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Abstract

Conversational Interfaces (Cls) transform how users interact with firms across a wide
range of service interactions. Based on continuous advances in artificial intelligence
(AI) and natural language processing (NLP), Cls allow firms to automate customer en-
gagement with users still experiencing the dynamic of human interaction, almost as if
they were talking to a service employee. From assisting users in filing insurance claims
to providing product recommendations, Cls increasingly support users in solving service
requests more intuitive and natural than traditional service technologies (e.g., websites).
Following a novel interaction paradigm, CIs mimic a human conversation style in either
written or spoken form. All this allows Cls to interact with users in what was previously
considered a hallmark of human communication: natural language-based dialogue. This
raises fundamental questions about how users respond to Cl-facilitated service interac-

tions and the downstream consequences on service outcomes.

This dissertation’s overarching contribution is a novel framework of Cl-facilitated ser-
vice interactions, building on and integrating fundamental theories of human communi-
cation, technology-mediated service delivery, and the emerging work on human-Al re-
lationships. The framework is developed and tested in six complementary paper pro-
jects. In combination, these papers demonstrate how Cls and their design (i.e., voice
gender, interaction modality) fundamentally affect user experiences (i.e., trust, flow,
fluency) and, ultimately, related service outcomes. Further, they assess how moderating
factors manifested in the conversational design of Cls influence these effects. Consid-
ering these contributions, this dissertation has important implications for both research
and practice: From a theoretical perspective, this dissertation shows how fundamental
insights from human communication can be harnessed to advance the emerging and in-
terdisciplinary research on how users relate to and are influenced by Cls in service in-
teractions. The findings of this dissertation, likewise, have important practical implica-
tions for firms that aim to leverage the potential of ClIs to improve user experiences and

the theory-driven conversational design of Cls.
Keywords

Conversational Interface, Speech Interaction, Voice Assistant, User Experience, Con-

versational Design, Service Outcomes, Service Research
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Kurzfassung

Sprachbasierte Interfaces (Conversational Interfaces, Cls) verdndern die Art und Weise,
wie Nutzer mit Unternehmen in einem breiten Spektrum von Dienstleistungen intera-
gieren. Cls ermoglichen den Unternehmen, auf der Grundlage der derzeitigen kontinu-
ierlichen Fortschritte in der kiinstlichen Intelligenz (KI) und der Verarbeitung natiirli-
cher Sprache (NLP), die Kundeninteraktion zu automatisieren, ohne dass die Dynamik
menschlicher Interaktion verloren geht. Somit erzeugen Cls eine Dienstleistungserfah-
rung, die der Interaktion mit einem menschlichen Servicemitarbeiter dhnelt. Von der
Unterstiitzung bei der Anmeldung von Versicherungsanspriichen bis hin zur Bereitstel-
lung von Produktempfehlungen unterstiitzen Cls die Nutzer zunehmend bei der Losung
von Serviceanfragen. Sie sind dabei intuitiver und natiirlicher als herkdmmliche Ser-
vicetechnologien (z. B. Websites). Einem neuartigen Interaktionsparadigma folgend ah-
men Cls zwischenmenschliche Kommunikation in schriftlicher oder gesprochener Form
nach. Als Folge konnen CIs mit den Nutzern auf eine Art und Weise interagieren, die
bisher als Wesensmerkmal menschlicher Kommunikation galt: ein auf natiirlicher Spra-
che basierender Dialog. Dies wirft grundlegende Fragen dariiber auf, wie Nutzer auf CI-
gestlitzte Service-Interaktionen reagieren und welche Auswirkungen dies auf das Ser-

viceergebnis haben konnte.

Der tibergreifende Beitrag dieser Dissertation ist ein neuartiger konzeptioneller Rahmen
fiir Cl-unterstiitzte Service-Interaktionen, der auf grundlegenden Theorien der mensch-
lichen Kommunikation, der technologievermittelten Servicebereitstellung und auf lau-
fenden Arbeiten zu Mensch-KI-Beziehungen aufbaut und diese integriert. Der konzep-
tionelle Rahmen wird in sechs komplementiren Projekten entwickelt und getestet. In
Kombination zeigen diese Arbeiten, wie Cls und ihr Design (z.B. das Geschlecht der
Stimme, die Interaktionsmodalitidt) die Nutzererfahrungen (z.B. Vertrauen, Flow,
Fluency) priagen und sich letztlich auf das Ergebnis der Dienstleistung auswirken. Dar-
iiber hinaus wird untersucht, wie moderierende Faktoren, die sich in der konversationa-
len Gestaltung von CIs manifestieren, diese Effekte beeinflussen. Die Dissertation hat
wichtige Implikationen fiir Forschung und Praxis: Aus theoretischer Sicht zeigt diese
Arbeit, wie grundlegende Erkenntnisse aus der menschlichen Kommunikation genutzt
werden konnen, um die aufkommende interdisziplindre Forschung zu dem Thema vo-
ranzutreiben, wie Nutzer in Beziehung zu den Service-Interaktionen von ClIs treten und

von diesen beeinflusst werden. Die Ergebnisse dieser Dissertation haben ebenfalls wich-
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tige praktische Auswirkungen fiir Unternehmen, die das Potenzial von Cls zur Verbes-
serung der Nutzererfahrungen und das theoriegeleiteten Konversationsdesign von Cls

nutzen wollen.
Stichworte

Sprachbasierte Interfaces, Sprachinteraktion, Sprachassistent, Benutzererfahrung, Kon-

versationsdesign, Serviceergebnisse, Dienstleistungsforschung
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Part A: Synopsis
1 Introduction

