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Voice Design Compass: Guidance for Developing and

Reflecting on Voice Concepts for Embodied Characters

Abstract

An embodied character’s voice can shape how we perceive the whole character. Nevertheless, the voice
is often overlooked during the planning process, or no explanation is given as to why certain approaches
were chosen. We present the Voice Design Compass, a conceptual framework for developing, reviewing,
and documenting voice concepts for embodied characters. A voice concept describes how a character’s
voice should sound and be perceived. It provides a basis for voice selection and production. The Voice
Design Compass offers questions to help designers consider early on what influences their voice choices
and which unintended effects they might otherwise overlook. These questions address, for example,
how a voice relates to the character’s appearance, whom it might remind users of, and whether it
could reinforce stereotypes. We developed a literature-informed prototype. Ten domain experts from
research and industry reviewed its written questions, examples and workflow in formative think-
aloud interviews. Qualitative content analysis identified experts’ accounts of component relevance,
process structure, potential support for design work, and reflection. Needs for change concerned
missing content, wording, conceptual distinctions, ease of understanding, cognitive load, and overall
organization. Experts suggested using the prototype to clarify requirements, communicate intentions,
and revisit decisions across project phases, identifying researchers, practitioners, and non-experts as
potential users. We used these findings to revise the prototype into the Voice Design Compass. Four
work areas cover project context, voice-concept development with four modular Design Sets, review
and practical testing, supporting designers in creating and maintaining their own Project Record.

Keywords: voice design, embodied characters, human–agent interaction, design framework, design
reflection, formative evaluation
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1 Introduction

The sound of an embodied character’s voice
shapes how we perceive it, for example how cred-
ible, likable, and humanlike the character seems
[10, 19]. Designing that voice involves relating
intended impressions to the character’s appear-
ance and role, its listeners, and its use context.
However, convenience often drives voice selec-
tion [49], and research reports do often not even
describe the voices used or explain why they were
chosen [62, 75, 76].

There are already various approaches that
address this problem, but none of them aims to
provide specific guidance during the process of
developing a voice concept. Cambre and Kulka-
rni organize voice-design research around user,
device, and context [7]. Fritsch et al. support crit-
ical and generative exploration of synthetic voices
through open questions, examples, and embodied
listening [23]. For a particular character, designers
need to connect these perspectives in a voice con-
cept : an account of the voice’s intended identity,
sound, and listener impressions. They must decide
which qualities to pursue together, justify compro-
mises, and identify assumptions to test. Explicit
reasons provide a basis for comparing alternatives
and revisiting decisions [45].

We developed the Voice Design Compass, a
conceptual framework for developing, reviewing,
and documenting voice concepts. Its modular
sets of questions and literature-based examples
connect voice intentions with ethical concerns,
technical requirements, and reflection on possible
tensions between choices. Designers retain deci-
sions, reasons, open questions, and planned tests
in their own Project Record. The resulting voice
concept provides a basis for selecting or producing
a voice and can be revised after trials or changes
in the project. The Compass addresses general
vocal characteristics across speech and other vocal
utterances, whether recorded, live, or synthesized.

This paper makes three contributions:

1. A literature-informed conceptual prototype
that organizes voice-design questions, exam-
ples, and review activities into a modular
process (Section 3).

2. Formative findings from ten domain experts on
the prototype’s guidance, difficulties of inter-
pretation and use, and anticipated applications
(Sections 5.2–5.4).

3. The revised Voice Design Compass, with an
account linking expert feedback and further
literature work to changes in its questions,
organization, and workflow (Section 6).

2 Related Work

This section reviews research on character design,
voice perception and its implications for design,
existing voice-design approaches, and formats for
supporting design reflection. These perspectives
frame the design concerns addressed by the pro-
totype and by its revision into the Voice Design
Compass.

2.1 Character Design

Character design combines a character’s purpose,
personality, appearance, and behavior to com-
municate who the character is and what role it
serves [27, 80]. We use character to emphasize
this designed identity, whereas agent emphasizes
a system’s capacity to perceive and act in its envi-
ronment [91]. An embodied agent can therefore
also be designed as a character. Harder’s practice-
oriented guide develops purpose and personality
before visual choices such as body shape, cloth-
ing, color, and style [27]. Sloan’s account of virtual
character design connects visual and auditory
presentation with identity, emotional expression,
narrative context, and role [80].

In this paper, embodied characters are
designed characters with a physical or virtual
body, such as social robots, virtual agents, and
avatars. Both body and voice contribute to how
a character is perceived. Rist and André describe
virtual-character design in terms of visual and
audible appearance, conversational setting, and
behavior, including gestures, facial expressions,
and utterances [66]. Listeners can associate par-
ticular sounds with bodily features. Fischer and
Niebuhr showed that changes in fundamental fre-
quency (related to pitch) and spectral center of
gravity (related to vocal brightness) influenced
which of two differently sized images of the same
robot listeners associated with a synthetic voice
[20].
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Choices about a character’s vocal characteris-
tics also relate to its persona and intended rela-
tionship with users. Wilson and Moore describe
how vocal performance and signal processing
shape fictional voices in film and television to
suit a character’s persona and narrative context
[90]. In a study with older adults, spoken content
was held constant across serious and playful vocal
styles. Perceptions of a robot’s social attractive-
ness and eeriness depended on how these styles
were combined with assistant or companion roles
[82].

How a character’s appearance and voice are
combined can affect the resulting impression. In
a video experiment, Mitchell et al. found that
mismatches in face and voice realism were rated
as eerier than matched combinations [51]. For a
fictional character intended to feel unsettling, a
designer might deliberately pair a lifelike face with
an artificial-sounding voice. Deliberate departures
from expectations may also be considered in rela-
tion to social roles. In voice-interface research,
Cambre and Kulkarni propose exploring whether
voices that challenge role stereotypes could change
how users view a device and its associated tasks
[7].

Voice can thus help shape who a character
appears to be. Choosing vocal characteristics calls
for considering both the intended portrayal and
the meanings listeners may attach to what they
hear.

2.2 Voice as a Design Material

We define voice design as the selection or shaping
of vocal characteristics. We adopt the sociopho-
netic perspective in Sutton et al.’s paper “Voice
as a Design Material” because it connects choices
about vocal characteristics with the social mean-
ings listeners assign to voices through their expe-
rience and the context of use [83]. Such interpreta-
tions may draw on social categories, stereotypes,
prejudices, and beliefs about which ways of speak-
ing are considered appropriate or prestigious [83].
For voice design, this raises the question of which
stereotypes a chosen voice may reinforce.

McAleer et al. found that listeners formed sim-
ilar personality impressions from recordings of
“hello” lasting less than a second [47]. For voice
design, this suggests that even a character’s brief

vocal output can contribute to its perceived per-
sonality. Listeners may agree in their impressions
of a voice, but their judgments can also differ
from person to person. Lavan and Sutherland
found that the relative contributions of shared
and listener-specific influences varied across the
characteristics judged and the voices presented
[39]. These findings support considering differ-
ences among the intended users and listeners
when developing a voice concept and examining
intended impressions with them.

Voice quality can convey information about
a speaker beyond the verbal content, including
biological, psychological, and social characteris-
tics [40]. Listeners use vocal cues to judge speaker
characteristics such as identity, biological sex and
social gender, regional or socioeconomic back-
ground, and age [72]. The same vocal feature can
carry different social meanings in different con-
texts. Podesva and Callier describe falsetto as a
resource for constructing an expressive “diva” per-
sona and as a way to show respect in Lachixío
Zapotec [63].

Sutton et al. illustrate how voices can evoke
personal memories. A voice quality may remind
a listener of a difficult boss, while an accent may
remind them of a place they regularly visited on
holiday as a child [83]. These associations can
arise from particular vocal features without repro-
ducing a specific person’s voice. For a character,
they motivate considering unintended associations
even when its voice is newly created.

Lavan and McGettigan’s Person Perception
from Voices (PPV) model offers a theoretical
account of how listeners use prior experience to
recognize people and form impressions from voices
[38]. It proposes that features of a heard voice are
compared with stored representations of familiar
individuals, recognizable social types (personae),
and characteristics such as age or personality.
Listeners can therefore form impressions of an
unfamiliar person without identifying who they
are. In this model, impressions of a speaker’s char-
acteristics can provide clues to who is speaking.
The connection also works in the other direction:
being familiar with a voice can help listeners judge
the speaker’s characteristics. For example, listen-
ers may judge a speaker’s sex more quickly when
they already know the voice.
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Table 1 Functional comparison of related voice-design approaches and the Voice Design Compass.

Approach Primary purpose Support provided Evidence base and scope

Voice Design

Compass (this work)
Support voice concept
development for
embodied characters

Project context, four modular
Design Sets, specific sound
ideas, review and testing, with
guidance for creating and
maintaining a project record

Literature-informed development,
qualitative content analysis of ten
formative expert interviews on the
prototype, and a documented
revision to the Voice Design Compass

Cambre and Kulkarni
(2019) [7]

Organize smart-device
voice design

Three linked lenses: user,
device, and context

Literature-based research framework
focused on smart-device voices

Seaborn et al. (2021)
[75]

Organize experimental
research on voice in
human–agent interaction

Classification framework and
voice–body continua

Meta-synthesis of 89 experimental
studies

Fritsch et al. (2025)
[23]

Expand the design space
for synthetic VUI voices

Three dimensions and guiding
questions for critical and
generative exploration

Theoretical foundations, three
workshops with listening and sonic
prototyping, and participant
interviews in the third workshop

Sutton et al. (2019)
[83]

Address social and
cultural dimensions of
VUI voices

Strategies for individualization,
context awareness, and
diversification

Sociophonetic literature and
conceptual analysis

Kim et al. (2021) [34] Describe how
practitioners approach
VUI naturalness

Twelve naturalness
characteristics and seven design
challenges

Interviews with 20 VUI designers

Li et al. (2025) [43] Optimize humanoid robot
appearance and voice
jointly

Parameter modeling, prediction,
and optimization

User evaluations, neural-network
models, genetic-algorithm
optimization, and validation

Noufi et al. (2023) [55] Support context-
dependent expressive
speech synthesis

A continuous persona space for
exploring tone of voice

Initial thematic analysis of ten expert
interviews and a proposed synthesis
model

Owens et al. (2022)
[59]

Characterize deceptive
design in voice interfaces

Six interface properties and
paired scenarios

Author brainstorming exercise and a
survey with 93 participants

Zhang et al. (2025)
[92]

Test behavioral effects of
vocal manipulations

Controlled variation of voice
characteristics, intensities, and
scenarios

Preliminary study (N = 24) and
main experiment (N = 36) using
Mandarin female synthetic speech

Wenzel and Kaufman
(2024) [89]

Identify harms from
recognition failures

Six downstream harms and
proposed communication-repair
strategies

Interviews and design activities with
16 multicultural participants

2.3 Related Voice-Design
Approaches

We compare selected frameworks, strategies, and
studies by how they organize voice-design con-
siderations, support particular tasks, or identify
risks. These functions can overlap.

Table 1 compares the purpose, support, and
evidence base of these approaches.

Some approaches organize multiple considera-
tions relevant to voice design. Cambre and Kulka-
rni structure smart-device voice design through
the linked lenses of user, device, and context. They
identify open research questions about personal-
ization, device appearance and role, and changes
across situations and time [7]. Seaborn et al.
classify experimental research on voice in human–
agent interaction across agent forms, contexts,
user groups, and relations between voice and body
[75].

Sutton et al. propose individualization and
context awareness as initial sociophonetically
informed strategies for voice output in voice user

interfaces (VUIs) [83]. They caution that adapting
voices to personal preferences or particular activ-
ities can reproduce prejudices and caricatures.
In response, they introduce diversification: con-
sidering a wider range of voices beyond socially
privileged standards and examining how these
choices may reinforce stereotypes or affect the
people whose ways of speaking are represented
[83].

Kim et al. identify twelve characteristics
through which practitioners approach VUI natu-
ralness and seven challenges they encounter [34].
Li et al. model and optimize combinations of
humanoid robot appearance and voice within a
defined audiovisual design space [43]. Noufi et
al. propose a persona-informed synthesis model
in which tone of voice occupies a continuous,
context-dependent space [55].

Risk-focused work addresses deception,
manipulation, and harm. Owens et al. identify
six properties of voice interfaces that may enable
deceptive design and examine users’ judgments
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of corresponding scenarios [59]. Zhang et al.
test how manipulated vocal characteristics affect
behavior in Mandarin shopping and question-
answering scenarios [92]. Wenzel and Kaufman
identify downstream harms associated with recog-
nition failures for multicultural users and propose
communication-repair strategies [89].

Fritsch et al. provide a particularly close con-
ceptual reference point. Their generative frame-
work connects Sonic Expressions, Situated Role,
and Interaction, drawing on sound studies to
examine voices through embodied listening, affec-
tive experience, and sociocultural and politi-
cal relations [23]. Sonic Expressions includes
vocal qualities and their meanings. Situated Role
addresses the circumstances, relationships, norms,
and interests surrounding a voice. Interaction
considers material form, change over time, and
modalities. These dimensions overlap, keeping the
sound of a voice connected to the situation in
which it is heard. Three workshops combined
listening, discussion and experiments with inter-
active prototypes, with participant interviews in
the third. In the first workshop, participants used
their own words to describe the voice samples
when the suggested terms did not match what
they heard. This informed the authors’ shift from
a fixed vocabulary to open questions and exam-
ples. The framework is intended for individual and
collaborative work on new or existing VUIs, with
guiding questions in the paper and written exam-
ple answers and related literature references in its
supplement [23].

Fritsch et al. propose extending their frame-
work to further technological platforms and design
processes involving other professional groups and
everyday users. They also identify vocal experi-
ences and relationships over longer periods as a
topic for future research [23]. The Compass con-
nects modular Design Sets, review, testing, and
a Project Record to develop a revisable voice
concept for a particular embodied character.

Pearl’s practice-oriented guide discusses per-
sona design for VUIs with or without a visual
avatar and addresses voice selection [61].

2.4 Supporting Design Reflection

Design support can organize considerations and
activities [22] or connect alternatives with reasons
for choosing them [45]. Friedman and Hendry’s

Envisioning Cards organize themes and activities
around stakeholders, time, values, and perva-
siveness. Their early field reports describe how
selected cards drew attention to additional stake-
holders, settings, and implications, followed by
revisions to designs or analyses [22].

Questions are one way to direct this reflec-
tion. Fleck and Fitzpatrick distinguish describing
a situation from explaining it, considering alter-
native perspectives, and revisiting assumptions.
They identify questioning as a way to elicit rea-
sons and explanations, while emphasizing that
reflection also depends on the circumstances and
support available [21]. This distinction is useful
for voice design: specifying an intended quality
and examining why it is desirable are related but
different activities.

