players suggested that a customisable menu of commands might be
useful for defining some more complicated requests. We observed
that the moments of uncertainty often came after a player had
begun to type a request, but was unsure how to finish it; a
contextual autocompletion function could provide timely
assistance.

The exact wording used in messages was diverse. Of the 186
messages sent throughout the study, 128 were unique in their
wording. A further 11 messages were sent twice by the same
player. Only 12 messages were sent by multiple players, including
four that were sent by three different players: <thank you>,
<follow me>, <come back> and <build a house>. The latter was
influenced by the construction task we assigned the first eight
players, which was to build a house. Only two messages longer
than three words were used by multiple players: <bring me oak
wood> and <give me the wood>.

Message structure and purpose

Figure 3:Distribution of messages by sentence type.

Most messages were structured as imperatives (see figure 3).
These were usually short phrases such as <get stone> and <come
here>. Some imperatives were longer, including a few compound
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sentences containing multiple commands, such as <come to me
and give me the oak wood>. Every imperative message was either
directions to undertake an activity (command) or directions to
cancel the current activity (stop). We show the relative proportion
of message functions in figure 4.

Figure 4:Distribution of messages by intended purpose, inferred from game
context and player comments.

A large majority of messages omitted a grammatical subject (see
figure 5). This was because most messages were imperatives, and
standard English grammars omits the subject in an imperative
phrase – the implied subject is the receiver of the message. One
message specified its subject by naming help_bot (<help bot come
here>). Six messages lacked an explicit subject, because the
intended subject was the same as the previous message; we label
these as “Antecedent (implied)”.
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Figure 5:Distribution of messages by intended purpose, inferred from game
context and player comments.

The direct object of most messages was indefinite rather than
specific, as in <get stone> or <get some stone> as opposed to <get
the stone> or <get that stone>. Where the direct object referred to
“me” or “you”, this was usually a learning command, as in <copy
me>, or an acknowledgement, as in <thank you>. The frequency
of each type of direct object is shown in figure 6.

Figure 6:Distribution of messages by intended purpose, inferred from game
context and player comments.
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Most command imperatives were conceptually simple, requesting
actions that had only one step (as in <come to me>) or two steps
(as in <bring me oak wood>, requiring help_bot to collect oak
and bring it to the player). Players also tested more conceptually
complex requests, such as <build a house>. In response to these,
help_bot would prompt the player to <show me how>. At this
point, players typically simplified or abandoned the request,
although some proceeded to demonstrate or explain the task (see
Responses to prompts for additional information).

Stop imperatives, such as <stop> and <don’t mine that>, were
typically used when help_bot had completed a task to the player’s
satisfaction, or when it had made a categorical error. By this, we
mean an action that was different in kind from what the player
intended, such as when this player tried to ask help_bot to collect
fruit:

Player:<get food>

Help_bot:<ok>

Player: “Oh, it’s about to go and get food! Yay! I really hoped that
would work.”

Help_bot moves towards a cluster of sheep and cows.

Player:“Don’t kill everything please. I’m going to follow it and make
sure it doesn’t kill everything. Oh – I’m not going to watch, because
I feel like it’s going to kill everything. . . Maybe I should tell it don’t
kill everything.”

Player: <don’t kill everything>

Help_bot:<?>

Player: “You don’t. . .” [nervous laugh] “OK then, I’m just not going
to watch and pretend that help_bot isn’t slaughtering animals behind
me.”

Player: <stop>
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Players did not use stop commands when help_bot made smaller-
scale mistakes, such as placing blocks in the wrong location or
digging a hole too deeply. In these cases, players often verbalised
their frustration, but in the game they simply reversed help_bot’s
actions using their own avatar. In the post-task interview, players
said they wanted help_bot to interpret either a <stop> command or
a reversal of its recent actions by the player as implicit negative
feedback, so that it would be less likely to take those actions in
the future. That is, to update its behavioural algorithm. However,
there were concerns that textual feedback may be too ambiguous,
so help_bot might unlearn the wrong behaviour.

Interrogative or questioning phrasing was the second-most
common message structure. Only two-fifths of these messages
were punctuated with a question mark, as would be grammatically
expected. We inferred that less than half of the interrogatives
were truly intended as questions (e.g. “do you have any wood?”),
and the remainder were indirect commands (e.g. “can you get
me some coal please”). Interestingly, the use of a question mark
was a strong indicator of a genuine question: three-quarters of the
queries, but only one-fifth of the interrogative commands ended
with a question mark, as figure 7 shows. One participant surmised
that a question mark might be required for a message to be
understood as a question:

Player:<do you have any wood?>

Help_bot:<yes>

Player: <how much>

Player: “I probably should have done a question mark.”

Help_bot:<?>

Player: <how much wood do you have?>
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Figure 7:Breakdown of messages with interrogative syntax. Most of those
intended as queries ended with a question mark, whereas most of those
intended as commands did not.

Interrogative queries were used to learn about help_bot itself.
Questions referred to either the contents of its inventory (<do you
have any wood?>), the types of actions it was capable of (<what
can you do?>), and its status (<are you lost?>). Players used these
questions to gain information about help_bot that was not available
through other means.

The third-most common message type was declarative, or
straightforward statements of fact. The primary uses of declarative
messages were to identify an object (<this is a shelter>) or to
acknowledge help_bot’s actions (<thank you> or <well done>).
In a few cases, declarative statements were paired with learning
commands to teach help_bot a behaviour that it could later use.
For example, one participant instructed help_bot to <watch> as
they built a simple hut shape, typed <this is a shelter>, then typed
<build a shelter>. Other participants described more elaborate
versions of this teaching approach as a way of automating
repetitive work:

“One of my friends, every world he makes he always has this thing
where he has [. . .] a boat with a pig in it and it always just spins
around eternally. He could name it ‘pigspin’ or something like that,
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and every world he goes in he could give [help_bot] the things it
needs and go ‘build pigspin’.”

Two players used declarative messages as indirect stop commands
for help_bot (<you don’t need to make any more planks> and
<that’s fine>).

In the post-task interviews, players mentioned that they thanked
or complimented help_bot as a form of positive feedback, with an
idea that this might reinforce its learning of the recent behaviour:

“It’s about being polite, and also saying ‘thanks, you did the right
thing’.”

Four messages were exclamatory in format, of which three were
greetings (<hello> and <hi>) and one was a celebratory statement
(<yay we finished the maze!>). We classified the purpose of all
four as acknowledgements to help_bot, with the latter also being
an explanatory message intended to reinforce the idea that what the
player and help_bot had just built was a <maze>.

Finally, five messages were incomplete fragments. Two of these
were self-corrections by the player (<bring me the wod> followed
by <wood>), intended to update the meaning of the preceding
message. One was similarly an addition to a prior message, adding
<two blocks high> after <build wall>. The remaining two
messages were nonsensical (<jeff> and <s>), and at least one
of these was deliberately so. The player explained in the post-
task interview that they had entered a nonsensical message to test
help_bot’s responses:

“I was trying to see – because I [previously] did ‘thank you’ and
it said ‘ok’, so I wasn’t sure if that was a response to ‘thank
you’ or if it was just its generic response if it doesn’t understand
something. And I did some random stuff and [learned that] the
generic response if it doesn’t understand something is [a] question
mark.”

Natural Language Messages 25

4.5 Study 1 (Publication)

84



Indeterminacy of amounts, places and boundaries

Specificity was an issue for many participants. Players were forced
to confront the fact that their everyday phrasing contains a great
deal of ambiguity, which is resolved by human conversation
partners through context and common sense. The Minecraft setting
facilitated references to objects in the world, as it contains only a
limited set of clearly labelled and categorised objects. However,
players were uncertain how to specify locations and amounts in
a way that help_bot would understand. Players also expressed
uncertainty about help_bot’s understanding of boundaries.

Figure 8:Breakdown of messages by how they indicated an amount for
their direct object.

Amounts were rarely specified with a numeral; only one player
did so (see figure 8). Most references to multiples of an object left
the amount unmentioned, as in <collect bricks>. The rest of the
time a linguistic quantifier was used, as in <get some wood> and
<can you get me more inc sacks please>. Players would then leave
help_bot to collect the objects until they felt it had enough, and
stop or call it back at that point. Single objects were less difficult,
as players included the relevant article (“a” or “the”), depending
on whether the required object was generic (as in <build a box>) or
specific (as in <bring me the coal ore>). In some cases, the article
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was implied but omitted, as in <craft sign>, which could increase
the difficulty for a natural language system to parse correctly.

Figure 9:Breakdown of messages by how they indicated a location for the
action of their message.

Locating the object of the message introduced further difficulties.
In most cases, no location was specified, but there was an implicit
deixis to many of these messages (see figure 9). For a typical fetch
request, such as <get wood>, the player wanted help_bot to take
the item from a specific location (usually the nearest source, unless
that source was something the player had built) and bring it back
to the player. Similarly, a typical build request such as <build a
box> contained an unstated assumption that help_bot would place
the building on a suitable flat piece of ground near to the player,
but not close enough to interfere with their current activity.

“It built it quite close to where I built it. Like when I did the three-
by-three square, it built right next to it. With this it didn’t really
matter, but I think if you could tell it where to build that would be
quite good. . . Maybe like coordinates or something, I don’t know.”

Some players attempted to be more specific about the location
for their requests by using demonstrative terms such as “this” and
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“here” as linguistic pointers. These were paired with the player’s
avatar moving to the relevant location, or even tapping on a
specific spot with the avatar’s hand, as in this exchange:

Player: <get me some spruce wood>

Help_bot: <ok>

Help_bot starts mining a house that the player had built out of spruce
blocks.

Player: “So it is mining what I’ve done earlier, which is really
weird.”

Player: <don’t mine that>

Help_bot stops mining: <ok>

Player looks at a tree: <mine this>

Help_bot starts mining the tree.

Player: “At least it knows what ‘this’ is.”

The need to demonstrate the location with the player’s avatar
meant that proximal locations were much easier to point out than
distal locations. Many players expressed frustration at their
inability to designate specific places at a distance.

As mentioned previously, players expressed some concern about
help_bot’s judgement regarding the boundaries of locations and
objects. There were times when a player might request more of
a resource that they were currently working on, and worried that
help_bot might mine that resource straight out of their built
structure, as it was the closest source.

“Does it know when to stop? And if I had a house full of oak wood,
and I said ‘go get some oak wood’, would it take the oak wood from
my house?”
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Responses to prompts for additional information

We defined three prompt messages for help_bot to use in response
to messages that were outside the parameters we had set for its
understanding. These indicated varying levels of comprehension,
and elicited different types of responses from the players.

The first prompt was used when the player entered a request that
was comprehensible to help_bot, but for which there was no clear
or default location. This included requests for a resource type that
was not currently visible, and requests for building a shape that
did not specify where the building should go. In the pilot phase,
the prompt text was <where?> or <from where?>, but players
expressed confusion about how to answer this. One player asked
if they needed to enter coordinates on Minecraft’s grid reference,
which was not a feasible solution. For the remainder of the study,
we changed help_bot’s prompt to <show me where>, and observed
that players showed less uncertainty about this prompt, and
consistently responded by physically moving their avatar to the
desired location. We inferred from this that a query is easier for the
player to respond to if it suggests a form of response, compared
with one that is less prescriptive about how it should be answered.

The second prompt was <show me how>, used when the player
entered a message that was recognisable in form as a building,
collection or other action request, but which required knowledge
that help_bot was not initially given. A typical case was a request
to construct a complex object, since help_bot recognised only the
names of geometric shapes unless taught other configurations by
the player. Players most often responded to this prompt by giving
up the request, but in several cases responded by demonstrating the
behaviour they wanted and asking help_bot to copy it, as in this
example:

Player: <build a tree>

Help_bot: <show me how>
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Player: <no build a maze>

Help_bot: <show me how>

Player: <just watch>

Help_bot: <ok>

Player constructs a maze out of blocks.

Player: <now build a maze>

In these demonstrations for help_bot, players consistently marked
either the start or the end of the action sequence with an explicit
message, but not both. Help_bot was expected to recognise the
completed structure as a Gestalt “object”, and thereby understand
where the relevant actions had begun or ended.

In contrast, a few players used more detailed messages to explain
what they wanted, rather than demonstrating and expecting
help_bot to replicate their actions:

Player:<help build a house>

Help_bot:<show me how>

Player:<put some cobble on top of each other>

Help_bot:<ok>

Help_bot begins stacking blocks of cobble. Player places more
blocks alongside it to form a box shape, and help_bot follows this
shape.

Help_bot:<done>

Player:<put some cobble on the top to make a roof>

Help_bot:<ok>

When messages were not recognisable as a command or a request,
help_bot’s fallback prompt was <?>. This was used in response to
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spelling mistakes, sentence fragments and verbs that were outside
help_bot’s abilities (such as <die> and <write hello>). When
players received this response, most were quick to assume that
help_bot was unable to perform the action they had requested, and
simplified or abandoned their request. However, in many cases
they were mistaken: the action was within the abilities we had
defined for help_bot, but the message formulation was not.
Spelling was particularly notable, as players sometimes did not
notice their own spelling mistakes, which left them with the false
impression that help_bot could not understand the message they
intended to write, rather than the message that they actually wrote.
From this, we infer a need for feedback messages that are specific
about the source of the lack of understanding. For example, rather
than saying <?> or <I didn’t understand that>, a message might say
<I don’t recognise the word ‘whool’>.

Feedback on natural language input

Despite the challenges of natural language input, most players
commented that they enjoyed it more than interaction via the
traditional game controls or menus. A few players noted that
menu-based interactions, such as those that exist for some friendly
characters in Minecraft, would be preferable to natural language
text as they provide more structure and clarity about the
character’s abilities. However, most considered the natural
language input style an overall benefit as it opened up the
possibility space for what they could potentially do with the
character.

Players used the dialogue to consider how help_bot “thought”, in
some cases actively probing it with questions about its abilities
or variations on a text prompt to test how it responded. The text
responses provided a relatively clear channel to understand what
was happening inside help_bot’s “brain”, and gave a sense that it
was updating its behaviour.
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“With the one that I couldn’t speak to, if I had tried to get wood or
something, it didn’t have the same feel that it was learning. So the
text one, it felt like it was learning because it was saying ok, yes, I
know how to do this.”

Players also stated that natural language gave help_bot a greater
sense of being alive and engaged with the player, compared with
the non-speaking version, which made it more enjoyable to
interact with:

“Typing feels more interactive, like you’re talking to a real person.
Pressing stuff doesn’t feel like that, like you’re just talking to a
computer.”

Two players commented that they would like to have the option
to talk to help_bot through speech rather than text messages, to
further extend the feeling of a living character. However, they were
uncertain about the ability of speech recognition technology to
work well enough to support this.

“It would be cool if you could do voice commands. But then again,
you’d have to have the most to-your-country accent, otherwise it
wouldn’t understand it.”

Expectations and cues for understanding the agent

The way in which players interacted with help_bot was influenced
by their prior knowledge in several domains. Most obviously,
players’ experiences with Minecraft guided many of their initial
attempts to understand and engage the character. Players compared
help_bot to Minecraft’s villager and wolf NPCs (non-player
characters), for example in surmising that help_bot would attack
any enemy NPC that the player attacked, because this was the
behaviour for a tamed wolf. Players also drew on their experiences
with other humans in the multiplayer game; two players tried to
engage help_bot by repeatedly crouching their avatar in front of
it, which is a social custom in online Minecraft equivalent to
waving “hello”. Finally, players compared the text inputs in our
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study to the console commands in Minecraft. These commands
allow players to edit the state of the game by entering a text string
beginning with a forward slash – for example, </time set 6000>
to change the in-world clock to midday. Several players initially
started their messages to help_bot with a forward slash, until the
facilitator pointed out that it was unnecessary. One player asked
whether command strings in the same format could be used to
manage help_bot’s learning, such as </train help_bot X> to learn
a current action and </set help_bot X> to repeat that action at a
later time. These influences show that the context in which an AI
character is deployed will influence the way users understand it
and expect it to behave.

Expectations were also drawn from sources beyond Minecraft.
Players who had programming experience compared the natural
language inputs in our study to the programming language that
they had used, and this guided their thinking about what might
be possible. Real-world social cues were also applied: players
expressed discomfort when help_bot followed their avatar too
persistently, stood too close to it, or stared at it for too long. And
unsurprisingly, several players referred to film depictions of robots
and AI characters, such as The Terminator:

“At one point I was like, ‘ok ok ok ok, that’s enough!’ It kind of
reminded me of in a film where there’s like robots and they go out
of control. That’s why I was afraid to start digging the ground to get
a flat bit, because I was afraid it would just start levelling the whole
world.”

Players’ preconceptions about help_bot were, in some cases, well
suited to the protocols we had designed for it, and in other cases
beyond its abilities. What we found notable was that these
expectations were sometimes assumed to be true, if only
unconsciously, without having been tested. For example, one
player travelled far away from help_bot and was confused when it
was unable to find its way to them, as their experience with other
NPCs had taught them to expect friendly characters in Minecraft
to teleport near the player if they strayed too far away. This raises
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the importance of providing the right contextual cues for players
to form the right mental model of how an AI character works, as
incorrect expectations may otherwise be set and not tested.

Variation in engagement and anthropomorphisation

We observed substantial variations between players in the ways
that they engaged with, reacted to and spoke about help_bot.
Putting these differences together, we hypothesise that they reflect
two main dimensions on which attitudes towards help_bot varied.
The first was level of engagement, or the extent to which players
were interested in interacting with help_bot. The second was
anthropomorphisation, or the extent to which players acted as
though help_bot had human-like thoughts and feelings.

Differences in the level of engagement were apparent in the time
each player spent interacting with help_bot during the tasks. As
figure 1 shows, more than half of the players sent no more than
seven messages to help_bot throughout the task, or less than one
every two minutes, whereas several players sent more than twice
this many messages. This variation carried over to other
behaviours as well, including the amount of time the player spent
watching help_bot, and the amount of interest they expressed
verbally during and after the tasks. Highly engaged players spent
more time experimenting with help_bot to determine its
capabilities and asking the facilitator questions about it, and in
some cases largely abandoned the construction task we had set
in favour of playing with help_bot. We observed that several of
the players who showed the greatest interest in help_bot also held
higher expectations that it was capable of complex behaviour,
although whether there was a causal relationship is unclear; it
could simply be that these players thought and spoke more about
the possibilities.

There are several behaviours wrapped up in what we are calling
“anthropomorphisation”, each of which represents an attitude that
the AI character has human qualities. Players varied in the
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language they used in text messages, from those who entered only
terse verb-noun commands such as <kill sheep> to those who
greeted help_bot with a <hello>, framed their commands as polite
requests such as <can you bring me some birch wood please>, and
thanked help_bot for completing tasks. Players showed varying
levels of empathy for help_bot, from those who casually hit it with
an axe when it was in the way, to those who expressed concern
about its wellbeing. One such player avoided clicking on help_bot,
concerned that they would hit it by accident, and expressed guilt at
making their avatar eat food in front of help_bot:

“I feel kind of bad eating it – can I give this to you?”

Player gives some of the food to help_bot and demonstrates eating it
with their avatar.

“Did they eat it? I don’t see it, I assume they ate it. Now I feel slightly
less bad.”

When talking about instructing help_bot, some players described
it in terms of a brainless instrument that could be programmed
to perform repetitive actions, whereas others gave it tasks that
required more independent, sophisticated and arguably human-like
judgement. As an example of the latter, one player repeatedly
set up pits for help_bot to fall into, explaining that they were
trying to teach it to avoid the situation by looking out for and
filling in any pits that it encountered in the future. Players also
expressed an expectation that help_bot would prioritise tasks in a
common-sense fashion, so that when a hostile creature attacked,
for example, they were surprised if help_bot did not automatically
come to their assistance. As such cases happened only rarely
during the test, it was not certain whether this expectation was
higher among participants who had higher expectations for other
aspects of help_bot’s judgement.

The behaviours that indicated low or high anthropomorphisation
appeared to cluster together in individual participants. A player
who expressed empathy for help_bot was also frequently one who
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gave it higher-level instructions with more room for autonomy, and
one who described it more as a character with a mind than as a
plain instrument. That is not to say that players who showed higher
anthropomorphisation believed help_bot had human intelligence
or emotions, but they appeared more inclined to act as though it
did.

Low anthropomorphism High anthropomorphism

High
engagement

Treated agent as an
instrument to be
programmed

Treated agent as a
character capable of
judgement

Low
engagement Inattentive to agent Polite to but uninterested

in agent

Table 1: 2×2 model of player attitudes to the AI agent (help_bot),
showing how variations in engagement and anthropomorphism
resulted in different behaviours.

Notably, the level of engagement and the level of
anthropomorphisation were at least partially independent of each
other. Some players showed relatively little interest in help_bot,
but addressed it courteously in the few messages they did send.
Other players spent considerable time testing out help_bot’s
abilities and talked about it with enthusiasm, but as an interesting
tool that they could program rather than as a character. There
were players who liked help_bot as a potential sidekick character
that could exercise independent judgement, and those who largely
ignored it and said little to suggest that it had an inner life. The
variations are summarised in table 1. This study is too small-scale
and unstructured to draw firm conclusions about these variables,
but we put them forward as a possibility to investigate in later
research.
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DISCUSSION

Our analysis shows that players’ messages to help_bot primarily
used simple syntax and direct commands, but that there was
substantial complexity and variation in the details of wording and
the way in which text messages were paired with in-game actions.
Few messages were repeated between different players, and
players invested considerable thought into their choice of words
due to the difficulty of communicating with an AI that does not
have the common ground of knowledge and judgement shared by
most humans. Indirect speech acts (Searle 1975) were common,
particularly in the form of commands with interrogative phrasing,
which highlights the need for a natural language interface to either
distinguish between direct and indirect commands, or remind
players to use direct syntax. A contextual autocompletion function
would seem suitable, to provide guidance to players as they are
formulating the phrasing to translate their intention into words,
which was often a moment of hesitation.

The findings also show that messages rarely contained all the
information needed to interpret them correctly within the words
themselves. Contextual information was also required. Much of
this missing information could be inferred quite simply in the
scenario we studied, but would become ambiguous in other
contexts. For example, it could be assumed in our study scenario
that help_bot was the subject of imperative messages as there was
no other conversation partner in the game, but in a multiplayer
or multi-agent game situation the subject would need to be stated
by the player or inferred by the agent. Other messages required
reference to the dynamic game state to be accurately interpreted,
as in the use of deictic words such as “there”, “that” or “away”
matched with the player’s avatar’s location and gaze direction.
(This is suggestive of one of the earliest multimodal interface
models, Put-That-There, which combines speech, gesture and gaze
to determine the user’s input (Bolt 1980).) Players were aware
of the inherent indeterminacy of their language, and expressed
concerns about help_bot’s ability to make judgements that would
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seem sensible for a human, such as distinguishing between the
“natural” and built environment (that is, between what the game
generated and what the player constructed). Thus, the challenge
for natural language agents in games is not only to make correct
judgements about the player’s intentions, but also to communicate
the results of those judgements to the player.

The need to communicate the agent’s internal decision-making is
even greater in the context of interactive machine learning tasks,
wherein the player is directly teaching the agent to learn new
behaviour or change its existing behaviour. Help_bot’s messages
reassured players that it was learning, and went some way towards
clarifying what it was learning and what it was not, despite
consisting of only a few words. This appears to be linked to the
sentiment that help_bot felt more like a living, thinking person
when it talked: these signals conveyed the sense that it had a mind,
rather than just a behavioural algorithm. Accordingly, players’
strategies for teaching help_bot focused on communicating
concepts through demonstration and example, rather than training
help_bot through frequent feedback on its actions. (Note that
players were told before each task that help_bot could learn from
their feedback.) This is consistent with previous studies (Amershi
et al. 2014; Kaochar et al. 2011), and poses a technical difficulty
as many interactive machine learning approaches rely on user
feedback to iteratively adapt the agent’s behaviour (for example,
Knox 2013). Some players did perceive themselves to be giving
help_bot feedback, although this came in the form of implicit
signals, such as acknowledging messages like <thank you> and
contradictory actions like undoing help_bot’s work.

Users may be encouraged to take a more direct teaching role by
giving them tools to make their feedback more precise, and by
providing clear feedback on what has been learned. Participants
in our study were hesitant to engage in teaching, partly due to a
perceived ambiguity about precisely what help_bot was learning
from their actions. In addition, the fact that our help_bot was
designed to continuously observe and adapt its behaviour to the
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player’s actions made it hard for our participants to recognise
behaviour that was permanently learned, as opposed to momentary
imitation. Participants generally preferred to be able to control
when and where help_bot was taking in information for its own
learning.A suggestion to reduce the ambiguity around help_bot’s
learning was to give players the ability to toggle it between a
learning mode and a non-learning mode.

The way in which a subset of players anthropomorphised help_bot
is consistent with past studies of conversational interaction (Luger
and Sellen 2016) and empathic agents (Paiva et al. 2017), and
representative of a wider effect in human-computer interaction:
the tendency for people to respond to computers as though they
are human, which Reeves and Nass have dubbed the “Media
Equation” (1996). Nass and Moon argue that users “mindlessly”
(2000, 82) apply social rules and expectations to computers, and
Nass and Brave (2005) suggest that this effect is particularly strong
for interactions involving speech. The strength of this effect has
been challenged (Shechtman & Horowitz 2003; Lang et al. 2013),
but there is some evidence that users apply more social behaviour
to computer characters as their appearance becomes more human-
like (Gong 2008). This implies that natural language interaction
is a modality that will elicit more social reactions, as players in
our study ascribed a greater sense of humanity and intelligence to
help_bot when it used text, despite the text being limited to only a
few formulaic phrases.

These variations in players’ attitudes and expectations towards
help_bot are important because they show that players have
different mental models (Norman 1983) of how the agent works
and what it is capable of. Our findings suggest that there is no
universal starting point or blank slate in how players will perceive
an agent. Expectations about an agent’s degree and form of
“intelligence”, its adaptability and its responsiveness to different
inputs are influenced by both the presentation and context of the
agent, and background knowledge drawn from science fiction,
previous game experiences, and real-world human social customs.
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To facilitate players having a smooth experience with an agent like
help_bot, designers will need to evaluate the context of the game
genre and the appearance of the character to anticipate what kinds
of expectations players may have, and consider how both implicit
cues and explicit messages may serve to guide players to adopt the
right mental model for working with their character.

Limitations and future directions

Our concern in this study was not only to evaluate what players
said to the agent, but to observe players’ actions in the context
of gameplay, and to examine their reasoning in the post-task
interviews. By nature, this was a limited study of a relatively
small group of participants of one age bracket in one geographical
location in a single language. A broader-based study would be
needed to determine how representative our measurements are of
natural language interactions with game characters by other groups
of users, or to make statistical comparisons of message patterns
under different conditions. One intriguing question, which we plan
to address in a future study, is whether players use language
differently when (knowingly) communicating with an AI
compared to another human player, and in what respects their
language is different or similar.

Our study has not been designed to elicit comparative preferences
between natural language messages and conventional game
dialogue systems such as branching conversation trees. As we
have reported, our participants did compare the natural language
system to other methods of interacting with game characters, but
unsurprisingly these comparisons centred on Minecraft’s own
system, which is mostly wordless and oriented towards trading
goods. In the most directly relevant comparative study, Sali et
al. (2010) found that players preferred typing natural language
messages to game characters over choosing messages from a
menu, even though they encountered a higher number of errors,
and frustration with the natural language mode. This is consistent
with our findings. However, both studies looked at only a single
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play session, and involved participants for whom natural language
was a novel way of interacting with game characters. It remains to
be seen whether a preference for natural language would continue
over a longer time period.

CONCLUSION

Overall, our study shows that there are substantial commonalities
in the syntax and concepts that players use in natural language
interactions with a game character with learning AI, but also
significant variations in the specific wording, behaviour and
expectations for the character, which are driven by players’ prior
knowledge and contextual cues. While natural language
interaction offers the promise of a flexible, engaging and intuitive
way to interact with and teach AI agents in games, much work will
be required to realise this prospect. Our study did not specifically
set out to measure the extent of anthropomorphism in players’
mental models of the character, but we have identified this as an
area for further investigation to determine how it can be used either
as a design resource to shape the interaction, or as a pitfall to be
avoided. In future work we will look more systematically at the
effects of anthropomorphism on language-based interaction with
an AI character.
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5 Voice Game History 

This chapter presents Study 2 in the form of a peer-reviewed journal article: 

Allison, F., Carter, M., & Gibbs, M. (2017). Word Play: A History of Voice 
Interaction in Digital Games. Games and Culture, 1555412017746305. 
https://doi.org/10.1177/1555412017746305 

The article is included verbatim in its published format, following a discussion of 

how it contributes to the thesis. I led all stages of the research and writing 

process. My thesis supervisors, Marcus Carter and Martin Gibbs, contributed to 

the study design and writing of the article.  

5.1 Introduction 

The previous chapter reported on a study of players interacting with a game 

character using natural language through a text interface. This study allowed me 

to explore some of the issues inherent in conversational interaction gameplay, in 

isolation from the particular complexities of voice interaction—such as the 

(un)reliability of speech recognition systems and the potential for self-

consciousness about being overheard during gameplay. However, some of the 

findings that emerged from that study were specific to text input: the way that 

unnoticed misspellings could cause a breakdown in communication, for instance, 

or the way that the act of typing sometimes distracted players from visually 

observing the game character. The remaining three studies in the thesis look 

directly at voice-operated interaction with characters and environments (VOICE) 

in games. 

This chapter presents a complete history of voice games as a subcategory of digital 

game design. The results address Research Question 2: 

RQ2 What is the historical lineage of voice game design and what are the 
major influences that have shaped it? 

This history of voice game design was composed through an analysis of 247 voice 

games, published between 1973 and 2016. Based on this research, the chapter 

puts forward three main arguments: 

• There have been seven distinct phases of voice game design, distinguished 

by their time period, design focus and geographic centre of activity. 

• Voice game design has been highly reactive to changes in the hardware 

and software platforms that became popular for digital games in each 

time period. 
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• There are consistent and systematic differences in voice game design 

between Japan and the West, particularly with regards to the way that 

voice games have presented the player-character relationship. 

The methodology, findings and contributions of this study are summarised in the 

sections below, and discussed at greater length in the published article. 

5.2 Research method 

For this study, a media archaeological approach was used to compose a history of 

the use of voice interaction in videogames. A variety of primary and secondary 

sources (detailed in the published article) were used to compile a descriptive 

database of information about commercially published voice games. Any 

videogame that has allowed players to use their voice to affect the game state was 

included in the database, with the exception of games that feature only an audio 

interface and no screen-based visual interface, such as smart speaker games. The 

final list comprised 247 games published between 1973 and 2016, which accounts 

for the vast majority of commercially published videogames from that time 

period that featured any form of voice interaction.16 This database was examined 

for evidence of design trends and lineages between games of different time 

periods. The methods used to identify voice games and to collect and analyse the 

data about each game are described in more detail in Chapter 3 and in the 

published article below. 

5.3 Summary of findings 

The production and popularity of voice games have ebbed and flowed repeatedly 

over the past four decades. There are seven distinct phases in which various types 

of voice games have achieved relative prominence, interspersed by fallow periods 

in which few voice games (at all or in particular genres) were produced. These 

phases are distinguished by a combination of their time period, design focus and 

geographic centre of activity, and characterised as follows: 

1. Research Games: Starting in around 1973, various academic and industrial 

research labs have created voice-controlled videogames as prototypes for 

speech recognition systems. 

 
16 Data collection for Study 3 (Chapter 6) identified an additional 37 games that were not 
included in the analysis for Study 2. Most were small, independently created Flash games 
published through online portals such as Newgrounds.com, but a handful were 
commercially published titles. Subsequent analysis of these games has not changed any of 
the findings or conclusions of the historical study, but it does make the claim to have 
“identified and classified all games that feature some form of voice interaction and have 
received a public release”, which was made in the published article, strictly inaccurate. 



Voice Game History 

111 

2. False Starts: In the mid–1980s, a series of videogame consoles made 

extensive use of speech recognition, but were commercially unsuccessful. 

A basic microphone in the Nintendo Famicom led to the inclusion of 

simple voice gameplay features in many popular videogames in Japan. 

3. Digital Companions and the DS in Japan: In the late 1990s and early 

2000s, a series of Japanese videogame consoles (most notably, the 

Nintendo DS) afforded voice input. Many games made use of this feature 

by presenting a virtual “pet” or “friend” for the player to converse with. 

4. Command and Control in the West: In the mid-2000s, a succession of 

military strategy videogames incorporated voice command gameplay. 

These games, developed in North America and Europe, offered a 

distinctly more authoritarian style of voice gameplay compared to the 

voice games that had been produced in Japan. 

5. The Karaoke Boom: Between the early 2000s to the early 2010s, karaoke 

was one of the most popular videogame genres worldwide. 

6. The Kinect Effect: Microsoft’s Kinect console, which combined a speech 

recognition system with a motion-sensing camera, led to the inclusion of 

voice gameplay features in a wide range of high-profile videogames for 

several years in the early 2010s. 

7. Add-Ons, Mods, and Open Platforms: From the mid-2010s onwards, voice 

gameplay began to appear in an increasing number of small-scale, low-

budget, independently produced videogames and videogame mods. 

The overall impression of these phases is that voice games have gradually 

improved in both their sophistication and their cultural centrality over time. 

However, the historical analysis also demonstrates that voice game design has 

been heavily constrained and shaped by the platforms that happened to dominate 

the commercial videogame market at different points in time. The article 

describes a pattern of “platform reactivity”, in which voice games repeatedly 

proliferate on game consoles that afford voice input, but become scarce again 

when future game consoles exclude voice input features. This highlights the 

importance of studying game platforms as a basis for understanding design 

trends in games themselves, as exemplified in the disciplines of platform studies 

(Bogost & Montfort, 2009) and media archaeology of games (Parikka & 

Suominen, 2006). 

The final argument of the published article is a counterpoint to the notion of 

platform reactivity. Despite dramatic changes in the underlying technology of 

voice interfaces, the basic genres of voice games have remained surprisingly 

consistent over time. Games from the 1980s present a similar range of voice-based 

activities to games from the 2010s, when viewed in terms of what the game 

fiction indicates that the player is doing with their voice. Across national 

boundaries, however, game genres have shown consistent differences. Voice 

games developed in Japan have often involved relatively intimate and egalitarian 

conversation between the player and a game character, whereas voice games 
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developed in North America and Europe have more often involved authoritative 

command-based interactions with game characters that serve as strategic pawns 

rather than fleshed-out characters. The research approach used in this study 

cannot determine whether these stem from broader cultural variations. However, 

prior empirical studies have found differences in North American and East Asian 

players’ responses to game characters, particularly with regards to perceptions of 

social presence (Luo et al., 2019; Yoon & Vargas, 2016), which is consistent with 

the hypothesis that cultural attitudes may be driving the regional variations in 

game design. Regardless of their origin, these inter-country differences show that 

the design of voice affordances in videogames has been influenced by factors 

other than the capabilities of the underlying voice technology. 

5.4 Contributions to the thesis 

This chapter primarily answers Research Question 2: “What is the historical 

lineage of voice game design and what are the major influences that have shaped 

it?” The media archaeology study traces both commonalities and changes in voice 

games, across the entire period of time in which voice interaction has been a 

feature of digital game design. The details of the seven historical phases provide a 

genealogical map of the lineages behind modern voice game design, and the 

broad historical trends observed in the study—platform reactivity and geographic 

variance—illustrate some of the factors that have influenced it. 

This chapter also provides some initial insights towards Research Question 3: 

“What design patterns are currently implemented in voice games?” It describes 

various recognisable forms of voice gameplay, many of which have remained 

surprisingly consistent over time despite dramatic changes in the underlying voice 

technologies. The following study, presented in Chapter 6, expands upon this 

with a detailed analysis of the specific recurring design patterns that have been 

evident in voice game design over the course of its history. The findings of these 

two studies form the basis for one of the major contributions of this thesis: the 

five genres of voice gameplay discussed in Chapter 8. 

As a final note, subsequent evidence collected for the thesis has supported the 

conclusions of Study 2. The published article points to the beginnings of a boom 

in small, independently produced voice games that use voice interaction as a 

central feature rather than a optional mode; it concludes with a prediction that 

this boom would continue, based on the historical trends identified in the study. 

That prediction was borne out in Study 3 (Chapter 6), which shows that the 

number of voice games released in 2017 was more than double the total of any 

prior year, even without considering the rapid growth in smart-speaker 

audiogames, most of which fit the profile described in the section entitled “Add-

Ons, Mods, and Open Platforms”.
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A person speaks casually to a computer opponent over a game of chess. The

computer answers in a synthesized but seemingly intelligent voice; they exchange

witticisms and debate recent events. Such scenes have long been predicted by both

computer scientists and science fiction writers. For decades, we have imagined that a

world of playful, talkative, genuinely intelligent artificial intelligence (AI) is close

on the horizon—but like a mirage, it has seemed to melt away at our approach, as

each step forward has revealed unanticipated challenges and technical setbacks

(Huang, Baker, & Reddy, 2014; Munteanu et al., 2013). This pattern of “false

dawns” (Aylett, Kristensson, Whittaker, & Vazquez-Alvarez, 2014, p. 754) and

disillusionment has led to a period of neglect for the study of voice interaction

(Munteanu et al., 2013).