1.1 Problem Statement

Recent advances in artificial intelligence (AI) and natural language processing (NLP)
have supported the proliferation of conversational interfaces (Cls)—also known as con-
versational agents (CAs) or smart personal assistants (SPAs)—that fundamentally
change the ways in which we access and use services (Huang & Rust, 2018; Schuetz &
Venkatesh, 2020). These interfaces have emerged as a novel interaction paradigm al-
lowing firms to engage users in increasingly personal ways during self-service interac-
tions, almost as though they were interacting with human service providers (Diederich
etal., 2022; Hollebeek et al., 2021). CIs are an emerging class of self-service technology
that allow users to engage in text- or voice-based dialogical interactions with service
providers (Knote et al., 2021; Pfeuffer, Benlian, et al., 2019). From contesting parking
tickets using the DoNotPay lawyer chatbot (Zack, 2020) to conducting money transfers
through conversation with Bank of America’s virtual voice assistant Erica (Fuscaldo,
2019), users are increasingly engaging with Cls for support in accessing services more
naturally than the use of non-conversational technologies, such as traditional websites,
allows (Davenport et al., 2020; Miao et al., 2022). Recent industry studies indicate that
the number of Cls is rising exponentially (e.g., Amazon Alexa’s skills alone have in-
creased to over 100,000 as of 2021; Laricchia, 2022a), demonstrating CIs’ potential for

the future of service provision.

ClIs promise a wide range of benefits to both users and firms (Lariviere et al., 2017;
Wirtz et al., 2018). For users, they represent a novel service channel that provides per-
sonalized, round-the-clock customer support that is more immediate and convenient
than that provided by traditional self-service channels (de Keyser et al., 2019). Moreo-
ver, Cls are believed to enhance the sense of “human interaction” when interacting with
an automated computer interface, ultimately creating a more experiential service expe-
rience (Pfeuffer, Benlian, et al., 2019; van Doorn et al., 2017). A recent industry report
indicates that over 50% of users prefer CIs over human service providers for help with
more routine tasks, with this preference reaching 70% among those aged 18—34 years
(Press, 2019), hinting at shifting user preferences with regards to service delivery pro-

CCSSES.
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For firms, Cls are important tools that can help enhance service effectiveness and effi-
ciency (Hollebeek et al., 2021). Following the logic of cognitive automation (Engel et
al., 2022), these interfaces enable companies to intelligently shift customer processes
increasingly toward self-service leading to immediate benefits. First, Cls are expected
to provide firms with up to USD 11 billion in annual savings by 2023 (Smith, 2018a).
Second, the use of Cls enables companies to deploy their employees for more value-
adding activities (e.g., a recent study by Salesforces found that 64% of service frontline
employees report having more time for complex problems; Sweezey, 2019). Finally,
these interfaces allow the collection of rich interaction data (e.g., vocal data) that can be
used to perform advanced user analytics and act on these insights (Hildebrand et al.,
2020). For instance, CIs can potentially perceive when a user is bored or happy in real-

time and act to ceise or increase engagement on this basis (Thomaz et al., 2020).

In light of these expected benefits, firms are increasingly adopting Cls to augment and
automate selected service encounters across a wide range of industries and contexts,
including retail (Qiu & Benbasat, 2009), health (Sezgin et al., 2020), and education
(Winkler & Sollner, 2018). However, anecdotal evidence suggests that their effective-
ness varies across firms (Miao et al., 2022). For instance, Clara, a chatbot used by the
Swiss insurer Helvetia, successfully supports users in filing insurance claims (Hun-
dertmark, 2021); however, IKEA was obliged to discontinue its chatbot, Anna, follow-
ing numerous user complaints about its usability (Brandtzaeg & Felstad, 2018; Miao et
al., 2022). Indeed, despite users’ growing interest in the novel service channel, many
Cls offer unsatisfactory service experiences, leading to ineffective and inefficient use or
total discontinuation (Griffeth & Simonite, 2019).

At the same time, it is difficult to apply the insights gained from the extensive knowledge
base on automated, non-conversational interfaces in service contexts to the effective
design of Cls, as they possess unique features (Huang & Rust, 2021; Maedche et al.,
2019). CIs differ from non-conversational interfaces concerning the mode of interaction
and their appearance (Hildebrand & Bergner, 2020). First, CIs mimic human conversa-
tions by following a dynamic and to a varying degree adaptive interaction protocol in
which the user and the interface take turns (Miao et al., 2022). Second, Cls afford to
integrate a wide range of anthropomorphic cues, such as imbuing an interface with a
voice that can enhance the human-likeness of their appearance (Feine et al., 2019). Thus,
CIs enter spheres of communication previously reserved for humans: natural-language-
based dialogue (Jurafsky & Martin, 2017). This capability may fundamentally affect

how users respond to automated interfaces in service contexts. Hence, this dissertation
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explores how Cls and their design affect the service experience, how they perceive the
firm providing such conversational exchanges, and what underlying psychological
mechanisms might explain these effects and their downstream consequences for users

and firms.

1.2 Research Questions and Research Methods

This dissertation’s overall goal is to investigate how CIs and their design affect user
experiences and service outcomes, and its findings may be divided into two parts. The
first part is conceptual in nature and aims to provide an integrative framework for CIs
in service contexts (RQ1). Building on this foundation, the second part of this disserta-
tion is empirically driven and addresses important characteristics of Cls, pertaining both
to the interface (i.e., voice gender; RQ2) and the conversational interaction (i.e., modal-

ity; RQ3). Figure 1 provides an overview of the research questions (RQs).

Insights on

How Conversational Interfaces Shape
User Experiences and Service Outcomes

E RQ2: RQ3:
= How does voice gender in How does interaction modality in
E— conversational interfaces affect user conversational interfaces affect user
T experience and service outcomes? experience and service outcomes?
©
S
et RQ1:
3 What constitutes the design of conversational interfaces and what are the key
g determinants of user experience and service outcomes?
(&)

User Interface Interaction

Figure 1. Overview of research questions

As Cls increasingly enter many people’s lives and change the ways in which we interact
with information systems, research interest in those interfaces has grown considerably.
However, the abundance of literature makes it difficult to meaningfully integrate the
growing knowledge base on Cls, not least as the literature on Cls is dispersed across

various different disciplines, such as human—computer interaction (HCI), marketing,
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and information systems (IS). Moreover, most studies examining and designing Cls
have focused on individual or limited numbers of design elements or configurations and
their effects on selected user perceptions and behaviors (Diederich et al., 2022). The
existing research remains ambiguous with respect to defining and classifying key fea-
tures of Cls and respective user outcomes, making it difficult for researchers to compare
empirical results and draw meaningful conclusions for interface design and for the de-
ployment of Cls along the service value chain (Miao et al., 2022) (see also Paper A &
B).