Design-rationale research provides a precedent
for connecting questions with reasoned choices.
MacLean et al.’s Questions, Options, and Crite-
ria representation organizes design issues, possible
answers, and grounds for comparing them [45].
This offers a rationale for asking designers to con-
nect an answer with its reasons, while leaving the
choice open to reconsideration.

Modular access makes it possible to select sup-
port for a current design concern. In their study
of access to ethics-focused methods, Gray et al.
examine how designers find methods relevant to
their intentions and working conditions. They rec-
ommend making parts of larger toolkits usable
as methods in their own right, while noting that
numerous entry points or insufficient guidance can
make selection difficult [26]. Alongside modular
access, designers need guidance on which groups
of questions are relevant and how they connect to
the wider project.

The Voice Design Compass uses questions to
specify voice intentions, review to examine possi-
ble consequences and alternatives, and a Project
Record to retain reasons and planned tests. These
activities turn voice-design considerations into a
documented voice concept that can guide selec-
tion, testing, and revision.

3 Conceptual Prototype

We developed a conceptual prototype that
organized voice-design questions, literature-based
examples, and review activities into a modular
process. Figure 1 summarizes the components and
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workflow implemented in the study application.
Its formative expert evaluation and the resulting
Voice Design Compass follow in Sections 4 and 6.

The prototype grouped related design ques-
tions into six Question Sets.

3.1 Developing the Conceptual
Prototype

Our literature work began with the frameworks
and overviews of voice design discussed in Related
Work. It included evidence from voice interfaces
without a body, which we considered in relation
to embodied characters and the expectations their
appearance may evoke. We formulated questions
as a starting point for developing a voice con-
cept for a particular embodied character. The
questions were intended to help designers spec-
ify desired voice qualities and effects, identify
requirements, and explain their reasoning. We
used Cambre and Kulkarni’s user, device, and con-
text perspectives to structure the questions [7].
We adapted Fritsch et al.’s guiding questions for
a particular embodied character [23], and drew on
Sutton et al.’s sociophonetic strategies for voice
identity and ethical reflection [83].

We organized the questions around consider-
ations relevant before selecting or producing an
embodied character’s voice. Context addressed

users and situations of use. Character Role con-
cerned the character’s function and relationship
with users. Embodiment addressed its visible form
and the expectations this creates. Identity Rela-
tion concerned the identity represented or evoked
by the voice and who could select or change
it. Perception Effect addressed the impressions
listeners should form when hearing the voice.
Implementation Constraints and Resources con-
cerned voice production, technical requirements,
and project resources; we used literature on these
topics to formulate its questions [1, 9, 83].

The prototype focused on helping designers
specify a character’s general vocal characteristics
and explain their choices. We excluded linguis-
tic content and moment-to-moment variations in
delivery, such as changes in emotional expres-
sion. These topics are addressed, for example, in
research on natural language generation, including
content planning and linguistic realization [25],
and on vocal communication of emotion [70].

Table 2 maps the questions and strategies we
adapted from Cambre and Kulkarni, Fritsch et
al., and Sutton et al. to the prototype’s compo-
nents. Cambre and Kulkarni’s distinction between
Appearance and Role informed our separate Char-
acter Role and Embodiment Sets [7].

The prototype and Fritsch et al.’s supplemen-
tary framework share concrete examples. Fritsch

Prototype in the study application

Project Setup optional
character, scenario, target group

Six Question Sets of the Prototype

Context Character Role Embodiment

Identity Relation Perception Effect Implementation
constraints and resources

select relevant Sets, then order and revisit decisions as needs change

Review views

Ethical Considerations
responses are stored

Reflections on Decisions
Design Tensions
Literature Snapshot

Documentation

Markdown project record

Outside the Prototype Voice design and realization Real-world evaluation

manual feedback: revisit choices

Fig. 1 Components and workflow of the conceptual prototype as represented in the study application
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Table 2 Questions and strategies adapted from prior frameworks and their use in the prototype.

Source question or strategy Prototype component and adaptation

Cambre and Kulkarni, Device lens: appearance
and role [7]

Separate Character Role and Embodiment Sets: what
the voice should convey about the role, and how it
should relate to the visible form

Cambre and Kulkarni, User lens: tailoring a
voice to its users, similar or complementary
vocal characteristics [7]

Identity Relation: the relationship between the voice and
the user

Cambre and Kulkarni: deliberate voice–body
incongruence; overstated system capabilities,
with Moore’s habitability gap [7, 52, 53]

Embodiment example; Ethical Considerations

Fritsch et al., Situated Role, Place: “Where and
when is the VUI situated?” [23]

Context: how, with whom, and under which acoustic
conditions the interaction takes place

Fritsch et al., Situated Role, Social Relation:
“What is the interlocutor’s relation to the VUI
and its creators?” [23]

Character Role: the social role the character assumes;
the relation to the creators was omitted

Fritsch et al., Interaction, Tangible Form:
“What materials is the VUI shaped from, and
how are they shaped?” [23]

Embodiment: which visible properties shape expectations
of the voice, and how the voice should meet or
deliberately contrast with those expectations

Fritsch et al., Sonic Expressions: vocal qualities,
volume, affective expression, gender norms,
intelligibility, the surrounding sonic space, and
effects on listeners [23]

Perception Effect: how the voice should shape listeners’
perceptions

Fritsch et al.: persuasive voice design and
alternatives to humanlike voices [23]

Ethical Considerations source

Sutton et al., Individualisation: voice selection,
modification, and system selection based on
user information [83]

Identity Relation: “How is the character’s voice identity
selected, and who may modify it after deployment?”

Sutton et al., Context Awareness: geographical
cues and particular activities [83]

Context: intended situations and their implications,
without prescribing different voices for different activities

Sutton et al., Diversification: caricatures,
stereotyped social qualities, privilege, and
representation [83]

Implicit across the framework; social-group identity in
Identity Relation; exclusion and stereotyping in Ethical
Considerations

et al. list home and office under Place, large
and small under Tangible Form, and assistant
under Imaginary. The prototype includes Home /
private living space and Workplace / office in Con-
text, Large / Tall and Small / Short in Embod-
iment, and Assistant in Character Role. Fritsch
et al.’s Paralinguistic Features examples include
pitch, tempo, rhythm, and intonation range [23].
In Implementation Constraints and Resources, the
prototype asks whether controls for speaking rate,
rhythm, and intonation are required, connect-
ing these sound considerations with production
requirements.

Drawing on Porcheron et al.’s account of Ama-
zon Echo use in shared domestic activities and
conversation [64], we used the Context example

Home / private living space to encourage con-
sideration of other people who might hear the
character’s voice.

We took up the concern about capability over-
estimation through Cambre and Kulkarni, who
link highly humanlike voices to inflated expec-
tations of system intelligence [7]. Their account
refers to Moore’s discussion of the habitability gap
between users’ expectations and system capabili-
ties [53]. Moore also explicitly warns of capability
overestimation and argues for considering appear-
ance, voice, and behavior together [52].

Descriptions of the settings, voices, and char-
acters in the papers helped us develop exam-
ples of possible answers to the prototype’s ques-
tions. These descriptions and findings relevant
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a) Answering a Question Set b) Reviewing an ethical concern

Fig. 2 Cropped views of the study application with the interface’s original wording: (a) a Context question with a selected
literature-based example; (b) a response in Consent & Identity that calls for follow-up, while the next consent question
remains unanswered. The excerpts show how choices and review needs were displayed

to voice choices also informed the questions.
Questions arising during development guided fur-
ther searches and reading. Boell and Cecez-
Kecmanovic likewise describe how reading helps
identify further relevant literature and refine sub-
sequent searches [4].

More focused literature on voice–appearance
relations, voice identity and cloning, and lis-
tener judgments informed the questions and
literature-based examples within the Question
Sets. For instance, the Embodiment material con-
nects robot size with voice choices through Fischer
and Niebuhr’s study [20]. The Identity Relation
material includes cloning the user’s own voice as
studied by Kuch et al. [36].

The six Question Sets contained 34 questions
and 137 predefined answer options covering con-
text, character role, embodiment, voice identity,
intended perceptions, and implementation con-
straints and resources. These considerations were
connected: ambient noise may alter intelligibility
requirements, embodiment may create expecta-
tions about voice, and available data or expertise
may constrain production. Two Review Views
supported reflection across the answers: Ethical
Considerations, with 28 questions about poten-
tial harms and responsibilities, and Reflections
on Decisions, which related current intentions to
literature findings and 25 rule-triggered Design
Tensions.

In Sets 1–5, the literature-based examples were
intended to inspire project-specific answers and
explain why the questions were included. Set 6,
Implementation Constraints and Resources, listed
common implementation conditions.

3.2 Implementation as a Study
Application

We implemented the conceptual prototype as
a password-protected study application, a web
application developed with Streamlit, so that
experts could work through it using a voice-design
scenario.

An opening page introduced voice concept
development with an example use case and the
rationale of the approach, and gave an overview
of the prototype’s components. The application
comprised the optional Project Setup, an editable
route through the six Question Sets, the two
Review Views, and a final page for exporting the
project record and previewing a voice-generation
prompt.

To establish the project context, the optional
Project Setup captured a character name, a brief
application scenario, and an intended user group.
Users began with an empty Question Set route
and could select, order, remove, and revisit Sets.
Unselected Sets remained available, and both the
route and recorded choices could change as the
project developed. This reflects problem–solution
co-evolution, in which problem framing and can-
didate solutions develop together [15].

Questions offered single or multiple selections,
options labeled not yet defined, and optional free
text for project-specific answers or unresolved
questions. Set summaries kept current choices vis-
ible. Figure 2 shows example response states on a
Question Set page and in Ethical Considerations.

Ethical Considerations served as the proto-
type’s Ethics Checkpoint and offered 28 ques-
tions about potential harms and responsibilities,
organized into six topic groups. All questions
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remained visible, and users chose which to answer.
Responses used statuses such as Yes, No, Unclear
and N/A, whose meaning depended on the ques-
tion. The application highlighted critical and
Unclear responses for follow-up.

Reflections on Decisions combined Design
Tensions and the Literature Snapshot. The appli-
cation displayed curated Design Tension entries
inviting discussion of particular combinations of
selected answers, with explanations, sources where
available, and links back to the relevant ques-
tions. Proposed resolutions and alternatives were
author-created reflection aids. The supporting
studies did not necessarily examine the displayed
combinations or resolutions.

The Literature Snapshot automatically assem-
bled source-specific findings linked to selected
predefined answers in Sets 1–5 and grouped them
into five types of finding.

The final page compiled the recorded answers
and reflections into a downloadable text summary
in Markdown format. It also included an exper-
imental preview of a voice-generation prompt (a
text instruction for a possible generation tool),
discussed as a software extension in Section 8.

The prototype’s six Question Sets, examples,
Ethics questions, Design Tension entries, and
review explanations are documented with selected
accompanying sources in Online Resource 1.

4 Formative Expert Evaluation

To guide further development, we conducted a
formative expert evaluation of the prototype’s
preliminary questions, literature-based examples,
and proposed process, identifying useful elements
and needs for clarification, revision, or additional
content.

The evaluation focused on participants’ under-
standing of the prototype, their judgments of its
six Question Sets and Review Views, their use
of the editable route and Markdown record, and
their views on conceptual boundaries, possible
revisions, and application contexts.

The following research questions retain their
registered wording. In these questions, Voice
Design Compass denotes the earlier conceptual
prototype.

RQ1: Which elements of the Voice Design Com-
pass do experts consider missing, redundant,
unclear, or misplaced?

RQ2: Which elements do experts consider rele-
vant, useful, and actionable for voice design?
RQ3: For which professional roles, expertise lev-
els, design tasks, project stages, and goals do
experts consider the Voice Design Compass suit-
able or unsuitable?

The study was registered on the Open Sci-
ence Framework (OSF)1 after the first of the
ten interviews included in the main-study corpus
and before manual qualitative coding. The pro-
totype application overview, interview guide with
its topic-coverage matrix, relevance-rating plots,
revised Voice Design Compass Working Pack, and
revision rationale and change mapping accompany
this article as Online Resources 1–5.

4.1 Study Design and Recruitment

Before this evaluation, three developmental think-
aloud walkthroughs of earlier prototype versions,
presented through the study application, informed
refinements to Implementation Constraints and
Resources, the indication of optional elements and
dependencies, the Review Views, and a Context
question.

An online presurvey provided study infor-
mation and supported informed consent. It col-
lected participants’ professional or research con-
text, prior experience, work region, a free-text
description of expertise, and ratings of their own
expertise in the topic areas covered by the proto-
type. We used these responses to assign interview
topics according to expertise and to describe par-
ticipants’ experience. Missing self-ratings were left
blank.

We conducted individual semi-structured
think-aloud walkthroughs using prepared ques-
tions, written examples, and the study applica-
tion. The interview guide provided structure while
allowing follow-up questions in response to each
expert’s account [13]. Individual walkthroughs let
the interviewer follow each expert’s interpretation
of specific material and ask about its relevance,
omissions, and possible revisions in relation to a
scenario and the expert’s experience. We used the
interview feedback to revise the prototype, simi-
lar to Kepper et al.’s use of think-aloud testing

1https://osf.io/wzf87/overview?view_only=7aa519fa4158
405c840079c253e242ec
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to refine the content and navigation of a digital
planning tool [33].

The individual format kept the experts’
accounts separate. Workshops can instead support
shared exploration and negotiation [58].

The sessions combined verbalization during
navigation with follow-up questions to elicit the
reasons behind experts’ interpretations and judg-
ments and clarify ambiguous comments. Explana-
tory probing differs from nondirective concur-
rent think-aloud [5]. We therefore interpret the
accounts as elicited expert feedback, including the
influence of the interviewer’s questions.

The written questions, examples and study
application focused the review on the considera-
tions and workflow involved in developing a voice
concept. This scope is consistent with Lim et
al.’s account of prototypes as selective represen-
tations of the aspects of a design being explored
[44]. No recorded or synthesized voice samples
were presented. Acoustic realization, the relation
between written descriptions and sounds, and lis-
tener responses were outside the scope of this
evaluation.

The study used criterion-based purposive sam-
pling [60] to obtain complementary disciplinary
and practical perspectives on the six Question
Sets and two Review Views. The registered plan
aimed at approximately ten experts with com-
plementary backgrounds, a target informed by
empirical work on sample sizes in qualitative
interview studies [28]. As specified in the regis-
tered plan, thematic saturation was not used as a
stopping criterion because participants reviewed
different parts of the prototype according to their
expertise. We report the components covered and
discussion depth in Section 4.3.

Potential participants were identified through
contacts from previous projects and conferences,
publications on related research, and introduc-
tions through existing contacts. Some participants
were already known to the researchers before
recruitment.

We drew on the Standards for Reporting Qual-
itative Research (SRQR) when reporting this
study [57].

Participant selection drew on known exper-
tise and prioritized the relevance and breadth
of experience and complementary perspectives
across completed interviews.

