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DEDICATION 
 
 

 
To 

 
 

my little sister Anna Du 
 
 

and young gamers who are confronting ableism 
 
 

 
“You are the light of the world.  

 
A town built on a hill cannot be hidden.  

 
Neither do people light a lamp and put it under a bowl.  

 
Instead they put it on its stand,  

 
and it gives light to everyone in the house.” 

 
Matthew 5:14-15 
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ABSTRACT OF THE DISSERTATION 

 
Designing and Evaluating Young Children’s Interaction  

During an Alexa Trivia Game 
 

By 
 

Yao Du 
 

Doctor of Philosophy in Informatics 
 

 University of California, Irvine, 2020 
 

Professor Katie Salen Tekinbaş, Chair 
 
 
 

With the increased adoption and use of smart home speakers in households, many 

young children have learned to use listening and speaking to interact with the voice 

assistants (VAs) for a variety of daily activities (e.g., asking questions, listening to music). 

Despite the proliferation of VAs, due to the technical limitations such as automatic speech 

recognition (ASR) and natural language understanding (NLU), children often experience 

communication breakdowns with VAs, limiting educational opportunities through these 

voice-based interfaces. Informed by prior literature on child-computer interaction, child 

language development, and audio and trivia game design, I first designed a trivia game 

Animal Actions using Amazon Alexa with interdisciplinary research teams. I then conducted 

an in-home user evaluation study with 18 children between 3 and 6 years old using a mobile 

phone.  

Through video analysis of children's gameplay, I examined children's interaction with 

Alexa from four areas: children's verbal behaviors, children's response errors, Alexa 

communication breakdowns, and children's communication repair strategies. I found that 



 
 

xi 

 

single-word responses were more accurately recognized and processed by Alexa than were 

multi-word phrase-level responses. When comparing children's response accuracy and 

errors, children's responses included a wide range of speech articulation, semantic, and 

syntactic differences leading to incidents of communication breakdowns, which were not 

accounted for during game design and game item development. Parent questionnaires also 

revealed similar usability issues with automatic speech recognition and natural language 

understanding when children use VAs at home for daily routines, and parents reported using 

VAs independently and collaboratively with their children to mitigate communication 

breakdowns. Based on these findings, I discuss sociotechnical, design, and ethical 

considerations to inform future research on designing accessible user interfaces in voice 

games to support children's communication skills, including those with communication 

disorders. 
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CHAPTER 1: INTRODUCTION 

1.1 Background 

In recent years, adoption and use of commercial voice assistants (VAs) have increased 

in many U.S. households, such as Apple’s Siri, Amazon’s Alexa, Google Assistant, and 

Microsoft’s Cortana. Interdisciplinary scholars have examined how users interact with  VAs 

in daily activities, such as setting timers, playing music, and checking the news, using a 

variety of qualitative and quantitative methodologies (Lopatovska et al., 2019; Pradhan et al., 

2018; Richards, 2019; Sciuto et al., 2018; Sing et al., 2019; Winkler et al., 2019). Since VAs 

can be enabled from smartphones and tablets as well as smart home speakers, they allow 

individuals including those with mobility, cognitive, and visual impairments, to participate 

in a variety of assistive, learning, and routine tasks at home. Despite the increased use of VAs 

in many families and the potential for assisting those with various impairments, VAs are 

frequently reported to have usability and accessibility issues in areas of automatic speech 

recognition and natural language understanding, as well as voice user interface (Fischer et 

al., 2019; Murad & Munteanu, 2019). These technical difficulties and human factor issues 

have led to communication breakdowns, which can frustrate and disengage users. Young 

children who are still developing speech and language skills are especially impacted by these 

communication breakdowns (Beneteau et al., 2019; Cheng et al. 2018; Druga et al., 2017; 

Yarosh et al., 2018).  

Amazon Alexa is one of the most popular VAs which offers thousands of Alexa Skills 

on the Alexa Skill Store (Okkema, 2018). An Alexa Skill is a voice application that can be 

developed by third-party developers on the Alexa Skill Store, similar to an iOS mobile app on 

the Apple App Store. Among all their Skills across different categories (e.g., education and 
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kids), trivia games are one of the most popular genres of Alexa Skills. Although many 

empirical studies have investigated children’s interaction with VAs (Beneteau et al., 2019; 

Druga et al., 2017; Garg & Sengupta, 2020a; Garg & Sengupta, 2020b; Xu & Warschauer, 

2020), very few studies have examined young children’s user experience with VA-based 

voice games.  

Games are complex systems that not only offer children playful learning experiences 

but also can be designed as learning and assessment tools for other complex systems, such 

as language (Ang & Zaphiris, 2008; Johnson, 2010; Mislevy et al., 2012b; Mislevy & Yin, 2009; 

Rankin et al., 2006). Although numerous screen-based games have been developed for 

children’s different speech, language, and social communication needs (Boyd et al., 2015; 

Duval et al., 2018; Hair et al., 2018; Umanski et al., 2008), few interaction designers and 

researchers have investigated the opportunities for voice games for children.  

1.2 Study Motivation 

This dissertation study was inspired by my previous doctoral research. Using both 

qualitative and quantitative methods (e.g., interviews, Wizard of Oz experiments 1 , user 

studies), I developed two lines of research regarding the design and evaluation of 

educational and accessible mobile and web-based technology tools to support children’s 

communication. My first line of research examines how three popular genres of mobile 

applications (apps) — namely assistive technology apps, educational apps, and games — are 

utilized by speech-language pathologists who work with children during therapy. Using 

multiple sources of qualitative data (e.g., interviews, app store reviews, app content 

 
1 A Wizard of Oz experiment is a simulated condition “where the human fakes to be a machine” to test out the 
initial feasibility of a sophisticated system design (Spitale et al., 2020, p. 265) and is commonly used in 
building multimodal language systems (Rajman et al., 2006; Salber & Coutaz, 1993). 
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evaluations), I learned that design principles and strategies for computer and video games 

could inform the instructional design and mobile interaction design of therapy tools (Du & 

Tekinbas, 2019). In addition to using assistive technology and educational apps that are 

specifically designed with concrete learning aims for children with communication 

disabilities (Du et al., 2018), clinicians also incorporate a combination of non-digital games 

(e.g., board games) and digital games (e.g., mobile games) to teach functional communication 

and speech and language learning strategies (Du, 2018). Additionally, clinicians capitalize on 

the multimodal interaction and multiple heuristics offered by mobile games (e.g., usability, 

mobility, and playability) to motivate and reward children.  

My second line of research aims to create mobile- and web-based tools to increase 

support for parents and children who are at risk for developmental delays and who lack 

resources for bilingual Mandarin-English language assessments. Through collaboration with 

a digital health startup and researchers from the University of Delaware, I contributed to the 

design of the mobile application “Storytime” (Du et al., 2019) and the web-based language 

screening platform “MECO-LAB” (Du et al., 2020) by evaluating the usability and feasibility 

of these tools with children and their parents. Data collection and analysis from both studies 

indicated that children between 3 and 7 years old could participate in receptive and 

expressive language activities via web- and mobile-interfaces with minimal supervision from 

their parents. Empirical studies from these two lines of research enriched my understanding 

of clinicians leverage mobile games during speech therapy and how language screening 

procedures and data collection could be augmented through technology-mediated solutions. 

These prior studies point to future opportunities for designing games via the voice user 



 
 

4 

 

interface (VUI) to support language screening, assessment, learning, and intervention with 

young children. 

1.3 Aims and Objectives for the Dissertation 

This dissertation investigates children’s VA user experience through the design and 

evaluation of an Alexa trivia game, Animal Actions, among children between 3 and 6 years 

old. The game Animal Actions was designed by drawing on different bodies of literature, 

including accessibility in voice interface design from human computer interaction (HCI) and 

assistive technology research, game design, and communication science and disorders. It 

was designed and created through collaboration with a multidisciplinary research team, 

including game designers, developers, and speech therapy clinicians. Specifically, the game 

elicits verbal responses while engaging children in multi-turn question-answer exchanges 

during gameplay. To evaluate how children verbally respond to Animal Actions, I collected 

18 video recordings from typically developing children aged 3-6 years old and parent 

questionnaires regarding the adoption and use of VAs in the home setting.  

By analyzing parent questionnaires that survey VA ownership and use, as well as the 

change in expectations and attitudes through the adoption of VAs, I describe the existing use 

of VAs in family technology practices and discuss opportunities for future design of games 

via VA for children and their parents. Using both inductive and deductive qualitative coding, 

I generated four categories for analyzing children’s interactions with Alexa: child verbal 

behaviors (e.g., accurate response, no response), child response errors (e.g., articulation, 

timing), Alexa communication breakdowns (e.g., speech recognition error, network error), 

and children’s communication repair strategies (e.g., repetition, pitch change). Reflecting on 

challenges over the process of designing and evaluating the game, I discuss implications 
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regarding designing voice user interfaces in voice games for young children. Results from 

the game design process revealed multiple design constraints that influenced children’s 

interaction with Alexa, and the user evaluation study indicated specific considerations for 

game design, VUI design, audio design, and software design. This study helps designers and 

researchers better understand communication breakdowns during voice games and points 

to future research opportunities for creating voice games to support children’s 

communication.  

The remaining chapters of this dissertation are organized as follows. Chapter 2 

synthesizes three bodies of literature that inform the background of this research, including 

(1) recent studies in human-computer interaction on the adoption and use of VAs, (2) 

empirical research on advancement in VAs for use among children and individuals with 

disabilities, (3) clinical literature on communication breakdowns and repairs in human-to-

human communication, and (4) specific genres of games that inform the design and 

development of the Alexa game Animal Actions in this study. Chapter 3 reviews existing 

guidelines and recommendations for designing audio and voice games and describes how 

these guidelines inform the design and development process for different prototypes of an 

Alexa trivia game Animal Actions. Chapter 4 illustrates a user evaluation study with 18 

families, describing the study procedures and results from both the parent questionnaires 

and videos of children playing Animal Actions. Chapter 5 discusses sociotechnical and design 

implications for creating voice games and concludes with study limitations and future 

research directions related to designing accessible VUI that support children’s 

communication skills, especially for children with communication disorders. Lastly, Chapter 
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6 summarizes the overall research findings, scholarly contributions, and recommendations 

for future research. 
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CHAPTER 2: RELEVANT LITERATURE 

This chapter discusses the adoption and use of VAs in households, accessibility issues 

in VAs among users with disabilities, clinical investigation of communication breakdowns 

among children, and the use of games as a medium for learning communication and literacy 

skills. A synthesis of prior work reveals emerging opportunities for using children’s 

interaction with VAs to create voice games as a method for examining voice usability issues 

during play. Such opportunities are avenues toward creating VAs that support technology-

mediated language learning and intervention. These prior works inspired the design and 

evaluation of the voice-based trivia game Animal Actions, developed using a specific type of 

VA, Amazon Alexa.  

2.1 Adoption and Use of VAs in Families 

For the past decade, young children have increasingly been touching, visually 

scanning, and reading via screen-based devices for various educational and creative 

expressions (Druin et al., 2009). According to several cross-sectional studies, even in low-

income minority U.S. communities, nearly 97% of children under age four have already 

interacted with mobile devices for activities including watching videos, playing games, and 

accessing apps (Kabali et al., 2015). In addition to the widespread adoption of mobile devices, 

it is estimated that as of 2018, more than 30 million U.S. homes have already adopted smart 

home speakers (Cheng et al., 2018). Depending on the manufacturers, mobile devices and 

smart home speakers often have an embedded VA, a type of conversational agent that 

leverages an intelligent spoken dialog management system (Luger & Sellen, 2016).  

2.1.1 User Interaction with VAs 
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The process of designing and developing complex dialog systems for VAs 

encompasses multiple fields of research in conversational artificial intelligence (AI), such as 

automatic speech recognition (ASR) and natural language understanding (NLU). ASR is a 

multi-step technique consisting of digitalization, representation, and modeling (Hansmann 

et al., 2003). It combines signal processing and feature extraction from speech input; 

statistical analysis of acoustic, pronunciation, and language models; and advanced machine 

learning algorithms to characterize and classify speech and linguistic elements from human 

speech (Hamidi & Baljko, 2013; Keshet, 2018). After human speech signals are processed by 

ASR, the NLU component of VAs, which is an advanced form of natural language processing, 

processes messages from human speech inputs, interprets the semantic meaning, and 

returns an in-context reply from the computer in a way that is similar to human-to-human 

communication (McLean & Osei-Frimpong, 2019; Ni et al., 2020). NLU automatically extracts 

and parses users’ utterances, then classifies them using the VA’s language model to interpret 

user utterances. With ASR and NLU, this conversational interaction bypasses the need for 

humans to enter text-based input and instead allows them to verbally communicate with an 

artificial synthetic voice in a synchronous manner. 

The emergence of VAs and their voice user interface (VUI) offers a new interaction 

paradigm for all members at home (Brewer et al., 2018). To “wake up” a VA, a user simply 

needs to say a “wake word” (e.g., “Hey Siri”), followed by specific utterances that mimic 

human instructions (e.g., “Turn off the light.”) and/or questions (e.g., “What’s the weather?”). 

After receiving these voice commands, VAs will then either verbally return a piece of 

information through the VUI or execute a command by performing the action through the 

Internet of Things (IoT) controls. These IoT controls are installed on interconnected IoT 
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devices that are connected to VAs, thereby enabling control of lights, thermostats, TVs and 

home audio systems, surveillance cameras, and other home automation devices.  

2.1.2 Benefits of VAs 

VA use can bring both social and utilitarian benefits, such as convenient automation 

and connectivity, improved efficiency and productivity in daily routines, and savings in 

energy consumption (Ammari et al., 2019; Giannakos et al., 2020; McLean & Osei-Frimpong, 

2019). Older adults find VAs to be an important tool for offering entertainment, reminders, 

home control, and emergency communication (O'Brien et al., 2020); some users also report 

that they personify and objectify VAs as a companion (Pradhan et al., 2019). To understand 

how VAs are used in domestic settings, Ammari et al. (2019) conducted interviews with 19 

users and conducted a log analysis of nearly 260,000 voice commands for both Amazon Alexa 

and Google Home devices. The authors found that the most frequently used commands were 

to play music, hands-free search, and IoT control; they also reported that adults often share 

VAs with their children and manage their children’s use of and engagement with VAs. Before 

formally learning fundamental literacy skills such as spelling, reading, and typing, children 

can listen to how adults produce voice commands to VAs and learn to produce voice-based 

commands themselves (Beneteau et al., 2020; Beneteau et al., 2019).  

VAs can significantly reduce barriers to young children’s participation in a variety of 

routine tasks and use scenarios at home that might otherwise be inaccessible. For instance, 

some light switches may be installed in places that are out of reach for children and therefore, 

can only be controlled by adults. Searching songs and other information requires both access 

to the web, computers, and mobile devices and basic reading and typing skills. Due to motor 

control issues, children younger than five years old may have difficulties in using a mouse to 
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manipulate computer interfaces (Lane & Ziviani, 2010) and often require assistance from 

their parents (Calvert et al., 2005). Using a touch-enabled mobile device reduces the need for 

a mouse, but children younger than age 6 or 7 still may struggle with complex mobile 

gestures such as drag and drop, rotate, and pinch (Soni et al., 2019).  

This access afforded by VAs also applies in the realm of education. Listening and 

speaking are two basic communication skills children develop at an early age. Before the 

advancement of VAs, children could never use these two modes of communication solely to 

interact with AI to initiate, receive feedback, and participate in activities at home (Cheng et 

al., 2018; Eisen & Lillard, 2017; Sing et al., 2019). For example, VAs can perform a variety of 

learning support requests by responding to a wealth of information-seeking questions, such 

as scientific facts, calculating math, and wh-questions (e.g., who, what, where, how do I spell 

<word>?). These activities can be instrumental in children’s learning and literacy 

development in early childhood. With VAs, children can not only control home environments 

(e.g., thermostats, lights) and request stories and jokes but also engage in complex 

interactions with multiple conversational exchanges, such as playing games (Hoy, 2018). 

This ability to use communication and control the external environment further leads to an 

increased sense of agency in social experience (Valencia et al., 2020; Woodward et al., 2018).  

2.2 VAs for Children and Adults with Disabilities  

VAs also support individuals with mobility, cognitive, and visual impairments for 

daily tasks at home. Scholars have reported stories of success from individuals with 

disabilities who utilized VAs for a variety of daily interactions across multiple contexts (e.g., 

research lab, clinic, and home). These activities conducted via the voice user interface (VUI) 

included information-seeking (e.g., news and weather), consuming media (e.g., music), 
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managing time (e.g., timers and reminders), supporting calculation and office work, 

automating controls at home, and making emergency calls (Abdolrahmani et al., 2020; 

Abdolrahmani et al., 2018; Branham & Mukkath, 2019; Mukkath et al., 2019; Storer et al., 

2020; Trewin et al., 2019; Vtyurina et al., 2019). Different from a graphic user interface (GUI), 

a VUI can be a particularly promising and beneficial interface for individuals who are 

illiterate and/or individuals who cannot read, write, and type, including children and visually 

impaired individuals (Metatla et al., 2019; Yarosh et al., 2018).  

Clinical researchers have reported the feasibility of using VAs to support individuals 

who have speech, language, and hearing impairments (Allen et al., 2018; Caggioni et al., 2018; 

Ooster et al., 2020; Ooster et al., 2019; Weng, 2020; Williamson, 2019; Yu et al., 2018). 

Pradhan et al. (2018) found that parents reported their children with speech impairments 

and autism have improved their communication from speaking to Alexa. Yu et al. (2018) 

recruited five speech therapists who work with children with autism and found initial 

feasibility regarding the use of Amazon Echo Show as a potential clinical tool for speech 

therapy. Speech therapists Williamson (2019) documented their personal experience using 

VAs to enable children with cerebral palsy to use artificially synthesized speech delivered 

via augmentative alternative communication (AAC) devices for entertainment, 

environmental control, social engagement, and making emergency calls for medical support. 

Ooster et al. (2019) conducted an automated speech audiometry test via Amazon Echo Plus 

speaker with six normal-hearing adults. The authors found that the accuracy of test 

measures delivered via smart speakers are comparable to clinical tests, indicating potential 

feasibility for using hearing screenings via smart speakers as self-screening tools for hearing 

deficits. 
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Both assistive technology researchers and clinical researchers have also investigated 

multiple accessibility challenges among users of different ages and with mixed levels of 

ability. Empirical investigations from clinical researchers have concluded that the speech 

recognition accuracy of existing VAs is not adequate to offer clinical interpretations of speech 

accuracy for children or individuals with speech impairments such as dysarthria (Allen et al., 

2018; Ballati et al., 2018). Empirical studies suggest that VAs are limited in their ability to 

recognize diverse speaker profiles (e.g., individuals who have accents or pronunciation 

difficulties due to speech sound disorders), causing problems in understanding and 

responding that frustrate and disengage users (Purington et al., 2017; McLean & Osei-

Frimpong, 2019; McReynolds et al., 2017), especially children. These prior studies lay a 

foundation for ongoing investigations of the usability and accessibility of VAs for children 

and users with disabilities.  

2.2.1 Usability and Accessibility Issues with VAs 

When children interact with VAs, one of the most significant user challenges is 

communication breakdowns. In HCI research, Beneteau et al. (2019) define communication 

breakdowns as “the interactions between users and VAs which do not result in an 

appropriate response from VAs to the human communication partner” (p. 2). Similar to adult 

users who have communication disabilities, children are still developing basic speech and 

language skills and the unsuccessful conversational experience with VAs can reduce their 

motivation to use and engage with voice-based interactions.  

Communication breakdowns with VAs can be the result of multiple socio-technical 

issues. Despite recent advancements in AI, developing accuracy in ASR and NLU for children 

has been an ongoing challenge. First, children’s speech and language productions are 
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characterized by a higher pitch, more variability in speaking rate, more incidents of 

disfluencies, inconsistent speech sound production, and ungrammatical utterances, all of 

which are distinctly different from adults (Kennedy et al., 2017; Potamianos et al., 1997). 

Since many ASR systems are evaluated against and/or developed using datasets based on 

standard adult speech, these systems may not be well adapted to recognize non-standard 

and inconsistent pronunciations from children (Hamidi & Baljko, 2013). Second, to process 

audio signals and parse words and sentences, the process of training datasets needs to 

include both speech audio samples and corresponding text transcription of these samples in 

order to develop better statistical models that will improve the accuracy of ASR algorithms 

(Parker & Heerema, 2008). However, creating manual transcription of audio samples of 

young children’s speech can be time-consuming and can also be inaccurate due to human 

errors caused by the transcriptions’ perceptual differences as well as unintelligibility and 

disfluencies in children’s speech samples. 

As children go through periods of communication development and growth, their 

individual errors and patterns in their speech and language production may change. This 

poses difficulties for having an extensive number of datasets with consistent speaker profiles 

to improve ASR and NLU (McKechnie et al., 2018). Even if there is a large corpus of training 

data in naturalistic home contexts, these training datasets are typically owned by companies 

who produce VAs and can be difficult for academic researchers to access. Conducting 

research of VAs in users’ natural contexts (e.g., homes) poses additional privacy and security 

risks, especially with vulnerable populations like young children (Alhadlaq et al., 2019; 

Huang et al., 2020; Zhang et al., 2018; Zierau et al., 2020). Given the constraints related to 

child protection policies (e.g., COPPA), obtaining children’s speech and language samples to 
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train more robust algorithms for VAs can be difficult for both industry and academic 

researchers. These socio-technical limitations suggest that advancements in ASR and NLU to 

improve user experiences for children will remain an ongoing challenge for interdisciplinary 

researchers.  

