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Abstract of Thesis 

 

 

User-Centered Design for Gamified Voice and Communication App: Applying UCD to 
Gender-Affirming Communication Services 

 
 

At present, there is no gamified app for voice and communication change desired 

by gender diverse people. However, UCD and gamification have led to increased user 

engagement, practice frequency, and skill learning in other healthcare scenarios. 

Optimizing behavior change using a UCD app is consistent with culturally-responsive, 

person-centered care in which an individual is empowered and able to access appropriate 

care. An app designed to facilitate voice and communication change has potential to be a 

valuable resource for a transgender person’s communication situation and overall well- 

being. This study aimed to investigate target user perceptions of potential voice and 

communication app features and design components to inform future app design for 

optimum communication-related well-being. Participants completed an electronic survey 

and a brief interview with investigators to expand upon survey responses. Participants in 

this study indicated greater predicted practice frequency when using a gamified app to 

practice voice- and communication-related skills compared with other practice options 

(e.g., following written instructions). In general, participants preferred primary task 

support features and dialogue support features (i.e., features to facilitate/improve 

performance of target behaviors) over system credibility and social support features (i.e., 

features to verify provided information and to engage/collaborate with other users). 

Participants in this study indicated a collective desire for customization of accessibility 

features, and indicated individual-specific variations in customizable feature preferences 

for color scheme, font, icon size, and player profile. Using UCD in gamified voice and 
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communication practice app design therefore offers a promising path to improve access 

to person-centered, culturally-responsive voice and communication service provision. 
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Chapter 1: Introduction 
 
 

1.1 Communication Situation for Gender Diverse People 

 

The term communication situation is used to describe the converging factors of 

gender positioning, refers to sociocultural positioning in various groups (used as an 

alternative to “social status” to reflect the dynamic nature of this factor), and describes 

vocal function (i.e., what a person can produce with their vocal tract given their present 

anatomy and physiology). Derived from the term vocal situation (Azul, 2015), 

communication situation reflects how the convergence of these factors influences an 

individual’s overall communication (e.g., talking with voice, emailing, texting, 

communicative gestures, etc.) in their daily life. While the use of this term is relatively 

recent compared to more widely-used terms (e.g., vocal function), communication 

situation presents a more comprehensive depiction of the intersecting sociocultural and 

biocultural factors that comprise an individual’s communication. 

The terms gender position and gender positioning are used to describe an 

individual’s gender while acknowledging the dynamic and constructed nature of gender 

(Azul, Arnold, & Neuschaefer-Rube, 2018). A person may adopt practices that contribute 

to their position of belonging in various sociocultural groups, including gender-based 

groups. The term transgender describes an individual whose current gender position 

differs from the gender they were presumed at birth. Gender dysphoria is a medical term 

to describe the distress resulting from the incongruence between expressed and attributed 

(from self or others) gender positioning that transgender individuals may experience 

(Södersten et al., 2019). Of note, the term gender dysphoria is generally accompanied by 

a pathologizing connotation (Azul, 2015). 
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Quality of life is largely centered around only negative factors impacting an 

individual (i.e., stressors) (CDC, 2018). In other words, quality of life merely depicts an 

individual’s limitations (e.g., vocal function limitations), whereas well-being describes 

the interplay between the stressors and resources present in an individual’s life. 

Transgender individuals may experience stressors of violence, ostracization, 

discrimination (e.g., restricted restroom access), and “nonaffirmation” (i.e., others refusal 

to affirm an individual’s gender identity) (Testa et al., 2015, p. 66). Resources may 

include support from social circles, emotional support, pride in one’s identity, shared 

identity experiences with others, and being part of a community (Testa et al., 2015).When 

resources are sufficient for coping with stressors, well-being is achieved. 

Voice and communication services should strive to establish and reinforce 

resources to mitigate stressors for optimum communication-related well-being. 

Communication-related behavior change, including vocal behavior change, may serve as 

a resource for those who would like to achieve a voice or communication style that 

corresponds more closely to their desired voice or communication style. 

1.2 Voice and Communication Services for Transgender Populations 

 

Voice and communication service provision for transgender individuals should 

include addressing vocal function and its relationship to the communication situation. 

While vocal function is not the only factor influencing communication in transgender 

populations, it is documented as a prevalent force influencing quality of life in 

transgender populations (Azul & Hancock, 2020; Azul, Hancock, & Nygren, 2020; 

Hancock, Azul, & Sinnott, 2020; Azul, Arnold, & Neuschaefer-Rube, 2018; Azul 2015). 

The nature of an individual’s perception of their voice is influenced in part by their vocal 



3  

function across a variety of contexts (e.g., entertainment venues, etc.) (Azul, Hancock, & 

Nygren, 2020; Dacakis, 2019; Dacakis et al., 2013), as well as by listener responses to 

their voice (Dacakis, 2019). 

When designing voice and communication interventions for transgender 

populations, it is important to bear in mind the diversity of sociocultural norms that shape 

a person’s idiolect and vocal behaviors. For example, there are no single SFF values that 

may be applied to a given gender position. Moreover, SFF ranges, maximum pitch, 

minimum pitch, and intonational melody have been found to vary across both languages 

and geographic locations (Block, Papp, & Adler, 2019). It is therefore important to 

consider the influence of sociocultural positioning in addition to that of gender 

positioning. Since sociocultural positioning may determine how an individual’s 

community perceives their communication, as well as how the individual perceives their 

own communication, failure to consider this may lead to inappropriate assessment or 

intervention measures. Given the breadth of its influence, sociocultural positioning 

should be considered for every client, regardless of their reason for seeking services. 

Transgender clients demonstrate differing needs based on gender and other 

sociocultural factors (e.g., race, culture, geographic location, etc.) (Hancock & Siegfriedt, 

2020; Adler, Hirsch, & Pickering, 2019). For example, medical interventions (e.g., 

hormonal and/or surgical interventions) have been shown to be more effective for 

individuals with static or binary gender identities (e.g., transmen, transwomen, nonbinary 

individuals) than those with more dynamic gender identities (e.g., 

genderqueer/genderfluid individuals) (Hakeem et al., 2016). As a result, the provision of 

appropriate voice and communication services relies on the SLP’s familiarity with an 
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individual’s voice- and communication-related goals and ability to tailor intervention to 

the client (Dacakis, 2019). 

To address this diversity of people and their needs, Azul, Hancock, and Nygren 

(2020) employ the term sociocultural positioning. This term allows for variation in how 

an individual perceives themselves (i.e., their active positioning terms of gender, age, 

race, etc.) and how an individual is perceived by others. Additionally, it reflects the 

potential for intra- and extra-personal factors to influence an individual’s voice and 

communication practices. In considering these influences, clinicians may gain further 

insight into an individual’s needs, and may shape intervention plans accordingly. 

Considering an individual’s sociocultural positioning enables clinicians to provide 

person-centered care (i.e., services placing an individual in the central role of care 

management for maximum autonomy), which in turn may lead to increased behavior 

change (Bailey, 2017; Ryan & Deci, 2000; DiLollo & Favreau, 2010). 

1.2.1 Facilitating Appropriate Services 

 

ASHA-certified clinicians have an ethical responsibility to work with clients in 

order to provide services of the highest possible caliber (American Speech-Language- 

Hearing Association [ASHA], 2016). Speech-language pathologists (SLPs) should 

therefore strive to provide services that comprehensively address an individual’s 

communication goals and support needs, as doing so may grant clients access to 

appropriate services. Levesque et al. (2013) conceptualize healthcare service delivery 

with the following model: 
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Figure 1. Model of Healthcare Access from Levesque et al. (2013) 

 
 

Levesque et al., 2013, p.5
 
The authors define access to healthcare as, “the opportunity to reach and obtain 

appropriate healthcare services in situations of perceived need for care” (Levesque et al., 

2013, p. 4). In this definition, the term ‘appropriate’ is understood to mean those services 

which comprehensively address an individual’s presented needs regarding health or well- 

being. They go on to define an individual’s “ability to engage in health care” as “...the 

participation and involvement of the client in decision-making and treatment decisions, 

which is in turn strongly determined by capacity and motivation to participate in care and 

commit to its completion” (Levesque et al., 2013, p. 6). Healthcare may be deemed 

‘inappropriate’ when provided services fail to address all presented needs related to 

health and well-being. Furthermore, appropriate services must allow for direct, 

uninhibited participation in treatment design and completion in order to be considered 

‘engaging,’ and facilitate the client accessing appropriate care. 

Another criterion of appropriate care is a clinician’s cultural responsiveness. The 

New York State Education Department Metropolitan Council of Educational 
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Administration Programs (NYSED MCEAP) defines cultural responsiveness as, “the 

ability to understand the within-group differences that make each student unique, while 

celebrating the between-group variations that make our [world] a tapestry,” and 

emphasize that the development of cultural responsiveness is a continuous (i.e., 

unending) process (NYSED MCEAP, 2017). In the clinical setting, cultural 

responsiveness results from the fusion of cultural competence (i.e., a clinician’s ability to 

incorporate an individual’s culture into service provision; Hancock & Siegfriedt, 2020) 

and cultural humility (i.e., continuous education regarding how a clinician’s own identity 

impacts their service provision; Tervalon & Murray-García, 1998). Limited cultural 

responsiveness may serve as a barrier to acquisition of appropriate services (Hancock & 

Siegfriedt, 2020; Adler, Hirsch, & Pickering, 2019; Korpaisarn & Safer, 2018). 

An individual’s person-centered care experience (i.e., appropriateness of care), 

which is driven by their personal motivation to change their behavior, influences their 

ability to engage in provided healthcare services (Hancock & Siegfriedt, 2020; Adler, 

Hirsch, & Pickering, 2019; Korpaisarn & Safer, 2018; Levesque et al., 2013). 

1.3 ‘User’-Centered Healthcare Services for Optimum Engagement 

 

Outside of the speech-language pathology field, the term ‘user-centered design’ 

(UCD) was created by Donald Norman of University of California San Diego (UCSD) to 

describe a means of improving human-computer interaction (HCI) outcomes by granting 

prospective system users more input throughout the stages of system design. Much like 

person-centered care, UCD allows users to directly influence the features and qualities 

developers include in system designs. Abras, Maloney-Krichmar, & Preece (2004) 

describe a 3-phase user-centered usability testing protocol: (1) iterative concept design 
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phase (i.e., pre-coding user feedback on initial concept design(s)); (2) initial usability 

perceptions (i.e., initial user feedback for each prototype generated from phase 1), and (3) 

final product usability testing (i.e., comparing user-determined usability ratings to initial 

goals for system usability). 

While user-centered design (UCD) will be discussed in greater detail later in this 

paper, one key feature UCD research has revealed is the general user preference for 

personalized, customizable features in operating systems (Oinas-Kukkonen & Harjumaa, 

2008). There is a clear association between positive user ratings of operating systems and 

presence of these preferred features (van Leer et al., 2021; Kopf & Huh-Yoo, 2020; 

Pramana et al., 2018; Oinas-Kukkonen & Harjumaa, 2008), which suggests that users 

prefer to engage with systems that they can customize to fit their individual needs. These 

user preference findings may be applied to transgender voice and communication service 

provision given the need to consider the aforementioned stressors/resources specific to 

transgender populations (Testa et al., 2015). Since users prefer to customize their 

systems, and transgender populations demonstrate population-specific needs discrete 

from those of cisgender populations, engaging intervention should place transgender 

individuals in a key role in which they directly influence the services clinicians provide. 