4.2 Participants

Ten experts (N = 10) each completed the online
presurvey and one interview for the formative
expert evaluation. These ten interviews constitute
the qualitative analysis corpus. The three earlier
developmental walkthroughs were excluded.

Relevant experience ranged from 3 to 25 years,
with a median of 7 years, and all reported work
regions were in Europe. Participants came from
different fields of research and industry, contribut-
ing experience in HCI, XR, audio and speech,
UX, media production, AI, and ethical or social
questions concerning voice and identity.

Table 3 links these backgrounds to the expert
IDs used in the results. Interview details and
quotations are reported in deidentified form.

Table 3 Expert backgrounds and self-reported years of
relevant professional or academic experience.

ID Background Years

E01 Audio generation and XR research 7

E02 UX research/design in an agency;
psychology and AI personas

3.5

E03 HCI; development and use of AI
systems in mobility

7

E04 Audiovisual production; 3D audio and
immersive experiences

8

E05 HCI and XR research; avatars,
embodiment and education

7

E06 Sound recording, music production
and sound design in higher education

25

E07 Text-to-speech and voice generation;
technical implementation and
evaluation

5

E08 Conversational AI, speech interaction
and HRI research

4

E09 Computational linguistics, HCI and
AI research

11

E10 HRI research; gender-ambiguous
voices, stereotypes and inclusion

3

Backgrounds summarize the presurvey responses. AI: artificial
intelligence; HCI: human–computer interaction; HRI: human–
robot interaction; UX: user experience; XR: extended reality.
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4.3 Procedure

The first author conducted all ten interviews in
the main study remotely as semi-structured think-
aloud walkthroughs using screen sharing. Across
all interviews, the guide retained a common core
of questions about the framework’s purpose, work-
flow, scope, and comprehensibility.

At the start of each interview, participants
were briefed as expert reviewers.

Participants received information about volun-
tary participation, withdrawal rights, pseudony-
mous analysis, and access-restricted institutional
storage, and provided informed consent.

The interviewer asked experts to imagine
advising someone on the initial voice-design con-
siderations for an embodied character and to
assess whether the prototype would help and
where they would proceed differently. Participants
could draw on their own research or practice and
optionally enter scenario information in Project
Setup. For example, E08 considered a robot that
explains exhibits to museum visitors.

The interviewer assigned Question Sets and
Review Views according to participants’ expertise
and the components requiring additional cover-
age. Given the prototype’s scope, each interview
covered selected components alongside the com-
mon questions. Participants explained their inter-
pretations while navigating the assigned material
and were encouraged to comment on content,
workflow, and interface behavior throughout the
session. Follow-up questions addressed clarity,
relevance, completeness, conceptual boundaries,
and underlying assumptions, asking for concrete
examples, missing considerations, and proposed
revisions.

Topic coverage sometimes shifted during the
semi-structured interviews in response to partici-
pants’ interests or time constraints. For example,
one participant agreed to review a second Set in
full after the interviewer checked whether time
remained. In some other interviews, later parts
were shortened because time was limited.

Across the ten main interviews, each prototype
Question Set was worked through in full twice,
except Identity Relation and Perception Effect,
which received three complete walkthroughs each.
Ethical Considerations received one complete
walkthrough and four partial reviews of selected
questions within the remaining interview time,

and two interviews reviewed the framework as
a whole (general framework reviews, Online
Resource 2). Shorter scans within the main inter-
views provided additional coverage. A retrospec-
tive matrix in the supplementary interview guide
describes discussion depth for E01–E10 sepa-
rately from complete walkthrough counts (Online
Resource 2).

In addition to the interview questions, partici-
pants rated the relevance of individual framework
questions, Question Sets, and other components
on a seven-point scale. We used the same rat-
ing question, with the item named as appropriate
(English translation): “How relevant do you find
this [Set/question/component] on a scale from 1 to
7, where 1 means not at all relevant and 7 means
very relevant?”

In some sessions, participants asked how
answers depended on the scenario or what the
relevance ratings referred to. The interviewer
explained how answers related to a specific sce-
nario and clarified which component’s relevance
to voice design was being rated.

Depending on the components covered in their
interview, participants also reviewed Ethical Con-
siderations, Design Tensions, the Literature Snap-
shot, and the Markdown export. We asked partic-
ipants who saw the experimental preview whether
they considered the idea of a voice-generation
prompt relevant or useful.

The interviews concluded with questions
about the framework’s potential value, risks,
intended users, application contexts, and required
revisions.

Interviews lasted between 32 and 90 minutes
(median 56 minutes). Eight were conducted in

and two in English. The interviews
were automatically transcribed using Microsoft
Teams. The second and fourth authors manually
revised the transcripts.

Quotations are reported in English and
attributed using the participant identifiers E01–
E10. The first author translated the non-English
excerpts.

An edited English interview guide with the
coverage matrix is provided as Online Resource 2.

Several aspects of the study differed from the
registered plan. Most interviews took longer than
the estimated 30 to 45 minutes. The upper anchor
of the rating question was spoken as very relevant
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rather than essential. The registered plan speci-
fied five coverage labels. After the semi-structured
interviews, we chose four levels to describe the
varying depth of participants’ actual contribu-
tions. Online Resource 2 lists both schemes and
defines the labels used. The decision to represent
verbal rating ranges by their midpoints was made
during analysis.

4.4 Analysis

The analysis examined how experts assessed the
prototype and what their feedback suggested for
its development and use. We summarized the rele-
vance ratings descriptively and analyzed the inter-
view transcripts using qualitative content analysis
(QCA) [46].

4.4.1 Descriptive analysis of ratings

We summarized relevance ratings of individual
questions, Sets, Review Views and application fea-
tures. Participants reviewed different material, so
response counts varied by item. Four responses
given as ranges were represented by their mid-
points. All rating plots and the treatment of range
responses are provided in Online Resource 3.

4.4.2 Qualitative analysis

We analyzed the interview transcripts using
Mayring’s qualitative content analysis and the
QCAmap software [18]. For each of the three
research questions, two researchers independently
analyzed all ten transcripts in full and developed
categories from the interview material (inductive
category formation). They used the same coding
settings and the following rules to select relevant
passages, regardless of where these appeared in
the interviews. For RQ1, they marked each pas-
sage indicating that an element of the prototype
was missing, redundant, unclear, or assigned to
an unsuitable component. For RQ2, they marked
passages concerning the relevance or usefulness of
elements for voice design, or their actionability,
meaning whether they could be put into practice.
For RQ3, any interview statement relevant to the
prototype’s suitability and possible uses could be
considered.

Category labels captured the central point of
each RQ-relevant statement as concise, phrase-
like entries. Coders interpreted each passage in

the context of the participant’s complete interview
and the prototype as presented through the study
application. Multiple relevant passages from the
same transcript could be coded.

The first author coded all ten interviews for
RQ1–RQ3. The second author coded all ten inter-
views for RQ1 and RQ3, and the fourth author
coded all ten interviews for RQ2. To prepare
for consolidation, the second and fourth authors
also coded selected interviews within RQ1–RQ3
beyond their respective full coding assignments.
The independently developed categories were then
consolidated jointly by the first, second and fourth
authors for RQ1 and RQ2, and by the first and
second authors for RQ3.

The first author led the prototype’s devel-
opment and also conducted the interviews. The
second and fourth authors had contributed to the
prototype’s development and were familiar with
it, but were less deeply involved in its develop-
ment than the first author. Contextual knowledge
can help situate statements within the interview
and design context, while requiring ongoing crit-
ical reflection on how prior understanding may
influence interpretation [2].

Independent category development followed
by joint consolidation provided a basis for compar-
ing interpretations against the interview material.
We did not compute an inter-coder agreement
statistic. McDonald et al. discuss when agree-
ment measures suit such processes [48]. Com-
paring analyses from researchers with different
levels of involvement was intended to mitigate
confirmation bias in interpreting feedback on the
prototype. Shared assumptions arising from their
involvement in its development could still influ-
ence the analysis.

4.5 Revision after the Expert
Interviews

We used the consolidated interview findings to
revise the conceptual prototype. Our design
decisions combined interpretations of the feed-
back with subsequent literature work. Context
became the shared starting point; Character Role,
Embodiment, Identity Relation and Perception
Effect were regrouped as Function and Relation-
ship, Appearance and Embodiment, Voice Iden-
tity and Familiarity, and Intended Voice Impres-
sions. Implementation Constraints and Resources
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became Technical Reflection, and the Ethical
Considerations review was retained. Eight ques-
tions were formulated after the interviews and
were not reviewed during those interviews: two
Appearance and Embodiment questions (further
physical features and equipment; movement, pos-
ture and other visible signals), the optional Spe-
cific Sound Ideas question, and the five Shared
Reflection questions (Section 6). Of the 178
sources cited in the Appendix, 37 were added
during the subsequent literature work, including
sources identified retrospectively for existing pro-
totype questions. Online Resource 5 documents
how expert findings, our interpretation, later lit-
erature work and design decisions relate to the
changes, including alternatives we did not adopt.
We also revised functions that experts valued
(Section 5.2): we replaced the answer-triggered
Design Tension notices in Reflections on Decisions
with open Shared Reflection questions. These
questions retain attention to conflicts and stereo-
types while asking designers to identify relevant
issues themselves. The automatic Literature Snap-
shot from that Review View remains a possible
feature for a future software implementation. The
revised Compass has not yet been evaluated in
project use. Later informal feedback is reported
separately in Section 7.4.

5 Results

The findings concern the prototype as explored
through the study application, including feed-
back on software-specific features. The qualitative
findings address perceived relevance, usefulness
and actionability (RQ2), revision needs (RQ1),
and anticipated uses and limits (RQ3). We first
provide a brief descriptive summary of the rele-
vance ratings as supplementary context. Question
numbers in this section refer to the evaluated pro-
totype. The revised questions are listed separately
in the Appendix.

Descriptions of the consensus categories and
their scope are provided in the supplementary
material on the Open Science Framework (OSF).
Our subsequent revision decisions are documented
separately in Online Resource 5.

5.1 Descriptive Ratings

Higher ratings on the seven-point scale indicate
greater perceived relevance of the item under dis-
cussion. The ten interviews yielded 129 relevance
ratings across different items. Table 4 lists the
overall ratings per component. Ratings of Imple-
mentation Constraints and Resources varied: the
individual questions on recordings, budget and
personnel received ratings ranging from 1 or 2 to
7. Character Role received middling overall rat-
ings although each of its two questions received
one rating of 5 and one of 6. Participants rated
multiple items, so the values describe judgments
by the same ten people on different items. Online
Resource 3 provides all rating plots with distribu-
tions and response counts for individual questions
and components.

Table 4 Overall relevance ratings per prototype
component (1 = not at all relevant, 7 = very relevant).
Each value is one participant’s rating. Two participants
gave ranges, represented here by their midpoints: 5–6 as
5.5 for Embodiment and 4–5 as 4.5 for Identity Relation.
The same relevance question was also applied to
individual questions within the prototype; those ratings
are shown in Online Resource 3.

Component Ratings

Context 3, 6, 6, 6
Character Role 3, 3, 5, 5
Embodiment 4, 5, 5.5, 6
Identity Relation 4.5, 5, 5, 5, 7
Perception Effect 5, 5, 5, 6, 6
Implementation Constraints and
Resources

1, 3, 6, 7

Question Set selection 6, 7
Adjustable Set order 4, 4
Ethical Considerations 5, 7
Reflections on Decisions 5, 5, 6, 7
Design Tensions 5, 6, 6, 7
Literature Snapshot 4, 4, 5, 6
Final page 4, 7, 7, 7
Markdown export 2, 5, 7, 7
Voice-generation prompt idea 5, 7, 7

13



5.2 Perceived Relevance, Usefulness
and Actionability (RQ2)

The researchers’ consensus category system for
RQ2 comprises four overarching groups: Relevant
Elements of Architecture, Structure, Enabling, and
Reflection. Within these groups, the hierarchy
comprises 19 categories, 30 subcategories and 14
subsubcategories.
Relevant Elements of Architecture. This
group concerns the framework elements that
experts considered relevant or useful. Experts
identified relevant or useful aspects of the intro-
duction, all six Question Sets, the Literature
Snapshot, Design Tensions, and Ethics Check-
point. E02 particularly valued the notices about
conflicts and stereotypes in a design and wanted
them retained. The overall Question Set selec-
tion was considered useful. Experts also valued
the final overview and its Markdown representa-
tion, as well as the modular organization with
adjustable Set order and additional information.
E09 described different orders for Character Role,
Identity Relation, and Perception Effect depend-
ing on the starting perspective, explaining (trans-
lated): “I think it makes sense that they are so
modular.”

Experts explicitly identified five questions as
relevant or useful in their qualitative feedback:
the Identity Relation questions on voice refer-
ence (prototype Q1), intended identity relation
(prototype Q2), and selection and control (proto-
type Q3); the Perception Effect question on social
qualities (prototype Q2); and the Implementation
question on technical control (prototype Q10).
The corresponding ratings varied, for example
3, 4 and 5 for selection and control (Online
Resource 3).

Experts described the study application’s
Markdown documentation download, experimen-
tal prompt idea, and automatically assembled lit-
erature as potentially useful. E02 considered some
form of export important, and E09 found it valu-
able that exported decisions could be supported
with literature, while noting that the final output
logged the selected answers with their conclu-
sions in quite a lot of text. Experts associated the
prompt suggestion with potential time savings.
These comments concern anticipated benefits of
software support (Section 8).

Structure. Structure concerns experts’
appraisals of the workflow and its role in orga-
nizing project work. Experts valued the process
guidance and introduction to voice design.
Experts described the prototype as a starting
point for their work and a way to revisit decisions.
They also appreciated being asked questions
they might not otherwise have considered. Asked
about the greatest benefit, E10 stated: “I think
the greatest benefit is that it helps me reflect on
things that probably I didn’t think about before.”
Reflection was valued as an explicit activity with
designated places in the process.
Enabling. Enabling concerns experts’ accounts
of support for accomplishing project tasks and
for broader learning and professional activities. At
the project level, experts described the Character
Role questions as support for initial role framing
and Implementation Constraints and Resources
as support for anticipatory implementation plan-
ning. They also identified potential support for
forming requirements, identifying evidence rele-
vant to decisions and the final voice, and commu-
nicating results, ethical considerations, decisions,
related work, and requirements. Exploring dif-
ferent paths was another form of support they
described.

Experts also described potential support
beyond the immediate project, including consul-
tative support, making influences on voice design
visible, acquiring scientific skills, and awareness of
technology trends.
Reflection. Experts valued the prototype’s sup-
port for reflection. They reconsidered or saw
a need to reconsider ethical issues, decisions,
priorities, possible revisions, and technical con-
siderations. Ethical Considerations was explicitly
associated with revisiting decisions. Prioritization
also emerged as a topic of reflection, although it
was not an explicit component of the prototype.