2.2.2 Advancement for More Accessible VAs 

To alleviate these technical and human factor issues, many companies have released 

new generations of smart home speakers with visual and touch supports (e.g., Amazon Echo 

Show, Google Nest Hub). These multimodal user interfaces may present images, icons, videos, 

sounds, and interactive content using a visual scene display, offering an enriched user 

experience beyond voice-only devices (Bajorek, 2018). By integrating multiple modalities of 

visual, auditory, and tactile input and output, users can interact with VAs in a manner that is 

compatible with user preferences and contexts (Reeves et al., 2018).  

Inspired by the commercial products such as Alexa Echo Show and Nest Hub, Jain et 

al. (2020) created one of the first home sound awareness systems for deaf and hard of 

hearing households, which offers automatic sound classification and alerts via wearable 

smartwatch and touchscreen tablets. Since individuals with hearing impairments often rely 

on visual or haptic information, this sound awareness system offers additional multimodal 

support and helps these individuals attend to sounds that they are otherwise unaware of in 

their home. In another study, Metatla et al. (2019) conducted co-design workshops with 

middle school students with visual impairments and identified challenges for using Alexa in 

special education classrooms. Specifically, students with visual impairments reported the 

need to improve physical and sensory augmentation of VAs, such as using a physical 
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controller to quickly navigate an Alexa Skill or the retrieved resources instead of using a 

visual cue (e.g., the blue ring on the smart speaker).  

Although prior studies have examined both technical limitations and human factors 

impacting voice user experiences for individuals with disabilities, there are very few studies 

that focus on accessibility issues of children. Prior literature in clinical research and assistive 

technology-related augmentative and alternative communication have offered rich insights 

into how technology-aided communication tools can assist both children and their 

communication partners (Beukelman & Mirenda, 2013; Beukelman et al., 2007). Child voice 

users who are still acquiring speech and language skills have special learning and 

communication needs across different stages of development, thus impacting their abilities 

to communicate with VAs independently. As more children grow up learning digitally from 

both web and mobile interfaces, the design of accessible multimodal user interfaces to 

support different use scenarios for children with diverse communication abilities becomes 

an important yet thus far underexplored area of research. Such research is vital for design 

solutions that mitigate potential usability issues, such as communication breakdowns.  

2.3 Communication Breakdowns and Repairs in Human Communication 

Communication is an important domain of child development that encompasses the 

development of speech, fluency, language, and social communication (Coman & Mian, 2019). 

Communication breakdowns can be observed across the lifespan (Brinton et al., 1986), and 

children’s ability to monitor such breakdowns and initiate repair strategies tend to increase 

with age (Evans, 1985). The term “communication breakdown” originated from 

communication theory and was influenced by engineering science, which conceptualizes 

communication as “a directional, linear event that may break down” (Smith, 1970, p. 343). 
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Empirical research in this area is grounded on either a theoretical perspective that considers 

communication breakdowns to be “pathologies of the communication process,” or an 

alternative view which conceptualizes communication as “a biological dimension ... which 

directly facilitates … and inhibits social integration” (Smith, 1970, p. 346). Conversational 

repairs are “the communicative acts that make unclearly communicated messages better 

understood” by others and are an easily identifiable indicator for developmental delays 

(Stockman et al., 2008, p. 461). During a conversation, the ability to participate in 

communication repairs is instrumental to successful and cooperative human communication 

across cultural and linguistic contexts (Brady et al., 2005; Brinton et al., 1986; Dingemanse 

et al., 2015). To design accessible voice user interfaces, it is imperative to review how 

children and adults encounter and repair communication breakdowns.  

2.3.1 Communication Breakdowns and Repairs in Children and Adults 

For typically developing children, breakdowns and repairs can happen as early as a 

young child begins to acquire the basic speech and language skills to engage in social 

communication with different speakers (e.g., peers and adults). Researchers studying child 

language have documented different types of communication breakdowns (e.g., requests for 

clarification, ignoring an utterance, and wrong response), as well as communication repair 

strategies including repetition, modification or revision, subject change, no response, 

addition, and recast (Brinton et al., 1986; Comeau et al., 2010; Dincer & Erbas, 2010; Meadan 

et al., 2006). These communication breakdowns and repair strategies can be influenced by 

children’s social and physical environments and contexts (Gladfelter & VanZuiden, 2020; 

Spekman & Roth, 1984), as well as by other communication partners, such as parents, 
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teachers, and researchers (Barachetti & Lavelli, 2011; Meadan et al., 2008; Meadan et al., 

2006).  

Communication breakdowns and repairs are common among children who grow up 

learning multiple languages (Wermelinger et al., 2017). The ability to perform 

communication repairs can change and grow as children systematically develop more robust 

linguistic knowledge (Geller, 1998). Comeau et al. (2007) studied communication repairs of 

breakdowns among French-English speaking participants and found that toddlers younger 

than age three are able to identify when their language choices have caused communication 

breakdowns. Researchers later compared conversations from two- and three-years-old 

French-English bilinguals and monolingual French children and found no differences 

between monolinguals and bilinguals in their conversational repair strategies. However, 

Wermelinger et al. (2017) investigated children’s daily communication failures and repair 

skills among non-German bilingual, German bilingual, and monolingual toddlers and found 

that bilingual toddlers were better at detecting and handling communication failures. These 

findings revealed that young children, especially those who grow up speaking multiple 

languages simultaneously, can effectively recognize breakdowns and repair communication. 

Communication breakdowns and repairs can be found among adults with 

degenerative cognitive and linguistic disorders, including those with aphasia and dementia. 

Individuals with primary progressive aphasia need to manage communication breakdowns 

by developing strategies such as word-finding, using picture supports and communication 

boards and preparing gestures to resolve these breakdowns (Beukelman and Mirenda, 2013, 

p. 448). Strategies such as eliminating distractions, speaking in simple sentences, and using 



 
 

18 

 

yes/no questions have been reported to decrease communication breakdowns among 

individuals with Alzheimer’s disease (Beukelman and Mirenda, 2013, p. 457).  

2.3.2 Communication Breakdowns and Repairs in Children with Disabilities 

Communication breakdowns and repairs have been extensively investigated for 

children who have autism (Geller, 1998; Gladfelter & VanZuiden, 2020; Ohtake et al., 2005; 

MacLachlan & Chapman, 1988; Meadan et al., 2008; Volden, 2004; Wiklund, 2016), Down 

Syndrome (Martin et al., 2017), hearing loss (Blaylock et al., 1995; Ciocci & Baran, 1998; 

Lloyd, 1999; Most, 2003; Most, 2002), developmental language disorders (Barachetti & 

Lavelli, 2011; Brady et al., 2005; Merrison & Merrison, 2005; Salmenlinna & Laakso, 2020), 

speech and phonological impairments (Baker & McCabe, 2010; Snell et al., 2008), and other 

developmental disabilities (Bruce & Vargas, 2007; Dincer & Erbas, 2010; Halle & Meadan, 

2007; Sigafoos et al., 2004). MacLachlan & Chapman (1988) further found that 

communication breakdowns occur more frequently in narration than conversation, since 

narrative tasks such as retelling daily events require complex syntax and sentence 

organization (Bedore et al., 2010). With these communication breakdowns and challenges 

with initiating repairs, children may struggle when they interact with other children and/or 

adults in everyday contexts and demonstrate increased behavioral problems (Keen, 2003).  

For children with communication disabilities, speech and language disorders are one 

of the frequent causes of communication breakdowns. A speech disorder is a disruption in 

the production of phonetic aspects of words, phrases, and/or sentences, resulting in 

unintelligible communication to listeners; a language disorder refers to the impairment of 

expression and comprehension in the acquisition of vocabulary and sentences (National 

Academies of Sciences, Engineering, and Medicine, 2016). Approximately 10% of U.S. youth 
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between ages 3 and 17 are estimated to have speech and language disorders, which are 

considered the most underdiagnosed childhood disability by pediatricians (Wallace et al., 

2015). Speech and language disorders not only have unknown causes but also may also be 

present with many other comorbidities that are neurodevelopmental (e.g., autism, attention 

deficit), genetic (e.g., Down Syndrome), congenital (e.g., cerebral palsy), and/or orofacial 

(e.g., cleft palate). These disorders not only affect children’s speech and language production 

but also affect their behaviors, social interaction, school readiness, and participation in 

functional activities in the home and community (Johnson et al., 2010; Keen, 2003; Morgan 

et al., 2015; Prelock et al., 2008; Roseberry-McKibbin, 2015; Wallace et al., 2015). Children 

who have speech, language, voice, and social communication disorders are also more likely 

to encounter communication breakdowns when using VAs (Pradhan et al., 2018). 

2.3.3 Unmet Needs to Support Children’s Communication  

To learn functional strategies for repairing communication breakdowns, children 

with communication disorders receive speech and language interventions from speech 

therapists. Traditional speech and language interventions are typically delivered through in-

person communication with trained clinicians using physical and paper-based materials (e.g., 

flashcards, worksheets, books, toys). However, in the home setting, these trained 

professionals are not available, and parents often lack additional time, resources, and 

expertise to support therapy-related activities for their children (O'callaghan et al., 2005). 

As a result, participation in speech- and language-rich activities (e.g., home exercise 

programs) remains a major challenge for many families (Duval et al., 2018).  

Although researchers have reported the opportunities for and benefits of using VAs 

as a tool for enabling children’s engagement with language-rich activities at home (Duval et 
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al., 2018), VAs as a new form of assistive technology to support children’s speech and 

language activities at home remains unexplored (Tsourakis et al., 2019).  A recent national 

report indicates that the prevalence of speech and language disorders among U.S. children 

saw a 40% increase between 2007 and 2011 (National Academies of Sciences, Engineering, 

Medicine, 2016). This increased number of children with communication disorders, as a 

rising generation of voice technology users, calls for researchers to examine available 

opportunities for creating accessible and child-friendly voice applications.  

To cope with communication breakdowns while interacting with VAs, children must 

employ a variety of repair strategies such as repetition, adjusting volume, and changing their 

tone of voice (Cheng et al., 2018; Beneteau et al., 2019; Moussalli & Cardoso, 2019). As a 

result, after implementing these strategies, VAs may receive more accurately articulated and 

reworded utterances from children, but such inputs may not be representative of children’s 

original communication patterns. Additionally, Cheng et al. (2018) and Beneteau et al. (2019) 

report that children rely on parents to provide supportive communication guidance and 

speech and language modifications to be capable of engaging in complex conversational 

exchanges with VAs. This parental support replaces children’s utterances and prevents VAs 

from receiving inputs from children.  

These two repair strategies, namely revising speaking patterns and requesting adult 

assistance, limit VAs from receiving direct input from children that would be critical for 

child-specific AI training, thereby further exacerbating the technical challenges of creating 

child-specific training models that would improve conversational AI algorithms in VAs. It is 

critical that researchers across disciplines collectively address the ongoing usability 

challenges posed by VAs by offering approaches and guidelines for designing accessible 
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voice user experiences for children. This dissertation focuses on pre-literate children 

between 3 and 6 years old, as there are limited empirical studies focusing on children of this 

age. Prior work on communication breakdowns and repairs can shed light on how VAs could 

be designed to benefit multilingual youth, as well as youth and adults with disabilities.  

2.4 Games as a Tool for Learning Communication Skills 

2.4.1 Opportunities for Games 

Games are complex systems that contain goals, rules, constraints, and challenges, as 

well as win and lose conditions that players can enter and exist willfully (Salen et al., 2004; 

Schell, 2008). They can be played independently by a single player or with multiple players 

via either non-digital (e.g., card games, board games) and/or digital mediums (e.g., mobile or 

personal computers). As players make decisions for different actions during gameplay, 

games can also be designed and adapted to multifaceted measures, manipulations, and 

experimental contexts to assess and analyze player abilities (Freedman & Flanagan, 2017; 

Shute & Sun, 2019; Shute et al., 2017; Shute, 2011). Comprehensive analysis of data extracted 

from player communication, behaviors, and other interactions can help researchers 

understand players’ knowledge and skills, how players learn and generate new meanings 

and insights about games (Schrader et al., 2019; Owen & Hughes, 2019; Steinkuehler et al., 

2012).  

Playing games often involves several of the four language skills (e.g., speaking, 

listening, reading, and writing or typing). Historically, children have learned early verbal and 

language skills through playing speech and language games (e.g., “Peekaboo,” “I Spy,” “Simon 

Says”) with parents and peers; this mode of learning has been one of the most critical 

interactions for children to acquire social communication skills in the home and community 
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(Bunce, 1989; Bruner, 1985; Deal & Hanuscin, 1991; Goodwin & Prince, 2006; Kelsey et al., 

2019). By kindergarten, language play in forms of word and sound play has been 

documented as an important social and linguistic skill (Ely & McCabe, 1994). Even for 

children with speech and language disorders and other communication disabilities who may 

be challenged to play complex games, various forms of play-based activities (e.g., cause-effect 

play, imaginative play) are also used by clinicians as an important method for assessment 

and intervention (Bunce, 1989; Jarred, 2003; Schober-Peterson & Johnson, 1989; Southwood 

& Russell, 2004).   

Learning scientists and game scholars have argued that games can offer not only 

recreational experiences but also educational experiences that teach healthy behaviors and 

functional communication skills (Ang et al., 2008; Gee, 2014; Johnson, 2010; Klopfer et al., 

2009; Salen et al., 2004). The design and implementation of games as a form of assistive and 

learning technology tools for children is an area of research that has drawn broader interest 

from practitioners and researchers in speech-language pathology and child-computer 

interaction (Abhishek & Almudhi, 2020; Furlong et al., 2017; Zakari et al., 2014). In recent 

years, clinical practitioners and HCI researchers have increasingly adopted and designed 

games for supporting children’s learning of communication skills. Clinical practitioners who 

work with children who have speech and language disorders have published case studies 

and empirical research on how clinicians implement commercial off-the-shelf games (e.g., 

“Angry Birds”) to target speech therapy goals and support adult-child play that bolsters 

language development (Roehl, 2015; Sweeney, 2017; Sweeney, 2014). However, most of 

these practices primarily leverage the game mechanics as a reinforcement for existing 
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therapy practices, rather than relying on the game itself as a primary medium for learning 

(Du, 2018).  

HCI researchers have successfully designed and deployed a variety of screen-based 

mobile games for children with a diverse range of communication disorders, such as cleft 

palates, stuttering, articulation disorders, and cochlear implants, as well as for neurodiverse 

children with autism (Ahmed et al., 2018; Boyd et al., 2015; Duval et al., 2018; Gay & 

Leijdekkers, 2014; Hair et al., 2018; Hamidi et al., 2010; Hoque et al., 2009; Rubin & 

Kurniawan, 2013; Umanski et al., 2008; Zhou et al., 2012). Some scholars have successfully 

investigated the feasibility of speech recognition in mobile games to support youth with 

disabilities who need speech therapy exercises (Duval et al., 2018; Hair et al., 2020; Hair et 

al., 2018). However, the attempt to utilize ASR and NLU in mobile games is still in its infant 

stage, and most games primarily deliver learning content through graphic user interfaces.  

To date, few attempts have been made to investigate complex communicative 

activities via interactive dialogs using voice-only interfaces, and many mobile apps have not 

been deployed or implemented for use by children with disabilities at scale. In this 

dissertation study, the design and evaluation of voice game Animal Actions via the Amazon 

Alexa platform is informed by three specific genres of games: trivia games, computer-aided 

language learning (CALL) games, and audio games. Additional recommendations on game 

design will be discussed in detail in Chapter 3. 

2.4.2 Trivia Games  

Trivia games, also known as quiz games, are a genre of games that are popular for 

both entertainment and educational purposes. Players’ primary objective is to successfully 

answer quiz questions that are typically separated into different categories (Kim et al., 2019). 
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For correctly answered questions, the reward is typically either achievement-oriented (e.g., 

receiving points) or a financial incentive (e.g., receiving money). The structure of a trivia 

game includes topic categories and individual questions. Players select from multiple choices, 

sometimes aided by hints, to answer questions. The history of trivia games can be traced 

back to the early days of radio broadcasting, TV shows, and gambling in the 1950s (Wolf, 

2001; Zali et al., 2019). Since then, popular games such as Jeopardy, Who Wants to Be a 

Millionaire, and You Don’t know Jack have become well known by many players (Clanton, 

1998; Wolf, 2001). Given the nature of assessment-like interaction, trivia games are 

commonly used in social gatherings, in family settings, for teaching and assessing conceptual 

knowledge in educational settings, and for team building in corporate environments (Kim et 

al., 2019).  

In recent years, the use of trivia and quiz games has expanded into additional domains, 

such as intervention for aural rehabilitation (Schwartz et al., 2015), cooperative learning 

(Jensen et al., 2002), domain-specific knowledge assessment (Chen & Lee, 2017), and 

pragmatic communication (Toe & Paatsch, 2010). Trivia and quiz games are considered to 

be the most popular genre for VAs, especially in the kids and family category (Kids & Family 

| Google Assistant, 2020). Companies such as Amazon and Google have online stores filled 

with trivia and quiz games developed by third parties. Their developer platforms also 

provide templates for creating trivia and quiz games (Blankenburg, 2017; Template Actions 

for the Google Assistant, 2020). As a result, this genre of games is also popular among voice 

game designers. 

2.4.3 CALL Games 
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CALL games are computer aided game-based applications that integrate multimodal 

interaction (e.g., sound, voice, text, and videos) for language teaching and learning in areas 

such as pronunciation, reading, and conversation (Dillon, 2018; Ehsani & Knodt, 1998; 

Peabody, 2011). The history of CALL dates back to the 1980s when software applications 

were developed to be used as intelligent tutoring systems specifically for foreign language 

learning and computer adaptive testing (Ehsani & Knodt, 1998; Hubbard, 1991; Stevens, 

1984; Stratil et al., 1987). The field of CALL research has attracted multidisciplinary scholars 

(e.g., educational technology, language acquisition, computer science) who are interested in 

using computational methods for teaching and learning languages (Laghos & Zaphiris, 2005).  

Over the past several decades, the advancement of personal computers has improved 

the ability to offer multimodal displays and interaction through CALL, and researchers have 

developed CALL software applications that address different learning goals, including dialog 

and translation games for language learning (Seneff, 2007), pronunciation assessment 

(Dillon, 2018; Peabody, 2011), and vocabulary and conversation skills (Johnson, 2010; 

Rankin et al., 2006). Scholars such as Baltra (1990) have argued that CALL games are a 

powerful tool for engaging one or more players in and beyond educational settings and for 

supporting the development of communicative fluency. For CALL games to be enjoyable, 

learners need to have control over both the game and the learning task through narratives 

that are intrinsically motivational (Meyer & Sørensen, 2009). Most recent research in CALL 

centers around computational robustness and engineering innovation in language learning. 

However, limited empirical studies have investigated the usability and engagement of CALL 

games for language learners. Tsourakis et al. (2019) developed and evaluated five Alexa 

games for 7- through 11-year-old children and found that using VA Alexa as a CALL game 



 
 

26 

 

platform for child-friendly interaction still has multiple shortcomings (e.g., issues with the 

timeout, multiple speaker influences) that are worth ongoing investigation. Although the 

increased number of third-party voice content for VAs, very few researchers have 

investigated the potential of creating VA-based CALL games for language learning and 

training.  

2.4.4 Audio and Voice Games 

Audio games are computer games that primarily use audio stimuli, rather than 

graphics, for in-game content and feedback (Mendels & Frens, 2008), with players using 

keyboard, mouse, and controller as input devices during gameplay. Individuals with visual 

disabilities are one group of users that benefit from audio games, since they may not be able 

to play many of the mainstream games that rely on visual channels. As a result, many audio 

games are designed for blind and/or visually impaired users to enable accessible play and 

learning via non-visual means (Andrade et al., 2020; Balan et al., 2014; Miller et al., 2007; 

Song et al., 2011; Stadler & Hlavacs, 2018; Stingel-Voigt, 2020). For example, Miller et al. 

(2007) created an audio-based, rhythm-action game and found that both sighted and blind 

users were able to play this game. The authors also found that blind users had more specific 

preferences about different types of sound cues in the game. Stadler and Hlavacs (2018) 

created Blind Adventure, a bilingual English and German game engine that is also a platform 

for blind players to record audio, as well as create and share different game levels consisting 

of mini-games (e.g., fighting games, quiz games). Stingel-Voigt (2020) analyzed an audio-only 

game The Day Becomes the Night, a game designed for blind children between 10 and 14 

years old in which game world, gameplay, and game prompts were delivered through 

auditory experiences only. The sound was used in multiple creative ways, such as 
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announcing game goals, offering directions for players to perceive dimensions of game space, 

signaling progress of gameplay, and offering emotional support. These audio games 

demonstrate both accessible design considerations and creative use of sound for players 

with diverse abilities. 

In recent years, both children and adults with various disabilities have been reported 

to use VAs for various play and learning activities in areas such as social skills, geography, 

and history (Druga et al., 2017; Filimon et al., 2019; Greuter et al., 2019; Tsourakis et al., 

2019).  Pradhan et al. (2018) analyzed Amazon Echo product reviews written by users with 

disabilities and found that users with a diverse range of visual, motor, speech, cognitive, and 

hearing impairments have leveraged VA Alexa for a range of activities, including playing 

games. Greuter et al. (2019) reported that nine adult users with intellectual disabilities were 

able to follow and play with a newly developed story game delivered via Google Home 

speaker, suggesting potential opportunities for using human-agent interaction to facilitate 

social skills training. Storer et al. (2020) found that VAs enable users and their partners who 

have a mixed level of visual abilities to collaboratively play games in an audio format that 

had previously been inaccessible to them in traditional board and card game formats. With 

the increase in popularity among voice-enabled devices, audio game designers have begun 

to explore the potential of using VAs, and many trivia and CALL games have been created in 

the form of voice games for entertainment and learning purposes.  