Three parallel developments have given voice interfaces renewed relevance,

particularly in the context of game design. The first is a series of rapid improvements

in speech recognition, driven by increased computational power, cloud computing

services, larger data sets, and improved machine learning techniques (Huang et al.,

2014). The second is a growing presence of conversational AI characters in tech-

nology systems outside of digital games, sometimes modeled directly on game

characters, such as Microsoft’s Cortana (Warren, 2014). The third is a rapid pro-

liferation of microphones and speech processing systems in consumer gaming

devices from all-purpose devices such as smartphones and home computers to more

specialist gaming equipment such as the Microsoft Kinect. These developments

point to a growing opportunity for game designers to build novel gameplay experi-

ences around voice interaction1 and for voice interface designers in other fields to

learn how games have made spoken interaction with virtual characters enjoyable and

engaging for users (Luger & Sellen, 2016, p. 1). The history of digital games

provides guidelines for both of these perspectives.

In this article, we review the history of voice interaction in digital games from its

origins in computer science research in the 1970s to the present day. The patterns of

experimentation, popularity, and commercial failure seen in this time period offer

clear indications about how certain interaction styles are received by users, in a

context where a positive user experience is the overriding consideration. We identify

seven distinct phases, chronologically overlapping but distinguishable by their con-

tent, design focus, and geographic centers of production. We find that the develop-

ment of voice interaction games has been highly reactive to changes in the

technological platforms that have enabled digital gaming and that hardware has both

shaped and constrained the design space of voice interaction games. We also identify

regional differences in voice interaction game design and compare the characteristic

style of games designed in Japan to those designed in North America and Europe.

Finally, we argue that the current phase of voice interaction game design is qualita-

tively different to those that have come before, with a proliferation of small and

independent developers creating low-budget games that have a tighter focus on the

affordances of the voice interface, suggesting that voice interaction game design

may be in a signal period of experimentation and development of the form.
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Data and Method

Histories of speech recognition have been written by Huang, Baker, and Reddy

(2014), Rabiner and Juang (2008), Baker et al. (2009), and Furui (2005). In each of

these, the focus is firmly on describing developments in the underlying technolo-

gies that enable speech recognition systems. However, as several scholars have

noted, there has been a comparative lack of research on the interface design and

user applications of voice interfaces (Aylett et al., 2014; Luger & Sellen, 2016,

p. 1; Munteanu et al., 2013). Rather than rehash the contents of existing histories

by explaining in detail the technology that enables voice interaction in games, we

focus in this article on reporting the applications for which voice interfaces have

been used in games from a player’s perspective. This is intended to complement

the existing literature that provides a more technically oriented perspective.

However, where relevant we refer to aspects of the technology that are infor-

mative for understanding the allowances and limitations of a particular voice

interaction system.

To reconstruct the history of voice interaction in digital games, we set out to

archive and categorize every digital game that has received a public release and

features voice input as a mode of interaction. To achieve this, we conducted searches

on related key words within selected publications in game studies and human–

computer interaction, before broadening our search to general academic databases,

Google Scholar, and the wider web. We searched for key words on the game review

aggregator site Metacritic, the digital distribution platform Steam, game-related

wikis such as Giant Bomb, discussion forums such as Reddit, and enthusiast online

game catalogues such as the Video Game Console Library. Additional information

about each game was compiled from voice interaction research papers, platform

studies texts, historical books, magazine articles, news reports, game reviews, pub-

lished interviews, sales data, marketing materials, publisher websites, and the games

themselves. Wherever possible, findings were checked with multiple sources. We

used the automated translation service Google Translate to review websites in lan-

guages other than English; however, this remains a study primarily informed by

English-language sources.

In our analysis of these materials, we have sought to classify design patterns

and trace connections between games that employ similar styles of voice inter-

action. According to Suominen’s (2016) categorization of game histories, our

approach is primarily genealogical, as we map out the lineages and subcate-

gories that have emerged among voice interaction games, and to some extent

pathological, as we seek to explain these developments by reference to their

conceptual antecedents and material preconditions. In a loose sense, we are

engaged in media archaeology (Apperley & Parikka, 2015; Parikka & Suomi-

nen, 2006); although within the constraints of this article, we can account only

briefly for the broader media-cultural contexts in which voice interaction games

have developed.
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Antecedents to Digital Voice Interaction Games

The idea of conversing with inorganic objects is far older than the digital age.

Around the third century before common era (BEC), the Greek sophist Callistratus

wrote of a statue of an African king that was able to speak:

There was in Ethiopia an image of Memnon, the son of Tithonus, made of marble;

however, stone though it was, it did not abide within its proper limits nor endure the

silence imposed on it by nature, but stone though it was it had the power of speech.

(Fairbanks, 1931, p. 407)

Speech recognition technology itself predates the digital computer by three decades

in the form of children’s toys. The first such device was a grumpy-looking toy

bulldog (Figure 1), variously known as Radio Rex or the “Wireless Pup,” that sprang

out of its kennel when its name was called (Cohen, Giangola, & Balogh, 2004, p. 15;

Gernsback, 1916, p. 104; “Toys That Obey Your Voice,” 1916, p. 718). First

patented in 1916 and refined in subsequent years (Berger, 1916, 1917, 1918), Rex

worked on a mechanical form of protospeech recognition: the lever that pushed Rex

forward was held back by an electromagnet, whose power connection was tuned to

disconnect when vibrated at around 500 Hz. This matches the frequency of the vowel

sound in “Rex”—ironically calibrated to the vocal pitch of an average adult male

rather than a child.

With the advent of computers, machines that could think and speak entered the

realm of plausibility, and stories of humans matching wits and words against AI

quickly became a staple of science fiction. In the 1960s, both 2001: A Space Odyssey

and Star Trek showed audiences a futuristic spaceship AI that addressed its crew by

voice and played chess against them, only a few years before voice-controlled

computer chess would become a reality.

Research Games

In 1973, Reddy, Erman, and Neely at Carnegie Mellon University (CMU) published

a description of Voice-Chess, a digital chess game built on the Hearsay-I speech

recognition system. Like the AIs of Star Trek and 2001: A Space Odyssey, Voice-

Chess could recognize standard chess instructions such as “Bishop to Queen Three”

and update the on-screen board accordingly. This is perhaps the earliest example of a

prototype speech recognition system that used a game as its use case. The turn-

taking structure and well-defined vocabulary of chess moves provided a template for

utterances that were constrained and standardized enough for Hearsay-I to process.

The development of Hearsay-I was funded by the U.S. Advanced Research

Projects Agency Speech Understanding Research program (Lea & Shoup, 1979;

Rabiner & Juang, 2008). Several other pioneering systems were developed under

this program, including Hearsay-II and Harpy at CMU and Hear What I Mean at Bolt

Beranek and Newman. Lee (1988) at CMU would later combine elements of Harpy
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with improved statistical methods to create the first Sphinx system, whose succes-

sors continue to be among the mostly widely used tools for speech recognition today,

including in digital games such as In Verbis Virtus.

As speech recognition technology has improved, researchers have continued to

use digital games as prototypes or research objects, particularly when exploring

novel interaction methods (e.g., Dow, Mehta, Harmon, MacIntyre, & Mateas,

2007; Nanjo, Mikami, Kunimatsu, Kawano, & Nishiura, 2009). One notable branch

of human–computer interaction research has explored voice input as an alternative

control modality for users with motor impairments (Harada, Wobbrock, & Landay,

2011; Mustaquim, 2013), sometimes using nonverbal voice actions such as volume

Figure 1. Patent illustrations for Radio Rex (Berger, notes, p. 2).
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or pitch rather than words (Harada et al., 2011; Igarashi & Hughes, 2001; Sporka,

Kurniawan, Mahmud, & Slavı́k, 2006).

False Starts

By the early 1980s, speech recognition technology was being added to mass-market

products. The Milton Bradley Company was first to bring voice interaction to the

commercial digital games market. In 1983, it released the “MBX” module for Texas

Instruments’ TI-99/4A computer, which added speech recognition and speech synth-

esis capabilities (Herman, 1997, p. 282; Mace, 1983, p. 27). Milton Bradley pub-

lished seven games that took advantage of the speech recognition feature, including

Championship Baseball, in which players could tell their baseball team where to

throw the ball. Seeing this, Atari commissioned Milton Bradley to develop a “Voice

Commander” module for the Atari 2600 console (Herman, 1997, p. 92).

An even more ambitious project was the “Halcyon” game console (Figure 2),

created by Rick Dyer’s RDI Video Systems, developer of the popular arcade game

Dragon’s Lair. Unlike the Milton Bradley add-ons, Halcyon was a whole console

dedicated to voice input and designed to be controllable entirely through spoken

commands. Marketing for the Halcyon proclaimed it to be “the first and ONLY

home entertainment system featuring speech synthesis, voice recognition, and arti-

ficial intelligence” (Kinder & Hallock, n.d.), and in interviews, Dyer described the

system as being similar to the AI HAL 9000 from 2001: A Space Odyssey (“Lasers

and Computers,” 1985). The console contained a dedicated speech recognition sub-

system, which could recognize a player saying their own name, and had the capacity

Figure 2. Flyer for the Halcyon (Kinder & Hallock, n.d.).
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to learn more than 1,000 words. Commands aside from “yes” and “no” had to be

pretrained by the player before the system could recognize them, and even then the

error rate was frustratingly high (Dark Watcher & 98PaceCar, n.d.; “Lasers and

Computers,” 1985), but nevertheless this technology was highly advanced for a

consumer product at the time.

All three platforms fell victim to bad timing. In 1982, the markets for both home

computers and video game consoles had experienced a glut, which by 1983 had

spilled over into a costly price war. A flood of cheap game hardware and poor-

quality games caused a sharp drop in profits for video game companies and a decline

in consumer interest, which led to the industrywide North American video game

crash of 1983 (Wolf, 2008, p. 105). Texas Instruments withdrew from the home

computer business, dooming the MBX module a month after it began production

(Mace, 1983, pp. 22–27). Atari shelved the voice commander indefinitely, prompt-

ing Milton Bradley to bring a lawsuit against it for breach of contract (Herman,

1997, p. 92). Halcyon was launched in 1984 with only two games and a price tag of

more than US$2,000; sales were nonexistent, and RDI Video Systems went bankrupt

almost immediately (Wolf, 2008, p. 101; Wolf, 2012, pp. 353–354).

At the same time, however, Japan was beginning its rise to dominance in video

game production. In 1983, Nintendo released the Family Computer (Famicom)

console to unprecedented success (Altice, 2015, p. 200). The Famicom included

voice interaction almost as an afterthought: It came with two controllers, one of

which had a built-in microphone that could amplify the player’s voice through the

television speaker. The audio processing system was basic, capable only of register-

ing sound as a binary on-or-off signal (Altice, 2015, p. 25). For the first 2 years of the

Famicom’s release, no games made use of its microphone; but from 1985, a number

of developers began to add voice interaction elements to their games usually in the

form of an optional or secret ability rather than a core game mechanic. Given the

extreme limitations of the hardware, Famicom games show a surprisingly broad

range of voice actions: from shouting to kill enemies (The Legend of Zelda), to

blowing air to spin a roulette wheel (Kamen Rider Club), to “bargaining” with a

merchant (Kid Icarus).

In 1987, the first dedicated karaoke video game was published on the Famicom:

Karaoke Studio. The cartridge for Karaoke Studio included a physical attachment

for a stage-style microphone. The player sang into this microphone while music

played and song lyrics appeared on screen, accompanied by an animated video.

The player’s singing was amplified through the television speakers and given a

score at the end of the song; although this was based on little more than timing, and

as with later karaoke games, there was no element of speech recognition (“Karaoke

Studio,” n.d.). It would be 10 years until the next karaoke video game was released,

but since that time the genre has continued to follow the basic form laid down by

Karaoke Studio.

Despite its novelty, voice interaction was never seen as a big part of the Fami-

com’s success. Later versions of the console, including the Nintendo Entertainment
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System (NES) that was sold outside Japan, removed the microphone and the flow of

games on the system that used the feature gradually dried up (Altice, 2015, p. 26). It

would be a number of years before Nintendo, or any other company, reintroduced

voice interaction technology to a games console.

Digital Companions and the DS in Japan

The success of the Famicom/NES helped to revive the video game industry and

moved its center of gravity from the United States to Japan. Nintendo, Sega, and

Sony dominated the game console market throughout the 1990s, and they defined

the capabilities of their respective game consoles in terms of computing power. The

early and late stages of the decade were commonly referred to as the “16-bit era” and

“32-bit era” in games, reflecting the popular focus on CPU size at the time. None of

these consoles featured a built-in microphone, and consequently, no voice interac-

tion games were released for those platforms.

In 1998, Nintendo again brought voice interaction back to console gaming with

the voice recognition unit, an add-on to the Nintendo 64 console that paired a

microphone with a speech recognition pod that could encode the player’s voice

inputs (Provo, 2000). However, only two games made use of the unit—1998s Hey

You, Pikachu! and 1999s Densha De Go! 64—and only the former was sold outside

Japan. Although Nintendo quickly abandoned the voice recognition unit, Hey You,

Pikachu! earns a significant place in this history as the first “virtual pet” game to use

voice interaction.2 The game allows players to befriend and converse with the title

character, a friendly Pokémon, while controlling a relatively nondescript child ava-

tar. This design pattern was repeated in several games by Japanese developers over

the following few years: Seaman on the Sega Dreamcast (Figure 3), Lifeline on the

Sony PlayStation 2, and N.U.D.E.@ on the Microsoft Xbox. Like Hey You,

Pikachu!, these games use a first-person perspective but place the narrative focus

Figure 3. The main character in Seaman, a fish with a human face.
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on a second-person “friend” or “pet” like Pikachu. In all four games, the player’s

main task is to converse with the virtual companion to teach them or guide them

through the gameplay scenarios, as the relationship between the characters develops

over time. This relationship-oriented voice interaction has remained a characteristic

of Japanese game design and a rarity in Western game design for the next decade.

Yet another configuration of voice interaction game design appeared on the

PlayStation 2 in 2001. Yoake no Mariko positions the player as an actor in various

B-grade films and presents them with an on-screen script including stage directions

for each line’s delivery. The player is scored on how well they perform their lines,

leading to an experience somewhere between karaoke and role-play. Although not

an especially popular or influential game, Yoake no Mariko is notable as an example

of the use of voice input to create a distinct new game genre.

The fact that this crop of voice interaction games emerged within the space of a

few years after the long winter of the 1990s was not a coincidence, but neither was it

driven by a sudden surge in consumer demand for voice interaction. Rather, it was a

response to the hardware. This was the era in which consoles began to allow online

multiplayer gaming, beginning with the Sega Dreamcast. Online voice chat was a

fast and socially engaging way for players to communicate without taking hands off

the controller (Wadley, Carter, & Gibbs, 2015, p. 360), and so each of the major

game platforms received a microphone peripheral that players could purchase, often

bundled with an online game. Once microphones had become common, voice inter-

action became a much more cost-effective prospect for game developers to explore,

as consumers no longer needed to pay for a dedicated microphone for the sake of just

one or two games. Conversely, a voice interaction game that came bundled with a

microphone, such as Seaman, was a more attractive prospect to consumers, as the

microphone could be used for online voice chat after the game itself was done with.

Meanwhile, Nintendo continued to experiment with voice interaction systems,

separate from any online voice chat applications. Several games on the Nintendo

GameCube were bundled with a microphone to allow voice control, including the

bizarre Odama, in which the player commands the movement of feudal Japanese

soldiers to avoid being crushed by an enormous mystical pinball. This culminated in

the system that brought voice interaction gaming to its largest audience yet: the

Nintendo DS.

The Nintendo DS was the successor to Nintendo’s Game Boy series, and it

extended the handheld console format in a number of ways. Most prominent were

its two LCD screens including a touch screen and stylus. It was also the first game

console since the Famicom to include a built-in microphone. Game developers

responded to this unorthodox set of features with new and unusual game mechanics.

Brain Age, one of the console’s flagship titles, tests the player’s mental agility with

rapid-fire color naming. Nintendogs lets players teach tricks to a virtual dog by

calling commands like “sit” or “roll over.” The Phoenix Wright series, about the

trials of a cartoon lawyer, allows players to interrupt court proceedings with a shout

of “Objection!” The Legend of Zelda: Phantom Hourglass asks the player to

Allison et al. 9

5.5 Study 2 (Publication)

121



extinguish torches and spin windmills by blowing into the microphone. Each of

these games was critically and commercially successful, and the DS itself sold more

than 150 million units worldwide, rivalling the PlayStation 2 as the highest selling

game console of all time (Lynch, 2013). This brought voice interaction gaming to a

much wider audience than had ever experienced it before, in a variety of styles.

Speech recognition was not yet a seamless technology, however, and the novelty of

voice inputs was offset by the console’s tendency to misunderstand or fail to respond

to the player’s commands.

Command and Control in the West

In North America and Europe, voice interaction gaming took a long time to recover

from the crash of the 1983. When it did return, it took on a distinctly different

character than the style of voice interaction games that were being made in Japan.

The first commercial video game on the PC to feature built-in voice interaction

was Command: Aces of the Deep in 1995. In this World War II submarine simulator,

the player takes on the role of a German U-boat captain and can speak orders to their

crew through a microphone. Although Aces of the Deep was well received, the voice

recognition was criticized for being unreliable (“150 Best Games of All Time,”

1996, p. 74; Stevens, 1999). It proved to be the last game in the Aces series, and

for several years, it remained the only major PC game to include voice interaction.

Unlike developers for the original Famicom or later platforms, PC game developers

at the time could not rely on their consumers to have a microphone that could take

advantage of any voice interaction features.

In retrospect, however, Command: Aces of the Deep clearly foreshadows the style

of voice interaction that was to become characteristic of Western game design in the

decade to come. Firstly, it puts the player in the role of a military authority figure in a

combat situation, who barks orders at a team of underlings. Secondly, it presents a

fundamentally top-down communication structure, in which the player’s subordi-

nates are semiautonomous agents of the player’s strategic will, rather than fully

fledged characters with inner lives and thoughts of their own to discuss. Thirdly,

it affords voice control as an option that can easily be replaced with mouse clicks and

hot keys rather than a central and indispensable part of the game’s design. This

impersonal command-and-control style is indicative of the common patterns of

voice interaction that came to predominate in games made by North American and

European developers. Games made in Japan, by contrast, often employed a more

conversational style that placed the virtual character on a more even level with the

player and involved peaceful rather than combat-based scenarios.

The new wave of voice interaction games began to arise in North America after

headset microphones were released for the Sony PlayStation 2 and Microsoft Xbox

consoles. These headsets were primarily designed to allow voice chat between

players in online games but were immediately used for voice interaction. The first

game to use the PlayStation 2 headset was SOCOM: U.S. Navy Seals, a tactical third-
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person perspective shooter, which included an option for the player to give verbal

orders to the squad members under their command. This model was repeated in four

more games in the SOCOM series, along with a string of other squad-based shooters:

Rainbow Six 3 and Rainbow Six Vegas, SWAT: Global Strike Team, Greg Hastings

Tournament Paintball Max’d, and, on the PC, Unreal Tournament 2004. In each

case, the player was positioned as the leader of a combat team who could issue

instructions to their semiautonomous and largely characterless teammates.

The tactical combat command trend culminated in Tom Clancy’s EndWar, the

first game to attempt real-time strategy on a console using voice commands. Unlike

the squad games that came before it, voice command was central to the design of

EndWar. Although it could be controlled using the game pad, the game encouraged

voice input as the primary method of control. EndWar featured an unusually flexible

speech recognition system that could understand multipart command strings in a

Who-What-Where pattern such as “unit two, attack hostile one” or “unit four and all

gunships, create group and move to target.” Reviewers praised the “superbly imple-

mented voice-recognition system” (Reed, 2008) for providing an elegant and reli-

able solution to the ergonomic constraints of the console format. Unfortunately, the

nonvoice aspects of the game were criticized for lacking strategic depth and narra-

tive interest. EndWar attracted a small cult following but ultimately entered the

annals of gaming as a curio rather than a way forward.

Following the failure of EndWar to find a large audience, voice interaction

petered out in most game genres. However, one category bucked the trend

and by itself took voice interaction gaming to its greatest ever heights of

popularity: karaoke.

The Karaoke Boom

Karaoke has been far and away the most successful genre of voice interaction

gaming in its history. The first karaoke video games appeared on the Famicom, first

in the form of a minigame within the action-adventure title Takeshi No Chōsenjō and

later as a fully developed game in Karaoke Studio, described above. The genre fell

dormant in the 1990s, but with the revival of voice interaction gaming at the turn of

the millennium, karaoke began a 10-year run as one of the most popular game genres

of the era. Karaoke was a centerpiece of the “party game” style at the same time as

video games began to shake off their children’s toy image and achieve popularity

with older demographics. Karaoke games became a feature of adult social events as

a social bonding activity, often accompanied by alcohol (Fletcher & Light, 2011).

Once again, the revival began in Japan before it reached the rest of the world. The

short-lived Dream Audition series, beginning on the PlayStation 2 in 2000, followed

the basic template laid down in Karaoke Studio: Players were given a stage-style

microphone and a list of well-known pop songs and were scored based on their

ability to hit the right notes as they sang along to an instrumental version of the song.

Lyrics appeared on screen in time to the music, although as the system tracked only
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vocal pitch and not phonemes, the player was free to sing whatever words (or

sounds) they chose. In 2003, Karaoke Revolution took up the format and added a

piano roll-style pitch indicator for the vocals (Figure 4). It depicted the player as a

character singing to a crowd and framed the scoring as the singer’s ability to enter-

tain the crowd; the player could be cut off mid-song if the “crowd meter” dropped

too low due to out-of-tune singing. This format became the new standard that

subsequent karaoke games would imitate.

The following year, SingStar was released in Europe and Oceania, following the

template laid down by Karaoke Revolution. They were joined in 2007 by Rock Band,

and shortly afterward by Guitar Hero World Tour, which expanded the karaoke

format to include plastic guitars and drums that could be played alongside the vocals.

The Lips, Boogie, and Sing It! series also joined the karaoke stable at this time. Many

of these series released multiple games per year across multiple gaming platforms,

and every major game console featured at least one karaoke series.

In 2011, near the height of the karaoke boom, Fletcher and Light conducted two

ethnographies of SingStar player groups. They describe SingStar as a “glue tech-

nology” (Fletcher & Light, 2011, p. 1) that facilitated social bonding and interge-

nerational connections within the groups. They also documented a variety of

collaboration and co-play practices, wherein the microphone was shared between

varying numbers of players, with secondary singers often acting as a social support

to the primary player holding the microphone.

The karaoke craze lasted through two generations of consoles. From the launch of

Karaoke Revolution in 2003 to the end of 2012, more than 120 different karaoke

games were released (counting multiplatform releases as a single game). More than

70 of these were published in just 3 years between 2008 and 2010. But as the market

became oversaturated, consumer interest in the genre finally waned. In 2011, the rate

Figure 4. Piano roll-style pitch indicator in Karaoke Revolution.
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of new releases began to wind down, and two attempts to revive the genre with new

games in 2015 met with little success (David, 2016; Yin-Poole, 2016).

The Kinect Effect

By 2010, when the karaoke craze was at its peak, other forms of voice interaction

gaming had fallen into a lull. The Nintendo DS was 6 years old and soon to be

superseded and had always been constrained by the limited sensitivity of its micro-

phone. Voice-controlled strategy games had failed to gain traction after the limited

success of EndWar, and the SOCOM series that pioneered voice control in the

tactical shooter genre had stopped including it as a feature.

The situation was reversed in late 2010 when Microsoft released the Kinect, a

multipurpose sensor bar for the Xbox 360. The Kinect was primarily marketed as a

motion sensing camera, which could track players’ movements in three-dimensional

space. However, it also included a microphone array and a speech recognition

system. This provided a ready-made facility for game developers to add voice

interaction to their games without needing in-house expertise in speech recognition.

It also quickly established a substantial consumer market for voice interaction

games, as within its first 2 months the Kinect became the fastest-selling consumer

electronics device in history (Peckham, 2011).

This resulted in a new wave of voice interaction games, although it took some

time to gather momentum as most early Kinect games focused on motion control

rather than voice interaction. The launch title Kinectimals, a virtual pet game fol-

lowing the Nintendogs template, allows players to teach their animal tricks using

voice commands such as “sit down” and “roll over.” The following year, limited

voice controls were included in Dance Central 2, Kinect Sports: Season 2, and Halo:

Combat Evolved Anniversary. In 2012, the sci-fi squad-based shooters Binary

Domain and Mass Effect 3 both allowed players to give verbal orders to their

teammates in battle and to converse with characters by reading out scripted lines

of dialogue. The crest of the wave came in 2013, with the launch of the Xbox One

console. For the first 6 months of its release, every Xbox One came bundled with a

Kinect as a mandatory add-on (Turner, 2014), further expanding the potential user

base for voice interaction. There followed a run of games that took advantage of

voice input, in a diverse range of genres: action games such as Ryse: Son of Rome,

family-friendly fare such as Zoo Tycoon, sports games such as FIFA 14, racing

games such as Forza Motorsport 5, and role-playing games such as Dragon Age:

Inquisition. More than 30 major releases to date have used the Kinect’s voice

recognition. The voice affordances vary considerably between these games,

although it is notable that all of them make voice input an optional feature rather

than a core element of the design—perhaps reflecting the fact that many Xbox One

owners do not have a Kinect. In most of these cases, voice commands are simply an

alternative means of activating actions that are already afforded by the primary
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control scheme; they form a redundant control layer rather than a novel implemen-

tation of voice-specific game mechanics.

Not all the Kinect games use spoken commands in this way, however. Some focus

on creating the illusion that the characters in the game world are simply able to hear

the sound of the player. The stealth horror game Alien: Isolation includes an optional

“noise detection” mode, in which any moderately loud noise detected by the Kinect

microphone alerts the game’s fearsome antagonist (the titular alien) to the location

of the player–character. Similarly, the stealth action game Splinter Cell: Blacklist

allows the player to call out to in-game enemies, prompting them to investigate.3

This feature was well received by players and reviewers alike for supporting a sense

of connection with the game world (Carter, Allison, Downs, & Gibbs, 2015, p. 267).

Unlike in earlier eras, player feedback on the voice interaction features of Kinect

games did not focus on the accuracy of speech recognition, which was generally

considered to be acceptably reliable for many accents. Instead, voice interaction was

critically appraised largely according to two considerations: its efficiency compared

to regular controls and its appropriateness within the context of the game’s imagin-

ary and overall design (Carter et al., 2015, p. 266). Voice commands that allowed

players to role-play momentarily as their character were praised, whereas voice

commands that called attention to the player’s position outside the game world were

criticized as feeling “unnatural” and “embarrassing”—an effect that Carter, Allison,

Downs, and Gibbs (2015) termed “identity dissonance” (p. 268).

Add-Ons, Mods, and Open Platforms

Most of the games described so far have been the products of well-established

development and publishing studios. One reason for this is that the early game

platforms on which voice interaction was enabled were consoles, which had higher

barriers to access and distribution than home computers. However, the greater

openness and flexibility of the home computer as a platform has meant that voice

interaction gaming has been available to those willing to seek out extra software or

game mods.

The predecessors to today’s more open approach to voice interaction games

emerged in the 1980s, when speech recognition systems became available for home

PCs that included voice control schemes for virtual flight simulators (Schoen, 1985).

By the end of the 1990s, such voice control software was marketed specifically for

PC games including Sontage Interactive’s Game Commander and Microsoft Side-

winder Game Voice. These systems worked by converting spoken commands into

user-specified keyboard or mouse inputs. Thus, the voice control was a separate

overlay rather than an integrated part of the game itself, although a few games came

with preconfigured profiles for voice control software, including Star Trek: Bridge

Commander.

Over time, as free speech recognition software became more accessible, some

players began to take it upon themselves to add voice interaction to PC games by
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creating and distributing unofficial game modifications (“mods”) that leveraged

software from open-source speech recognition systems such as CMU Sphinx. A

notable example of player-led development of voice interaction is the role-playing

game The Elder Scrolls V: Skyrim by Bethesda Game Studios. Magical incantations

are a central action in Skyrim’s imaginary and game mechanics, but when it was first

released in 2011, the game had no voice interaction features. Modders quickly

responded by creating mods that enabled players to perform their incantations

vocally; one such mod had been downloaded by more than 49,000 different users

as of June 2017.4 In 2012, Bethesda responded by adding similar voice command

features in an official update to the Xbox 360 version of the game.

In the 4 years since voice commands were brought to Skyrim, there has been a

proliferation of smaller scale, smaller budget voice interaction games produced by

independent developers. These have appeared for both PCs (Bot Colony, There

Came an Echo, In Verbis Virtus, Plan Be) and mobile phones (The Howler, Ah!
Bird, Mayday! Deep Space), the latter having the advantage that microphones are a

standard feature of the platform. Notably, all of these small-scale independently

developed games have made voice interaction a central focus of their player expe-

rience; several are unplayable without a microphone. As a result, their design

engages more closely with the affordances of voice than most larger studio produc-

tions, for which voice input is merely a bonus. For example, both Plan Be and

Mayday! Deep Space are stealth games that provide the player with a “radio”

connection to an in-game character, whom they must guide through a dangerous

facility with verbal directions while looking at an abstracted overhead map

(Figure 5). Through the voice of the character “on the ground,” these two games

Figure 5. Overhead map view in Plan Be.
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evoke a richer sensory environment than they depict visually, creating a heightened

tension and allowing the player’s imagination to fill in the scene (Shimomura, 2015).

Reviews attributed a heightened experience of social involvement to the spoken

interaction format:

This is the rarely explored power of voice: speaking to a character with your own actual

voice connects you to them, forges a bond. (Shimomura, 2015)

Discussion

Voice interaction has had a place in digital games, for research and entertainment,

since 1973. But its path toward acceptance and popularity has not been smooth.

Hardware and software platforms have acted as constraints on the design space of

voice interaction, leading to a tidal pattern in which voice interaction games have

repeatedly risen on a wave of novelty with a new game platform, only to fall away as

its limitations are discovered. We have shown that the development of voice inter-

action game design has been responsive to the platforms on which digital games are

played, but that this influence is not deterministic, as developers in different coun-

tries have taken distinctive approaches to their use of the technology.

Platform Reactivity

Although voice interaction gaming had something of a false start in the 1980s,

achieving only limited success with the severely limited voice input system on the

Famicom, it is notable how many different genres of voice interaction games were

present in those early years. From karaoke singing to bargaining with merchants to

blowing air and directing a sports team, the games of that era foreshadowed many of

the genres that would emerge on more capable platforms. Nevertheless, the tech-

nology could not support the ambitions of game makers or the demands of players.

The long winter that followed for voice interaction games lasted until game plat-

forms once again found a reason to include microphones, with the advent of online

gaming. That latent consumer interest in voice interaction remained throughout this

period is suggested by the stratospheric success of the Nintendo DS, which was the

first platform to foreground voice interaction as a central game mechanic in its most

popular titles. We do not mean to imply that voice interaction was the primary

reason for the success of the DS, but its prominence in the design and marketing

of bestselling games such as Brain Age and Nintendogs suggests that it was a

contributing factor. On other platforms around the same time, the digital companion

games and tactical combat games that adopted voice interaction attracted a smaller

audience, reflecting the lower market penetration of headsets and other microphones

on these consoles.

What this history has clearly shown is that each boom in voice interaction has

proceeded from a new platform development, beginning with the Famicom
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microphone and continuing most recently with smartphone gaming. Voice interac-

tion game design has been both driven and constrained by the affordances of the

technology platforms on which digital games have been built at each point in time.

While examples of voice interaction exist in almost every era of digital games, the

great majority have closely followed the release of a platform that afforded new

voice input or speech processing capabilities. This highlights the importance of

studying platforms as context for understanding the games that are played upon

them, as exemplified in the interlinked fields of platform studies (Bogost &

Montfort, 2009) and media archaeology (Apperley & Parikka, 2015; Parikka &

Suominen, 2006). The patterns we have observed in this history illustrate the influ-

ence dynamic that Bogost and Montfort (2009) ascribe to platforms, wherein the

technology is not deterministic but does “encourage and discourage different sorts of

expressive new media work” (p. 5).

Karaoke games may be considered as an exception to the platform-driven rule, as

games in this genre have often been sold with the microphones that enable their use

rather than taking advantage of preexisting microphones that come with the console

on which they are played. This can be explained by the extra functions that micro-

phones play in karaoke games as a social prop and a cultural referent (Fletcher &

Light, 2011, p. 11) as well as a controller. Whereas in most digital games, the

imagined action is situated in the virtual space and oriented toward virtual charac-

ters, in karaoke games, the imagined action is situated in the room and (often)

oriented toward a real audience. The karaoke genre has traditionally used large,

stage-style microphones rather than discreet headsets or controller microphones;

these provide both a clear visual cue for the audience to see the player in the context

of a stage performance rather than an ordinary living-room scene and a focal point

away from the screen around which multiple singers can orient themselves (Fletcher

& Light, 2011, p. 10). Thus, the voice input hardware is an even more essential

feature of karaoke games than many other voice interaction games, for which the

physical format of the microphone is less relevant.

Voice Interaction Game Cultures

To say that technology and platforms have driven the development of voice inter-

action games is not to say that they have fully determined how these game experi-

ences have been designed. As this history has described, voice interaction games

produced in different regions show signs of being the product of different ways of

thinking about how players might communicate with virtual characters. This shows

that cultural, individual, and economic factors still play a large role in what kinds of

experience we see as possible and desirable for voice interaction games.

The clearest stylistic differences are those that emerged between the voice inter-

action games made in Japan and those made in North America and Europe. This is

particularly apparent in the way that each of these regions typically approached the

player’s relationship with the virtual characters in the games. Japanese developers
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have tended to create conversational interactions in which the player engages in two-

way communication with a singular character who is presented as an autonomous

being. This style is exemplified by Hey You, Pikachu! and Seaman and might be

called “digital companion” or “virtual pet” games. While the virtual character is

clearly responsive to the player’s inputs rather than fully independent, they are

presented by the game as being in a reciprocal relationship with the player, in which

relationship building is at least partly the goal. In contrast, Western developers have

typically created militaristic strategy games in which the player uses their voice to

issue commands to multiple units, in an authoritative, top-down communication

style that suits the hierarchical structure of the player–character relationship; the

inner thoughts of the virtual characters are of minimal relevance. Tom Clancy’s

EndWar and Command: Aces of the Deep are archetypal examples. While not every

voice interaction game from a Japanese, North American, or European developer fits

these profiles, there is a strong tendency toward these styles of voice interaction

among most of the games from each region.

Interestingly, the stylistic differences we have noted alternately support and

contradict the argument made by Nass and Brave (2005) that all speech interaction

automatically evokes an imagined social relationship with the technology. Nass and

Brave report on a number of experiments that suggest people’s responses to com-

puters accord with their responses to other humans in equivalent interactions, and

that this effect is particularly pronounced for voice interactions. This effect might be

expected to be even more pronounced in digital games, as virtual characters are such

a central feature of the medium. Indeed, the Japanese style of two-way, relatively

equal communication humanizes (or anthropomorphizes) the virtual characters and

suggests a relationship that very much treats the game character as a true conversa-

tion partner with a mind of its own. Conversely, the Western style of top-down

control implies a much less humanized view of the virtual characters and a greater

sense that the player is simply moving tokens on a game board.

The peculiarities of Western and Japanese game design have long been identi-

fied by contrast with one another, although it would be reductive to suggest

that there is one monolithic culture or approach to game design on either side

(Consalvo, 2016, pp. 4–5). The differences we have observed may be due to broad

cultural factors or they may be the result of individual preferences; the number of

people making voice interaction games has always been small enough that a single

developer could have a substantial influence on the style of games produced in

their region. What these differences clearly demonstrate is that the content and

style of voice interaction games have not simply been determined by the affor-

dances of the platforms on which they are built, although these platforms have

certainly shaped what is possible.

The tidal pattern of voice interaction gaming that this history has documented

may now be coming to an end, as microphones and voice interfaces become an

increasingly standard component of gaming devices. There appears to be little

prospect of a return to a situation like the winter of voice interaction games in the
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1990s, when common gaming platforms simply did not feature voice interfaces due

to hardware constraints. At the same time, the barriers to developing and publishing

a voice interaction game have been lowered by open-source speech processing

systems and digital distribution channels, which has enabled the proliferation of

smaller scale games by independent developers. Without the platform-driven cycle

of novelty to rely on, designers will need to understand how past attempts at voice

interaction in games have succeeded or failed in engaging users. The history outlined

in this article has shown that video games have a long record of experimentation and

creativity with the format, much of it let down by the limitations of the technology of

the day. Recognizing what kinds of interactions are desirable and how different

configurations of the player–character relationship create meaning for players will

benefit both game designers and developers of voice interfaces for other contexts.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to the research, author-

ship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for the research, authorship,

and/or publication of this article: This work was supported by the Microsoft Research Centre

for Social Natural User Interfaces and the Australian Government Research Training

Program.

Notes

1. Note that we use the term voice interaction exclusively for the use of voice to interact with

technology, as distinct from voice communication or voice chat, which refer to online

conversation between humans.

2. Apple Town Monogatari, a life simulation game for the Famicom, is arguably an earlier

case, although its voice interaction is limited to two hidden “Easter eggs”: By shouting at

the right moment, the player can make their virtual friend fall off a ladder or cause a

chirping bird to appear.