5.3 Revision Needs Identified in
RQ1

The consolidated RQ1 findings cover six category
groups: Missing Content, Unclear Wording, Con-
ceptual Boundaries, Conceptual Comprehension,
Cognitive Load, and Architecture.
Missing Content. Missing Content included
both requests for additional considerations and
uncertainty about their evidence base. Experts
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described voice design as underexplored and
noted that plausible considerations may lack the
research needed to justify a recommendation. Sug-
gestions concerned appearance, identity, person-
ality, voice design in mental-health contexts, end-
user safety, technical conditions, changing situa-
tions, and voice-signal manipulation. We treated
these suggestions as candidates for further exam-
ination before deciding whether to add questions
or examples (Section 4.5).
Unclear Wording. Unclear Wording concerns
terms that experts found difficult to interpret and
their suggestions for alternative labels.
Conceptual Boundaries. Conceptual Bound-
aries concerns unclear distinctions and overlaps
between Sets, questions, and response options,
together with misplaced or conflated concepts.
Reported overlaps included Character Role and
Perception Effect, Identity Relation and Percep-
tion Effect, and Embodiment and Perception
Effect. Referring to Character Role (Set 2), Iden-
tity Relation (Set 4), and Perception Effect (Set
5), E09 explained (translated): “I definitely see an
overlap between 2, 4 and 5, but I can also see why
they are separate.” E09 expected to work through
them together because considering a character
also involves its identity and intended impres-
sion. Within Identity Relation, the distinction
between the voice reference in prototype Q1 and
the intended identity relation in prototype Q2 was
also unclear.
Conceptual Comprehension. Conceptual
Comprehension concerns difficulty interpreting
questions, response options, and the framework’s
functions and limits. Three Context concerns
arose. A target-group concern asked whether the
relevant people were those speaking to the char-
acter, those addressed by it, or others who could
hear it. Another concern involved unclear distinc-
tions between the available age-group options.
A publicness concern asked how to distinguish
the available listening situations. These concerns
require clear explanations of the decisions being
made.

At framework level, experts were not always
clear about what an answer would lead to. Dur-
ing the discussion of Design Tensions, E06 asked
(translated): “Does the system then detect that
some things do not quite fit together and point that
out again? Then what you clicked would not be
quite right after all, would it?” This followed the

interviewer’s description of possible contradictions
between answers. E06 accepted the subsequent
clarification and considered the function useful.
E08 likewise valued the notices but asked about
their implications (translated): “In general, I def-
initely think it makes sense to point out tensions
like these. Do I have to resolve them?” These
exchanges indicate uncertainty about whether a
tension signaled an incorrect choice or a required
revision. The Scope findings within Conceptual
Comprehension also concern what the prototype
can deliver, how far literature findings can predict
a response, and what Ethics, the Literature Snap-
shot, its five-part organization, and Design Ten-
sions are meant to do. In discussing feedback on
Ethical Considerations, E05 also requested posi-
tive feedback on choices that might be unproblem-
atic, alongside notices about possible difficulties.
Cognitive Load. Experts criticized the cognitive
load associated with complexity and abstractness,
assumed expert knowledge, extensive text, the
number of questions and reflection tasks, and the
overall length. While reviewing Design Tensions,
E08 wanted less visible text and suggested making
details expandable when relevant.
Architecture. The Architecture findings concern
instructions for use, the entry point and work-
flow, and candidates for removal. E01 argued
that Context should be compulsory (translated):
“You really need to work through [Set 1], because
otherwise you end up designing without taking
the context into account.” E07 wanted techni-
cal limitations considered after the character’s
design choices, explaining: “Once a user select[s]
those things, the requirements and the constraints
change a lot.” When explicitly asked whether this
should be before or after ethical considerations,
E07 chose after. Asked where it would belong in
the overview, E08 proposed a separate implemen-
tation item below Ethical Considerations.

Relevant ethical considerations were requested
within the Sets while retaining an Ethics Check-
point. E10 explained: “I still think that these eth-
ical considerations should be at the end. So what
I was saying before is more like a separate ethical
consideration related to a specific set.” E10 also
recognized that including Ethics in every section
would increase complexity. E01 preferred initial
creative freedom followed by review and possible
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reconsideration. These comments express differ-
ent preferences about when to reflect on ethical
concerns.

Prioritization was requested for the broad
social-qualities question in Perception Effect and
for Implementation Constraints and Resources.
E06 described the difficulty of choosing among
many relevant qualities (translated): “You would
need either to construct a specific case or to set
a priority. Otherwise, you could tick everything
without any problem.”

Further requests concerned documenting the
project goal and making testing and iteration
explicit. E02 asked for a clearer reminder that
voice design needs testing, describing a design
as initially an idea or hypothesis whose recep-
tion should be examined before retaining it for
long-term use. Views on implementation also dif-
fered: the findings included both a request to
make implementation considerations compulsory
and suggestions to remove technical control (pro-
totype Q10) or the operating-constraints question
(prototype Q9). E07 considered technical con-
trol a downstream implementation concern. When
asked about its possible removal, E08 argued for
retaining it, for example to let listeners adjust
speech rate or volume according to their needs.

5.4 Potential Uses and Limits
Identified in RQ3

RQ3 concerns where experts thought the proto-
type could be used and where they questioned
its usefulness. The findings cover five areas:
Users (Who), Applications (What), Point of use
(When), Motivation (Why), and Contraindica-
tions. They describe anticipated suitability during
the interviews.
Potential users. This group concerns potential
users of the design aid, distinct from the people
who would interact with the resulting character.
Experts named researchers, UX/UI practition-
ers, designers, audio professionals, and advertis-
ing professionals as possible users. Teams and
non-experts were also identified. After the walk-
through, E09 described a possible benefit for
people who need to design a voice without work-
ing professionally in the area (translated): “And
for those who do not work professionally in this
area but have a need for it, I think it is consider-
ably more useful, because it brings this expertise

together and makes it available in a framework
[. . . ].” E09 also considered it a useful possible
addition for professionals.
Applications. Experts identified application
domains and design purposes, including educa-
tion, service, and video games, as well as persona
development, accessibility, and verbal interaction.
Point of use. Experts described possible uses
in early and conceptual project phases, includ-
ing after the project scenario had been speci-
fied. Use during active voice design, repeated use
through iterations, and retrospective considera-
tion were also identified. On first viewing the
opening overview, E09 understood the sequence
as considering the target group, goals, and appli-
cation before answering the questions, with use of
the prototype preceding implementation.
Motivation. Reasons to consider using the proto-
type included a limited budget, a specific project
context, ethically sensitive applications, and the
use of AI voices. Anticipated activities included
defining voice requirements and clarifying imple-
mentation constraints and resources, designing a
suitable voice, and exploring different versions
during prototyping. Experts also described pos-
sible uses for communicating design intentions,
documenting and justifying decisions, grounding
them in literature, and conducting ethical review.
Becoming familiar with voice design, communi-
cating research knowledge, and accessing relevant
literature were further motivations. Literature
access was considered in the setting of the study
application, which included the automatically
assembled Literature Snapshot.
Contraindications. Experts questioned the pro-
totype’s usefulness for casual individual use, niche
applications, projects with little design freedom,
or work under time pressure. E03 questioned the
value for narrow applications with many hard con-
straints because possible choices might not be
implementable. E08 described the problem of time
pressure (translated): “So yes, if I am really under
a lot of time pressure or something, I think it is
not so helpful to have to think through so much
first.” High expertise and routine cases were also
associated with limited added value. At the other
end, low expertise and limited technical knowl-
edge raised the possibility that support would be
needed.
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Other reservations concerned particular aes-
thetic or functional priorities, emotional expres-
sion, and linguistic content. E09 expressed reser-
vations about using the prototype for an indi-
vidual simply seeking a pleasant companion-bot
voice, while still allowing that it might be worth-
while. E07 anticipated little value when the
client’s requirement was simply a voice that spoke
correctly and further voice-design choices were not
a priority. E03 described a project with an already
designed voice whose current work focused on lin-
guistic content, but remained open to trying the
prototype. E06, referring to that interview’s fram-
ing of emotion as outside the prototype’s scope,
saw its use limited to cases such as translation or
simple dubbing, where emotional expression is less
central.

6 Voice Design Compass

Based on the interview findings (Section 5) and
subsequent literature work (Section 4.5; detailed
mapping in Online Resource 5), the Voice Design
Compass supports developing, reviewing and doc-
umenting voice concepts for embodied characters.

The default route has four work areas
(Figure 3): Define the Project and Use Con-
text; Develop the Voice Concept; Review the
Voice Concept; and Try Out and Revise. Con-
cept development uses four modular Design Sets.
Review brings together Ethics, Technical Reflec-
tion and Shared Reflection. Throughout the pro-
cess, designers create and maintain their own
Project Record: a working document of intentions,
requirements, reasons, sources, assumptions, open
questions, planned tests and observed results.

Designers can choose which Sets to address
and reorder questions within the Sets and Tech-
nical Reflection. Known constraints can inform
earlier work. Designers can return directly to rel-
evant parts of any earlier work area when needed.
The dashed return arrow shows one example.
Existing review notes are carried forward when
the concept is revised.

Designers can use the examples as inspira-
tion for their own answers and consult the related
literature. Questions may be skipped, left open,
or answered with several responses or a mixture
described in the designer’s own words.

The Voice Design Compass is intended to
support individual reflection and interdisciplinary

teamwork (Figure 4). Its questions help designers
discuss how character and sound design, technical
capabilities and users’ needs shape the same voice
concept. Designers can document their decisions
and reasons in their own Project Record.

6.1 Questions and Supporting
Materials

The Compass keeps questions about appearance,
represented identity and intended listener judg-
ments distinct but connected. Each component’s
questions occupy one Appendix page, with expla-
nations, examples and sources linked by question
number (Appendix A), following the modular-
access rationale in Section 2.4.

6.2 Define the Project and Use
Context

The first step is to describe the character or sys-
tem, the people and situation involved, and the
project goal. This separates what the project is
trying to achieve from the character’s task and
the impression its voice should create. This con-
text is required at entry. Existing project notes or
a provisional description can provide it. Its seven
questions offer optional help, and the description
can develop as project conditions or knowledge
change.

The seven Context questions cover setting,
background sound, intended listeners and people
who may overhear, patterns of use over time, lis-
tening demands, age, and access needs (Table A1).

Requests to household smart speakers, for
example, become part of co-present talk and
domestic activity [64], and robot-voice ratings can
change with restaurant ambience [87]. In inter-
views and a survey, deaf and hard-of-hearing
smart-assistant users described access barriers
involving voice pitch and speaking rate, back-
ground noise, and insufficient visual feedback [3].

In Context, designers distinguish people who
interact with the character, people the voice is
intended to address, and others who may hear
it. A robot answering one visitor while oth-
ers overhear is different from a robot making
an announcement to everyone nearby. The age
of those people is also kept separate from the
character’s apparent age and the age impression
intended for its voice. The time question records
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1 Define the Project

and Use Context

Required starting point:
character/system and project goal,
users and listeners, situation
and known conditions.

Project description and priorities
can be updated.

Context questions: optional aids.

2 Develop the Voice Concept

All Sets and questions are optional.
Select and order them as needed.

Function and Relationship

Appearance and Embodiment

Relationship with the Voice (incl. movement)

Voice Identity and Familiarity

Intended Voice Impressions

Additional question: Specific Sound Ideas

1

Define the Project

and Use Context

2

Develop the

Voice Concept

3

Review the

Voice Concept

4

Try Out

and Revise

Revisit earlier work as needed.

4 Try Out and Revise

Test voice samples and record findings.

• Explore their effects.

• Revisit the concept, Context or priorities.

• Evaluate the final implemented voice with its
users and listeners in the real setting.

3 Review the Voice Concept

Ethical Considerations

Technical Reflection

Shared Reflection

Document decisions and reasons.
Plan what to test next.

Project Record: document decisions, reasons, evidence, open questions, planned tests and results.
Underlined names open questions and guidance.

Fig. 3 Voice Design Compass. Underlined names link to questions and guidance in the Appendix
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Fig. 4 The Voice Design Compass as a shared basis for
interdisciplinary discussion. Team members can use its
questions to consider voice-related aspects together while
developing the concept

the length of one interaction, how often it recurs,
and the overall period of use separately. Listening
demands describe the task, competing activities,
time pressure and sustained attention.

Designers can also prioritize the questions
before working through them. Prioritization con-
cerns what needs attention now, what can wait,
what is not needed for the project, and what
remains unclear. Relevance, available information
and dependencies between decisions can guide the
order of work. An important unknown may need
investigation now. Priorities can change as the
project develops.

6.3 Develop the Voice Concept

Four Design Sets contain 18 questions about the
character’s function and relationship, appearance
and embodiment, voice identity and familiarity,
and intended listener impressions. Tables A3–
A10 provide the questions, examples and related
sources.

6.3.1 Function and Relationship

The two Function and Relationship questions
distinguish what the character does from the
relationship it should have with its users. The
intended relationship also connects to the listener
impressions considered in Intended Voice Impres-
sions. Keeping function and intended impression
distinct makes clear whether an entry describes
what the character should do or how its voice
should come across.

The relational examples draw on descriptions
of hierarchy, exchange, and social bonds [69, 86].
The relationship question separates three descrip-
tion fields: Authority, who can decide what and in
which situation; Support, the practical, social or
emotional support planned; and Formality, how
formal the relationship is. Each field can remain
open independently.

6.3.2 Appearance and Embodiment

Appearance and Embodiment records aspects of
the character’s physical or virtual form that
may shape expectations of its voice. Nine ques-
tions are organized under three internal headings.
Body and Equipment covers embodiment config-
uration, shape, dimensions, and further physical
features or equipment. Visible Expression covers
visual style and humanlikeness, apparent age, and
gender cues. Relationship with the Voice covers
the intended voice–appearance relationship and
coordination with movement. These headings are
intended to help designers find questions about
how the features might influence voice choice or
its effects.

The questions distinguish physical–virtual
configurations from combinations of human,
animal-like, and mechanical form features. Mul-
tiple selections allow such combinations to be
described. A further question covers physical fea-
tures and equipment, including clothing, color,
facial features, accessories, and disability-related
representation.

Audiovisual studies motivate considering
appearance and voice together, while their partic-
ular manipulations limit what can be attributed
to a single feature [14, 19, 51].

The age examples use Child, Adult and Older
adult as overlapping descriptions of appearance.
Research on audiovisual age perception and per-
ceived vocal age informs the consideration of age
[17, 78].

A review documents inconsistent gender ter-
minology in voice research, and an online survey
of ten non-binary adults seeking to change their
voices illustrates different desired voice impres-
sions [11, 77]. For appearance and voice, we there-
fore distinguish Design intention, the planned
choices and emphasis; Intended perception, the
impression sought from viewers or listeners; and
Observed perception, the impressions reported,
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if examined. Giving gender little emphasis is a
design intention. Seeking an ambiguous gender
attribution is a perception target. Represented
identity remains separate.