An appropriate, culturally-responsive, engaging intervention tool would therefore be one 

with which clients have adequate agency and access to information in order to shape their 

care to fit their needs. 

1.3.1 Person-Centered Approach is Culturally-Responsive Care 

 

Carryover tools (i.e., tools to reinforce/maintain behavior change outside of the 

clinical setting) are needed to maintain skills learned in the clinical setting for lasting 
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behavioral change (van Leer, 2013). Culturally-responsive carryover tools should address 

factors related to sociocultural positionings, vocal function, and the related stressors and 

resources contributing to the client’s communicative wellbeing for optimum person- 

centeredness in service provision. While there is currently no culturally-responsive 

carryover tool that has been proven valid and reliable through research trials, the 

aforementioned distinct communication considerations for transgender individuals 

warrants further investigation to inform iterative design for such a tool. Current carryover 

tools (e.g., biofeedback-focused smartphone apps) tend to place the focus on an 

individual’s biophysiological processes; however, social models of service delivery open 

avenues for improved person-centeredness through extrapersonal factor inclusion (e.g., 

education about community-based resources) in carryover tools. 

1.4 Communication-Related Behavior Change 

 

Goal-setting is a fundamental component of the behavior change process. There 

are a number of goal attributes associated with increased likelihood of goal achievement, 

including positive framing (e.g., “I’m going to go for a walk this evening” instead of “I 

will not sit on the couch this evening”) and focusing on mastering new skills rather than 

performance accuracy (Bailey, 2017). Intrinsic and extrinsic motivation are additional 

factors in goal achievement. Extrinsic motivation is motivation that stems from receipt of 

positive reinforcement that is separate from the target behavior or goal (e.g., receiving 

stickers or candies for correct responses to trivia questions). Ryan and Deci (2000) assert 

that extrinsic motivation transitions to intrinsic motivation via the successive processes of 

introjection (i.e., an individual performing an exercise to receive approval from the 

clinician/others), identification (i.e., an individual identifying the relationship between a 



9  

therapeutic activity and their desired outcome/goal), and integration (i.e., the progressive 

merging of the identified justification for an exercise with the positive reinforcement an 

individual receives following target behavior performance). 

Intrinsic motivation is achieved when an individual’s motivation to perform target 

behaviors is derived from their own self-interest (i.e., self-sourced positive 

reinforcement). An example of this development may be found in a client with dysphonia 

who begins therapy at the point of introjection (e.g., client seeks approval from their 

clinician and/or spouse), then progresses to identification (e.g., learns that straw 

phonation exercises help them produce voice efficiently via optimum vocal fold 

positioning), then to integration (e.g., client feels the difference between voice production 

with oral resonance versus laryngeal resonance, and can self-correct), and finally to 

intrinsic motivation (e.g., client motivation to continue oral resonance exercises stems 

from self-sourced interest in producing voice more efficiently). 

In order to promote optimum communication-related behavior change, it is 

important to consider an individual’s current mindset with regard to this spectrum. 

Providing an individual with appropriate supports for their current placement along this 

spectrum (e.g., verbal praise for an individual at the point of introjection) may enhance 

progress toward their desired voice and communication style. Given the aforementioned 

positionings influencing voice and communication (Hancock & Siegfriedt, 2020; Azul, 

Arnold, and Neuschaefer-Rube, 2018; Adler, Hirsch, & Pickering, 2019), clinicians 

providing services for optimum communication-related behavior change must consider 

an individual’s sociocultural positioning, gender positioning, vocal function, and source 

of motivation when formulating goals and reinforcing target behaviors. 
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1.5 Intersection of Serious Game Design and Clinical Service Provision 

 

Technological advancements such as portable devices (e.g., smartphones, tablets) 

have created new avenues with which culturally-responsive carryover of skills learned in 

the clinical setting may be achieved. The principles of UCD overlap with those of person- 

centered care in that both processes grant the client (i.e., user) a key role in designing 

their experience. Consequently, the use of user-centered serious game design for 

clinically-facilitated behavioral change may be conceptualized as a technological 

extension of person-centered service provision. The following sections define relevant 

system design terminology, discuss the influence of gamification on behavior change, 

and examine the prospective utility of UCD in addressing all agents influencing 

communication for more person-centered intervention. 

1.5.1 System Design Terminology 

 

The term gamification describes the process by which developers integrate 

‘playful’ features into system design, often with the intention of increasing user 

engagement and enjoyment of an operating system (Deterding et al., 2011). Kim (2015) 

makes the following distinction between games and gamification: “...while games tend to 

create an imaginary world that is separate from reality, gamification creates a game layer 

on top of the real world” (Kim, 2015, p. 8). Human-Computer Interaction (HCI) 

describes the reciprocal data exchange between human users and computer operating 

systems. Oinas-Kukkonen and Harjumaa (2008) formulated the following categorization 

of system features: Primary task support (i.e., features designed to facilitate primary 

target behavior), dialogue support (i.e, features designed to facilitate optimum 

engagement for task completion), system credibility support (i.e., features designed to 
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persuade users to continue using the system), and social support (i.e., features designed to 

harness social influence in order to increase user engagement/target behavior production). 

Playful features are features designed to facilitate pleasurable experiences and 

interactions for users. User-Centered Design (UCD) describes the process by which 

developers incorporate target user feedback into system design for optimum system 

usability outcomes. Serious game design describes gamified systems created to facilitate 

behavior change for non-entertainment purposes via playful system features. 

1.5.2 Gamification Uses and Outcomes 

 

Research on gamification has grown significantly over the last 20 years. While 

the exact origin of the term ‘gamification’ is disputed, general consensus credits Nick 

Pelling as the person who coined the term in 2002-2003 (Stöcklin, 2013; Szyma, 2014). 

Since then, gamification has entered the healthcare field in the form of virtual programs 

and apps targeting behavior change. Researchers at the University of Pittsburgh 

(Pittsburgh, PA) investigated the influence of gamification techniques and interactive 

modules on children’s engagement and retention of learned anxiety management skills 

(Pramana et al., 2018). Participants were children ages 9-14 (N= 35). An additional 

research aim was to evaluate the usefulness of this pilot program as a supplement to 

treatment. Previous feedback about the SmartCAT 1.0 system that was piloted before this 

study informed the system design evaluated in this study. The SmartCAT features 

included in the prototype system included reminders to complete modules, gamified 

modules for learning coping skills, structured anxiety management plans (i.e., step-based 

plans), physical symptom awareness education (e.g., physical symptoms of anxiety), 

exposure tasks (e.g., simulation scenarios), a therapist-participant messaging portal, 
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gamified carryover modules (i.e., reinforcement tasks), and usage monitoring 

components to track program adherence. The iterative system design phase consisted of a 

‘skills coach’ module consisting of scenarios targeting learned skill reinforcement (i.e., 

selecting appropriate coping mechanisms for a given scenario), whose completion earned 

the participants points they could later use to earn a reward. The therapist pre-scheduled 

the skills coach module to automatically open a minimum of once per day; however, the 

children could elect to open the module additional times throughout the day. Each time 

the children completed a skills coach module, they earned more points. Results indicated 

that the children demonstrated greater engagement and consequent learned skill retention 

with the gamified SmartCAT app than with the previous, non-gamified system. 

A similar outcome was seen in a single subject study involving a 9-year-old boy 

receiving experimental gamified treatment for vocal hyperfunction associated with 

bilateral vocal nodules. The study spanned three phases (King et al., 2012). In the first 

phase, two computer programmers completed feasibility testing to determine any 

necessary modifications prior to use for voice modulation, resulting in the prototype 

Opera Slinger game. In the second phase, the authors observed four adults (ages 23-27) 

and two children (ages 8 and 9) with no history of vocal pathology as they individually 

played the prototype game for 20-30 minutes resulting in further refinement (e.g., written 

game play directions, stages increasing in difficulty, increased pause time between 

exercises, decreased trial duration) of the Opera Slinger game to address presented 

difficulties. In the third phase, the refined game was administered after the participant 

completed one-hour weekly session of traditional voice therapy for two weeks to 

facilitate optimum vocal health and rapport with the treating clinician for safe 
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participation in the study. The participant then completed two additional one-hour 

sessions over two weeks, during which he was given verbal and written directions to play 

the game at home. Although the participant was only able to play the game at one of his 

two caretaker’s homes, the system log and logs completed by the participant/his parents 

indicated consistent practice with the system during the times he was at that home. The 

game included sustained phonation, single word, and short phrase exercises. The 

participant and his parents logged the date, time, and amount of exercises performed 

daily throughout the two week experimental period. After playing the game for two 

weeks, both the participant and his parents completed surveys detailing their perceptions 

of the game’s usability for voice therapy. Results indicated a need to further improve 

game mechanics to facilitate increased focus on the vocal behavior tasks. The goal 

clarity, feedback provision, agency, self-efficacy employed in the Opera Slinger game 

resulted in increased motivation and engagement. While the participant in the third phase 

initially perceived the game as difficult and fatiguing, the authors made modifications to 

reduce these occurrences, including a more gradual increase in exercise difficulty (i.e., 

restructuring levels into three distinct difficulty classifications/levels rather than two). 

The authors concluded that, while further research is needed to investigate the 

effectiveness of gamified voice systems in pediatric populations, gamified systems offer a 

promising means with which to facilitate increased vocal behavior change and skill 

generalization for pediatric clients. The demonstrated positive impact of gamification in 

pediatric healthcare service provision (Pramana et al., 2018; King et al., 2012) offers 

valuable insight into the effects gamification can have on client adherence to intervention 

plans, especially when gamified systems are tailored to an individual client’s needs. The 
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increased engagement exhibited in response to gamified systems illustrates how such 

systems can be used to improve vocal behavior change in individuals seeking to adjust 

their voice and communication style, ultimately improving communication-related well- 

being. 

Despite the positive outcomes demonstrated by gamified therapy supplements in 

pediatric populations, gamification should not be regarded as a strictly pediatric 

intervention tool, nor should gamified carryover tasks be regarded as inferior to 

traditional carryover tasks (e.g., paper worksheets). Baxter et al. (2021) investigated the 

validity and reliability of the gamified smartphone app “Queensland University 

Technology Inspire” or “QUT Inspire,” a preliminary “exergame app” designed to 

facilitate incentive spirometry practice outside of the clinical setting (Baxter et al., 2021, 

p. 2). The authors additionally set out to compile a library of uniform, non-human 

inspiration files for use in evaluating future respiratory applications. Using this library of 

compiled uniform inspirations, the authors evaluated the QUT Inspire app’s reliability 

and range of inspiratory sound detection. They applied these artificial inspirations to a 

Triflo II incentive spirometer with a PVC hose (3m length, 25 mm diameter). The authors 

found the QUT application to be a reliable and valid means of facilitating incentive 

spirometry practice, and asserted that the QUT app is a promising exergame that 

promotes target technique practice with minimum focus on discomfort (e.g., mucus 

expulsion). These findings indicate the utility of gamification in adult medical 

intervention, and indicate that current smartphone devices demonstrate adequate acoustic 

sensitivity to facilitate behavior change via reliable, gamified biofeedback outside of 

clinical settings. Although this study focused solely on respiration, the importance of 
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respiration in voice and communication production supports the hypothesis that similar 

“exergames” may lead to similar outcomes in voice and communication interventions. 