RQ1: What constitutes the design of conversational interfaces and what are the key

determinants of user experience and service outcomes?

This dissertation includes a series of systematic reviews of the current state-of-the-art
on CIs to answer this question. Paper A presents the results of a systematic literature
review (SLR) to summarize and synthesize the empirical literature on Cls. The results
reveal five dimensions of interface characteristics (auditory, interaction, invisible, vis-
ual, and verbal cues), five dimensions of user outcomes (rapport, social presence, trust,
utility, and behavioral intention and outcomes), and the respective strengths of the rela-
tionships between the interface characteristics and user outcomes. Paper B presents the
results of a SLR to summarize and synthesize the literature on trust in CIs. The results
reveal three distinct properties of Cls (i.e., anthropomorphism, dialogic interactions,
probabilistic interactions) that uniquely influence how trustworthy user experiences are
formed. As such, Paper A and B provide a comprehensive framework of Cls in service

contexts.

Building on the conceptual foundation laid down in the first part of this dissertation, the
second part aims to empirically investigate how key features of these interfaces affect
user perceptions and service outcomes. In this regard, two main research perspectives
can be distinguished: user interface-driven and interaction-driven experiences and be-
haviors. First, user interface-driven experiences and outcomes emerge from the static
characteristics, such as audio-visuals. Second, interaction-driven experiences and out-
comes arise from the dynamic dialogue between user and interface (Zierau, Engel, et al.,
2020). As such, this dissertation assumes a holistic perspective on conversational inter-
actions covering both the entity that communicates the message as well as the way how

the message is communicated. In contrast, this dissertation does not separately address
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the probabilistic nature of Cls. In the following, specific research problems relating to

both perspectives are outlined:

The first specific issue that this dissertation addresses concerns the use of gender-spe-
cific anthropomorphic cues in voice-based Cls. Most voice-based Cls are designed to
personify female characters. A recent study has shown that an overwhelming propor-
tion—up to 77% —of all Cls use female characteristics (Feine et al., 2020). Indeed, most
CIs produced by major technology providers, such as Amazon (Alexa), Apple (Siri), or
Microsoft (Cortana) use female voices (as a default) (Hefti, 2022).This burgeoning trend
raises the question of how users react to gendered voices in ClIs and how they perceive

the firm providing those service interfaces.

RQ2: How does voice gender in conversational interfaces affect user experience and

service outcomes?

According to literature, there are gendered preconceptions about which voices sound the
most trustworthy (Schmitt, Zierau, et al., 2021). Specifically, most research shows that
people trust female voices over male voices (McAleer et al., 2014). There is also emerg-
ing research on the effect of gendered synthetic voices on user experiences, mainly
showing that humans make trust attributions toward the interface based on voice gender
depending on the task context (e.g., Nass et al., 1997). Building on this research, this
dissertation addresses three specific research gaps. First, although previous literature
shows that the effect of voice gender is highly contextually, no research investigates
how the properties of the conversational interaction itself impact the effect of voice gen-
der on interface trust. Second, there are few insights on the downstream impact of gen-
dered voice-based interfaces on the firm they represent. Third, previous research exclu-
sively operationalized voice gender using a binary conceptualization of gender. At the
same time, technology firms are experimenting with gender-ambiguous voices to pro-

vide more inclusive user experiences (Sutton, 2020) (see also Paper C & D).

This dissertation presents the results of a series of experimental studies designed to fill
these gaps. Paper C systematically investigates the combined effect of voice gender (fe-
male vs. male) and communication style (task-oriented vs. social-oriented) on interface
trust and firm perceptions. The results illuminate a novel boundary condition of the ef-
fect of voice gender on interface trust (i.e., conversational style). Specifically, they show
that a social-oriented style leads to reduced trust in male voices while a task-oriented

style elicits no significant differences. Moreover, the results show that greater levels of
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interface trust led to a more positively-valenced delivery experience and attributions of
benevolence to the firm. Finally, paper D investigates the effects of a gender-ambiguous
voice compared to gendered voices on interface trust and stereotype attribution across
different tasks. Overall, the effects hint at the potential of gender-ambiguous voices as
this study shows no significant differences in trait and trust attribution between gendered
and non-gendered voices. These insights support an effective and inclusive voice design

of ClIs in service contexts.

The second issue that this dissertation addresses concerns interaction modality (voice
vs. text). While text-based Cls (i.e., chat bots), have dominated customer service in re-
cent years, CIs (i.e., voice bots) have recently gained prominence (Schmitt, Zierau, et
al., 2021; Seaborn et al., 2021). Indeed, the number of voice-based CIs has grown con-
siderably in recent years and is expected to reach 8.4 billion by 2024 (Smith, 2018b).
This development raises the question as to how users react to voice-based CIs in service
contexts as well as to the firms providing such voice-mediated automated service ex-
changes, the psychological mechanisms that underlie these effects, and the downstream

consequences for service outcomes.

RQ3: How does interaction modality in conversational interfaces affect user experi-

ence and service outcomes?