Voice games offer a distinctly different gameplay experience compared to standard 

audio games. Given the novelty of this area of research, existing literature has not yet 

provided a clear definition of voice games. In this study, I define voice games as “games in 

which players receive auditory information and use voice-based input to take actions for 



 
 

28 

 

gameplay.” Since voice games rely on players’ voice-based speech input as the primary 

mechanism for play, the core game mechanics focus on motivating users to speak. Popular 

third-party game platforms for commercial VAs, such as the Alexa Skills store, have become 

an online marketplace for voice games, where developers can create voice games with 

options for in-skill purchase. This paradigm shift of using the human voice as a mechanism 

for supporting play has the potential to impact both individuals with disabilities who may 

benefit from an alternative modality to play games and the next generation of youth who will 

grow up as players using voices.  

Although VA users are likely used to produce short utterances for home automation 

(e.g., “Alexa, play music”) and question-and-answer requests (e.g., “Alexa, what’s the 

weather?”), using a voice as an input to play voice games—potentially requiring longer 

utterances — remains largely unexplored (Carter et al., 2015; Pantoja et al., 2019). As 

mentioned in section 2.2, existing VAs still have prominent usability issues. These usability 

issues can significantly reduce the quality of player experience with voice games. 

Furthermore, although numerous prior studies have documented the design and 

implementation of audio games for blind players, very few designer guidelines and 

developer documents have specified guidelines for creating accessible voice experiences via 

VAs for users with disabilities (Branham & Roy, 2019; Murad & Munteanu, 2019). These 

shortcomings demonstrate that ongoing research is needed to examine how players interact 

with VAs in the context of voice games and what communication breakdowns they encounter.  

To date, very few studies have reported on children’s play experience with VA 

through voice-based games or have documented best practices for designing voice games for 

children. Dillon (2018) tested two commercial Alexa Skills, a guessing game and an 
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interactive story, and found that the speaking speed was too rapid for children and the 

vocabulary level did not match the learner’s ability. Lopatovska et al. (2019) examined user 

interactions with Amazon Alexa in the home setting among 19 participants aged 4 to 55 from 

nine U.S. households. Compared to adults who frequently use Alexa for entertainment 

activities, such as playing music, telling jokes, and playing games, children in their study did 

not use Alexa for games. Researchers were unable to conclude whether this was caused by 

prior existing gameplay activities already happening in the home, lack of awareness with 

Alexa games, or children’s preferences to play games that have visual and tactile support. 

Whether these voice games reported by Lopatovska et al. (2019) were designed with specific 

learning objectives and usage strategies to adapt to the communication patterns and 

individualized needs for children remains controversial. The present study seeks to address 

these unexplored questions.  

2.5 The Present Study 

A review of prior literature suggests that HCI researchers are just beginning to 

understand how family members engage in voice-based interactions in domestic and clinical 

environments. Investigating technology-aided support for children through VA-based 

human-agent communication in the home setting can contribute to research and 

development across multiple disciplines. Additionally, many technology companies that 

design VAs (e.g., Amazon Echo, Google Home, Apple Siri, Microsoft Cortana) are interested in 

understanding how their VA products are being adopted and used among diverse users in 

modern households.  

These prior works across numerous disciplines reveal several ideas that lead to this 

proposed dissertation research. First, HCI researchers who are interested in investigating 
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children’s interaction with VAs can draw from two bodies of literature dating back to the 

1980s. Since the 1970s, most literature in child speech and language development has 

investigated communication breakdowns and repairs. Most HCI studies that investigate 

human-to-agent communication with commercial VAs have been published in the past five 

years, as the first smart speaker Amazon Echo was released in 2015. Understanding both 

bodies of literature is critical to addressing the usability and accessibility issues of VAs. 

Second, most clinical studies demonstrate rigorous experimental evaluation and often utilize 

transcription from video data to analyze the reciprocal nature of breakdowns and repairs. In 

contrast, most HCI studies utilize retrospective product reviews and interviews, with very 

few studies offering concrete design and experimental evaluation. Third, amongst the 

existing HCI literature that describes the design and evaluation of VAs, only a small number 

of studies have examined the design and evaluation of voice games (Filimon et al., 2019; 

Okkema, 2018; Tsourakis et al., 2019). Given the nature of VAs as a continuously evolving, 

ubiquitous technology, many software developers of VAs (e.g., Amazon, Google) may have 

conducted in-house research that has not been published.  

This dissertation research seeks to design an Alexa voice game to understand the 

opportunities and challenges present in the process of creating voice user interfaces for 

young children. It investigates linguistic and technical breakdowns, as well as specific repair 

strategies that children experience through analysis of children’s videos during gameplay. 

The design of this study is informed by the review of prior literature in child language 

development, child-computer interaction, and accessibility in VAs, as well as a description of 

the design and evaluation of a novel game using Alexa. Specifically, this study seeks to answer 

four research questions: 
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1. How do parents and young children use VAs in the home environment for daily 

activities? 

2. When interacting with an Alexa voice game, what verbal responses and errors can 

children produce? 

3. While playing the Alexa game, what linguistic and technical difficulties do children 

experience, and how do they solve such issues, if any? 

4. What design and socio-technical considerations should researchers address in order 

to improve children’s conversational experience when creating voice games using 

Amazon Alexa? 
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CHAPTER 3: GAME DESIGN & DEVELOPMENT 

Having described prior literature on using VAs among young children and individuals 

with disabilities and opportunities for games as a tool for learning language and 

communication in Chapter 2, in this chapter I address guidelines and frameworks for audio 

game design and conversation design to highlight implications and considerations of 

creating voice games for children. Prior literature in audio game design brings important 

implications on how game design elements (e.g., audio instruction and sonic layer) have been 

integrated, and conversational design guidelines are particularly applicable to the design of 

conversational experience with VAs during gameplay. I then discuss rationales for selecting 

Alexa as a platform and review existing commercial games that inspired my proposed Alexa 

voice trivia game. Specifically, I describe design decisions and processes of creating three 

prototypes: Kids Game, Animal Actions, and Animal Actions Display.  

3.1 Design Considerations for Audio Games and Trivia Games 

Designing games is different from creating other types of computer software. 

Designers typically have to consider not only the functionality and usability of the user 

interface but also the game experiences for players in a fun and meaningful way (Salen et al., 

2004). For instance, pressure and competition can both be fun, but trials and errors, 

frustration, and confusion are typically not fun (Clanton, 1998). To create games, designers 

have to decide on multiple game design elements, such as the rules of play and core play 

mechanics, player choices, game progress and levels, game feedback, narratives and reward, 

as well as other aesthetics (e.g., visuals, sound). Shea and Freeman (2019) synthesized a list 

of well-known game design frameworks, such as the Bartle Taxonomy, the Four Keys to Fun, 

the Engines of Play, the Player Involvement Model, Mechanics, Dynamics, Aesthetics (MDA), 
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and the Layered Tetrad. These frameworks offer methodological analysis to novice game 

designers for understanding different elements of game design and creating coherent 

gameplay experiences for players. Although there are countless digital games via web, 

mobile, and desktop computers produced every year, game design can vary significantly 

depending on the game genre, the developers, and individualized practices of game 

companies.   

Chapter 2 discussed audio games and trivia games as two game genres, and this 

section gives focus to discussion on specific design considerations for creating audio and 

trivia games, which can inform researchers who design voice trivia games on Amazon Alexa. 

The design of audio games tends to focus on the sonic layer and auditory information as the 

basis for gameplay (Beksa et al., 2015). Many audio games have been developed as video, 

mobile, platform, and virtual reality games (Balan et al., 2014), and voice interaction in 

games can augment immersive gameplay experience and also enrich player identities 

(Carter et al., 2015). Although many audio games designed for blind players share several 

design challenges, in recent years, more design researchers have developed 

recommendations and guidelines to improve game accessibility among audio games (Araújo 

et al., 2017; Balan et al., 2014).  

Extensive bodies of literature have also documented case studies, design guidelines, 

and frameworks for creating audio games (Cicció & Quesada, 2017; Rovithis et al., 2014; 

Targett & Fernström, 2003; Wadley et al., 2005), especially for individuals with visual 

impairments (Balan et al., 2014; Beksa et al., 2015; Garcia & de Almeida Neris, 2013; 

McElligott & Van Leeuwen, 2004). The sonic content in audio games may include different 

categories of sounds for navigation, feedback, and narrative (Rovithis et al., 2014), which are 
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all instrumental in creating an immersive player experience. Players, including those with 

visual impairments, can understand and play the game through perceiving sound and audio 

instruction. Despite the fact that different genres of audio games have been created (e.g., 

memory games, puzzle games, first-person shooter games), effective representation of game 

objects via audio cues is a major challenge in audio games (Oren, 2007).  

Empirical studies point to multiple design considerations for designing audio games, 

such as players’ spatial and temporal perception with sound (Mendels & Frens, 2008; Targett 

& Fernström, 2003), and using audio instruction and feedback to represent game objects and 

other functionality (e.g., navigation and control) (Miller et al., 2007). Beksa et al. (2015) 

designed three prototypes of audio casual games, including a mobile game with a series of 

mini games, a shooting game, and a memory game. During the development of these games, 

sound was used throughout all game elements, for example, as a background to represent 

and enhance the immersion of game worlds, as a tutorial for explaining game rules and 

mechanics, and as feedback to acknowledge user actions and in-game events. Targett and 

Fernström (2003) developed and tested two computer games using non-speech aural 

feedback and pilot tested the games among five sighted postgraduate students. They found 

that games could be constructed in a fun way that uses non-audio representations to teach 

the acquisition of skills, such as memory and concentration as well as other therapeutic use 

for individuals with disabilities. Although the study did not recruit blind or visually impaired 

users, authors recommend that when creating audio experience, designers must attend to 

issues related to temporal perception, review and replay, and auditory icons (also referred 

to as earcons) during gameplay. Rovithis et al. (2014) further proposed an educational 
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design methodology highlighting three categories of sonic content (e.g., navigation, feedback, 

and narrative) that should be integrated in audio games.  

Designing trivia games introduces an additional set of design challenges and 

recommendations. When playing trivia games, a player’s goal is to reach winning condition 

by correctly answering all questions (Zali et al., 2019). Differing from audio games which can 

be designed as an audio experience for many other genres of games, trivia games were 

designed primarily for entertainment purposes (e.g., winning cashes and prices) and/or 

educational assessment (Jensen et al., 2002; Wolf, 2001). For educational trivia games, the 

game design aims to support teaching, learning, and assessment of specific knowledge and 

domain areas. This intersectionality between games and education have attracted both 

educational assessment designers who are interested in designing a playful, fun, and 

engagement assessment experience, as well as game designers who are interested in 

creating educational games.  

While other trivia game designers typically work with domain experts who are 

knowledgeable about assessment design (Mislevy, 2013; Mislevy et al., 2012a), some 

educational researchers have built quiz systems that are designed with gamification features, 

such as leaderboard, challenge, rewards, and interactive feedback (Ade-Ibijola-Aruleba & 

Aruleba, 2019; Chen & Lee, 2017). Some major issues that game designers must consider 

regarding educational assessment are that principles of assessment design should be 

compatible with game design, and key constraints should be addressed together during the 

design process (Mislevy et al., 2012b). This means that when designing specific games 

elements (e.g., feedback loop, in-game measurement) for assessment purposes, game 

designers should consider how the assessment practices are typically conducted and 
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mediated as a human-level activity (Mislevy, 2013). Furthermore, assessment design should 

not only focus on the numerical outcomes of accuracy, but also attend to the structure of 

reasoning and progression during the game.  

These prior research investigations on designing audio games and trivia games 

inform the design of a voice trivia game for computer-aided language assessment learning. 

It is important to consider the use of audio stimuli as sonic information as well as the use of 

trivia questions as assessment design. Additionally, designers must address conversational 

design for player interaction delivered via VAs.  

3.2 Conversational Design Guidelines 

Because the core mechanic for trivia games is built on a question-and-answer dialog 

system, this interaction can be translated directly via conversational interfaces through VAs 

(Petukhova et al., 2018). To design the conversation for voice-based games, designers must 

also take into account existing design guidelines from VA developers like Amazon, Google, 

and others. These include guidelines related to using child friendly languages and handling 

user errors. Amazon provides several design recommendations for designing child-directed 

skills2 , such as speaking with children using child-friendly language, using child-friendly 

vocabulary, and anticipating children’s unique responses (Child Directed Skills, 2020). 

Additionally, it is recommended that developers should ask simple and direct questions and 

keep the skills positive and action-oriented. Similar to Alexa Skills, Google Actions are 

designed using the developer console Dialog Flow. The developer documentation for Google 

Actions recommends that to create actions, developers should understand the family as a 

 
2 Amazon defines “child-directed” skills as Alexa Skills that target children under age 13 in the US, India, or 
Canada or under age 16 in the UK, Germany, Japan, France, Italy, Spain, Mexico, or Australia.  
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design audience with different values (e.g., educational for parents, and fun for children), test 

for feedback with mixed audiences with users across all ages, and consider children as a part 

of the design process by making instructions and actions easy and simple (Build an Action 

for Families, 2020). In its design guidelines, Google defines different types of conversational 

components such as greetings, questions, confirmation, and errors (Conversational 

Components, 2020) and also offers a language style guide that recommends multiple 

principles for designing conversations (Style Guide, 2020). Some recommendations to 

improve conversational user experience include: 

● Focus on the user not persona with to-the-point text 

● Use informative and concise responses and let users take their turn 

● Use short and simple words accessible to all people 

● Avoid jargon and expressions that lead to misunderstanding and mistrust 

● Randomize prompts to make the conversation natural  

● Give a reason and call for action to lead the conversation 

● Avoid responses that are overly formal  

● Use contractions to avoid sounding harsh and punishing 

● Provide action-specific rather than UI specific directions  

Despite the fact that numerous technology companies have released conversational 

design guidelines, many developer documents are specific to their own VAs and/or chatbot 

systems and most design recommendations are still work in progress. Ongoing use cases and 

best practice guidelines for voice designers are also being offered through academic research 

communities (e.g., International Conference on Conversational User Interfaces) and 

workshops and seminars at industry conferences (e.g., Voice Summit, Conversational 
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Interaction Conference). However, for independent developers, it can be difficult to access 

both academic research and industry resources that are not easily accessible and available. 

As a result, over the course of this dissertation study, the design and development of different 

iterations of Alexa games primarily relies on following the latest research updates and 

seeking resources and support from industry practitioners.  

3.3 A Framework for Designing Audio Games Using VAs 

The recent work published by Cicció and Quesada (2017), “Framework for Creating 

Audio Games for Intelligent Personal Assistants” (Figure 3.1) focuses on a framework for 

game design using VAs. This framework by Cicció and Quesada (2017) lists the following five 

specific elements for VA-based game design:  

● Core game mechanics: ways in which players give voice-oriented input to interact 

with the game 

● Game goals: short and long-term objectives to keep players engaged and focused on 

the purpose of play 

● Story: an easy-to-follow narrative that is aligned with game goals  

● Reward: positive reinforcement systems that encourage users to keep playing 

● User Progression: actions and decisions that motivate players to complete the game 

Although these five elements are also important components for other genres of 

games, some of them are particularly critical and difficult to design in the context of a VA-

based game. For instance, differing from audio games which can receive user input via a 

physical game controller, most VA games have to rely on listening and speaking as the core 

game mechanics. Designing stories within voice games can be challenging, because designers 

have to balance different roles and functions of using VAs across multiple game contexts, 
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such as narrating a background story, delivering character dialogues, and asking questions 

and/or giving commands to the player. Additionally, because of the lack of visual elements 

for VAs, receiving rewards and monitoring user progression may not be as easily visible 

compared to other game genres.  

In addition to the game components above (e.g., core game mechanics, game goals, 

story, reward, and user progression), designers also need to consider engineering needs for 

creating the audio-game manager, help module, and natural language processor. To design 

the audio game manager, other components of the framework include (1) ambient audio to 

enrich the game experience, (2) voice-overs that offer versatility and variety for game 

interaction, (3) voice recognition, and (4) positional audios to support spatial orientation. 

These elements are especially important to games via VAs, as these design elements directly 

impact player’s auditory perception and voice input Besides the game design elements and 

audio game manager, Cicció and Quesada (2017) argue that a help module to support 

narrative understanding and a natural language processor to customize player utterances 

during gameplay are also critical. Since most audio games do not have a visual scene display, 

help modules can offer essential information for players to navigate and progress through 

the game, and customization and improvement in the natural language processor can enrich 

the naturalness and accuracy of both ASR and NLU. 

In summary, the framework by Cicció and Quesada (2017) offers an initial starting 

point for designers and developers to consider both the game design and audio design 

elements when creating voice games using VAs. It also inspired the iterative design of the 

Alexa game documented in this paper. Although this framework is described as a universal 

tool for designing audio games using VAs across multiple platforms (e.g., Amazon, Apple, 
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Google, Microsoft), details for designing specific genres of games as well as platform-specific 

constraints and considerations (e.g., Amazon Alexa Skills vs. Google Actions) are not 

provided. In the next section, I describe considerations for selecting Amazon Alexa as a voice 

game design and development platform to discuss the decisions and process for creating 

three different Alexa game prototypes. 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.1. Framework for Creating Audio Games for Intelligent Personal Assistants3  
 
3.4 Selecting Amazon Alexa as a Voice Game Platform 

The voice game described in this dissertation uses one specific type of VA: Amazon 

Alexa, the VA embedded in smart home speakers manufactured by Amazon. Most games on 

Alexa are developed as an Alexa Skill, which is similar to a mobile app on smartphones. 

Differing from native voice commands which are developed by Amazon, an Alexa Skill can be 

 
3 According to Ammari et al. (2019), the term intelligent personal assistants (IPAs), as well as smart speakers 
and conversational agents (CAs), are all analogous to voice assistants (VAs).  
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developed by third party developers (Major et al., 2019; Chung et al., 2017). There are over 

100,000 Alexa Skills on the Amazon Skill store across 23 categories, such as education and 

reference, health and fitness, productivity, kids, news, and weather; among these skills, more 

than 10,000 Alexa Skills are games. Users typically do not have a way to receive 

recommendations but can keep up with Alexa Skills by reviewing email updates and enabling 

push notifications on their Alexa app, which is required to set up any speaker with Alexa. To 

date, Amazon has a product line for various Alexa-enabled hardware devices, including 

Amazon Echo, Echo Dot, Echo Spot, and Echo Show (the latter two of which both have visual 

scene display).  

This study chose the Amazon Alexa platform for several reasons. First, Amazon is one 

of the earliest companies to commercialize a “kid-version” product line using the smart 

speaker Amazon Echo Dot, which comes with a year of “premium” subscription to Audible 

books and games targeting children as consumers with parental guidance. Amazon also 

offers additional resources on how to design with VAs for children and families, while 

attending to compliance requirements with the Children's Online Privacy Protection Act 

(COPPA) and the EU General Data Protection Regulation (GDPR).   

Second, it is the largest platform for VA games. As early as 2018, game scholar Laura 

Okkema (2018) estimated that there are already more than 6000 registered Alexa Skills 

under the category of “Entertainment, Games, and Trivia” on the Amazon Alexa Skill store. 

Despite the rising number of voice games being developed in online stores for Amazon Skills, 

existing research has not fully explored how children engage in complex and interactive 

language activities through voice games in the home setting.  
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Third, Amazon is one of the earliest companies in creating an ecosystem for health-

specific Alexa Skills. Even though existing VAs have known usability challenges, the clinical 

adoption and research of VAs are on the rise (Allen et al., 2018; Nayar, 2017). In April 2019, 

among multiple smart home speakers on the market, Amazon was the first to allow external 

entities to build Alexa Skills that transmit and receive protected health information as part 

of an invite-only program (Jiang, 2019). Since the aim of this dissertation project is to explore 

the opportunities for using games for health implications in the future, the Alexa developer 

platform and Alexa Skill presented a unique opportunity for creating a voice game for young 

children. 
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Many existing VA games on the Amazon Alexa platform have inspired the design and 

development of the proposed Alexa game prototype in this dissertation study. To support 

the Alexa developer community, Amazon offers resources and activities, including events 

such as “Amazon Games Week” that specifically target developers interested in designing 

Alexa games. In an Alexa Games Week during April 2020, invited speakers in voice design, 

game design, engineering, and entrepreneurship documented several key takeaways about 

designing and developing Alexa games to the larger developer community (Muoio, 2020). 

However, these guidelines do not include specific attention toward designing trivia and quiz 

games that attend to children’s developmental needs and usability issues.  

As more Alexa game contents have been developed over the past few years, a wide 

range of game genres including narrative and adventure games (e.g., The Magic Door, Choose 

Your Own Adventures) and strategy games (e.g., Escape the Room) have been developed. To 

date, multiple third-party Alexa Skill developers have consistently published a variety of 
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Alexa Game Skills, including the developers Pretzel Lab (Pretzel Labs, 2019) that has 

produced a line of Alexa Skills for children, as well as companies such as Soapbox Labs 

(SoapBox Labs, 2020) that has developed API to improve the improve the quality of ASR and 

NLU for children. For example, one popular game made by Pretzel Lab, Freeze Dance, is a 

child-friendly Alexa Skill that asks children to dance along with music and freeze when the 

music stops. This Alexa Skill demonstrated the creative use of Alexa to innovate upon 

conventional children’s games, such as the musical chair.  

Besides exploring these popular games via the Amazon Alexa Store, I also drew 

inspiration from recent game evaluation and reviews published by game scholars who 

investigate the emerging marketplace of voice games via VAs. For instance, Filimon et al. 