Two questions within Relationship with the
Voice connect visible features and vocal inten-
tions: one addresses movement, posture and other
visible signals, and the other asks how the
voice should fit with or deliberately contrast
with appearance. They can be considered along-
side intended impressions and identity intentions.
Cambre and Kulkarni review research on voice fit
and identify “deliberate misalignment in expec-
tations” as a direction for future exploration [7].
Their discussion extends to users’ expectations
about device functions and social roles. Our ques-
tion focuses on voice and visible appearance,
with deliberate contrast remaining an intention to
justify and test.

6.3.3 Voice Identity and Familiarity

Voice Identity and Familiarity asks about the
voice reference, intended identity relation, antic-
ipated familiarity or similarity for listeners, and
who can select or modify the stable voice identity.
A reference may be familiar to one listener group
and unknown to another. Ethical Considerations
addresses consent and representation risks.

Studies of self- and familiar-voice cloning moti-
vate recording the voice reference and the lis-
tener’s relationship to it [36, 68]. The percep-
tual account in Section 2.2 connects reference
choice with anticipated listener impressions. Iden-
tity goals may include concealing social cues in
unfamiliar interactions [6], signaling that the char-
acter is artificial, or distinguishing its voice from a
named reference. Designers use Technical Reflec-
tion to examine suitable production methods and
comparisons.

Familiarity means recognizing a known per-
son’s voice. Similarity concerns features shared
with listeners, such as accent or personality
impression, without requiring recognition. Their
reported effects are specific to the listening con-
ditions and social relations examined [29, 54, 68].
The question combines Cambre and Kulkarni’s
similarity perspective with familiar-voice consid-
erations from the studies above, keeping the two
answers separate. A familiar person’s voice need

not resemble the listener, and a newly created
voice can share the listener’s speaking style.

Designers can consider whether either qual-
ity supports the character’s role or introduces
unwanted expectations, or record that neither is
an aim.

6.3.4 Intended Voice Impressions

Intended Voice Impressions records intended lis-
tener judgments and connects them with the role,
represented identity, and listening demands doc-
umented elsewhere. Its three questions address
vocal humanlikeness, social qualities such as
warmth or competence, and perceived age and
gender cues. Designers can identify several
intended perceptions for prioritization, acoustic
realization, and testing. Visible age or gender
cues, an identity represented by the character,
and an impression conveyed through its voice
remain distinct considerations, even when consid-
ered together.

Seaborn and Urakami’s overview of quan-
titative voice UX measures distinguishes trust,
likeability, personality, anthropomorphism, and
perceived intelligence [74]. In the current Voice
Design Compass, this overview supports the
vocabulary for describing listener judgments,
including the Likability example.

Evidence for these perceptual targets is
context-specific [47, 71]. When comparing voice
alternatives, designers consider the selected
impressions together and record relevant changes
beyond the primary target.

Optional OCEAN guidance makes psycholog-
ical impressions more explicit. It covers open-
ness, conscientiousness, extraversion, agreeable-
ness, and neuroticism. Work on perceived vocal
personality and synthetic voices supports examin-
ing such impressions, while also showing limits to
deliberate control [24, 79]. Perceived Intelligence
is considered alongside competence [50]. The guid-
ance distinguishes seeming able to think or under-
stand from seeming capable in a role, while allow-
ing overlap. These remain listener attributions to
examine, not claims about the character’s actual
abilities.

The example headings separate judgments
about the character, its information and the voice
itself. Desired influence on decisions is recorded in
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Ethics question 14 and revisited in Shared Reflec-
tion. The persuasiveness example is included in
Intended Voice Impressions as a linked considera-
tion.

For gender, the question about vocal gender
and age uses the same distinction between design
intentions, intended perceptions and observed
perceptions as the question about visible gender
expression. Age remains a separate part of the
question.

6.3.5 Specific Sound Ideas

The optional question Specific Sound Ideas gives
concrete sound intentions a place of their own.
It follows the general design considerations and
asks, “Do you have a particular sound in mind
for the voice?” Designers describe their idea in
their own words, explain why they want this sound
for the character and situation, and may refer to
an audio example. Table A11 provides example
sound ideas with related sources. The question
can remain open, and designers may choose no
additional stylization.

Sound intentions are distinguished from
expected associations: “a crackling recording”
describes a sound, while “a historical association”
describes a response to examine with listeners.
Reflection and practical trials address implemen-
tation feasibility and listener responses. When
using reference voices, designers also consider
intended changes and permission to use them.

6.4 Review the Voice Concept

The review brings ethical concerns and techni-
cal feasibility together to decide which choices to
keep, revise or leave open, document the reasons,
and plan what to test next.

6.4.1 Ethical Considerations

The review identifies possible harms, affected peo-
ple, and follow-up needs. This includes people
who hear the voice incidentally and people whose
identities or work are represented, even if they
are not present. Designers can record a concern
and follow-up action, a reason for identifying no
concern, or what remains unclear.

The 28 Ethics questions and their sources
are grouped under six topic headings: Consent
and Identity; Labor and Professional Practice;

Bias and Stereotypes; Influence and Manipula-
tion; Information and Expectations; and Diversity
and Inclusion (Table A12). The questions invite
reflection, and designers choose how to respond.
Legal requirements apply in addition, for exam-
ple transparency obligations for AI systems that
interact with people or generate synthetic audio
under the EU Artificial Intelligence Act [16] and
data-protection rules for voice recordings.

The labor questions address voice perfor-
mance, the reuse of recordings, and work involved
in developing synthesis models, including per-
mission, control, attribution, and compensation.
The bias questions address harmful stereotypes
involving professions and gender identities. The
Diversity questions also address exclusion, rep-
resentation, access and participation, including
which identities are treated as defaults (for exam-
ple, treating one gender or accent as the unmarked
normal voice) and whose choice, privacy and con-
trol are at stake. These perspectives overlap.
Designers can refer to a shared explanation across
related questions, adding any concerns or follow-
up needs specific to each question. Information
and Expectations begins with information about
voice production and control of the system’s voice
and actions. It then addresses possible mistaken
impressions and relational concerns, alternatives,
and plans for testing assumed social impressions.

Seaborn et al.’s survey reviews relationships
between voice, gender, social roles, and listener
judgments [75]. Our question about masculine
associations with authority or expertise applies
this perspective to the planned combination of
voice and character role (Ethics question 12).

The reference to professions and gender iden-
tities in the bias questions is relevant in light
of studies of British children’s occupational judg-
ments after pitch manipulation and of robot roles
in service settings [8, 14, 30]. These findings
motivate examining voice–role associations in the
intended project setting. Work on trans and non-
binary users’ requirements and on voice labels
informs the distinction between acoustic expres-
sion, attributed identity, and self-identification
[12, 65].

Seaborn recommends pilot testing and manip-
ulation checks to examine how people perceive
an agent’s social identity, including possible dif-
ferences across cultures [73]. Ethics questions 22
and 28 adapt this guidance to the planned voice:
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what listeners associate with it, and how peo-
ple from relevant cultural backgrounds interpret
its social cues. These questions ask designers to
plan how to examine their assumptions with the
intended users and listeners.

6.4.2 Technical Reflection

Technical Reflection examines whether the
intended design can be supported by the project’s
technical, organizational, and material condi-
tions. Four headings organize its eleven questions:
Requirements, Resources, Operating Conditions,
and Production Approach.

Before production or a trial, designers examine
the feasibility and unresolved conditions relevant
to that step. Operating details can remain open
at entry. The extent of Technical Reflection that
should be mandatory in every project remains
open. When a later choice changes the voice, data
use, or production method, designers return to the
affected design and Ethics entries. Changes affect-
ing many topics may require a broader review.

The recording question distinguishes mate-
rial that exists, material that might be collected,
permission to use it, and suitability for the
intended method. Operating-condition guidance
brings together service availability, dependence
on a supplier, service-level commitments, capac-
ity as usage grows, and AI governance. Related
frameworks such as the NIST AI Risk Manage-
ment Framework provide further guidance for
organizing risk work [84].

Production methods entail different recording,
licensing, and later revision costs [61, pp. 148–
150], as well as recording and tool-integration
work [9]. The resource questions address the
project’s budget, available time and expertise.
Their assessment depends on the project’s con-
ditions. Prepared audio can include human
recordings or audio synthesized and processed
in advance. Preparation time and production
method are separate considerations. Further tech-
nical trade-offs are discussed by Stan and Lőrincz
[81].

Robinson et al. distinguish authored utter-
ances, modular sound assets, and procedural gen-
eration in robot sound design [67]. We use this
distinction to relate required control to possible
voice-production methods.

The technical-control question distinguishes
the desired sound from the control needed to
select, adjust or compare voices.

6.4.3 Shared Reflection

After Ethical Considerations and Technical
Reflection, five Shared Reflection questions revisit
the concept’s goals, possible further effects, evi-
dence and next actions (Table A15). Two explic-
itly address designers’ own stereotypes or prej-
udices and possible conflicting expectations or
effects. The final question asks what to keep,
change or leave open, why, and what to test next.

The questions accommodate freely described
choices. Designers identify relevant conflicts and
stereotypes themselves and justify what to keep
or change, including deliberate contrasts.

Examples illustrate possible answers to the
reflection questions and link to related research
(Table A16).

6.5 Try Out and Revise

Testing makes the transition from written inten-
tions to practical evidence explicit. After reflec-
tion, designers identify an assumption or require-
ment to examine, choose suitable voice material
or a prototype, and state how they will judge
the result. For an intended association or impres-
sion, they also identify other impressions that
matter for the project and could change with
the voice choice. The test record specifies which
voice version, people, and situation were involved.
Reported impressions and observed behavior are
distinguished. Results can support keeping a deci-
sion, changing it, or leaving it open pending better
evidence.

Focused early trials are possible once suitable
voice material and the relevant ethical and tech-
nical conditions are available, while other Voice
Design Compass questions remain open. Unex-
pected effects, unmet requirements, new risks or
changed use conditions can lead to a return to the
affected parts of the voice concept, the Context
description or priorities. Further trials can then
assess voice material against the revised inten-
tions and requirements. Designers evaluate the
final implemented voice with its actual users and
listeners in the real setting.

22



6.6 Working with the Voice Design
Compass

For individual review or group discussion, we
recommend starting with existing or provisional
project notes and using the overview in Figure 3
to select questions relevant to open decisions.
The questions and examples in Appendix A sup-
port discussing and recording those decisions. A
Project Record entry can link a proposed voice
choice to its reason, sources, open questions and a
next action, such as comparing candidate voices.
Table A18 provides a template with an excerpt
from the Rowan example (Section 6.6.1). The
standalone Voice Design Compass Working Pack
(Online Resource 4) brings the overview, ques-
tions, examples and full references together.

Two fictional examples illustrate how the Voice
Design Compass could be used to develop and
document a voice concept: a museum planning
Rowan, an exhibition narrator, and a research
team preparing a humanoid robot for a labora-
tory study of pointing gestures. Both examples
follow selected questions from the project con-
text through reflection to plans for testing and
revision.

6.6.1 Rowan: An Exhibition Narrator

Suppose a museum plans Rowan, a fictional nar-
rator with a stationary wooden radio body and
a face (Figure 5). Visitors would use buttons to
start, pause and replay short stories recorded by a
human performer. The team wants an old-record
effect to suit the historical exhibition.

Fig. 5 Sketch of the fictional Rowan scenario: the
museum’s radio character addresses exhibition visitors,
who control its recorded speech with physical buttons

In Project and Use Context, the team
records its goal: helping adult exhibition visitors,
including older adults, understand and enjoy the
stories. Companions and children may also over-
hear. Understanding the stories and using the
controls take priority over the effect. Moving and
talking visitors could create background noise, so
the team plans to inspect the listening conditions.

In Develop the Voice Concept, the team
defines Rowan as a professional narrator intended
to convey social warmth and competence. They
seek a new voice without imitating a historical or
familiar person. To connect the radio body with
old recordings, they propose subtle crackle and
noise under Specific Sound Ideas. This association
remains an untested aesthetic assumption. They
leave vocal gender and age open until audition
samples can be compared.

In Ethical Considerations, the team notes
that no performer has been selected and no con-
sent obtained. Before recording, they must agree
on payment, recording, storage, public playback,
effect processing and reuse, and document the per-
former’s contribution and use rights. They mark
the question about AI’s effects on paid work as
not applicable because no synthesis, cloning or AI
processing is planned, and will revisit it if that
changes.

In Technical Reflection, fixed stories sug-
gest commissioned recordings with separately
applied effects and local playback; budget and
skills still need checking. In Shared Reflection,
the team limits the effect to stories and keeps
operating instructions clean. Visitors would also
be able to choose complete stories without effects.
Effect strength remains open.

For Try Out and Revise, they plan to com-
pare the same recording with and without effects
in the exhibition, once recordings and permissions
are available. Intended visitors would recount the
content and describe what the sound reminds
them of. If only the version with effects is difficult
to understand, the team would revise the effect;
if both versions are difficult, they would revisit
acoustic and playback conditions.

Their Project Record retains these choices,
reasons, open questions and next actions, includ-
ing the room inspection, performer agreements
and audition samples. Table A18 shows the entry
for the old-record effect.

23



6.6.2 Preparing a Robot Study

Suppose a research team plans a laboratory study
with a small humanoid robot. They want to exam-
ine whether pointing helps adults select a named
object more quickly and accurately. Both condi-
tions use the same spoken instructions; one adds
pointing (Figure 6). The team uses the Voice
Design Compass to choose and justify the voice.

Fig. 6 Sketch of the gesture condition in the fictional
robot study: the robot gives a spoken instruction and points
to an object for the participant to select

The Project and Use Context descrip-
tion specifies adult participants, repeated object-
selection trials and a quiet laboratory. In Develop
the Voice Concept, the team defines the robot
as a matter-of-fact task instructor and prioritizes
intelligibility and consistent delivery. They spec-
ify identical speech files and playback timing in
both conditions, and when pointing begins in the
gesture condition.

The age and gender question prompts two
considerations: whether the small robot should
sound childlike and whether gender ambiguity
could avoid stereotypes. The team considers age
and gender separately and consults the related
Appendix sources. Fischer and Niebuhr found
that acoustic cues affected which of two differ-
ently sized robot images listeners associated with
a synthetic voice [20]. In Torre et al.’s robot-
video study, a voice selected for gender ambiguity
reduced feminine ratings but increased masculine

ratings compared with silent videos [85]. Gender
ambiguity therefore does not guarantee freedom
from gendered associations.

In Ethical Considerations, the team exam-
ines stereotypes about authority and considers
alternatives that might challenge them. Unin-
tended associations remain a question for listen-
ers. Technical Reflection covers the required
language, voice-use permissions, resources, and
control over speech rate, pauses and playback tim-
ing. They plan to save synthesized instructions for
repeated playback.