Literature shows that voice-based CIs are associated with a more intuitive, positively-
valenced delivery experience (Rzepka et al., 2021) that can impact consumer decision-
making (Klesse et al., 2015) and the type of information users reveal about themselves
(J. A. Berger et al., 2021). The findings illustrate how the specific characteristics of
voice-based Cls (i.e., verbal cues, channel synchronicity; see Paper E) create unique
interface experiences. Building on this research, this dissertation aims to address four
specific research gaps. First, previous research has investigated voice-based modalities
by conceptualizing voice as an input or an output. Few studies investigate a fully con-
versational voice-based service interaction. Second, no research investigates psycholog-
ical mechanisms related to the unique affordance of a voice-mediated conversational
interaction. Third, most research focused on boundary conditions manifested in interface
appearance (e.g., avatar; Qiu & Benbasat, 2009) or user characteristics (e.g., privacy
concerns; Pagani et al., 2019). However, no prior work examined the influence of the
unique conversational design characteristics during an interaction. Finally, most re-

search has focused on user perceptions of the interface (Qiu & Benbesat, 2005) rather
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than investigating firm perceptions or downstream behavioral consequences (see also
Paper E & F).

This dissertation presents a series of experimental studies designed to examine how the
unique affordances of voice-based (as opposed to text-based) exchanges impact user
experiences and service outcomes. Paper E demonstrates across four studies that voice-
based Cls promote a more flow-like user experience, leading to a more positive-va-
lenced delivery experience and more positive behavioral service outcomes (e.g., con-
tract renewal). Moreover, Paper E provides evidence for two boundary conditions man-
ifested in the conversational style that reduce flow in voice-based Cls (i.e., semantic
disfluency and the number of conversational turns). Paper F demonstrates across two
studies that voice-based Cls decrease processing fluency, leading to a less positive rec-
ommendation evaluation, ultimately reducing purchasing intention. Moreover, Paper F
provides evidence for a condition that increases fluency in voice-based Cls (i.e., numer-
ical framing of information). These findings have important implications for firms that

aim to deploy voice-based Cls and effective conversational design.

1.3 Structure of this Dissertation

Following the guidelines regarding cumulative dissertations, this dissertation is broadly
divided into two major parts: Part A consists of a synopsis paper, and Part B comprises
six individual research papers that are independent but related and which follow the

structure of the research program sequentially as it is laid down in this dissertation.

The synopsis introduces and positions the dissertation’s main results and discusses their
contribution against the background of the dissertation’s overall goal. Chapter 2 intro-
duces and discusses the core terms of this dissertation and develops a conceptual frame-
work within which the dissertation’s results can be positioned. In Chapter 3, the funda-
mental tenets of the research strategy implemented in this dissertation are explained and
discussed. Chapter 4 presents the main results across each publication. Finally, in Chap-
ter 5, the dissertation’s contributions to theory and practice and its limitations are dis-
cussed, and avenues for future studies are highlighted to build and expand on these find-

ings and advance research on Cls in service contexts.
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° PART A: Synopsis

Introduction
(Chapter 1)

v—

Theoretical Background and Related Work
(Chapter 2)

v—

Research Strategy
(Chapter 3)

‘v’

Summary of Results
(Chapter 4)

v

Discussionand Outlook
(Chapter 5)

e PART B: Papers of this Dissertation

Paper A: AReview of the Empirical Literature on
Coversational Agents and Future Research
Questions

v

Paper B: Trust in Smart Persanal Assistants — A
Systematic Literature Review and Development of a
Reseach Agenda

v

Paper C: Gendered Bots as Surrogates of Trust?
How Voice Gender and Conversational Style Affect
Interface Trust and Firm Perceptions

v

Paper D: Female by Default? — Exploring the Effect
of Voice Assistant Gender and Pitch on Trait and
Trust Atiribution

v

Paper E: Voice Bots at the Frontlines — Voice-
Based Interfaces Enhance Interface Flow & Boost
Senvice Outcomes

v

Paper F: *| Will Follow Youl” — How
Recommendation Modality Impacts Processing
Fluency and Purchase Intention

Figure 2. Structure of this dissertation




Part A: Theoretical Background and Related Work 9

2 Theoretical Background and Related Work

This chapter’s purpose is to provide an overview of this dissertation’s major concepts
of this dissertation and to develop a general conceptual framework within which the
dissertation’s findings can be placed. First, a brief overview of the history of Cls from
the first technological developments to their widespread use in customer service is pro-
vided. Next, differences from other service encounter types and the individual properties
of dialogical service encounters are discussed. Basic communication theories are then
explored as a basis for this dissertation’s theorizing. Moreover, the respective user ex-
perience dimensions investigated in this dissertation are presented. Finally, service out-

comes and the dissertation’s basic conceptual framework will be briefly discussed.

2.1 The Past and Present of Conversational Interfaces

What has been the developmental trajectory of Cls providing customer service to hu-
mans? Based on the accounts of Kontogiorgos (2022) and Adamopoulou & Moussiades
(2020), a brief history of the development of Cls is given below, and their key features
are highlighted. The origins of conversational technologies can be traced to the first half
of the twentieth century. In 1938, the Bell Telephone Laboratory developed a synthetic
speaker called Voder (Voice Operating Demonstrator). This machine was controlled by
a human operator via a keyboard. By pressing different keys, the operator could control
various voice characteristics, such as frequency, via a complex mechanical mechanism.
The operation of Voder required one year’s training, testifying to these early machines’
complexity. While Voder could not automatically interact with users, it formed the basis

for synthesized speech as we know it today (Dudley et al., 1939; Kontogiorgos, 2022).

With the advent of the first programmable digital computers in 1943 and 1945, scientists
focused increasingly on the question of how machines could communicate with humans
naturally and intelligently (Kontogiorgos, 2022). In 1950, Alan Turing at the University
of Manchester developed the Turing test, which he called the “imitation game”, to iden-
tify whether machines can be considered intelligent. According to the Turing test, a ma-
chine may be regarded as intelligent when a human interacts with both a human and the
computer through a keyboard and cannot distinguish between the two (Kontogiorgos,
2022; Turing, 1950). In 1964, Joseph Weizenbaum developed a computer program
called ELIZA at the Massachusetts Institute of Technology that was expected to be the

first to pass the Turing test. ELIZA was designed to simulate text-based conversations
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following a rule-based interaction logic: it could process simple human text input and

respond with scripted answers (Kontogiorgos, 2022; Weizenbaum, 1966).