(2019) described several educational Alexa Skills, such as Question of the Day, Amazing 

Word Master Game, and Tricky Genie. Question of the Day is a trivia game designed to 

improve cultural knowledge by asking users different questions on a variety of topics 

including arts, history, culture, and science. Another game, Amazing Word Master Game, 

presents a word to players and then asks them to say a word that has an initial letter of the 

given word. Both games track player answers and compare scores with those of other 

players for tracking user progress and reward. The game Tricky Genie offers a different 

experience by presenting the player as a fictional character within the game who makes 

choices in a narrative story. However, the conversational user experience of many games 

primarily consisted of Alexa commands and simple yes/no questions or complex answer 

choices from children, which often require additional domain knowledge. These games do 

not target language assessment and learning, and often demand complex receptive and 

expressive language skills to comprehend and answer Alexa’s questions. Additionally, their 



 
 

44 

 

conversational interfaces did not offer multiple feedback and prompts to target potential 

communication breakdowns from young players. Despite these shortcomings, playing 

commercially available Alexa games informed the design and development of the proposed 

Alexa Game, and offered insights for creating multiple game design components (e.g., game 

goals, level design, story) and the question and answer dialog interaction.  

3.6 Design of Alexa Games 

I designed three iterations of an Alexa trivia game from Summer 2019 to Spring 2020. 

In the following sections, I provide an overview of two iterations of this game: an initial 

version named Kids Game, developed in Summer 2019, a second version named Animal 

Actions, developed in Fall 2019, and a third version named Animal Actions Display, developed 

in Spring 2020. 

3.6.1 Initial Prototype: Kids Game 

 The initial Alexa game prototype Kids Game was developed during a three-hour 

design session at the Voice Hackathon during the 2019 Voice Summit in Newark, New Jersey 

in the summer of 2019. This prototype consisted of five quiz questions asking players to 

listen to animal sounds and guess animals’ names. The participating design team consisted 

of two licensed speech-language pathologists, a voice user interface designer who has 

designed Alexa Skills for children, and a programmer who is also a caregiver of a sibling with 

autism. All members shared their personal and professional experience and interests in 

helping children with autism to improve their language and communication. The Alexa Skill 

design process during the three-hour hackathon included the following phases: definition of 

user requirements, identification of game assets and mechanics, and game design and 

development. 
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Phase 1: Defining of User Needs & Requirements 

The players were defined as young children between three to six years old with 

language delays due to autism. These children have delayed acquisition of gestures, nouns, 

and verbs, and reduced social communication during conversations (Prelock & McCauley, 

2012, p. 198). The team identified some of the most common prominent measures in 

providing language assessments and interventions (e.g., MacArthur-Bates Communicative 

Development Inventories, or the CDI; and Test of Early Language Development-Second 

Edition, or the TELD-2) and articulated specific tasks to be designed using Alexa. These tasks 

include determining a child’s vocabulary knowledge of early objects (e.g., recognizing 

animals and objects) and expressing routine activities (e.g., naming actions).  

Phase 2: Identifying Game Elements and Assets 

The design and development team used the Alexa Skills Kit and existing Alexa Skill 

templates for trivia games. Using the Alexa sound library (Alexa Skills Kit Sound Library, 

2020), two sets of sound stimuli were selected based on known vocabulary on the CDI 

vocabulary assessment: animal sounds (e.g., cat, dog), and activity sounds (e.g., flushing the 

toilet). Trivia questions and hints were written using “What is it?” and “What is it doing?” 

questions following the template dialog structure and the anatomy of custom skills (Orr & 

Sanchez, 2018). 

Phase 3: Game Design and Development 

Given the nature of the hackathon’s time constraint, the team agreed to use existing animal 

and environment recordings to help a potential child player to express single words by 

identifying sound stimuli. The team further refined basic narrative elements in which a 

group of animals (e.g., cat, dog, chicken, horse) are game characters who are making noises 
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(e.g., meow, bark) and performing actions (e.g., ringing the doorbell, riding a motorcycle) as 

a human would. A conversation flow diagram was illustrated in Figure 3.2 below. Based on 

this architecture, the developer used Node.js for the backend program and linked DynamoDB 

for database storage.  

 

Figure 3.2. The Conversation Flow for Kids Game 

Phase 4: Final Deliverable 

At the end of the hackathon, the team completed the front-end and back-end 

integration of an Alexa Skill in its internal beta-version. The final prototype has three rounds 

of question prompt and response exchange and received a third place per judges at the 

Hackathon. Due to the nature of a hackathon, no user testing was completed. 

This first prototype led to several lessons learned and also points to several 

promising areas for future research. From this prototype design, the design team learned 

that when a trivia game was designed using voice user interfaces, each question may lead to 
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multiple potential answer responses. One successful strategy was to use voice prototyping 

to map out the conversation user experience during game development, as the developer 

had never worked on developing a voice application and significantly benefited from the 

conversation flow diagram. Another observation from this prototype is that during 

playtesting, the design team found that when only using a fixed feedback to acknowledge 

correct and incorrect responses, the conversational experience became robotic and 

unengaging. Solving this problem demands different variations of conversation feedback to 

correspond to different scenarios of user responses (e.g., correct and incorrect responses, no 

response). In this prototype, due to time constraints, only quiz questions for animal games 

were designed and the design team did not finish creating additional quiz questions for 

animal action items. Additionally, current quiz questions appear to be as discrete and static 

similar to many other quiz activities (Mislevy et al., 2012b). These unresolved issues inspired 

the second game prototype, which leveraged the use of narrative to connect each quiz 

question, and level design to separate animal question items (Level 1) vs. action question 

items (Level 2). 

3.6.2 Second Prototype: Animal Actions  

After the initial prototype was developed, the game was expanded using an iterative 

design process with a multidisciplinary student team, consisting of students in computer 

science, game design, public health, and communication science and disorders. Synthesizing 

the prior literature, the initial prototype, and designer guidelines from Amazon in this round 

of iteration, we designed Animal Actions, a voice trivia game which asks players to listen to 

audio stimuli and answer questions to identify different animals and their associated actions. 

Game Design Goals 
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The design of the game was organized around the following four goals:  

1. Use speaking as the primary user interaction 

Since this game has voice-only interaction, users need to provide consistent verbal responses 

in order to keep advancing. One constraint is that Alexa Skill will force quit when not 

receiving verbal responses from a user after 8-10 seconds (Tsourakis et al., 2019); therefore, 

additional conversational prompts were designed for multi-turn user-generated verbal 

outputs.  

2. Reduce auditory and cognitive information processing load 

Unlike adult users, children have reduced auditory memory and require a longer duration of 

time to cognitively process auditory information. To address this, the game was limited to 

11 questions per level for two levels and used fewer than four sentences per conversation 

exchange.  

3. Manage communication breakdowns within the game 

Existing conversations for communication breakdowns (e.g., Alexa: “Sorry I did not 

understand you.”) are replaced with customized conversation prompts (e.g., “Alexa: Let me 

think about it. Can you say it one more time?”) for the Alexa error message. This customization 

aims to sustain ongoing dialogue and increase children’s conversational experience and 

engagement, in case an unknown error occurs during the game.  

4. Implement existing communication techniques in clinical practice 

Learning from speech therapists’ clinical practice, the Alexa dialog responses implemented 

verbal praises and encouragement, rather than direct acknowledgement of right and/or 

wrong answers. Drawing from existing literature in child speech and language development, 
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the game used prior intervention techniques (e.g., semantic feature cues as prompts) to 

inform the development of game stimuli.  

Based on these goals, the team developed Animal Actions, a 10-min Alexa trivia game. 

Different from existing Alexa trivia games which focus on assessing children’s knowledge 

through detecting accurate and/or inaccurate verbal responses, Animal Actions utilizes two 

types of wh-questions, Amazon built-in auditory stimuli, and conversation prompts on the 

Amazon developer platform. Drawing from a deeper analysis of receptive vocabulary and 

sentence tasks from conventional language assessments (Dunn & Dunn, 1997; Gagarina et 

al., 2012; Williams & Wang, 1997) and game-based therapy activities (Bunce, 1989; Bruner, 

1985; Deal & Hanuscin, 1991), the game used the text-to-speech dialog by Alexa and aims to 

elicit a rich variety of verbal responses from children via a range of linguistic forms (see 

Appendix A for a sample transcript).  

Voice User Interface (VUI) 

To play Animal Actions, a player needs to name animals and produce phrases to 

describe activities animals are doing by listening to a narrative story with two levels of quiz 

questions: “What is it?” (Level 1) and “What is it doing?” (Level 2). The game storyline sets 

this scene: some animals are trapped in a dark room, and the player is on a mission to rescue 

animals (e.g., cat, dog, wolf) by providing word-level responses for animal names in Level 1 

and phrase-level responses in Level 2. A player must correctly answer all animal questions 

before moving on to action questions. Figure 3.3 illustrates a sample user interaction of the 

VUI using the Amazon Alexa Console for internal developer testing, illustrating the sequence 

of Alexa utterances and audio cue as well as anticipated player responses during both game 

levels. In this version of Animal Action, no visual screen display is provided, and the gameplay 
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is voice-only. These dialogues are only available to internal developers and players are 

unable to see any visual dialogues during the game. 

  

Figure 3.3: Screenshots of the Internal Developer Console for Animal Actions4. 

Several specific design considerations were implemented while designing Alexa’s 

utterance. First, all of Alexa’s questions were directed to the child, therefore, all of Alexa’s 

utterances were designed using two categories of pronouns: first person "I/me, we/us" and 

second person "you." This design approach mimics examples from a design pattern for 

question-and-answer voice interaction described by prior voice game design patterns by 

Allison et al. (2018). Second, the sequence of Alexa questions and audio stimuli follows a 

question first and audio next sequence. For each quiz question, Alexa will describe the animal 

and/or action, ask the quiz question, and then play the audio stimuli. This was designed in a 

 

4 The screenshot indicates quiz questions with word-level responses in Level 1 (left) and 
phrase-level responses in Level 2 (right). The white text indicates utterances from Alexa, 
and the black text indicates user utterance. 
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way to reduce players’ auditory memory and cognitive load, because the audio stimuli are 

the most important hint for answering each quiz question and therefore, was played at the 

end. Lastly, in case of potential time out and network errors, an error message is customized 

to elicit a repetitive response from the player: “Let me think about it. Can you say it one more 

time?” This was designed to give children a second chance to restate their answer to avoid 

potential errors resulting from either speech recognition and/or natural language 

understanding. 

For game feedback, at least 5 variated utterances were designed for both correct and 

incorrect responses to avoid redundancy and improve player engagement. Currently for 

each quiz question, Alexa handles three response conditions: correct answer, incorrect 

answer, and no response or “I don’t know.” When answers are correct, the game will 

progress to the next level by a randomized option out of five positive praises (e.g., “You are 

a rock star! " "You really know this sound very well.", "Excellent! You are so good at this." " 

Wow! I am surprised you know this." "You are doing awesome! Keep it up."). When answers 

are incorrect, Alexa provides a randomized response out of five verbal encouragement (e.g., 

"You are so close." "That's such a wonderful guess." "Your answer is really close." "What a 

good try!" "I like how you think."). The verbal encouragement is then followed by a prompt 

which gives a semantic description of the answer (e.g., “This is an animal that lays eggs in the 

farm.”) and asks for a second attempt from the player. A user interaction diagram that 

illustrates the game architecture is presented in Figure 3.4.  
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Figure 3.4: Game Architecture for Animal Actions  

Upon completion of the second prototype Animal Actions, the design team conducted 

an internal playtesting amongst each other and also updated a complete list of acceptable 

quiz answers by accounting for potential linguistic variations in children’s speech. For 

example, for the quiz answer “cat”, additional acceptable answers such as “kitten” and “kitty” 

had to be manually added into Alexa; for the quiz answer “taking a picture,” synonymous 

responses such as “taking a photo” was also added to the acceptable answers. The design 

team made a decision to omit one feature in this prototype, that is, automatic scoring and 

feedback to players about their quiz scores. Since Animal Actions is still a prototype in its 

early stage of development, announcing failures during the gameplay may discourage 

children’s motivation to participate. Additionally, the design team also created a user 
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evaluating plan to recruit 20 children between 3 and 6 years old. Details for the user 

evaluation study is described in Chapter 4. From the user evaluation, one major finding that 

impacted player experience is related to the children’s misinterpretation of audio stimuli 

and diverse linguistic variations in their responses. To address this key finding, I now turn 

to describe the third prototype Animal Actions Display, which focuses on enriching game and 

narrative design, adding visual design, and improving voice user interface to support 

children’s gameplay experience.  

3.6.3 Third Prototype: Animal Actions Display    

Based on a user evaluation study with 18 children between 3 and 6 years old (more 

details in Chapter 4), a multimodal Alexa game Animal Actions Display is being developed 

with the following: (1) enriched game and narrative design, (2) increased multimodal 

support for feedback via a visual display, and (3) improved help modules and natural 

language modules. These additions aim to expand game complexity and extend player 

engagement, reduce misleading audio information, and support navigation and natural 

language processing. 

Game Design 

Animal Actions Display is presented as an adventure game, in which Alexa acts as a 

narrator and the player acts as a hero who saves different animal characters in the game. The 

animals are trapped in a dark room and the player’s objective is to answer questions to first 

identify the animals and then take them to the player’s home safely. Animal Actions Display 

includes two mini-games which both consist of close-ended tasks. One mini-game continues 

the trivia game format by asking players to listen to and answer questions; another mini-

game introduces a copycat sentence repetition interaction, in which the player listens to 
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commands and repeats given instructions to request animal characters to perform actions. 

Each level has five questions, and each level asks a specific type of question. As the player 

progresses, the narrative becomes more complex, and the question becomes more difficult 

and answers with longer utterances are required. Positive feedback on both correct and 

incorrect answers is provided using visual and verbal means. The reward for each question 

is the verbal praise and visual picture. Visual feedback is delivered through revealing black 

silhouette pictures (Figure 3.5, left) to colored pictures (Figure 3.5, right), which are 

uploaded to Amazon Web Services (AWS) for integration in the new prototype.  

 

Figure 3.5:  Silhouette and Colored Pictures for Animal Actions Display 

Narrative Design 

To improve the narrative design, the research team conducted a literature review 

regarding narrative design, ranging from literature in child language intervention to 

children’s media studies. Prior research on narratives in children’s media and clinical studies 

have suggested that stories are beneficial interventions for children to develop 

communication skills (Gilliam et al., 2018; Graves et al., 1994). However, from our evaluation 

study, we learned that these complex interactive dialogs and narratives can lead to 

additional communication breakdowns. In order to create a motivational experience, 
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designers need to ensure that a narrative is designed to augment the game mechanics and 

facilitate user progression as the story unfolds. For Animal Actions Display, the research team 

utilized existing narrative tools in fields of child language intervention (e.g., story grammar) 

and narration for children’s books with animals on popular media sites (e.g., YouTube). 

Three design sessions were conducted remotely by the research team to address narrative 

revisions. The final narrative utilizes an adventure game theme as a context for different 

levels of the game. There are two categories of game goals: gameplay goals and narrative 

goals. The gameplay goal in level one is to use single word responses to identify five animals 

by the sounds they make; in level two, it is to use short phrases to describe how each animal 

performed five animal actions. The narrative goal is fulfilled once the player saves five 

animals from the dark room, prepares a celebration party for the animals, and helps the 

animals to find their way back home. Additionally, to improve the naturalness of Alexa’s 

narration, Speech Synthesis Markup Language (SSML) is integrated into the narrative and 

conversation. 

Visual Design 

We added visual aids to diversify in-game prompts and give players extra help to 

guess animals and actions. Based on the evaluation study findings for the voice-only version 

of the game Animal Actions, children have difficulties interpreting audio stimuli in Alexa 

trivia games. This redesign provides cues through which children could rely on visual 

pictures to answer questions. Such a visual aid is implemented by leveraging Amazon’s visual 

displays for its devices. The initial visual design and development focused on evaluating two 

modes of visual elements: pictures and text information. There are two types of pictures: 

cards versus displays. Cards refer to pictures that operate on mobile devices (e.g., iPhone, 
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iPad), whereas displays can only function on screen-based Alexa devices (e.g., Echo Show, 

Echo Spot). In addition to pictures, text-based information can also be added to the screen 

(Figure 3.6). This text information allows us to explore more opportunities to provide 

written cues for users, enabling the Alexa app to be both a listening tool and a reading tool. 

Since our initial evaluation study was conducted on the mobile phone, to allow for more 

transportability and direct implementation on personal devices during the next level of 

testing, we decided to add cards as a visual aid. Developing the Alexa Skill to be mobile device 

compatible can increase access to this game, as any family that has a mobile device can 

download a free Alexa app without purchasing an Amazon Echo or Amazon Spot. 

 

Figure 3.6. Mobile Screenshot for Animal Actions Display. 

Help and Natural Language Processing Modules 
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Lastly, after both the visual (e.g., cards) and verbal feedback were implemented in the 

game, a set of “help” functions was also created via in-game “help messages'' which can be 

requested by the player at any point throughout the game, per design recommendation by 

Cicció & Quesada (2017). When a user asks for “help,” Alexa explains several help commands, 

such as “stop” (to stop the game) and “repeat” (to repeat the previous question). The 

commands “Stop” and “Repeat” are essential to this game because these are Alexa commands 

for users to communicate with Alexa in its chatbot mode without necessarily enabling an 

Alexa Skill; therefore, these two commands serve as basic navigation supports in the game. 

Additionally, to prevent multiple scenarios of Alexa communication breakdowns, new 

variations for error messages were proposed to probe for four types of children’s 

communication repair strategies. These variations of error messages were developed based 

on video analysis results (more detail in Chapter 4) including questions that prompt for 

children’s repetition (e.g., “Let me think about it. Can you say it one more time?”), 

modification (e.g., “That’s a wonderful guess, what else can it be?”), better articulation (e.g., 

“Can you say it again nice and clear?”) and increase in loudness (e.g., “I can’t hear you very 

well, can you say it nice and loud?”). These messages will be delivered in a randomized 

manner in the Alexa error handler for re-development, as Alexa currently does not have 

context-aware mechanisms to respond to different causes of communication breakdown 

based on children’s responses. 

To improve natural language processing, a feature was implemented from the Node.js 

library called “string similarity.” To compute the string similarity, a speaker’s utterances are 

first received as speech input and then converted from speech to text in order to compare 

with the textual answers that developers programmed during the trivia game development. 



 
 

58 

 

By comparing a player’s utterances with the corresponding correct answers during the game, 

the use of string similarity allows evaluation of how close the player’s answers match the 

correct responses created by the game designer. With the user’s answer and the correct 

answer as inputs, the library returns a similarity score between 0 and 1. This score can be 

used to determine the quality of the player’s answer. To ensure this automatic calculation, a 

threshold needs to be determined by testing more participants, especially for complex 

questions that can be difficult for automatic speech recognition (ASR) and natural language 

understanding (NLU), which typically demand multi-word responses. Figure 3.7 illustrates 

the potential integration of string similarity to evaluate more complex story comprehension 

for Animal Actions Display when using a value of 0.6 or more to evaluate an answer as correct. 

Once more rigorous user testing is conducted, this value can be adjusted based on the results. 

 

Figure 3.7. New Software Architecture Using String Similarity  

Through the design and development of these three prototypes, multiple challenges 

were encountered, and several game design lessons were learned. During the iterative game 

development, one major challenge the research team encountered was related to developer 

resources. The Amazon developer documentation was insufficient for novice developers, 

especially in the area of creating a non-generic trivia game architecture that offers additional 

prompts and feedback for child players. As a result, the research team had to complete 
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multiple whiteboard drawing exercises to make decisions on the overall dialog flow based 

on several anticipated user responses. In terms of quiz item design and evaluation, it is 

critical to attend to the selection of audio stimuli from Alexa’s built-in library and their 

appropriateness for children, the design of conversational user interface (both quiz 

questions and user feedback), and how the game should progress across different levels. 

According to the evaluation study, usability issues were reported from a wide range of 

technical errors from Alexa as well as breakdowns from children’s communication 

difficulties. Without visual support, Animal Actions can be limited in the way’s children could 

receive contingent and multimodal feedback (e.g., verbal praise + visual reinforcement) to 

successfully complete the game. Also, the current game implemented a linear story and 

players were unable to take different story branches to reach new endings to replay the game 

with novel game elements. All of these design considerations can impact children’s user and 

play experience, sustained attention and engagement, and their ability to correctly answer 

trivia questions. These findings suggest that ongoing game design should also attend to 

designing better measures (e.g., child-friendly answer choices), more feedback (e.g., sound 

effects as auditory reinforcement), and additional models of interaction (e.g., visual pictures) 

to reduce communication breakdown and increase player engagement.  
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CHAPTER 4: USER EVALUATION STUDY 

This chapter describes the procedures and findings of an in-home evaluation study of 

the Alexa game Animal Actions among 19 families with children between three and six years 

old who have no prior history of speech and language delays. The goals of the study were to 

examine young children’s interaction with Alexa while playing Animal Actions and to 

investigate parents’ and children’s use of Voice Assistants (VAs) in their daily activities. To 

examine children’s interaction during Animal Actions, videos of children’s gameplay were 

collected during in-home usability testing. These videos were used to analyze 

communication and technical breakdowns between the children and Alexa. To investigate 

prior history of VA use by parents and children, parent questionnaires were collected that 

included questions about their VA ownership, shared use of VAs between parents and 

children, literacy activities with and without VAs, parents’ attitudes and observed challenges 

regarding use of VAs, and their expectations for technical and design changes in VAs to 

improve their children’s learning and family routines. The data from the children’s video 

analysis and parent questionnaires help bring to the surface critical usability issues of the 

Alexa game Animal Action for children between three and six years old. These data also 

provide information regarding the feasibility of using voice games as a home-based learning 

tool for young children. Findings from this user study can inform researchers about some 

key socio-technical considerations for the design and development of voice games for young 

children. The following sections of the chapter describe the participant recruitment, data 

collection, analysis, and results from both the parent questionnaires and video analysis of 

children’s gameplay behavior.  