In Shared Reflection, the team provisionally
chooses an available synthetic voice they hear as
adult and feminine. It offers the required language
and control over speech rate and pauses. They pri-
oritize these requirements over gender ambiguity
or a childlike impression and record clear artic-
ulation and restrained delivery as intentions to
check.

For Try Out and Revise, a pilot with
intended participants would check comprehen-
sion, voice impressions and speech timing with
and without pointing, guiding revisions before the
main study. Identical audio keeps the speech con-
stant; its possible influence on the task remains to
be examined.

The Project Record would retain the rea-
sons for the choice, unresolved assumptions, audio
files, production settings and timing relative to
gestures. These entries support reporting the voice
in the study’s methods and considering its possi-
ble influence when interpreting results.

7 Discussion

Experts valued the prototype’s guidance and
reflection but also reported unclear consequences
of answers, cognitive load and differing preferences
about structure. We discuss what these findings
imply for reflecting on voice choices, balancing
guidance with flexibility and effort, and matching
the Voice Design Compass to project needs, before
reporting later feedback on the revised Compass
and the scope and limitations of the study.
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7.1 Reflecting on Voice Choices

A voice choice intended to convey one qual-
ity can also affect other impressions. In evalua-
tions of isolated speech and humming, process-
ing that adjusted pitch and formant frequencies
reduced Gender Specificity and voice Anthropo-
morphism scores and increased Novelty scores,
which combine ratings of perceived unfamiliarity
and unusualness [35]. In an android interaction,
the android received higher likability ratings with
a clone of the user’s voice or a voice chosen
to suit its appearance than with a dissimilar
voice; the first two voice conditions did not differ
significantly [36]. Familiar-voice cloning brought
character ratings closer to ratings based on mem-
ories of the source person for selected outcomes,
with different outcomes affected in the pilot and
follow-up studies [37]. Torre et al.’s robot-video
study (Section 6.6.2) likewise showed that a voice
selected for gender ambiguity reduced feminine
but increased masculine ratings [85]. These find-
ings motivate checking the chosen voice across
relevant impressions in its intended character
presentation.

The reactions to Design Tensions suggest that
reflection support should draw attention to possi-
ble consequences while leaving room for deliberate
design contrasts (Section 5.3).

Ethical reflection also needs to distinguish rec-
ognizable role expectations from discriminatory
generalizations. In discussing adaptive social roles
for robots, Huber et al. present stereotypical roles
as one possible way to align users’ expectations
with a robot’s capabilities, while arguing for roles
that can adapt to users’ changing needs [31].
In their account of gender-sensitive care robots,
Weiss and Plößnig argue that categorization can-
not simply be prevented and that researchers
should avoid reinforcing stereotypes that lead to
unequal treatment [88]. For the Voice Design
Compass, we interpret these positions as a rea-
son to examine what a voice–role association helps
communicate and what social assumptions it may
reproduce. A recognizable role does not by itself
justify assigning a particular gendered voice to it.
The Ethics questions and Shared Reflection pro-
vide places to document these assumptions, con-
sider alternatives, and identify effects to examine
with intended listeners.

7.2 Guidance, Flexibility, and Effort

Useful reflection depends on designers under-
standing the questions and being able to relate
them to their project. Fritsch et al. report a
related difficulty: participants used their own
words when the suggested terms did not fit their
impressions of the voice samples [23]. In the
Voice Design Compass, literature-based examples
accompany open questions so that designers can
describe intentions beyond the examples provided.
Experiments in engineering design found that par-
ticipants reproduced features of supplied exam-
ples [32]. This suggests a risk that our examples
could also steer the options designers consider.

Experts valued modularity and adjustable Set
order (Section 5.2), while also requesting prior-
itization and a partly fixed route (Section 5.3).
We interpret this combination as a distinction
between being able to choose a path and know-
ing which questions matter for a project. Gray
et al.’s study of selecting ethics-focused methods
likewise highlights the need for guidance alongside
flexibility [26]. Allowing questions to be reordered
or skipped leaves the relevance judgment to the
designer. Additional guidance may help with that
judgment, but could also add reading and deci-
sions to an already demanding process. In the
Voice Design Compass, the four work areas, the
shared Context description and optional prioriti-
zation notes are an organizational response to this
tension.

Experts reviewed the prototype in a web
application. The revised Compass is provided
as documents in the Appendix and Working
Pack. Experts saw potential uses for the study
application’s Literature Snapshot and documen-
tation export. In the Voice Design Compass,
the questions are accompanied by explanations
of possible answers and links to related liter-
ature (Appendix A). Designers choose the evi-
dence relevant to their project and maintain the
Project Record themselves. Literature assistance
and automated output remain possibilities for a
future software implementation.

7.3 Support for Different Project
Needs

Support needs depend on who uses the Voice
Design Compass and for what purpose. Our study
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connects with Fritsch et al.’s interest in engag-
ing practitioners beyond sound studies [23]. Our
interviews with experts from research and indus-
try (Table 3) examined how they interpreted
and assessed the prototype’s prepared questions,
examples, and workflow. This adds formative evi-
dence about the guidance experts valued, the
difficulties they encountered, and the revisions
they requested.

The suitability findings suggest that the poten-
tial value of using the Voice Design Compass
depends on project needs as well as professional
role (Section 5.4). Experts saw potential for non-
expert use but noted that applying the available
knowledge may require support. Conversely, high
expertise and routine cases may reduce the addi-
tional value of working through the questions.
In our interpretation, unresolved voice intentions,
requirements or reasons for decisions are there-
fore relevant when considering whether to use the
Voice Design Compass.

Resources and design freedom further shape
this judgment. Bringing voice-design knowledge
together may make the approach attractive when
budgets are limited, while reflection still demands
time. Little freedom to change the voice can also
limit which considerations lead to action. The
early, iterative and retrospective uses that partic-
ipants suggested support treating voice concept
development as an activity that can be revisited
when questions or project conditions change.

7.4 Feedback on the Revised
Compass

We sent the revised Compass as a Working Pack,
together with an initial draft of this article and
accompanying materials, to the ten interview par-
ticipants and additional researchers outside the
author team, including authors whose work and
concepts informed the Compass. Seven people
provided substantive feedback: four interview par-
ticipants and three additional researchers. Two
other interview participants reported being unable
to review the materials within the requested
timeframe. The following account draws on the
five responses for which permission covered the
reported content. Respondents described possi-
ble future uses, including seeking guidance in a
suitable voice-design project; one had no current
project of this kind. Another saw potential value

for robot developers. One wrote, “I believe it will
be super useful to use when I need some guid-
ance in my voice-related projects.” Suggestions
concerned the overview’s readability, clearer guid-
ance for the examples-and-sources tables, mul-
tipart questions, and assumptions about bodies
and social relationships. One respondent cau-
tioned that “the presence of certain questions and
absence of others will also guide people’s think-
ing.” In response, we clarified listener characteris-
tics and body size in the materials, made explicit
that voice includes vocal sounds other than
speech, and discussed how questions and exam-
ples may steer design choices. These responses
describe impressions and anticipated uses, with no
reported application of the revised Compass to a
concrete project.

7.5 Scope and Limitations

Our experience developing the Voice Design Com-
pass suggests that general voice characteristics
can overlap with linguistic content and emotional
portrayal. In Table A11, emphasis on key words
and relaxed or tense voice qualities connect sound
choices with linguistic content and emotional por-
trayal.

Iterative literature work connected emerg-
ing design questions with relevant research and
informed both the questions and their examples
[4]. The resulting collection provides a docu-
mented rationale for the considerations included
in the Voice Design Compass. It remains selective
and may favor familiar perspectives or omit rele-
vant alternatives and conflicting findings. Expert
review identified omissions and unclear distinc-
tions, but does not establish the completeness or
balance of the literature base. The selection and
wording of the questions can also direct designers’
attention toward some considerations and away
from others.

The expert review informed the documented
revision from prototype to Voice Design Compass
(Online Resource 5). The revised Voice Design
Compass, including the new questions and docu-
ment format, has received informal feedback but
has not yet been evaluated in project use. Its
effects on the clarity of voice concepts, reflec-
tion effort, practical support needs and resulting
voice designs remain empirical questions. We eval-
uated the prototype through formative expert
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walkthroughs and illustrate the revised Compass
through fictional worked examples, correspond-
ing to usage and demonstration in Ledo et al.’s
account of toolkit evaluation [41].

Participants gave feedback to the prototype’s
developer, and some already knew the researchers,
which may have encouraged favorable responses.
Component coverage varied, with most Sets
receiving two complete walkthroughs and Ethics
one complete walkthrough plus partial reviews
of selected questions. All participants worked in
Europe. Transfer to other cultural settings there-
fore requires further examination, as does transfer
to other professional groups. Written examples,
the study application and interviewer probing
may also have shaped their accounts. The indi-
vidual interviews used written material without
voice samples. Collective decision-making and the
relation between written intentions and experi-
enced sound therefore require study in use. Fritsch
et al.’s workshops illustrate how listening to and
manipulating voices can form part of that explo-
ration [23].

8 Future Work

We invite researchers and practitioners to use the
Voice Design Compass in their projects to develop,
review and document voice concepts, and to relate
their experiences and findings from voice-design
research to its questions and examples. We partic-
ularly welcome contributions from researchers in
linguistics, dialogue design and emotional speech
that connect their findings and methods with
the questions and literature-based examples in
Appendix A. Sharing the supporting evidence and
project conditions can help refine the guidance
and extend it to further characters, audiences and
settings.

8.1 Learning from Voice Design
Compass Use

Comparisons with designers’ usual practice could
examine the Voice Design Compass’s added
value using comparable project briefs, time bud-
gets, expertise and production tools. Studies
should follow concept development and revision
to assess how designers define and justify require-
ments, identify overlooked influences and possible
unintended effects, and explain their decisions.

Project-relevant criteria should address clarity,
documentation usefulness, design effort and sup-
port needs, including why designers answer, defer
or omit questions. Studies should also exam-
ine whether the examples help designers express
intentions while allowing alternatives. Whether
resulting voices achieve intended effects with
actual users and listeners should be tested sepa-
rately in the project setting.

Workshops involving domain experts, prospec-
tive Voice Design Compass users with different
levels of sound expertise, or intended users and
listeners of the character could examine how
participants discuss the Voice Design Compass’s
questions, negotiate priorities, and revise a voice
concept together. Individual sessions with voice
samples could examine how designers connect
written intentions to audible alternatives. These
activities could combine the situated listening
and sonic experimentation explored by Fritsch
et al. with the Voice Design Compass’s process
and the Project Records participants create [23].
They could trace how encounters with concrete
voices generate new aims and inform requirements
and revisions. Longer studies should distinguish
revisions to the voice concept from changes in
listeners’ experiences and relationships with the
character through repeated use.

Further studies could identify which consid-
erations are needed to meet a project’s voice-
design goals and address its ethical and technical
requirements. Comparisons of detailed and sim-
plified Compass versions could examine whether
shorter guidance still helps designers identify rel-
evant requirements and risks and explain their
choices. Comparisons with the prototype could
assess differences in cognitive load.

Future software development could extend
documentation export and literature assistance
and develop a justified mapping from recorded
intentions and requirements to voice-generation
prompts. Evaluation should examine documen-
tation effort, preservation and reuse of decisions
and uncertainties, the relevance and traceability
of suggested literature, and whether the generated
voices express the intended qualities.
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8.2 Strengthening the Evidence for
Voice Design

The Voice Design Compass’s questions and
literature-based examples provide a structure for
connecting further research on voice–character
relationships with existing knowledge. Focused
systematic reviews could synthesize evidence for
individual topics. The following directions illus-
trate how new studies and reviews could inform
the questions and examples, clarify where findings
apply, and extend the topics covered.
Appearance and voice. Research should clarify
whether a visible feature changes the voice people
expect, their interpretation of the same voice, or
their response to alternative voices. Building on
studies that combine color or clothing with other
appearance changes [14, 43], focused comparisons
could vary one feature while keeping others stable,
compare controlled voice alternatives, and keep
expected voice, perceived fit, preference, intelligi-
bility and intended social impression as separate
outcomes, including deliberate contrast. Author-
ing toolkits such as Anthropomorphic AI already
combine character models, configurable synthetic
voices, and nonverbal behavior [42]. Future work
could examine whether incorporating the Com-
pass’s questions into such tools helps designers
consider voice and appearance decisions together.
Identity cues and intended impressions.
Work on audiovisual age perception, gendered
voices and perceived vocal personality already
provides relevant distinctions [11, 17, 24, 77, 79].
Further studies could examine how voice and
appearance cues interact across audiences and sit-
uations, compare intended profiles with listener
judgments across several voices, texts and tasks,
and keep perceived age, gender or intelligence
separate from identity representation, personal
preference and actual system capability [50]. Such
results could improve examples for comparing
candidate voices and recognizing trade-offs.
Cultural meaning, specific sounds, and
changing situations. Cultural background and
speech milieu have relevant conceptual and empir-
ical literature [56, 83] that future reviews can
connect more closely to the questions about how
speech is interpreted in context. Studies could
compare voice alternatives with intended listeners

and represented groups, separating comprehen-
sion, familiarity, belonging, preference and stereo-
typical attribution. An extension of the Voice
Design Compass could address how a character’s
voice should vary in particular situations, includ-
ing moment-to-moment changes in emotional
expression, for example a shift from entertain-
ment to an urgent message. For concrete sound
effects, comparisons with and without an effect
could examine whether it supports the intended
impression while preserving intelligibility in the
planned setting.
Application-specific guidance. In the inter-
views, experts requested guidance on voice design
in mental-health contexts and on end-user safety.
These requests suggest examining how well the
Voice Design Compass supports projects with
specific requirements. Studies involving domain
specialists and intended users could identify which
questions need further explanation or examples
in mental-health contexts or projects involving
children or older people. Evaluation should distin-
guish support for this reflection from the effects of
the resulting voice, including any claimed benefit
or safety.

Contributions are most informative when they
specify the voice alternatives, characters, listeners
and settings studied, the observed effects and the
conditions that may limit transfer.

9 Conclusion

We developed the Voice Design Compass through
iterative literature work and formative think-
aloud interviews in which ten domain experts
reviewed the prototype. Experts valued guidance,
reflection and documentation, while identifying
missing content, unclear distinctions and sub-
stantial cognitive load. These findings informed
the Voice Design Compass’s revised questions,
required Context and the option to return directly
to earlier work areas. The Voice Design Compass
retains modular Design Sets and connects them
with ethical and technical review and practical
trials.

The Voice Design Compass provides struc-
tured questions and a documented rationale for
developing, reviewing and documenting voice con-
cepts for embodied characters. Experts’ antici-
pated uses and reservations help position this
support around project needs, expertise, time and
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design freedom. Further research and applica-
tion can refine evidence about how appearance,
identity cues and use situations affect voice expec-
tations and responses.