Over the next 20 years, computer agents’ ability to interact with humans was succes-
sively improved and extended to other modalities, such as voice. The following are just
a sample of these critical developments (Kontogiorgos, 2022). In 1972, Terry Winograd
at the Massachusetts Institute of Technology developed SHRDLU, a computer program
that was designed to interact with humans using NLP to manipulate simulated building
blocks in a virtual environment (Kontogiorgos, 2022; Winograd, 1972). In the same
year, WABOT-1, an anthropomorphic robot, was developed at Japan’s Waseda Univer-
sity. WABOT-1 could communicate with users in very basic Japanese (Kato et al., 1972;
Kontogiorgos, 2022). This was followed by PARRY, a computer program that was de-
veloped in 1972 by Kenneth Colby at Stanford University and that was supposed to be
more advanced than ELIZA, as the developers aimed to imbue the computer agent with
a “personality”. As such, PARRY could provide different emotional responses as the
valence of users’ inputs changed (Colby et al., 1971; Kontogiorgos, 2022). In 1980,
Richard Bolt at the Massachusetts Institute of Technology developed the “put-that-
there” system, an initial multi-modal interface that combines speech and gesture recog-
nition to control a graphical user interface (Bolt, 1980; Kontogiorgos, 2022). In 1979,
the first major commercial product using speech synthetization was developed: Speak
& Spell was designed by Texas Instruments as a hand-held computer to support children
in learning pronunciation. The children could enter letters and words, which were then
reproduced by the embedded speech synthesizer (Frantz & Wiggins, 2013; Kontogior-
gos, 2022).

Technological developments accelerated during the 1990s, leveraging and combining
the growing knowledge base in Al, NLP, and the increasing proliferation of the Internet
(Adamopoulou & Moussiades, 2020). In 1991, TinyMUD was developed by Michael
Mauldin at Carnegie Mellon University as an artificial computer player designed to chat
with users. Interestingly, it emerged that users preferred to talk to TinyMUD than to
other human players. The term “chatterbot” first appeared in relation to the development
of TinyMUD (Adamopoulou & Moussiades, 2020; Mauldin, 1994). In 1995, ALICE
was designed as the first CI that could be accessed via the internet. While ALICE still
followed a rule-based approach, it was already possible to converse with ALICE about
various topics over longer periods of time (Adamopoulou & Moussiades, 2020; Wal-
lace, 2009). Finally, in 1997, IBM developed Deep Blue, an Al-based chess-playing

computer program that was capable of defeating Garry Kasparov, the reigning world
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chess champion at the time, testifying to AI’s growing potential to become more effi-
cient than humans at certain tasks (Adamopoulou & Moussiades, 2020; Campbell et al.,
2002).

Further technological advances in NLP and Al, the proliferation of increasingly power-
ful devices (e.g., smart phones, smart speakers), ultimately led to the commercial break-
through of CIs in the 2000s (Adamopoulou & Moussiades, 2020). Starting in 2001,
SmartChild was developed as a text-based CI, which could be accessed through mes-
saging services such as MSN as a means of accessing support in simple information
tasks, such as getting the latest stock prices (Adamopoulou & Moussiades, 2020; S.
Singh & Thakur, 2020). Successively, large technology providers starting with Apple in
2011 (Siri) and Amazon in 2014 (Alexa) developed intelligent personal assistants that
support the user with an increasing number of tasks such as setting timers, providing
weather information or order products across modalities. These interfaces have little in
common with early computer programs such as ELIZA but can now interact adaptively
and personally with the user and learn to do so even better with each interaction
(Adamopoulou & Moussiades, 2020). Furthermore, the emergence of standardized con-
versational technology platforms and low-code programming environments allowed de-
velopers and laymen to easily develop and deploy CIs. This has led to a surge in Cls

across various domains from healthcare to customer service (Winkler et al., 2020).

Today, the growing proliferation of CIs is gradually but steadily changing how consum-
ers access and use self-service (Amazon, 2015; Smith, 2019). CIs are powered by recent
computational advancements that combine both NLP and Al to facilitate a fully conver-
sational automated service interaction (Knote et al., 2021; Pfeuffer, Benlian, et al.,
2019). Examples of Cls in service encounters are abound, ranging from general purpose
interfaces allowing users to perform a plethora of mundane assisted tasks, such as book-
ing flights, reading the news, or adding items to shopping lists, to highly specified in-
terfaces that provide expert advice on insurance products or investment strategy
(Thomaz et al., 2020). Based on the customer service context, those interactions either
take the form of a one-off engagement or are part of an ongoing relationship with an
existing customer (Miao et al., 2022). As such, CIs are becoming omnipresent at service
frontlines (Wirtz et al., 2018). This burgeoning trend toward the deployment of ClIs
raises the questions of how users respond to these interfaces and their design in service
settings, how they perceive service firms that provide such automated conversational
interactions, and the psychological mechanisms that underlie these effects as well as the

downstream consequences for users and organizations.
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2.2 Distinguishing Conversational Interfaces From Other Self-Service

Channels

Why do ClIs require novel research efforts? As Table 1 shows, the proliferation of Cls
has witnessed a fundamental shift with respect to both (1) the entities used in service
systems and (2) the ways in which service is delivered (Komiak & Benbasat, 2003). The
initial shift was from interpersonal to website-mediated service encounters. Website use
has imposed several spatial and temporal separations between service providers and us-
ers (Gefen & Straub, 2003), and computer interfaces are becoming the primary service
channel for many firms. These interfaces represent the company in the outside world
and have become the focal crystallization point of the overall service experience (Hil-
debrand & Bergner, 2020). Recently, the emergence of Cls has yielded another critical
paradigm shift from static interaction with websites toward communication with an “in-
telligent” computer interface via natural language (Maedche et al., 2019). In short, Cls
have emerged as a novel service interaction paradigm, allowing service firms to engage
users in increasingly personal ways, almost as though they were talking to a human
service employee, thus bridging the gap between interpersonal and website-facilitated

service encounters (Hollebeek et al., 2021; Lariviére et al., 2017).