Despite the fact that research on serious game design for voice and communication is 

presently in the early stages, Van Stan, Park, Jarvis et al. (2017) useda serious voice 

game to investigate vocal motor learning. The goal of the computerized game was to 

adjust the angle of a slingshot by making vocal adjustments (i.e., raising or lowering 

pitch) before the ball was launched toward the target. Ten professional singers with no 

history of voice disorders and judged to have normal voice quality became familiar with 

the game for 5 days, then completed 100 trials during which they were able to view the 

changing slingshot position as they adjusted their pitch and loudness. Then they practiced 

for 5 days while unable to view the slingshot movement, a design that aims to simulate 

real-world conditions in which people are generally unable to view such visual 

biofeedback as they speak. During this stage, participants completed 3 sessions per day 

and completed 100 trials per session, resulting in a total of 1500 trials at the end of the 5-

day period. Additionally, during this stage, the authors placed the slingshot’s target 

higher and to the left of its position in the previous stage, thereby moving it closer to the 

slingshot. In order for these authors to analyze vocal learning patterns, it was critical for 

vocal learning to occur and for it to be measured with sufficient sensitivity to identify 

patterns. The participants did significantly improve their performance by using this 

serious game, enabling the important research on mechanism of vocal learning. 

1.6 User-Centered Design as an Agent of Culturally-Responsive Service 

Provision 

 

App developers have found that involving user populations at every step in the 

app design process enables users to select desired features that would enable them to 
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complete the target activity. Studies investigating user-centered system design have 

illuminated, identified, and operationally defined a number of preferred features. These 

include personalization (i.e., individual can customize system to fit their 

needs/preferences for target behavior completion), tailored systems (i.e., systems tailored 

to a given individual/population’s needs), simulation (i.e., person can view model 

person/AI performing target behavior to explicitly view cause/effect of target behavior), 

similarity (i.e., people prefer systems that more closely match how they speak, think, 

etc.), trustworthy/credible information sources (i.e., they provide unbiased 

expertise/information about the target behavior, how/why the target behavior will benefit 

the individual, etc.), facilitate social learning (i.e., allow the user to observe and/or 

interact with other users performing target behaviors), and support/troubleshooting 

features for optimum user experience (e.g., block/report features for users and/or 

notifications) (Sun et al., 2020; Oinas-Kukkonen & Harjumaa, 2008). 

Incorporating users at every step in the serious game design process allows 

developers to create systems that integrate user preferences and system features for 

optimum target behavior completion. Additionally, UCD allows developers to create 

serious game systems that not only address barriers to target behavior completion (e.g., 

attitudes toward change), but dismantle these barriers by increasing system 

appropriateness and engagement. This is done by incorporating user feedback at all 

stages of system design to create a system for users to not only interact with, but rather a 

system that provides users with constructive, enjoyable engagement. Preliminary findings 

in gamification and serious game design research for healthcare service provision have 

been promising thus far, indicating positive behavior change (i.e., shift toward target 
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behavior) with system use (Sun et al., 2020; van Leer, 2013). Pending further research, 

serious gaming systems in the form of smartphone applications may yet become an 

enduring component of healthcare service provision. 

1.6.1 User-Centered Design in Voice & Communication Intervention 

 

Kopf and Huh-Yoo (2020) investigated the utility of a UCD approach in creating 

a system for monitoring and preventing voice disorders in occupational voice users. The 

study consisted of an iterative design phase and a prototype testing phase, both aimed to 

use intended-user input for directing improvements to the system design. In the iterative 

design phase, 10 students studying to become occupational voice users and 5 individuals 

who were already occupational voice users (mean age= 42; SD = 15.38), provided 

feedback on the display design. The authors created three mockup visual displays for 

each of the six target objective measures to investigate participants’ perceptions of 

feedback displays. These included vocal intensity, phonation time, distance dose (i.e., a 

measure derived from frequency, intensity, & phonation time indicating, “the distance 

that tissue particles of the vocal folds travel in an oscillatory trajectory”; Titze, Švec, & 

Popolo, 2003, p. 919), pitch strength, cepstral peak prominence, and first moment 

specific loudness. Six participants provided feedback on initial display designs, while 

three participants provided feedback on each of the three revised designs (i.e., 9 

participants provided feedback for iterations 1-3, with 3 participants assigned to each 

iteration). During individual, semi-structured interviews of no more than 1.5 hours, 

participants indicated which objective measure(s) they felt would be most useful to 

include, and provided suggestions for displaying these measures to potential users. Each 

participant was shown a set of objective measures, their respective icons, and were given 
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brief definitions of each measure for optimum informed decision-making. The authors 

presented the displays in random order to participants in order to reduce order 

presentation bias. Participants provided their thoughts about how useful each measure 

was, how important they believed it to be, and how certain they were about their ability to 

alter each measure during voice production if provided with feedback from the tool. 

Participants provided their suggestions and recommendations for how to the tool could 

display feedback to the user before viewing the authors’ initial, hand-drawn designs for 

doing so. As they viewed each design, participants responded to questions investigating 

their perceptions. The authors also asked for participant’s perspectives on a single, 

multimeasure display showing summary data from all current objective measures. 

Themes derived from thematic analysis of interview data were incorporated into each 

subsequent iteration shown to participants. This iterative process resulted in a few 

prototypes. 

After the design iteration phase, the test phase examined display usability by 

asking new participants to complete voice tasks using each high-fidelity, computer- 

printed display prototype. 18 individuals were ultimately included in the study, 11 

students and 7 occupational voice users (mean age= 27.6; SD = 13.1). Participants were 

assigned to one of two groups, classroom recordings (CR) group (i.e., group of 

participants who taught two or more days per week) and the laboratory recordings (LR) 

group (i.e., all other participants), in order to facilitate real-world, optimally-controlled 

conditions. Participants in the CR group taught their lectures and completed 2 sessions 

per week for the duration of their scheduled lectures. LR group participants completed 3 

sessions per week and read excerpts of the novel Charlotte’s Web by E. B. White for 15 
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minutes per session in a soundproof booth. Participants were instructed to project their 

voice as if they were reading to a classroom of children, and were informed that they may 

stop if their voice became fatigued. During vocal loading tasks, participants made voice 

recordings and received delayed feedback in the form of paper versions of the displays 

from the authors. This was done in an effort to simulate optimally real-time feedback 

using the prototypes. Affinity diagramming analysis of interviews with participants about 

the feedback displays indicated participants’ desire for clearer definitions of selected 

measures (i.e., clearer definitions of what each measure was) and more constructive 

feedback about vocal productions (i.e., more recommendations for how to modify vocal 

productions instead of mere biofeedback results); however, participants preferred general 

trends in vocal productions to detailed feedback about vocal productions (i.e., overall 

patterns as opposed to detailed analyses). Participants noted that more general feedback 

was easier to recall later on than the detailed analyses. The authors determined that future 

voice disorder prevention programs should be designed to fit the individual voice-user’s 

needs. Although more research is needed to determine effectiveness of UCD in 

facilitating vocal behavior change, this study offers a solid framework with which to 

design and test an app for optimum user-centeredness. 

Investigation of user-centered design implementation for voice and 

communication services is in the early stages, and this is especially true for gender- 

affirming voice and communication services. Bush et al. (2022) examined the 

perspectives of transgender and gender diverse (TGGD) individuals regarding voice and 

communication training, as well as prospective software for voice and communication 

training (VCT). The study recruited participants using word-of-mouth, snowball 
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sampling, and social media advertisements, ultimately including 21 participants (2 

transwomen, 2 transmen, 1 nonbinary/transfeminine, 2 nonbinary/transmasculine, 5 

nonbinary “but not explicitly transgender (assigned male at birth),” and 1 genderfluid 

individual who identified as “‘very cautiously transgender”’; Bush et al., 2022, p. 3). The 

authors drew inspiration for their methodology largely from Ahmed (2019), whose 

research resulted in Project Spectra, a preliminary, open-source app for transgender voice 

training. Participants first completed a 57-item survey that collected demographic data 

and investigated their perspectives on voice, voice characteristics, technology use relative 

to gender identity/expression, surgical intervention for voice, VCT (both self-guided 

and/or with a human coach), VCT apps, and any additional information participants 

wished to discuss. Subsequent interviews to expand upon their survey responses were 

completed via Zoom for participants who were comfortable with audio interviewing and 

through text-based chat platforms (e.g., Discord) for those who preferred a text-based 

interview format. The authors specifically elected to administer the survey prior to the 

interview in order to reduce interview duration to a minimum for optimum mitigation of 

discussion-induced distress, and participants were permitted to pause or end the interview 

as needed. Participants in this study demonstrated a clear desire for a VCT app, indicating 

that such an app would facilitate reduced dysphoria compared with human-facilitated 

VCT, and greater effectiveness compared with self-facilitated VCT. Participants in this 

study prefer an app that is free of charge (i.e., does not require purchase for use) and 

optimally accessible for greater utility. With regard to interactive app features, 

participants desired customizable feedback options to select real-time or delayed 

feedback according to individual preferences. Participants generally desired individual- 
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specific goals that could be tailored with consistent app use for enhanced voice and 

communication change, suggestions to improve performance (i.e., reduce harmful vocal 

behaviors to a minimum), and desired features that would enable them to track their 

progress toward their goals. Pitch and resonance emerged as the primary voice 

characteristics participants would like an app to address, with transfeminine participants 

demonstrating a strong preference for an app to facilitate resonance practice. Results 

indicated desire for an app that would facilitate practice through fundamental knowledge 

(e.g., descriptions/tips to facilitate enhanced proprioception during practice), feedback on 

performance, accountability features (e.g., performance monitoring, reminders), goals 

that adapt to participant needs over time (i.e., become tailored), and exercises of 

increasing length and complexity. With regard to sources of expertise, participants 

exhibited varying perspectives, with participants trust predominantly in TGGD 

communities (i.e., word-of-mouth recommendations from other TGGD individuals). The 

authors remarked that while transfeminine individuals would constitute the primary target 

user population, individuals of other gender positions (e.g., transmasculine individuals) 

may also be interested in such an app, and asserted that such an app could feasibly 

contain similar features to facilitate VCT across multiple gender diverse populations. 

In the Bush et al. (2022) study, there were mixed perceptions of social features 

and gamification, and they were consequently deemed “potentially unwanted features,” 

by the authors. However, survey questions investigated these perspectives by asking 

participants to rate importance of, “Gamification,” and “Connecting to Other 

LGBTQ+People” on a 5-point Likert scale (0= Not at all important, 5= Very important): 

While these perspectives were expanded during interviews, the broad nature of these 
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inquiries may foster difficulty eliciting specific, detailed perspectives from participants. 

Nevertheless, this study not only offers a culturally-responsive framework for 

investigating VCT app design preferences in TGGD individuals, but additionally offers 

preliminary insight into the features and designs TGGD individuals may prefer. 