Supplementary information. Online
Resources 1–52 accompany this article: the pro-
totype application overview, the interview guide
with its topic-coverage matrix, the relevance-
rating plots, the Voice Design Compass Working
Pack, and From the Prototype to the Voice
Design Compass: Revision Rationale and Change
Mapping.
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Appendix A Voice Design Compass: Questions and
Literature-Based Examples

Voice material can include speech and other vocal sounds, recorded, performed live or synthesized. The
examples illustrate possible answers to the questions. The explanations clarify what these answers can
mean in a project, and the citations point to related research and guidance. Combinations, intermediate
positions and other answers remain possible.

Where companion material is separate, question numbers link to the matching examples or sources and
back. Ethics sources appear directly after each question. Table headings and outer rules follow the figures:
gray for Context, purple for design questions, blue for reviews, and green for trying out and revising.

Starting point and use

Start with the character, intended users and listeners, situation and project goal. The Context questions
are optional aids. Questions may be prioritized, reordered, skipped or answered freely. Context and the
voice concept remain revisable. The Compass helps you create and maintain your own Project Record,
a working document of intentions, requirements, reasons, evidence, open questions and revisions.

Table A1 Project and Use Context

1. In what setting will people use or hear the character?

2. What will the surroundings sound like where people hear the voice?

3. Who is the voice intended for, and who else can hear it?

4. What pattern of use do you expect over time?

5. What will people need to understand or pay attention to while listening?

6. How old are the intended users and listeners?

7. What experience, abilities or support needs matter for these users and listeners?

Examples and sources: Table A2 on page 36.

Table A2: Project and Use Context: Examples and sources

Questions: Table A1 on page 36.

Example answers Explanation and sources

Question 1
Home / private living space Domestic voice interaction can be part of shared activities and

conversation. [136, 172, 219, 221]
Car / driving [108, 180, 211]

Hospital / healthcare [198, 232, 245, 262]

Workplace / office [145, 172]

School / education [156, 172, 181, 187, 249]

Retail / service [136, 160, 172, 198, 201, 245]

Continued on next page
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Table A2: Project and Use Context: Examples and sources (continued)
Questions: Table A1 on page 36.

Example answers Explanation and sources

Entertainment [232, 263]

Users operate or interact with the character. Intended listeners are addressed by it, while others may overhear
[231].

Question 2
Quiet [172, 219, 257]

Loud / noisy [143, 172, 257]

Changing background sound [172, 215, 227, 257, 258]

Question 3
One person, with private listening No other listeners are expected, and the listening arrangement is

intended to keep the exchange private. [160, 172, 192]
One person, with others able to
overhear

[172, 219, 222, 268]

A group sharing the interaction For example, household members, a class or a team. Not everyone has
to speak. [172, 221, 234, 235]

An open or passing audience A broad or open audience beyond a defined small group. [172]

Question 4
Brief individual interaction [112, 117, 160, 257]

Repeated use [115, 178, 268]

Use over a longer period by the same
person

[181, 192, 198]

Duration of one interaction, frequency of use and overall period of use are separate aspects.

Question 5
Learning, understanding or
remembering information

[134, 189, 240]

Listening while doing another task [270]

Needing to respond quickly [166, 261]

Keeping attention on the voice for a
long stretch

[153, 193]

Question 6
Adults [136]

Older adults [109, 127, 222, 236, 262, 268]

Children [141, 156, 218, 249]

Mixed-age group [172]

Age descriptions can overlap. Listener age is separate from the character’s apparent age and the voice’s age
impression. Consider age alongside hearing-related listening requirements: older respondents in a survey of deaf
and hard-of-hearing users reported difficulty with the pitch or tone of the assistant’s voice more often than younger
respondents [107]. Language experience, hearing and support needs are considered separately in Question 7.

Continued on next page
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Table A2: Project and Use Context: Examples and sources (continued)
Questions: Table A1 on page 36.

Example answers Explanation and sources

Question 7
Deaf or hard-of-hearing users Listening requirements can differ with hearing characteristics and

hearing devices. Relevant considerations include pitch, speaking rate
and background noise. [107]

Little experience with this type of
technology

[109]

People listening in a non-native
language

Consider listeners’ language experience, support for understanding the
character’s speech, and the impressions that different voices evoke in
this audience. [129, 262]
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Table A3 Design Set: Function and Relationship

1. What should the character do for its users?

2. What kind of relationship should the character have with its users?

Examples and sources follow below (Table A4).

Table A4: Function and Relationship: Examples and sources

Questions: Table A3 on page 39.

Example answers Explanation and sources

Question 1
Tool / Device Performs a specific task with little social interaction. [112, 128, 147, 160]

Assistant Helps with tasks or responds to wishes and needs. [222, 243]

Service Agent Provides a particular service, such as reception, ordering or
information. [123]

Teacher / Tutor Supports teaching, practice, peer tutoring, or guided learning. [173, 235]

Coach / Advisor Offers advice, helps people think through decisions, or supports a
personal goal. [112, 165, 222, 268]

Companion Offers ongoing company and social or emotional support. [195, 237]

Guardian / Monitor Guards people or property. [253]

Roles can overlap and change with the situation.

Question 2
Authority: who can decide what, and in which situation?
Support: what practical, social or emotional help is planned?
Formality: how formal is the relationship?
Authority: Subordinate The user normally makes decisions. The character follows those

decisions. [222, 230]
Authority: Equal-status /
non-hierarchical

Neither character nor user has a stable position of authority over the
other. [255]

Support: Practical or emotional
support

Help with everyday tasks or emotional support. [130]

Formality: Professional The relationship is organized around a formal task or
service. [110, 170, 173]

Other relationships are possible, for example a character that instructs or supervises its users, or an informal,
personal relationship. Describe them in your own words.
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Table A5 Design Set: Appearance and Embodiment

Body and Equipment

1. Does the character have a physical form, a digital form, or both?

2. What overall shape does the character have?

3. How tall is the character, how much space does it take up, and how bulky or slender

does it look?

4. What other aspects of the character’s body, appearance or equipment might matter for

its voice?

Visible Expression

5. What visual style does the character have, and which features look human?

6. How old does the character look?

7. How does the character’s appearance express gender?

Relationship with the Voice

8. How should the character’s movement, posture and other visible signals work together

with the voice?

9. How should the voice fit with, or deliberately contrast with, the character’s appearance?

Examples and sources: Table A6 on page 40.

Table A6: Appearance and Embodiment: Examples and sources

Questions: Table A5 on page 40.

Example answers Explanation and sources

Body and Equipment

Question 1
Physical embodiment A robot, kiosk or toy. [112, 155, 171, 237]

Virtual An avatar, on-screen character or character in virtual
reality. [111, 139, 142, 149, 154, 177, 269]

Hybrid Physical and virtual elements in one embodiment, such as a robot with
a digital face. [95, 152, 155]

Question 2
Humanoid A human-like body with a head, torso, and limbs. [149, 236, 254]

Animal-like (zoomorphic) [112, 171]

Continued on next page
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Table A6: Appearance and Embodiment: Examples and sources (continued)
Questions: Table A5 on page 40.

Example answers Explanation and sources

Mechanical/Functional A mechanical form or one primarily shaped by its practical
function. [130, 155, 159, 164, 254, 260]

Object-like: rounded or soft-looking Rounded contours, a soft-looking surface, or both, as in a toy or
sphere. [112, 143, 198]

Object-like: angular or machine-like Angular contours, a machine-like appearance, or both. [198, 225]

Question 3
Large or tall Large overall size, substantial height, or both. [138, 143]

Small or short Small overall size, low height, or both, as in a tabletop
character. [143, 144]

Heavy-looking A body that appears heavy. This adapts findings on weight impressions
from voices to visible build. [138]

Overall size, height and visible build are separate aspects. Digital size refers to the displayed scale. Consider how
the voice might fit or contrast with the body’s size: a robot-image study found that pitch and vocal brightness
influenced voice–size associations [143]. Record overall size, height and visible build where they are meaningful
for the planned physical or displayed form.

Question 4
Represented disability and
communication aids

A represented disability or communication aid that matters for the
character’s communication or identity. This adapts an account of an
assistive voice as part of a person’s identity. [224]

Clothing Clothing that contributes to the character’s intended identity or role,
and how the voice should relate to that appearance. [133]

Color The character’s color scheme and the impression it is intended to create
alongside the voice. [188]

Facial features The shape and detail of the character’s face, including how humanlike it
looks and what impression it should create together with the voice. [200]

Accessories and equipment Items worn or carried by the character, such as a face covering,
including any effects on how its voice is heard. [124]

Visible Expression

Question 5
Nearly human / photorealistic A nearly human android or photorealistic digital human. [142, 149, 269]

Stylized A simplified, exaggerated, illustrated, anime, or cartoon aesthetic in 2D
or 3D. [142, 149, 214, 232, 248, 269]

Humanoid / visibly mechanical Human anatomy or proportions with a clearly visible mechanical
construction, such as Pepper or NAO. [142, 152, 162, 173, 229, 232]

Clearly non-human An abstract, function-oriented mechanical or animal-like form with
little human anatomy. [135, 142, 162, 197, 201–203, 225, 252]

Question 6
Child [159]

Adult [140, 159]

Older adult [140, 241]

Apparent character age is separate from listener age and voice age. The older-adult appearance example
transfers findings from human audiovisual and vocal age perception.

Continued on next page
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Table A6: Appearance and Embodiment: Examples and sources (continued)
Questions: Table A5 on page 40.

Example answers Explanation and sources

Question 7
Design intention

Gender not emphasized Give gender little emphasis in the appearance. [131]

Mixed visual cues Combining features intended to suggest feminine and masculine
expression. [131]

Intended perception

Feminine [112, 198, 225]

Masculine [102, 112, 138, 143, 198, 225, 235]

Gender-ambiguous impression Individual uncertainty, differing interpretations between viewers, or
both. [131]

Observed perception: The gender impressions viewers report when asked about the character’s appearance.
These may differ from the intended impression.
Represented identity (optional)

Non-binary An identity not defined exclusively as a man or woman. [132]

Genderqueer A deliberately chosen gender designation beyond conventional
classifications. Its intended meaning may need explanation. [132]

Queer A chosen term that may refer to gender, sexuality or questioning these
norms. [132]

Identity may be described as woman, man or another chosen term, or left unspecified. A real reference person’s
self-description provides their identity.

Relationship with the Voice

Question 8
Movement How natural or mechanical the character’s movements look alongside its

voice. [142]
Posture Body posture accompanying vocal expression, or head orientation in

relation to how the voice sounds and where the sound travels. [216, 256]
Facial expression, mouth movements
and lights

Visible expressions, mouth movements or light signals that accompany
the character’s voice. They can be coordinated with its timing or
expression. [151, 167, 207]

Question 9
Close match Voice intended to match appearance and expressive

style. [95, 135, 149, 152, 155, 196, 204, 229, 256]
Strong contrast Pronounced, deliberate voice–body contrast. [95, 112, 152, 200, 256]

The intended relationship can differ by feature.
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Table A7 Design Set: Voice Identity and Familiarity

1. Whose voice is the character’s voice based on, or is it newly created?

2. What should the voice communicate or conceal about who or what it represents?

3. How familiar should the voice sound, and how similar should it be to its listeners?

4. Who chooses the voice, and who can change it once the character is in use?

Examples and sources follow below (Table A8).

Table A8: Voice Identity and Familiarity: Examples and sources

Questions: Table A7 on page 43.

Example answers Explanation and sources

Question 1
User’s own voice The user’s own voice, used in recordings or recreated through voice

cloning. [174, 197, 228]
Familiar person’s voice A voice already known to intended listeners, used in recordings or as a

model for the character’s voice. [175, 197, 228]
Celebrity or public figure A named celebrity’s or public figure’s voice, used in recordings or as a

model for the character’s voice. [175, 197]
New voice for the character No particular real person serves as the voice’s identity

model. [103, 197, 228, 239]
Familiarity depends on the listener (see question 3 in this Set).

Question 2
Signal that the character is artificial [112, 210, 233]
Connect with a chosen audience group Selected features, such as accent, are intended to connect the voice with

a particular audience
group. [108, 120, 137, 161, 163, 179, 210, 234, 235, 243, 245]

Hide selected identity cues Specified age, gender or personal-identity cues should remain hidden.
Anonymity is not guaranteed. [110, 197, 226]

Deliberate distinction from a reference voice is also possible. Speaker-similarity comparisons inform the technical
follow-up (question 3 in Technical Reflection) [244].

Question 3
Familiarity The voice should be recognizable as that of a familiar person, such as a

family member or friend. [158, 175, 228]
User similarity Intended resemblance to listeners in selected features: accent, speaking

style, age or gender impression, or personality
impression. [112, 209, 235, 267]

Question 4
Fixed voice chosen by the organization One fixed voice for all users, without user

adjustments. [97, 108, 110, 130, 243]
Voice selected by the system Selection based on information about the user. [108, 243, 245]
User choice or adjustment Including selection from prepared

voices. [97, 108, 110, 137, 161, 197, 237, 243, 245, 268]
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Table A9 Design Set: Intended Voice Impressions

1. How human-like should the voice sound?

2. What impressions should listeners form of the character and its voice?

3. How should the voice express gender, and how old should it sound?

Examples and sources: Table A10 on page 44.

Table A10: Intended Voice Impressions: Examples and sources

Questions: Table A9 on page 44.

Example answers Explanation and sources

Question 1
Very human-like The voice is intended to sound like a person’s voice. [173, 176, 232, 251]

Low humanlikeness / clearly
non-human

The voice is intended to sound recognizably artificial or
non-human. [93, 173]

Question 2
Intended impressions and their measures can overlap [104].

Interpersonal impressions

Social warmth The character should seem friendly, well intentioned, and
approachable. [119, 146, 191, 228]

Likability The character should be liked
overall. [93, 111, 117, 136, 157, 174–176, 188, 191, 208, 213, 234]

Trustworthiness The character should seem reliable, honest, and well
intentioned. [121, 122, 206, 228, 251]

Credibility and capability

Credibility The character, its information, or both should seem
believable. [122, 126, 137, 240]

Competence The character should seem capable, knowledgeable, and effective in its
role. [119, 123, 136, 206, 228]

Perceived Intelligence The character should seem able to understand or reason in its
task. [105, 199]

Perceived status

Authority The character should seem to have authority, a leadership role, or the
right to give instructions. [136, 206, 268]

Personality impressions

Introversion Reserved and socially less expressive. [210]

Extraversion Outgoing, energetic, and socially expressive. [210, 213, 235]

OCEAN covers Openness, Conscientiousness, Extraversion, Agreeableness and Neuroticism [242]. Their
independent control through synthesis is not established [148].
The voice itself

Vocal attractiveness The voice itself should sound attractive. [176, 213, 228]

Influence on decisions

Persuasiveness A goal of influencing judgments or decisions (see Ethics question 14 and
Shared Reflection). [210, 268]

Continued on next page
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Table A10: Intended Voice Impressions: Examples and sources (continued)
Questions: Table A9 on page 44.