4.1 Participant Recruitment 
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After receiving Institutional Review Board approval from the University of California, 

Irvine, a total of 19 children were recruited via a snowball sampling strategy using word of 

mouth, email flyers, and online posts in Facebook groups between November 2019 and 

January 2020. These children were recruited from five different counties in California 

(Orange, Los Angeles, San Diego, Santa Clara, San Mateo). To be eligible for the study, all 

children had to meet the following criteria: (1) be between three years zero month and 6 

years 11 months old; (2) have no history of physical, cognitive, or communication disorders 

in speech, language, and voice; and (3) have prior experience with and be comfortable using 

VAs on smartphones and/or smart home speakers. Children with a prior history of 

communication disorders (e.g., articulation and language disorders) were purposely 

excluded in order to focus on typically-developing children’s experiences with usability 

issues and technical breakdowns of Animal Actions, as children with pre-existing 

communication disorders are likely going to encounter additional challenges due to their 

speech and language disorders. Doing so allowed me to rely on age-appropriate 

communication development as a standard of reference. One video file from a six-year-and-

seven-month old boy was broken during data collection. Therefore, this participant was 

excluded from the final data analysis.  

The remaining 18 children who participated in this study consisted of nine males and 

nine females. Their demographic information is organized from youngest to oldest in Table 

4.1. The average age for the participants was five years old, with the youngest child being 

three-years and one-month old and the oldest child being 6 years and 11 months old. Nine 

children were reported to have exposure to another language at home. However, according 

to parental questionnaires, all of them were exposed to English more than 50% of the time, 
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except P1 who had at least 40% reported exposure to English. This English language 

exposure was an important requirement to ensure adequate proficiency in and knowledge 

of English in order to interact with the Alexa game Animal Actions. Parents who participated 

in this study included three fathers and 15 mothers. All but three of the parents reported 

having a college degree or above, and these three parents reported with primary school (P11 

& P16) and secondary school (P7) levels of education. In terms of the number of children in 

the household, only three participants (P4, P8, and P10) were reported to be the single child; 

the remaining participants all had either older and/or younger siblings in the household and 

some older siblings were also users for VAs. 

Partici
pant ID 

Child Age 
(year; 
month) 

Child 
Gender 

Child 
Language(s) 

Parent 
Gender 

Parent 
Education 

Siblings’ Age 

P1 3;1 F English (40%) & 
Mandarin (60%) 

M College 6 Months 

P2 3;3 M English F College 6 years; 14 
months 

P3 3;4 F English F Master 11 months 

P4 3;11 F English M PhD No 

P5 4;0 M English (99%) & 
Vietnamese 
(1%) 

F College 5 years 

P6 4;0 F English (95%) 
Turkish (5%) 

F Master 4 years 

P7 4;6 M English (95%), 
Vietnamese 
(4%), Spanish 
(1%) 

F Secondary 
School 

1 month 

P8 4;9 F English M Master No 

P9 4;10 M English (50%) F Master 3 months 
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Mandarin (50%) 

P10 4;11 M English (80%) 
Mandarin (20%) 

F Master No 

P11 5;2 M English F Primary 
School 

6 years; 3 years 

P12 5;5 M English F College 13 years old 

P13 5;10 M English F College 3 years; 14 
months 

P14 5;11 M English (99%) & 
Vietnamese 
(1%) 

F College 4 years 

P15 6;4 F English (70%) & 
Korean (30%) 

F College 12 years, 9 
years 

P16 6;6 F English F Primary 
School 

10 years, 4 
months 

P17 6;8 F English F College 12 years 

P18 6;11 F English (60%) & 
Spanish (40%) 

F Master 10 years 

Table 4.1. Demographic Information of 18 Child-Parent Participant Dyads   

4.2 Data Collection Procedures 

Prior to the study, parents signed a consent form that explained the study purpose. 

They also completed a background questionnaire about demographic information, children’s 

language development history, and questions related to family use of VAs. Because the 

participants of this study are children who are developing in a typical manner (have no 

communication disorders), and because the goal of this study is to investigate the usability 

of the Alexa game Animal Actions rather than assessing children’s speech and language skills, 

no child-directed speech and language assessment measures were collected. 
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To obtain information regarding family use of VAs, parents were asked to respond to 

questions about VA ownership and frequency of use for various activities (e.g., routines, 

literacy, learning). Specifically, these questions covered the following six components: (1) 

children’s interested activities, (2) preferred ways of learning new information through VAs, 

(3) steps of performing common activities via VAs, (4) technical issues with VAs during daily 

use, (5) changes that VAs have brought to conventional activities that were performed in the 

home, and (6) expectations for and anticipation of improvement of VAs in the future. The 

questionnaire was designed building upon sample interview questions by Duignan et al. 

(2006) which contained key concepts from domains for software evaluation (e.g., activity 

goals, tool use, working with others, life cycle, change and attitudes), based on activity theory 

design checklists (Hashim & Jones, 2007; Kaptelinin et al., 1999). Questions included open-

ended answers and categorical answer choices so that parents would use their own words 

to report the use of VAs in the home (Grovers et al., 2009, p. 334). Additionally, using a five-

point Likert scale with items from 1 (Strongly Dislike/Not Important) to 5 (Extremely 

Preferred/Important)”, parents rated two opinion questions: one, their perceived 

importance of children’s play and learning, whether independently or with their parent(s), 

and another regarding their preferred modalities for learning via visual or auditory means. 

Collecting this information about VA ownership and use for a variety of routine and 

learning/literacy activities helps designers and developers understand existing user needs 

and challenges with VAs. 

While parents were completing the paper-based questionnaires, children were 

directed to a nearby area for free play with their toys and books. A password-protected iPad 

Pro was used to record videos of the interactions between the child participants and the 
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mobile device being used for testing. The average video time was 8.78 minutes (minimum: 4 

min, maximum: 16 min). To start the game, children were given an iPhone 6 and instructed 

to play Animal Actions by saying a wake word “Alexa, play Animal Actions.” Upon study 

completion, each family was compensated with a $25 Amazon gift card and a children’s book. 

Observation notes were also recorded on a notepad during the children’s interaction with 

the game. 

4.3 Data Analysis  

After each user study was completed, questionnaire results were entered into a 

master spreadsheet. Close-ended and open-ended responses collected from the 18 parent 

questionnaires were analyzed using descriptive statistics and qualitative analysis, 

respectively. For descriptive statistics, parent-reported information, including both 

numerical and categorical responses (e.g., VA length of use and frequency of activities), were 

summarized using tables and graphs for individual and group comparison with age-

equivalent peers. For qualitative analysis, parent responses (e.g., history of VA use, user 

experience and perceptions with VAs) were reviewed line-by-line using initial open and axial 

coding (Corbin & Strauss, 1990) and then cross analyzed with other age-matched 

participants for thematic coding and categorizing (Braun & Clarke, 2006). Information 

collected from parent questionnaires provided a socio-technical context to understand 

children’s background information (e.g., child age/gender, speech and language 

development), examine how families are using VAs in their existing daily routines, and 

evaluate how voice games could be incorporated to fit children’s educational and learning 

needs (Paradis et al., 2010).  
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The analytic procedure for children’s videos involved multiple steps. First, videos 

were transcribed by separating child utterances from those of Alexa as well as speech 

utterances from other stakeholder interruptions (e.g., parents and experimenters). This 

transcription was done using spreadsheets and prior language sample research and 

evaluation (Pavelko & Owens, 2017; Ratner & MacWhinney, 2016). In instances of 

synchronous speech, analysts’ observations were added to the spreadsheet to describe the 

sequential ordering of utterances that overlapped. Next, using deductive coding a codebook 

was generated by referring to prior literature on VAs and child communication breakdowns 

(Beneteau et al., 2019), such as repetition and over-articulation. Then, using inductive coding 

(Saldaña, 2015), line-by-line utterances were coded to surface emerging codes from video 

data (e.g., prosodic change) in addition to the deductive codes. Lastly, synthesizing all the 

codes generated from codebook development (e.g., types of responses and errors from 

children, communication breakdowns they experienced from Alexa, and children's 

communication repair strategies), four analytical categories and associated qualitative codes 

were developed and are represented in Table 4.2:  

Analytical 
Categories 

Explanation Individual Codes 

Child’s Verbal 
Behaviors 

A child’s verbal responses and/or 
behaviors during gameplay with 
Alexa   

Accurate Response (AR) 
Inaccurate Response (IR) 
Neutral (N) 
No Response (NR) 
Alexa Command (AC) 
Clarification (C) 
Commenting (Comm) 

Child’s 
Response 
Errors 

Error patterns when Alexa judged a 
child’s response as inaccurate, even 
though the answers may be 
potentially correct to the examiner  

Articulation Error (AE) 
Semantic Error (SemE) 
Syntactic Error (SynE) 
Timing Error (TE) 
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Alexa’s 
Technical 
Breakdowns 

Technical incidents when Alexa fails 
to recognize a child’s speech and/or 
respond to the child  

Speech Recognition Error (SRE)  
Network Error (NE) 
Unknown Error (UE) 
Force Quits (FQ) 
Other Speaker (OS) 

Child’s 
Communication 
Repair 
Strategies 

A child’s attempts to improve their 
responses to address breakdowns 
from Alexa 

Repetition (R) 
Modification (M) 
Over-Articulation (O) 
Prosodic Changes (PC) 

Table 4.2: Codes for Analyzing Videos of Children’s Interaction with Alexa 

To maximize consistency, a team of research assistants including two undergraduate 

students in public health and two graduate students in communication science and disorders 

participated in the development of the coding scheme and collaboratively defined each code. 

Each video recording was first transcribed by two student researchers and then reviewed 

and coded in collaboration with the primary researcher for peer-checking to ensure 

trustworthiness (Creswell, 2009). Disagreements between coders were resolved as a team 

and new codes and definitions were iteratively added to the codebook. The interobserver 

agreement (IOA) between two coders was 87.52%, calculated using the number of accurate 

codes divided by total codes generated from all 18 videos. While there is no prior literature 

regarding IOA for analysis of child-agent interaction, agreement higher than 70% is 

considered as acceptable based on prior standards for parent-child interaction by Aspland 

& Gardner (2003). 

4.4 Parent Questionnaire Results 

This section answers the first research question,“How do parents and young children 

use VAs in the home environment for daily activities?”, by summarizing the results of 18 

parent questionnaires to illustrate how VAs are being adopted and implemented by parents 

and children at home for daily living activities. This information provides context for 
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understanding existing activities in daily routines, especially activities related to literacy and 

learning. Examining these home technology practices shed light on the sociotechnical 

considerations for designing Alexa games as future tools for language and literacy learning. 

4.4.1 Ownership of VAs 

Since this study is particularly interested in understanding children’s interaction with 

quiz-style Alexa voice games, I sought data on how many families owned an Alexa device and 

for how long. Understanding families’ ownership and use of VAs via mobile devices and 

smart speakers can help us situate children's gameplay interaction in larger family contexts 

of VA use. This is particularly important to the current study, as very few prior studies have 

documented parents’ and young children’s use of VAs. Participating families had diverse 

experiences in ownership with varying types of VAs. Among the 18 participants, Apple Siri 

(owned by 12 families) and Amazon Alexa (owned by 10 families) were the most commonly 

adopted VAs (Figure 4.1). P17 (10 years of ownership) and P8 (9 years of ownership) had 

the longest duration of Siri ownership through mobile devices, and P16 and P4 reported the 

shortest ownership of Siri—2 months and 6 months, respectively. Three families (P9, P10, 

P12) reported having a smart speaker equipped with Google Assistant, and one (P6) had 

Google Assistant via the mobile app. Many families had multiple VA-enabled devices in their 

households from a diverse group of companies (e.g., Apple, Amazon, Google). For example, a 

total of 6 families (P2, P3, P7, P13, P17, and P18) own both Apple Siri via mobile devices and 

Amazon Alexa via both mobile apps and smart speakers. In addition to owning Apple Siri, 

three families (P6, P10, P12) also had Google Assistant via mobile apps and smart speakers. 

No families owned a mobile or speaker version of Microsoft Cortana, and two families (P11 

and P15) did not currently own a VA-enabled device. This high proportion of adoption of 
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Apple Siri and Amazon Alexa in the participating 18 families is consistent with prior work by 

Brill et al. (2019), who surveyed 244 U.S. adults and reported the top three brands of VAs as 

Apple Siri (72%), Amazon Alexa (13%), and Google Assistant (5%). This pattern is likely due 

to the longevity of these VAs on the consumer market, as Siri has been available via mobile 

devices since 2011, followed by the first Amazon Echo speaker release in 2014 and the first 

Google Home release in 2016 (Lopez et al., 2018).   

  

Figure 4.1. Families’ Ownership of VAs 

Regarding the length of VA ownership (illustrated in Figure 4.2), Apple Siri was 

reported to be the VAs that was most commonly owned by eight families (P2, P6, P8, P10, 

P12, P13, P17, P18) for 49 months (four years) or more. Following Apple Siri, Amazon Alexa 

was reported to be the second most-common long-owned VA, with four parents (P1, P2, P13, 
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P18) who had it in their household through smart speakers for 49 months (four years) or 

more. Out of the 10 parents who reported owning Alexa, users who adopted VAs earlier (P1, 

P2, and P13) have been using Alexa through Amazon speakers for five years, whereas P7 was 

reported to purchase an Amazon smart speaker only 6 months ago. The longest vs. shortest 

device ownership suggests that the participating families included both early adopters of 

and recent users of VAs, except two families who did not report owning a VA-enabled device. 

With this variation, it is important to acknowledge that children and parents who are more 

recent adopters may not be as familiar with VAs compared to other families.  

 

Figure 4.2. Length of VA Device Ownership  

4.4.2 Use of VAs in Daily Routines  

To synthesize how parents and children use VAs during daily routines, I utilized prior 

research that examined parent-reported routines in families to analyze the open-ended 
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responses collected from parents in this study. In one study that surveyed 157 children from 

age 2 to 12 using a parent-reported measure, the Child Routines Inventory, Sytsma et al. 

(2001) synthesized four major categories of routines: daily living routines, household 

responsibilities, discipline routines, and homework routines. In another study that focused 

on children with similar age groups as the present study, Kashinath et al. (2006) examined 

how parents teach communication strategies to their children with autism between two and 

six years old in daily routines and described six routines: play routines, outdoor or 

recreational routines, caregiving routines, household chores routines, community activity 

routines, and other health or comfort routines. Integrating routines from these prior studies, 

I classified parent-reported activities and generated the following categories for this 

questionnaire: play routines, caregiving routines, household chores, and health and comfort 

routines. The most popularly reported (12 out of 18 families) use of VAs in daily routines 

was using VAs to support information seeking (e.g., asking for facts, weather, dates, and 

news). Asking questions and retrieving answers from VAs, parents, teachers or other sources, 

especially for facts (e.g., “What’s today in history?”), can be considered one of the most 

fundamental forms of learning among young children. This activity did not fall in previously 

developed categories by Kashinath et al. (2006), likely due to the fact that information 

seeking is a unique activity that can be embedded within other routines. In this study, 

information seeking was operationally defined as a “learning routine.” 

Qualitative analysis of parent questionnaires indicated that as a new form of 

technology, VAs have been widely adopted for use in multiple routines, such as using a timer 

to regulate behavior and media consumption during play routines; using VAs as a companion 

music player during caregiving routines (e.g., mealtime); and serving as hands-free support 
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during health and comfort routines (e.g., light switch control before bedtime). Compared to 

play routines, which were typically performed with involvement from children, other 

routines such as household chores and health and comfort routines are typically performed 

by parents themselves. Understanding different activities that parents and children are 

involved in using VAs is not the primary focus of this research study, however, it is worth 

investigating in the future for designing user-specific voice games. 

Of all the routines, reports on play routines are especially relevant to this study, given 

the study aim that seeks to examine children’s interaction with VA-based games. Within the 

category of play routines, 12 out of 18 parents reported their families using VAs for 

entertainment; 11 families used VAs for music; and only 2 families for games and jokes. The 

use of VAs as a tool for caregiving, such as setting a timer to guide the duration of a child's 

play (both on and off VA platforms), demonstrates the intersection between other routine 

uses (e.g., caregiving routines) and play routines. For example, P2 who has two boys, one 3-

year-old and one 6-year-old, described that with the smart speaker, she could set a timer for 

2 minutes on Alexa so her children could take turns playing with a specific toy. Before doing 

this, her children typically fought each other for toys during play. This example shows how 

the timer can be used in children’s play routines. 

One theme that emerged from parent-reported shared use of VAs was that as VA use 

became more pervasive in the household, many routine activities transitioned from non-

digital mediums and/or mobile devices to VAs. For instance, P18 reported a transition from 

the use of a physical timer to a digital timer in her household. Prior to having Alexa, her 

daughter would use a sand timer by herself or had her parents set up a timer on the phone. 

Now, her 6-year-old asks Alexa to set a timer independently. However, such independent 
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engagement with a VA can be limited by issues with automatic speech recognition (ASR). 

P4’s 3-year-old used her mother’s phone as a timer. This 3-year-old only knew how to push 

“stop” on the phone to stop the timer and did not know how to set the timer via a touch 

interface. She also regularly experienced incidents of being misunderstood by VA, meaning 

parental assistance was required to set up a timer. These parents reporting use of VAs in 

family routines revealed that although children were increasingly involved in participating 

in many of these play routines via VAs technical issues such as ASR made many children 

dependent upon their parents for support, resulting in collaborative use of VAs. These 

findings suggested that if children have ASR difficulties for short commands, they are also 

likely going to experience similar issues when playing games via VAs.  

Given the intertwined relationship between how parents and their children use VAs 

in the household, one prominent theme is related to parents’ preference for using VAs 

independently or collaboratively with their children. Parents reported that they and their 

children use VAs collaboratively, especially when VAs have difficulties recognizing children’s 

speech and understanding children’s utterances. However, it is unclear whether parents’ and 

children’s collaborative use of VAs is based on parents’ needs to help their children resolving 

ASR issues or parents’ own routine use behaviors. Most parents, especially families with 

children between three and four years old, reported that their children “learn from 

observation of adults’ use” (P10) and they also “mimic (parents) and ask how to phrase 

commands” (P4) when interacting with VAs. Such behavior is expected developmentally and 

is not specific to learning how to use a VA. In contrast, older children who are 6 years old and 

above appear to have developed more conceptualization of VAs’ capability as “smart” 

assistants, as demonstrated by prior research (Druga et al., 2017). P3 reported collaborative 
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use of VAs when she and/or her 3-year-old requested a song through the VA and participated 

in dance together with the music. Similarly, P19 also reported that playing music through 

VAs and dancing together is a common shared activity with her child. P13 reported that for 

her family, and with regard to her 5-year-old child, VAs do not particularly “change daily 

activities but enhances between daily activities; music helps enhance mood during daily 

activities.” These reports on using VAs for collaborative activities between parents and 

children were unexpected prior to the evaluation study, but they point to future 

opportunities for designing voice games that can support children’s and parents’ leisure and 

healthy routines. 

4.4.3 VA for Literacy and Leisure Activities  

 Parents were also asked to report the frequency of four types of literacy and leisure 

activities that were performed at home with and without VAs on a daily or weekly basis. 

These four types of activities were: books or stories, TV & movies, music, and games. 

Learning and leisure activities are frequent in modern families and are increasingly engaged 

with through digitally mediated means, especially via screen-based media. Despite the fact 

that most of these activities have long-occurred without VAs, the rise of audiobooks, smart 

TV controls, music stations, and playlists, as well as voice games facilitates easy transition to 

digital and VA-mediated learning and leisure activities. These activities are different from 

conventional Alexa commands, which typically consist of an instruction to Alexa using one 

utterance (e.g., “turn off the light”, “set a timer for 5 minutes”). To use VAs for learning and 

leisure activities, a speaker often needs to give multiple and/or more complex commands 

over a longer duration (e.g., answering multiple questions back-to-back for a trivia game).   
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Investigating how these literacy and leisure activities are performed with and 

without VAs brings helps insights to unpack children’s experience with VAs that require 

complex conversational exchanges (illustrated in Figure 4.3). Playing music was the only 

daily leisure activity that was widely engaged with using VAs, with 12 out of 18 families 

reported that they play music via VAs every day and 11 families reporting that they also use 

other non-VA alternatives to play music (e.g., YouTube videos via mobile phones). The high 

adoption of VAs for music playing is likely due to the fact that the nature of this activity is 

primarily through auditory means. Despite the availability of VA-mediated interaction with 

stories from books, TV shows, and games, more than 50% of families reported almost never 

or never using VAs for activities such as reading books, controlling smart TVs, and playing 

games. Even when families have VAs in the household, activities related to learning and 

leisure appear to be mediated through materials that are conventionally visual-oriented (e.g., 

book, screen-based media). For example, although there are audio-enabled stories and 

audiobooks through VAs, 11 out of 18 families almost never or never use VAs for books and 

stories, and 17 out of 18 families still primarily use visual-based materials (e.g., books) for 

reading activities on a daily basis. Similarly, 12 out of 18 families report conducting most 

leisure activities (e.g., TV and movies, and music) without VAs every day.  

While 50% of families (9 out of 18) do not use VAs for playing games, however, three 

parents (P2, P7, P13) reported they use VA for games via smart speakers enabled with Alexa 

almost every day. Reported use from these three parents suggested that adoption of VAs for 

playing games is present among some families, which is consistent with prior research 

(Beneteau et al., 2019; Pradhan et al., 2018; Storer et al., 2020). Given this parent reported 

adoption of voice games, most of the participating children in this evaluation study do not 
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have prior exposure playing voice games frequently and this fact alone may contribute to 

usability issues and communication breakdowns while playtesting of Animal Actions. 