Incorporating this feedback into future designs, as well as investigating feature 

preferences and gamification perspectives with greater precision, may produce a 

culturally-responsive, optimally user-centered app for voice and communication practice. 

The overlap between UCD principles and principles of person-centered care is 

quite extensive, particularly regarding the value of the person’s/user’s feedback about 

system design. Since UCD grants users direct control of system design, users may use 

their agency to advocate for features that meet their individualized needs and preferences. 

Users may therefore advocate for systems designed with their individual sociocultural 

positioning in mind. For example, a transwoman may advocate for system features that 

include links to community-based resources for transgender adults in her area, as seen in 

a study by Sun et al. (2020) investigating UCD of an HIV prevention app for transgender 

women. With regard to voice and communication service provision, this overlap offers an 

avenue through which not only technological progress can be made (e.g., system 

development via UCD), but socio-cultural progress as well. Incorporating feedback from 

target populations into system design creates opportunities for target populations to 

specify their person-specific socio-cultural forces, which, when used in UCD, enable app 

developers to create more culturally-responsive programs to address communication-

related concerns. UCD may therefore be regarded as a technological extension of 

cultural-responsivity in that it facilitates target user input for optimum system use 
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outcomes. 

1.7 Apps for Voice and Communication Service Provision 

 

Preliminary research investigating smartphone application usefulness in voice and 

communication service provision indicates similarly positive behavior change capabilities 

to the other service areas discussed above. Recently, van Leer et al. (2021) tested an iOS 

app (van Leer et al., 2017) designed for voice therapy adherence. The study compared the 

influence of app-provided versus written homework on resonant voice exercise practice 

(i.e., practice frequency and duration), investigated the app’s impact on participants’ 

motivation to practice, app usability, and app utility in voice therapy. Included 

participants were 34 adults (mean age= 36 years, SD= 17.8) referred by either physicians 

or self-referred by flyers posted in the Atlanta, GA metro area. Participants were 

randomly assigned to the app group (n= 16) or control group (n= 18). Per the inclusion 

criteria, all participants were individuals with voice disorders for which resonant voice 

therapy was appropriate, and all included participants were deemed stimulable for 

resonant voice following resonant voice stimulability probes. 

The app group received homework assignments via the app, whereas the control 

group received written homework assignments. App homework components were audio 

recorded instructions, three daily reminders, and feedback about cepstral peak 

prominence (CPP). Participants in both the app and control groups all participated in a 4- 

hour resonant voice therapy approach session in order to control for any influence of 

therapy approach on adherence outcomes. All participants were additionally asked to 

 make digital audio recordings of homework practice. Participants in the app group made 

these recordings in the iOS app, whereas participants in the control group made their 
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recordings in a generic voice recording app on their own smartphone or on a provided 

iPod. Participants in the app group received approximately 10 minutes of initial 

education about app features, CPP (i.e., CPP definition, relevance to voice production, 

education about CPP app feature, and CPP analysis in sustained phonation/resonant 

phrase such as “woo woe war”). The iOS included a CPP analysis feature designed for 

participant use at the beginning and end of practice sessions to show any change between 

pre- and post-practice voice production. Participants also created educational audio 

recordings during or at the end of each session to facilitate optimum understanding of 

practice exercises at home. At-home app reminders consisted of a notification banner 

leading to a start menu, then a start button that would initiate the CPP analysis feature. 

Following task completion, Participants received immediate CPP results, and were 

allowed to repeat the task until they received a score they found satisfactory. After the 

CPP task came an instructional video population, which the Participants could skip if 

they wanted. While participants could also skip and return to practice sessions later, 

Participants were visually cued to keep practicing for 30 more seconds beyond timed 

practice completion. Completion of all tasks led to a pre- and post-practice CPP result 

comparison screen. The iOS app tracked participant’s adherence for sessions 2, 3, and 4. 

The app also categorized a new session begun more than 30 minutes after homework 

practice as a new practice session. 

After each practice session, participants completed the Self-Efficacy Scale for 

Voice Therapy (van Leer & Connor, 2015) and items 2 and 3 of the Readiness Ruler, 

which the authors had previously adapted for voice therapy (van Leer & Connor, 2015; 

Miller & Rollnick, 2012). Following study completion, participants evaluated the app’s 
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usability via the 10-point Likert scale System Usability Scale (SUS; Brooke, 1996), and 

evaluated the app’s usefulness during short interview discussions of app feature 

perspectives (preferred features, non-preferred features, etc.). Participants additionally 

completed a VHI (Jacobsen et al., 1997) and underwent a CAPE-V analysis to measure 

post-treatment voice-related changes. Results indicated that participants found the app to 

be an overall useful, helpful, and usable way to practice learned resonant voice skills. 

Participant feedback indicated a preference for more flexible, customizable reminder 

parameters to prevent reminder notifications at inconvenient times (van Leer et al., 2021). 

With regard to adherence, app group participants demonstrated practice frequency double 

that of their control group counterparts, indicating increased frequency of learned skill 

practice with app use. 

Despite this study’s preliminary status, its findings indicate both the usefulness 

and usability of smartphone apps in voice intervention. The primary features of 

reminders, educational videos, and motivation check-ins led to more resonant voice over 

time, with overall positive participant reviews of the app. The app thus facilitated 

increased adherence to carryover assignments, which in turn facilitated vocal behavior 

change in ways the participants generally enjoyed. These findings illustrate not only the 

versatility smartphone apps offer in terms of skill practice outside of the clinical setting, 

but their effectiveness in facilitating vocal behavior change. That said, further research is 

needed to more clearly discern the features, qualities, and practice schedules conducive to 

vocal behavior change. Additionally, the aforementioned topic of gamification for 

behavior change has yet to be researched in terms of its applicability and effectiveness for 

vocal behavior change. More research is also needed to determine how these findings 
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from gamification research and and studies of smartphone apps for voice may be 

incorporated into services for people without a voice disorder but wishing to change their 

vocal characteristics as they may relate to presentation of their gender or other 

sociocultural positionings. 
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Chapter 2: Smartphone Apps as a Supplemental Therapeutic Tool & The Current Study 
 
 

There is currently no gamified app for voice and communication change desired 

by gender diverse people. However, research has shown that incorporating UCD and 

gamification into healthcare service provision can lead to increased user engagement, 

increased practice frequency, and improved skill learning. Applying UCD principles to 

healthcare services facilitates culturally-responsive, person-centered care, which 

improves access to care by empowering individuals and by increasing service 

appropriateness. A user-centered, gamified app for voice and communication change has 

the potential to be a valuable resource for a transgender person’s communication situation 

and overall well-being. This study therefore aims to investigate target user perceptions of 

potential voice and communication app features and design components to inform future 

app design for optimum communication-related well-being. 

2.1 Research Questions 

 

1. How can User-Centered Design (UCD) principles be applied in transgender 

voice/communication service provision? 

2. What serious game system features would facilitate regular app use (once 

daily/twice daily/etc.) for optimum carryover of learned voice/communication 

skills? 

a. What features would participants prefer to customize to enhance their 

user-centered experience? 
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2.2 Hypotheses 

 

Given the shared aim of user-centered design and person-centered care (i.e., 

empowering individuals throughout the system/intervention design process), it is 

hypothesized that the use of UCD in this study will yield insight into how clinicians can 

improve access to appropriate care for gender diverse populations. Given the association 

between gamification and increased engagement (Kim, 2015; Deterding et al., 2011), it is 

hypothesized that participants will desire fun/playful (i.e., gamified) features, and that 

participants will predict higher practice frequencies for prospective designs that include 

their desired features (Oinas-Kukkonen & Harjumaa, 2008). While it is hypothesized that 

participants will want to customize app features, it is expected that participants will 

exhibit individual-specific customization preferences that align with their personal goals 

for vocal- and communication-related behavior change (van Leer et al., 2021; Kopf & 

Huh-Yoo, 2020; Pramana et al., 2018; Oinas-Kukkonen & Harjumaa, 2008). 
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 Chapter 3: Methods 
 
 

This mixed-methods study sought to gather perspectives of target users for 

optimum user-centered design of a prospective gamified voice and communication 

practice app. Previous studies have incorporated both questionnaires (Bush et al., 2022; 

van Leer et al., 2021) and discussions with participants to elaborate on and clarify 

indicated preferences (Bush et al., 2022; van Leer et al., 2021; Kopf and Huh-Yoo, 2020). 

This methodology facilitates the collection of information that may be used to create a 

gamified voice- and communication-related skill practice app (i.e., resource) to improve 

wellbeing for target users. The methodology employed in this study corresponds to the 

first phase (i.e., the iterative concept design phase) of the user-centered usability testing 

protocol described by Abras, Maloney-Krichmar, & Preece (2004). In accordance with 

this protocol, this study gathered user feedback on initial, prospective concept designs for 

a gamified voice- and communication-related skill practice app. 

3.1 Participants 

 

All participants were at least 18 years of age and were individuals whose gender 

positioning differed from their presumed gender at birth. While there five individuals 

who met the eligibility criteria for study participation completed the survey, one 

participant was unable to complete the post-survey interview, and these data were 

therefore excluded from final data analysis. Four participants ultimately completed the 

survey and post-survey interview. 

3.1.1 Recruitment 

 

Participants were recruited via email to community groups, professional groups, 

and university clinics. The recruitment email included a brief description of the study 
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purpose, time commitment, and risks. A George Washington University research lab 

email address was provided in the recruitment email, and interested participants were 

asked to contact the lab directly to receive further instructions for study participation. 

3.1.2 Demographics 

 

The following table provides information about the four participants who 

completed both the survey and the post-survey interview. Participant characteristics are 

listed as they were reported at the time of the survey and post-survey interview 

completion. The chart includes the four participants’ ID numbers, gender positioning, age 

group, experience with gender-affirming voice therapy, knowledge of voice apps, and 

technological proficiency. Participants rated their technological proficiency on a scale of 

0-100 (0= no proficiency, 50= average proficiency, 100= expert proficiency). These 

ratings are included in the table below. Participants included two transgender men and 

two transgender women. Two participants were between ages of 18-25, and two 

participants were between the ages of 26-41. Three out of four participants had prior 

experience receiving gender-affirming voice and communication services, and two of 

these participants were receiving continued services at the time of study participation. 

One participant had no prior experience with gender-affirming voice and communication 

services. All participants rated their technological proficiency as greater than “average”) 

(i.e., 50/100). 
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 Table 1. Participant Characteristics 

 

 

Participant 

ID Number 

Gender 

Positioning 

Age Group Gender- 

Affirming 

Voice 

Therapy 

Experience 

Voice App 

Experience 

Technologic 

al Proficiency 

100 Man (PFAB) 26-41 Approximat 
ely 1.5 

semesters in 
university 

clinic 

Uses Voice 
Tools in 

therapy/for 
carryover 

96/100 

404 Man (PFAB) 18-25 None None other 
than “pitch 
checkers for 

singers” 

70/100 

606 Woman 
(PMAB) 

18-25 1 session Used 
[Christella] 
VoiceUp, 

Voice Tools, 
& VoiceEvalU 

8 apps for 
voice training 

60/100 

707 Woman 
(PMAB) 

26-41 Discharged 
approximate ly 

1-2 weeks 
before 

interview 
(approximat 

ely 1 semester 
in university 

clinic) 

Used Voice 
Tools app in 
therapy/for 
carryover 

100/100 

 *PFAB: Presumed Female at Birth 
*PMAB: Presumed Male at Birth 
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3.2 Materials 

 

3.2.1 Consent Form & Survey 

 

George Washington University’s Qualtrics software was used to administer the 

electronic consent form and survey. Participants received an electronic consent form (See 

Appendix A) detailing expectations for study participation, inclusion criteria for study 

participation, risks/benefits of participation, and their rights as research participants. The 

survey asked participants to rate preferred system features (See Appendix C), identify 

system design preferences, indicate the likelihood that they will use the app for practice, 

and indicate the content areas they would like to see included in the app design (e.g., 

pitch, resonance). The survey additionally asked participants to rate their self-perceived 

technological proficiency in order to investigate the relationship between technological 

proficiency and user preferences. 