Example answers Explanation and sources

Question 3
Design intention

Gender not emphasized Give gender little emphasis in the voice design. [131]

Intended gender perception

Gender-ambiguous impression Intended uncertainty for individual listeners, differing interpretations
between listeners, or both. [173, 246, 250]

Masculine impression Listeners should perceive the voice as masculine. [133, 205, 206]

Feminine impression Listeners should perceive the voice as feminine. [133, 194, 205]

Observed perception: The gender impressions listeners report when asked about the voice. These may differ
from the intended impression.
Age impression

Older adult voice impression The voice is intended to suggest an older adult. [117, 137, 194]

Young voice impression A child or adolescent voice impression. [194]

Intended and observed age impressions may differ. Represented identity is separate (question 7 in Appearance
and Embodiment). Apparent character age is addressed in question 6 of that Set.
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Table A11 Specific Sound Ideas

1. Do you have a particular sound in mind for the voice?
For example, a slightly rough voice, the sound of an old record, or a light echo. Describe your idea in your
own words and explain why you want this sound for the character and situation. You can also refer to an
audio example and indicate which aspect you have in mind. This question can remain open.

Example sound ideas

These examples link a desired sound to a possible reason from Context or the Design Sets, including
Intended Voice Impressions. Technical Reflection addresses the controls and production methods needed to
realize that sound.
Sound idea Example reason and context

Whispered delivery Whispering for a character intended to be unobtrusive around nearby
people or to create a sense of intimacy. [219]

Creaky or tight-sounding
voice

A lax, creaky quality for a character intended to sound relaxed, or a tense
quality for one intended to sound stressed. [265]

Wider pitch range More varied pitch for a character intended to sound enthusiastic. [145]

Slower speaking rate Slower speech for a robot guide, intended to help visitors follow its
information while walking. [238]

Emphasis on key words Slightly slower and louder key words intended to draw attention to
important material in instructional narration. [134]

Electronically altered timbre An audibly processed sound for an artificial character: ring modulation as
used for the Daleks [263], or vocoder and flanger effects explored in robot
voice design. [225]

Echo or reverberation Audible repetitions (echo) or a lingering sound (reverberation) for a stylized
fictional voice, as documented for Ultron in Ultimate Alliance and Max in
Flight of the Navigator, respectively. [263]
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Table A12 Ethical Considerations: Questions and sources

Consent and Identity

1. Does the voice refer to a real person, or could
listeners recognize a particular person in
it? [175, 197]

2. Have the people whose voices are involved
agreed to the planned recording, storage, use
and sharing after these uses were explained to
them? [197]

3. Does that agreement cover this character, its
role and the planned situations and uses? [197]

4. Could the voice give listeners a false idea of who
is represented, their relationship to the listener
or their authority? [175, 197]

5. Could someone misuse the voice to pretend to
be another person, deceive others, damage a
person’s reputation or misuse their
identity? [175, 266, 268]

Labor and Professional Practice

6. If the voice audio can be prepared in advance,
have you considered hiring a voice performer as
well as using synthesis? [96]

7. Could using AI to create the voice replace or
reduce paid work by voice performers or other
affected workers, or make their work less
valued? [96, 106]

8. If recordings of people’s voices are reused, can
their sources be traced, and are permission,
control for contributors, credit and fair payment
secured? [96, 106, 185, 197]

Bias and Stereotypes

9. Could listeners associate the voice with a
particular gender, age, accent, social class or
status? [222]

10. Could the voice, the character’s role and the
social group associated with it reinforce
stereotypes, for example about professions or
gender identities? [112, 226]

11. Could this voice and role present care, service,
assistance or emotional labor (managing
emotions as part of a job) as feminine? [222]

12. Could this voice and role make authority,
expertise, security or technical skill seem
masculine? [235]

13. Have you considered a less stereotyped voice,
one whose gender is not clearly perceived, or
one that deliberately challenges a
stereotype? [97, 253]

Influence and Manipulation

14. Is the voice intended to make people trust it
more, comply with requests, feel greater
urgency or closeness, accept its authority, or be
more easily persuaded? [217, 268]

15. Where such influence is intended, will users be
able to recognize how the voice is meant to
influence them? [232, 268]

16. Will people hear the voice in situations where
they are vulnerable, stressed, dependent on
support or under time pressure? [175, 268]

17. Could the voice make one option seem more
trustworthy, urgent, or desirable than
another? [268]

Information and Expectations

18. Will people be clearly told how the voice is
made and who or what controls the system’s
vocal output and actions? [232]

19. Could the voice and appearance make listeners
overestimate how human the system is, what it
can do or how independently it can decide and
act? [112, 197, 201, 202]

20. Could the voice make people expect human
understanding, care, or personal intentions
beyond what the system can actually
provide? [197]

21. Would a less human-sounding voice, a
deliberately distinctive voice style or a clearly
synthetic-sounding voice suit this project
better? [157, 197]

22. Will you test your assumptions about what age,
authority or other social characteristics the
intended users and listeners associate with the
voice? [233]

Diversity and Inclusion

23. Have you described what listeners may take for
granted about the character from its voice? [245]

24. Could the voice leave some user groups out,
reinforce stereotypes about them, portray them
as strange or exotic, or represent them
inaccurately? [222, 245]

25. For people whose voices or identities are
represented, what choices will they have, how
will their privacy be protected, and what will
they be able to influence or change? [226]

26. Has the voice been tested for the relevant
languages, accents, people’s hearing and access
needs, background sound and other acoustic
conditions, and situations of use? [197, 245]

27. Will people from the groups affected or
represented take part in designing, testing or
evaluating the voice? [97, 222, 226]

28. Will you test how people from the relevant
cultural backgrounds interpret the voice’s social
cues in the planned situations? [233]
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Table A13 Technical Reflection: Questions Examples and sources: Table A14 on page 48.

Requirements

1. Which languages must the character be able to
speak?

2. What is the longest acceptable delay before the
character responds with its voice?

3. What do you need to be able to choose, adjust,
or compare in the voice?

Resources

4. Which voice recordings do you have or could
you obtain, and what are you allowed to use
them for?

5. How much money is available to create, set up,
and test the voice?

6. How much time is available to create, test, and
revise the voice?

7. Who is available to work on the voice, and how
much working time can they contribute?

8. What relevant skills can the project draw on?

Operating conditions

9. What computers or computing services are
available for the voice system?

10. What practical limits and requirements apply
when the voice system is used?

Production approach

11. How can you produce the character’s voice with
the resources available and the requirements
you have set?

Table A14: Technical Reflection: Examples and sources

Questions: Table A13 on page 48.

Example answers Explanation and sources

Requirements

Question 1
One language Speech output in one specified language, for example French. [182]

Two languages Speech output in two specified languages, for example English and
Chinese. [100]

Multiple languages Speech output in several required languages, using suitable recordings,
voice generation, or a combination of both. [114, 223]

Question 2
Conversational turn-taking Back-and-forth speech, where the wait for each reply matters to the

flow of conversation. [168]
Single queries or commands One request followed by a spoken answer or confirmation, with a

waiting time appropriate to that task. [168]
Response delay is the wait between the end of a user’s utterance or another input event and the start of the
character’s voice response.

Question 3
Selecting an existing voice Choosing from voices already available in the intended system. [142, 266]

Adjusting pitch, speaking rate or level Control over how high or low the voice sounds, how fast it speaks, or
the audio level. [110, 116, 186]

Selecting expressive speaking styles Choosing a delivery style, such as an emotional speaking style. [94, 258]

Controlling emphasis, rhythm and
pitch contours

Control over which words stand out, word and phrase timing, and how
pitch changes through an utterance. [99, 183, 184]

Continued on next page
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Table A14: Technical Reflection: Examples and sources (continued)
Questions: Table A13 on page 48.

Example answers Explanation and sources

Comparing voice candidates Listening to alternatives, for example in pairs, to decide which better
fits the intended voice concept. [264]

Distinction from a reference voice Checking how similar a candidate sounds to a reference voice, through
listening or speaker-similarity measures. [244]

Resources

Question 4
Short reference recordings Brief speech samples used as a reference when creating a voice with

similar speaker characteristics. [114, 174]
New recording sessions Prepared lines or other vocal sounds recorded for the project. [115, 182]

Larger speech corpora Collections of recorded speech and accompanying transcripts or
annotations for model training. [183]

Availability, technical suitability and permission for the intended use are separate considerations [113, 150, 197].

Question 5
Possible costs include recording sessions, audio production and licenses for the materials or tools used [220].

Question 8
Acoustics and sociophonetics Understanding acoustic voice properties and how speech variation

relates to social identities and contexts. [245, 259]
Voice performance, recording and
audio production

Skills to perform, record, edit and prepare the voice audio. [220]

Speech synthesis and software
integration

Skills to generate speech with software and connect it to the character’s
system. [258, 264]

Permissions and data use Expertise to establish what recordings and voice data may be used for
and under which conditions. [197]

User research Skills to plan and conduct studies with intended users and
listeners. [266]

Operating conditions

Question 9
Remote speech generation Access to a server or hosted service that can generate the character’s

speech. [115]
Local GPU-based synthesis A local computer with a graphics processor (GPU) available for

running speech-synthesis models. [169]
CPU-based audio generation A computer’s main processor (CPU) available to convert a speech

model’s output into audio. [182]
Embedded speech synthesis A small computer built into the character or device and available to run

speech synthesis. [125, 258]
For prepared recordings, consider the computer or device used to store and play back the audio.

Continued on next page
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Table A14: Technical Reflection: Examples and sources (continued)
Questions: Table A13 on page 48.

Example answers Explanation and sources

Question 10
Remote processing Speech or dialogue processing runs on a separate server and needs a

connection to that server during use. [115, 190]
Offline speech synthesis Speech is generated without requiring a network connection during

use. [258]
Local data processing Sensor data that could identify a person are processed on the

device. [125]
Operation: when the service needs to be available, the provider it depends on, agreed service commitments, and
how many users it must serve at once [101]. AI governance: who is responsible for the system, how its use is
monitored, and how risks from external services or components are handled [98, 212, 247].

Production approach

Question 11
Prepared recordings or synthesized
audio

Human voice recordings or synthesized audio are saved before use and
played back during the interaction. [174, 205, 250]

Live speech, optionally voice-converted A person speaks through a remotely controlled character during the
interaction, optionally with the sound of their voice transformed before
playback. [118]

Speech synthesized during use The system turns text into spoken audio when it is needed during the
interaction. [258]

Prepared audio combined with speech
synthesis

Prepared audio clips and speech synthesized during the interaction are
used together, for example recorded fillers or laughter alongside
synthesized utterances. [168]
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Table A15 Shared Reflection

1. What do you want these choices to achieve, for whom and in which situations?

2. Could your own stereotypes or prejudices have influenced these choices? If so, which

ones, and how might they have shaped your reasoning?

3. Could these choices create conflicting expectations or effects? If so, what could

conflict, and how does it relate to your goals?

4. What other effects could these choices have, and what is that expectation based on?

5. What will you keep, change, or leave open? Why, and what will you test next?

Examples and sources: Table A16 on page 51.

Table A16: Shared Reflection: Examples and sources

Questions: Table A15 on page 51.

These examples illustrate possible reflections and decisions. Use the related studies to examine the expectations
relevant to your own project.

Example answer Explanation and sources

Question 1
Credibility and learning A credible voice for an educational character, with learning as a

separate project goal. Specify whose learning matters, in what
situation, and how each goal would be assessed. [122]

Question 2
Gender cues and authority A preference for a masculine-sounding voice because it is assumed to

convey authority. An answer can examine whether that assumption
reflects a stereotype and how it influenced the choice. [179]

Question 3
Face and voice realism Different degrees of humanlikeness in the character’s face and voice.

The answer can explain whether this contrast is intended, which
expectations it might create and what should be checked. [200]

Question 4
Convincing delivery of false
information

A concern that an authoritative-sounding voice could make unreliable
information seem credible. An answer can identify when this might
occur and what evidence would help assess the concern. [268]

Question 5
Familiar and unfamiliar listeners A decision to retain a familiar voice provisionally and compare

impressions among listeners who recognize it and those who do not. [228]
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Table A17 Try Out and Revise

Before a test Record the relevant assumptions, the voice material to be used, the intended
users and listeners, and the use situation.

Comparing candidate

voices

Present the same content in each candidate voice to intended listeners in the
planned setting, vary the order, and record impressions and preferences
separately. Listeners who know the person whose voice is used as a reference
can judge a recognizable voice differently from listeners who do not [228].

Checking intended

impressions

Ask listeners to describe the voice or rate the intended qualities, including age,
gender and social qualities, and compare their answers with the intention. Pilot
tests and manipulation checks are recommended for social identity cues [233].

Checking intelligibility

and access

Test comprehension in the real acoustic conditions with the intended users and
listeners, including people who overhear the voice and people with
hearing-related access needs [107].

Questionnaires Established scales support comparisons across voices, for example the
Godspeed questionnaire series for anthropomorphism, likeability and perceived
intelligence [104].

Interpreting small

trials

Treat results from a few listeners as preliminary indications for revision or
further testing. Record who took part and under which conditions.

When to return Findings may lead to revisions to the voice concept, Context or priorities.
Evaluate the final implemented voice with its intended users and listeners in
the real setting.
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Table A18 Project Record: Template and excerpt

One entry per decision or intention, revised as the project develops. The excerpt shows an entry from the
Rowan example in the article.

Entry What to record Excerpt: Rowan’s old-record effect

Decision or

intention

The voice choice, quality or effect
under consideration, and the question
it answers.

Subtle crackle and noise on the recorded
stories, not on operating instructions
(voice–appearance relationship, question 9 in
Appearance and Embodiment; Specific Sound
Ideas).

Reason Why this choice serves the character,
listeners and project goal.

Connects the radio body with old recordings;
comprehension and control take priority over
the effect.

Source or

evidence

Literature examples, project
observations or earlier tests supporting
the reason.

The team’s aesthetic assumption; no listener
evidence yet.

Assumption

and confidence

Assumptions about listeners’ responses
and your confidence in them.

Visitors will associate the effect with
historical recordings and still understand the
stories; untested.

Open question What remains unclear or depends on
other decisions.

Effect strength; whether the effect makes
stories harder to understand in the exhibition.

Planned test Voice material, people, situation and
the criterion for judging the result.

The same performance with and without
effects, played in the exhibition to intended
visitors, who recount the content and describe
what the sound reminds them of.

Result What was observed, with the version,
people and situation involved.

Pending recordings and permissions.

Status and date Kept, changed or left open, and when
the entry was last revised.

Open; revisit after audition samples are
available.
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