3. A similar trick had been included 10 years earlier in Manhunt, another stealth action game.
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6 Voice Game Design Patterns 

This chapter presents Study 3 in the form of a peer-reviewed conference paper: 

Allison, F., Carter, M., Gibbs, M., & Smith, W. (2018). Design Patterns for 
Voice Interaction in Games. Proceedings of the 2018 Annual Symposium 
on Computer-Human Interaction in Play, 5–17. 
https://doi.org/10.1145/3242671.3242712 

The paper is included verbatim in its published format, following a discussion of 

how it contributes to the thesis. I led all stages of the research and writing 

process. My thesis supervisors, Marcus Carter, Martin Gibbs and Wally Smith, 

contributed to the study design and writing of the paper. 

6.1 Introduction 

The previous chapter identified a trend in which different types of voice games 

have risen to prominence in different eras, such as the conversational digital 

companion era of 1998-2007 and the global karaoke boom of 2003-2012. In spite 

of these fluctuations, however, the historical analysis showed the basic forms of 

voice gameplay to be surprisingly consistent over time: the earliest and crudest 

voice games present the player with much the same types of activities as the 

newest and most sophisticated—at least in terms of the imagined action—

despite large differences in the games’ speech processing capabilities. This 

suggests that there are resilient underlying patterns in game design for voice 

interaction, which have remained relevant over several decades of technological 

change and are likely to continue to remain relevant into the future. 

This chapter presents the results of a study to identify and describe these patterns 

of voice game design. The study primarily addresses Research Question 3: 

RQ3 What design patterns are currently implemented in voice games? 

Study 3 addresses this research question through an extensive analysis of 

published voice games. The variations in voice game design are codified according 

to the pattern language framework first developed by Alexander et al. (1977) and 

adapted to game design by Björk and Holopainen (2004). The study identifies 25 

recurring design patterns in voice games, and notes that these patterns have 

tended to co-occur within particular games in ways that represent five distinct 

voice gameplay genres. Based on these findings, this chapter presents a pattern 

language that can be used to recognise, conceptualise and communicate common 

elements in voice game design. 
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6.2 Research method 

This study set out to to identify and catalogue every published videogame that 

has afforded voice interaction, whether it was released as a commercial product, a 

free piece of software, an educational tool or an academic prototype. To achieve 

this, the database of voice games used in Study 2 (Chapter 5) was expanded 

through an extensive process of desktop research. As in Study 2, any screen-based 

videogame that has allowed players to use their voice to affect the game state was 

included in the database, with the exception of most audiogames. However, a 

sample of 22 smart-speaker audiogames was tested to determine whether the 

results for that type of game would be similar. The final database included 471 

games, with a summary description of the voice affordances and interface 

characteristics of each one. An inductive analysis process was used to identify 

patterns in this data, and these patterns were translated into a game design 

pattern language following the format codified by Björk and Holopainen (2004). 

The research method is described at greater length in Chapter 3 and in the 

published article below. The list of games analysed in this study is included in 

Appendix B. 

6.3 Summary of findings 

The study produced a vocabulary of 25 design patterns for voice game design. 

These range from specific actions that can be performed with voice (such as 

SHOUT TO SHOOT) to higher-level patterns that describe how voice interaction is 

structured (such as CHOICE OF OPTIONS) or how the game situates the player 

within the imaginary gameworld (such as SPEAK AS A CHARACTER). The published 

paper describe each pattern with a one- or two-sentence definition, an illustrative 

example from an existing game, a one-paragraph discussion of its gameplay 

consequences, and a list of other design patterns that it overlaps or conflicts with. 

The design patterns are classified into six categories. The first category, Diegetic 

Framing, contains the patterns that describe how the game fiction frames the 

player’s voice input. The second category, Dialogue Structure, contains the 

patterns that describe how the dialogue between players and NPCs is configured. 

The four remaining categories describe specific voice-based actions and game 

mechanics. The headings for these four categories (Selection, Navigation, Control 

and Performance) indicate the type of action that the pattern involves, as 

represented in the fictional space of the gameworld. 

An additional analysis was conducted to determine which design patterns have 

tended to appear together within the same games. Two such clusters of patterns 

were identified, one based on “command” and another based on “branching 

dialogue”. The paper also notes that a different set of patterns were found to 

appear almost always in isolation, and that these isolated patterns are notable for 
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representing forms of direct action rather than mediated action. The next section 

will argue that these clusters of patterns constitute five distinct genres of voice 

gameplay, each of which reflects a different type of voice activity. 

Two final analyses look at the design patterns that have been used in two specific 

sets of voice games: academic research prototypes and smart speaker games. The 

academic voice games have been highly focused on two particular design patterns 

(PRONUNCIATION and SPEAK AS THE PLAYER) that rarely appear in non-academic 

games, indicating that the research literature is not representative of the wider 

world of voice game design. Similarly, the sample of smart speaker used a narrow 

subset of design patterns, oriented around the CHOICE OF OPTIONS and QUESTION 

AND ANSWER structures, reflecting the constraints of their audio-only format. 

6.4 Voice gameplay genres 

The published paper contains an analysis of how voice game design patterns have 

often co-occurred within games. It notes that certain patterns have tended to 

appear in combination, while other patterns have nearly always appeared in 

isolation. This section summarises that analysis and extend it one step further to 

argue that the co-occurrence of design patterns reflects the existence of five 

implicit genres of voice gameplay, most of which have not been formally 

identified in prior literature. It begins by reviewing the distinction between 

communication-based voice gameplay and direct-action-based voice gameplay, 

and then break these categories down further into the five genres. 

As the paper describes, certain sets of design patterns have usually appeared 

together in the same games, while other patterns have usually not appeared in 

combination with any others. The first group reflects communication-based 

gameplay, which is centrally concerned with conveying information between the 

player and a character. Voice commands and conversational dialogue are both 

forms of communication-based gameplay. Communication-based gameplay 

typically requires a combination of voice affordances to reflect the inherent 

complexity of speech, hence the need for a whole cluster of patterns in these 

games. The second group reflects direct-action-based gameplay, in which the 

player uses their voice to carry out an action for themselves. Example actions 

include blowing out a virtual candle, matching a certain frequency pattern or 

correctly pronouncing a specific word. Because these actions do not have the 

modular complexity of speech, they are inherently simpler, and each one can 

therefore be encapsulated in a single design pattern. 

Within the overarching categories of communication-based and direct-action-

based voice gameplay, I have identified five core genres of voice games. The 

classification of each genre is based upon the fundamental type of voice activity 

involved, defined by voice game design patterns as shown in Table 6.1. This 
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follows Björk et al.’s (2003, p. 190) argument that game design patterns may be 

used to define the genre of the games that they appear in. Conversely, the genre 

classifications do not reflect any consideration of the fictional setting or aesthetic 

style of the videogames that they describe, following Apperley’s proposal that 

scholarly definitions of game genres should be based on the 

“nonrepresentational, specifically interactive, characteristics of video games” 

(2006, p. 7). The purpose of this genre typology is to identify how voice game 

design varies beyond the set of activities that are most commonly associated with 

it or studied as constituents of it. 

The five genres are Voice Practice, Voice Performance, Voice Command, Voice 

Conversation and Voice Incantation (see Table 6.1). Voice Practice has appeared 

exclusively in serious games (Abt, 1970). This genre of videogames is designed to 

guide the player through a set of vocal exercises, such as foreign language 

pronunciation exercises or speech rehabilitation exercises, for the purpose of self-

improvement rather than play for its own sake. All of the games in the study that 

used the PRONUNCIATION pattern are examples of this genre, as are most of the 

games that used the PITCH CONTROL pattern. Voice Performance games are 

designed to create social fun by prompting players to make a spectacle of 

themselves through some kind of performance, whether it is a display of skill or 

self-expression (as in the KARAOKE pattern) or a display of comical absurdity (as is 

often the case with the VOLUME CONTROL and SHOUT TO SHOOT patterns). Voice 

Command and Voice Conversation are perhaps the most widely recognised types 

of voice gameplay, as they reflect the same forms of voice interaction that are 

used in common VUI such as Siri and Alexa. Both genres employ a set of patterns 

in combination to sustain the illusion of the player engaging in dialogue with 

virtual characters, as the published paper describes. Finally, the Voice Incantation 

genre allows the player’s voice to affect the game environment directly, rather 

than through communication. The archetypal design pattern for this genre is 

SPELLCASTING, in which the player utters words of power to create a magical effect 

within the game. Also included is BREATH PHYSICS, in which the player can blow 

air into the microphone to create a physical wind effect in the game. All five of 

these genres are discussed at greater length in Chapter 8. 
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Table 6.1 Genres of voice gameplay and associated design patterns 

Voice gameplay genre Associated design patterns 

Voice Practice SPEAK AS THE PLAYER 

PRONUNCIATION 

PITCH CONTROL 

Voice Performance SPEAK AS THE PLAYER or SPEAK AS A CHARACTER 

KARAOKE 

VOLUME CONTROL 

SHOUT TO SHOOT 

Voice Command SPEAK AS A CHARACTER 

SITUATED COMMANDER 

FLOATING COMMANDER 

WHO‑WHAT-WHERE COMMANDS 

SELECT BY NAME 

SELECT BY TYPE 

NAME AN ACTION 

NAME A BEHAVIOUR 

WAYPOINTS 

RELATIVE DIRECTIONS 

ABSOLUTE DIRECTIONS 

Voice Conversation SPEAK AS A CHARACTER 

CHOICE OF OPTIONS 

QUESTION AND ANSWER 

SCRIPTED CONVERSATION 

UNSCRIPTED CONVERSATION 

Voice Incantation SPEAK AS A CHARACTER 

SPELLCASTING 

BREATH PHYSICS 

OVERHEARD NOISE 

  

6.5 Contributions to the thesis 

The results of this study answer Research Question 3: “What design patterns are 

currently implemented in voice games?” The pattern language encodes a 

catalogue of the major variations in voice game design from 1973 to 2018, across 

both serious games and games for leisure. It also serves as a vocabulary for 

designers and researchers to apply to voice games, a common language that can 

be used to describe the format based on clear points of reference. 
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The study provides a clear account of how variable the design of voice game 

mechanics has been. Whereas non-game voice interfaces primarily use speech-

based input (voice commands and conversational dialogue), this study reveals a 

range of non-verbal voice mechanics that have been used to great effect in games, 

such as BREATH PHYSICS, PITCH CONTROL and OVERHEARD NOISE. This prompted 

the addition to the thesis of Research Question 5—“How do players experience 

verbal and non-verbal voice gameplay?”—and informed the decision to include 

both verbal and non-verbal forms of voice gameplay in Study 4 (Chapter 7). 

Finally, this chapter identifies the five core genres of voice gameplay, defined in 

the previous section. Chapter 8 provides an expanded discussion of these five 

genres, with an explanation of what each one involves and how it can best be 

understood based on insights from all four of the studies in the thesis.
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ABSTRACT 

Voice interaction is increasingly common in digital games, 

but it remains a notoriously difficult modality to design a 

satisfying experience for. This is partly due to limitations of 

speech recognition technology, and partly due to the 

inherent awkwardness we feel when performing some voice 

actions. We present a pattern language for voice interaction 

elements in games, to help game makers explore and 

describe common approaches to this design challenge. We 

define 25 design patterns, based on a survey of 449 

videogames and 22 audiogames that use the player’s voice 

as an input to affect the game state. The patterns express 

how games frame and structure voice input, and how voice 

input is used for selection, navigation, control and 

performance actions. Finally, we argue that academic 

research has been overly concentrated on a single one of 

these design patterns, due to an instrumental research focus 

and a lack of interest in the fictive dimension of 

videogames. 
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• Applied computing~Computer games

• Computing methodologies~Speech recognition

Author Keywords 

Design patterns; pattern language; interaction design; game 
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INTRODUCTION 
Many visions of future technology, and future videogames, 

have us talking to virtual characters. In the film Her (2013), 

the main character falls in love with a Siri-like talking 

virtual assistant and spends his downtime playing a 

videogame with an alien character who communicates 

through foul-mouthed natural language conversation. In 

2001: A Space Odyssey (1968), an astronaut plays voice-

command chess against his spaceship’s talking computer. 

These scenarios are characterised by the fluency and ease of 

communication between humans and computer agents, 

which supports engaging and enjoyable gameplay. But this 

remains a hallmark of fiction, as the current reality of voice 

interaction gameplay is not nearly as gratifying. Feedback 

on voice interaction games often criticises the experience as 

feeling “unnatural” or “forced” [13:268], highlighting that 

game designers have found it challenging to design a 

satisfying player experience of voice interaction. 

To help designers work in this space, and to crystallise 

some of the common approaches that have been taken in the 

past, we propose a pattern language for voice interaction 

game design. A pattern language is a collection of design 

patterns, each one of which describes the core of a common 

solution to a recurring design problem [1]. It is a practical 

vocabulary for classifying a design space, which formalises 

a body of knowledge that is otherwise implicit in the 

commonalities between finished works. Originating in the 

field of architecture, design patterns gained widespread 

popularity in computer science as a way of sharing reliable, 

repeatable approaches to common design goals [31]. Björk 

et al. [9] introduced pattern languages to game studies as a 

tool to help understand the form of games and to identify 

design choices that can affect the player experience in 

predictable ways. 

In this paper, we present a pattern language for the use of 

voice interaction in games, based on a comprehensive 

survey of academic and commercial games that have used 

any form of voice interaction from 1973 to 2018. It 

catalogues the major game mechanics, dialogue structures 

and diegetic framing devices that have been employed, to 

give designers and scholars a library of options for 

addressing the challenges of designing in this notoriously 

difficult modality. We identify clusters of patterns that are 

often used together, and patterns that have so far resisted 

being used in combination with any other. We find that 

human-computer interaction (HCI) research to date has 

focused on only a narrow selection of design patterns, 

concentrated around pronunciation exercises, and paid little 

attention to the fictive and experiential elements that 

provide players with a sense of presence in a gameworld. 

RELATED WORK 

Voice Interaction in Digital Games 

Research on voice control of digital games has been 

undertaken since at least the 1970s, more than a decade 

before voice control first appeared in commercial 

videogames [2]. Academic interest in the topic has 

predominantly come in the form of instrumental research 
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[14], using game design to create an engaging format for 

language learning practice [39,49] and speech rehabilitation 

exercises [54,69]. Alongside this, a substantial body of 

research has explored the implementation of voice input as 

an alternative game control scheme, to enable access for 

players with motor impairments or other disabilities that 

prevent them from using physical controls [33,68]. Several 

research prototypes have explored options for controlling 

games through non-speech qualities of voice, such as the 

volume [76] and pitch [36,59,68] of vocal input; these 

approaches lend themselves to relatively simple arcade-

style game mechanics such as one-dimensional movement. 

Three-dimensional gameworlds introduce a particular 

challenge for voice interaction. Wadley and Ducheneaut 

[79] found that players struggle to communicate spatial

deixis (referential concepts such as “there” and “on your

left”) when speaking to other human players in a virtual

world. This difficulty is exacerbated with AI characters,

which require a situation model of the game space before

they can interpret commonplace spatially deictic phrases

such as “come over here and pick this up” [32:140]. Several

of the patterns that we identify (notably Waypoints,

Absolute Directions, Relative Directions, Select by Name

and Select by Type) are aimed at resolving such referential

ambiguity without requiring complex situation models.

Studies on the player experience of voice interaction games 

have tended to emphasise its social character. Fletcher and 

Light describe the karaoke game as a “glue technology that 

assists in crafting and strengthening social linkages 

amongst players” [29:1]. Conversely, Dow et al. highlight 

the “uncomfortable” and “awkward” [26:9] feeling that 

some players experienced when talking to a computer. A 

study by Carter et al. found that players’ feelings of 

embarrassment and awkwardness were most pronounced in 

games that required them to say things that were 

inconsistent with their in-game persona as the player-

character – an effect they termed “identity dissonance” 

[13]. All together, these studies suggest that social framing 

is an important element in voice interactions in games. 

Consequently, we have captured the social framing of voice 

actions in our analysis of game design patterns. 

In a previous study [2], we traced the history of voice 

interaction games from the 1970s to 2016, and noted 

characteristic differences between Japanese and Western 

voice interaction games. We identified the beginnings of a 

boom in small-scale games that focus on voice interaction 

as their central modality, and predicted that this boom 

would continue thanks to the increasing availability of 

microphone-equipped game platforms and effective speech 

recognition systems. The current study shows that this has 

eventuated, with 106 new voice interaction videogames 

released in 2017 alone, more than twice as many as any 

previous year. That excludes audio-only games, such as 

those on Amazon Alexa, of which there have been hundreds 

released since 2015. However, most of these recent games 

employ only a small set of simple and repetitive game 

mechanics. This context makes it even more timely to 

consider a pattern language that can illuminate the wider 

design space for voice interaction gameplay. 

Design Patterns 

Design patterns are a way of identifying and describing 

common solutions to design problems. The term was first 

used by Christopher Alexander in relation to architecture 

and urban planning [1], and has since been applied to 

interaction design fields such as human-robot interaction 

[41] and game design [8]. A design pattern consists of a

formalised explanation of a repeatable approach to a

specific design scenario. The elements of a pattern vary

from Alexander’s original formulation, but generally

include an idiomatic title, an explanation of the problem or

goal addressed, a description of the solution, one or more

illustrative examples, and a note on connections with other

patterns. Importantly, design patterns are not meant to be

detailed blueprints, and do not include specific rules for

how they should be implemented. Rather, Alexander

conceptualises patterns as abstractions of a design solution:

Each pattern describes a problem which occurs over and 

over again in our environment, and then describes the 

core of the solution to that problem, in such a way that 

you can use the solution a million times over, without 

ever doing it the same way twice. [1:x] 

Design patterns were introduced to the games research 

literature by Björk et al. [9]. They avoided framing patterns 

as solutions to problems, as this “creates a risk of viewing 

patterns as a method for only removing unwanted effects of 

a design” [9:185], rather than as a tool for more creative 

design work. Instead, they identify their value as tools for 

inspiring game ideas, understanding how existing games are 

put together, and helping to make choices about how new 

game will work and what elements they should include [8]. 

Of course, patterns like Power Ups and High Score Lists 

have been known in game design for decades, but collecting 

and formalising these patterns creates a sort of reference 

library in which the concepts can be detailed, annotated and 

cross-referenced for the benefit of designers who may be 

less familiar with their use. It also establishes a common 

language for discussing voice interaction, with clear points 

of reference to ensure mutual understanding [28]. 

Björk et al. [9] define a five-part format for game design 

patterns, comprising a short, specific and idiomatic name; a 

concise description, with examples; a discussion of 

consequences of applying the pattern; common choices 

involved in using the pattern; and a list of relations 

between patterns. Variations on this format have been used 

to collect patterns in game dialogue [11], character design 

[44,45,50,62], level design [35,52,67] and psychological 

factors in game design [24,46,51,80]. Pattern languages 

have often been used to map relatively under-documented 

design spaces, including mobile games [22], pervasive 

games [10], AI-based games [17,71], public games [7], 
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disaster response games [70] and games controlled by the 

player’s gaze [75]. 

Most pertinent for the current study is Alves and Roque’s 

pattern language for sound design in games [3,4], which 

covers a wide variety of game sound patterns such as 

overheard conversations, contextual music and sound 

effects that signal player failure or success. While their 

collection is primarily concerned with sound output, it 

includes one pattern (Sound Input) that covers player-

produced sound, including both sounds introduced to the 

game through a microphone and sounds made by the game 

in response to player button presses. This can be seen as an 

umbrella category for our study, which only concerns 

design choices related to sounds made by the player, and 

considers sound output only insofar as it relates to the uses 

of sound input. 

Despite the enthusiasm for pattern languages, some 

cautions have been sounded about how they are applied. 

Erickson warns against the “common misconception” 

[28:361] that a pattern language is a prescriptive tool that 

describes universal templates for designers to apply directly 

from the page. The prescriptive approach is articulated by 

Dormans, who argues that “a design pattern library should 

depart from a clearly formulated notion of quality in 

games” [25:4] and present its patterns as prescribed 

solutions to common problems, on the pragmatic basis that 

this would be more attractive to game developers than a 

pattern language that does not pre-judge the quality of a 

design choice. Erickson counters this view with the 

argument that the purpose of a pattern language is 

generative: it provides a common meta-language to 

bootstrap the creation of a project-specific vocabulary in 

which all participants in a design process can effectively 

participate. Rather than being rigid prescriptions, “both the 

language and individual patterns are malleable and are used 

to generate site-specific pattern languages for particular 

projects” [28:361]. This is echoed in an interview study 

with HCI researchers [58], which found that overly 

formalised or prescriptive pattern languages tend to be less 

usable as they fail to account for the dynamic and 

contextual nature of design and technology. The study 

identified the extensive effort involved in collecting 

patterns and developing them into a coherent language as a 

barrier to their wider use, but once formulated, a pattern 

language was considered to be a particularly useful tool for 

capturing interactions, documenting conventions, sharing 

knowledge and encouraging design thinking. 

A case study by Segerståhl and Jokela [65] noted 

shortcomings in the comprehensiveness, naming and 

organisation of some existing pattern languages which 

reduced their usability to designers. To improve the 

organisation of pattern languages, they advise that patterns 

should be grouped into task-related areas, such as 

Searching and Navigation, and that pattern names should 

be illustrative of the solution they represent (as in Bread 

Crumbs) rather than generic or ambiguous (as in Main 

Navigation). They emphasise the importance of examples to 

provide an illustration of the pattern in practice. Finally, 

they recommend integrating pattern collections into larger 

libraries with a consistent format. We have followed these 

suggestions as much as possible in the formation of the 

pattern language in this study. 

NOTE ON TERMINOLOGY 

Discussions about voice interaction and game characters 

share a common problem: their key terms are often used 

interchangeably, as they appear superficially similar, 

despite referring to distinct concepts [5,15]. To avoid 

ambiguity, in this section we define how we use these terms 

in this paper. 

Voice interaction encompasses any way that voice can be 

used as an input modality for a computer system to process 

and render a response. Notably, it excludes player-to-player 

communication, as in online voice chat. Voice control refers 

to the intentional use of voice to directly control a system, 

which may be verbal or non-verbal, whereas voice 

command is specifically the use of spoken words as direct 

instructions to the system. A drone that moves in response 

to whistling would therefore be an example of voice 

control, but not voice command. Voice command relies on 

speech recognition, the recognition of spoken words by a 

computer system. 

Virtual character encompasses any kind of character with 

an identity in a gameworld, whether controlled by a player 

or by AI, and whether or not it appears on screen. Player 

character is the specific virtual character that represents the 

player’s identity in the gameworld, often with its own 

separately defined identity in the game fiction. It may 

appear in the form of an avatar, a virtual body over which 

the player exerts consistent control in the gameworld and 

serves as their locus of manipulation, “a tool that extends 

the player’s ability to realise affordances within the game-

world” [5:2]. All game characters that are not representative 

of or controlled by the player are referred to as non-player 

characters (NPCs); these are usually proximally controlled 

by an AI system rather than the player’s inputs. Finally, unit 

is a generic term for AI-driven entities that includes those 

that are not strictly “characters”, such as a group of NPCs 

that functions as one unified company, or a tank that is 

interchangeable with all other tanks. The term is associated 

with strategy games, in which characters often operate more 

like tokens on a game board than fully-realised characters. 

Diegetic elements are part of the fiction of the gameworld; 

they are “real” from the perspective of the characters in the 

game. Non-diegetic elements are external to the gameworld, 

such as game menus or loading screens. 

METHOD FOR COLLECTING DESIGN PATTERNS 

To begin our design pattern collection, we first set out to 

identify every screen-based digital game that has used voice 

interaction up to early 2018. We compiled this list by 

conducting keyword searches on terms related to voice 

interaction and speech recognition in the online game 
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libraries Steam, Giant Bomb, itch.io, Newgrounds, 

Kongregate and the Video Game Console Library, the 

review aggregator site Metacritic, the discussion website 

Reddit, and general web searches through Google Search. 

Next, we applied our search terms to Google Scholar and 

the ACM Digital Library to identify academic works that 

have described a unique voice interaction game or game 

control system. We looked at the prior works cited in these 

papers and, through their Google Scholar listings, works 

that had cited them since their publication to find more 

examples. We repeated this process with new keywords and 

venues, informed by our initial results, until our list 

converged on a set of 40 academic research games and 409 

commercial and independent games published between 

1973 and 2018.1 English was by far the most common 

language these games used, but a substantial number were 

alternatively or exclusively available in other languages, 

primarily Japanese and a variety of European languages. 

Where our searches turned up non-English sources that 

described these games, we reviewed them using Google 

Translate. However, this study relies in the main on 

English-language sources. 

For each game in our list, the first author recorded the 

origin, platform and game genre, how central voice 

interaction was to the gameplay, whether verbal or non-

verbal voice input was recognised, what types of speech 

acts were possible, whether voice actions were diegetically 

framed as coming from the player or their avatar, and 

whether voice actions were directed towards the game 

system or objects within the gameworld. The last two 

categories were prompted by studies of voice interaction 

[13] and voice communication [78] that have found that

voice can disrupt players’ sense of presence and identity

when it conflicts with the diegetic framing of the

gameworld. The first author then provided a descriptive

summary of each game’s voice interaction mechanics, and

identified potential patterns through an open-coding

process. Initial codes described the specific combination of

a voice input and a response in the game (such as Blow air

to move sailing ship). As shared themes emerged across the

data set, the codes were iteratively revised and abstracted to

describe higher-level patterns (such as Breath physics). We

applied additional codes to describe how voice actions were

framed by the game’s presentation (see Patterns for

Diegetic Framing). We ceased coding once we arrived at a

stable list of patterns that encapsulated all the main

variations we observed in our list of games.

After this process was complete, we conducted a smaller 

survey on 22 audio-only games on Amazon Alexa, to test 

whether different design patterns were apparent. The 

patterns we found were consistent with those in the larger 

survey. Our findings for audiogames are discussed at the 

end of the paper. 

1 A complete list of the games surveyed for this study has 

been submitted as a separate spreadsheet. 

VOICE INTERACTION GAME DESIGN PATTERNS 

Our pattern language comprises 25 patterns for voice 

interaction (see table 1). These patterns are descriptions of 

emergent features of this design landscape. They are not 

intended to be exhaustive or mutually exclusive; this is a 

language, not a logical model for the categorisation of voice 

interaction games. Like a language, it resists neat 

categorisations and ontological consistency. However, to 

aid understanding we have arranged the pattern into six 

categories, which we will now explain. 

1 Diegetic framing 2 Dialogue structure 3 Selection 

Speak as a character Choice of options Select by name 

Speak as the player Question and answer Select by type 

Situated commander Who-what-where 

commands 

Floating commander Scripted conversation 

Unscripted conversation 

4 Navigation 5 Control 6 Performance 

Waypoints Name an action Pronunciation 

Absolute directions Name a behaviour Karaoke 

Relative directions Shout to shoot Breath physics 

Volume control Exclamation 

Pitch control Spellcasting 

Overheard noise 

Table 1. Game design patterns for voice interaction. 

The first category, Diegetic Framing, consists of the 

patterns for how the game fiction frames the player’s voice 

input. The patterns in this category are relatively abstract, 

as they describe the collective implications of multiple 

game elements, from narrative text to game mechanics. 

They address the role-playing dimension that has been 

identified as an important factor in players’ experience of 

voice interaction [2,13]. 

The second category, Dialogue Structure, contains the 

patterns that describe how dialogue is configured between a 

player and an NPC. This category looks one level above the 

individual utterances, to the arrangement of utterances into 

a particular form of dialogue, such as conversation. 

The remaining patterns are categorised into four broad task 

areas, in accordance with Segerståhl and Jokela’s [65] 

guidelines for usable pattern languages. The categories are 

Selection, Navigation, Control and Performance. Patterns 

therein describe individual utterances and the responses 

they engender from the game. 

We define each pattern with an illustrative Name, a short 

Description, an Example that exemplifies the pattern, a 

brief discussion of Consequences for the player experience, 

and a compact list of Relations to other patterns, such as 

conflicts and parent-child relationships. This is a simplified 

version of Björk et al.’s [9] model, foregoing their section 

on Using the Pattern for brevity, to allow for a more 

comprehensive list of the design patterns we have observed. 
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We distinguish patterns by how they are presented to the 

player, rather than by their underlying mechanism in the 

game system. To illustrate this, consider a game that asks 

the player to extinguish a candle by blowing into the 

microphone in one scene, and to interrupt a wedding by 

shouting an objection in another scene. The trigger for both 

actions may be identical in the game code, with either one 

being activated by any sufficiently loud sound. But in our 

pattern language, the former would be described as Breath 

Physics and the latter as Exclamation in accordance with 

their diegetic framing. 

1. Patterns for Diegetic Framing

Patterns in this category describe how the game fiction

frames and positions the player’s voice actions in relation to

the game’s imaginary. These patterns do not describe

specific voice actions, but how the configuration of voice

actions casts the player in a speaking role. The patterns are

Speak as a Character, Speak as the Player, Situated

Commander and Floating Commander.

1.1 SPEAK AS A CHARACTER 

The player’s utterances correspond to the utterances of a 

character in the gameworld. The game responds to the 

player’s voice as though it is the diegetic voice of the 

player-character. 

Examples: Guitar Hero: World Tour [55] represents 

players as a rock band on stage, performing the song that 

the players are performing. The virtual crowd cheers or 

heckles the virtual singer based on how well the player 

sings. 

Consequences: Maintains consistency between the player’s 

in-game persona and the persona implied by their voice 

actions. Player commentary suggests that this supports an 

experience of immersion and flow [13]. 

Relations: Instantiated by Situated Commander and 

Floating Commander. Instantiated by patterns that 

represent embodied diegetic actions, namely Scripted 

Conversation, Unscripted Conversation, Spellcasting, 

Breath Physics, Overheard Noise and often Exclamation. 

Conflicts with Speak as the Player. 

1.2 SPEAK AS THE PLAYER 

The player’s utterances do not correspond to the utterances 

of a character in the gameworld. The game treats the 

player’s voice actions as non-diegetic inputs. 

Example: In Tomb Raider: Definitive Edition [20], the 

player can say the name of a weapon to make the player-

character hold that weapon. This would not make sense as a 

vocalisation by the player-character, as she would be giving 

verbal instructions to herself. 

Consequences: Carter et al. [13] noted that players 

sometimes experienced “identity dissonance” when 

speaking to (rather than as) the player-character, which 

suggests that Speak as the Player can disrupt the player’s 

sense of presence in the gameworld if not applied carefully. 

Relations: Conflicts with Speak as a Character and 

patterns that instantiate it: Situated Commander, Floating 

Commander, Scripted Conversation, Unscripted 

Conversation, Spellcasting, Breath Physics, Overheard 

Noise and often Exclamation. 

1.3 SITUATED COMMANDER 

The player gives voice commands to NPCs in the role of an 

on-screen avatar who they control directly. 

Example: This pattern is common in tactical shooter 

games, such as Rainbow Six: Vegas [73], in which the 

player controls the leader of a military squad and can give 

the other squad members instructions such as “check your 

fire” and “regroup on me”. 

Consequences: Provides the experience of an embodied 

persona as the imagined source of the player’s voice, but 

also requires the player to divide their attention between 

managing the avatar’s actions and using voice. This can be 

challenging, especially when the avatar is under threat or 

time pressure, as speech formulation draws on some of the 

same cognitive resources that are needed for strategic 

problem solving, to a greater extent than hand-eye 

coordination does [66]. 

Relations: Instantiates Speak as a Character. Can be 

instantiated by Who-What-Where Commands. Conflicts 

with Speak as the Player and Floating Commander. 

1.4 FLOATING COMMANDER 

The player gives voice commands to NPCs from a free-

floating perspective above the gameworld, in the role of an 

unseen player-character. 

Example: In Tom Clancy’s EndWar [74], the player directs 

a battalion of infantry, tank and helicopter squads from 

above the battlefield using Who-What-Where Commands. 

Consequences: Allows the player to dedicate their full 

attention to issuing commands without the distraction of 

managing an avatar. Combined with the wide field of view 

granted by the bird’s-eye perspective, this makes Floating 

Commander well suited to strategy games and games with 

complex Who-What-Where Commands. 

Relations: Instantiates Speak as a Character. Can be 

instantiated by Who-What-Where Commands. Conflicts 

with Speak as the Player and Situated Commander. 

2. Patterns for Dialogue Structure

Patterns in this category describe a systematic arrangement

of speech between the player and the game. They are

concerned with how utterances are configured into a certain

form of dialogue. The patterns are Choice of Options,

Question and Answer, Who-What-Where Commands,

Scripted Conversation and Unscripted Conversation.

2.1 CHOICE OF OPTIONS 

The game presents a list of options that the player can select 

from by saying an associated phrase. The phrase may be the 

full text of the option or a corresponding keyword. 

Example: In Thayer’s Quest [61], each scene ends with a 

numbered list of locations. The player selects a destination 

by saying the number next to the place they want to visit. 

Consequences: Reduces the possible inputs, which allows 

the speech recognition task within the game system to be 

simplified to improve reliability. Also simplifies the task 
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for the player, minimising uncertainty and the need for 

creative cognition to formulate an answer. 

Relations: Instantiated by Scripted Conversation and often 

Question and Answer. 

2.2 QUESTION AND ANSWER 

A series of questions and responses between the player and 

a game character (or the game interface). Either party may 

be the questioner. 

Example: In the racing game Forza Horizon 2 [60], a 

voice-activated virtual assistant named ANNA provides 

verbal directions on request. If the player asks “ANNA, 

what should I do?”, ANNA may say “You haven’t 

attempted a Bucket List Challenge for a while, would you 

like me to direct you to the nearest one?” If the player 

responds “Yes”, ANNA gives turn-by-turn directions to the 

event. 

Consequences: Replicates the familiar dynamic of a virtual 

assistant such as Siri or Alexa. Provides a relatively clear 

and constrained task for the game system. When the game 

character acts as the questioner, their questions can steer the 

player into giving certain kinds of responses that the game 

can recognise. 

Relations: Often instantiates Choice of Options. Can 

instantiate Scripted Conversation or Unscripted 

Conversation. 

2.3 WHO-WHAT-WHERE COMMANDS 

The game accepts voice commands in the format of an 

imperative phrase that directs a subject (who) to take an 

action (what) in a place (where), in that order. The “who” 

or “what” element is sometimes unstated when the target 

subject or place is implicit in the rest of the command 

phrase or due to the context. 

Example: There Came an Echo [38] uses an extensive 

vocabulary of Who-What-Where Commands, such as 

“Miranda move to Alpha Six” and “Everybody focus fire 

on Target Two on my mark”. As these examples show, the 

commands can incorporate Select by Name or Select by 

Type to denote their subject or object, Name an Action or 

Name a Behaviour to denote their action, and Waypoints to 

denote their location. The second example also shows how 

There Came an Echo adds a “when” element to the pattern: 

the command is inactive until the player next says “mark”. 

Consequences: Allows the player to convert a small 

vocabulary of keywords into an extensive and highly 

configurable set of instructions, in a format that mimics 

everyday speech. This makes it well suited to games that 

focus on coordinating the movement and actions of multiple 

characters around a space, notably strategy games. This 

pattern creates the narrative implication that the player-

character is in a position of authority over other characters, 

and seeing characters obey verbal orders supports a player 

experience of authority as well. 

Relations: Can instantiate Situated Commander or Floating 

Commander. Can be instantiated by some combination of 

Select by Name, Select by Type, Name an Action, Name a 

Behaviour, Waypoints, Relative Directions and Absolute 

Directions. 

2.4 SCRIPTED CONVERSATION 

An in-character conversation in which the player 

participates by reading pre-scripted lines of dialogue that 

appear on screen, effectively “performing” the voice of the 

player-character. 

Example: During conversation scenes in Mass Effect 3 [6], 

each time the player-character has a turn to talk, the game 

shows a list of several options for what they can say. The 

player can choose an utterance from this list by reading it 

aloud. The player-character then gives a longer version of 

this utterance in its own voice, and the NPC responds. 

Consequences: Allows the player to participate in a fully 

expressive conversation without the need for a sophisticated 

language understanding system, as the game system only 

needs to match their speech to a small number of pre-set 

utterances. Pre-scripted responses remove the task of 

formulating a response in a phrase the game will accept, 

which can interfere with a player’s sense of presence [64]. 

Relations: Instantiates Speak as a Character and Choice of 

Options. Can be instantiated by Question and Answer. 

Conflicts with Unscripted Conversation. 

2.5 UNSCRIPTED CONVERSATION 

An in-character conversation in which the player 

participates by formulating and speaking utterances in the 

role of the player-character. 

Example: Gameplay in Seaman [77] centres on Unscripted 

Conversation with a talking fish. The fish asks questions 

like “What do you do for a living?” and the player is given 

no specifications for how to answer. The game system 

listens for relevant keywords to match the player’s answer 

with an appropriate response from the fish. 

Consequences: This is the voice interaction format that 

most closely approximates everyday speech, and the one 

that is often imagined in depictions of future technology. 

Formulating an appropriate natural-language utterance on 

the spot can be more enjoyable than choosing from a menu 

of options, but it is also a more difficult task, and can leave 

the player with a lower sense of control or involvement in 

the story [64]. 