Table 1. Differences among prevalent service encounters (adapted from Komiak &
Benbasat, 2003)

Interpersonal Website Conversational
Interface
Entities Employee Website Conversational Interface
Service Provider Information on service Information on service
provider on a website provider facilitated by

conversational interface

Service (facilitated by | Service (facilitated by Service (facilitated by

employee) website) conversational interface)
Service Dialogic (Human-to- Static (Human-to-com- | Dialogic (Human-to-com-
Delivery | human) puter) puter)

Probabilistic Deterministic Probabilistic
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The literature indicates that these Cls represent a paradigm shift in human—computer
interaction, fundamentally changing the ways in which services are delivered to users
(Mende et al., 2019). From a sociotechnical perspective, Cls represent a novel form of
IS that is distinguished by its high degree of interactivity and intelligence (Maedche et
al., 2019). These capabilities may fundamentally affect user experiences and service
outcomes and raise several theory- and design-related questions, most prominently re-
volving around an emergent conversational interaction paradigm (Hildebrand &
Bergner, 2020) and the increasingly autonomous and “black box”-like character of Al-
based technologies (Rahwan et al., 2019). Thus, substantial knowledge created on tra-
ditional self-service channels (i.e., websites) cannot necessarily be adapted to Cls (Rai,
2017). It is thus critical to understand how user experiences and service outcomes are
impacted by Cls and their design (Paper A & B). This dissertation focuses on the dia-
logic interaction mode of Cls. In contrast, the probabilistic nature of Cls is not focused

on in this dissertation.

2.3 The Unique Features of Conversation-Based Service Delivery

What makes dialogic interactions with CIs uniquely useful for service delivery? Accord-
ing to Hildebrand & Bergner (2020), several malleable features of the dialogue-based
interaction mode of CIs ultimately enable a more interactive and personalized mode of
service delivery than traditional self-service channels, such as websites (see Table 2).
First, the interaction flow follows a dynamic protocol in which the user and the interface
take turns to communicate with one another. Thus, service requests are no longer pro-
cessed according to a simple input and output logic (e.g., as realized in static question-
naires) but rather imitate an ongoing dialogic interaction between the user and the ser-
vice employee (Hildebrand & Bergner, 2020; Miao et al., 2022). As such, linguistic style
has also evolved toward a more informal form of communication, including trivial ac-
knowledgments to move the communication forward (Hildebrand & Bergner, 2020;
Thomaz et al., 2020). Second, Cls permit the integration of a wide range of anthropo-
morphic cues (e.g., avatars) that can further enhance the sensation of “human interac-

tion” in automated computer interfaces (Hildebrand & Bergner, 2020).
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Table 2. Difference between website- and conversational interface-mediated service
encounters (adapted from Hildebrand & Bergner, 2020).

Website Conversational Interface
Interaction e One-way (Static) e Turn-taking (Dynamic)
Features
e Formal language ¢ Informal language
e Absent anthropomorphistic e Present anthropomorphistic
design cues design cues

In recent years, researchers have begun to investigate the effects of some of these mal-
leable features on user experience and service outcomes, demonstrating that conversa-
tional interactions can enhance user trust in the interface with positive downstream ef-
fects for firm perceptions and investment behavior (Hildebrand & Bergner, 2020) and
that anthropomorphizing the interface can positively affect a wide range of outcomes,
including trust (Qiu & Benbasat, 2009) and service perceptions (A. M. Seeger et al.,
2021). The first part of this dissertation attempts to synthesize and integrate this recent
work on CIs in service contexts (RQ1). Moreover, this dissertation aims to investigate
two key features of Cls. First, contributing to the literature on the anthropomorphization
of interfaces, the effects of gendered voices in Cls are systematically explored (RQ2).
Second, by investigating the effect of interaction modality (voice vs. text), this disserta-
tion contributes to the scientific discourse on how conversational interactions with au-
tomated service interfaces affect user experience and service outcomes (RQ3). A brief

outline of research on each of these design aspects is provided below.
2.3.1 Feature 1: Voice Gender

Most firms utilize female voices in Cls (Feine et al., 2020; Hefti, 2022). This burgeoning
trend raises the question of how users respond to gendered voice-based Cls with which
downstream consequences for the firms they represent. In interpersonal interactions,
there are gendered preconceptions about the trustworthiness of voices (McAleer et al.,
2014). Accordingly, one primary source of trust attributions towards voices are social
heuristics based on gender stereotyping. Cross-culturally, gender is a significant factor
in personal stereotyping (Eckes, 2008). According to the content stereotype model,
many people associate gender with specific traits and behaviors: women are usually re-

garded as warm and friendly, while men are perceived as competent and capable (Fiske
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et al., 2002). These trait interferences influence the way how people attribute trust to
each other (R. C. Mayer et al., 1995). Research has shown that people are likely to at-
tribute the same characteristics to computer interfaces (Moon, 2000). In the context of
HCI, research has shown that gendered voices alone can lead a user to label a computer

to be female or male and to assign stereotyped roles to them (Tay et al., 2014).