3.3.  Procedure 

 

3.3.1 Survey & Interview 

 

Participants completed an electronic survey (See Appendix B) regarding their 

personal system preferences. Gender identity was collected to investigate the relationship 

between gender identity, user preferences, and likelihood of app use. After completing 

the survey, the participants completed an initial, individual video conference meeting 

with investigators (30-60 minutes) to expand upon and clarify the preferences they 

indicated in the survey. Follow-up questions were posed to clarify and confirm 

conclusions summarized by the investigators. These meetings were video recorded and 

transcribed for data collection purposes. A follow-up email was sent to participants after 

all four interviews were completed to investigate perspectives on the dialogue support 
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feature “reminders,” to confirm accurate representation of each participant’s perspectives, 

and provide instructions for obtaining financial compensation. 

3.3.2 Interview Setting 

 

After participants completed the survey, they participated in an individual video 

conference meeting with investigators. These meetings were held via a password- 

protected Zoom meeting. All participants consented to audio-recording for transcription 

and data collection purposes. Three out of four participants (i.e., Participant 100, 606, and 

707) consented to video recording as well, and one participant (i.e., Participant 404) 

completed the post-survey interview with audio-recording only (i.e., with camera turned 

off). 

Interview questions included questions such as “Tell me more about _x_,” and 

“You rated [communication skill area] as _x/100_ importance. Can you tell me more 

about why you gave it that rating?” These questions were asked to probe for more 

detailed insight into participants’ perceptions and to clarify any ambiguous responses. 

3.3.3 Transcription 

 

Participant interviews were transcribed informally by the faculty investigator. 

These informal transcriptions were made live (i.e., in real-time during interviews). 

Formal transcription was delayed due to unforeseen technological difficulties. This is 

discussed in greater detail in the “Limitations” section of this paper. 

3.3.4 Data Analysis 

 

Following receipt of completed surveys and conduction of post-survey interviews, 

data were collected from Qualtrics. Qualitative data were obtained from post-survey 

interview transcripts, and quantitative data obtained from Qualtrics survey responses 
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were analyzed in Microsoft Excel. As mentioned previously, responses from one 

participant who did not complete the post-survey interview were excluded from data 

analysis, resulting in data from four individuals total. Data for “reminders” perspectives 

were collected after the interviews via email and were analyzed as they were received. 
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 Chapter 4: Results 
 
 

Overall, results indicated that all participants in this study were interested in using 

a gamified voice and communication app to practice skills learned in voice and 

communication sessions. The post-interview follow-up email to all participants included 

a draft of these results in order to confirm accurate representation of their perspectives in 

this paper. Given that no participants requested changes, the following results are deemed 

to be accurate reflections of the perspectives and preferences of participants in this study. 

While there was some variability in participants’ responses, there was a general 

consensus that participants wanted an app that would 

(1) Provide opportunities to practice communication skills, 
 

(2) Provide feedback to show whether a production was on- or off-target, 
 
(3) Feel fun and playful, and 
 
(4) Be able to be customized to advance toward their personal voice and  

  communication goals rather than a uniform protocol for all users. 

Unique preferences for features were attributed in part to participants’ individualized 

voice and communication goals. Variation across individuals was also present within the 

four feature categories. There was a general consensus indicating that the ability to 

customize accessibility features (e.g., zoom in/out, subtitles, color scheme customization 

for colorblind users) was important to include in an app. For the remaining customizable 

options, importance ratings differed across participants. 

4.1 Preferred Communication Skill Areas 

 

Participants’ ratings of the importance that a communication area (See Appendix 

D) be included in an app are shown in Figure 2. Some skills are rated as highly important 
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by all or most participants (e.g., resonance), whereas others are highly variable across 

participants (e.g., loudness, nonverbal communication). Overall results showed 

resonance, intonation, breathing/breath support, and pitch were the most common and 

strongly preferred communication skill areas to include in an app. Both survey responses 

and participant interview data revealed that resonance was rated as among the most 

important communication skill areas to include. Loudness and nonverbal communication 

skills were rated as the least important to include. 

Participants were consistent with the preferences they indicated across the survey 

and the interview. Elaborations on their survey responses revealed that all participants’ 

responses for preferred communication skill areas were related in part to their personal 

voice- and communication goals. Participant 100’s comment, “I don’t struggle with 

loudness as part of my voice,” was consistent with their low (i.e. 28/100) importance 

rating for loudness. Another example of this is found in Participant 404’s statement, 

“[The] Biggest problem I’ve had in self-training is trying to gauge where my voice is 

with intonation and rhythm [speech rate]. ‘Cause that’s hard to self-monitor and self- 

evaluate. More so than pitch.” This is consistent with Participant 404’s ratings of 95/100 

for intonation and 98/100 for prosody. Participant 404 indicated their desire for an app 

that would, “address intonation in an objective and clear way.” 
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Figure 2. Assigned Importance Ratings for Different Communication Skill Areas 

 

 

Note: Rating scale of 0 (i.e., “Not at all important”) to 100 (i.e., “Extremely important”)
 
4.1.1 Resonance 

 

All participants rated resonance as very important-to-extremely important to 

include in a prospective app. While Participant 606’s rating of 75/100 constitutes the 

lowest importance rating of all participants for resonance, this rating corresponds to the 

“very important” segment of the scale. 606 additionally explained that, “resonance is 

important for any voice, whether masc or fem.” Participant 707 assigned the highest 

importance rating of all participants (i.e., 93/100). During the post-survey discussion, 707 

asserted, “Resonance is huge I’ve noticed…The problem really comes down to 

resonance. At least this was my experience.” Participants 100 and 404 indicated that 
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resonance was very important-to-extremely important to include, rating importance as 

83/100 and 90/100, respectively. 

4.1.2 Intonation 

 

Participants’ responses for intonation were variable, ranging from 

slightly/moderately important-to-extremely important. Participant 606 assigned the 

lowest importance rating of all participants for intonation (i.e., 45/100), and Participant 

404 assigned the highest importance rating of all participants (i.e., 95/100). As noted 

above, Participant 404 cited “intonation and rhythm [speech rate]” as the communication 

skill areas they find most challenging to practice. Participants 100 and 707 indicated that 

intonation was very important-to-extremely important to include, rating importance as 

83/100 and 92/100, respectively. 

4.1.3 Breathing/Breath Support 

 

Participants’ importance ratings for breathing/breath support ranged from 

moderately important-to-extremely important. Participant 100 assigned the lowest 

importance rating of all participants for breathing/breath support (i.e., 50/100), and 

Participant 404 assigned the highest importance rating (i.e., 100/100). Participants 606 

indicated that breathing/breath support was very important to include, rating importance 

as 70/100. During the post survey reminder, they discussed how they tend to “trail off 

and drop down” (i.e., exhibit reduced breath support) at the end of the day, and indicated 

that it would be helpful to have a “reminder about breathing or how you want to project 

yourself.” Participant 707 also indicated that breathing/breath support was important to 

include (i.e., 82/100 rating), and explained, “Breath support is going to help significantly. 

Breath support is what is going to be able to have you build endurance and control.” 
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4.1.4 Pitch 

 

All participants mentioned pitch as a communication skill area that transgender 

individuals seeking to change their communication behaviors generally wish to address. 

Participants’ responses for importance of pitch inclusion ranged from moderately 

important-to-very important. Participant 606 assigned the lowest importance rating of all 

participants (i.e., 50/100), which they explained was because, “pitch is there, and I know 

it’s important, but a lot of people can have a feminine/masculine pitch but still sound like 

the gender they want to be gendered as.” Participant 100 assigned the highest rating (i.e., 

83/100). Participants 404 and 707 indicated that pitch was moderately-to-very important 

to include, assigning ratings of 65/100 and 67/100, respectively. Participant 707 clarified 

their response, stating, “Pitch is easy once you get used to it.” Despite acknowledging 

how critical pitch is to most transgender people’s goals, all the participants rated other 

communication skill areas as relatively more important than pitch to include. This may be 

related to the current availability of apps to address pitch but not other areas. Multiple 

resources for pitch change facilitation were noted across all four interviews (e.g., voice 

and communication therapy, voice apps with pitch measurement features, YouTube 

videos). 

4.1.5 Loudness 

 

Participants ratings for the importance of including loudness ranged from slightly 

important-to-moderately important. Participant 100 assigned the lowest importance rating 

of all participants (i.e., 28/100), and clarified that they, “don’t struggle with loudness as 

part of [their] voice.” Participant 404 assigned the highest rating (i.e., 60/100). 

Participants 606 indicated that loudness was slightly important (i.e., 30/100), and 
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Participant 707 indicated that loudness was moderately important (i.e., 54/100). 

4.1.6 Nonverbal Communication 

 

Participants’ ratings for nonverbal communication were variable, ranging from 

not at all important-to-extremely important that nonverbal communication was not at all 

important to include, assigning the lowest rating of all participants (i.e., 0/100). 

Responses from Participants 404 indicated that nonverbal communication was not at all 

important to include (i.e., 10/100), and Participant 606’s response fell between “not at all 

important” and “slightly important” (i.e., 20/100). Participant 707 indicated that 

nonverbal communication was extremely important to include, providing the highest 

importance rating of all participants (i.e., 87/100). Of note, while discussing experience 

with gender-affirming voice and communication services, 707 noted that “resonance, 

pitch, inflection, a flow to sentences, hand gestures, [and] how to look like you’re 

engaged” constituted their session targets. This upholds the aforementioned consistency 

between participants’ importance ratings across communication skill areas and their 

individual-specific voice and communication goals. 

4.2 Feedback Preferences 

 

During interviews, all participants frequently indicated desire for an app to 

provide holistic feedback about communication skill areas, with the explicit purpose of 

reducing and preventing off-target occurrences (e.g., laryngeal resonance), as opposed to 

feedback aimed at facilitating achievement of specific measures (e.g., “You are 10 Hz 

away from achieving your 215 Hz goal for average pitch”). See Appendix D for further 

explanation and examples of different types of feedback. 

Three of four participants found feedback indicating on- or off-target response to 
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be the most important and most preferable type of feedback, but Participant 404 preferred 

the audio-recording/playback feedback type. In their survey response, 404 stated, “I think 

just constructive feedback should be open. I think that this kind of training might be hard 

to moderate the mental health effects of, so I think somehow gauging the participant's 

mental well-being and self-efficacy would be ethical.” 