Relations: Instantiates Speak as a Character. Can be 

instantiated by Question and Answer. Conflicts with 

Unscripted Conversation. 

3. Patterns for Selection

Patterns in this category describe methods of distinguishing

between objects, including units and characters, with voice

input. The patterns are Select by Name and Select by Type.

3.1 SELECT BY NAME 

The player selects a specific object in the gameworld by 

saying its unique name. 

Example: In There Came an Echo, the voice command 

“Miranda attack Target Two” uses Select by Name to 

identify both its subject (the friendly character Miranda) 

and its object (the enemy character labelled Target Two). 
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Consequences: One of the major limitations of voice 

interaction is its lack of a precise locus of manipulation, 

like a mouse pointer, which makes it difficult to quickly 

and precisely select an object on screen [79]. Unique names 

overcome this by providing an unambiguous and stable link 

between a game object and a specific utterance. 

Relations: Instantiates Who-What-Where Commands in 

combination with Absolute Directions, Relative Directions, 

Name an Action or Name a Behaviour. Instantiated by 

Waypoints. 

3.2 SELECT BY TYPE 

The player selects objects of a certain type by saying a 

category to which they belong. May allow multiple 

categories to narrow down the selection. 

Example: Tom Clancy’s EndWar uses this pattern to select 

every unit in a category, with commands such as “calling 

all tanks, retreat”. I’m Hiding [40] uses it to identify 

individual objects, through a combination of three words 

that collectively describe only one object on the screen, 

such as “big green crayon”. 

Consequences: Like Select by Name, this pattern helps to 

connect player speech to objects in the gameworld, with the 

added flexibility of enabling reference to multiple objects at 

once, and without the need to give every selectable object a 

unique name. However, it is more ambiguous than Select by 

Name and requires more thinking, as the player needs to 

appraise the qualities of the object and match them to a 

valid category label; for example, “green crayon” rather 

than “emerald marker”. 

Relations: Instantiates Who-What-Where Commands in 

combination with Absolute Directions, Relative Directions, 

Name an Action or Name a Behaviour. 

4. Patterns for Navigation

Patterns in this category describe methods for delineating

spaces and directions through voice input. The patterns are

Waypoints, Absolute Directions and Relative Directions.

4.1 WAYPOINTS 

The player can select a specific location in the gameworld 

by saying its unique name or set of coordinates. 

Example: ATC Voice [47] uses the names of real-world air 

traffic control radio beacons as waypoints. The command 

“Learjet eight two golf fly direct blue mesa VOR” would 

tell a Learjet plane with the identification number 82G to 

fly towards a radio beacon named Blue Mesa. 

Consequences: Allows the player to quickly and precisely 

indicate a location through voice input. Also reduces the 

decision space by having a limited set of locations that 

afford selection. This constricts the player’s options and 

simplifies their decision-making process for navigation, 

which could be useful or frustrating depending on the task. 

Relations: Instantiates Select by Name. Instantiates Who-

What-Where Commands in combination with Select by 

Name, Select by Type, Name an Action or Name a 

Behaviour. 

4.2 ABSOLUTE DIRECTIONS 

The player can command a unit to move in a direction 

relative to the orientation of the gameworld. 

Example: ATC Voice uses compass headings and altitudes 

to direct planes in flight. The command “Turn left heading 

zero nine zero, climb maintain one one thousand” tells a 

plane to turn directly East (90 degrees from magnetic 

North) and ascend to an altitude of 11000 feet. 

Consequences: One of the rarest patterns for voice 

interaction. We suggest this is because it conflicts with 

players’ tendency to focus on the orientation of their 

character, making Relative Directions more salient to the 

player’s perspective in many cases. 

Relations: Instantiates Who-What-Where Commands in 

combination with Select by Name, Select by Type, Name an 

Action or Name a Behaviour. 

4.3 RELATIVE DIRECTIONS 

The player can command a unit to move in a direction 

relative to the unit’s own orientation. 

Example: In Northern Lights [21], the player controls a 

dog sled driver, shouting “left”, “right”, “forward” and 

“stop” to tell the sled dogs where to go. 

Consequences: Approximately replaces the role of the 

analogue stick or directional buttons in traditional game 

controls, but without the capacity for continuous variable 

input that these controls and Volume Control share. 

Relations: Instantiates Who-What-Where Commands in 

combination with Select by Name, Select by Type, Name an 

Action or Name a Behaviour. 

5. Patterns for Control

Patterns in this category describe ways of using voice input

to control the actions of game characters. Patterns in this

category imply some separation between the actions of the

player and the actions of the characters in the game. The

patterns are Name an Action, Name a Behaviour, Shout to

Shoot, Volume Control and Pitch Control.

5.1 NAME AN ACTION 

The player says the name of a discrete action to make a 

character perform that action. 

Example: In Nintendogs [56], the player can tell a puppy to 

“lie down” or “roll over” on command. 

Consequences: The simplicity and directness of mapping 

the verb for an action to the action makes it an intuitive 

combination. Indeed, some game designers use the term 

“verbs” to describe player actions even when not referring 

to spoken actions [18]. Its popularity bears out this 

impression, as it is one of the most common patterns in our 

dataset, applied to most scenarios for voice interaction 

gameplay. 

Relations: Instantiates Who-What-Where Commands in 

combination with Select by Name, Select by Type, 

Waypoints, Absolute Directions or Relative Directions. Can 

be instantiated by Spellcasting. 
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5.2 NAME A BEHAVIOUR 

The player says the name of a mode of behaviour to make a 

character adopt that behaviour. 

Example: In the soccer game FIFA 14 [27], the player can 

call out tactics such as “ultra-defensive” and “slow it down” 

to make their team shift behavioural priorities. 

Consequences: Expands the voice command repertoire to 

encompass macro-instructions. In so doing, it distances the 

player’s input from the game action and creates a more 

mediated sense of control, by placing a greater degree of 

decision-making for individual actions on the AI systems 

that control NPCs. 

Relations: Instantiates Who-What-Where Commands in 

combination with Select by Name or Select by Type. 

5.3 SHOUT TO SHOOT 

When the player shouts, their avatar shoots. 

Example: In the sidescrolling shoot-em-up Pah! [43], the 

player controls a spaceship flying horizontally at a constant 

speed. The ship fires a laser each time the player shouts 

“pah!” (or any word) above a certain volume threshold. 

Vocalisations below that threshold move the ship up and 

down on the screen, using the Volume Control pattern. 

Consequences: Like Volume Control, this pattern is 

technically and conceptually simple but physically fatiguing 

for the player, especially if rapid shooting is required. It has 

almost exclusively been used in simple shoot-em-up games 

on mobile platforms, reflecting both its limited depth and its 

ability to create an amusing spectacle for an audience. 

Relations: Usually conflicts with Speak as a Character and 

instantiates Speak as the Player, due to the dissociation 

between the acts of shouting and shooting. 

5.4 VOLUME CONTROL 

The volume of the player’s voice modulates the speed or 

direction of a unit’s movement. 

Example: In the side-scrolling platforming game Yasuhati 

[30], the avatar walks forward at a speed relative to the 

volume of the player’s voice: the louder the sound, the 

faster the movement. When the volume rises above a 

certain level, the avatar jumps. The player must alternate 

between shouts to jump between platforms and quiet speech 

to walk across platforms. 

Consequences: In a technical sense, this pattern uses the 

simplest form of voice interaction: converting the loudness 

of sound into a one-dimensional continuous variable input. 

For players, however, it is a difficult task to maintain 

precise control over their voice volume. And paradoxically, 

the fact that this pattern disregards speech content creates 

more difficulty, as it forces the player to make continual 

arbitrary decisions about what sounds to make. As a result, 

players often end up uttering nonsensical combinations of 

words, or meaningless gibberish. This combination of 

amusingly absurd speech and difficult gameplay has made 

Volume Control popular for playing in front of an audience, 

including on YouTube [53]. 

Relations: Tends to conflict with Speak as a Character and 

therefore instantiate Speak as the Player. Although it could 

in theory be combined with a speech recognition-based 

pattern, there are no examples of this in our dataset. 

5.5 PITCH CONTROL 

The frequency of the player’s voice modulates the speed or 

direction of a unit’s movement. 

Example: In Sporka et al.’s [68] humming-controlled 

Tetris variant, a hum with a rising pitch moves the puzzle 

piece right, a falling pitch moves the piece left, and a 

constant pitch moves the puzzle piece down. 

Example: Plurality Spring [72] combines Pitch Control 

with Match Pitch and Waypoints. The screen displays 

several nodes that are each labelled with a series of musical 

notes. Matching the note sequences moves the avatar to the 

node. 

Consequences: Affords a one-dimensional continuous 

variable input, like Volume Control, but with greater 

flexibility. Players can use quieter voice inputs to minimise 

fatigue and social embarrassment. Supports a “vocabulary” 

of controls based on pitch shifts and intervals, as in the 

examples above. 

Relations: None. 

6. Patterns for Performance

Patterns in this category describe voice actions that directly

perform the activity they are meant to produce. In these

patterns, unlike the previous category, the player enacts the

in-game action with their own voice. The patterns are

Pronunciation, Karaoke, Breath Physics, Exclamation,

Spellcasting and Overheard Noise.

6.1 PRONUNCIATION 

The player must match the pronunciation of a word as 

closely as possible to succeed. 

Example: Most common in serious games designed for 

language learning, such as Word War [49], or speech 

rehabilitation, such as Talking to Teo [54]. These games 

replicate classroom speech exercises to allow players to 

practice independently and get feedback on their efforts. 

Consequences: Focuses the game on the act of speech 

recognition for its own sake, rather than as a means to a 

broader end. 

Relations: None. While intelligible pronunciation is always 

needed for speech recognition to work, the Pronunciation 

pattern describes cases where it is the primary goal. 

6.2 KARAOKE 

The player sings along to a song and is scored on the 

accuracy of their pitch. The game plays the backing music 

for the song and shows the lyrics on-screen, next to a visual 

indicator of their pitch. 

Example: Karaoke Revolution Volume 2 [34] was the first 

Karaoke game to include all the main elements that are now 

commonly found in this pattern, including a piano-roll style 

pitch indicator, handheld microphone, and virtual crowds 

on screen that respond to how well the player is singing. 

Consequences: A notably social gameplay pattern, often 

played in front of an audience. Fletcher and Light’s 

description of Karaoke as a “glue technology that assists in 
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crafting and strengthening social linkages amongst players” 

[29:1] highlights its focus on extroverted performance and 

the opportunities for self-expression that it facilitates. 

Relations: None. 

6.3 BREATH PHYSICS 

The player blows into the microphone and the gameworld 

responds as though it felt the gust of wind. 

Example: The Legend of Zelda: Phantom Hourglass [57] 

requires the player to blow into the microphone to 

extinguish small flames, as though blowing out a candle. 

Example: Resonance: The Lost Score [23] uses a variation 

on this pattern, in which the player’s voice can smash glass 

when it is held at the right frequency. In this case, it is the 

resonance rather than the sheer wind-force of the player’s 

breath that physically affects the gameworld. 

Consequences: An easy pattern for both the player and the 

game developer, as blowing air takes much less effort than 

shouting, but registers as a loud noise due to the sustained 

physical displacement of the microphone diaphragm. Even 

small and low-quality microphones can reliably detect air 

blowing into them, which makes this pattern technically 

viable on portable game devices. 

As Breath Physics creates the illusion of directly physically 

affecting the gameworld, it should increase the player’s 

feeling of presence in the gameworld. It is also likely to 

support the player’s sense of identification with the player-

character, as Carter et al. [13] describe, by aligning the 

actions of the player and the player-character. 

Relations: Instantiates Speak as a Character and conflicts 

with Speak as the Player, by conflating the player with a 

diegetic player-character, even if the latter is only an 

implied presence in the gameworld. 

6.4 EXCLAMATION 

The player exclaims loudly to trigger a vocal outburst by 

the player character. 

Example: The adventure game Phoenix Wright: Ace 

Attorney [12] includes scenes of witness testimony in a 

courtroom. If the player yells “hold it!”, “objection!” or 

“take that!” during these scenes, the player-character will 

interrupt the witness with the same shouted phrase, and then 

begins a cross-examination of what the witness just said. 

Consequences: Allows the player to physically enact a 

moment of heightened emotion and drama, creating a 

strong (if momentary) opportunity for role-playing and 

identification with the character. 

Relations: Instantiates Speak as a Character and conflicts 

with Speak as the Player, as the player’s utterance is 

normally the same as the character’s. 

6.5 SPELLCASTING 

The player performs a verbal incantation to invoke a 

magical effect in the gameworld. The incantation is often in 

the form of words from an invented language rather than a 

phrase in a real-world language. 

Example: In Verbis Virtus [37] casts the player-character 

as a mage who casts spells from their hand by speaking 

phrases in the fictional Maha’ki language. Spells include 

“ekto lumeh” to project a beam of light and “obee kehnu” 

to lift and move an object telekinetically. 

Consequences: The metaphor of Spellcasting is a useful 

conjunction between the tropes of the fantasy genre, which 

is common in games, and the effects of speech recognition 

technology. The pattern supports an embodied experience 

with a coherent sense of player identity while performing 

effects that would not normally be possible through speech. 

Relations: Instantiates Speak as a Character. Conflicts 

with Speak as the Player. Can instantiate Name an Action if 

the incantation describes the effect of the spell. 

6.6 OVERHEARD NOISE 

When the player makes a sound, NPCs are alerted to the 

presence of the player-character. 

Example: In the stealth horror game Alien: Isolation [19], 

the player-character must hide from an alien that is attracted 

towards in-game sounds, from loud gunshots to the quiet 

beeping of a motion tracker device. In the optional “noise 

detection” mode, the alien also responds to noise in the real 

world that is picked up by the game system’s microphone, 

and reacts as though the sound had emanated from the 

player-character’s position in the gameworld. 

Consequences: Reduces the perception of a separation 

between the physical world and the gameworld [13]. This 

can increase the player’s feeling of presence, but it can also 

disrupt it if sounds from other people or outside events are 

accidentally picked up by the game and interfere with the 

experience [78]. 

Relations: Instantiates Speak as a Character. Conflicts 

with Speak as the Player. 

DISCUSSION 

Through this pattern collection, we have provided an index 

of the main configurations that have been used for voice 

interaction in games. Its usefulness is primarily in defining 

a core vocabulary for describing voice interaction games, 

and in offering a list of tested solutions for designers who 

are approaching a voice-based game mechanic for the first 

time. However, it can also be used by scholars as a wider 

lens to survey the landscape of voice interaction games, and 

identify emergent conventions or neglected combinations. 

When we do so, one of the first things that becomes 

apparent is that certain patterns have tended to cluster 

together. Most obvious is the “command” cluster: Who-

What-Where Commands are always instantiated through 

some combination of Select by Name, Select by Type, 

Waypoints, Absolute Directions, Relative Directions, Name 

an Action and Name a Behaviour, and almost always 

framed by the persona of a Situated Commander or 

Floating Commander. This cluster is usually found in 

games that focus on tactically coordinating the movement 

of multiple units across a contested landscape, such as 

strategy games and team sports games. Most of the patterns 

in this cluster are solutions to a similar core problem: 

making an unbounded possibility space manageable 

through speech by assigning specific words as anchors for 

predefined action options. 
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A smaller cluster may be called the “branching dialogue” 

cluster, consisting of Scripted Conversation, Choice of 

Options, Speak as a Character and often Question and 

Answer. These patterns co-occur in games with dialogue 

scenes where the player (in the persona of the player-

character) chooses what to say to an NPC, often asking 

questions that prompt some exposition about the game’s 

narrative arc. This cluster is sometimes found in games that 

also feature the “command” cluster, as in Mass Effect 3. 

Conversely, many patterns are notable for rarely or never 

appearing in combination with other patterns. Shout to 

Shoot, Volume Control, Pitch Control, Pronunciation, 

Karaoke, Exclamation and Overheard Noise are all notable 

for their seeming resistance to being used in combination 

with any other pattern. Something that distinguishes this set 

is that they are all patterns of direct action rather than 

mediated action: the player controls or performs a task 

directly with their voice, rather than using their voice to 

exchange information with a character, as in a conversation 

or a command. Whether these patterns’ lack of integration 

with other patterns is a result of technical effort or because 

they serve different types of player experiences is not clear, 

but would be an interesting point for further study. 

When we narrow our focus to the voice interaction patterns 

found in academic papers on games, we see a reflection of 

what Carter et al. call the operative paradigm of HCI games 

research [14]. That is to say, research has focused on using 

games instrumentally, as mechanisms for producing 

secondary benefits rather than for producing meanings or 

positive experiences directly. As such, games research has 

explored only a narrow set of voice interaction patterns. 

Pronunciation is particularly common among academic 

research games (e.g. [16,42,48,54,63,69]), as it provides a 

gamified format for language learning or speech therapy 

exercises. Accordingly, games in academic research are 

much more likely to use Speak as the Player than 

commercial and independent games; even those that include 

a central character are more likely to ask the player to talk 

to it than to talk as it. The patterns employed in these games 

shows that they are generally less engaged with the fictive 

and narrative elements of the videogame format, and do 

relatively little to give the player a sense of presence in a 

meaningful gameworld. 

Audiogames 

To create this pattern language, we sought to review the 

design of every screen-based digital game that has used 

voice interaction, and we are confident that our dataset 

includes almost all such games that are identifiable today. 

However, it excludes audiogames: digital games that have 

no significant visual component. This category has grown 

rapidly in the past three years with the expansion of the 

smart speaker market, such that there are now hundreds of 

apps for Google Home and thousands of skills for Amazon 

Alexa categorised as games. Audiogames merit a separate 

analysis, which our approach here is poorly suited to 

provide, due to the large number of minimally-documented 

audiogames, the fundamental difference of the format, and 

the fact that nearly all the academic literature to date has 

focused on voice interaction with screen-based games. 

To test whether our pattern language is transferrable to 

audiogames, we surveyed 22 audiogames on Amazon Alexa 

that had been widely reviewed. Choice of Options was the 

core interaction pattern for 17 of these games, and 11 

implemented their choices in a Question and Answer 

dialogue. Four games used Who-What-Where Commands as 

the core interaction pattern. Interestingly, four games used 

Absolute Directions, which was the rarest pattern in our 

main dataset. We interpret this as a sign that audiogames do 

not convey as strong a sense of orientation in the 

gameworld as screen-based games, due to the lack of a 

visible avatar for the player to orient themselves with. 

CONCLUSION 

In this paper, we have introduced the idea of a pattern 

language for voice interaction in games. We discussed the 

background of pattern languages in game design, reviewed 

studies on best practices for design patterns for HCI, and 

provided an overview of challenges that have been 

identified for voice interaction in games – primarily spatial 

ambiguity, and social awkwardness due to conflicts 

between the identity roles of the player and the player-

character. We surveyed 449 videogames and 22 

audiogames to discover 25 design patterns, related to 

diegetic framing, dialogue structure, selection, navigation, 

control and performance. We noted clusters of patterns 

around command and conversation, and a number of 

isolated patterns that used voice for direct action. Finally, 

we observed that academic research has focused on a 

narrow subset of design patterns, especially Pronunciation. 

We believe the narrow focus of academic research partly 

reflects a discourse around voice interaction that is overly 

concerned with speech recognition, and with word 

recognition accuracy rates in particular, as a perceived 

barrier to a satisfying player experience. As our pattern 

language has demonstrated, this does not need to be the 

case. Game designers have been able to create enjoyable 

and popular game experiences using entirely non-verbal 

forms of voice interaction, with Karaoke and Volume 

Control being the most common examples to date but far 

from exhausting the possibilities of this modality. And 

patterns like Spellcasting and Waypoints have been used 

successfully to constrain speech input to clear, easily 

distinguishable phrases that allow imperfect speech 

recognition systems to recognise utterances with a high 

degree of accuracy. We hope that cataloguing these 

possibilities as design patterns encourages more 

experimentation with the format, and reminds both game 

designers and researchers of options that they have to take 

voice interaction in less obvious directions. 
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7 Voice Gameplay Experience 

This chapter presents Study 4 in the form of a peer-reviewed conference paper: 

Allison, F., Newn, J., Smith, W., Carter, M., & Gibbs, M. (2019). Frame 
Analysis of Voice Interaction Gameplay. Proceedings of the 2019 CHI 
Conference on Human Factors in Computing Systems, 393:1–393:14. 
https://doi.org/10.1145/3290605.3300623 

The paper is included verbatim in its published format, following a discussion of 

how it contributes to the thesis. I led all stages of the research and writing 

process. My fellow PhD candidate, Joshua Newn, contributed to the technical 

setup, thematic analysis and writing of the paper. My thesis supervisors, Wally 

Smith, Marcus Carter and Martin Gibbs, contributed to the study design and 

writing of the paper. 

7.1 Introduction 

The previous chapter detailed the creation of a pattern language to encapsulate 

the major variations that have been evident in voice game design throughout its 

history. An analysis of these design patterns led to the finding that voice 

gameplay has come in five distinct genres: Voice Practice, Voice Performance, 

Voice Command, Voice Conversation and Voice Incantation. Of those genres, 

Voice Practice has received the lion’s share of academic research, as it is the form 

of voice gameplay typically used in serious games (see Chapter 6). Voice 

Performance and Voice Command were the two most common genres identified 

in the study, but the player experience of either of these forms of voice gameplay 

has received little study. No prior literature has examined the experience of this 

kind of voice gameplay in depth, with the exception of a grounded theory study 

that I co-authored early in my candidature (Carter et al., 2015), and no study has 

provided a model for understanding how the experience of playing a game with 

one’s voice differs from the traditional experience of playing a game with one’s 

hands. Research Question 4 addresses this gap in the literature: 

RQ4 What is the distinctive nature of voice gameplay? 

The previous chapter also shows that voice game design has made extensive use of 

non-verbal voice input—that is, voice input that does not involve speech 

recognition. This is in contrast to non-game voice interfaces, which have rarely 

used non-verbal voice input outside of accessible control schemes for users with 

disabilities. The Voice Performance genre primarily consists of non-verbal voice 

gameplay. Karaoke games are a prominent example: although they present the 

player with a set of lyrics to sing along to, the games respond only to the pitch of 

the player’s voice, and do not process its lexical content. The review of prior 
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literature on non-verbal voice games found an ethnographic study (Fletcher & 

Light, 2011) and several usability evaluations (Hämäläinen et al., 2004; Harada et 

al., 2011; Sporka et al., 2006), but no comparisons of the player experience of 

verbal and non-verbal voice gameplay. Research Question 5 addresses this gap: 

RQ5 How do players experience verbal and non-verbal voice gameplay? 

This chapter presents the fourth and final study of the thesis. It provides answers 

to both RQ4 and RQ5 through a lab-based participant observation and interview 

study. Thematic analysis was used to developed seven themes that characterise 

the player experience of voice gameplay, and frame analysis (Goffman, 1974) was 

used to construct a general model of gameplay that accounts for those seven 

themes. 

7.2 Research method 

Adult participants (n=24) were recruited for a lab-based study. In pairs, the 

participants each played three different digital games, alternately using voice 

controls and manual controls for each one. The games were chosen to represent 

the two most common genres of voice gameplay identified in the previous 

chapter: Voice Command and Voice Performance. Participants were interviewed 

after each round of play. Two researchers (myself and a co-author on the 

published paper) analysed the interview transcripts using an inductive open 

coding process, and I developed these codes into a full thematic analysis, using 

frame analysis as an interpretive framework. The research methods and 

interpretive framework are discussed in more detail in Chapter 3 and in the 

published paper below. 

7.3 Summary of findings 

Players were somewhat divided in their responses to Voice Command (verbal) 

and Voice Performance (non-verbal) gameplay. The majority of players preferred 

the two Voice Command games, explaining that they felt more comfortable, more 

in control and more focused on the strategic gameplay during these games than 

during the Voice Command game. However, a third of the players enjoyed the 

Voice Performance game the most, due to its lack of constraints on voice input 

and its potential to facilitate an enjoyable and unusual shared social experience. 

An initial analysis determined that four frames (see Goffman, 1974) appeared 

repeatedly in players’ descriptions of their gameplay experience. These frames 

corresponded to a pre-existing theoretically grounded model of gameplay 

proposed by Conway and Trevillian (2015), although with one of its three frames 

subdivided into two. The paper presents a refined version of this model of 

gameplay, called the SFSC Model, which consists of four frames: Social World, 
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Functional World, Strategic World and Character World. Each frame is a 

“transformation” (Goffman, 1974, p. 41) of the meaning of the action in the frame 

that precedes it. For example, the act of speaking to a videogame console (Social 

World frame) is transformed into the act of selecting commands from a virtual 

menu (Functional World frame), which is further transformed into the act of 

directing in-game units towards a certain objective (Strategic World frame), 

which is further transformed into the act of playing the role of a general 

commanding troops (Character World frame). Because the frames are built upon 

each other in sequence, a disruption in an earlier frame tends to disrupt the later 

frames as well. In the aforementioned scenario, if the player accidentally uses the 

wrong phrasing for a voice command (Functional World frame), their utterance 

loses its meaning as a game instruction (Strategic World frame), which interrupts 

their role-playing as the army general (Character World frame); but the meaning 

of the utterance in the Social World frame remains unaffected. 

A thematic analysis of player experiences with voice and manual controls 

produced a rich description of players’ experience with voice gameplay. The major 

themes were as follows: 

1. Thematically appropriate voice commands increase engagement with the 

Character World. 

2. Vocalisations that sound odd in the Social World disrupt engagement 

with the Character World. 

3. All vocalisations are interpreted as meaningful communication. 

4. Players remember voice command phrases by meaning, not always by 

wording. 

5. Speech intended for the Social World can infringe upon the Functional 

World. 

6. Voice commands encourage concentration on the Strategic World. 

7. Voice commands feel disconnected from their effects in the Strategic 

World. 

The first five themes describe aspects of the voice gameplay experience that 

resulted from interactions between two or more of the four frames of gameplay. 

Most of these frame interactions were disruptive to the player’s sense of 

engagement with the gameworld. The last two themes describe ways in which the 

experience of voice interaction gameplay using voice commands differed from 

traditional manual gameplay, according to participants’ responses. 

7.4 Contributions to the thesis 

The results of this study address Research Question 4: “What is the distinctive 

nature of voice gameplay?” All seven of the major themes from the qualitative 

interviews describe experiences that differentiate voice gameplay from non-voice 
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gameplay. Players reported that they felt more engaged with the Character World 

of a game when they played it with voice controls than when they played it with 

manual controls (Theme 1). Some players perceived themselves to be paying 

greater attention to the Strategic World of the game during voice gameplay 

(Theme 6). However, players also reported that they felt a reduced sense of 

personal agency during voice gameplay, and correspondingly perceived game 

characters to have greater autonomy over their own actions when directed with 

voice commands (Theme 7). These findings have informed the two major 

contributions of the overall thesis, discussed in Chapter 8: namely, a general 

model of gameplay experiences (SFSC Model) that accounts for these issues, and 

a typology of voice game genres that connects the player experience themes to the 

design patterns that formulate each type of voice gameplay. 

The study also addresses Research Question 5: “How do players experience verbal 

and non-verbal voice gameplay?” The responses show that non-verbal voice 

gameplay is a markedly different experience to verbal voice gameplay, 

characterised by a heightened engagement with the Social World frame (Themes 

3 and 5) and a lower engagement with the Character World frame (Themes 1 and 

2). Several of the key dynamics of voice command gameplay involve issues of 

speech formulation and speech recognition (Themes 4, 6 and 7), which are not 

relevant to non-verbal voice gameplay. Players described a heightened awareness 

of the tensions between social frames during non-verbal voice gameplay as 

compared to other forms of gameplay; the articulation of these frame tensions 

contributed substantially to the development of the SFSC Model. All of these 

findings are discussed at greater length in the published paper, as well as in 

Chapter 8.
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ABSTRACT
Voice control is an increasingly common feature of digital
games, but the experience of playing with voice control is
often hampered by feelings of embarrassment and dissonance.
Past research has recognised these tensions, but has not of-
fered a general model of how they arise and how players re-
spond to them. In this study, we use Erving Goffman’s frame
analysis [16], as adapted to the study of games by Conway
and Trevillian [9], to understand the social experience of play-
ing games by voice. Based on 24 interviews with participants
who played voice-controlled games in a social setting, we
put forward a frame analytic model of gameplay as a social
event, along with seven themes that describe how voice inter-
action enhances or disrupts the player experience. Our results
demonstrate the utility of frame analysis for understanding
social dissonance in voice interaction gameplay, and point to
practical considerations for designers to improve engagement
with voice-controlled games.
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1 INTRODUCTION
In ournarratives about the future, voice control is consistently
depicted as an easy and enjoyable way of interacting with
technology. It routinely appears as a source of entertainment
in science fiction stories, from the chess-playing ship’s com-
puter in Star Trek to the android playground ofWestworld.
Even inwork-orientednarratives, suchasApple’s 1987Knowl-
edge Navigator concept film that showcased a virtual talking
butler as a near-future technology, voice interaction is shown
as being fun and sociable. Despite these aspirations, however,
current voice-controlled systemsaremoreoften characterised
as troublesome [30], disappointing [23] or embarrassing [7].

Sinceat least the1980s,gamedesignershavesought tomake
voice interaction fun; with some success [1]. Researchers
have documented an array of approaches to voice-controlled
games, including some that recreate the characterful speech-
driven technology of science fiction [2]. To date, however, this
form of conversational interaction has proven less popular in
games than simpler voice interactions that do not use speech
recognition, such as karaoke games that only respond to vocal
pitch [1]. When videogames have used speech recognition to
emulate meaningful communication, it has been known to
introduce new tensions into the player experience; a study
of online responses to voice interaction games found that
players were sensitive to the alignment between spoken in-
teraction and their character identity in the gameworld, with
misaligned speech creating “identity dissonance” [7].

This suggests that the imaginary or narrative dimension of
a voice interaction game is an important factor in how play-
ers experience it, but it is a dimension that has been largely
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treated as peripheral in academic studies [2]. There is a sub-
stantial literature on the characterisation of conversational
agents and social robots outside of games (e.g. [4, 11]). How-
ever, we consider voice interaction in videogames to be an
ontologically different phenomenon—typically distinguished
by being situated within a deeper structure of interconnected
narrative, challenge and world-simulation elements—which
requires study on its own terms to be properly understood.

In this paper, we present a theoretical account of the player
experience of voice interaction gameplay through the lens of
Erving Goffman’s frame analysis [16].We have applied frame
analysis, as adapted to the study of games by Conway and
Trevillian [9], to an interview-based study with 24 partici-
pants who played three different voice interaction games. We
conducted a thematic analysis of the interviews and gameplay
recordings todevelopanunderstandingofhowdifferent social
frames supported or conflicted with each other in the players’
attempts to engage with the game. Based on this, we identify
several inter-frame tensions that are fundamental to voice
interaction gameplay, and propose a revised version of Con-
way and Trevillian’s frame analytic model [9] as a theoretical
framework for understanding the player experience of voice
interaction. The paper, therefore, provides three interlocking
contributions: a general frame analyticmodel of gameplay; an
extensive account of factors that influence the player experi-
ence of voice interaction gameplay; and a concise model that
combines the two to showwhich specific sources of friction
can hinder players’ engagement with different elements of
the player experience.

2 RELATEDWORK
This study builds upon a body of work that has identified so-
cial cognition as an influencer of howwe use and experience
voice interaction. Nass and Moon put forward evidence to
suggest that “individuals behave toward and make attribu-
tions about voice systems using the same rules and heuristics
they would normally apply to other humans” [26], and show
social behaviours such as politeness [24], gender stereotyping
[27] and personality-based responses [25] when interacting
with voice interfaces. This suggests that voice interfaces alter
the operative relationship between a user and a device into a
pseudo-social interaction with an ersatz human. This is com-
plicated by the fact that voice interaction takes places in a
human social context. In day-to-day usage, people split their
conversation between the device and each other [30].
Research on voice interaction in videogames has noted

social context as an important factor in how the games are
played [1, 14, 17]. An analysis of online responses to voice in-
teraction games found that players preferred voice commands
that allowed them to speak in the voice of their character; com-
mands that did not match what the player-character might

saywere described by players as “uncomfortable” and “embar-
rassing” [7]. This suggests that alignment of player roles or
identities across different frames of reference is an important
factor in the experience of voice interaction games, and leads
us to consider frame analysis as a perspective that can analyse
these overlapping identities.

Frame Analysis
To investigate the social structure of situations involving
voice-controlled games, our analysis draws on the theoretical
perspective of frame analysis developed by the sociologist
Erving Goffman [16]. Goffman pioneered a dramaturgical ap-
proach to understanding everyday social situations in which
people’s interaction is understood through a broad metaphor
of theatre. Just as actors on the stage reproduce a script, so
social situations are enacted and experienced as instantia-
tions of more general patterns, or frames, such as weddings,
football matches, business deals, and so on. A frame could be
anything that provides an answer to the question “What is
it that is going on here?” A major innovation in Goffman’s
approach is the observation that situations can be multiply
framed. On seeing a chess game, for example, wemay answer
the question “What is it that is going on here” at different
levels, responding that people in the situation are: moving
pieces of wood; playing chess; or striving to prove their intel-
lectual superiority. In Goffman’s terms, a primary behaviour
ofmovingpieces ofwood is transformedby the frameof chess,
then transformed again by the frame of a battle of intellect.

Games researchers have used frame analysis extensively to
understand the multi-layered nature of gameplay situations
[6, 9, 10, 13, 18, 22, 29, 35]. Fine [13] adapted Goffman’s frame
analysis to study role-playing games, identifying howDun-
geons & Dragons players alternate between a fantasy frame
and aprimary frameof real life. Fine identified two reframings
in this situation: the original social behaviour of a person was
reframed into that of a player, which was reframed again into
the activity of a game character. An important observation
was the way people moved rapidly between frames, some-
times marked by subtle shifts in spoken style to signify the
role-playing frame (“What be the date?” “It’s the end of Lan-
gala.”) or the primary framework of the untransformed social
situation (“No, in this world.” “August tenth.”) [13]. As noted
by Harrop et al., “people tend to engage in role embracement
[15], rather than becoming the role, in order to allow distanc-
ing oneself from one’s role, so that a failure of the character is
not taken to mean a failure of the person” [18].

Conway and Trevillian [9] used frame analysis as the basis
of a three-level model of “the game event”, dividing player
experience into a Social World, an Operative World and a
CharacterWorld (abbreviated as SOC). The SocialWorld is the
primary frame of the untransformed social situation, which I
experience as my everyday self. The OperativeWorld is the

CHI 2019 Paper CHI 2019, May 4–9, 2019, Glasgow, Scotland, UK

Paper 393 Page 2

7.5 Study 4 (Publication)

160



Figure 1: Selected games: TheHowler (left), Air Traffic Control Voice (middle) and TomClancy’s EndWar (right).

frame in which I experience the game as a user of an operable
systemwith rules and affordances; “football player” is a role
that exists in this frame. The CharacterWorld is the frame of
the imaginarydiegetic spaceof thegameworld; it iswithin this
framethat I experiencemyself asagamecharacter suchasLara
Croft. Conway and Trevillian emphasise again how gameplay
is characterised by rapid shifting between frames: “the human
player, as Dasein, maintains the capability to switch levels
moment to moment, literally between milliseconds in some
instances, such as playing in a crowded street on a mobile
phone: immersed in the Character World I tap my thumb
against the screen to make a dialog choice, I switch to Social
World and check the street name, then to Operative World
and check the score, and so on.” [9].
Significantly for the application of frame analysis in this

paper, Conway [8] draws attention to Goffman’s emphasis on
the various ways frame structures can break down, leading
to a loss of shared understanding, and embarrassment and
awkwardness at misunderstood activity; and related to this,
the ongoing effort of players to mark, repair and maintain
frame boundaries. Conway studies the response cries (such
as “ouch!” and “no!”) of people playing videogames, and inter-
prets these cries as social performances intended to manage
the appearance of the player to spectators. Along with the ex-
ample from Fine above, this observation shows how players’
speech acts, including the rich combination of verbal and non-
verbal cues, present an important signifier of frame-shifts and
is a promising site for investigation. The aim of this paper is
to apply and elaborate this frame analysis for the situation
of voice-controlled games, exploring how frame-shifts, both
intentional and inadvertent, constitute a vital aspect of the
gameplay experience and are therefore an important area of
consideration for the game designer.

Verbal and Non-verbal Voice Interaction
Not all voice interfaces use speech as an input. While there
have been numerous configurations of speech-based voice
interaction in games [2], the most popular and commercially

successful types of voice interaction games have been those
that eschew speech recognition, namely karaoke games that
respond to vocal pitch and shout-to-move platformer games
that only respond to voice volume [1]. Researchers have estab-
lished the viability of game controls based onpitch [17, 19, 33],
volume [19], breath [34, 36] and tonguing [19]. Following
Igarashi and Hughes [19], we refer to this whole category as
non-verbal voice interaction, and we refer to voice interaction
that uses speech recognition as verbal voice interaction, or as
voice command when the speech is in the form of a command.
Voice control refers to the use of verbal or non-verbal voice
inputs to control the game system, as distinct frommanual
control such as mouse and keyboard. The difference between
verbal andnon-verbalvoice interaction forgameshas received
little empirical study, with one small-scale test of a prototype
game [33] being the only study we are aware of.