 

Figure 4.3. Literacy and Leisure Activities with and Without VAs 

4.4.4 Parents Perception and Preferences for VAs 

Parent perceptions and preferences about how their children use and learn from VAs 

were collected and analyzed using a five-point Likert rating. When asked to rate how 

important it is for their children to play and learn “independently” and “together,” parents 

rated an average of 4.5 out of 5 for both conditions (SD = .85; SD = .70), indicating that 

parents believed that both playing and learning independently and together with family 

members is very important. Similarly, parents rated their children’s preferences for playing 

and learning through visual information (e.g., pictures, text) an average of 4.5 (SD = .84) and 

their children’s preferences for auditory information (e.g., audio recordings, verbal teaching) 

an average rating of 4.0 (SD = .96). These high scores indicated that parents perceived that 

their children enjoy playing and learning from both visual and auditory information, 

indicating promising opportunities for designing voice-based interactions.  
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Although parents rated both visual and auditory means as important for play and 

learning, most families have not fully leveraged the content available on VAs for engaging in 

such activities. Several parents reported that they wish VAs could offer more activities such 

as educational facts and games (P2, P3, P13, P14), help with homework (P12), and a 

management system for household activities—for example, as a timer reminder for routines 

(P5, P14), a scheduler (P12), a reward system (P7), and a companion while doing chores 

(P18). They also expressed that they need to learn more about what kinds of content are 

available for use with VAs, demonstrating that many parents have not fully explored what 

content is available and/or have not enabled their VAs to use the most up-to-date content.  

Parent’s reports of VA difficulties were examined in relation to their children’s ages. 

Analyzed by age group, parents with children 3 to 4 years old reported developmentally-

related linguistic and cognitive difficulties their children had when using VAs. Some of the 

challenges were following tasks, breaking down complex tasks, checking in with parents for 

misunderstandings (P7), and giving comprehensive instructions to VAs (P2). Some 

participants (P3, P5, P9) reported that VAs have inaccurate speech recognition and difficulty 

understanding children’s utterances, especially when it comes to child-related speech 

impediments (P8). P4 observed that her children’s repair strategies were primarily to copy 

parents and ask parents for help in phrasing commands to VAs. Parents with 5- and 6-year-

old children (P13, P14, P18) reported that VAs are relatively easy for their children to use. 

However, P17 did report that when her daughter spoke too fast or framed her questions in 

a way that is difficult for Alexa, and as a result, Alexa had difficulties understanding her 

daughter. These findings indicated that when designing games for young children in this age 

group, designers and developers should consider—and design in response to—potential 
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challenges that children may experience as a result of their age-and-development-related 

linguistic and cognitive abilities. 

4.5 Video Analysis Results 

The video analysis focused on the investigation of four types of child-Alexa 

interactions in order to examine the reciprocal exchanges between Alexa’s questions and 

children’s responses. These include (1) children’s verbal behaviors, (2) children’s response 

errors, (3) Alexa communication breakdowns, and (4) children’s communication repair 

strategies. Analyzing these interactions helped the research team both understand usability 

issues of the voice user interface and evaluate children’s gameplay experience during the 

trivia game. The first two types of interactions—children’s verbal behaviors and response 

errors—focused on the accuracy and quality of children’s utterances. Analyzing Alexa’s 

communication breakdowns and children’s repair strategies highlighted technical errors 

and the subsequent approaches used by children used to repair the Alexa-induced 

communication breakdowns.  

4.5.1 Verbal Responses and Errors During Game Play 

To answer the second research question, “What verbal responses and errors do 

children produce when interacting with an Alexa voice game?”, children’s linguistic 

performances were analyzed using two specific interactions: children’s verbal responses and 

errors. Table 4.3 illustrates codes, descriptions, and examples of seven types of children’s 

verbal responses observed during question and answer-style Animal Actions gameplay—

including accurate response (AR) and inaccurate response (IR), as well as neutral (N) and no 

response (NR) when children do not understand or respond to questions posed by the game. 

Specifically, these four types of response behaviors directly impacted corresponding 
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utterances children received from Alexa during the game, resulting in continuation of 

gameplay (for AR) or reattempt of the quiz question (for IR, N, and NR responses). 

Additionally, three other verbal behaviors were noted in the children’s responses: giving 

Alexa a verbal command, clarifying, and commenting during the game, which all have been 

documented in prior research (Toe & Paatsch, 2010). Such responses could be difficult to 

recognize and comprehend by Alexa, as the original Animal Actions game only recognized 

correct and incorrect answers pertaining to the quiz questions and did not yet have the 

capacity to respond to all of the children’s utterances. 

Code Description Example of Alexa-child Transcript 
(parentheses indicate audio) 

Accurate 
Response 
(AR) 

Providing a response that 
Alexa recognizes as correct 

Alexa: One animal made a sound. What is 
this animal? (cat sound) 
P10: Cat. 
Alexa: Excellent, you are so good at this. A 
cat makes that sound. 

Inaccurate 
Response (IR) 

Providing a response that 
Alexa judges as inaccurate 
(but may be lexically and 
semantically correct) 

Alexa: Excellent you are so good at this. A 
bird makes that sound. Here is one more 
animal. What is it? (mouse)  
P14: A bird. 
Alexa: Listen one more time. This is a very 
sneaky animal with a long tail and a pointy 
mouth. What is it? (mouse)  
P14: A dolphin. 

Neutral (N) Verbally stating a lack of 
knowledge for certain 
responses (e.g., “I don’t 
know”)  

Alexa: It seems like you need some help. A 
bird makes that sound. There is another 
animal, and can you tell what is it? (mouse) 
P4: I don't know, I don't know. 

No Response 
(NR) 

Remaining silent without a 
verbal response 

Alexa: Listen one more time. This is a very 
sneaky animal with a long tail and pointy 
mouth. What is it? (mouse)  
P17: (no response) 
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Alexa 
Command 
(AC) 

Using common Alexa 
commands (e.g., repeat, 
stop) and/or responding 
to yes/no to start or 
terminate the game 

Alexa: Let me think about it. Can you say it 
one more time?    
P18: Repeat. 
Alexa: Let me think about it. Can you say it 
one more time?    

Clarification 
(C) 
 

Asking a wh-question (e.g., 
what, who) to Alexa  

Alexa: You are trying so hard. A chicken 
makes that sound. One animal also made a 
noise. What is this animal? (horse)  
P9: Oh, what is it? 

Commenting 
(Comm) 

Providing opinions about 
the game rather than 
providing a verbal answer 
to Alexa to engage in the 
game 

Alexa: Wow, I am surprised you know this, 
an elephant makes that sound. Here is one 
more animal and can you tell what is it? 
P18: That's what I said.  

Table 4.3: Codes for Children’s Verbal Behaviors 

For children’s utterances that were coded as incorrect response (IR), additional error 

analysis was conducted, which led to the development of another codebook for “Children’s 

Response Errors” (Table 4.4). This type of user evaluation was important given the status of 

the game as an initial prototype. As represented in Table 4.4, three codes related to linguistic 

characteristics of children’s responses were developed: articulation error (AE) for 

mispronunciation, semantic error (SemE) for incorrect meanings, and syntactic error (SynE) 

for incorrect sentence structures. The last code, timing error (TE), relates to a technical 

constraint with Alexa in which children are required to answer Alexa during a designated 

time window. When children did not provide a verbal response within Alexa’s time window 

during the “listening” mode (typically 6-8 seconds), they likely answered before and/or after 

the response time. Therefore, two scenarios of timing error delayed (TED) and timing error 

early (TEE) were coded separately during video analysis. Observing children’s behaviors in 

response to Alexa’s feedback allowed the research team to better understand error patterns 
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arising from children’s responses. Coding and analyzing these errors have helped the 

research team to identify user challenges and solve them to improve children’s interaction.  

Code Description Example of Alexa-child Transcript 
(parentheses indicate audio) 

Articulation 
Error (AE) 

Mispronunciation of 
words, phrases, and 
sentences 

Alexa: You really know this sound really well. 
A cow makes that sound. What is this animal? 
(horse) 
P14: A howse (child cannot pronounce his R's). 
Alexa: Let me think about it. Can you say it one 
more time?   

Semantic 
Error 
(SemE) 

Responses are similar to 
the acceptable answers 
(in semantics or related 
attributes), but are not 
yet included in the game 
as acceptable answers  

Alexa: Listen carefully, the animal is making 
noises on a musical instrument. What is he 
doing? (drumming) 
P17: Banging the drums. 
Alexa: That is such a wonderful guess. The 
animal is drumming.  

Syntactic 
Error (SynE) 

Responses that used 
different grammatical 
forms, choices, and 
orders compared to 
correct answers 

Alexa: Listen up. The animal is touching 
something with black and white keys. What is 
he doing? (piano)  
P5: A piano. 
Alexa: I like how you think. The animal is 
playing the piano.  

Timing Error 
(TE) 
 

Delayed (TED): Answers 
after the response time 
frame finishes  

Alexa: Bang! You are a rock star. A chicken 
makes that sound. There is another animal 
here. What is it? (bird) 
P10: (says word too early) Bird. (Says it again 
but as a delayed response) Bird. 

Early (TEE): Answers 
before the response time 
starts  

Alexa: Listen up, this large animal has a long 
trunk. What is this animal? (elephant)  
P10: (responds too early) Elephant. 

Table 4.4: Codes for Children’s Response Errors 

Response Errors in Level 1: Animals Items 

During user testing, participants were allowed to play the game as many times as they 

desired until they completed it. A total of seven children completed the game (P4, P8, P9, P11, 

P14, P17, P18) and the remaining 11 children did not complete the game. On average, 

children played Animal Actions two times. During playtesting, players typically encounter 

difficulties in the first time of playtesting as they are learning the user interface. Only four 
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children completed the game with just one attempt (P8, P9, P11, P14). To ensure that 

children’s behaviors across multiple attempts were equally analyzed equally, the accuracy 

and error analysis was developed based on scoring of children’s first attempts across the 11 

animal items (Level 1) and 11 action items (Level 2).  

As demonstrated in Figure 4.4, the majority of the animal questions were answered 

accurately by more than 50% of participants (more than 9 out of 18) using one-word single 

responses. The exceptions were the items “mouse” and “sheep,” which the majority of 

participants answered incorrectly. These errors could be due to the fact that existing stimuli 

via Amazon Alexa sound library were not the best representative stimuli for children who 

are still relatively new to learning these vocabularies. Wrong answers provided by 

participants (P2, P3, P5, P7, P10, P11, P18) who misidentified “mouse” included confusing 

“mouse” with “chicken” and other specific types of birds, or with other animals with similar 

characteristics and/or sound qualities based on the verbal prompts provided by Alexa (P4 - 

“squirrel,” P14 - “dolphin,” P16 - “bat”). For the item “sheep,” most of the wrong responses 

were related to an incorrect association of “sheep” with “cow” (P5, P6, P8, P9, P11, and P18) 

as well as other mammals who may have similar attributes (“buffalo” by P2, “bull” by P5, “pig” 

by P18) after both the sound stimuli and the verbal prompt were introduced by Alexa. These 

responses revealed that although animal items such as “mouse” and “sheep” are known 

vocabulary and likely identifiable via visual stimuli for young children, these sound stimuli 

may not be as easily identifiable. For future design considerations, it might be helpful to offer 

additional scaffolding that is more specific to the correct answer and to evaluate whether 

these animal choices adapted from picture-based assessment tests are appropriate items for 

trivia games such as Animal Actions. 
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Figure 4.4. Accuracy Analysis of 11 Animal Items 

Another factor contributing to children’s incorrect answers was the use of diminutive 

suffixes (Svaib, 1993), such as “-ie/y” for lexical word endings including “birdie” (little bird) 

and “kitty” (little cat) among young children. For example, P6 was a 4-year-old girl who 

produced “horsey” instead of “horse”; P3, a 3-year-and-4-month-old girl, also produced 

“birdie” for the answer “bird” and “chicky” for “chicken”; similarly, P1 answered “ducky” for 

“chicken.” Because the ASR from Alexa was unable to identify both answers, all three 

children’s responses for this item were judged to be incorrect, even though these responses 

were mere variations (synonyms) of the acceptable quiz answers for the audio stimuli 

provided in the game. 
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In addition to semantic errors, articulation errors also frequently occurred during the 

game and likely caused multiple incidents of ASR issues that directly impacted players’ 

experience. For instance, one animal item asked children to listen to the sound of a horse by 

providing a verbal answer of “horse.” Findings from video analysis revealed that articulation 

error resulted from late-developing speech sounds for children between 3 and 6 years old. 

P14, a 5-year 11-month boy who had difficulty producing the /r/ sound, produced “howse” 

and made many other subsequent errors when responding with words that included the /r/ 

sound. This particular behavior of substituting a liquid consonant /r/ with a glide consonant 

/w/ with is a phonological process called “gliding,” and is typically naturally eliminated by 

age 6 or 7, according to prior literature in speech sound development (American Speech-

Language-Hearing Association, 2020). Because of the presence of these phonological 

processes among children younger than 6 years old, it suggested that Alexa may frequently 

encounter errors when processing automatic speech from children during gameplay. In the 

context of a quiz game, these errors can amplify communication breakdowns during 

gameplay. 

Response Errors in Level 2: Action Items 

Following successful completion of the previous 11 items for animals, children 

continued to a second level of the game, which consisted of answering 11 action items in 

Animal Actions. During this level, children were asked to name different actions performed 

by the animal “wolf,” such as “flushing the toilet” and “taking a picture.” However, as 

illustrated in Figure 4.5, for most of the items, children demonstrated less than 30% overall 

accuracy except for three items “ringing the doorbell,” “flushing the toilet,” and “taking 

pictures.” The high occurrence of  incorrect answers among action items could be attributed 
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to two factors: user fatigue/decreasing engagement and complexity in responses. First, since 

the current game players had to complete Level 1 before moving on to Level 2, children may 

have been exhausted and/or disengaged after having to answer all 11 animal items prior to 

reaching this second, more difficult level. Second, answering action items required players 

to produce a verb in the present progressive form with a morphological “-ing” ending, so 

children must have already learned both the verbs and the target “ing” form correctly in 

order to successfully answer quiz questions. Amongst all 11 phrase-level action responses, 

8 questions also required specific objective forms following the targeted verbs, posing 

additional levels of difficulty.  

 

Figure 4.5. Accuracy Analysis of 11 Action Items 

Additionally, given the story narrative in this trivia game, quiz questions regarding 

action items—“What is the animal doing?”—demanded players to leverage both the context 
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provided by the narrative and an understanding of two levels of what-questions (“What is 

it?” and “What is it doing?”). Some children ended up producing extended utterances that 

can be difficult for Alexa’s ASR and natural language processing. For instance, the sample 

transcript below illustrates an excerpt from P7 for two quiz questions “wolf” and “ringing 

the doorbell.” P7 had multiple incidents of being judged as incorrect by Alexa, but all his 

utterances could be re-evaluated from the researcher’s perspective as errorless.  

Alexa: I like how you think. A lion makes that sound. The last animal made a 
noise too. What is it? (wolf) 
 
P7: A wolf. A wolf. 
 
Alexa: Listen one more time. This animal likes to howl at the moon. What is it? 
(wolf) 
 
P7: A wolf. A wolf. A wolf.  
 
Alexa: Excellent! You are so good at this. A wolf makes that sound. This animal 
decides to follow you. You took the animal to your home. Now both of you are 
at the front door. What is the animal doing? (doorbell) 
 
P7: Ohhhh. It's ringing on our doorbell. Mamma, that werewolf was ringing at the 
doorbell. 
 
Alexa: Listen carefully. The animal is trying to ask people to open doors for him. 
What is he doing? 
 
P7: (unintelligible) Can you open the door for that wolf? Open the door for that wolf! 
 
Alexa: Listen carefully. The animal is trying to ask people to open doors for him. 
What is he doing? (doorbell) 
 
P7: Ringing the doorbell. 

In the first exchange, although P7 accurately identified the “wolf” by sound, his first 

response, consisting of two repetitions of the same answer, was not accurately recognized 

by ASR due to a technical error. However, his second reattempt was successfully accepted by 

Alexa. In the following exchange, the Alexa game design team anticipated only a short phrase 
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“ringing the doorbell,” but P7 provided not only a full sentence response, but also 

personalized the pronoun use to “our,'' neither of which were successfully processed by 

Alexa. He further turned to his mother to comment on the in-game stimuli and requested 

Alexa to open doors for the wolf, an act revealing that he appeared to be fully immersed in 

the game and was speaking to Alexa directly and giving commands. This is different from a 

passive response of answering quiz questions, which is the original game mechanic of Animal 

Actions. Unfortunately, none of these creative engagements with Alexa was well-

acknowledged by the system.  

4.5.3 Linguistic and Technical Difficulties 

To answer the third research question, “During the Alexa game, what linguistic and 

technical difficulties do children experience, and if any, how do they solve such issues?”, I 

turn to the analysis of two separate codes generated from Alexa communication breakdowns 

(e.g., speech recognition error, network error) and codes generated from children’s 

communication repair strategies (e.g., repetition, pitch change) illustrated in Table 4.5. 

These codes identify Alexa and children as having distinct communication breakdowns in 

order to analyze the technical and user errors separately. Such an approach helps to 

distinguish communication breakdowns caused by issues related to voice user interface 

design (e.g., feedback for children’s responses) vs. limitations of the Alexa Skill software 

platform (e.g., accuracy in ASR, force quits). 

Amongst all incidents of breakdowns, speech recognition errors (SRE), force quits 

(FQ), and other speakers (OS) were errors resulting from anticipated human factors during 

the evaluation. Most of Alexa’s SREs resulted from children’s speech production and 

utterances that were either not intelligible to Alexa and/or not programmed as acceptable 
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answers during initial game development. FQs, as explained in the previous chapter, 

happened frequently when Alexa failed to receive children’s responses for two consecutive 

conversational turns. FQs resulted in an incompletion of the Animal Actions game during the 

evaluation study among 11 children across different age groups. OS represents incidents 

when another person’s speech was accidentally heard by Alexa. Two other breakdowns, 

network errors (NE) and unknown errors (UE), were unanticipated user errors that were 

caused by reduced network issues and/or unknown incidents during user interaction (such 

as disconnection in Wi-Fi resulting in Alexa unable to operate or freeze).  

Code 
  

Description Example of Alexa-child Transcript (parentheses 
indicate audio) 

Speech 
Recognitio
n Error 
(SRE)  

When Alexa is 
unable to recognize 
correct production 
from the child 

Alexa: After playing with the drum, the animal wants 
to go for a ride outside. He took your family too. What 
is the animal doing? (motorcycle) 
P14: Widing a motorcycle (child cannot pronounce his 
R's) 
Alexa: Try again. The animal is riding on a two- wheel 
vehicle. What is he doing? (motorcycle) 
P14: Widing a motorcycle (child cannot pronounce his 
R's) 

Network 
Error (NE) 

When Alexa has 
network difficulties 
and is unable to 
resume the game 

Alexa: Let me tell you, a mouse makes that sound. 
Another animal made a noise too. What is it? 
(horse)...I'm having trouble connecting to the 
network, please try again. 
P4: Horse. Horse. 

Unknown 
Error (UE) 

When Alexa 
triggers the error 
handler  

Alexa: Let me think about it. Can you say it one more 
time? 
P10: Dialing. 

Force 
Quits (FQ) 

When Alexa shuts 
down due to no 
response and/or 
inaudible response 
from the child 

Alexa: Listen one more time. This is a very sneaky 
animal with a long tail and pointy mouth. What is it? 
(mouse)   
P17: (no response) 
Alexa: (force quits) 
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Other 
Speaker 
(OS) 

When Alexa 
accidentally picked 
up other speakers’ 
utterances 

Alexa: Listen up, this is an animal that has feathers 
and flies in the sky. What is it? (bird) 
P5: (no response) 
Mother: Just guess. 
Alexa: I like how you think. A bird makes that sound. 
Here is one more animal. What is it? (mouse) 

Table 4.5: Codes for Alexa Communication Breakdowns 

It is worth mentioning that some unexpected SREs emerged as early as when children 

attempted to start playing Animal Action. For instance, when P13 and P18 were giving the 

wake words “Alexa, open Animal Actions,” Alexa replied with “Animal Action by Pinkfong, 

starting now on Amazon music” and continued to play a song by artist Pinkfong that happens 

to be titled “Animal Action.” Between the wake words for Alexa game Animal Actions and 

Pinkfong’s song, the only difference is the final consonant “s” in the word “actions” which 

happens to be a voiceless sound (compared to a voiced sound “z”). Alexa might have failed 

to recognize this sound, thereby causing the SRE error. When Alexa “listens” to verbal 

commands, it does not differentiate whether the user intends to open a song or an Alexa Skill. 

This additional technical issue indicated that if an Alexa Skill is difficult to pronounce or can 

be easily mispronounced, children may accidentally trigger other Alexa Skills and/or other 

Alexa commands (e.g., song titles) instead accessing the correct Alexa Skill. 

Per video analysis, several participants also encountered unknown errors during 

testing which resulted in children “being stuck in a dead loop,” impacting the overall 

gameplay experience. The transcript below is an excerpt from P2, who encountered 

unknown errors during the first attempt of the game. As described in Chapter 3, the only 

error message for this game is “Let me think about it. Can you say it one more time?” This 

message is designed so that children can repeat their answers when Alexa’s speech 

recognition fails to understand children’s response. However, in this case, the child 
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persistently gave the same answer repetitively but still encountered the error message up to 

six times until Alexa force quits. Because the cause of this type of error is unknown, the 

research team could not determine the error source and the child had to reattempt the game. 

Alexa: You really know this sound very well. A wolf makes this sound. This 
animal decides to follow you. You took the animal to your home. Now both of 
you are at the front door. What is the animal doing? (doorbell) 
 
P2: Barking. 
 