In the context of computer interfaces, initial findings suggest that voice gender can in-
deed influence trust attributions depending on the context (Nass et al., 1997). However,
as Paper C & D highlight, several gaps remain concerning the effect of gendered voices.
First, most studies implemented scenario-based approaches that featured no dynamic
interaction between the interface and the user (e.g., Tay et al., 2014). Few studies oper-
ationalized fully conversational interactions to study trait and trust attribution toward
voice-based Cls. Second, prior research has shown that the influence of voice gender on
trust depends on the application context (Nass et al., 1997). Existing research has mainly
investigated boundary conditions relating to task context (e.g., influence of the interac-
tion with stereotyped tasks; Eyssel & Hegel, 2012). No prior work has explored the
unique properties of conversation design during an interaction, such as the degree of
formality. Third, the outcome types studied focused predominantly on trust perceptions
toward the interface (e.g., A. Kim et al., 2019). However, whether gender-specific cues
unique to voice-based interaction shape firm-related perceptions remains unclear. Fi-
nally, all studies used a binary gender conceptualization (female vs. male; e.g.,
Nunamaker et al., 2011). At the same time, companies increasingly experiment with
gender-ambiguous voices to provide more inclusive user experiences (see Paper C &
D).

Hence, this dissertation examines fully conversational service experiences using gen-
dered and gender-ambiguous voices and aspects of conversational design (i.e., commu-

nication design) and captures perceptual outcomes relevant to both the user and the firm.
2.3.2 Feature 2: Interaction Modality

Researchers largely distinguish between text-based and voice-based Cls (Diederich et
al., 2022). Voice-based Cls differ from text-based interaction modalities with respect to
both cue and channel-level characteristics (see also Paper E for a comprehensive con-
ceptualization of the affordances of voice-based as opposed to text-based Cls). First,
considering cue-level characteristics, verbal cues encompass the vocal features of lan-

guage (e.g., pitch, accent), while textual cues refer to written language (Moffett et al.,
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2021). Second, considering channel-level characteristics, voice-based interactions are
more synchronous than text-based interactions. Moreover, contrary to text-based inter-
actions, voice-based Cls provide low levels of channel revisability as they do not allow
users to re-read or re-type messages (Moffett et al., 2021). In short, voice-based Cls
provide unique affordances (i.e., verbal cues, channel synchronicity) compared to text-
based interfaces, which can fundamentally affect user experiences and service outcomes
(Paper E).

In recent years, researchers have begun to investigate the malleable features of voice-
based (as opposed to text-based) Cls and their effects on selected user perceptions and
service outcomes, demonstrating that voice-based Cls can create a more positive user
experience (Rzepka et al., 2021) capable of altering consumer preferences (Klesse et al.,
2015) and increasing information disclosure (J. A. Berger et al., 2021). However, as
Paper E & F highlight, several gaps remain. First, the majority of work to date has as-
sessed voice-based modalities by operationalizing voice as an input (e.g., Klesse et al.,
2015) or an output (e.g., Qiu & Benbasat, 2009). Few studies operationalized voice-
based Cls as fully conversational interactions requiring voice as both an input and an
output (Rzepka et al., 2021). Second, existing research has mainly investigated bound-
ary conditions relating to the interface’s appearance (e.g., influence of avatars; Hess et
al., 2009) or user characteristics (e.g., privacy concerns; Pagani et al., 2019). No studies
have investigated the unique aspects of conversational design (i.e., semantics, structure).
Third, the psychological mechanisms studied focus primarily on perceived social pres-
ence (Qiu & Benbasat, 2009). However, it remains unclear whether the interactivity-
related affordances of voice-based Cls also change how users experience service deliv-
ery. Finally, the service outcome types studied consist predominantly of perceptional
outcomes (e.g., interface trust; Qiu & Benbasat, 2009). Meanwhile, behavioral outcomes

or firm perceptions have not been considered hitherto (see Paper E & F).

Hence, this dissertation examines fully conversational service experiences, key conver-
sational design characteristics (semantics, structure, framing), two interactivity-related
mechanisms (flow, fluency), and perceptual and behavioral outcomes relevant to the

service interaction.

2.4 Communication Theories

The theorizing in this dissertation mainly builds on prevalent theories on (human) com-

munication. Hence, in this section, some of the most widely accepted communication
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theories are reviewed, selected for their applicability to the focal topics of this disserta-
tion (social response theory, media richness theory). They constitute the primary theo-
retical lenses that are used in this dissertation to hypothesize on the effect of different

CIs and their design on user experience and service outcomes.

2.4.1 Social Response Theory

Social response theory —also called the computer are social actors (CASA) paradigm
—posits that social cues in nonhuman technologies, such as automatic service interfaces,
can trigger social responses (Moon, 2000; Nass & Moon, 2000). According to social
response theory, humans tend to apply social categorization and heuristics to computers,
a process known as anthropomorphism (Moon, 2000). As such, various social cues, in-
cluding visual, auditory, and verbal cues, can increase users’ tendencies to approach the
interface as a relevant social entity (Moffett et al., 2021; Nass et al., 1994; A. M. Seeger
et al., 2021). This tendency to anthropomorphize computers is deeply rooted in human
psychology. Accordingly, anthropomorphism can both satisfy the need for control and
social connection (Epley et al., 2008). As such, research has shown that anthropomor-
phism can affect a host of different user perceptions, such as likability (T. W. Bickmore
et al., 2005) and trust (A.-M. Seeger & Heinzl, 2021) and behaviors such as information
disclosure (Moffett et al., 2021; Wambsganss et al., 2020). In this dissertation, social
response theory is implemented as the underlying theory to explain the effects of voice

gender on user experiences and service outcomes.

2.4.2 Media Richness Theory

According to media richness theory, computer interfaces can differ in the degree of in-
formation richness that they provide to users. Information richness refers to the rate at
which information can be exchanged within a given time frame (Daft & Lengel, 1986).
Several cues and channel-related characteristics enhance media richness in interfaces
(Moftett et al., 2021). First, interfaces can provide various visual (e.g., avatars), auditory
(e.g., voice qualities), and verbal (e.g., communication style) cues that enhance media
richness (Dennis & Kinney, 1998; Moffett et al., 2021). Second, media richness is
strongly linked to the degree of channel synchronicity that the interface provides to the
user (Daft & Lengel, 1986; Moffett et al., 2021). Interfaces that provide a mode of in-
teraction that is high in synchronicity enhance media richness (Hoffman & Novak,
1996). Although, media-rich (as opposed to media-lean) service interfaces are associ-

ated with increased communication costs (e.g., cognitive load), researchers identified
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various beneficial user outcomes (Moffett et al., 2021). Thus, media richness is associ-
ated not only with higher vividness and interactivity and its downstream effects, such as
enjoyment (van Kerrebroeck et al., 2017), but also with the increased trustworthiness of
the information exchanged (Moffett et al., 2021; Rockmann & Northcraft, 2008). In this
dissertation, media richness theory is mainly used as a basis to theorize about the unique

properties of voice-based (as opposed) to text-based Cls.