3 METHODOLOGY
We selected three games to be played in the study (see Figure
1).Wechose touse commercially-publishedgames rather than
custom-built prototypes to ensure that our study reflects an
accurate experience of real-world, high-fidelity game design,
complete with a fully realised aesthetic gameworld—an ele-
ment that has been lacking in previous HCI research on voice
interaction games [2], and which we would have been unable
to achieve in a research prototype. We considered dozens of
candidate games, and excluded those that were too complex
or too simple to play for a 15 minute period, those that used
voice interaction as a secondary feature rather than a primary
modality, and those that were not playable by manual input
as well as voice input. We selected the following three games
as the ones that offered the best contrasting experience of
different voice interaction game design patterns [2], as they
cover both verbal and non-verbal voice input, both PC and
mobile platforms, and three distinct game genres. Belowwe
briefly summarise salient differences between the games:

TheHowler is a physics puzzle game, controlled wholly
by the volume of the player’s voice. Any sustained sound
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causes the player’s avatar (a hot air balloon) to rise, while the
absence of sound causes it to fall.Manual controls use amouse
click instead of sound. At different altitudes, the wind pushes
the balloon either left or right. The player must use vertical
and horizontal momentum to navigate a series of obstacles.

AirTrafficControlVoice (ATCV) is an air traffic control
simulator, in which the player directs aeroplanes to arrive at
and depart from airport runways without crashing. It uses
realistic air traffic control vocabulary for commands, such as:
“Learjet two one golf, turn left heading zero six zero”. Manual
controls use touchscreen gestures such as tapping a plane to
select it and swiping a semi-circle to change its heading.

TomClancy’s EndWar (EndWar) is a real-time strategy
game in a modern military setting. It uses ‘who-what-where’
commands [2] such as “unit one,move toDelta” and “all tanks,
attack hostile four”. A menu of commands appears when the
player presses the voice input key.Manual controls follow the
standard scheme for PC strategy games: left mouse click to
select units, right mouse click to send them to a point.

Recruitment
We recruited 24 participants (14 identified as female, 10 as
male) through posters and online bulletin board messages at
the University of Melbourne. The majority were students or
staff of the university. All participants received a gift voucher
for participating. Ages ranged from 18 to 47, with an average
ageof27.Allparticipantshadusedavoiceassistant suchasSiri
or Cortana, and seven had used a smart speaker such as Alexa.
Seventeen used some form of voice-controlled technology at
leasta fewtimesayear.Eight indicated theyhadplayedavoice-
controlled videogame, and only one played voice-controlled
games more than once a year. Sixteen played videogames
on at least a weekly basis, and 18 played videogames in the
company of other people at least a few times a year.

The studywas runover 12 sessions of 90minutes each,with
a pair of participants in each session. Nine of the pairs knew
each other prior to the study, and the other three were pairs
of strangers. We used pairs as our interest lay in studying
gameplay in a social setting. Previous studies have found that
paired user testing is an effective alternative to single user
testing for social usage of technology, as it can facilitate more
discussion at a similar level of quality with less prompting
by the researcher and provide a more relaxed and enjoyable
experience for the participants [32, 37]—which is particularly
significant for the study of gameplay.
In a pilot session, one participant was not able to get the

speech commands to function adequately due to their accent.
Following this, we updated the recruitment forms to only al-
low participants who were able to declare “I can make speech
recognition systems understand me most of the time”. All the
remaining participants were able to use speech recognition

Participant A Participant B

The Howler (single player) Voice control Manual control
Manual control Voice control

Post-game interview

EndWar (single player) Voice control Manual control
Manual control Voice control

EndWar (multiplayer) Voice control Manual control
Manual control Voice control

Post-game interview

ATCV (single player) Voice control Manual control
Manual control Voice control

Post-game interview
Comparative interview

Table 1: Study outline. Game order rotated between sessions.

successfully with at least one of the games in the study. How-
ever, three participants were unable to use voice commands
in ATCV, and three different participants were unable to use
voice commands in EndWar, due to the speech recognition
systems failing to recognise their accents reliably (this group
included both native English speakers and non-native Eng-
lish speakers). In these cases, participants played the game
usingmanual control only, and gave comments based on their
impression of the game and their observation of their co-
participant using voice control. We discuss the decision not
to exclude these participants in the Limitations section. All of
the participantswere able to use the non-verbal voice controls
of The Howler.

Study Procedure
The study roomwas furnished to look similar to a domestic
living room, with sofas, bookshelves, potted plants, a tele-
vision and a desk with two computers. The lead researcher
welcomed each pair of participants, explained the study and
introduced each game in sequence. The participants played
all three games in single-player mode, and played EndWar
in a competitive multiplayer match against each other (see
Table 1). The order of the games was varied between sessions
in a Latin square design to reduce order effects. During each
gameplay session, one participant at a time played with voice
control while the other played with manual control, swap-
ping halfway through. (Simultaneous use of voice controlwas
tested in a pilot session, but caused toomuch interference due
to utterances intended for one microphone being picked up
by the other.)
After each game, the lead researcher conducted a short

(around three minutes) semi-structed interview with the par-
ticipants. Questions focused on their initial reactions, what
they had been thinking about or concentrating on while play-
ing the game, and whether they felt a sense of adopting an
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in-game identity (“Who did you feel like you were while play-
ing thatgame?”).At theendof the thirdandfinal interview, the
researcher asked participants to compare and rank the games
they had played according to howmuch they enjoyed playing,
how comfortable they felt, howmuch they felt in control, and
howmuch they felt focused. These questions were chosen to
elicit discussion of the degree and nature of their engagement
with the game and with the social context. Participants were
asked each question in regard to the voice interactionmode of
play, and encouraged to explain if their responseswould differ
for the manual control mode. Participants were also asked
in what setting they would be most likely to play the game
again. All interviews were conducted with both participants
simultaneously, which generated productive back-and-forth
discussions between the participants in each session. To con-
clude, participants were asked about their experience with
voice interaction technology and videogames.

Sessions were recorded by video camera, webcam and
screen-capture on the desktop computers. Video recordings
were transcribed using a professional transcription service.
The leadresearcher tooknotes throughouteachsession,which
were used to inform the questions asked in the interviews.

Analysis
We conducted a thematic analysis on the interview record-
ings following Braun and Clarke’s six-part model of thematic
analysis [5]. During the first stage—familiarisation with the
data—the lead researcher catalogued the main social frames
that were apparent in the interview comments, identifying
four frames. Anothermember of the research team noted that
these frames reflected Conway and Trevillian’s SOCmodel
[9], with which the lead researcher had not been familiar. An
evaluation of the SOC model was conducted, which we de-
scribe in the Results section. Based on this, the SOC model
was taken as a primary framework and sensitising concept
[3] for the thematic analysis.
We defined a small set of a priori codes for the interview

data, focused on comparisons between the different games
and modalities. The majority of codes were created induc-
tively during the coding process, to describe unanticipated
themes in participants’ explanations of their experiences of
voice interaction. The interviews were divided between two
researchers, who independently reviewed each transcript
from their set of interviews alongside its video recording,
correcting any transcription errors and simultaneously devel-
oping the codes to label it. Once all the interviews had been
coded once, the research team reconvened to compare their
codes and confirm that the nascent themes were consistent
across both sets of interviews. Following this, the two coders
swapped data sets and conducted a second round of coding
on the interviews that they had not yet analysed, adding to

or revising the codes from the first round and further devel-
oping the themes. Once this was complete, the themes were
reviewed, refined, defined and mapped in accordance with
Braun and Clarke [5].

The research team also conducted an initial review of both
the video recordings and the lead researcher’s notes from the
sessions. The behaviours and comments that we observed
were largely accounted for in the interviews, and we con-
cluded that participants’ own explanations of their actions
providedmore insight thanour interpretationsof their actions
for the purpose of understanding their subjective experience.
Therefore, a structured analysis of the gameplay recordings
was deemed unnecessary.

4 RESULTS
The first section below contains a summary of how partici-
pants compared the three games in terms of enjoyment, con-
trol, comfort and focus. This is intended to provide high-level
context for the qualitative results that follow, and may be
skipped over. The primary results are contained in the sub-
sequent sections: ‘Evaluating and Revising the SOCModel’,
which describes how our analysis validates and builds upon a
frame analytic model of gameplay [9], and ‘Themes of Player
Experience’, which describes how participants’ accounts of
voice interaction gameplay revealed competing and conflict-
ing social frames.

Comparisons Between Games
This section summarises how participants ranked the games
on several criteria, and what they focused on whilst play-
ing each one. These questions were asked as part of a semi-
structured interview that focused on encouraging discussion
and explanation rather than ensuring comprehensiveness.
Accordingly, the quantitative results do not provide statis-
tically reliable measurements that can be used to compare
the games, but rather an indication of the general sentiments
of participants—as context for the qualitative findings that
follow. Participants who did not provide a clear ranking of
all three games for a question were not pressed to do so; for
example, they were not asked to differentiate games that they
considered to be equal. In addition, participants who were
not able to use speech recognition1 for EndWar or ATCV are
excluded from the rankings for those games. We provide the
quantitative results in the format (X/Y) to indicate the number
of participants who gave an answer (X) out of the total who
answered the question (Y).

When asked “Which of the three games did you enjoy the
most and enjoy the least with voice control?”, the largest
numbers of participants stated that they enjoyed EndWar the
most (12/19), ATCV as the middle (10/19), and The Howler

1See Recruitment and Limitations sections for further discussion.
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the least (11/23). The Howler was polarising, however, as a
substantial minority of participants (8/23) enjoyed it the most
out of the games they played.

When asked “Duringwhich games did you feelmost in con-
trol and least in control while you were using voice control?”,
the majority of participants ranked EndWar highest (13/19),
ATCV as the middle (10/19), and The Howler lowest (15/21).

When asked “Which games did you feel most comfortable
playing and least comfortable playing with voice control?”,
the largest number ranked EndWar highest (11/19) andACTV
as the middle (9/19). Again The Howler was polarising, with
(10/22) ranking it as the least comfortable, (7/22) ranking it as
themost comfortable, and only (5/22) ranking it as themiddle.
For the question “During which game did you feel most

focused on the game itself, as opposed towhatwas happening
aroundyou,whileyouwereusingvoice control?”, resultswere
somewhat more split. For EndWar, slightly more participants
felt most focused (7/15) than least focused (5/15). For ATCV,
similar proportions felt most focused (4/14) and least focused
(3/14),with the rest ranking it in themiddle.As forTheHowler,
the majority of participants felt least focused (10/17), but a
few felt most focused (5/17).
The enjoyment of EndWar was attributed to its greater

sense of control. Participants found its voice commands easy
tounderstandand rememberdue to their familiar terminology
and the on-screen menu of command phrases. ATCV lacked
a visible commandmenu and used unfamiliar phrases such
as “descend maintain two thousand”, which increased the
difficulty of its voice commands. The Howler’s lack of con-
straints on voice input was cited by both thosewho enjoyed it
most and thosewho enjoyed it least. ThosewhopreferredThe
Howler praised its non-verbal voice interaction as offering
a low barrier to operation and enabling an unusual style of
control. Those who disliked The Howler explained that the
non-verbal voice interactionwas uncomfortable in away that
they did not enjoy, and which distracted from their focus on
the game.
When asked “What were you thinking about or concen-

trating on during the game you just played?”, three partici-
pants (3/22) said that they were more focused on what they
sounded like while playing The Howler than the actual game-
play. Several others reported being somewhat distracted by
self-consciousness about their voice, although their main fo-
cus remained on the game itself. All participants reported
being more focused on the gameplay than how they sounded
for both EndWar and ATCV. Among those who reported con-
centrating on the gameplay, there was a split between those
who focused on strategy (such as where to send units or how
toapproacha certain level) and thosewho focusedon function
(such as what intonation or volume to use to improve their
control). ForEndWar, themajority said that they concentrated
on strategy (16/20) over function (4/20). For ATCV, there was

an even split between strategy (8/17) and function (9/17). For
The Howler, half of the participants concentrated on strategy
(11/22), with the remainder focused on function (8/22) or how
they sounded (3/22).

Perhaps corresponding with this, most participants (11/18)
said that The Howler was best suited to being played in a
social context. Only a minority said the same about EndWar
(5/15) and ATCV (1/13), which were generally agreed to be
best played “locked up in a room by myself” (P24). While
The Howler provoked the greatest sense of concern about
the perceptions of other people, it also had the potential to
create an enjoyable shared social feeling, as described in the
thematic analysis.

Evaluating and Revising the SOCModel
An exploratory analysis was conducted on the interviews,
prior to the full thematic analysis, by one of the researchers.
The researcher sorted the interview comments into categories
basedon their frameof reference, and cameupwith the follow-
ing four frames: social, functional, strategic and imaginary.
When the full research teamdiscussed this result, it was noted
that these four frames were similar to the three levels of the
SOCmodel [9], a framework that the researcher who devel-
oped the categories was not familiar with. We re-examined
the interview data against this framework, and determined
that our “social” and “imaginary” frames were an exact fit
for the Social World and CharacterWorld in the SOCmodel,
and that our “functional” and “strategic” frames reflected dif-
ferent keys within the Operative World. We take this as an
independent validation of the SOCmodel.

Accordingly, we have adopted a revised version of the SOC
model as our primary framework for interpreting the results.
Our revision is to split out theOperativeWorld frame into two
distinct frames, the FunctionalWorld and StrategicWorld (see
Figure 2), which are described below.We refer to the revised
model as the "SFSCmodel" to reflect these changes.

The Functional World frame was active when participants
thought about themselves as users of the game system. It
could be characterised as the answer to the question “How
are you controlling the game?”When attending to this frame,
participants focused on the interaction between their physical
behaviour and thegamestate, suchaswhen theyconcentrated
on slowing their speech down to a pace that the game’s speech
recognition could follow.
The Strategic World frame was active when participants

approached the game as strategists, concentrating on how to
manipulate the dynamics of the gameplay to achieve their
intentions and goals. It could be characterised as the answer
to the question “What are you trying to do in the game?”
When attending to this frame, participants thought about
their actions within the context of the systemic relationships
between game objects, with less attention paid to the manner
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Figure 2: Proposed refinements to the SOCmodel of the game event [9].

in which they physically affected the game state. An example
would be during a competitive multiplayer match, when a
player contemplated where to send their units to achieve a
pincer movement against their opponent’s units.
The Functional World was much more salient to partici-

pants when they were using voice controls than when they
were using manual controls. Many participants stated or im-
plied that they did not need to be “actively thinking” (P15)
about manual controls, especially those who had previous
experiencewith similar game controls. This suggests a reason
why the SOCmodel does not distinguish between functional
and strategic levelswithin its OperativeWorld frame: because
experienced players can quickly master the controls of most
ordinary games to the extent that they do not need to attend
consciously to them, FunctionalWorld considerations tend
to recede out of their awareness. However, when the control
scheme for a game is unfamiliar or especially challenging—as
voice controls often are formost players, andmanual controls
often are for novice players—the FunctionalWorld can be a
dominant frame that players must attend to. Players oscillate
their attention between functional and strategic frames of
thinking, just as they oscillate their attention between pre-
tence and reality [13, 18].
The next section explores how oscillations of attention

play out across all four of the frames of the SFSCmodel (So-
cial World, Functional World, StrategicWorld and Character
World) during voice interaction gameplay. The thematic anal-
ysis demonstrates the necessity of considering all four frames
to understand players’ experience, particularlywhen they are
engaging in voice interaction.

Themes of Player Experience
Wedeveloped seven themes to describe the effects that partici-
pants consistently described in their accounts of voice interac-
tion gameplay: (1) Thematically appropriate voice commands
increase engagement with the CharacterWorld, (2) Vocalisa-
tions that sound odd in the Social World disrupt engagement

with theCharacterWorld, (3) All vocalisations are interpreted
as meaningful communication, (4) Players remember voice
command phrases by meaning, not always by wording, (5)
Speech intended for the Social World can infringe upon the
Functional World, (6) Voice commands encourage concen-
tration on the StrategicWorld, and (7) Voice commands feel
disconnected from their effects in the StrategicWorld.

Thefirst five themes all describe formsof interplaybetween
the Social, Functional, Strategic and CharacterWorlds, which
could be productive or disruptive. The last two themes de-
scribeways inwhich voice commands felt different tomanual
control, and how these differences influenced players’ ability
to engage with the strategic world of the game. We unpack
some of the implications for game design in the Discussion
section.

Theme 1: Thematically appropriate voice commands
increase engagement with the CharacterWorld
Across nearly all sessions, participants said they felt more
engaged with the Character World when they used verbal
voice commands compared to when they used manual con-
trols. They described the game as feeling more “immersive”
or “real” with voice commands—more like a world and less
like “just a game”. P14 said that as someone with a tendency
to anthropomorphise things, “I would just get lost in this.”

This feeling was generally attributed to how closely voice
commandsfit the ideaofwhatwashappening in theCharacter
World. In doing so, it evoked a strong sense of stepping into
the role of the player-character: “It gave me the feeling that
I’m commanding troops, it gave me the feeling that I am an
actual commander.” (P20) Most participants reported a sense
of identification with a player-character persona when using
voice commands in EndWar and ATCV, although not in The
Howler. Participants pointed out the distinctive language
that these two games used for their voice commands, which
demarcated their voice commands as speech ‘in character’
due to its difference from their ordinary speech. Participants
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sought to amplify this distinction by speaking in the manner
that they imagined their persona would speak:

I was trying to imitate those people who work in
towers. Their intonation, how they speak. (P20)

The games’ responses to voice commands further rein-
forced the impression that its characters were perceiving the
player as the player-character. For example, P5 commented
that their units’ verbal acknowledgements (such as “Okay,
roger captain”) felt more “natural” in response to voice com-
mands than when they came in response to mouse clicks.

The immersive quality of voice commands was universally
seen as a positive. It was by far the most commonly praised
aspect of voice interaction, and considered the most interest-
ing reason to use voice control. P17 said that voice commands
turned the strategy game EndWar into a kind of role-playing
game,which “justmakes itmore sort of authentic. Like you’re
playing the part.” This immersiveness was contrasted with
manual control, which “makes it feel more like a game” (P10).
P24 said that with manual controls, “I don’t feel like I’m the
person doing it, “cause I’m just tapping around.”
Part of the enjoyment of voice command was that it gave

players a sense of personal authority. As P16 described it:
"With the voice control, I felt like a commander or something.
Likehaving thatpower.”Thisdidnotnecessarilymean that the
player was better able to control the game; in most cases, the
manual controls were described as more responsive, precise
and reliable. But by providing a stronger sense of inhabiting
the player-character persona, voice also provided a stronger
sense of having the player-character’s authority.

Theme 2: Vocalisations that sound odd in the Social
World disrupt engagement with the CharacterWorld
All of the participants said they felt uncomfortable using
voice interaction in at least one of the games. Participants
consistently described this discomfort as coming from their
own thoughts about what people who were not involved in
the game would think about the sounds they were making.
Nearly all of the comments about this discomfort referred
to the idea of a hypothetical outside observer, from whose
perspective the participant risked a loss of face and social
status.

This isn’t a game where I would play it in front
of people, in general. The other games, sure it’s
weird talking to a computer, but at least you can
understand what the person’s saying. It’s not
garbled. (P9)

Self-consciousness was far more pronounced with The
Howler than the other games, due to its lack of voice com-
mands. Participants experimentedwith verbal andnon-verbal
vocalisations to control The Howler, and generally found that
non-verbal vocalisations (such as sustained vowel sounds)

provided better control. This created a dilemma, as it meant
the vocalisations that made the most sense in the functional
world did not make sense and did not convey meaning in the
socialworld, and vice versa. This drewplayers’ attention away
from the Strategic and Character Worlds, and towards the
Functional and Social Worlds that were in conflict.

I was more aware of my surroundings because
I had this feeling of: I’m doing something that
doesn’t make sense if you weren’t playing the
game with me. I had, like, I was in the game but
also like: “What do I sound like?” (P3)

The two games with voice commands did not create dis-
comfort and self-awareness to the same extent as TheHowler.
Participants attributed this to an understanding that an out-
side observer could quickly understandwhat theywere doing
if they overheard voice commands, as opposed to non-verbal
vocalisations: “If it were meaningful words coming out they
would think, ‘Oh, she’s playing a game.’ ” (P24) However, this
was dependent on the voice commands creating a sensible im-
pression of a game scenario. At times when this broke down—
such as when a participant was obliged to repeat themselves
several times in a row because the game did not understand
their speech—participants’ preoccupation with the hypothet-
ical outside observer returned, and they once again lost their
sense of engagement with the CharacterWorld.
Part of the discomfort with non-verbal voice interaction

was a fear of being seen asmentally incompetent. Participants
described feeling “silly” or “stupid” due to the meaningless-
ness of their vocalisations, and some said that their own non-
verbal vocalisations reminded them uncomfortably of young
children or people with neurological disorders.

However,notallparticipantsdisliked theself-consciousness
brought on by non-verbal voice interaction. Three partici-
pants rated The Howler as the game that they felt least com-
fortable playing but also the game they enjoyed the most. P14
commented: “I think that’s kind of its charm, right? It kind
of makes you feel a little bit uncomfortable.” In a social situa-
tion, the fact that non-verbal voice interaction drew players’
attentions towards the Social World could be a benefit.

Theme 3: Players struggle not to interpret
vocalisations asmeaningful communication
A common difficulty with non-verbal voice interaction was
thedifficultyofperceivingvoiceasnon-speech. Itwasnotonly
that third-party observers were expected to interpret non-
verbal voice as nonsensical speech, as described in Theme
2—participants’ perception of their own speech was also a
source of trouble. Hearing their own voice made participants
self-aware and self-conscious about what they appeared to
be “saying”.

CHI 2019 Paper CHI 2019, May 4–9, 2019, Glasgow, Scotland, UK

Paper 393 Page 8

7.5 Study 4 (Publication)

166



Many participants exhibited more difficult deciding what
to say to the game when using non-verbal voice interaction
than when using speech commands. For these participants,
the lack of constraints on their speech input did not free them
from thinking about what to say, but instead caused them to
think even harder about what utterances to use. A typical ap-
proach was to try out several different vocalisations, usually
beginning with a repeated phrase (such as “go up, go up”) or
a stream-of-consciousness instruction (“okay now go up up
over this bit yes good ok back down a little now”); if this did
not provide enough control, participants moved on to a re-
peated phoneme (“upupupupup”) or a sustained vowel sound
(“uuuuuuuuh”); eventually settling on a vocalisation that pro-
vided a balance of control over the game while minimising
incongruity in the social world.
As these examples indicate, participants often chose vo-

calisations that were derived fromwords that meaningfully
represented their intentions. This shows that they were re-
taining an understanding of their vocalisations as voice com-
mands rather than asmerely acoustic sounds (or in terms of the
SFSC model, as actions in the Strategic World rather than the
FunctionalWorld). This confusion was shown clearly when
participants needed to switch between making the balloon
go up and making it go down. Instead of making noise when
the balloon should rise and being silent when it should fall,
participants would say “up up up!” when it should rise and
“downdowndown!”when it should fall—which of course only
made the balloon rise further.

It was going too high, and I’m going, “Stop stop
stop stop!” That’s just making it fly higher. I
would have to get my brain out of the mode for
that. (P14)

What this illustrates is that participants had adopted a
faulty mental model of how the non-verbal voice interaction
worked, imagining (albeit unconsciously) that theballoonwas
responding to their speech content rather than their voice
volume. Thismodelwas persuasive at first, because it resolved
the tensionbetween theSocialWorldunderstandingof speech
as meaningful communication and the Functional World ef-
fects of the game responding to their voice. But it achieved this
by inaccurately perceiving the game as a voice command sys-
tem, which was demonstrated when the function and verbal
meaning of the player’s voice input were no longer aligned.
The same dissonance was apparent at times between ut-

terances in the Functional World and the Character World.
Participants described voice interaction in The Howler as
being “ridiculous” because it did not relate to anything that
was happening in that game’s CharacterWorld, whereas the
CharacterWorlds of ATCV and EndWarmade it “much easier
to grasp what was going on” (P18) in relation to voice. This

was not an inherent quality of non-verbal voice input, how-
ever, as some non-verbal vocalisations were suggested that
could make sense:

I feel like it would have felt better if it was better
tied into the sort of narrative of the game. If you
were trying todistract soldiers, or something, and
you’d yell to get their attention. (P10)

The key distinction was that voice interaction should have
a meaningful purpose that was discernable in the context of
the game’s CharacterWorld.

Theme 4: Players remember voice command phrases
bymeaning, not always bywording
Participants learnedthevoicecommandsofeachgamequickly,
and in general had little difficulty recalling what voice com-
mands were available. However, they often mixed up the
phrasing of a command or used a wrong word, as in saying
“call tower” instead of “contact tower”. This was particularly
common in ATCV, as it used air traffic control jargon that was
unfamiliar to the participants and it lacked a visible menu of
voice commands.

If it were a real situation, I would probably get
away with missing a few commands. Like the
pilotwould obviously still getwhat is “70 degrees
to your right.” (P23)

Even in EndWar, with its relatively familiar terminology
and the on-screen menu of available commands, participants
often accidentally substituted a synonym for a command
phrase, such as “go to” instead of “move to”. In some cases
the game accommodated this by design, and responded as
though it heard the correct word, but in other cases the com-
mand failed to register. The participant was not always aware
that their phrasing was the source of the problemwhen this
happened.
These participants were quite capable of remembering

the commands by their meaning, and of coming up with
words that represented that meaning, which would be suffi-
cient for communication in the social world or the Character
World. However, the intermediary of the Functional World
was unable to recognise these commands, despite them hav-
ing meaning-content that was the same as voice commands
that it could recognise.

Theme 5: Speech intended for the SocialWorld can
infringe upon the FunctionalWorld
A frequent difficulty arose in voice interactionwhen the game
picked up on and responded to utterances that were not in-
tended as voice inputs. This happened most often with The
Howler, because it was less constrained in the vocalisations it
reacted to.When theballoonflewtooclose to theupperbound-
ary of the screen, participants often reacted with laughter or
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a yelp of surprise—which prompted the balloon to accelerate
upwards, causing them to fail the level. This also happened
when a participant made an offhand comment to someone
else in the room, or shouted a response cry [8] as described in
Theme 3. In each of these cases, an utterance that was meant
for the SocialWorld infringed upon the FunctionalWorld due
to the game’s lack of ability to discriminate between the two,
and the effects of this accident propagated into the Strategic
World of the gameplay.

This is analogous to the “Midas touch problem” [20] in
gaze input systems. The Midas touch problem refers to the
inability of an eye-tracking system to distinguish between
eye movements that are intentional or relevant to the user’s
goal and those that are random or unrelated to the user’s goal.
In this respect, non-verbal voice interaction is most similar to
gaze input, in that it shares the problem that any vocalisation
the playermakes is treated as an input. Voice commands avoid
this for the most part, since only certain words are treated as
inputs, but may still suffer from accidental activations when
the player says something that matches or is similar to one
of these commands. The two voice command games in our
study both minimise this risk by including a push-to-talk key,
so that the game only listens for voice commands after the
key is pressed. As a result, neither game is controllable solely
by voice: they are multimodal at least to the extent that voice
input has to be activated by a manual button-press.
In two instances, something similar to this “Midas touch

problem for voice”was triggered intentionally. This happened
when participants leaned over and shouted something at their
co-participant’s microphone, taking advantage of its inability
to distinguish between the voice of each player. This action
disrupted the normally linear relationship between a player,
their interface and their avatar, as one player took temporary
control of the other player’s avatar through the ‘wrong’ inter-
face, and deliberately rekeyed all three agents to a new frame
of prankish stolen control, if only for a fewmoments.

Theme 6: Voice commands encourage concentration
on the StrategicWorld
When comparing voice commands to manual controls, partic-
ipants commented that the games felt more complex when
playing with voice, and that they had to pay more conscious
attention to the game state than they did when using manual
controls. This was partly amatter of needing to think through
the steps involved in voice commands—either because they
were less familiar or because theyweremore complex—which
resulted in more attention being paid to each action:

You have to think what action you want to do.
Then you have to think, how is that represented
in the menu? And then you have to say it. So
that’s more complicated. (P4)

This did not appear to impede the participants’ ability to fo-
cus on the strategic frame. Instead, focusing on the voice com-
mandoptions seemed to facilitate agreater senseof awareness
of the game state and the strategic options that were available
to them. Multiple participants made comments such as:

You aremore in the gamewhen you use the voice,
in the sense that you actually have to pay atten-
tion to the unit numbers, and what they’re doing.
Whereaswhenyouplaywith themouse, you sent
them at some random target. So I had a better
overview when I was using the voice. (P19)

It is unclear whether this sense of concentration reflected
a real heightened awareness of the game state. It could be
that participants had to invest more conscious thought to use
voice commands and this mental work merely provided the
feeling of being more engaged, without any actual increase
in strategic awareness. For example, P17 described “thinking
a lot harder” with voice commands but finding manual con-
trols more “fluid” and intuitive. Nevertheless, the subjective
experience for most participants was that voice commands
facilitated their awareness of the StrategicWorld.

Theme 7: Voice commands feel disconnected from
their effects in the StrategicWorld
Voice commands were associated with a sense of distance
from the action in comparison to manual controls. Partici-
pants described feeling that they had “more direct control of
what’s happening” (P4)when usingmanual controls, whereas
with voice commands there was a sense that “I wasn’t really
controlling the units” (P1). Although the units had the same
level of autonomy in both conditions, their autonomy felt
higher with voice commands:

When you’re playing with your hand, you have
to control everything. But when you’re telling
the airplane, it seems it finds its way towards the
runway. (P20)

The sense of disconnection from the action was partly at-
tributable to the spatial and temporal distance between the
voice input and the game’s response. With manual controls,
participant always saw the active unit because their mouse
cursor or finger was on it when it was selected; but with
voice commands the active unit could be off-screen or at an
unknown location when it was selected. And unlike mouse
clicks and taps, which were responded to instantaneously,
voice commands could take around a second to generate a
response. When there was a lot of activity on-screen, it could
be difficult to tell which actionswere precipitated by the voice
commands and which were the result of the game AI. Partic-
ipants reported needing to look at their units after giving a
command to see whether any of themwere responding.
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I didn’t even check if the commandwas accepted.
I justkeptyellingoutcommands.Andso Iwouldn’t
know if it actually accepted some of it. (P19)

This uncertainty was greatest in EndWar, as its movable
3D camera perspective meant that the response to many com-
mands happened off-screen.

5 DISCUSSION
When interviewed about their experience of playing a se-
lection of voice interaction games, participants in our study
spoke about multiple overlapping frames that shifted in and
out of focus, reflecting the “oscillating nature of engrossment”
with game frames described by [13]. We identified four dis-
tinct types of frames based on the interviews: social, func-
tional, strategic and imaginary. These four frames reflect Con-
way and Trevillian’s Social-Operative-Charactermodel of the
game event [9],with theirOperativeWorld frame divided into
the two distinctive sub-frames of function and strategy. We
have thereforeproposeda revisionof theirmodel that incorpo-
rates four frames rather than three: Social World, Functional
World, StrategicWorld and CharacterWorld, or SFSCmodel
(Figure 2).

Our thematic analysis of the interviews generated seven
ways in which these frames were evoked or disrupted for
participants duringvoice interactiongameplay.We found that
both the major concerns and the major sources of enjoyment
that players described could be accounted for in terms of
interactions between frames. In general, gameplay was most
enjoyable when frames were well aligned (Themes 1, 4 and
6), and most disrupted when frames were perceived to be in
tension (Themes 2, 3, 5 and 7).

This points to the largest non-technical problem for voice
interaction games, which is the difficulty of establishing a
comfortable alignment between a player’s Social World and
the game’s CharacterWorld. Our study echoes Rico and Brew-
ster’s finding that “the imagined interpretations of others”
[31] influences the perceived acceptability of voice interac-
tion, and particularly non-verbal voice interaction. This is a
challenge for design because it has less to dowith howplayers
engage with the game itself than it does with how players’
actions in engagingwith the game appear outside of the game,
in the Social World—the frame in which the game designer
has no control and little influence. It is also something of a
catch-22: failing to align voice commands with the character
identity creates a dissonance between the player and their
character [7], but aligning voice commandswith the character
identity makes the player’s speech more anomalous in the
Social World. In ordinary gameplay, players ameliorate social
tensions using their voice as a communication back-channel
[12], such as by indicating role distance [15] between their
primary identity as a social actor and the behaviour they are

engaging in to play the game [8]. Voice interaction impedes
this back-channel by requiring players to reserve their voice
for the game.
However, participants alluded to a solution to this prob-

lem. The voice inputs that were considered the least socially
inappropriate were those that an outside observer could im-
mediately recognise as game inputs; participants preferred
these over voice inputs that did not convey an apparent pur-
pose. Designers can accommodate this by ensuring that voice
commands unambiguously communicate their purpose as
game inputs. One way to approach this would be to give the
player-character persona in the game a distinctive speaking
style, and ensure that voice commands align with this style.
This would increase the tension between the Social World
and the Character World frames, but in a way that reinforced
the boundary between the two frames, to allay the player’s
apprehensions that their actions might be misinterpreted as
something other than game-playing.

Barriers to engagement with the Functional,
Strategic and CharacterWorlds
Fine [13] and Conway and Trevillian [9] describe a player’s
engagement with a game as a process of upkeying [16].When
I play a game, I am always first and foremost myself, a human
being in the primary frame of the Social World; to enter into
the other frames I must make some effort, and this effort must
be supported by the other objects and peoplewithin the frame.
Upkeying in the SFSC model is sequential and hierarchical:
I must engage with the game functionally as a user before I
can fully enter the role of a strategist, and I must engage as a
strategist before I can fully enter the roleofmy character. (Note
that I need not be highly calculating or deliberate to engage
as a strategist, as long as I am attending in some intentional
way to the systemic relationships between objects within the
game.) Toupkey successfully takes bothmyownparticipation
and the co-operation of the game: if the controller does not
respond to my button presses, my attempt to upkey myself to
the Functional World as a user is foiled, and I am downkeyed
out of the Functional World.
In these terms, a voice interface is a technology that seeks

to upkey a Social World action (speech) into a Functional
World action (voice input). A voice interaction system is one
that seeks to upkey this FunctionalWorld action (voice input)
into a Strategic World action (voice control). And a voice
interaction game is one that seeks to upkey this Strategic
World action (voice control) into a Character World action
(an air traffic controller’s instructions). This upkeying faces
resistanceboth fromthe technology,whichmay fail toprocess
my voice input correctly, and from other people in the Social
World, who may distract me frommy engrossment with the
CharacterWorld that allows me to experience my speech as
upkeyed.
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Upkeying to. . . Resisted when. . .

CharacterWorld Voice inputs feel incongruous with the CharacterWorld.
Voice inputs feel incongruous with the Social World.

StrategicWorld Voice inputs feel disconnected from their effects.
Player has a faulty mental model of the voice interaction system.

Functional World Player has difficulty remembering command phrases.
System picks up on unintended voice inputs.

Table 2: Tensions that interfere with a player’s ability to upkey their engagement.

Here the SFSCmodel reveals its practical use as amodel for
thinkingaboutgamedesign, andparticularlyvoice interaction
game design. We have seen that tensions between and within
particular frames prevented our participants from becoming
fully engaged with different aspects of the game—in other
words, prevented them from upkeying. By stepping back and
looking at the SFSCmodel as awhole,we canmap out barriers
to upkeying at each level, as we show in table 2. That is not
to imply that these tensions are always negative; a game
that wishes to draw focus to the Social World rather than
the Character World may use certain tensions to downkey
gameplay intentionally. However, mapping frame tensions
in this way provides an implicit priority chart for games that
wish to evoke the Strategic World and Character World, as it
highlights that lower-level tensions must be addressed before
higher-level tensions can be effectively resolved.

Reduced sense of agency
Participants reported feeling as though units in the game had
more autonomy when they used voice commands compared
to when they used manual controls (Theme 7), even though
the two control modalities activated the same actions. This re-
flected a general sense of reduced personal agency with voice
commands. Based on participants’ comments, we hypothe-
sised that this sense of diminished agency was caused in part
by the spatial and temporal distance of voice commands—by
which we mean their ability to refer to units and locations
anywhere in the gameworld—and their somewhat variable
response delay due to the need for speech processing. This
enlarged the gulf of evaluation [28] for voice commands com-
pared to manual controls, and left some players uncertain of
the outcome of their commands.

The senseof diminishedagencymaybea fundamental char-
acteristic of voice inputs. One measure of perceived agency is
“intentional binding”, a phenomenon in which users perceive
the time delay between their own action and its effect to be
shorter than it really is. In an experimental study, Limerick et
al. [21] found that voice commands created the inverse effect
to intentional binding: users systematically overestimated
the time delay between their voice input and the computer’s

response. They concluded that “Voice interfaces will feel less
responsive and as a result users may experience a reduced
sense of ownership or responsibility for the outcomes of their
actions" [21]. Although our study contained nomeasurement
of intentional binding, our participants’ comments were con-
sistent with Limerick et al.’s conclusions.

It is interesting to note that this diminished sense of agency
was not reflected in a diminished sense of authority. Rather,
the reverse was true. As we have reported, participants felt
less in control as a user but more in control as a character
when using voice. This speaks to the distinction between
the Functional World and Social World frames in the player
experience, and the need to consider them separately.