Alexa: Let me think about it. Can you say it one more time? 
 
P2: Barking. 
 
Alexa: Let me think about it. Can you say it one more time? 
 
P2: Barking. 
 
Alexa: Let me think about it. Can you say it one more time? 
 
P2: (no response) 

Besides evaluating Alexa’s technical breakdowns, analysis of children’s 

communication repair strategies involved examining the change in children’s utterances in 

response to Alexa communication breakdowns. Building upon prior work on 

communication breakdowns by Beneteau et al. (2019) as well as behaviors that emerge 

from the video analysis, four codes were developed: repetition (R), modification (M), Over-

articulation (O), and Prosodic changes (PC). For example, in the above excerpt from P2, one 

strategy the child used was to repeat the same answer consistently; however, other 

behaviors were observed in these children, including modifying their responses and 

changing their pronunciation and speech prosody.  
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Code Description Example of Alexa-child Transcript (parentheses 
indicate audio) 

Repetition 
(R) 

Repeating an 
utterance used 
earlier in the 
same 
conversation 

Alexa: Excellent you are so good at this. The animal feels 
bored. He grabbed one of your toys and started playing. 
What is he doing? (basketball)  
P14: Stapling. 
Alexa: Let me think about it. Can you say it one more time? 
P14: Stapling. 

Modificatio
n (M) 

Substituting 
another word 
and/or 
expanding the 
answer 
response  

Alexa: You are doing awesome, keep it up! The bouncing 
sound makes him happy. He found something more 
interesting. What is he doing? (drums) 
P17: Banging. 
Alexa: Let me think about it, can you say it one more time? 
P17: Playing the drums. 

Over-
articulation 
(O) 

Exaggerating 
and hyper-
articulating 
speech sounds  

Alexa: Listen up, this is an animal that has feathers and flies 
in the sky. What is it? 
P6: (Prior to Alexa window opening) A bird. It's a bird. B-b-
b. 
Alexa: Let me think about it. Can you say it one more time? 

Prosodic 
Changes 
(PC) 
 

Pitch (PCP): 
Changing the 
pitch 

Alexa: Listen again. This animal has hollow horns and long 
curly hair. What is it? (sheep)  
P15: mm... a sheep? 
Alexa: Wow I’m surprised you know this. A sheep makes 
that sound.  

Volume (PCV): 
Changing the 
loudness 

Alexa: Listen carefully. The animal is using the camera. 
What is he doing? (camera)  
P5: (screams while repeating the answer) Taking pictures.  

Table 4.6: Codes for Children’s Communication Repair Strategies 

Many children employed more than one communication repair strategy while 

speaking to Alexa during the game. For example, the excerpt below includes five 

conversation exchanges between P11 and Alexa. P11 utilized multiple repair strategies such 

as repeating his own answers (the first exchange), repeating portions of Alexa’s feedback cue 

(second exchange), and modification of answer responses (the last exchange). In all the 
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responses that utilized repair strategies, P11 produced more utterances than what were 

initially required to answer these quiz questions.  

Alexa: Wow I am surprised you know this. A wolf makes that sound. This animal 
decides to follow you. You took the animal to your home. Now, both of you are 
at the front door. What is the animal doing? (doorbell) 
 
P11: Ringing the doorbell, ringing the doorbell. 
 
Alexa: Listen carefully, the animal is trying to ask people to open doors for him. 
What is he doing? (doorbell) 
 
P11: Trying people for opening the door for him. 
 
Alexa: What a good try. The animal is ringing the doorbell. Your family opened 
the door and the animal rushed into the bathroom. What is the animal doing? 
(flushing) 
 
P11: Flushing the toilet. 
 
Alexa: Excellent, you are so good at this. After the animal went to the bathroom, 
he picked up the camera on the shelf. What is the animal doing? (camera) 
 
P11: Taking pictures. 
 
Alexa: Listen carefully, the animal is using the camera. What is he doing? 
(camera) 
 
P11: Taking pictures of other people. 

In summary, during video analysis, four codebooks were used to analyze the 

gameplay interactions between children and Alexa, and two key findings were generated. 

First, single-word responses in the first level for animal items were more accurately 

recognized and processed by Alexa than were multi-word phrase-level responses in the 

second level for action items. This finding was anticipated, as speech recognition and natural 

language understanding for multi-word utterances from speakers is known to be more 

difficult for Alexa to process. This finding indicates an ongoing technical limitation in natural 

language processing, resulting in VAs, such as Alexa, with difficulties in comprehending 
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complex semantic and syntactic structures in user utterances. Second, when examining 

children’s response accuracy and errors in both animal items and action items, children’s 

responses included a wider range of speech articulation, semantic, and syntactic differences 

than the original quiz answers were designed for. This diversity in responses, coupled with 

additional technical breakdowns from Alexa, led to various incidents of communication 

breakdowns. As a result, many children had to either use multiple communication repair 

strategies during the game, or not complete the game.  

These issues pointed to design recommendations related to both item design and 

level design, both of which can influence children’s ability to answer these action item quiz 

questions correctly. Analysis of these errors offers new insights into designing quiz items 

and answers based on age-appropriate speech sound and language development, as well as 

game level design and feedback considerations that could scaffold how children receive quiz 

questions with different levels of difficulty during gameplay. For example, according to the 

user evaluation of the voice-only version of the game Animal Actions, children have 

difficulties interpreting audio stimuli during the game. Although parents reported that they 

and their children did not typically use VAs for visual-based activities, it is worth 

investigating whether having visual aids to support the audio stimuli can improve children’s 

overall gameplay experience. Design recommendations for different iterations of Animal 

Actions will be discussed in detail in Chapter 5. 
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CHAPTER 5: DISCUSSION & IMPLICATIONS 

Based on the results from the user evaluation study described in Chapter 4, this 

chapter discusses socio-technical and design considerations for creating voice-based 

activities using VAs for children in the home setting. The chapter then concludes with study 

limitations and opportunities for future research in designing accessible voice user 

interfaces and investigating the benefits of Alexa games for supporting children's 

communication skills.  

5.1 Socio-technical Considerations for VAs in 18 Families 

Questionnaires collected from 18 parents investigated the use of voice technology in 

the family in order to identify existing socio-technical factors that impact children’s user 

experience with Alexa. The different components of the parent questionnaire examined the 

ownership and use of VAs in these families’ daily routines, the independent or shared 

engagement of voice activities among children and parents, and attitudes and perceptions 

regarding how parents wish VAs could be changed or improved for their families’ needs in 

the present and future.  

The questionnaire results indicated that parents in this study represented both early 

adopters of VAs and more recent adopters. They reported that the longest and most popular 

VAs in their households are Apple Siri via mobile devices and Amazon Alexa via smart 

speakers. This pattern of adoption of commercial VA brands and device types is consistent 

with both market trends and prior reports on existing VA adoption in households (Lopez et 

al., 2018). Parents considered VAs a helpful tool for multiple family routines (e.g., play, 

caregiving, household chores, and health and comfort). Findings from parent questionnaires 

indicated that, similar to the adoption of mobile apps in households, parents’ use of VAs is 
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interconnected with a variety of daily routines, such as moderating children’s play, obtaining 

hands-free support during household chores, and learning new information.  

When investigating specific activities completed via VAs, the most common VA-

enabled activities parents reported using were setting a timer, playing music, and asking 

questions. Parents also reported that voice-enabled devices encouraged more direct use of 

verbal inputs from children who are pre-literate, as such use does not require literacy or 

knowledge about navigating mobile devices for complex tasks (e.g., searching for an 

audiobook, song, and/or fact). Some parents also hoped that VAs could support both literacy 

and leisure activities. Four parents (P2, P3, P13, P14) indicated that they read books to their 

children daily and stated that they requested educational content on their VAs. However, VAs 

have not been reliable in performing routine tasks for children due to issues with automatic 

speech recognition (ASR) and natural language understanding (NLU).    

Among these families, VAs were not widely used for primarily visual-based activities, 

such as books and stories, TV and movies, and games. Per parent report, parents reported 

that children enjoy using both visual and auditory information for learning and play-based 

activities; however, most Alexa Skills do not offer visual display, except Alexa Skills for Echo 

Show devices. Amongst all activities, parents reported frequently using VAs for listening to 

music, an auditory-based activity. This new adoption points to a potential transition from 

visual- to auditory-based and voice-enabled learning systems at home (Paule-Ruiz et al., 

2013). The lack of using VAs for games, as reported by parents, indicated that many families 

have not transitioned from non-digital and/or visual-based games to using VAs for voice 

games. However, at this time it is unknown whether this is related to potential usability 

issues and/or quality of voice games via these VAs.  
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When analyzing parents’ use of VAs for different activities, one important finding is 

that parents may not be up-to-date or fully knowledgeable about the availability of diverse 

content offered through VAs. For example, Alexa Skills have to be manually activated through 

the Alexa app by parents; thus, if children want to open Alexa Skills, these Skills need to first 

be enabled by their parents first. This requirement hinders children’s agency to choose and 

freely explore content that their parents may not be aware of and do not have the time to 

research. When creating novel voice games, designers and researchers should also be aware 

of parents’ technology management and use as well as their preferences for specific content 

offered by VAs (Ammari et al., 2019).  

Additionally, researchers should attend to how the use of VAs may introduce 

additional parental concerns regarding surveillance and safety controls for these intelligent 

technologies that are always “on listening mode” (Jackson & Orebaugh, 2018; Lau et al., 2018; 

Thorne, 2020). With the adoption of and access to VAs becoming pervasive in millions of 

households, critiques have been raised regarding threats to user privacy, including due to 

VAs increasing role as smart home controls and role in routine family activities. Such 

critiques intersect with children’s participation in and access to VAs and participation in VA 

use. Parents may not be knowledgeable about how VAs leverage voice data — including voice 

data from children — to train speech recognition and natural language processing models. 

Currently, limited research has been published to address the increasing public concerns of 

these child-targeted smart speakers, such as accessibility of its voice interface, 

appropriateness of the content, and other issues related to privacy protection for children’s 

voice data (Jackson & Orebaugh, 2018; Lau et al., 2018; Roettgers, 2019). Ongoing 

investigations of these socio-technical considerations in the family context are critical to 
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explore not only the usability of voice games but also parent buy-in with regard to data 

surveillance that occurs while using VAs for educational and leisure activities (Orr & Sanchez, 

2018).  

5.2 Design Considerations  

I now turn to discuss specific design implications for the creation of VA-based trivia 

games for children based on the design and evaluation of the Alexa game Animal Actions. 

Insights from this study further enriched some of the recent recommendations from the 

April 2020 Alexa Games Week in areas of game design, voice user interface (VUI) design, 

audio design, and tools for game design (Muoio, 2020). Each area is discussed in detail below 

with a corresponding table that illustrating a summary of key design recommendations that 

are specific to trivia game design for young children. Ethical issues for conducting in-home 

evaluation studies are also addressed. 

5.2.1 Game Design 

This iterative game design project offers insights into designing game content, level 

and challenge, game mechanics, and narrative components of Alexa trivia games, illustrated 

in Table 5.1. In the case of Animal Actions, three game design considerations were 

implemented during prototyping: anticipating a range of possible answers from children, 

using verbal praises and encouragement as feedback to encourage them and/or give them a 

second chance to answer, and integrating a narrative into the quiz format to improve the 

game flow. 

Alexa Game Week Recommendation: Iterate on Game Design 
Playtest and learn from failures; utilize Alexa as a player, game host, and teacher. 

Lessons Learned from Animal Actions: 
Focus on first establishing the basic game 

Redesign of Animal Actions Display 
Enrich narrative and adventure elements 
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mechanic then on adding other game 
elements and modalities for play. 

and visual design; utilize Alexa to teach 
children language and social communication 
skills.  

Summary of Recommendations from Iterative Design:  
Select age appropriate vocabulary and stimuli for designing game content; accept a range 
of quiz answers that are tailored to children’s linguistic abilities and level of 
development; reduce the number of questions in each game level to accommodate 
children’s attention; use simple-to-complex progression to increase the level of 
difficulties; include verbal praises and encouragement as Alexa feedback; give prompts 
for multiple attempts. 

 Table 5.1: Recommendations from Iterative Game Design 

When designing game content, it is crucial to select age appropriateness of vocabulary 

knowledge and sound stimuli. Differing from other games, trivia games have a quiz format 

that requires adequate linguistic ability and specific domain knowledge to comprehend 

questions and produce responses. In the case of Animal Actions this meant selecting animal 

sounds that children would likely be familiar with and be able to recognize. Also, the design 

of acceptable quiz answers must consider a wide spectrum of age-appropriate child 

responses (e.g., “cat, kitten, kitty”) in a manner cognizant of children’s developmental stages.  

For level design and degree of game challenge, analysis of 18 children’s responses 

across two levels of Animal Actions (animal + actions) indicated that some children were 

unable to complete more than 10 items per level. This is likely due to the demand on 

children’s sustained attention to engage with the game. An empirical review of similar games 

for young children (e.g., Animal Sounds, Trivia Game Family Edition) suggests that the total 

number of question items in one level should be limited to no more than five questions per 

level based on evaluation from other Alexa games. Accuracy and error analysis from 18 

children’s videos suggested that children had more correct answers in the first level and 

made more errors in the second level. It is recommended that designers continue to use this 
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simple-to-complex progression (e.g., the transition from questions about animals to their 

actions) to engage children to continue on through increasing levels of difficulty.  

In Animal Actions, game flow was facilitated by combining the quiz game dynamic 

with a story narrative. From the initial prototype Kids Game to the second prototype Animal 

Actions, an animal rescue narrative was added to the game and allowed children to answer 

quiz questions that elicit both word- and phrase-level responses. The narrative also created 

an overarching goal for the game, thereby enabling children to take on a helping role 

alongside Alexa. In the future, the game narrative can be further expanded by embedding 

player responses naturally into narratives, as designed in other popular Alexa games (e.g., 

Magic Door, Choose Your Own Adventures).  

The current game feedback used two prompting methods for verbal praises (e.g., “You 

are a rock star”) and encouragement (e.g., “Try again”). It is worth investigating how to 

provide other scaffolding prompts when children’s answers are wrong without making it 

sound punishing. For example, one strategy might be to offer multiple-choice answers as an 

additional prompt. More research on this matter can help illuminate how VA breakdowns 

impact children’s sense of self-efficacy and how can conversational prompts can enable 

increased efficacy. Attention to the feedback received after a communication breakdown is 

particularly important, because being talked down to or told that they are wrong when they 

actually produced a potentially acceptable answer could lead to feelings of frustration that 

hinder ongoing engagement with the game.  

5.2.2 Audio Design 

Children’s interaction with the Animal Actions Alexa game points to additional 

recommendations for voice interaction in games (Table 5.2). When selecting audio assets for 
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Alexa games, designers should be mindful that children’s recognition of sound stimuli may 

be influenced by their prior knowledge, life experience, and the ability to verbally articulate 

their perception. For trivia games that rely on these audio stimuli as a part of the question 

and answer design, different interpretations of the audio stimuli can directly impact 

children’s ability to successfully identify the most appropriate responses to Alexa’s questions.  

Alexa Game Week Recommendation: Start with Great Audio 
Audio design can convey information without being overly verbose. 

Lessons Learned from Animal Actions: 
Existing Amazon sound effects may 
convey different information than 
expected due to different interpretations 
made by young children. 

Redesign of Animal Action Display 
Evaluate characteristics and quality of audio 
stimuli and combine additional sound effects 
as well as customization of voice (e.g., 
SSML). 

Summary of Recommendations from Iterative Design:  
Evaluate specific characteristics of audio stimuli (e.g., duration, quality); select audio 
stimuli that offer accurate representation for their intended meaning; use multimodal 
cues (e.g., visual picture) to support children. 

Table 5.2: Recommendations from Start with Great Audio 

While playing Animal Actions, children demonstrated different interpretations based 

on the characteristics and quality of audio clips. These findings helped researchers to 

understand how children conceptualize animal and environmental sounds and, in return, 

use verbal responses to describe their perception and understanding. For example, one 

audio clip for “rain” sounds like intensive raindrops for a relatively longer duration 

compared to audio clips for other items. Because of this difference in intensity and 

duration, P5 (a 4-year-old) and P18 (a 6-year-old) both identified the sound as “storm” 

rather than “rain.” Similar issues with audio stimuli also occurred with another audio clip 

that represented “motorcycle,” in which the sound of an engine was perceived as a car. Five 

children (P4, P5, P6, P8, and P11) all identified this sound stimulus as “riding a car/driving 
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the car,” and P9 further specified a type of vehicle, stating that this sound represented 

“driving a tractor.” Children also used more specific vocabulary for some audio stimuli. For 

instance, P7 (a 4-year-old) and P18 (a 6-year-old) both used “hummingbird” to describe 

the audio stimulus for “bird.” These examples highlight the importance of evaluating audio 

stimuli with different variations in interpretation in mind.  

Many of these linguistic variations in children’s word- and phrase-level responses 

were coded as “semantic errors” during video analysis, as these answers were not designed 

as acceptable responses prior to testing with children. The fact that a single audio stimulus 

can be interpreted to arrive at multiple answers, with only a few considered to be "correct" 

during the process of design by Alexa trivia game developers as reasonable interpretations, 

highlights the need to design more acceptable trivia game answers with close attention to 

how the quality of auditory stimuli can impact a positive gameplay experience for young 

children. To create an engaging and immersive audio experience for children, audio cues that 

are misleading and offer insufficient information to the game should be eliminated or 

augmented using multimodal cues (e.g., pictures) for additional hints.  

5.2.3 Voice User Interface (VUI) Design 

In terms of designing VUI for Alexa games, this study brings a few recommendations 

(Table 5.3). Since specific user utterances for Alexa Skills cannot be stored via the Alexa app 

for the user or via the Alexa Skill information for developers, it is recommended that 

researchers make data-driven decisions on VUI issues by transcribing and analyzing videos 

of gameplay to evaluate both successful interactions and communication breakdowns. This 

process can be time consuming. However, even a small pilot test could be helpful in the next 

iteration. Resolving VUI issues is an important part of designing voice navigation to mitigate 
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these communication breakdowns issues (e.g., difficult to exit the game, unintended errors) 

during design and development (Oren, 2007; Stadler & Hlavacs, 2018). 

Alexa Game Week Recommendation: Make Data-Driven Decisions 
Monitor metrics to test the effects of specific game features. 

Lessons Learned from Animal Actions: 
Reduce auditory and cognitive processing 
load by using short and simple questions; 
use child directed pronouns “I/me, you”; 
video recordings can collect both correct and 
error responses as well as communication 
breakdowns for analysis. 

Redesign of Animal Action Display 
Vary error handler messages and create 
help and navigation modules based on 
communication breakdowns observed to 
improve voice user interaction. 

Summary of Recommendations from Iterative Design:  
Capture both visual and audio of player interaction and analyze both successful and 
unsuccessful user interaction; ensure existing Alexa commands are also functional within 
Alexa games to support help and navigation; variate error handler to encourage children 
to use multiple communication repair strategies. 

Table 5.3: Recommendations from Making Data-Driven Decisions 

Similar to selecting audio stimuli, the design of conversational and gameplay 

experiences for children must take into account children’s cognitive skills prior to creating 

dialogues on Alexa. Understanding cognitive skills can help designers be aware of children’s 

attention span and needs for navigation and support. For example, children who were 

already more fluent with Alexa spontaneously used conventional Alexa commands (e.g., stop, 

repeat) during the game; since these features were not designed in the prototype, the game 

failed to recognize such commands from the children. Since there was no “pause” function 

built in for the second prototype Animal Actions, some younger children would lose attention 

and run away from the game during the evaluation study. As a result, they had to restart the 

game after returning.  

During user evaluation testing, network errors appear to be more prominent via the 

mobile phone compared to the Amazon Echo speaker which is what the design team utilized 
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for internal testing. As identified in the video analysis, several participants also encountered 

unknown network errors during testing which impacted the overall gameplay experience. 

During the user evaluation study, when children encountered errors, they heard only one 

error message which was designed to elicit a repetition: “Let me think about it. Can you say 

it one more time?” One issue for this design is that even though children followed Alexa’s 

instruction and repeated incorrect answers, the unknown error occasionally persisted and 

resulted in children going into a loop of repeating the same answer multiple times and 

getting stuck in the game. Customizing and varying different error messages may potentially 

encourage children to use more communication repair strategies. Therefore, in the third 

prototype Animal Actions Display, new variations for error messages were added to prompt 

repetition, modification, better articulation, and increase in loudness. Ongoing testing will 

use Amazon Echo Show speakers to reduce network errors. 

5.2.4 Tools for Game Design 

During the iterative design and development of different prototypes, several 

challenges related to the design and development tools were identified and described (Table 

5.4). The first challenge is related to searching for an Alexa development framework and 

configuring ways to integrate external node.js packages. Differing from other trivia games 

on the Alexa Skills store, Animal Actions provided a narrative story, prompted incorrect 

answers, and did not track scores. This specific interaction required customization from the 

existing trivia game framework, and few support documents were found to support such 

customization. Second, even though the Alexa Skill template already has snippets of dialog 

structures, it is important to map out the flow of the game using diagrams to consider all 

possible outcomes before development, such that designers can identify features to be added 
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to the game before the next phase of user evaluation. Third, existing Alexa debugger tools do 

not provide significant aid in figuring out what specific instances have caused errors, and the 

debugging methodology was more time-consuming than anticipated. Animal Actions 

employed a linear storyline with questions in sequential order, and each new question was 

dependent upon the previous dialog exchange. Consequently, when testing user interaction 

with a specific quiz question in the middle of the game, developers always had to restart from 

the beginning and play through the game. Lastly, while developing the third prototype 

Animal Actions Display, the existing dialog structure of an Amazon Alexa Skill allowed only 

one display to be shown as Alexa is speaking, limiting the opportunity to provide multiple 

images for visual feedback at the same time. A user must provide a response in order for 

Alexa to reply and show a different visual in a synchronous manner during gameplay. This 

technical constraint limited developers’ ability to innovate multimodal interaction design; 

therefore, Alexa game developers must be aware of these software design constraints when 

developing trivia games. 