Overall, survey responses and post-survey discussion revealed that participants 

found specific feedback (e.g., “Your average pitch was 120 Hertz”) to be the least 

important type of feedback. While Participant 100 rated specific feedback at 90/100 for 

importance, they explained that they would like specific feedback regarding the on- or 

off-target nature of their response, but remarked that it would feel “obnoxious” if the 

voice training app they currently use included specific feedback. This sentiment was 

shared by all participants. 

Figure 3. Assigned Importance Ratings for Various Types of Feedback 

Note: Rating scale of 0 (i.e., “Not at all important”) to 100 (i.e., “Extremely important)
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4.3 Perspectives on App Design 

 

While importance ratings varied on an individual basis across all prospective app 

functions and attributes, the four areas that emerged with the highest ratings were (1) 

Provide feedback about voice and communication style, (2) Feel fun and playful, (3) 

Customization, and (4) Provides an opportunity to practice a certain voice and 

communication style. These areas were designated as the highest-rated areas due to the 

presence of three or more participants assigning ratings of greater than 60/100 (i.e., 

indicating greater than “moderate” importance). With regard to customization, while 

there was some variation in the assigned degree of importance for customization, survey 

results and post-survey discussions revealed that all participants desired the ability to 

customize features to some extent. Customization results will be discussed in greater 

depth later in this section. 
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 Figure 4. Assigned Importance Ratings for Different App Functions/Attribute 

 

Note: Rating scale of 0 (i.e., “Not at all important”) to 100 (i.e., “Extremely important”) 
 
4.3.1 Support Features 

 

Participants demonstrated a collective indication that primary task support 

features and dialogue support features (i.e., features to facilitate/improve performance of 

target behaviors) were more important to include in a prospective app than system 

credibility and social support features (i.e., features to verify provided information and to 

engage/collaborate with other users). 

Of the primary task support features, personalization, simulation, and self- 

monitoring emerged as the highest-rated features. Regarding simulation, Participant 707 
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made the following recommendation for facilitating nonverbal communication skill 

practice: “At [the] bare minimum having hyperlinks or having a bank of videos to watch, 

something for demonstration purposes.” Reduction emerged as one of the lowest-rated 

features. Given that this feature was referred to as “simple tasks” in the survey, it is 

unclear if providing participants with more information about and examples of reduction 

tasks (e.g., Simple tasks such as “Take a deep breath” vs. “Position your body to take a 

deep breath, then complete the following module”) would have led to different 

perceptions of this feature’s utility. For tailoring and rehearsal features of Primary Task 

Support, participant responses varied. Participants 100 and 404 indicated that tailoring 

features would contribute a great deal to motivation and engagement while using an app, 

and both assigned this feature a 96/100 rating. Participant 101 explained that they liked 

their “maps” app because it “anticipates [their] needs'' during the post-survey discussion. 

While Participant 606 indicated that tailoring features would not contribute a great deal 

during the survey, assigning this feature a 35/100 rating, elaboration during post-survey 

discussion revealed a positive view of tailored algorithms, as evidenced by the statement, 

“[TikTok’s] algorithm sucks me in every time. You always get exactly what you want or 

need in the moment.” 

For dialogue support features, liking and suggestion emerged as the highest-rated 

features. Social role emerged as the lowest-rated dialogue support feature; however, 

Participant 404 assigned it a rating of 90/100, indicating that they would want access to a 

troubleshooting specialist or hotline in an app. Participant preferences varied for praise, 

rewards, and similarity. While Participants 100, 404, and 707 indicated that similarity 

would contribute moderately-greatly to motivation and engagement, Participant 606 
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indicated that it would only contribute a little. For praise and rewards, Participant 404 

indicated that these would contribute a great deal to motivation and engagement, while 

the remaining three participants indicated that these features would only contribute a 

moderate amount. 

Participants indicated ratings for the dialogue support feature reminders via post- 

interview email response to three follow-up questions. The questions were as follows: 

• How much would the ability to set reminders contribute to your engagement and 

motivation to use the app (on a scale of 0-100)? (0= None at All, 50= A Moderate 

Amount, 100= A Great Deal) 

• If you were using your “magic wand” app (i.e., the ideal voice/communication 

practice app that you created) what activities/occurrences would you like to 

receive reminders/notifications for? 

• Please indicate how often you would ideally like to receive reminders (e.g., once 

per day, once every 2-4 hours, etc.) 

Two out of the total four participants responded at the time this paper was written. 

Participant 606 indicated that reminders would contribute a great deal to motivation and 

engagement (i.e., 90/100), while Participant 100 indicated that these would not contribute 

much to motivation and engagement (i.e., 12/100). Participant 606 explained that 

reminders about “general practice relating to what you are studying” (e.g., a “humming” 

exercise/reminder to increase oral resonance) would be helpful, and explained that, 

“Ideally I think these reminders would be once a day, such that it's not too overbearing 

but still keeps people on target.” Participant 100 also desired reminders “once or twice 

per day,” but indicated desire for “reminders to log in and practice” rather than tips for 

improvement.
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Figure 5. Assigned Importance Ratings for Different Features Across All Four Feature 

Categories

 
 

Note: Rating scale of 0 (i.e., “None at all”) to 100 (i.e., “A great deal”), with 50 indicating 
“A moderate amount” 
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Regarding system credibility feature preferences, there was some variability 

among responses. Two participants rated trustworthiness as contributing a great deal (i.e., 

90/100 and 100/100), and two participants rated trustworthiness as contributing a lot (i.e., 

73/100) and a moderate amount (i.e., 65/100). Third-party endorsements emerged as one 

of the lowest-rated system credibility features. To a lesser degree, a similar variety of 

perspectives was seen in social support feature ratings. Most participants’ survey 

responses indicated a general dislike of social support features, with social learning being 

the consistently least-preferred feature. Other non-preferred social support features 

included social comparison, normative influence, recognition, social facilitation, and 

competition. Of note, post-survey discussions revealed greater nuance to participants’ 

perceptions of these features’ utility, as evidenced by Participant 707’s statement, 

“Leaderboards are both an encouragement for people who have that drive or they’re very 

discouraging for people who put a lot of effort in and are not getting anywhere.” In their 

post-survey explanation, Participant 707 additionally noted, “I couldn’t think of any way 

‘player vs. player’ function would work in a game. I imagined this kind of a game to be 

more of a single-player type of game.” Participant 606, however, indicated a generally 

positive view of social support features, and elaborated during the post-survey interview 

that this view stemmed from a desire for “accountability” during voice and 

communication practice. Participant 606 indicated a preference for cooperation and 

competition, assigning ratings of 75/100 and 70/100, respectively. Although social 

support features were the lowest-rated feature category, all participants adjusted their 

qualitative predictions of how social support feature inclusion would impact their 

perception of an app (i.e., positive vs. negative perception) when presented with the 
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suggestion that they could utilize these features outside of a ‘win-lose’ binary. For 

example, Participant 707 clarified, “I do like the idea of connectivity for friends who also 

use the app. So if there’s a way to integrate team-based stuff, that may work a bit better.” 

4.4 Facilitating Informed Decision-Making 

 

Occasionally, participants’ communication skill area preferences changed after 

discussion of possible app features and ways to facilitate target behaviors. For example, 

initial responses to the survey question, “If you had a magic wand and could design the 

perfect app for helping transgender individuals with voice and communication, what 

would it include?” (See Appendix E) did not include discussion of gamified features 

(points, rewards, etc.). However, participants’ survey responses indicated a collective 

preference for a gamified app practice option over other practice options (e.g., written 

carryover assignments). Post-survey discussion offered further insight into participants’ 

perspectives regarding gamified features. While participants’ survey responses initially 

indicated a collective non-preference for social support features, post-survey discussions 

revealed greater nuance to their perspectives. Participants 404 and 707 shared similar 

opinions to Participant 100 that social interaction features would be “terrifying” in a 

voice and communication practice app for transgender individuals. They generally did 

not like the ideas of social comparison and competition (See Appendix C), however, after 

discussing single-player versus multiplayer possibilities, they were open to the 

accountability and encouragement that may come from a collaborative goal. Participants 

606 and 707 expressed disinterest in sharing their accuracy scores, but they were open to 

leaderboards regarding practice streaks. These occurrences showed a possible 

relationship between provision of information about app design possibilities and adjusted 
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perspectives, indicating enhanced participant responses when provided with the 

opportunity to make an informed decision. 

4.5 Perspectives on Customization 

 

Overall, survey responses showed that participants viewed customization as 

moderately-to-very important to include in a voice and communication app, with ratings 

of 67/100, 100/100, 30/100, and 100/100 selected by Participants 100, 404, 606, and 707, 

respectively. Customization of accessibility features emerged as the most important 

customizable feature to include, with ratings of 100/100, 100/100, 85/100, and 100/100 

selected by Participants 100, 404, 606, and 707, respectively. Elaboration during post- 

survey interviews revealed that three out of the four interviewed participants desired this 

customization option, especially for accessibility features, in order to facilitate optimum 

app usability for all individuals (e.g., customizable color scheme for colorblind 

individuals). Analysis of individual preferences for the remaining customizable features 

(i.e., color scheme, player avatar, icon size, and player profile) revealed high variability 

of these specific customizable feature preferences from participant to participant. Of note, 

while Participant 606 rated the ability to customize color scheme as being “slightly 

important,” this participant explicitly categorized the ability to select a colorblind- 

friendly color scheme as an accessibility feature. During their post-survey explanation of 

this preference, Participant 606 additionally stated, “I understand for a lot of people it is 

important and they should have access to that.” 
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Figure 6. Participant Perspectives on Customization Importance for Different 

Customizable Feature

 

  Note: Rating scale of 0 (i.e., “Not at all important”) to 100 (i.e., “Extremely important”)
 

4.6 Perspectives on Skill Practice 

 

Despite the exhibited variety in participant perspectives, survey responses 

indicated a general preference for communication skill practice with an app versus with 

written instruction, as evidenced by elevated ratings (i.e., indication of increased 

predicted practice frequency) for app practice. Results showed some variations in 

predicted practice frequency “in general.” The three participants who had completed one 

or more voice and communication therapy sessions at the time of data collection (i.e, 

Participants 100, 606, and 707) indicated greater predicted practice frequency than 

Participant 404, who was not receiving voice and communication services at the time of 

data collection. Nevertheless, all participants indicated the greatest predicted practice 

frequency for the gamified app practice option (i.e., “When set up as a game on an app”). 
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Figure 7. Predicted Practice Frequency (in General and for Different Carryover 

Assignment Formats) 

 

X 

Note: Rating scale of 0 (i.e., “Never”) to 100 (i.e., “Often”) 
 
With regard to ideal practice frequency and duration, post-survey discussions revealed a 

general preference for practice sessions at a frequency ranging from once every other day 

to 1-3 times per day, and a preferred duration ranging from 10-30 minutes per practice 

session. Participant 100 noted that, if they were to enjoy using a prospective gamified 

voice and communication practice app, they would practice, “Every time [they’re] 

alone!” and that they “would look for reasons to get 10-15 min alone to practice” if the 

app were enjoyable to use. 