Difficulty remembering command phrasing
The observation that participants could remember command
functionsmoreeasily thancommandphrases (Theme4)points
to an important qualitative difference in how speech operates
in the FunctionalWorld compared to the Social, Strategic and
CharacterWorlds. In the latter frames, speech operates on the
human model of language production, in which meaning pre-
cedesphrasing, and therearemanyways to represent thesame
meaning in different words. As one participant pointed out, a
human listener would know that “turn right zero seven zero
degrees” means essentially the same thing as “turn seventy
degrees to your right”, even if these have different connota-
tions, because the phrases have an underlying meaning that
is consistent. Participants recalled the underlying meaning
of each command and, as in ordinary Social World speech,
constructed a sentence to represent it.

In thevoice interface, and therefore in theFunctionalWorld,
the phrasing of a command precedes its meaning—or rather
its function. The machine does not have a sense of the under-
lying meaning of the words, only an algorithm to recognise
specific combinations of sounds. This is in contrast to the
participants, who struggled not to perceive any utterance
as communicating meaning (as described in Theme 3). To
become proficient, the player has to let go of their intuitive
understanding of voice commands as beingwords that map to
meanings and learn to think of them instead as phrases that
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map to functions. In this sense, the player has to configure
themselves to the machine [38], turning the familiar activity
of speech into an unfamiliar new behaviour.

However, the FunctionalWorld is only one of the frames to
which the player is attending, and the voice command itself
has multiple identities across these different frames: at the
same time as it is an operative phrase independent ofmeaning,
it is also a character’s speech, a statement of strategic intent,
and an utterance with meaning to anyone who overhears it.

Limitations
Using contemporary speech recognition systems to study
voice interaction introduces some necessary trade-offs. One
thatweconfrontedwaswhether to exclude fromthe studypar-
ticipants who could not make themselves reliably understood
by one of the voice command games. As we are not seek-
ing to establish comparable results across controlled study
conditions, we decided to include these participants. Exclud-
ing them would introduce a particular bias to the results,
minimising the importance of functional considerations and
presenting an unrealistically positive picture of the state of
speech recognition in recent videogames.
Although the study room was decorated as a domestic

space, with sofas, bookshelves, potted plants and a television,
it was still a room in a university building rather than a true
home environment. The presence of a researcher and another
player is also likely to have influenced the participants’ expe-
rience. On top of this, the participants were playing all three
games for the first time (with the exception of one participant
who had played EndWar several years ago). We are confident
that our findings represent concerns and issues that would
appear in other settings, but we have no doubt that a more
naturalistic observation of voice interaction gameplay, in a
home environment and over longer-term usage, would reveal
findings that we have not discovered here.

6 CONCLUSION
In this paper we have argued that frame analysis is a produc-
tive lens for understanding the player experience of voice
interaction, a game modality that has proved challenging for
designers and researchers but has lacked theoretical attention.
We have provided a frame analysis account of observations
and interviews with 24 participants who played three dif-
ferent voice interaction games, which included both verbal
and non-verbal forms of voice control as well as manual con-
trols. Through a thematic analysis informed by Conway and
Trevillian’s [9] frame-analytic model of the game event, we
developed seven themes that characterised the experience of
voice gameplay.Wealso proposed a revision of the SOCmodel
to account for the difference between functional and strategic
frames that was apparent in voice interaction gameplay.

Our frame analysis found that voice commands were asso-
ciatedwith an increased sense of taking on a CharacterWorld
persona, and particularly the persona of an authority figure.
However, voice interactions that were incongruent with the
Social World, such as non-verbal voice inputs, disrupted the
player’s engagement with the CharacterWorld. Participants
intuitively processed and remembered utterances as mean-
ingful communication, which sometimes added confusion to
their understanding of voice inputs in terms of their opera-
tive function. Speech that was intended for the Social World
caused unintended outcomes in the game system, particularly
during non-verbal voice interaction. Finally, we observed that
participants felt more engagedwith the StrategicWorldwhen
using voice commands, but at the same time felt that they
had less direct control compared to when they used manual
controls. Based on thesefindings,wehave explored several de-
sign considerations for voice interaction games, and provided
a summary of the tensions that impose barriers to upkeying
voice interaction at each level.
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8 Discussion 

This chapter presents a holistic discussion of the four studies in the thesis. It 

begins with a review of how each study addressed one or more of the research 

questions posed in Chapter 2. Section 8.2 presents the first of two major 

contributions for the thesis as a whole: a general model of gameplay, based on 

frame analysis (Goffman, 1974), that accounts for the social tensions of voice 

gameplay and provides a guiding framework for voice game design. Section 8.3 

presents the second major contribution of the thesis: a typology of five distinct 

genres of voice gameplay that reflect different goals, different design patterns and 

different concepts of voice interaction, and consequently evoke different player 

experiences. The core ideas of these two contributions were initially introduced in 

Chapters 6 and 7, but the constraints of the Thesis with Publication format meant 

that those chapters were unable to discuss them in the context of the rest of the 

thesis. This chapter incorporates the findings of all four studies to develop these 

core ideas into more complete theoretical frameworks. Section 8.4 considers the 

implications that the thesis findings may have for the design of smart speakers, 

voice assistants and virtual and augmented reality experiences. This is followed by 

a discussion of the limitations of the thesis a reflection upon the value that 

historical analysis  provided in placing the research findings into a proper 

context. Finally, the chapter notes some possibilities for future research informed 

by this thesis. 

8.1 Research questions and findings 

This thesis began with the identification of a rising class of activity: voice-

operated interaction with characters and environments (VOICE). Prior research 

has shown that voice interaction holds an intuitive appeal to users as it strongly 

evokes the impression of conversing with an intelligent entity (Carter et al., 2015; 

Jia et al., 2013; Luger & Sellen, 2016; Nass & Brave, 2005; Purington et al., 2017). 

This means that there is a natural affinity between voice interaction and game 

design, as fields in which the illusion of virtual “life” inside the computer system 

is a central factor. However, there has been no body of academic literature to 

understand how, when and why voice interaction has been used in videogames, 

or to provide a theoretical understanding of its consequences for gameplay. With 

that in mind, this thesis addressed the overall research question: 

Main RQ How does voice-operated interaction with characters and 
environments (VOICE) influence the player experience of digital games? 

To answer this question I conducted four studies in sequence, each of which 

addressed a specific research question that looked at one element of the topic. 

Each of these studies has been included in the thesis in the form of a published 
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article. This section summarises how each study has answered one or more of the 

specific research questions, and concludes with a discussion of how all four 

studies together have addressed the main research question stated above. 

Study 1: Natural Language Gameplay 

The initial focus of the research was on conversational interaction in gameplay, 

rather than voice gameplay. Accordingly, Chapter 4 explores text-based 

interaction between a player and a game character with artificial intelligence 

(AI)—actually a Wizard of Oz prototype—in Minecraft. The aim of this study was 

to investigate how players engage with a game character using natural language, 

and the assumptions and expectations that influence their behaviour. This aim is 

reflected in the first research question of the thesis: 

RQ1 How do players make sense of and interact with a game character 
that responds to natural language text? 

This study found that conversational interaction was a source of enjoyment and 

interest for players even though it introduced a number of challenges, particularly 

in regards to concerns about ambiguity in instructions or questions leading to 

unintended consequences. Participants varied across two dimensions in their 

responses to the character: engagement, or the extent to which they showed 

interest in interacting with the character, and anthropomorphism, or the extent 

to which they treated the character as an intelligent entity capable of making 

judgements. The study found that players drew their expectations about the 

capabilities of a talking AI character from analogies to human social behaviour 

(both in the physical world and in online games), other videogames and 

depictions of AI in fiction. 

As an overall theme of the results, participants found natural language dialogue 

to be a somewhat difficult and unwieldy way to engage with a game character, but 

still viewed it favourably due to its capacity to imbue the character with a greater 

sense of being alive and aware than it had when it did not use the text dialogue. 

Some participants expressed an interest in spoken interaction as a way to increase 

that sensation, which contributed to the shift in focus to voice interaction in the 

remainder of the thesis. 

In Chapter 4, I had attempted to study natural language interaction in an open-

ended way, by presenting players with a loosely designed “sandbox” game 

scenario that did not put many constraints on their behaviour and then observing 

what they did and said in response. However, the results made it clear that even 

this did not provide a clean slate for research, as the participants talked about 

how they were influenced by a range of factors, including their past experience 

with Minecraft and other games, the constraints of the interface, the scenario and 

task that they were presented with, and so on. For the subsequent research on 

voice gameplay, I determined that it would be more informative to begin with a 
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thorough understanding of how voice interaction has been used in videogames, 

and to ground later studies in this reality rather than starting with a supposed 

“clean slate” for what the game design might look like. I reasoned that an 

approach based in real-world game design would be better able to pick up on 

factors that may be missed by a “clean slate” approach, and that may have been 

overlooked in prior research. The influence of the imaginary gameworld is one 

such factor that would turn out to be a critical determinant of the player 

experience. 

Study 2: Voice Game History 

Following Chapter 4, I decided that my approach to studying voice gameplay 

should be grounded in an understanding of real-world game design. However, as 

far as I could determine, no substantive sources existed that provided a picture of 

voice game design, beyond discussions of individual games. This was not only the 

case in the academic literature, but also in the broader writings and publications 

of game designers, critics and game hobbyists. Voice games had, in essence, not 

been identified and discussed as a unified category. 

Chapter 5 addressed this research gap with a chronologically complete history of 

voice games. It covered the origins of the format and how it has developed over 

the course of videogame history. This account of voice game history was created 

by collating and analysing information about hundreds of published videogames 

with voice interaction features. The study contributes to a broader body of 

literature on videogame histories, taking what Suominen (2016) describes as a 

“genealogical” approach to the topic by developing an overview of the lineages 

and subcategories of voice interaction games over time. A goal of the study was to 

understand what might have prompted or constrained the appearance of voice 

games in the past, by observing patterns in where, when and in what format they 

had appeared. This is reflected in the second research question of the thesis: 

RQ2 What is the historical lineage of voice game design and what are the 
major influences that have shaped it? 

Chapter 5 identified seven distinct phases in the history of voice interaction 

games. Each phase consists of a time period in which voice games emerged in a 

distinctive way. These phases are chronologically overlapping, but distinguished 

by factors such as the geographic region in which voice games were produced, the 

game genres that were most represented, and the technological platforms that 

were used to afford voice gameplay. Based on this pattern of phases, I argue that 

the production of voice games has been highly reactive to the constraints of the 

hardware and software platforms on which videogames have primarily been 

played during each time period. 

Such constraints were diminishing rapidly at the time the study was conducted, 

due to the increasing ubiquity of microphone-enabled gaming devices. The 
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published article noted the emergence of an incipient boom in small-scale voice 

games produced by independent game developers, and predicted that this form 

of voice game design would continue to proliferate. This prediction was borne out 

in the subsequent study, detailed in Chapter 6, which found that a record number 

of voice games were published in the year that followed the prediction. 

In comparing phases of voice interaction game design, Chapter 5 identified an 

apparently characteristic difference in the voice game design of Western and 

Japanese game developers. Voice games developed in Japan have been much more 

likely to afford two-way communication between the player and a character, in a 

manner that presents the two as relative equals in status; building a personal 

relationship with a game character has often been a goal of these games, whether 

overtly or implicitly. This trend is exemplified by “digital companion” or “virtual 

pet” games, such as Seaman, a game in which the player takes care of a talking 

fish in a virtual aquarium and answers its questions about their own personal life 

and beliefs. In contrast, games developed in North America and Europe have 

been much more likely to afford voice commands, often in military strategy 

scenarios. These games present the player as an authority figure issuing one-way 

instructions to characters who follow orders without question. And yet the single 

most popular form of voice games identified in the study—the karaoke 

videogame—reflected neither of these camps. In karaoke videogames, the focus 

is on performing for an audience of human onlookers rather than for virtual 

characters. The distinction between these styles of voice game design provided an 

early indication of several of the key findings of the thesis: that there are multiple 

fundamentally different genres of voice gameplay; that the impression of a living 

Character World can be a primary source of the appeal of voice games; and that 

the configuration of the relationship between player, character and onlookers is 

especially significant to the experience of voice gameplay. 

Study 3: Voice Game Design Patterns 

Chapter 5 contributed an overview of the lineages and underlying factors that 

have shaped voice interaction games as an overall format. However, there 

remained a gap in the literature with regards to understanding voice game design. 

While researchers had looked at specific novel applications of voice games, there 

had been no extensive investigations into the design of published voice games. 

Chapter 6, addressed this research gap through a comprehensive analysis of voice 

games and the creation of a pattern language for voice game design, to answer the 

third research question of the thesis: 

RQ3 What design patterns are currently implemented in voice games? 

The study method began with an extensive process of online research, which 

produced a database of 471 digital games, with a written description of the 

characteristics and voice affordances of each. This represented a comprehensive 

and systematic approach at compiling a complete census of all voice games that 
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had been published in any form—including a number of voice games that were 

published in the form of a detailed description in an academic paper.17 Through 

an iterative process of inductive coding, I developed 25 design patterns that 

describe the main variations in voice game design. These patterns range from 

direct descriptions of affordances, such as SHOUT TO SHOOT, to more abstract 

patterns describing the structure and framing of voice interaction, such as SPEAK 

AS A CHARACTER. 

The primary contribution of Chapter 6 is the pattern language itself. It serves as a 

directory of game design solutions and a vocabulary for describing and 

conceptualising theoretical uses of voice interaction in games. However, analysis 

of the patterns revealed three further insights. The first insight is that there has 

been a distinct separation between games that are operated by speech (verbal 

voice input) and games that are operated by volume, pitch or other vocal 

characteristics (non-verbal voice input). The second insight is that certain design 

patterns have tended to appear in combination; the clustering of design patterns 

within certain games reveals five distinctive genres of voice game, described in 

Section 8.3. The third insight is that researchers have focused their attention on a 

narrow subset of voice game design patterns, which are among the least used 

patterns in commercial voice games. This indicates a separation between what 

academics have been studying and what players have been playing. 

Study 4: Voice Gameplay 

Chapter 6 provided an understanding of voice game design, and how voice games 

have differed in terms of their design. In particular, it noted a distinction between 

verbal and non-verbal voice gameplay. However, it left open the questions of how 

players experience these forms of voice gameplay, and how differences in design 

affect the player experience. A few prior studies had looked at voice gameplay 

experiences, including one that I conducted with co-authors in the early stages of 

my candidature (Carter et al., 2015). However, a review of the literature had found 

no studies that systematically compared verbal and non-verbal voice gameplay, or 

compared voice gameplay to non-voice gameplay in a non-prototype videogame. 

Consequently, Chapter 7 addressed these two research questions: 

RQ4 What is the distinctive nature of voice gameplay? 

RQ5 How do players experience verbal and non-verbal voice gameplay? 

Adult participants were recruited in pairs to play a set of three videogames—

alternately using voice input and manual input (touchscreen or keyboard and 

mouse)—and were then interviewed about the experience. I used thematic 

analysis (Braun & Clarke, 2006) to develop an account of the players’ experiences, 

 
17 The complete database of voice games is included in Appendix B. 
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with frame analysis (Goffman, 1974) as an interpretive framework. Several of the 

themes reflect differences between verbal and non-verbal voice gameplay. 

A main contribution of Chapter 7 was the SFSC Model18 of gameplay, an iteration 

and empirical validation of a theoretical model developed by Conway and 

Trevillian (2015). The SFSC Model describes four frames in which actions have 

meaning as part of the gameplay event: Social World, Functional World, Strategic 

World and Character World. The results of the study confirm that voice 

interaction can facilitate a rich experience of engagement with a lively imagined 

gameworld, but also point to the possibility of tensions between frames that can 

disrupt that engagement. Altogether, the findings provide a diagnosis for several 

of the most common complaints about voice gameplay, and a basis for game 

designers to avoid them. 

Main RQ: Understanding voice game design and gameplay 

This thesis aims to address the following overarching research question: 

Main RQ How does voice-operated interaction with characters and 
environments (VOICE) influence the player experience of digital games? 

Each of the results chapters explores an aspect of this question and reveals an 

additional layer of complexity. Chapter 4 demonstrates that natural language 

presents difficulties to players, both in their ability to express thoughts 

unambiguously and in their ability to differentiate the reality of artificial 

intelligence from the illusion. Chapter 5 shows that voice game design has been 

highly contingent on the technical constraints of popular videogame platforms as 

well as cultural conceptions about the types of relationships players have with 

virtual characters. Chapter 6 documents the breadth of voice game design and 

finds that there five fundamental types of voice gameplay, each with a different 

experiential goal. Finally, Chapter 7 finds that players do not take a singular 

meaning from voice gameplay, but instead continually evaluate the meaning of 

their experience through the lens of four different socially constructed frames of 

meaning simultaneously. Collectively, these studies show that the success of any 

one voice game is dependent on a complex interplay of factors. A narrow study of 

what makes voice game design successful in one context will not necessarily 

translate to a different place, time, game genre or social setting. 

Of course, the need for a multi-faceted understanding is not unique to voice 

game design. Several scholars have argued for the necessity of studying 

videogames at multiple levels, due to the inherent complexities of the form (e.g. 

Aarseth, 2003; Björk, 2008). Konzack (2002) proposes a model of analysis that 

 
18 The acronym SFSC refers to the four frames of the SFSC Model: Social World, 
Functional World, Strategic World and Character World. This follows the naming 
convention of the original SOC Model (Conway & Trevillian, 2015), which refers to three 
frames: Social World, Operative World and Character World. 
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considers a videogame across seven distinct layers, from its underlying hardware 

and programming, to its functionality, gameplay mechanics and semiotic 

meanings, through to its intertextual referentiality and socio-cultural milieu. In 

Table 8.1, I summarise the high-level findings of this thesis in relation to 

Konzack’s model, showing how it has addressed six out of these seven layers.
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Table 8.1 How the thesis addresses Konzack’s (2002) seven layers of analysis 

 Natural Language Gameplay 
(Study 1, Chapter 4) 

Voice Game History 
(Chapter 5, Study 2) 

Voice Game Design Patterns 
(Chapter 6, Study 3) 

Voice Gameplay Experience 
(Chapter 7, Study 4) 

Hardware  Platforms have shaped and 
constrained the form and 
popularity of voice game design 

  

Program code    

Functionality  Speech recognition has improved 
steadily, but ambitions for speech-
based interaction have always 
outstripped system capabilities 

Games use both verbal and non-
verbal voice input with varying 
degrees of complexity 

Voice and manual input engender 
different responses from players. 
Likewise for verbal and non-verbal 
voice input 

Gameplay Various difficulties stem from the 
basic problem of specificity in 
natural language interaction 

Popular styles of voice gameplay 
have differed across time and place 

Games use voice input for dialogue, 
selection, navigation, control and 
performance actions 

Voice gameplay exhibits tensions 
between four social frames, which 
can be productive or disruptive 

Meaning Players infer different kinds of 
intelligence from a game character 
that responds to language 

Popular genres and settings for 
voice gameplay have differed across 
time and place 

Games alter the meaning of voice 
actions through their fictional 
framing. 

Responses to voice interaction are 
strongly influenced by the ways in 
which game fiction shapes its 
meaning 

Referentiality Players interpret voice gameplay 
with reference to their experiences 
of other games, media and human 
social behaviour 

  Players are acutely conscious of the 
need to act in a way that observers 
can recognise as a familiar frame 

Socio-culture Voice interaction is paradoxically 
idealised and distrusted compared 
to text-based interaction with 
technology 

Voice gameplay has been presented 
in systematically different ways in 
Japan and Western countries 
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8.2 A theoretical model of voice gameplay 

The following sections address the main research question through a discussion 

of the two major theoretical contributions of this thesis. The first contribution is 

a general model of gameplay, entitled the SFSC Model, which provides a 

theoretical basis for understanding the dynamics of voice gameplay (Section 8.2). 

The second contribution is a typology of five genres of voice gameplay, each of 

which reflects a fundamentally different form of voice activity (Section 8.3). 

These contributions are discussed in light of all four studies in the thesis, and 

their implications for design and future research are presented. 

In Chapter 7, I developed a general model of gameplay that iterated upon the 

prior theoretical model proposed by Conway and Trevillian (2015). As the model 

was presented in a published paper with a strict page limit, I could not 

incorporate the full context of the thesis research into the discussion of the model 

in that chapter. In this section, I will develop the model further in light of that 

additional context. 

Section 8.2.1 begins with a review of the SFSC Model as it has been described so 

far, with its four frames sequenced by the order in which each one transforms the 

meaning of the player’s action from the previous frame (Goffman, 1974). It then 

introduce a second dimension to the model: a continuum that runs from social 

explanations of activity to instrumental explanations of activity. This second 

dimension allows us to see that the instrumental meanings of voice gameplay 

have received the lion’s share of prior research, whereas the social meanings have 

received relatively little attention. Section 8.2.2 discusses how designers and 

researchers can use the SFSC Model to predict player responses to voice gameplay, 

based on an analysis of a game’s design prior to any user testing. 

8.2.1 The SFSC Model 

Chapter 7 described the development of a model of gameplay based on frame 

analysis (Goffman, 1974) and a prior model of gameplay as an event consisting of 

multiple frames of meaning (Conway & Trevillian, 2015). It established that 

players work to maintain four frames of meaningful activity during voice 

gameplay. Following the naming conventions set by Conway and Trevillian 

(2015), these frames were named the Social World, Functional World, Strategic 

World and Character World, and the overall model as the SFSC Model. Within 

each frame, the player takes on a distinct role: respectively the Social Actor, User 

Player, Strategist Player and Character Player. This section elaborates on the SFSC 

Model by reconsidering the dimensionality of its four frames, and discussing the 

implications of the model for research and design with reference to voice game 

design patterns. 
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One of the core findings of Chapter 7 is that the player engages with the four 

frames of the SFSC Model in an implicit sequence. The Social World is the 

highest priority frame, in the sense that the player is always attending to it to 

some degree, and a threat or disruption to the player’s role in this frame (such as 

the intrusion of a judgemental bystander) is liable to disrupt their engagement 

with the other frames, by “pulling them out” of their roles in the Functional, 

Strategic and Character Worlds. The Functional World is the second priority, as a 

disruption in this frame is likely to disrupt the player’s engagement with the 

Strategic and Character Worlds, but less likely to disrupt their engagement with 

the Social World. And so on, with the Strategic World coming next and the 

Character World last as a frame that does not show a tendency to disrupt any of 

the frames before it. 

Table 8.2 Frames of the SFSC Model and corresponding player identity roles 

Frame Player identity role Upkey Downkey 

Character World Character player   

Strategic World Strategist player 

Functional World User player 

Social World Social actor 

This priority-ordering of frames matches the phenomena that Fine (1983), 

Linderoth (2012) and Conway and Trevillian (2015) describe as “upkeying” and 

“downkeying”. Goffman (1974) originally used these terms to describe accidents 

and slippages in social frames. Game studies scholars have adopted “upkeying” to 

describe how players work at transforming the meaning of activity in lower-level 

(primary) frames into higher-level (secondary) frames, aided by the game design, 

and “downkeying” to describe how players drop these transformed meanings in 

response to adverse circumstances. The Social World is the “primary framework” 

(Goffman, 1974, p. 21): the ordinary experience that we commonly regard as 

everyday reality. The Functional, Strategic and Character Worlds are secondary 

frameworks: transformations and re-transformations of the primary framework 

to have a new meaning, signalled by intelligible indicators and conventions that 

Goffman refers to as “keys” (Goffman, 1974, p. 40), which in a videogame context 

include aspects of the audiovisual feedback of the videogame system itself. 

Conway and Trevillian (2015) arrange their SOC Model as a vertical stack, with 

the Social World at the bottom and the Character World at the top, to represent 

both the directionality of “upkeying” and “downkeying” between frames and the 

fact that upkeying gameplay requires progressively greater efforts from players 

and game objects acting in concert. They explain a player’s engagement with the 

frames of gameplay as an escalating process: “the more one upkeys, the more one 

commits to the role within the Game Event; the more one downkeys, the more 

one assumes disinterest in the focused encounter … for example withdrawing as 
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Character Player but remaining as Social Actor.” (Conway & Trevillian, 2015, pp. 

77–78) This escalation is reflected in the results of the empirical study of voice 

gameplay (Chapter 7), which show that players remain engaged with the primary 

frame of the Social World, but advance and withdraw their engagement with the 

secondary frames. Accordingly, the SFSC Model retains the vertical structure of 

the SOC Model, in which the frames are arranged in ascending order from the 

Social World to the Character World, as depicted in Table 8.2. 

The order of the SFSC Model reflects an escalating engagement with the diegesis 

of the game. The term diegesis has been adapted from literary and film theory to 

describe “the game’s total world of narrative action” (Galloway, 2006, p. 7), or 

what might be termed its gameworld imaginary. In the Character World frame, 

players orient themselves most completely to the diegetic content of the game, 

and act as though the gameworld is a living world in which characters have minds 

and emotions. In the Strategic World frame, players concern themselves with the 

gameworld in a more abstracted sense, treating its characters as pieces on a 

gameboard rather than as living entities. In the Functional World frame, players 

engage with the game interface as a non-diegetic entity, as an object outside of 

the “magic circle” (Salen & Zimmerman, 2004, p. 95) of the gameworld 

imaginary, which receives inputs directly from the player’s physical body—

another non-diegetic element of the game event. Finally, in the Social World 

frame, players are oriented towards the wider social world of their everyday 

experience. This sequence shows that the frames in the SFSC Model are placed in 

order of the extent to which they engage with the game’s diegesis. Upkeying in 

the SFSC Model is a process of progressively orienting the action towards the 

diegetic gameworld, and away from an untransformed social context. 

However, there is another logical way to order the frames of the SFSC Model: 

according to the type of activity each one is most concerned with. The activity 

dimension describes the orientation of each frame towards either social action or 

instrumental action. At the social end are actions that are intended to enact 

relationships between people (real or imagined), whereas at the instrumental end 

are actions that are intended to manipulate objects. When the four frames of the 

SFSC Model are sorted on this dimension, the Social World comes first as it is the 

frame most concerned with social relations between real people. The Character 

World comes next, as it also evokes social relations, albeit social relations whose 

meaning is bounded by the diegetic gameworld; between the player-character 

and other game characters (some of whom may be the avatars of other players). 

The Strategic World falls on the instrumental side of the activity dimension, as 

this is the frame in which the player considers game characters as playing pieces 

to be acted upon for the ludic purpose of achieving game objectives. Finally, the 

Functional World is almost purely instrumental, as for the purposes of this frame 

the player is concerned with neither the people around them nor the virtual lives 

of the gameworld inhabitants, but only with operating the interface. Comparing 

the four frames in terms of their orientation to social or instrumental activity 
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reveals that this activity dimension forms an orthogonal axis to the diegesis 

dimension, revealing a different set of similarities and differences between frames 

than has previously been described in Chapter 7. 

Table 8.3 Frames of the SFSC Model classified by activity type and diegesis 

 Non-diegetic Diegetic 

Social activity Social World Character World 

Instrumental activity Functional World Strategic World 

   

Simplifying the diegesis and activity dimensions into two binary oppositions 

allows them to be represented on a two-by-two matrix (Table 8.3). This 

representation calls attention to two important dynamics in voice gameplay. 

Firstly, it illustrates the tension between approaching the game as an essentially 

instrumental system and approaching the game as a site of social meaning, which 

is the source of what my co-authors and I have termed “identity dissonance” 

(Carter et al., 2015) in voice gameplay: a phenomenon in which players reject the 

use of voice commands when those commands are expressed in terms of the 

Strategic World, and not aligned to the player’s identity role in the Character 

World. Identity dissonance indicates an excessive focus on the design of voice 

gameplay as an instrumental activity, and insufficient consideration of voice 

gameplay as a meaningful social activity. 

Secondly, Table 8.3 calls attention to the commonality between the Social and 

Character Worlds as frames of social activity. The unidimensional SFSC Model 

(Chapter 7) puts these two frames at opposite ends of its sequence; however, 

when considered in terms of activity, the Social and Character Worlds are more 

similar to each other than they are to the Functional and Strategic Worlds. In 

these socially-oriented frames, speech is an act of communication whose power is 

its ability to change the mind of a thinking entity that hears and understands it, 

and possibly sway them into a new course of action. In the instrumentally-

oriented frames, by contrast, speech is an act of control whose power is to directly 

act upon the game system, through direct triggers rather than through true 

comprehension of the words’ lexical meaning. The tension between these two 

different conceptions of speech was expressed in the findings of the qualitative 

interview study (Chapter 7), such as in the participants’ intuitive sense that game 

characters should understand voice inputs that had the right meaning even if 

they did not use the prescribed phrasing (as when a player said “call tower” 

instead of the correct voice command “contact tower”). 

Table 8.3 also provides a clearer framework for understanding which aspects of 

voice gameplay have received the most study to date. As detailed in the literature 

review (Chapter 2), most HCI research on voice interaction concerns issues of 

instrumental activity: the usability of specific voice interfaces for particular ends 
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(Clark et al., 2019). Research on games reflects this, as the majority of prior 

literature has focused on the development and evaluation of novel voice input 

schemes or serious games for purposes such as language learning and speech 

therapy. In recent years, more research has been conducted on the social 

dimensions of voice interaction in general, concerning subjects such as the social 

acceptability of voice interaction in public settings and the influence of virtual 

character design on responses to voice assistants; but studies that extend this 

social perspective to voice games are scarce, as Chapter 2 revealed. 

8.2.2 Design applications of the SFSC Model 

The SFSC Model provides a theoretical basis for predicting what players will 

expect from voice interaction features in games. Whereas the voice game design 

patterns detailed in Chapter 6 suggest options for the high-level configuration of 

voice affordances, the SFSC Model provides an evaluative structure for 

considering how specific implementations of voice gameplay will be received, by 

examining the meaning of voice actions within each frame, and looking for 

tensions between those frames. Table 8.4 outlines the elements to consider for 

any given voice affordance. 

Table 8.4 Elements of voice gameplay according to the SFSC Model 

Frame Who speaks Who listens What understanding is expected 

Character 
World 

Character player Non-player 
character 

Meaning of spoken words in 
context of the Character World 

Strategic 
World 

Strategist player Game Meaning of spoken words in 
context of the interface 

Functional 
World 

User player Device Matching sounds or words to 
system functions 

Social 
World 

Social actor Onlooker Meaning of spoken words in 
context of the Social World 

    

This table can be used to evaluate voice game design at any level of abstraction, 

from an overall game to a single voice command (see Table 8.5). In any case, it is 

important to consider the design element in terms of all four levels of the model, 

independently and in combination, as the research in this thesis shows that it is 

the contradictions between frames that causes the greatest tension, rather than 

an inability of players to adapt to incongruity within any individual frame. 
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Table 8.5 Evaluating a verbal voice action with the SFSC Model 

Action: Giving a voice command in There Came an Echo: “Syl, move to Alpha One” 

Design patterns: WHO‑WHAT-WHERE COMMANDS, SELECT BY NAME, NAME AN ACTION, 
WAYPOINTS 

Frame Who speaks Who listens What it means 

Character 
World 

“Sam” “Syl” Asking Syl to move to 
location Alpha One 

Strategic 
World 

Player as the 
player 

Game as a strategic 
challenge 

Move unit designated Syl 
to location designated A1 

Functional 
World 

Player as a user Game as an 
interface 

A series of preconfigured 
keywords 

Social 
World 

Player as self Any onlookers Player is talking to a game 
character 

    

The model expresses the difficulty of voice game design, as each additional layer 

imposes a new constraint. It may be relatively easy to devise voice inputs that 

satisfy two frames at once, such as a vocalisation that sounds appropriate to 

onlookers (Social World) and is easy to express in a way that the game system can 

consistently recognise (Functional World). But it is not so easy to devise voice 

inputs that satisfy all four frames at once—sound appropriate for the social 

context, function in a way that minimises cognitive load, express the player’s 

strategic intentions and match the player’s in-game persona—while also 

supporting interesting gameplay. 

However, that is not to say that the four frames must be in harmony for a game 

design to be successful. The history study in Chapter 5 and the design patterns 

study in Chapter 6 show that there are a number of approaches to voice game 

design that use tensions between frames productively to create enjoyable player 

experiences. In terms of the voice game genres introduced in Chapter 6, the Voice 

Command and Voice Conversation forms of gameplay are generally based upon 

aligning all four frames to give the player a seamless experience of involvement in 

a well-developed Character World. This creates the kind of enjoyable player 

experience that Hunicke et al. (2004) call the fantasy aesthetic, and Ermi and 

Mäyrä (2005) call imaginative immersion. In contrast, Voice Performance games 

are generally designed to engage the player with the Social World meaning of 

their actions, and often create deliberate tensions between frames to achieve this. 

For example, the VOLUME CONTROL design pattern—used in games such as 

Yasuhati and The Howler—requires the player to shout erratically to succeed at 

the game’s challenges; a behavioural stricture for the Functional, Strategic and 

Character World frames that is completely incongruous with normal behavioural 

strictures of the Social World frame (see Table 8.6). In the presence of onlookers, 
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this creates a shared humorous spectacle that accords with what Hunicke et al. 

(2004) call the “fellowship aesthetic” and Lazzaro (2009) calls “people fun”. The 

next section describes these voice game genres in greater detail, including the 

ways in which each genre tends to employ the four levels of gameplay described 

by the SFSC Model. 

Table 8.6 Evaluating a non-verbal voice action with the SFSC Model 

Action: Yelling “aaah!” to control a hot air balloon in The Howler 

Design patterns: VOLUME CONTROL 

Frame Who speaks Who listens What it means 

Character 
World 

No clear speaker A hot air balloon No coherent meaning 

Strategic 
World 

Player as the 
player 

Game as platform 
puzzle 

Louder equals higher 

Functional 
World 

Player as a user Game as interface Louder equals higher 

Social 
World 

Player as self Onlooker Unclear meaning 

8.3 Five genres of voice gameplay 

The previous section approached VOICE in games as an overall phenomenon, 

and described a single theoretical model to understand it in all of its forms. This 

section discusses the differences between those various forms. It begin with a 

review of the typology introduced in Chapter 6, which comprises five genres of 

voice gameplay. Whereas the initial development of that typology drew entirely 

upon the results of the design patterns study, this section synthesises a more 

detailed account of each genre from the findings of all four studies in the thesis, 

as well as prior literature.  

The process of identifying voice game genres involved three main steps, as 

reported in Chapter 6. The first step was an inductive analysis of 471 published 

voice games, through which I developed a vocabulary of 25 unique patterns for 

voice game design. The second step was a re-examination of the voice game 

database to find sets of patterns that have consistently appeared together in the 

same game, following Björk et al.’s (2003, p. 190) proposal that game genres may 

be defined by the set of design patterns that they consistently employ. The third 

step was a comparison of the voice games that had been studied in academic 

research against the voice games that were commercially published, as well as a 

comparison of games with verbal voice input against games with non-verbal voice 

input. From these steps, I identified five distinct clusters of voice games with their 
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corresponding design patterns. The first two clusters (Voice Command and Voice 

Conversation) consisted of games that were designed around giving commands to 

or engaging in conversation with the game characters. A third cluster (Voice 

Practice) consisted of games that were designed to guide or motivate player to 

practice specific vocal actions; this corresponded closely with both “serious 

games” (see Abt, 1970) and games that were developed for academic research. 

The fourth cluster (Voice Performance) consisted of games that were based 

around social spectacle and the idea of the player putting on some kind of 

performance for an audience; the majority of non-verbal voice games fit into this 

cluster. Finally, there were a small number of left-over games and two design 

patterns that fit none of the above patterns: SPELLCASTING and BREATH PHYSICS, 

which are distinctive as patterns in which the player affects the virtual 

environment directly with their voice, rather than communicating with 

characters within it. Consequently, the fifth and smallest cluster of voice 

gameplay (Voice Incantation) was defined according to this distinction. 

Each one of these clusters represents a voice game genre, as indicated in 

parentheses in the previous paragraph. The genre names reflect the overall type 

of vocal activity upon which its gameplay is based, following Apperley’s proposal 

that scholarly definitions of game genres should reflect the “nonrepresentational, 

specifically interactive, characteristics of video games” (2006, p. 7)., I have 

named each genre of voice game for the type of vocal activity that it involves: 

Voice Practice, Voice Performance, Voice Command, Voice Conversation and 

Voice Incantation. Gameplay in Voice Practice and Voice Performance focuses 

primarily on the Social World frame. Gameplay in Voice Command, Voice 

Conversation and Voice Incantation focuses primarily on the Character World 

frame; the genres are distinguished by the way in which the player’s voice engages 

the characters and objects in the Character World. The design patterns that 

constitute each genre are shown in Table 8.7. 

Defining genres is an inherently imprecise exercise, but it is an instructive one in 

this case, because it shows how different voice games are simulating different 

forms of activity, and have different basic conceptions of how the player’s voice 

should affect both the gameworld and the everyday social-world context. A 

designer or researcher must understand these underlying aims before they can 

properly evaluate an existing voice game or determine how to improve upon it. 

The differences make it plain that there is no single ideal for what voice games 

should be. It is possible for a game to belong to multiple genres—for instance, the 

strategy game There Came an Echo employs both Voice Command and Voice 

Conversation forms of gameplay—but each one places a different demands upon 

the player’s actions, with regards to the four frames of gameplay described in the 

SFSC Model, and these demands can be directly contradictory. 