Alexa Game Week Recommendation: Use Game Design Tools (Alexa Web API for 
games, Skill Flow Builder, etc.) to Innovate 

Lessons Learned from Animal Actions: 
Use third-party tools (e.g., visual 
prototyping tool VoiceFlow Builder) 

Redesign of Animal Action Display 
Leverage both third-party prototyping 
tools and the developer console. 

Summary of Recommendations from Iterative Design:  
Research development and deployment framework; use visual prototyping tools for 
dialog design prior to development; dedicate additional time for debugging linear 
dialogue interaction; develop workarounds for existing technical constraints. 

Table 5.4: Recommendations from Use Game Design Tools to Innovate 

5.3 Ethical Considerations   
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 When conducting user evaluation studies of voice games, researchers also need to be 

mindful about potential ethical issues that arise from conducting research in the home 

setting with young children, a vulnerable population that has yet to develop the cognitive 

and linguistic skills to understand and articulate their experience during different conditions 

of research (Fails et al., 2013). To ensure ethical research practices are maintained 

consistently during in-home evaluation studies, researchers should communicate with 

families during the initial study consent process about expectations not only related to data 

collection but also regarding expected outcomes. These may include educating parents about 

how children will interact with VAs and also explaining the interaction process to children 

in age-appropriate ways. For example, one aspect to clarify with families is that when 

children use an Alexa Skill on the examiner’s mobile device, no audio log is saved and all 

children’s verbal responses are aggregated within the Alexa Skill in an anonymous manner, 

making it unlikely that children’s personal identity will be infringed by engaging in 

playtesting with Alexa games. Some families may benefit from additional education on what 

types of information are being collected when their children’ are interacting with Alexa, and 

researchers should be aware of future updates on privacy and child protection policies, such 

as the Children's Online Privacy Protection Rule (COPPA). Additionally, it would also be 

pertinent to educate parents about and Health Insurance Portability and Accountability Act 

(HIPAA) if future studies are conducted with children who have communication disorders. 

When planning for user testing, it is also helpful to first collect a richer profile of 

children’s communication abilities to make note of potential underlying pathology in 

communication that can lead to usability challenges during playtesting. During the user 

evaluation study, P14 was observed to have consistent difficulties producing the /r/ sound 
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and replacing his /r/ sound with /w/. This pattern of speech, referred to as a phonological 

process in the field of communication science and disorders, is considered age-appropriate 

given P14’s age. It is expected that children eliminate this phonological process by age 6, so 

at the time of the evaluation study, P14 did not qualify as having a speech-language disorder. 

To ensure that parents were made aware of this phonological process, a short consult 

conversation with P14’s parents was initiated to offer additional resources for monitoring 

speech sound development and seeking services for speech therapy if the problem persists.  

When working with innovative technology, such as voice games that use VAs, it is 

important to manage children’s expectations, given the limitations of the technology during 

research, especially in the early prototyping and playtesting stages. For instance, P16 was 

very excited to try to speak to Alexa; however, during the usability evaluation, she was not 

able to complete the game and felt disappointed regarding the experience. For this 

participant specifically, a post-testing debrief session was initiated to explain to both the 

child participant and parent that since the game is still being developed, communication 

breakdowns with Alexa are expected. The child participant was praised for her efforts in 

helping researchers for create a better version of the game so that other children do not 

experience the same frustration.  

Researchers also need to be cautious about respecting the family’s privacy during 

user testing. During the evaluation study with P10, the Wi-Fi connection on the testing 

mobile device was weak due to the family’s location. In this case, P10’s parent gave 

permission for the testing mobile device to connect to the family’s Wi-Fi during the research 

study. The researchers ensured that the mobile device removed Wi-Fi and password 

information immediately after study completion while in the family’s home for privacy and 
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security. Researchers should carry portable Wi-Fi and electronic chargers consistently for 

all in-home visits to avoid the necessity of accessing families’ home internet. 

5.4 Study Limitations  

This user evaluation study has several limitations. First, due to the nature of using 

word of mouth and online recruitment, the selection process likely influenced the reported 

results of VA adoption and ownership. There were only 18 participating children, and they 

came from five counties in California, including areas with relatively higher technology 

proficiency (e.g., the Silicon Valley). As a result, the study findings should not be generalized 

to a broader communities and/or populations. Additionally, this evaluation specifically 

focused on children’s interaction with trivia games. Therefore, children’s interactions in this 

study may not be applicable to other types of Alexa Skills.  

Second, since questionnaires were collected with parents, but the questions included 

information regarding perceived usage and attitude for both children and parents, the 

accuracy of survey responses may suffer from parents’ inaccurate reports and lack of 

insights to their children’s attitudes and behaviors. Due to the limitation of survey length, 

the parent questionnaire primarily focused on collecting background information related to 

use of VAs and did not investigate additional information regarding parents and children’s 

gameplay experience with and without VAs. Collecting this information could be 

instrumental in designing play-based interactions for a variety of Alexa games, beyond only 

trivia games. 

Third, since the primary goal for this user evaluation study was to investigate both 

usability issues with the voice user interface and children’s understanding about in-game 

items, children were not given a picture-based test to specifically evaluate their prior 
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knowledge about the questions and audio stimuli used in the game prior to the user 

evaluation. As a result, children’s conversation and gameplay experiences may be impacted 

by variations in their prior knowledge about the items in the quiz game. 

Lastly, based on analysis of children’s gameplay with Animal Actions, it was observed 

that not all children have a comparable familiarity with Alexa, especially through the mobile 

interface. Spitale et al. (2020) recommend that children need to be familiar with VAs prior 

to experimental evaluation and suggest that children's confidence with VAs will likely 

increase with increased numbers of sessions of interaction. Future studies should consider 

offering more time for children to become familiar with the mobile VA prior to conducting 

playtesting of any Alexa games.  

5.5 Future Research on Designing Voice Games for Children 

This study offers valuable information regarding designing and evaluating children’s 

interaction with Alexa games and explores the feasibility of using voice technology for 

literacy and learning activities for young children in the family context. Future work will 

continue to investigate the design and implementation of voice games for young children in 

the following areas: (1) designing accessible voice user interfaces for children, (2) 

investigating the benefits of using voice games for children with communication disorders, 

and (3) developing voice games that can assess children's communication skills. These areas 

for future research may continue to engage designers, practitioners, and interdisciplinary 

scholars across HCI, communication science and disorders, assistive technology, and game 

studies towards a shared research agenda and toward the creation of a professional network 

to facilitate inclusivity and multidisciplinary collaboration for children (Kawas et al., 2020).  

5.5.1 Accessible Voice User Interface (VUI) for Children 
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 One major contribution of this study is the examination of complex factors that lead 

to unanticipated errors and breakdowns due to usability and accessibility issues with VUIs 

of an Alexa Game Skill. The video analysis offers multiple recommendations to minimize 

Alexa communication breakdowns and to create more opportunities for children to perform 

communication repairs. A few design approaches to address these issues include improving 

the feedback for error prevention and scaffolding for learning; increasing child engagement 

using real-time visual stimuli to supplement voice-only instructions and prompts; and 

expanding the narrative elements to aid auditory comprehension. These communication 

breakdowns and repair issues that stem from child-Alexa interaction lead to additional 

questions for future research on voice-based interactions. Despite the fact that VAs are 

increasingly being adopted by many families in addition to screen-based devices, VUIs are 

ready to become an emerging interface for young children at home. How can designers create 

accessible VUIs for children? How do researchers leverage the complex linguistic data 

children produce during voice-based interaction at the level of single words, phrases, 

sentences, and spontaneous speech? What methodologies should researchers use to assess 

the structure and quality of these linguistic data to develop design patterns for VUI? Although 

prior research has documented that voice is an accessible form of interaction for visually 

impaired individuals (Abdolrahmani et al., 2018; Storer et al., 2020), scholarly research on 

designing accessible VUIs for children is still an emerging research topic that remains to be 

explored.  

VUIs designed for children must also take into account socio-technical considerations. 

Due to issues related to ASR and NLU, as well as concerns of privacy and restrictions of 

parental control, designing accessible VUIs for children must consider multiple stakeholder 
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needs from both children and their adult communication partners. With regard to 

conducting studies on such topics, it is recommended that future studies should continue to 

use video analysis that directly analyzes utterances from children and observe when adults 

interfere and offer help, because VAs are currently unable to identify speakers to 

differentiate utterances from children vs. adults (Sciuto et al. 2018). Reflecting upon prior 

work on communication breakdowns during human-to-human communication, Barachetti 

& Lavelli (2011) reported that mothers adjust to children’s communication by providing 

supportive repairs to children with and without language disorders; however, most 

commercial VAs do not currently have the capability to participate in communication repair, 

leaving children to repair communication breakdowns themselves. This technical limitation 

is important to keep in mind when designing voice interaction for children.   

To address issues beyond ASR and NLU, it is also recommended to draw from other 

bodies of research that focus on dialog design and social signal processing, including from a 

parallel body of research in social robots for language learning on the latest advancement in 

child-robot communication to inform the design of VUIs for children’s use (van Den Berghe 

et al., 2019). While this technology is pervasive in millions of households, such widespread 

adoption is not without critique and parental concerns regarding data surveillance have not 

been extensively acknowledged and investigated (Orr & Sanchez, 2018). Ongoing 

investigations are critical to explore not only usability and accessibility issues of voice games 

for children but also socio-technical considerations in the family context, such as parent 

buys-ins for using VAs for educational and leisure activities.  

5.5.2 Implications for Children with Communication Disorders and Autism 
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As described in the literature review in Chapter 2, communication breakdowns and 

repairs are frequently present in children who are typically developing, as well as those with 

communication disorders. Voice is one of the most naturalistic communication media for all 

human beings, especially for younger children who are still developing speech and language 

skills and gaining fundamental building blocks for literacy. Existing technical shortcomings 

in VAs, such as issues with ASR and NLU, should not hinder researchers to continue 

capitalizing upon interactive user experiences that VAs can provide for children. During the 

evaluation study, it was observed that one participant (P18) who had difficulties with a 

particular speech sound was able to use communication repair strategies for multiple 

attempts throughout the game in order to communicate with Alexa, ultimately repairing his 

own pronunciation until recognizable by Alexa. This observation is consistent with prior 

research by Pradhan et al. (2018), who also reported that parents have left Amazon reviews 

stating that their children with speech impairments and autism have improved their 

communication from speaking to Alexa.  

Despite these preliminary findings that document potential benefits of using VAs 

among children with communication disorders, to date, no empirical studies have 

specifically evaluated game-based interactions with VAs among children between ages 3 and 

6 with speech and language impairments or with autism. Despite such uses being included 

in marketing strategies in child-centered products and healthcare-related software 

development offerings, no directly child-facing, HIPAA-compliant Alexa Skill has been 

developed in the medical space to support children with different clinical diagnoses of 

communication disorders. Although the user evaluation study did not include children with 

communication disorders, the original design of Animal Actions was intended to support 
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children who have speech and language disorders, with and without a diagnosis of autism. 

Future research should continue to investigate whether activities via VAs could offer 

children with communication disorders opportunities to practice speech exercises and learn 

language skills. Due to the multifaceted design considerations for designing voice games, 

researchers should continue to build upon the larger body of literature in audio games for 

children with visual impairments, and carefully account for issues related to usability of 

voice interfaces, as well as accessibility issues that impact play experiences. When working 

with these children, it may also be beneficial to consider how clinicians provide different 

communication strategies and verbal prompts to support children’s communication and to 

design VUIs to capture these tacit clinical practices. Essentially, just as communication 

support from parents may point to design strategies for eliciting children’s responses (Du et 

al., 2020), games for children with speech and language disorders can utilize evidence-based 

clinical practice to inform design.  

5.5.3 Future Opportunities in Voice Games for Children’s Communication Skills 

The Alexa game Animal Actions leverages both the quiz game mechanics and 

embedded narrative elements with an adventure story theme to improve children’s 

gameplay interaction. However, two limitations identified through video data analysis 

indicated that children’s linguistic knowledge of auditory stimuli can be significantly 

different than visual stimuli, which is their primary mode of learning for the majority of the 

literacy activities (e.g., books, media, and games). As a result, using auditory-based quiz 

activities to assess children’s language skills may suffer from content validity compared to 

traditional visual-based assessment methodologies using pictures and books. Auditory-

based assessments would benefit from more research on guidelines for age-appropriate 
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audio information and child-friendly speech input for voice game designers. Auditory-based 

interactions using VAs can offer new opportunities to improve the future of linguistic 

assessment using multimodal technology. For example, during visual-based language 

assessments, when words cannot be visually illustrated, these items may not be included via 

visual media and/or can be depicted incorrectly (e.g., “ringing”, “storm”). However, 

interactive voice games developed via Alexa can not only include these audio stimuli that are 

traditionally difficult to represent via visual-only means, but also can supplement visual 

pictures to represent multiple attributes of assessment items.  

Additionally, assessment tasks and items that do not require visual stimuli can also 

be adapted and implemented via Alexa voice games. A recent study by HCI researchers 

Spitale et al. (2020) reports that Italian-speaking children with and without language 

impairments between ages 7 and 8 can interact with VAs for linguistic assessment activities, 

such as sentence repetitions and storytelling. The authors found that children’s 

performances also differ across neurotypical children vs. children with developmental 

language disorders, and they concluded that VAs have the potential to be used for both 

speech therapy assessment and training. Future design of Animal Actions Display can also 

expand the linear story narrative to a nonlinear format and invite children to participate in 

different tasks. This would enable  children to engage in a rich variety of tasks and produce 

linguistic input while interacting with multiple branches of storylines, thereby increasing 

novelty and replayability. Game-based assessment (Mislevy et al., 2012b) challenges 

researchers to move beyond assessment tasks and focus on children's sense of autonomy 

and agency through play (Kawas et al., 2020), and this will continue to be an important area 

of research for the future. 
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CHAPTER 6: CONCLUSION 
6.1 Study Summary 

Through the design and evaluation of Animal Actions, this dissertation study is one of 

the first empirical explorations to examine children’s verbal communication and technical 

breakdowns with the voice assistant Amazon Alexa in the context of a trivia game. Informed 

by prior literature on child-computer interaction, child language development, and audio 

and trivia games, I described literatures on the adoption and use of voice assistants (VAs) in 

households, benefits and usability challenges (e.g., communication breakdowns) for child 

users, and opportunities for designing different genres of games through VAs as an 

educational and learning tool for children. After reviewing game design and conversation 

design guidelines as well as a relevant framework for creating audio games for VAs, I 

explained rationales for selecting Amazon Alexa as a game platform and reviewed existing 

Alexa games for design inspirations.  

Three Alexa game prototypes were designed and developed with interdisciplinary 

research teams and an in-home user evaluation study was conducted with 18 children 

between 3 and 6 years old using the second prototype Animal Actions on a mobile phone. The 

qualitative analysis of children’s gameplay videos offered a new methodological contribution 

to examine children's interaction with Alexa from four areas: children’s verbal behaviors, 

children’s response errors, Alexa communication breakdowns, and children’s 

communication repair strategies. Investigations across these four areas led to two major 

findings. First, single-word responses were more accurately recognized and processed by 

Alexa than were multi-word phrase-level responses. Second, when comparing children’s 

response accuracy and errors across both animal items and action items, children’s 

responses included a wide range of speech articulation, semantic, and syntactic response 
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differences than the original quiz answers were initially designed for. These findings 

revealed previously reported issues of Alexa’s speech recognition errors for child users and 

ongoing technical limitations when processing complex semantic and syntactic structures 

from multi-word speaker input. Children’s diverse linguistic responses, coupled with 

additional technical breakdowns, lead to different incidents of communication breakdowns 

between children and Alexa.  

Additionally, parent questionnaires reported emerging adoption and use of VAs for 

different activities of daily living in the home setting (e.g., searching for information, setting 

timers, playing music). Parents also described how their children experience usability issues 

with VAs in areas such as speech recognition and natural language understanding, and they 

shared different scenarios of using VAs independently and collaboratively with their 

children. These parent reports provided a specific context on how voice games can be 

designed to support existing family routines and meet some parents’ expectations for 

educational content via VAs. Based on these findings, sociotechnical, design, and ethical 

considerations were discussed to inform future research on designing accessible user 

interfaces in voice games to support children’s communication skills, including those with 

communication disorders.  

6.2 Scholarly Contributions 

Despite being early in its development and adoption, voice games have the potential 

to offer independent interaction between children and VAs for extended durations of time, 

which is different from short Alexa commands. While parent questionnaires offered 

additional details on how VAs have been used by children for other types of voice-enabled 

interaction at home, linguistic data collected from videos during gameplay enabled detailed 
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analysis of children’s conversation exchanges with Alexa. Another important lesson learned 

was to develop qualitative coding systems by drawing from prior work in human-to-human 

communication, especially in communication breakdowns and repairs. Many past 

experimental studies in child language research have intentionally set up an experimental 

design with communication breakdowns. In contrast, the current study used a game, a 

different interaction with artificial intelligence that an experimental condition with adults 

cannot offer, to examine communication breakdowns between children and Alexa.  

The research contribution of this study is multi-faceted. First, it describes the early 

work of exploring Alexa voice games and provides guidelines on the audio, gameplay, and 

conversational design in the context of a trivia game. It also makes recommendations to 

create age-appropriate voice games for children. Second, it is one of the first studies that 

utilizes video analysis as a methodology to examine the interactive utterances between Alexa 

and children in the context of voice trivia games. Third, it contributes to understandings of 

existing parent-child VA use in the home by documenting family technology practices and 

activities with VAs. Lastly, the study addresses limitations in design, offers ideas towards 

creating voice interfaces for children that can inform researchers for design iteration and 

development, and suggests future opportunities using voice games for home activities for 

children with and without speech and language disorders.   

6.3 Future Research Agenda 

While this study provided insight into communication breakdowns with a voice game 

used by typically-developing children, the question remains whether VAs can engage 

children with communication disorders to participate in voice games that offer educational 

values. In my future research, I plan to finish developing the final prototype Animal Actions 
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Display and conduct another user evaluation study to examine usability and accessibility 

issues with children with communication disorders. Research outcomes from the next phase 

of design and evaluation can inform game designers on how to create voice interfaces for 

other users with disabilities (e.g., visual and physical impairments).  

My long-term research plan is to generate child-centered and clinically-informed 

guidelines for designing voice games that support home-based speech and language 

exercises for these children with communication disorders. These games can offer additional 

support for not only for the children themselves but also for their caregivers, who lack 

additional time, resources, and/or expertise to engage their children in therapy activities in 

resource-constrained environments, such as at home. Future research will continue to 

investigate how VAs evolve along with families’ use of VAs and the creation of more content 

and how these phenomena may affect families’ experience with other technologies in the 

home setting.  

Digital media and digital tools have the potential to support innovative and accessible 

clinical intervention at home and in the community. Many interactive applications have the 

potential to support children’s language learning and literacy development. As web, mobile, 

and voice technology tools continue to advance, these materials and service delivery 

methods can be particularly valuable for clinicians to engage children during teletherapy. It 

is anticipated that ongoing research in computer-mediated applications will advance the 

field of speech language pathology in areas of both child language assessment and 

intervention. 
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APPENDIX A: A Sample Transcript from Animal Actions 

Alexa Utterance Child Utterance 

Welcome to animals and actions. There are some animals trapped in a 
dark room can you help me to save them. please use your loudest voice 
and say yes or no. Yes 

Awesome, dun dun dun let’s start. Listen, one animal made a sound. What 
is this animal? (cat) a kitty 

That’s a great guess. A cat makes this sound. Another animal is calling for 
help, what is it? (dog) a doggy 

Wow, I am surprised you know this. One animal also made a noise, what 
is this animal? <chicken> A chicken 

You are doing awesome and keep it up. What is this animal? (horse) A horse 

You surely know this sound. Here is another animal who also needs your 
help, what is it? (sheep) A cow 

That’s a great guess. A sheep makes that sound. What is this animal? 
(elephant) a elephant 

You are doing awesome and keep it up. The last animal made a noise too. 
What is it? (wolf) a wolf 

You are a rock star. This animal decides to follow you. You took the 
animal to your home. Now both of you are at the front door. What is the 
animal doing? (ringing) 

ringing the 
doorbell 

That’s a great guess, the animal is ringing the doorbell. Your family 
opened the door and the animal rushed into the bathroom. What is he 
doing? (toilet flushing) 

he's flushing the 
toilet 

You are a rock star. After the animal used the bathroom, he picked up the 
camera on the shelf. what is the animal doing? (camera sound) 

he's taking 
pictures 

You are close. The animal is taking a photo. The animal feels bored. He 
grabbed one of your toys and started playing. What is he doing? 
(bouncing ball) 

he's breaking my 
toy 

That’s a great guess. The animal is bouncing a ball. The bouncing sound 
makes him happy. He found something more interesting. What is he 
doing? (drums) 

he's making 
music 

I like how you think though. The animal is playing music. After playing 
with the drum, the animal wants to go for a ride outside. He took your 
family too. What is the animal doing? (motorcycle) 

He's driving the 
car 

What a good try. The animal is riding a motorcycle. the traffic is terrible. 
There are so many bad drivers on the road. What is the animal doing? 
(horn) 

He’s honking the 
horn 
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You are close. The animal is honking. Aww after driving 3 hours, the 
animal took your family to his home. What is inside his place? Let us play 
again next time. (chimes) n/a 

 

 
 
 
 
 
 
 