Regarding app features that could help them achieve their practice goals, tracking 

participation would help adherence to schedule and seeing visual representation of 

behavior's accuracy would help engagement that fosters desire to participate. Participant 

606 noted that the inclusion of streaks (i.e., numbers denoting the total number of days 
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practiced in a row) would increase their predicted practice frequency due to the desire to 

maintain the streaks. Participant 606 also mentioned a “fish game” exergame they 

encountered while on a sports team, in which performing a target behavior during would 

cause the depicted fishing boat to move to the desired location on the screen. They noted 

that they found this game to be fun, and that it helped motivate them to perform the target 

actions. Participants 404 and 707 expressed similar perspectives, with Participant 404 

stating, “Positive motivators that incentivize people to engage is really important,” and 

Participant 707 stating, “Enjoyable is habit forming.” 
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 Chapter 5: Discussion 
 
 

5.1 Applying UCD for Person-Centered Voice and Communication Services 

 

The first aim of this study was to investigate the ways in which User-Centered 

Design (UCD) principles can be applied in transgender voice and communication service 

provision. Both survey responses and post-survey discussions revealed a collective desire 

for prospective transgender voice and communication practice apps to be tailored to the 

population-specific and individual-specific needs of app users. This finding is consistent 

with findings of previous studies investigating app use in transgender populations (Bush, 

et al. 2022; Sun et al., 2020), and with recommendations for optimum person-centered 

care (Azul, Hancock, and Nygren, 2020). This finding is also in accordance with the 

recommendations of the World Professional Association of Transgender Health 

Standards of Care (Version 7), which states, “It is essential that voice and communication 

specialists be sensitive to individual communication preferences” (Coleman et al., 2012, 

p. 53). 

While participants in this study were generally in consensus about the important 

skill areas and preferred system features, all participants described their individual 

preferences in relation to their own voice- and communication-related experiences during 

post-survey discussions. For example, while the other three participants generally found 

nonverbal communication skills to be unimportant to include in an app, Participant 707 

made the following recommendation for facilitating nonverbal communication skill 

practice via simulation: “At [the] bare minimum having hyperlinks or having a bank of 

videos to watch, something for demonstration.” These individual-specific preferences 

revealed an unsurprising link between participants’ importance ratings and their personal 
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voice and communication goals. This link between user preferences and personal voice 

and communication goals demonstrates a definitive need for prospective gamified voice 

and communication apps to use UCD in order to promote optimum app utility. 

Post-survey interviews revealed occasional instances of reduced familiarity with 

possible app/game play designs and possible features for communication skill practice. 

To gather more complete perspectives from participants and to probe for more nuanced 

input, the investigators frequently provided examples of prospective features/designs not 

included in the survey (e.g., multiplayer game where users compete to achieve the highest 

streak). Increasing participants’ awareness of available app design features resulted in 

enhanced descriptions of app design preferences. Providing target users with background 

information or a list of possible features during the iterative concept design phase enables 

participants to make informed decisions about their preferences. Facilitating informed 

decision-making in the iterative concept design phase may increase engagement by 

increasing a gamified app’s person-/user-centeredness, both of which are associated with 

improved healthcare-related outcomes (van Leer et al., 2021; Baxter et al., 2021; Kopf 

and Huh-Yoo, 2020; Sun et al., 2020; Pramana et al., 2018; van Leer, 2013; Deterding et 

al., 2011). 

Although the methods employed in this study were formulated to gather input at 

the earliest phase of app design (i.e., iterative concept design), they differ from those 

employed by Kopf and Huh-Yoo (2020) in multiple respects. Notably, Kopf and Huh- 

Yoo employed a two-phase design encompassing both initial concept design and 

prototype testing. Unfortunately, it was not possible for the investigators of the current 

study to complete both the iterative concept design and prototype testing within the 
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allotted time frame of this study. Doing so may have provided more detailed insight into 

the effect of UCD in gamified voice and communication app design for gender diverse 

individuals. While participants in the Kopf and Huh-Yoo study gave their perspectives on 

prospective icons presented by the investigators, the participants in the current study were 

not presented with visuals/icons constituting prospective concept designs. This contrasts 

the methodology employed by Kopf and Huh-Yoo in that it asks participants to give their 

perspectives independently (i.e., with no verbal/visual prompting that may elicit novel 

perspectives). Adopting the methodology employed by Kopf and Huh-Yoo for the current 

study might have facilitated the ideal informed decision-making described in the previous 

paragraph. For example, providing participants with visuals of prospective icons might 

have yielded more conclusive trends in specific customization desires. That said, if 

participants had been given background information prior to survey or interview 

completion, the reduced familiarity with possible app/game play designs and possible app 

features might not have been detected within these participants. Further research is 

needed to investigate the demonstrated gap between existing app designs/features and 

participants’ awareness of these app designs/features in order to foster optimum user- 

centeredness during app design. 

There was considerable overlap between the findings of Bush et al. (2022) and 

this study, including participants’ desire for a voice and communication practice app, 

collective desire for accessibility features to facilitate optimum app utility, individual- 

specific goals for app practice, and suggestions to improve performance during app 

practice for optimum vocal behavior change. Despite the assertion of Bush et al. (2022) 

that transfeminine individuals would be the primary target app users, findings of both 
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their study and the current study indicate a strong desire for individual-specific app 

practice goals among TGGD individuals, which warrants the design of an optimally 

personalizable app to supplement voice and communication services for individuals of 

any gender position. While participants in the Bush et al. (2022) study indicated 

relatively low desire for gamified features, it is possible that the single question posed did 

not facilitate enough specificity to elicit more detailed, nuanced responses. In the current 

study, rather than asking participants to rate the importance of “gamification” using 5- 

point Likert scale (0= Not at all important, 5= Very important) as it was done in Bush et 

al. (2022), participants rated the degree to which gamified features (e.g., personalization, 

liking, social support) would contribute to their prospective motivation and engagement 

while using a gamified voice and communication practice app. This study investigated 

these preferences in greater detail to discern more specific feature and design preferences 

in order to better inform future app design for optimum user-centeredness, ultimately 

revealing the collective desire for a gamified app that is optimally personalizable and 

customizable. Similarly, while Bush et al. (2022) investigated TGGD individuals’ 

perspectives of social interaction by analyzing assigned importance ratings for 

“Connecting to Other LGBTQ+ People” on a 5-point Likert scale (0= Not at all 

important, 5= Very important), the current study investigated these in greater detail to 

gather more comprehensive insight into gender diverse individuals’ perspectives and 

preferences. This study found greater nuance to participants’ desires regarding social 

support features than the Bush et al. (2022), and the diverging perspectives of participants 

in the current study illustrate the need for future research to conduct even more rigorous 

investigations of social support feature preferences. Nevertheless, findings of Bush et al. 
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(2022) and this study illustrate the utility of user-centered design in voice and 

communication service provision for gender diverse individuals. 

Of note, all participants in this study rated their personal technological proficiency 

above 50/100 (i.e., average proficiency). It is unclear if this elevated technological 

proficiency influenced participants’ perspectives and preferences. All participants were 

between 18 and 40 years of age, and all participants used smartphone apps to some extent 

in their daily lives (e.g., maps, social media). It is possible that there is a relationship 

between consistent smartphone app use and the displayed elevated self-rating of 

technological proficiency in these participants, which may increase their awareness of 

various customizable features (e.g., accessibility features). It is unclear if individuals who 

perceive their technological proficiency as “below-average” would be as aware of and 

desire the ability to customize these accessibility features. 

5.2 Customization for Enhanced User-Centered Experience 

 

While it was expected that participants would want the ability to customize some 

features of a prospective gamified voice and communication practice app (van Leer et al., 

2021; Kopf & Huh-Yoo, 2020; Pramana et al., 2018; Oinas-Kukkonen & Harjumaa, 

2008), participants indicated a collective desire for a prospective gamified voice and 

communication practice app to include accessibility features in particular. All four 

participants indicated a preference for accessibility feature customization, and all four 

participants expressed a desire for optimum app feature access for all individuals. This 

preference is consistent with the findings of Bush et al. (2022), which investigated gender 

diverse individuals’ perspectives and preferences for a prospective voice and 

communication training app. While one participant self-disclosed their neurodiversity, 
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the other participants who also advocated for these accessibility features did not disclose 

neurodiversity. This indicates that other peoples’ ability to use and benefit from a 

prospective gamified voice and communication practice app may influence target users’ 

perceptions of the app’s prospective utility. 

Of note, three of the four participants were currently receiving voice and 

communication services during data collection, and during discussion all three 

participants made reference to the communication skill areas and exercises included in 

their sessions. The experiences of the three participants receiving therapy likely 

influenced their perceptions of which communication skill areas would be most important 

to include in an app. Nonetheless, there was general consensus regarding resonance, 

breathing/breath support, intonation, and pitch as the most important skills to be 

addressed in an app. For the importance ratings of intonation and pitch, the deviations of 

perceived importance between Participant 606 and Participants 100/707 may be attributed 

to either a difference in communication-related goals in therapy, their difference in 

number of sessions completed, or a combination of these factors. 

Higher importance placed on- or off-target feedback as opposed to audio- 

recording/playback and specific feedback (e.g., “Your average pitch was 120 Hz”) is 

consistent with previous investigations of serious game apps used for health-related 

behavior change (Baxter et al., 2021). Participants would prefer an app in which they can 

practice learned communication-related behaviors during structured or semi-structured 

exercises that create a balance between attention to physiological processes (e.g., 

expanding the lower abdomen during diaphragmatic breathing) and opportunity to 

improve generalization of these learned skills by attending to outcome (e.g., voice quality 
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is clear). All participants expressed similar preferences for open, non-specific feedback 

that would help them track their progress toward their personal targets. 

The perspectives gathered in this study offer valuable insight into which features 

should be incorporated into a prospective gamified app in order to increase user 

engagement for optimum behavior change. Participants in this study desired a gamified 

app that focuses more on learned communication skill practice (e.g., exercises with 

subsequent feedback) more than an app whose primary function is to provide information 

about communication skill areas (e.g., why a skill area is relevant), as evidenced by 

higher importance ratings for primary task support and dialogue support features versus 

system credibility and social support features. Participant 707, the only participant to 

complete a course of voice and communication therapy, gave the following explanation 

for this preference: “A lot of people won’t be able to experience the practice that I had 

with speech therapy… having a method of practicing WITH that feedback is gonna be 

super important.” Person-centered intervention can apply this finding and facilitate 

increased motivation and engagement by providing opportunities for practice with 

feedback as opposed to informational text. 

Some participants did stipulate that they would use an app to increase practice and 

feedback but would consider it supplemental to professional support offering the 

rationale and instruction for achieving goals. While educational material was not a high 

priority for inclusion in the app, some participants would still want the option to access 

information, either to supplement learning or for verification of provided information, to 

be included in a prospective app’s design as long as it wasn’t intrusive or required. 
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5.3 Gamification for Motivation and Engagement during Skill Practice 

 

Participants’ indications that they would practice often and on a regular basis are 

in accordance with gamification research findings showing that gamified healthcare 

interventions yield increased motivation and engagement during target behavior 

performance (Baxter et al., 2021; Pramana et al., 2018). The general preference for 10-30 

minute practice sessions at a frequency ranging from once every other day to 1-3 times 

per day indicates that participants would prefer multiple shorter games/modules to a 

single, longer game/module. 