So far, the thesis has described the five genres of voice game only in terms of their 

design patterns, based upon the research in Chapter 6. The sections that follow 
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explain each genre in greater detail, drawing upon the historical understanding 

developed in Chapter 5, the player experience insights developed in Chapter 7 

and the SFSC Model of voice gameplay developed in Chapters 7 and 8. Each genre 

is given a title, a brief summary, one or more illustrative examples, a breakdown 

of the design patterns that underpin it, an evaluation of its dynamics within the 

context of the SFSC Model, a discussion of its gameplay implications and 

challenges, and historical notes where relevant. 

Table 8.7 Genres of voice gameplay and associated design patterns 

Voice gameplay genre Associated design patterns 

Voice Practice SPEAK AS THE PLAYER 

PRONUNCIATION 

PITCH CONTROL 

Voice Performance SPEAK AS THE PLAYER or SPEAK AS A CHARACTER 

KARAOKE 

VOLUME CONTROL 

SHOUT TO SHOOT 

Voice Command SPEAK AS A CHARACTER 

SITUATED COMMANDER 

FLOATING COMMANDER 

WHO‑WHAT-WHERE COMMANDS 

SELECT BY NAME 

SELECT BY TYPE 

NAME AN ACTION 

NAME A BEHAVIOUR 

WAYPOINTS 

RELATIVE DIRECTIONS 

ABSOLUTE DIRECTIONS 

Voice Conversation SPEAK AS A CHARACTER 

CHOICE OF OPTIONS 

QUESTION AND ANSWER 

SCRIPTED CONVERSATION 

UNSCRIPTED CONVERSATION 

Voice Incantation SPEAK AS A CHARACTER 

SPELLCASTING 

BREATH PHYSICS 

OVERHEARD NOISE 
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8.3.1 Voice Practice 

A substantial number of voice games are serious games (see Abt, 1970), designed 

to support vocal exercises for a serious purpose such as language learning or 

speech rehabilitation. In these games, the gameplay provides a structure and a 

feedback loop to guide the player through an activity, such as pronouncing a word 

correctly (Lan et al., 2014; Navarro-Newball et al., 2014; Tan et al., 2013) or 

sustaining a vowel sound at a sufficient volume (Lopes et al., 2016). This form of 

gameplay is named Voice Practice, to indicate that its purpose is the learning and 

repetition of the vocal act itself, rather than any kind of enjoyment or meaningful 

experience the player may gain from playing. An enjoyable player experience may 

be an important part of the design, but usually for the purpose of sustaining the 

player’s engagement with the activity, rather than for the enjoyment as an end in 

itself. In this respect, Voice Practice reflects what Carter et al. (2014) describe as 

the operative paradigm of games research. Voice games that exemplify Voice 

Practice include Flappy Voice (Lan et al., 2014), a game controlled by vocal 

loudness, designed to facilitate treatments for childhood apraxia of speech; 

sPeAK-MAN (Tan et al., 2013), an adaptation of Pac-Man in which the player can 

defeat enemies by speaking words chosen by a speech therapist; and the Tactical 

Language and Culture Training System (W. L. Johnson & Valente, 2009), a serious 

game developed for the United States Marine Corps to practice speaking and 

interacting with people in foreign countries. 

Design patterns commonly used for Voice Practice are PRONUNCIATION and PITCH 

CONTROL. In comparison to other types of voice gameplay, the player is more 

likely to SPEAK AS THE PLAYER rather than SPEAK AS A CHARACTER, reflecting the 

fact that the focus is on the player’s own self-development. 

In terms of the SFSC Model, the gameplay is typically focused on activities in the 

Functional World frame, as the correct operation of the game’s functions is the 

ultimate goal of the game. While many of these games include virtual characters 

and environments to evoke a Character World frame and gameplay challenges to 

evoke a Strategic World frame, these elements tend to be thinly developed when 

compared to other types of voice games. 

Since many Voice Practice games are the product of academic research, there is a 

uniquely large amount of literature on this type of game. A number of prior 

studies have found specific Voice Practice games to be functional, fit for purpose 

and generally enjoyable (see Section 2.4). However, as these studies have focused 

on evaluating the usability and effectiveness of their specific voice game, the 

literature contains little information about the player experience of Voice Practice 

gameplay beyond these high-level indications. 
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8.3.2 Voice Performance 

The second genre of voice gameplay again makes the player’s vocalisations the 

focus of the experience, but this time for entertainment rather than for any 

serious operative purpose. Voice Performance creates a spectacle out of voice 

interaction, by encouraging players to produce vocal performances that are 

ridiculous, ostentatious or amusing in some other way. This kind of gameplay 

draws much of its appeal from spectatorship and the reactions of an audience 

(Fletcher & Light, 2011), so it is nearly always found in games that are explicitly 

designed for group play. Voice games that exemplify Voice Performance include 

the karaoke game SingStar, the shout-controlled arcade game PowerFall (Vieira et 

al., 2014) and the voice-acting simulation game Yoake no Mariko. 

Design patterns commonly used are KARAOKE, VOLUME CONTROL and SHOUT TO 

SHOOT. This type of gameplay is closely associated with non-verbal voice input: a 

high proportion of games that use non-verbal voice input are designed for this 

kind of gameplay, and nearly all games designed for Voice Performance use non-

verbal voice input exclusively. 

In terms of the SFSC Model, the activity in Voice Performance is heavily focused 

on the Social World, due to its grounding in spectatorship and social play. The 

Character, Strategic and Functional Worlds tend to be simple and accessible, to 

avoid pulling the player’s attention too deeply into the details of what is 

happening on the screen. Take for example the game Guitar Hero World Tour: 

although it gives the player a virtual persona and narrative as a member of a rock 

band climbing the ladder of fame, it provides little beyond this surface to add 

depth to the Character World; and while its singing-based gameplay can be 

challenging to perform, it is conceptually simple (match the pitch indicated on 

screen) and so requires little attention to the Strategic or Functional World 

beyond the immediate act that the player is performing. As a result, the 

experience of gameplay is rooted “in the room” rather than “in the gameworld”. 

One version of Voice Performance was included in the player experience study 

(Chapter 7), in the form of The Howler, a game with completely non-verbal voice 

interaction. To be successful in this game, players found that they had to make 

unusual sounds that did not resemble normal speech. The clearest finding of the 

study was that this non-verbal voice gameplay made the Social World frame 

much more salient to players compared to verbal voice gameplay. For some 

players, this was a source of enjoyment, as they found humour or a transgressive 

thrill in the act of making themselves “uncomfortable” in front of other people. 

Other players did not enjoy The Howler in the context of the study; however, 

many acknowledged that it could be more enjoyable in a different context, such as 

with friends at a private party. For the other games in the study, based on Voice 

Command, players were more relaxed about the social context in which they were 

played. This indicates the particular importance of the Social World frame to the 

success or failure of Voice Performance gameplay. 
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8.3.3 Voice Command 

The third type of gameplay, Voice Command, focuses on the experience of giving 

verbal instructions and seeing them carried out by characters (or occasionally 

objects) in the gameworld. In most cases, the player is given an in-game persona 

as some kind of authority figure who instructs obedient non-player characters, 

such as an army general, spaceship captain or football team manager. Games that 

exemplify Voice Command include the sci-fi tactics game There Came an Echo, 

the basketball game NBA2K16 and the spaceship shooter game Voice Commander. 

In the history of voice game design (Chapter 5), Voice Command gameplay has 

been more common in the West compared to Japan. 

This type of gameplay commonly uses a combination of overlapping design 

patterns focused on voice commands. The player is positioned as either a 

SITUATED COMMANDER or FLOATING COMMANDER, and their voice inputs include 

the ability to NAME AN ACTION or NAME A BEHAVIOUR. In more complex examples, 

the voice inputs may be structured as WHO‑WHAT-WHERE COMMANDS, allow the 

player to call upon a specific character or unit through SELECT BY NAME or SELECT 

BY TYPE, and direct them around the gameworld with WAYPOINTS, RELATIVE 

DIRECTIONS or ABSOLUTE DIRECTIONS. 

The extensively combinatorial structure of these design patterns reflects the fact 

that Voice Command is focused on the mechanical aspects of gameplay, or in 

terms of the SFSC Model, the Strategic World frame. Voice inputs are meaningful 

first and foremost as strategic instructions, which must be used in the right 

combinations at the right time to direct the gameplay successfully. Characters 

within this type of game are usually defined primarily by the strategic function 

that they provide—for example, football teammates whose attributes are their 

ability to sprint, pass and tackle. These abilities are often expressed in a persona 

that makes the abilities easier to remember, such as a famous real-world 

footballer. In this way, the meaning of objects in the Character World is made to 

overlap with their meaning in the Strategic World, so that each frame supports 

engagement with the other. 

The player experience study (Chapter 7) suggests that the Functional World is 

primarily a source of difficulty in Voice Command. Games with a focus on this 

type of gameplay typically define their voice commands in terminology that 

allows strategic intent to be expressed in a way that suits the Character World, as 

in the air traffic control jargon in ATC Voice. The ideal player experience this 

points towards is one in which the player could adopt the mindset of their 

character, state their instructions and see the game respond appropriately with 

little need to think about the Functional World. Considerations such as 

remembering which exact keyword to use in which exact combination are a 

distraction from the core intended gameplay experience, rather than part of it. 

This is expressed in one of the themes of the player experience study: “Players 

remember voice command phrases by meaning, not always by wording”. That is, 



Discussion 

193 

the intention (Strategic World) of the command is more readily brought to mind 

than the performance (Functional World) of the command. 

The player experience study also reveals a difference between the subjective 

experience of Voice Command and controlling units with manual controls. Even 

when voice commands and manual commands are functionally the same, players 

feel less in control of the action with voice commands and have more of a sense 

that the characters under their command are exercising independent judgement, 

as though those units have more autonomous AI (see also Limerick et al., 2015). 

At the same time, players feel a greater sense of personal authority and status, 

and some players perceive themselves to be more focused on the Strategic World 

of game actions. This seems to reflect an intuition about the kind of control that 

is possible with one’s voice versus one’s hands: the former exercised through 

influence over other thinking, autonomous humans, and the latter exercised 

through direct manipulation of objects that may not have a mind of their own. A 

character obeying a verbal instruction implies that it has understood, and 

whereas a character obeying a manual instruction does not. 

8.3.4 Voice Conversation 

The fourth type of gameplay simulates the experience of holding a conversation 

with a living character. Instead of using voice as a control method to make the 

character carry out an action, Voice Conversation uses voice as a communication 

method to allow the player and the character to establish mutual understanding 

and rapport. The player’s Strategic World goal may be to convince the character to 

do something, but this act of convincing treats the character as a thinking entity 

with a mind of its own to influence, as opposed to a piece on a game-board that 

will automatically follow the player’s commands. This type of gameplay 

emphasises the experience of being listened to rather than simply being obeyed. 

Voice games that exemplify Voice Conversation include the virtual pet games 

Seaman and Hey You, Pikachu! Many games alternate between Voice 

Conversation and Voice Command, such as the stealth survival game Plan Be and 

the role-playing action game Mass Effect 3. In the history of voice game design 

(Chapter 5), Voice Conversation gameplay has been more common in Japan 

compared to the West. 

This type of gameplay is often structured as a QUESTION AND ANSWER exchange. 

The player is usually given a CHOICE OF OPTIONS as part of a SCRIPTED 

CONVERSATION, although some games allow for UNSCRIPTED CONVERSATION. As 

the focus is on the Character World, the player will normally SPEAK AS A 

CHARACTER rather than as themselves, which differentiates this kind of gameplay 

from the experience of voice interaction with non-game conversational agents. 

The dialogue often takes place in a turn-based sequence in which any other real-

time gameplay aspects are suspended; for example, Mass Effect 3 alternates 

dialogue scenes with action scenes, to ensure that the player can focus on the 
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dialogue while it is occurring. This serves to simplify the Strategic World during 

conversation to reduce its salience and keep the focus on the Character World. 

The player experience of Voice Conversation was not studied directly in the frame 

analysis study (Chapter 7). However, that study found that voice commands 

generate an increased sense that non-player characters are alive and intelligent, 

and the text-based dialogue study (Chapter 4) found that players perceive a 

similarly high degree of life and intelligence in characters that converse through 

text, even if their responses are very basic. In addition, the sources analysed for 

the research on voice game history (Chapter 5) and design patterns (Chapter 6) 

included player accounts of emotionally moving Voice Conversation gameplay 

(e.g. Keogh, 2012). Collectively, this suggests that Voice Conversation has the 

potential to facilitate a high level of engagement and emotional involvement with 

the Character World, possibly beyond the level of text-based dialogue. 

8.3.5 Voice Incantation 

The fifth type of gameplay is one of the least common in voice games to date, but 

one that may be a promising area for further game design exploration based on 

the findings of this thesis. That is Voice Incantation: the use of the player’s voice 

as a force that affects the virtual environment of the gameworld. In this type of 

gameplay, the player is not communicating information to a character, but 

creating an effect directly through the power of their voice. It has been used most 

often in games with a fantasy setting, such as Skyrim: Legendary Edition, In Verbis 

Virtus, Chant Savant and The Broken Seal, and occasionally in games with a 

science fiction setting, such as Mass Effect 3. 

SPELLCASTING is the archetypal design pattern for Voice Incantation, as it most 

clearly reflects the metaphor in which the voice itself has power. BREATH PHYSICS 

is also a form of this type of gameplay, in that the player’s voice (or breath) exerts 

an effect on the game environment through the physical movement of air. 

OVERHEARD NOISE is an edge case; in that pattern, the player’s voice creates a 

noise within the gameworld that characters can notice and react to. That is 

arguably an example of Voice Incantation rather than Voice Command or Voice 

Conversation, because the effect of the player’s voice is to generate noise in the 

environment rather than to communicate with a character per se. However, 

individual cases of OVERHEARD NOISE may fit more readily into one of the other 

genres. 

There is no published research on the player experience of Voice Incantation 

games, as far I am aware. However, it appears to be a promising area for voice 

game design because it can avoid or resolve the frame tensions that this thesis has 

identified as disruptive to the player experience. These tensions arise due to 

conflicts between the meaning of an act of voice interaction in different frames; 

for example, a voice command means one thing in the Character World (an act of 
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meaningful communication between conscious people), but something entirely 

different in the Functional World (an act of performing a designated sound to 

produce a direct systemic response). Voice Incantation gameplay and the 

SPELLCASTING design pattern resolve this tension: in both the Character World 

and the Functional World, voice input is understood as an act of performing a 

specific word of power to activate a direct response in the gameworld. The 

potential meanings of these words of power are arbitrarily limited to the schema 

of the game’s spellcasting vocabulary, and therefore do not suggest Strategic 

World variables beyond those prescribed by the Character World (whereas 

ordinary language suggests additional possibilities, as noted in Theme 4 of 

Chapter 7). And, as magical incantations can be arbitrarily defined, it allows more 

leeway for a game designer to ameliorate the difficult conflict between the 

Character and Social Worlds, in which voice commands that sound too unusual 

for the player’s identity in the Social World are disruptive to engagement with the 

Character World, but voice commands that are not suited to the player’s role in 

the gameworld are less effective at increasing engagement with the Character 

World. Accordingly, Voice Incantation is a type of voice gameplay that merits 

further study. Encouragingly, its most notable appearances in published games 

have all come within the past few years, showing that designers have recently 

taken an interest in exploring the potential of this genre of voice game. 

8.4 Implications beyond videogames 

So far, this chapter has described a model of voice gameplay and a set of voice 

game genres that relate to conventional screen-based videogames. Only a small 

amount of the data on which this thesis is based was drawn from other sources, 

such as smart speaker games and virtual reality games (see Section 8.6 for a 

further discussion on this point). However, the conclusions of this research do 

have wider implications. Studying videogames is useful not only for its own sake, 

but also because videogames are a novelty-driven subdomain of technology in 

which interaction modalities are popularised sometimes years before they 

become common in non-game interfaces.19 This section discusses the 

implications of the thesis for three neighbouring areas of design: smart speaker 

games, voice assistants and virtual and augmented reality applications. 

8.4.1 Implications for smart speaker game design 

As of 2019, smart speaker platforms such as Alexa and Google Home are among 

the most high-profile voice user interfaces (VUIs). These systems typically consist 

of a physical speaker equipped with far-field microphones, not necessarily 

connected to a screen, operating a VUI that processes voice inputs through cloud-

 
19 See for example the Nintendo DS, a handheld game console that preceded the iPhone 
by three years as a popular mass-market consumer device with a touchscreen interface. 
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based speech recognition, and responds in the voice and persona of a virtual 

assistant. Research on domestic use shows that they are typically placed in 

communal family areas of a house such as the kitchen or living room, and most 

commonly used for functions such as playing music and initiating web searches 

(Adobe, 2019; Bentley et al., 2018). An ethnomethodological study of Amazon 

Echo users (Porcheron et al., 2018) found the smart speaker was often used in a 

dynamic multi-person social context, in which members of the household would 

intersperse comments to each other and to the smart speaker, often collaborating 

or competing to issue commands to the system. 

The SFSC Model suggests a number of challenges for game design in this context. 

The lack of a visual display is an impediment to establishing depth and 

complexity in both the Character World frame, due to the inability to visually 

depict an inhabited gameworld that responds to the player’s actions, and the 

Strategic World frame, as the complexity of the situation that can be presented is 

effectively limited to what a voice can describe within the timeframe of human 

working memory and attention. The social context of use further constrains the 

Character and Strategic World frames, both because the player’s attention is split 

between the game and the other people present, and because a heightened 

salience of the Social World will tend to decrease players’ willingness to commit 

themselves as heavily to a Character World role (as described in Chapter 7 and 

previously in this chapter). The social context of use also represents the potential 

upside for smart speaker game design: removing the screen and enabling input 

from anybody present, without the need for a controller, minimises the elements 

that would distract players and onlookers from each other in a traditional 

videogame. Therefore, game design that supports interactions between players in 

the Social World frame with minimal intrusion of Strategic and Character World 

elements is the most straightforwardly promising avenue for smart speaker 

gameplay. 

The majority of game design patterns identified in Chapter 6 are not easily 

replicated in an audio-only game. The patterns SPEAK AS A CHARACTER, SITUATED 

COMMANDER and FLOATING COMMANDER require the player to have a sense of an 

identity within the Character World, but this would seem to be more difficult to 

establish in a game that cannot depict the player’s avatar or their viewpoint on the 

gameworld. Three patterns describe voice inputs that refer to visible text or 

objects: SCRIPTED CONVERSATION, WAYPOINTS, RELATIVE DIRECTIONS and 

KARAOKE. While not impossible to implement in an audio-only game, these 

patterns do not seem well suited to the format. Several other design patterns 

imply voice inputs that produce an immediate, direct effect on the gameworld: 

SHOUT TO SHOOT, VOLUME CONTROL, PITCH CONTROL, BREATH PHYSICS and 

SPELLCASTING. Again, while it would be possible to describe the outcomes of these 

player actions audibly, this does not seem well suited to the format. The design 

pattern OVERHEARD NOISE is predicated on the player staying silent, or selectively 

using their voice to attract attention during stealth gameplay that otherwise 
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requires them to remain unnoticed; restricting the player’s voice in this way 

would be impractical for a platform in which voice is the main input modality. 

The two patterns that appear best suited to the audio-only format are QUESTION 

AND ANSWER and UNSCRIPTED CONVERSATION. QUESTION AND ANSWER provides a 

clear turn-taking structure to guide the dialogue in the absence of visual 

feedback, and UNSCRIPTED CONVERSATION removes the need for visual feedback 

that tells the player what they can say. However, where unscripted inputs are not 

practical, CHOICE OF OPTIONS is one clear way to provide guidance to the player on 

what they can say, although it is limited by the fact that the options would need 

to be either standardised or listed by the voice interface at each new decision 

point. WHO‑WHAT-WHERE COMMANDS is a practical design patter for voice inputs, 

but as mentioned above, the complexity of the outcomes is constrained to what 

the voice interface can describe in the timeframe before the player begins to 

forget what has been said. 

This evaluation is broadly supported by the analysis of 22 Amazon Alexa games 

described in Chapter 6. In accordance with the above, QUESTION AND ANSWER was 

one of the most commonly used patterns, and WHO‑WHAT-WHERE COMMANDS 

was used in a small number of cases, while patterns of more direct action (such as 

VOLUME CONTROL), patterns that imply a response to visual objects (such as 

KARAOKE) and patterns that are grounded in the player-character position (such 

as SITUATED COMMANDER) do not appear despite being common in screen-based 

videogames. CHOICE OF OPTIONS was the most commonly used pattern of all, 

providing direct instructions to players about how to interact with the game, at 

the cost of slowing gameplay down by repeatedly requiring players to listen to a 

verbal list of options. I hypothesise that players may prefer the inverse pattern, 

UNSCRIPTED CONVERSATION, but that this does not appear in more games due to 

the difficulty of supporting unpredictable player voice inputs. 

While a comprehensive review of smart speaker games has not been conducted, it 

is clear that one of the most common genres of game on these platforms is the 

trivia game. This fits the requirements described above, of a form of gameplay 

that supports engagement players in the Social World frame through minimally 

intrusive gameplay elements that do not seek to establish a complex Strategic 

World or Character World. It is notable, however, that this form of gameplay does 

not strongly satisfy any of the five types of voice gameplay identified in Section 

8.3. The thesis as a whole suggests that the current generation of smart speakers is 

highly limited in its ability to deliver a lasting and enjoyable experience of voice 

gameplay, although the combination of a smart speaker platform with some form 

of visual display would greatly alleviate these limitations. 
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8.4.2 Implications for voice assistant design 

The beginning of this thesis noted that videogames represent an instructive 

domain for non-game voice user interfaces (VUI) because of the central role that 

virtual characters play in most VUI. As prior research attests—and Chapters 4 

and 7 support—conversational interaction and especially voice interaction are 

associated with anthropomorphism: the tendency for users to respond to devices 

that “speak” as though they are human beings (Cowan et al., 2015; Nass & Brave, 

2005). This effect is a double-edged sword for the user experience, as the 

sensation of speaking to an intelligent character can increase initial user 

engagement with VUI, but often leads to disappointment over the longer term as 

the user’s inflated expectations are not met (Cowan et al., 2017; Luger & Sellen, 

2016). 

The SFSC Model suggests an alternative way of looking at this issue: common VUI 

such as Siri and Alexa create the impression of a virtual character, but not the 

impression of a virtual world in which they are situated. Consider Cortana, the 

voice assistant whose persona is based on a character from the Halo videogame 

series. The videogame version of Cortana exists in the Character World of the 

Halo games, and has an identity that is meaningfully grounded in that context. 

Cortana must demonstrate a façade of intelligence and awareness of her 

Character World to appear to be coherent with it, but only in certain highly 

constrained ways. There is a limited set of objects and events that a player would 

expect Cortana to react to: scripted dialogue from other characters, moments 

when the player accomplishes an objective, perhaps the actions of in-game 

enemies. The illusion of a gameworld as a “real” place does not depend on the 

player being able to interact with every character or object within it in all the ways 

that they could if it was physically real; on the contrary, the strict limitations on 

how the player can interact with characters and objects helps to maintain the 

coherence of the gameworld as a symbolic text (Allison, 2016). However, when 

the character of Cortana is taken out of the Character World of the game and 

converted into a voice assistant in a smartphone, her context is entirely changed. 

Now she is an actor in the Social World of ordinary human interaction—partly 

because she is not represented on the device screen as having a virtual 

environment around her, and partly because her role is to communicate about 

facts, objects and events that exist in the everyday world. The baseline of 

expectations for actors in the everyday world is infinitely higher than the 

expectations of actors in a gameworld. Even non-human animals show a degree of 

situational awareness and mental acuity that is utterly beyond the reach of a 

system such as Cortana. Thus, even though the voice assistant version of Cortana 

uses far more sophisticated AI than the videogame version of Cortana, the latter 

maintains its impression of intelligence far more consistently than the former. 

It would be instructive to test whether the user experience of voice assistants and 

other non-game conversational agent characters could be improved by 
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positioning them within a clearly delineated Character World. Presenting Siri as 

an actor inside a virtual world who speaks to your player-character, rather than an 

actor in the everyday world that speaks to you directly, may better signify its 

nature as a character whose abilities are only symbolically representative of actual 

intelligence. Initial research to explore this hypothesis could include a 

comparison between user responses to non-game voice assistants, such as Siri, 

and voice assistants in videogames, such as ANNA (Automated Natural 

Navigation Assistant) in the open-world racing game Forza Horizon 3. 

Feminist scholars have pointed to a second and more insidious problem with the 

anthropomorphisation of conversational agents. The conversational agents in the 

most popular VUI are presented as deferential female “assistants”, either 

exclusively or by default. This has caused some to question whether common VUI 

design practices are taking advantage of or contributing to sexist stereotypes 

about the role of women in society as submissive, conciliatory, undemanding and 

“other” (Brahnam & Weaver, 2015; Guzman, 2016; Woods, 2018). That issue is not 

directly apparent in this thesis—since videogames have disproportionately 

represented male characters (Williams et al., 2009), the majority of game 

characters to whom a player may speak are male.20 However, the thesis does show 

that one of the main sources of enjoyment in voice interaction is the thrill of 

exercising authority over subservient characters. This is directly apparent in the 

player experience research (Chapter 7) and indirectly apparent in the way that 

Western voice game design, in particular, has often depicted fantasies of 

command over others in militaristic scenarios (Chapters 5 and 6). I do not 

consider it problematic for players to enjoy stepping into the role of an authority 

figure in the context of a videogame. However, the fact that this is a source of 

enjoyment does lend credence to the suggestion that users of draw some of their 

enjoyment of non-game VUI from the experience of wielding power over a 

subservient character. Whether that is likely to influence the attitudes or 

behaviour of people towards other humans over the long term is unknown, and 

beyond the scope of this thesis. However, this thesis provides one indicator to 

suggest the question of power dynamics between users and conversational agents 

merits further scrutiny. 

 
20 That is not to say that there is no trace of sexism in voice game design. Take for example 
N.U.D.E.@ Natural Ultimate Digital Experiment, a virtual companion game in which the 
player uses voice input to teach a robot to perform basic tasks and recognise the names of 
objects. While the gameplay itself is arguably neutral, the combination of the title and the 
fact that the robot is visually depicted as a young woman clearly implies that the 
marketing for the game attempted to generate interest through sexualisation of the main 
character. However, overtly sexist examples such as this represent only a small fraction of 
the larger set of voice games, in which female characters were notable more for their 
scarcity than for their alignment with sexist tropes. 
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8.4.3 Implications for virtual and augmented reality 

Voice input has been recognised as a potentially useful interaction modality for 

virtual and augmented reality (VAR) interfaces. This is due in part to the difficulty 

of using physical controls while wearing a VAR headset. Microsoft’s HoloLens 

augmented reality (AR) system, Facebook’s Oculus Rift virtual reality (VR) system 

and Samsung’s Gear VR system all accept voice input. Each of these systems’ voice 

affordances are presented as a menu of actions that the player can activate by 

saying the associated keyword or phrase, in some cases only when that phrase 

appears on the screen.21 In the language of voice game design patterns (Chapter 

6), these systems are employing a combination of CHOICE OF OPTIONS, SELECT BY 

NAME and NAME AN ACTION as their core model of voice interaction. 

All of the voice game design patterns identified in Chapter 6 are potentially 

applicable to VAR systems. To take one example, WAYPOINTS is an effective 

solution to the problem of how to indicate space in a virtual environment; this 

design problem is just as relevant to VAR as it is to videogames, and VAR imposes 

greater restrictions on solutions such as amplifying the movement of the 

viewpoint (Wilson et al., 2018) or using a mouse as a physical pointer. Other voice 

game design patterns, such as OVERHEARD NOISE and BREATH PHYSICS, are 

effective ways to give the player a sense of physical presence in the virtual world; 

the sense of presence is the core concern of VAR systems, even more so than it is 

for videogames. Several voice game design patterns have begun to appear in VAR 

scenarios. Sra et al. (2018) have designed a series of VR games controlled by 

BREATH PHYSICS; The Broken Seal employs SPELLCASTING in VR to create an 

immersive experience of Voice Incantation; and Star Trek: Bridge Crew allows the 

player to command a Starfleet ship in VR using WHO‑WHAT-WHERE COMMANDS. 

Indeed, all five types of voice gameplay identified in Section 8.3 are also 

manifestly applicable to VAR game design. This is clear in the case of Voice 

Practice, Voice Command, Voice Conversation and Voice Incantation, as each of 

these types of gameplay is primarily concerned with the interaction between the 

player and the game system. Voice Performance may be a less obvious candidate 

due to its focus on social interaction between people as social actors in the Social 

World frame, which may appear to be impeded by a VAR headset. However, some 

of the most popular existing VR games put the lie to this, by making voice 

communication between players “inside” and “outside” the virtual reality the 

basis of game mechanics. See for instance Keep Talking and Nobody Explodes, a 

game in which a player wearing a VR headset must defuse a bomb in the virtual 

world by following instructions given to them by other players who can see a 

bomb defusal manual but not the bomb itself. While this is not a case of VOICE 

(voice-operated interaction with characters and environments) gameplay, 

because the players’ voices do not operate or interact with the game elements 

 
21 Microsoft refers to this as the “see it, say it” model (Zeller et al., 2019). 
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directly, it shows the potential for voice-driven gameplay in VAR even with a focus 

on Social World performance. 

With that having been said, the SFSC Model suggests a reason why voice 

interaction may be better suited to AR than VR. Naïvely, one might assume the 

opposite: that since voice interaction tends to improve the player’s sense of 

involvement in the Character World unless disrupted by embarrassment in the 

Social World, and VR increases the player’s sense of presence in a Character 

World while reducing their awareness of the Social World, voice interaction 

would be a perfect fit for VR. However, this overlooks the fact that the Social 

World is the primary framework (Goffman, 1974, p. 21) of the game event, and the 

other frames of the SFSC Model are transformations (Goffman, 1974, p. 41) of that 

primary framework. That means that the player does not lose their sense of 

participation in or disengage their awareness of the Social World when they 

involve themselves in the Character World. VR is likely to increase the user’s 

concerns about the Social World, because they cannot monitor their physical 

environment for the presence or reactions of onlookers. In contrast, AR allows the 

player to engage in Character World activities while maintaining a simultaneous 

awareness of their Social World context, which should enable them to actively 

work at reducing the tensions between these frames. 

8.5 Limitations 

The limitations of the individual studies have been discussed in Chapter 3 

(Methodology) and in the Results chapters. However, there are three limitations 

of the research project as a whole that are important to consider here: the lack of 

a consistent disciplinary basis across the four studies; the reliance on English-

language sources and English-speaking players; and the use of pre-existing 

published games rather than custom-made research prototypes. This section 

addresses the extent to which these factors constrain the conclusions that can be 

drawn from this research. 

Each of the four studies in the thesis has employed a research method rooted in a 

different disciplinary background: media archaeology from media studies; 

pattern languages from architecture, via design research and game studies; frame 

analysis from sociology; and lab-based user studies and Wizard of Oz 

prototyping from HCI. The rationale for this methodologically pluralist approach 

has been outlined in Chapter 3, and the benefits that it brought to the research 

have been discussed earlier in this chapter. However, this approach also foregoes 

some of the benefits of consistency. Using one method repeatedly would allow 

the later studies to iterate more directly upon the earlier ones. It would allow me 

as the researcher to improve my own technical proficiency with that singular 

approach, such that the procedural quality of the final study could naturally be 

expected to exceed that of the first. Accordingly, one might suppose that this 
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research has foregone a level of depth and sophistication that could have been 

achieved in any one of its specific lines of inquiry. I have judged the trade-off to 

be worthwhile, as the pluralist approach has enabled me to develop a more 

comprehensive account of voice games, in which key observations are 

triangulated from multiple perspectives. However, I hope to see future research 

projects take a more sustained approach to the topic, and to delve more deeply 

into the specific complexities of voice game design that this thesis has uncovered. 

In contrast to its methodological pluralism, the thesis is limited by a lack of 

diversity in the language of its subjects and sources. The player studies in 

Chapters 4 and 7 were conducted exclusively in English, although not all 

participants were native English speakers. The literature that it draws upon is 

nearly all in English and comes primarily from English-speaking countries. For 

Chapters 5 and 6, I accessed some sources in other languages through an online 

machine translation system, and I strove to catalogue every non-English-language 

voice game that I could identify as part of my analysis. Nevertheless, the research 

remains heavily rooted in the Anglophone perspective on voice interaction. This 

is a particularly serious consideration for the study of voice interaction, which 

may have a material impact on the findings. There could be inherent 

characteristics of different languages that change the experience of voice 

gameplay. It is possible that the differences between Japanese and Western game 

development described in Chapter 5 have been influenced by differences in the 

native languages (given that English was the primary language for nearly all of the 

Western games). It is also possible that the tendency to perceive intelligence in 

talking virtual characters is influenced by the language in which they speak—or 

the shared culture of Anglophone countries could influence these factors, rather 

than the language itself. With these factors in mind, the results of this research 

should be generalised to other languages with caution. 

In addition to being English speakers, the participants in the player studies were 

largely drawn from what Heinrich et al. (2010) have dubbed the WEIRD societies: 

Western, educated, industrialised, rich and democratic. While this is true of a 

great deal of academic literature, research has shown that people from WEIRD 

societies are often not representative of humanity in general (Henrich et al., 

2010). As a result, the findings of this thesis may not be entirely representative of 

non-English-speaking people from outside the WEIRD societies. 

A final consideration is that all of the studies were conducted on or with pre-

existing videogames, rather than games developed specifically for the research. 

Even the natural language study, which presented players with a constructed 

gameplay scenario, used the game Minecraft as the basis for this construct. This 

was a deliberate choice, as Chapter 3 explains: since prior research had indicated 

that the diegetic gameworld was an important factor in the experience of voice 

gameplay, I concluded that it was important for this thesis to look at games that 

had highly developed diegetic worlds, which would have been impractical to 
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achieve in custom-built research prototypes. This decision resulted in rich 

insights into the player’s reaction to the gameworld, reflected throughout the 

Results and Discussion sections. However, it gave me less control over the 

research stimuli than I would have had if I designed and created prototype voice 

games expressly for the research. I have been cautious about making overly 

definitive comparisons between the voice games in this thesis, as any such 

comparison must acknowledge that the games vary in more ways than ones I have 

described. For example, the three games used in the voice-based gameplay study 

(Chapter 7) differed in terms of their visual style, music, story and mission 

structure. A player study that held these and other variables constant between 

conditions while altering only one or two variables of interest would allow for 

more direct and definitive statements to be made about the effect of such specific 

variables. 

8.6 Reflection on the value of historical analysis in HCI research 

Many doctoral theses in HCI include some consideration and acknowledgement 

of the history of the topic. Often this is done primarily through the literature 

review. Relatively few, however, engage in a full historical analysis of the subject as 

a central part of the research process, as this thesis has done in Chapter 5. This 

section, I reflect upon my reasons for engaging in such an extensive historical 

study, and the way in which it has provided a solid contextualising foundation for 

the remainder of the research. 

The initial motivation for studying voice gameplay was to understand a difficult 

area of design that had received relatively little academic scrutiny (as outlined in 

Chapter 2). I had already begun the research with an exploratory lab study on 

natural language interaction (Chapter 4), and considered extending this line of 

inquiry with further lab-based testing. However, something that had become 

apparent to me in the process of conducting that first study was that the problem 

I was pursuing was not yet clearly defined. There were plenty of indications that 

voice-based and language-based interaction were challenging in a videogame 

setting, but attempting to replicate the problem in a study in a way that was 

representative of real-world design required a series of decisions—about context 

of use, about technical platforms, and especially about the design of gameplay 

itself—for which no clear guide existed. It was also not yet clear which problems 

were most significant. My colleagues and I had previously found that “identity 

dissonance” (Carter et al., 2015) was an issue in voice gameplay, but that study 

had focused on only four videogames from a narrow time period on a single 

gaming platform, making it an uncertain guide to the larger design space. 

The design history study (Chapter 5) was undertaken to ensure that the research 

would begin from a thorough understanding of voice games as they exist in the 

world. It revealed the specific ways in which voice games have been successful—
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more successful than they were frequently portrayed in popular narratives—and 

the ways in which they have failed to live up to aspirations. By conducting this 

study, I immersed myself in voice game design, scrutinising every voice game that 

I could identify. The knowledge I gained in this process informed the remainder 

of the thesis in several productive ways. 

First, the historical study provided insights into the importance of platform 

constraints. From this, I was able to see that the most important technical 

constraints on voice game design had already been effectively addressed, with the 

proliferation of microphone-equipped platforms on the one hand and the 

increasing availability of effective speech recognition systems on the other. The 

basic technological components of voice game development were already readily 

available to game developers to deploy. Consequently, I oriented the remainder of 

the research away from technical considerations and towards more experiential 

aspects of voice game design. 

Secondly, it equipped me as a researcher with an encyclopaedic knowledge of 

voice game design that I took forward into the later studies. The historical study 

gave me a much better appreciation for the breadth of voice game design and the 

significance of its varieties than I had beforehand. For example, it showed that 

although speech-based forms of voice interaction have captured much of our 

imagination and attention, non-verbal forms of voice interaction have had a 

greater cultural impact in practice. Recognising the existence of significant 

subtypes of voice interaction provided the motivation for the design pattern 

analysis that followed (Chapter 6). In fact, the historical analysis effectively 

served as the first iterative loop of data collection and analysis for the design 

pattern study. It also informed the design of the player experience study (Chapter 

7), as it led me to prioritise a research approach that could compare different 

forms of voice and non-voice interaction, rather than studying voice gameplay in 

a less controlled and more naturalistic context. 

The third insight was that, despite the temporal trends in voice game design, 

there were certain consistent ideal forms of voice gameplay that designers had 

been striving towards from the earliest years to the present. The core underlying 

ideas about voice gameplay seemed to differ not so much between time periods or 

between individual designers as between geographic regions. This implied that 

our aspirations for voice gameplay might have less to do with the specific abilities 

of the technology (which has changed substantially over time) than it does with 

the cultural context in which the technology has arisen. Narratives about talking 

automata, which date back to ancient mythology, were supercharged in the 

twentieth century through science fiction stories such as 2001: A Space Odyssey 

and Star Trek. For the research, this meant that it would not be enough to study 

whether people were successful or satisfied with the experience of playing a voice 

game; it was necessary to understand the interpretive framework that players 

used to imagine what was going on in the interaction. This informed the use of 



Discussion 

205 

frame analysis in Chapter 7, with its central question of “what is it that is going on 

here?” 

Finally, the historical perspective put recent developments in voice interaction in 

a long-term context. This has turned out to be important, because this thesis was 

researched and written over a period of substantial change for voice technologies. 

When I began to research the topic in 2015, the Microsoft Kinect was the most 

prominent platform in voice gameplay, having recently prompted the inclusion of 

voice elements in an unprecedented range of big-budget, high-profile console 

videogames. These voice elements had received mixed reactions (Carter et al., 

2015), reflecting the inherent difficulty of voice game design, but the Kinect 

remained a widespread gaming platform with a player base in the tens of 

millions, having been dubbed the “fastest selling consumer device” (‘Microsoft 

Kinect “fastest-selling device on record”’, 2011) in a Guinness World Record a few 

years earlier. By contrast, smart speakers were a comparatively niche product with 

uncertain prospects: Amazon had only recently launched its Alexa platform with 

the Amazon Echo, and Google Home was more than a year away from launch. 

As I write this in 2019, the Kinect has been officially retired from the Xbox 

product line for three years. No other dedicated videogame console has yet 

replaced it with similar voice interaction features. In this period, voice game 

design has fallen into a lull on dedicated videogame consoles, following the 

platform-driven ebb and flow that Chapter 5 identified as a recurring trend. 

Meanwhile, however, smart speakers have grown to become a large international 

market, with the Amazon Alexa alone selling more than 100 million units to date 

(Adobe, 2019). This has led to a proliferation of voice games on smart speakers, 

and a renewed interest in voice interaction from HCI researchers (Clark et al., 

2019). At the same time, there has been a sharp increase in the number of small-

budget voice games created by independent game developers for smart speakers, 

mobile phones and personal computers (documented in Chapters 5 and 6). 

Accordingly, the smart speaker appears to have currency as the voice interface of 

the moment, while phones and personal computers maintain their status as the 

workhorses of voice interaction in everyday life. Naturally, academic and popular 

interest has turned towards these platforms, and they dominate recent HCI 

literature on voice interaction technology while older platforms such as the 

Kinect recede into obscurity. 

This raises a question: would this thesis have been more useful to future designers 

if it had focused on the newer platforms, such as smart speakers, rather than 

older platforms and older videogames? The historical study shows why this is not 

the case. It reveals that voice technology platforms have been inconstant, with no 

single platform remaining prominent for more than a few years. Each platform 

shaped the form that voice game design took for the duration of its popularity, 

but the longer view shows that voice game design has always returned to a stable 

set of genres. These voice game genres are ultimately oriented not towards the 
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technology they happen to use, but towards the more stable lodestar of the 

player’s experience. The purpose of voice gameplay—and perhaps voice 

interaction in other contexts as well—is to provide meaningful experiences that 

satisfy the desires and perspectives of the human beings who use it. 

Technological platforms are attempts to fulfil these experiences; to focus on the 

technology of the moment is to get this the wrong way around. When we seek to 

understand voice game design from the perspective of human experience, there is 

more to learn from technologies whose heyday has passed than from technologies 

that have not yet settled into a clear place in our homes and cultures. 

8.7 Future research directions 

This thesis lays a theoretical foundation for future research on voice-operated 

interaction with characters and environments (VOICE). This section will briefly 

outline some promising avenues for follow-up studies in the context of virtual and 

augmented reality (VAR) experiences and smart speaker applications. 

8.7.1 Future research in virtual and augmented reality 

Virtual and augmented reality (VAR) is one of the most promising use contexts 

for VOICE, due to the perceived immersiveness of voice interaction and the 

practical difficulties of using physical control devices when the user’s view is 

obscured. Although this thesis has focused on VOICE in the context of traditional 

videogames, with only a few VAR games reviewed in Study 2 and Study 3, most of 

the design patterns and player experience findings appear to be transferrable to 

VAR experiences. Many of the voice game design patterns solve for practical 

functions that could apply to any spatial virtual environment—such as how to 

issue a movement instruction for an agent in a dynamic three-dimensional space. 

This applies not only to ludic VAR experiences, but to other forms of VAR as well. 

Accordingly, this thesis opens up a range of possibilities for extending its research 

to VAR. Each of the major findings would be interesting to explore in a VAR 

context, from considering how the SFSC Model of voice gameplay is altered when 

players are in virtual reality, to evaluating usability issues for each of the major 

voice gameplay genres in VAR. 

8.7.2 Future research in smart speakers 

This thesis has briefly explored VOICE in the context of smart speakers, in 

Chapter 6. The smart speaker games in that dataset used a subset of the design 

patterns found in screen-based voice games, appearing to be more constrained in 

the variety of design patterns that can be deployed on these platforms due to the 

lack of visual and manual interface elements. Extending this analysis with a full-

scale study of smart speaker game design patterns would provide a clearer 

indication of the avenues that game developers are exploring in this novel 
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platform, and highlight promising opportunities to adapt design patterns from 

screen-based games to the audio-only format. In particular, the act of navigating 

a gameworld appears to present a greater challenge for smart speaker games due 

to the lack of a visual display—possibly reflected in the finding that smart 

speaker games commonly afford movement through the design pattern of 

ABSOLUTE DIRECTIONS, which is rarely used in screen-based videogames. 

Chapters 7 and 8 presented several frameworks for understanding the design and 

player experience of different forms of voice gameplay, but none of these has so 

far been evaluated for smart speakers. A study of smart speaker gameplay using 

frame analysis would provide an opportunity to examine whether the player 

experience has similar dynamics to those reported in Chapter 7. I would 

hypothesise that players systematically experience a greater focus on the Social 

World frame during smart speaker gameplay than during screen-based gameplay, 

as players are typically more inclined to orient their attention towards each other 

when there is no screen depicting a gameworld for them to orient towards 

instead. This hypothesis is consistent with prior research that has found smart 

speaker usage to be highly integrated into the fabric of social life in the home 

(Porcheron et al., 2018). Research along these lines will help to determine 

whether smart speaker games represent a substantial opportunity for game design 

with immersive Character World elements, as seen in voice games such as Hey 

You, Pikachu! and There Came an Echo, or are likely to remain limited to more 

Social World-based forms of gameplay, such as quizzes and chatbots. 

8.8 Conclusion 

The novelist William Gibson once remarked that “we can’t see our culture very 

well, because we see with it.” (Gibson & Northam, 2015) Once we have 

incorporated an assumption, practice or belief into our thought processes, we 

find it hard to imagine how we saw the world without it. Consider, then, how 

tremendously difficult it must be to separate ourselves from our intuitive 

understanding of speech. We cannot remember a time before we had begun to 

learn to speak. Speech plays a role in nearly everything we have ever done. It is a 

precondition to the very notion of culture. It is the basis of the language that we 

use to constitute our conscious thoughts. To paraphrase Gibson: we cannot hear 

our speech very well, because we hear with it. 

Voice user interfaces make this most utterly familiar of activities unfamiliar. 

Because we each have such a deep-rooted and nuanced understanding of what 

voice is, even small voice cues evoke rich impressions of virtual life, which makes 

voice interaction a powerful experience. But that same deep-rooted and nuanced 

understanding makes our expectations for voice interaction immensely difficult 

to satisfy—and makes it hard for us to conceive of voice as something other than 

the kind of speech that we have been learning since birth. As speech recognition 
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systems improve, the challenge for voice interaction design becomes less a matter 

of technical engineering and more a matter of human psychology. 

Central to this challenge is the question of how far a voice-operated system 

should try to leverage existing human notions about voice and speech, and how 

far it should try to alter them. This thesis has explored both sides of that decision, 

through an investigation of voice interaction in games. It has documented games 

that present voice interaction with all of its associated trappings: a conscious 

interlocutor, a relationship, a spatial context, meaningful communication and 

mutual understanding—none of which are truly present, but each of which can 

be represented. Conversely, it has documented games that break the familiar 

conventions, making voice interaction playful by providing an alien experience of 

what is ordinarily deeply familiar. The thesis unites these forms under the banner 

of voice-operated interaction with characters and environments (VOICE), a term 

broad enough to encompass all forms of vocal activity while simultaneously 

emphasising the importance of the imaginative elements (characters and 

environments) to voice gameplay. 

The first major contribution of this thesis is a theoretical model of player 

experience that explains the major experiential dynamics of voice gameplay—

both positive and negative. This model, based in frame analysis, describes the 

four frames of player experience as the product of two dimensions: diegetic/non-

diegetic and social/instrumental activity. The model provides a theoretical basis 

to distinguish between instrumental elements of voice gameplay, which have 

received extensive study, and social elements of voice gameplay, which have 

received comparatively little attention beyond the works included in this thesis. 

The second major contribution is an account of the five core genres of voice 

gameplay. Each genre represents a distinct type of voice activity. In this chapter, I 

have detailed each one in terms of its underlying action metaphor, its constituent 

design patterns and its known design considerations with reference to the SFSC 

Model. 

The findings of this thesis are not the last word on voice gameplay or voice game 

design. Rather, they are a starting point. They point to the inherent complexity of 

voice interaction, and the myriad of ways in which subtle changes in presentation 

and framing can drastically alter the way that it is experienced. As voice interfaces 

become more common, and complex voice-operated interactions with characters 

and environments proliferate on more devices, the need for contextualised 

research on VOICE experiences will only increase. This thesis plants a flag in a 

territory that has been a hinterland of game design and game studies, but where 

unique experiences lie waiting to be developed.
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10 Appendix A 

This appendix includes the forms required for the inclusion of published material 

according to The University of Melbourne guidelines for a Thesis with Publication.22 

 

 
22 The University of Melbourne. (2019). Graduate Research Training Policy (MPF1321). Retrieved from 
https://policy.unimelb.edu.au/MPF1321 
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11 Appendix B 

Table 11.1 lists the 471 videogames that were surveyed for Chapters 5 and 6. It 

includes each game’s name and year of publication as well as the platforms for 

which it was developed. Citations are provided after the title for games that were 

developed as part of an academic research project. 

Table 11.1 Voice games surveyed for Chapters 5 and 6 

Game Year Platform 

Voice-Chess (Reddy et al., 1973) 1973 Hearsay-I 

Atari Voice Commander 1983 Atari 2600 / Atari 5200 

SuperFly 1983 TI-99/4A MBX 

Sewermania 1983 TI-99/4A MBX 

I'm Hiding 1983 TI-99/4A MBX 

Space Bandits 1983 TI-99/4A MBX 

Terry Turtle's Adventure 1983 TI-99/4A MBX 

Championship Baseball 1983 TI-99/4A MBX 

Raid on Bungeling Bay 1985 Famicom 

Star Luster 1985 Famicom 

Thayer's Quest 1985 RDI Halcyon 

Kid Icarus [Hikari Shinwa: Parutena no 
Kagami] 

1986 Famicom 

The Legend of Zelda [Zeruda no Densetsu] 1986 Famicom 

Doraemon 1986 Famicom 

Star Soldier 1986 Famicom 

Super Pitfall [Atlantis no Nazo] 1986 Famicom 

Takeshi No Chousenjou 1986 Famicom 

Echelon 1987 Commodore 64 

Kid Niki: Radical Ninja [Kaiketsu 
Yanchamaru] 

1987 Famicom 

Apple Town Monogatari: Little Computer 
People 

1987 Famicom 

Karaoke Studio 1987 Famicom 

Kamen Rider Club 1988 Famicom 

Little Ninja Brothers [Super Chinese 2] 1989 Famicom 

Bakushou!! Jinsei Gekijou 1989 Famicom 

Bakushou!! Jinsei Gekijou 2 1991 Famicom 

Command: Aces of the Deep 1995 PC 

Hey You, Pikachu! 1998 Nintendo 64 

Seaman 1999 DreamCast, PlayStation 2 

Densha De Go! 64 1999 Nintendo 64 

MIND-WARPING (Starner et al., 2000) 2000 PC 

Dream Audition 2000 PlayStation 2 
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Dream Audition 2 2000 PlayStation 2 

Untitled (Igarashi & Hughes, 2001) 2001 PC 

Greatest Striker [International League Soccer] 2001 PlayStation 2 

Yoake no Mariko 2001 PlayStation 2 

Yoake no Mariko Second Act 2001 PlayStation 2 

Dream Audition 3 2001 PlayStation 2 

Dream Audition Super Hit Disc 1 2001 PlayStation 2 

Dream Audition Super Hit Disc 2 2001 PlayStation 2 

Game Commander 2002 PC 

Microsoft Game Voice 2002 PC 

Star Trek: Bridge Commander (with software) 2002 PC 

SOCOM 2002 PlayStation 2 

Mission Rehearsal Exercise System (Hill et al., 
2003) 

2003 PC 

Lifeline 2003 PlayStation 2 

SOCOM 2 2003 PlayStation 2 

Deka Voice 2003 PlayStation 2 

Karaoke Revolution 2003 PlayStation 2 

N.U.D.E.@ Natural Ultimate Digital 
Experiment 

2003 Xbox 

Rainbow Six 3 2003 Xbox  

SWAT: Global Strike Team 2003 PlayStation 2, Xbox 

Manhunt 2003 PlayStation 2, Xbox 

Mario Party 6 2004 GameCube 

Unreal Tournament 2004 2004 PC 

Get On Da Mic 2004 PlayStation 2 

Karaoke Revolution 3 2004 PlayStation 2 

SingStar 2004 PlayStation 2 

SingStar Party 2004 PlayStation 2 

Karaoke Revolution 2 2004 PlayStation 2, Xbox 

Densetsu no Quiz Ou Ketteisen 2005 GameCube 

Mario Party 7 2005 GameCube 

Brain Age / Dr Kawashima's Brain Training 2005 Nintendo DS 

Nintendogs 2005 Nintendo DS 

WarioWare Touched! 2005 Nintendo DS 

Phoenix Wright: Ace Attorney 2005 Nintendo DS  

Untitled (Zeng et al., 2005) 2005 PC 

UA-Chess (Grammenos et al., 2009) 2005 PC 

Neverwinter Nights variant (Gorniak & Roy, 
2005) 

2005 PC 

Tactical Language and Culture Training 
System (W. L. Johnson, 2007) 

2005 PC 

SOCOM 3 2005 PlayStation 2 

SingStar The Dome 2005 PlayStation 2 

NASCAR 06: Total Team Control 2005 PlayStation 2, Xbox 
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Karaoke Revolution Party 2005 GameCube, PlayStation 2, 
Xbox 

Greg Hastings Tournament Paintball Max'd 2005 Xbox  

Odama 2006 GameCube 

Nintendogs: Dalmatian 2006 Nintendo DS 

Phoenix Wright: Ace Attorney - Justice For All 2006 Nintendo DS  

Untitled (Tse et al., 2007) 2006 PC 

Tetris variant (Sporka et al., 2006) 2006 PC 

Access Invaders (Grammenos et al., 2006) 2006 PC 

Penguin Quart (Nagy, 2006) 2006 PC 

Ford Game 2006 PC 

Racing Pitch 2006 PC 

SOCOM Combined Assault 2006 PlayStation 2 

Karaoke Revolution Country 2006 PlayStation 2 

SingStar Anthems 2006 PlayStation 2 

SingStar Deutsch Rock-Pop 2006 PlayStation 2 

SingStar La Edad de Oro del Pop Espanol 2006 PlayStation 2 

SingStar Legends 2006 PlayStation 2 

SingStar Rocks! 2006 PlayStation 2 

SingStar top.it 2006 PlayStation 2 

Rainbow Six Vegas 2006 PlayStation 3, Xbox 360 

Apollo Justice: Ace Attorney 2007 Nintendo DS 

The Legend of Zelda: Phantom Hourglass 2007 Nintendo DS 

The World Ends With You 2007 Nintendo DS 

Mario Party DS 2007 Nintendo DS 

Phoenix Wright: Ace Attorney - Trials and 
Tribulations 

2007 Nintendo DS  

Façade variant (Dow et al., 2007) 2007 PC 

Visual Music (Parker & Heerema, 2008) 2007 PC 

Microphone Game 2007 PC 

Seaman 2 2007 PlayStation 2 

Karaoke Revolution: American Idol 2007 PlayStation 2 

SingStar Amped 2007 PlayStation 2 

SingStar Apres-Ski Party  2007 PlayStation 2 

SingStar Back to the 80s 2007 PlayStation 2 

SingStar Bollywood 2007 PlayStation 2 

SingStar Deutsch Rock-Pop Vol. 2 2007 PlayStation 2 

SingStar Die Toten Hosen 2007 PlayStation 2 

SingStar Italian Party 2007 PlayStation 2 

SingStar Norsk pa Norsk 2007 PlayStation 2 

SingStar Pop Hits 2007 PlayStation 2 

SingStar Pop Hits 2 2007 PlayStation 2 

SingStar R&B 2007 PlayStation 2 

SingStar Rock Ballads 2007 PlayStation 2 

SingStar Svenska Hits Schlager 2007 PlayStation 2 
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Sing It: High School Musical 2007 PlayStation 2, Wii 

Rock Band 2007 PlayStation 2, PlayStation 3, 
Xbox 360, Wii 

Boogie 2007 Nintendo DS, PlayStation 2, 
Wii 

Rock Revolution 2008 Nintendo DS  

Playmancer (Conconi et al., 2008) 2008 PC 

Word War (McGraw, Yoshimoto, et al., 2009) 2008 PC 

Sudoku Access (Norte & Lobo, 2008) 2008 PC 

Terrestrial Invaders (Grammenos et al., 2009) 2008 PC 

BloodLezz (Kiselkov et al., 2008) 2008 PC 

The Wind Sea Adventure 2008 PC 

Disney Sing It 2008 PC, PlayStation 3, 
PlayStation 2, Wii, Xbox 360 

Tom Clancy's EndWar 2008 PC, PlayStation 3, Xbox 360  

SingStar 90s 2008 PlayStation 2 

SingStar Boy Bands vs Girl Bands 2008 PlayStation 2 

SingStar Clásicos 2008 PlayStation 2 

SingStar Country 2008 PlayStation 2 

SingStar Hottest Hits 2008 PlayStation 2 

SingStar Italian Party 2 2008 PlayStation 2 

SingStar Operacion Triunfo 2008 PlayStation 2 

SingStar Pop Hits 3 2008 PlayStation 2 

SingStar Schlager 2008 PlayStation 2 

SingStar Store Dromme 2008 PlayStation 2 

SingStar SuomiRock 2008 PlayStation 2 

SingStar Turkish Party 2008 PlayStation 2 

SingStar ABBA 2008 PlayStation 2, PlayStation 3 

SingStar Morangos com Acucar 2008 PlayStation 2, PlayStation 3 

SingStar Pop Vol. 2 2008 PlayStation 2, PlayStation 3 

SingStar Singalong with Disney 2008 PlayStation 2, PlayStation 3 

SingStar Summer Party 2008 PlayStation 2, PlayStation 3 

SingStar Vol. 2 2008 PlayStation 2, PlayStation 3 

SOCOM Confrontation 2008 PlayStation 3 

SingStar 2008 PlayStation 3 

SingStar Vol. 3 2008 PlayStation 3 

Disney Sing It - High School Musical 3: Senior 
Year 

2008 PlayStation 3, PlayStation 2, 
Wii, Xbox 360 

Rock Band 2 2008 PlayStation 3, Xbox 360, Wii 

Karaoke Revolution: American Idol Encore 2 2008 PlayStation 3, Xbox 360, Wii 

Guitar Hero: World Tour 2008 PlayStation 2, PlayStation 3, 
Xbox 360, Wii 

Karaoke Revolution: American Idol Encore 2008 PlayStation 2, PlayStation 3, 
Xbox 360, Wii 

Boogie Superstar 2008 Wii 

Karaoke Joysound 2008 Wii 
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Lips 2008 Xbox 360 

Rainbow Six Vegas 2 2008 PC, PlayStation 3, Xbox 360 

Audiotennis 2009 Mobile, PC 

Untitled (Nanjo et al., 2009) 2009 PC 

Rabbit Run (O’Donovan et al., 2009) 2009 PC 

Voice Race (McGraw, Gruenstein, et al., 2009) 2009 PC 

VoiceAttack 2009 PC 

Voice Command Duck 2009 PC 

World Tour by Goalmaniac.com 2009 PC 

Micromissile 2009 PC 

Prospero – Rosetta World (Jewell, 2011) 2009 PC 

HAWX 2009 PC, Xbox 360  

SingStar Chartbreaker 2009 PlayStation 2, PlayStation 3 

Singstar Latino 2009 PlayStation 2, PlayStation 3 

SingStar Made in Germany 2009 PlayStation 2, PlayStation 3 

SingStar Mallorca Party 2009 PlayStation 2, PlayStation 3 

SingStar Mecano 2009 PlayStation 2, PlayStation 3 

SingStar Motown 2009 PlayStation 2, PlayStation 3 

SingStar Polskie Hity 2009 PlayStation 2, PlayStation 3 

SingStar Pop Edition 2009 PlayStation 2, PlayStation 3 

SingStar Queen 2009 PlayStation 2, PlayStation 3 

SingStar Studio 100 2009 PlayStation 2, PlayStation 3 

SingStar SuomiPop 2009 PlayStation 2, PlayStation 3 

SingStar Take That 2009 PlayStation 2, PlayStation 3 

SingStar Vasco 2009 PlayStation 2, PlayStation 3 

Disney Sing It: Pop Hits 2009 PlayStation 2, PlayStation 3, 
Wii 

Guitar Hero: Van Halen 2009 PlayStation 3, Xbox 360, Wii 

Lego Rock Band 2009 PlayStation 3, Xbox 360, Wii 

Rock Band: The Beatles 2009 PlayStation 3, Xbox 360, Wii 

Karaoke Revolution (2009) 2009 PlayStation 3, Xbox 360, Wii 

Guitar Hero 5 2009 PlayStation 2, PlayStation 3, 
Xbox 360, Wii 

Guitar Hero: Metallica 2009 PlayStation 2, PlayStation 3, 
Xbox 360, Wii 

Guitar Hero: Smash Hits 2009 PlayStation 2, PlayStation 3, 
Xbox 360, Wii 

We Sing 2009 Wii 

Lips: Canta en Espanol 2009 Xbox 360 

Lips: No1 Hits 2009 Xbox 360 

Rock Band Reloaded 2010 Mobile 

Dragon Gaming Speech Pack 2010 PC 

Jet Pass 2010 PC 

Gamic 2010 PC 

SingStar Chart Hits 2010 PlayStation 2, PlayStation 3 
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SingStar Die größten Solokünstler 2010 PlayStation 2, PlayStation 3 

SingStar Fussballhits 2010 PlayStation 2, PlayStation 3 

SingStar The Wiggles 2010 PlayStation 2, PlayStation 3 

SingStar Apres-Ski Party 2 2010 PlayStation 3 

SingStar Dance 2010 PlayStation 3 

SingStar Guitar 2010 PlayStation 3 

SingStar SuomiHitit 2010 PlayStation 3 

Disney Sing It: Family Hits 2010 PlayStation 3, Wii 

Disney Sing It: Party Hits 2010 PlayStation 3, Wii 

Guitar Hero: WoR 2010 PlayStation 3, Xbox 360, Wii 

Rock Band: Green Day 2010 PlayStation 3, Xbox 360, Wii 

Rock Band 3 2010 PlayStation 3, Xbox 360, Wii  

Karaoke Revolution: Glee 2010 Wii 

We Sing Encore 2010 Wii 

We Sing Robbie Williams 2010 Wii 

Kinectimals 2010 Xbox 360 

Lips: I Love the 80s 2010 Xbox 360 

Lips: Party Classics 2010 Xbox 360 

Cat Scream [1] 2011 Mobile 

Pah! 2011 Mobile 

Voice Race 2011 Mobile 

Scream'N'Run 2011 Mobile 

Nintendogs + Cats 2011 Nintendo 3DS 

Solis' Curse (Neto et al., 2011) 2011 PC 

Tetris variant (Yuan & Fan, 2011) 2011 PC 

Voice Game Controller (Harada et al., 2011) 2011 PC 

REAP.PT (Silva et al., 2011) 2011 PC 

SingStar SuomiSuosikit 2011 PlayStation 3 

Karaoke Revolution: Glee 2 2011 Wii 

We Sing Deutsche Hits 2011 Wii 

We Sing Down Under 2011 Wii 

We Sing Rock! 2011 Wii 

We Sing UK Hits 2011 Wii 

Karaoke Revolution: Glee 3 2011 Wii, Xbox 360 

Dance Central 2 2011 Xbox 360 

Halo: Combat Evolved Anniversary 2011 Xbox 360 

Forza Motorsport 4 2011 Xbox 360 

Kinect Sports: Season Two 2011 Xbox 360 

Sing! Karaoke 2012 Mobile 

Market Game / Farm Game (Kumar et al., 
2012) 

2012 PC 

What Did You Say??? 2012 PC 

UltraStar 2012 PC 

Binary Domain 2012 PC, PlayStation 3, Xbox 360 

SingStar SuomiHuiput 2012 PlayStation 3 
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Rock Band Blitz 2012 PlayStation 3, Xbox 360 

We Sing 80s 2012 Wii 

We Sing Pop! 2012 Wii 

Sing Party 2012 WiiU 

Wii Karaoke U 2012 WiiU 

Mass Effect 3 2012 Xbox 360 

Voice Fighter 2013 Mobile 

ATC Voice 2013 Mobile 

Don't Pop It! 2013 Mobile 

Edukitty ABC 2013 Mobile 

Mario Party: Island Tour 2013 Nintendo 3DS 

Phoenix Wright: Ace Attorney - Dual 
Destinies 

2013 Nintendo 3DS  

GeMiNI (Teófilo et al., 2013) 2013 PC 

sPeAK-MAN (Tan et al., 2013) 2013 PC 

Rally Navigator (Janicki & Wawer, 2013) 2013 PC 

The Voice in the Garden (Chou, 2013) 2013 PC 

Untitled (Krause et al., 2013) 2013 PC 

PowerFall (Vieira et al., 2014) 2013 PC 

Speech Adventure (Rubin & Kurniawan, 2013) 2013 PC 

Blowing Blues (X. Li, 2013) 2013 PC 

EVEIL-3D (Roy, 2016) 2013 PC 

Skyrim: Legendary Edition 2013 PC, Xbox 360 

Ryse: Son of Rome 2013 PC, Xbox One 

The Howler 2013 Mobile, PC 

SingStar SuomiHelmet 2013 PlayStation 3 

Dead Space 3 2013 Xbox 360 

Splinter Cell: Blacklist 2013 Xbox 360 

Forza Motorsport 5 2013 Xbox One 

Rocksmith 2014 2013 Xbox One  

Battlefield 4 2013 Xbox One  

FIFA 14 2013 Xbox One  

Dead Rising 3 2013 Xbox One  

Tomb Raider: Definitive Edition 2013 PlayStation 4, Xbox One 

Need For Speed Rivals 2013 PlayStation 4, Xbox One 

NBA2K14 2013 PlayStation 4, Xbox One 

Zoo Tycoon 2013 Xbox 360, Xbox One 

Call of Duty: Ghosts 2013 Xbox 360, Xbox One 

Crash of Ah 2014 Mobile 

Yyaah! 2014 Mobile 

Phonics With Phonzy 2014 Mobile 

Flappy Voice (Lan et al., 2014) 2014 PC 

Talking to Teo (Navarro-Newball et al., 2014) 2014 PC 

ControlMyJoystick 2014 PC 

Elite: Dangerous 2014 PC  



Appendix B 

251 

SingStar SuomiBileet 2014 PlayStation 3, PlayStation 4 

SingStar Ultimate Party 2014 PlayStation 4 

Dance Central Spotlight 2014 Xbox One 

Voice Commander 2014 Xbox One 

Kinect Sports Rivals 2014 Xbox One 

Project Spark 2014 Xbox One  

FIFA 15 2014 Xbox One  

D4: Dark Dreams Don't Die 2014 Xbox One  

Wolfenstein: The New Order 2014 PlayStation 4, Xbox One 

NBA2K15 2014 PlayStation 4, Xbox One 

Plants vs. Zombies: Garden Warfare 2014 PC, PlayStation 4, Xbox One 

Alien: Isolation 2014 PC, PlayStation 4, Xbox One 

Forza Horizon 2 2014 Xbox 360, Xbox One 

Call of Duty: Advanced Warfare 2014 Xbox 360, Xbox One 

Dragon Age: Inquisition 2014 Xbox 360, Xbox One 

Bouncy Balls 2014 
 

Rock Paper Scissors Lizard Spock 2015 Alexa 

Earplay 2015 Alexa 

The Wayne Investigation 2015 Alexa 

The Magic Door 2015 Alexa 

Jeopardy! 2015 Alexa 

Amazing Word Master Game 2015 Alexa 

Articulation Station 2015 Mobile 

Mayday! Deep Space 2015 Mobile 

Ah! Bird 2015 Mobile 

Shouting Blocks 2015 Mobile 

Untitled (Qingtang et al., 2015) 2015 PC 

VoiceBot 2015 PC 

Alien Escape 2015 PC 

There Came an Echo 2015 PC 

Bot Colony 2015 PC 

Neuro Ski 2015 PC 

In Verbis Virtus 2015 PC 

Mic Frog 2015 PC 

Rock Band 4 2015 PlayStation 4, Xbox One 

FIFA 16 2015 Xbox One  

NBA2K16 2015 PlayStation 4, Xbox One 

F1 2015 2015 PlayStation 4, Xbox One 

WhereInTheWorld 2016 Alexa 

Would You Rather For Family 2016 Alexa 

Millionaire Quiz Game 2016 Alexa 

Escape the Room 2016 Alexa 

Tic Tac Toe 2016 Alexa 

Akinator 2016 Alexa 
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Beat the Dealer (blackjack) 2016 Alexa 

Memory Match 2016 Alexa 

Hunt the Yeti 2016 Alexa 

Dungeon Adventure 2016 Alexa 

Vocal Warrior 2016 Mobile 

Blow Fly 2016 Mobile 

Oáto 2016 Mobile, PC 

Sustained Vowel Game (Lopes et al., 2016) 2016 PC 

Be Herd 2016 PC 

Moon Cypher 2016 PC 

Northern Lights 2016 PC 

Plan Be 2016 PC 

Get Me Out Of Here 2016 PC 

Full Voice Throttle 2016 PC 

Emoji Scream 2016 PC 

Super Lamaze Coach 2016 PC 

Stay With Me 2016 PC 

Chant Savant 2016 PC 

Are You With Us 2016 PC 

Dandelion 2016 PC 

EnigmBox 2016 PC 

Voice of the Citizens 2016 PC 

Voice Bounce 2016 PC 

Forest Friends VR 2016 VR 

Forza Horizon 3 2016 Xbox One 

Song Quiz 2017 Alexa 

Deal or No Deal Game 2017 Alexa 

True or False 2017 Alexa 

Volley Trivia Showdown Game 2017 Alexa 

Yes Sire 2017 Alexa 

Colossal Cave Adventure 2017 Alexa 

Crack Me! 2017 Mobile 

Gladiation 2017 Mobile 

Crew Chief for Project Cars 2017 Mobile 

Tamadog 2017 Mobile 

Voice Volume Catcher 2017 Mobile 

Citymals 2017 Mobile 

Outloud Citymals 2017 Mobile 

Gold Miner Talk 2017 Mobile 

8 Eighth Note - Scream Go 2017 Mobile 

Big Mouth 2017 Mobile 

Bike Scream 2017 Mobile 

Bird Scream 2017 Mobile 

Bird Scream Go 2017 Mobile 
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Cat Scream [2] 2017 Mobile 

Chicken Go Scream 2017 Mobile 

Chicken Go Scream: Voice Jump 2017 Mobile 

Chicken Scream 2017 Mobile 

Chicken Scream Go 2017 2017 Mobile 

Don't Scream Chicken 2017 Mobile 

Don't Stop Eighth Note 2017 Mobile 

eight note game adventure 2017 2017 Mobile 

Eight Note - Voice Jump 2017 Mobile 

Eighth Note 2017 Mobile 

Eighth Note - Scream Go 2 2017 Mobile 

Eighth Note 3D - Don't Stop! 2017 Mobile 

Flapsonic 2017 Mobile 

Flippy Bird 2 2017 Mobile 

Franky Poof Fly 2017 Mobile 

Franky Poof Space 2017 Mobile 

Furball 2017 Mobile 

Gingerliness 2017 Mobile 

Husky Scream Hero 2017 Mobile 

Monkey Scream & Sing Go 2017 Mobile 

Naughty Bunny Rush 2017 Mobile 

New Eighth Super Note 2017 Mobile 

Ninja Scream Run 2017 Mobile 

Note Bird 2017 Mobile 

Oopstacles 2017 Mobile 

Pa-pa Jump 2017 Mobile 

Parrot Scream 2017 Mobile 

Pepe Scream 2017 Mobile 

Rambler 2 2017 Mobile 

Roaring Tone 2017 Mobile 

Robo Run 2017 Mobile 

Robot Scream 2017 Mobile 

Scream Chicken 2 2017 Mobile 

Scream Dog 2017 Mobile 

Scream Dog Go: Eighth Note 2017 Mobile 

Scream Ducks 2017 Mobile 

Scream Flying - Eighth Note Go 2017 Mobile 

Scream Game: Flying Bird 2017 Mobile 

Scream Go 2017 Mobile 

Scream Go Crazy Capsule 2017 Mobile 

Scream Go Don't Stop Eighth Note 2017 Mobile 

Scream Go Gorilla 2017 Mobile 

Scream Go Hero: Eighth Note 2017 Mobile 

Scream Go Stickman 2017 Mobile 
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Scream Go: Amazing Spider Kid 2017 Mobile 

Scream Go: Chicken Scream 2017 Mobile 

Scream Go: Scream Cowboy 2017 Mobile 

Scream Go: Scream Jump Dog 2017 Mobile 

Scream Grand Spiral 2017 Mobile 

Scream N Shout 2017 Mobile 

Scream Puppy 2017 Mobile 

Scream Runner 2017 Mobile 

Scream Touch Jump 2017 Mobile 

Screamy Chicken! 2017 Mobile 

Screamy Ski 2017 Mobile 

Shout 2017 Mobile 

Sleepy Bird 2017 Mobile 

Sponge Scream 2017 Mobile 

Sub Wars - Voice Control 2017 Mobile 

Super Stick Man 2017 Mobile 

Surf Man 2017 Mobile 

Toubbi Scream Go 2017 Mobile 

Untitled 2017 Mobile 

Vocal Tamago 2017 Mobile 

Yasuhati 2017 Mobile 

Yasuhati / With your voice! 2017 Mobile 

Yasuhati Cat Scream 2017 Mobile 

Yelling Go 2017 Mobile 

Yelling GO 2 - Scream Control 2017 Mobile 

ZigZag Scream: Blocky Animals 2017 Mobile 

Color Scream 2017 Mobile 

Crazy Sink Pirates 2017 Mobile 

Read With Phonzy 2017 Mobile 

Vocaline 2017 Mobile 

Mr. Pet VR 2017 Mobile, VR 

Mario Party: The Top 100 2017 Nintendo 3DS 

Sonora (Umanski et al., 2017) 2017 PC 

Untitled (Lv et al., 2017) 2017 PC 

Untitled (Cler et al., 2017) 2017 PC 

VoiceWarrior 2017 PC 

Surrealist Siri 2017 PC 

Scream Train 2017 PC 

Garden of Silence 2017 PC 

Voice of God 2017 PC 

Soundquake 2017 PC 

Blow or Die!!! 2017 PC 

Insane Screaming Mayhem 2017 PC 

Jet 2017 PC 
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Resonance - The Lost Score 2017 PC 

Slavery & John Corp 2017 PC 

Call of the Zombie 2017 PC 

Plurality Spring 2017 PC 

Oh No! Seagulls! 2017 PC 

Be A Man: Do The Right Thing 2018 Mobile 

Scream n Move 18 2018 Mobile 

Voice Drone Fly 2018 Mobile 

Voice Dunk 2018 Mobile 

The Broken Seal 2018 VR 

Soundspeed unk. PC 
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