Responses from survey and discussion revealed that all participants viewed 

prospective app designs containing preferred gamified features (e.g., a single-player 

game that provides on-/off-target feedback at the end) more positively when they 

envisioned them as being enjoyable to complete. This is consistent with previous research 

showing an association between positive user ratings of operating systems and inclusion 

of preferred features, especially when these features are included through user-centered 

design (van Leer et al., 2021; Kopf & Huh-Yoo, 2020; Pramana et al., 2018; Kim, 2015; 

Oinas-Kukkonen & Harjumaa, 2008). While 1:1 or win-lose competition was not 

preferred by participants in this study, team-based or goal-oriented social support features 

may be preferable for some individuals. Using UCD to design a gamified voice and 

communication practice app would create the fun/playful feeling these study participants 

found to be important, while also incorporating participants’ preferences (i.e., including 

preferred features and excluding non-preferred features), and by providing the desired 

practice and feedback opportunities. There are numerous apps designed to provide 

feedback about voice- and communication-related behaviors (e.g., “Voice Analyst”); 



61  

however, these apps are not designed to foster the fun/playful environment that 

gamification produces. Findings of this study indicate that gamifying existing smartphone 

apps for voice and communication change may increase users’ engagement with these 

apps, thereby facilitating increased voice- and communication-related behavior change. 

Perspectives offered by participants in this study are valuable, offering 

preliminary insight into which features transgender individuals would prefer in a 

prospective gamified voice and communication practice app. These perspectives 

illuminate the factors most likely to influence practice frequency, duration, motivation, 

and engagement among transgender individuals pursuing voice and communication 

behavior change. There is precedent in other health domains that such design input can 

lead to a gamified app that contributes to improved quality and access to appropriate care. 

5.4 Study Limitations 

 

The small sample size of only four participants reduces the external validity of this 

study, therefore these findings may not be generalized to other transgender individuals or 

populations. Another limitation was the existing dearth of research surrounding serious 

game design for voice and communication, including transgender voice and 

communication. Data analysis and interpretation relied heavily on general game design 

research and current practices in non-gamified transgender voice and communication 

interventions. 

An additional limitation of this study was the inadvertent omission of the dialogue 

support feature “reminders” from the electronic survey. This resulted in participant 

ratings of the importance of receiving reminders in an app for voice and communication 

practices were received after the rest of the feature importance ratings were received, 
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which may have influenced participant ratings. While the two participants who responded 

desired a reminder frequency of once or twice per day, their diverging preferences for 

what they would like reminders for (e.g., reminder to complete module, reminder to use 

oral resonance) warrants further research into target users’ reminder preferences. 

Another limitation was the unforeseen difficulty in obtaining access to the 

George Washington University Voice Research Lab encrypted drive. The persistent delay 

in obtaining this access resulted in delayed formulation of formal transcripts, 

necessitating the use of the aforementioned informal transcripts for the majority of data 

analysis. While the informal transcript included major themes and pertinent quotes that 

participants expressed in their survey responses and during post-survey discussions, the 

delayed access caused the informal transcript verification to occur after data analysis. 

5.5 Future Directions and Clinical Implications 

 

While preliminary research investigating user-centered design for voice 

intervention has yielded valuable direction for prospective voice app features (Kopf & 

Huh-Yoo, 2020), further research is needed before an app can be in use. It is 

recommended that future research examine the perspectives of individuals of diverse 

sociocultural and gender positionings in order to gain a comprehensive understanding of 

target users’ preferences for optimum user-centered design. Given that participants in this 

study expressed social support feature preferences of greater nuance than the survey 

questions permitted them to express, it is recommended that future research investigate 

perceptions of social support features in greater detail. For example, future studies may 

investigate user perceptions of single-player versus multiplayer games, as participants in 

this study expressed differing perceptions of these game design types. Following the 
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iterative concept design phase (Abras, Maloney-Krichmar, & Preece, 2004), it is 

recommended that a prototype then be developed and tested to determine its effect on 

voice and communication services, including the availability, appropriateness, and 

engagement (Levesque et al., 2013) that will improve access to high-quality care for 

transgender people. 

5.6 Conclusion 

 

User-centered design (UCD) for a gamified practice app offers a promising path to 

improve access to person-centered, culturally-responsive voice and communication 

service provision. Participants in this study desired a gamified app for resonance, 

intonation, breathing/breath support, and pitch practice that (1) includes mainly primary 

task support and dialogue support features, (2) provides general feedback for optimum 

voice production, and that (3) allows customization for optimum app utility. 
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Appendix C 

 

 

Systems Terminology 

(derived from terminology presented in Oinas-Kukkonen & Harjumaa, 2008) 

 

• Persuasive systems- “computerized software or information systems designed to 
reinforce, change or shape attitudes or behaviors or both without using coercion or 
deception” (Oinas-Kukkonen & Harjumaa, 2008, p. 164-165) 

 
Primary Task Support Features 

Feature Feature Description in Survey 

Reduction Simple tasks 

Tunneling Explicit, step-by step directions 

Tailoring App adapts to learn what you like 

Personalization Ability to individualize your app 

Self-Monitoring Tracking progress 

Simulation Example provided in video 

Rehearsal Practice trials that don’t count in score 

 

Dialogue Support Features 

Feature Feature Description in Survey 

Praise Praise for performing tasks (via written text, celebration music, etc.) 

Rewards Rewards for performing tasks (e.g., experience points) 

Reminders Ability to set reminders (*Investigated via follow-up email) 

Suggestion Tips/Suggestions for how to better perform tasks 

Similarity Language that resembles how you communicate (e.g., calling a 
carbonated beverage “pop” vs. “soda” vs. “coke”) 

Liking Games/Features that are visually appealing 

Social Role Access to a troubleshooting/support specialist or hotline (via 
chatbox, email, etc.) 
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 System Credibility Features 

Feature Feature Description in Survey 

Trustworthiness Neutral language/features (e.g., does not describe “best” and “worst” 
outcomes) 

Expertise Access to information/experts on a given topic (e.g., a website link 
to a national research institute) 

Surface Credibility Clear, assertive language (e.g., “Player 1 won the game” vs. “The 
game was won by Player 1”) 

Real-World Feel References to creators/organizations involved in app design (e.g., 
incorporating creator/organization logos in the app 

Authority Evidence of the app creators’ expertise/qualifications (e.g., an 
“About Us” tab with information about the creators) 

Third-Party Endorsements Third-Party endorsement of an app’s usefulness (from a national 
organization, celebrity figure, etc.) 

Verifiability Ability to externally verify information provided in app (e.g., source 
citations, website links) 

 

Social Support Features 

Feature Feature Description in Survey 

Social Learning Ability to see other players’ scores/performance 

Social Comparison Ability to compare your scores to other players’ scores (e.g., 
Leaderboards) 

Normative Influence Suggestions based on other players’ scores/performance (e.g., “Earn 
10 more experience points to pass the average game score on this 
week’s leaderboard!”) 

Social Facilitation Ability to observe other players’ progress in real-time (e.g., a visual 
meter showing another player has completed 50% of the task/game) 

Cooperation Ability to play in teams 

Competition Ability to compete with other players (e.g., 1:1 game requests, 
multiplayer games with a leaderboard) 
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Recognition Ability to share game performance and/or progress to other 
platforms (i.e., to social media platforms outside of the game/app) 
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Appendix D 
 
 

Definitions and Examples of Communication Skill Areas and Feedback 

 

Communication Skill Areas 

Survey Item Relationship to Voice Production 

Breathing/Breath Support Inhaling an adequate supply of air to support voice 
production with maximum efficiency (i.e., minimum 
vocal breathiness and/or strain). Diaphragmatic 
breathing may be used to facilitate increased breath 
support during voice production. 

Resonance (Where the sound vibrates; 
e.g., a nasal voice vibrates in the nose) 

The location at which the sound vibrates in the vocal 
tract. Oral resonance facilitates optimum vocal fold 
closure and may be used to improve vocal quality 
(e.g., to reduce/replace glottal fry behaviors). 

Intonation (i.e., the "ups/downs" or 
"hills/valleys" of your pitch during 
speech) 

The raising and lowering of pitch throughout speech. 
Different intonation patterns signify different 
meanings (e.g., rising intonation may signify a 
question and/or uncertainty, while falling intonation 

may signify a statement or command). 

Rhythm (speech rate, syllable stress, 
etc.) 

Prosody (i.e., rhythm) encompasses an individual’s 
speech rate and syllable stress during connected 
speech. Speech rate may vary across contexts (e.g., 
speaking to young children vs. adults) or across states 
of being (e.g., excited vs. fatigued). Syllable stress 
may be used to emphasize/draw attention to a 
word/phrase/concept (e.g., she wore a blue dress). 

Loudness The volume (i.e., loudness/softness) of an 
individual’s voice. Vocal loudness may vary across 
contexts (e.g., library vs. rock concert) and other 
factors (e.g., personal preference). 

Pitch (how high/low the voice is) The perceived frequency of an individual’s voice 
(i.e., how high/low the voice is). Longer/thicker vocal 
cords typically produce a lower-pitch voice, while 
shorter/thinner vocal cords typically produce a 
higher-pitch voice. 
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Nonverbal communication (e.g., 
gestures) 

Gestures (e.g., pointing, shoulder shrugging) may be 
used in conjunction with voice production during 
spoken communication to enhance listener 
comprehension (e.g., pointing for “look over there”), 
or may be used in isolation in lieu of spoken 
communication (e.g., shoulder shrug to signify 
indifference). 

 

Feedback 

Survey Item Example 

Audio-record you and playback the recording An audio-recording feature that lets a user 
record/playback their voice while reading 
“The Rainbow Passage” 

Indicate whether your voice was on-target (i.e., 
"That was within your target range") 

A visual representation (e.g., bull’s-eye) 
showing the difference between a user’s 
performance and their target/goal 

Indicate the specific measure (i.e., "That was 
120 Hertz") 

Receiving a notification showing the average 
pitch used during a given game/module 
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Appendix E 
 
 

Survey Responses to Question, “If you had a magic wand and could design the 

perfect app for helping transgender individuals with voice 

and communication, what would it include?” 

 

 

Participant ID Number Response 

707 Methods for measuring pitch and 
resonance, practice exercises, voice 
lineups with options to try and achieve a 
certain style of voice, inflection/word 
choice training, visuals for body 
language/hand gestures, etc. 

606 I've utilized various apps for transgender 
vocal training, and possibly my biggest 
issue would be user interface and how to 
use the knowledge provided. 
Often these apps are designed in a fairly 
inaccessible manner which I feel often 
turns individuals off from them. I also feel 
as if it would be helpful to have various 
tooltips embedded in the app, as having the 
knowledge on how to adapt your voice 
rather than solely metrics would be 
extremely helpful. 

404 I'm a little unclear on the phrasing here; is 
the app a voice training app, or a social 
app? If it's a social app, voice modulation 
and options for voice modulation are 
something me and my transgender peers 
have always wanted. If it's more of a 
training app, it's hard to say. 
Voice inflection is so subjective; I find it 
hard to conceptualize a way that it could 
be trained without a person helping. 

100 Easy access to target pitch. Interesting 
short passages to read. Analysis of gender 
pattern of speech when recorded. No 
advertisements. 

 