2.5 User Experience

A key aim of this dissertation is to investigate how Cls and their design impact user
experiences. According to the literature, user experience is a multi-faceted phenomenon
integrating a multitude of experience dimensions (Felstad & Bae, 2020; Hassenzahl &
Tractinsky, 2006; Law et al., 2009). This dissertation focuses on three distinct user ex-

perience dimensions based on the unique characteristics of Cls:

First, this dissertation addresses risk-related perceptions, such as user trust. For many
users, Cls represent a novel kind of information system with which they have little ex-
perience. As such, de Bellis & Venkataramani Johar (2020), when comparing different
adoption factors, found that a lack of trust in CIs in e-commerce is among the key bar-
riers to use. This sentiment was also reflected in a Forbes study showing that 41.5 per-
cent of U.S. consumers do not trust any Al-infused digital assistants (Krogue, 2017).
Hence, users need to reduce the perceived risk associated with using Cls, and trust has
been found to be a useful mechanism in reducing risk in IS across multiple contexts
(Sollner, Benbasat, et al., 2016). Second, this dissertation investigates interactivity-re-
lated perceptions, such as flow and processing fluency. The existing literature demon-
strates that interface activity can lead to cognitively engaging, enjoyable user experi-
ences (Agarwal & Karahanna, 2000). At the same time, highly interactive interface can
increase to high cognitive load, which can be burdensome in some application contexts
(Chandra et al., 2012; Moffett et al., 2021). Therefore, this dissertation investigates both
positively valenced (i.e., flow) and negatively-valenced (i.e., processing fluency) expe-

rience dimensions related to interactivity.

In sum, considering the unique characteristics of CIs (risk, interactivity), this disserta-
tion focuses on trust, flow, and processing fluency as key interface-level variables that

facilitate positive downstream consequences for users.
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2.5.1 Trustworthy User Experiences

How do users cope with perceived risks associated with interface usage? In social inter-
actions, trust is a mechanism that significantly influences people’s behavior toward oth-
ers and organizations (R. C. Mayer et al., 1995; Rousseau et al., 1998; Schroeder &
Schroeder, 2018). Based on growing automation, more and more information systems
are also becoming the target of such trust relationships (J. D. Lee & See, 2004; Sollner,
Benbasat, et al., 2016). Nowadays, humans must rely on an automated interface that
autonomously and independently processes the user request in many contexts (Sollner
et al., 2012). As a result, trust is becoming increasingly crucial for the use of IS and is
driving their adoption across a wide range of contexts (McKnight et al., 2011; Qiu &
Benbasat, 2009; Sollner, Benbasat, et al., 2016). In the context of this dissertation, trust
is defined as a “psychological state comprising the intention to accept vulnerability
based upon positive expectation of the intentions or behavior of another [i.e., a CI]”
(Rousseau et al., 1998, p. 395). Moreover, trust not only arises from the relationship
with the IS itself but is also influenced by the salient entities of an application context.
For instance, in the service context, especially the trust in the interface can interact with
the trust in the service provider (Sollner, Hoffmann, et al., 2016). In this dissertation,
trust is used to study the impact of voice gender on user experience and firm perceptions
(see Paper C & D).

2.5.2 Absorbing User Experiences

How do the dialogic properties of Cls impact user perceptions and behaviors? An im-
portant stream of literature associates interface interactivity with immersive user expe-
riences (Trevino & Webster, 1992). Flow is a concept that effectively describes such
immersive experiences in computer-mediated interactions (Agarwal & Karahanna,
2000; Hoffman & Novak, 1996). Flow can be defined as state of deep immersion, focus,
and enjoyment when interacting with an information system, such as a CI (Csikszent-
mihalyi, 1975). Flow has been shown to impact various user outcomes, including a more
enjoyable interaction experience and a feeling of deep absorption when interacting with
an information system (Trevino & Webster, 1992). Existing research has demonstrated
that IS’ individual characteristics, such as modality, can enhance or diminish flow ex-
periences (D. Kim & Ko, 2019). Specifically, flow results when the interface permits a
“seamless sequence of responses facilitated by machine interactivity” (Hoffman & No-

vak, 1996, p. 57). In this regard, the interface’s interactivity and vividness are known to
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enhance flow (Hoffman & Novak, 1996). Moreover, the interface must provide an opti-
mal experience, balancing skill and challenge in a state in which the user is generally
experiencing some degree of challenge (Clarke & Haworth, 1994). To that end, flow
can help elucidate how users navigate conversational interactions. In this dissertation,
the flow construct is used to study the impact of interaction modality on user perceptions

and behavior (see Paper E).

2.5.3 Fluent User Experiences

On the other hand, interface interactivity is also associated with the efficiency of infor-
mation exchange (Moffett et al., 2021). Specifically, it is assumed that interface inter-
activity influences message intelligibility (Dennis et al., 2008). An important concept
used to study intelligible user experiences and their downstream consequences is pro-
cessing fluency (Schwarz, 2004) and has been shown to affect a wide range of user
perceptions and behaviors, including purchasing behavior (Morgan et al., 2021). Ac-
cording to existing research, various interface characteristics can affect processing flu-
ency, including readability (Sung et al., 2022) and framing or presentation of infor-
mation (Morgan et al., 2021). To understand how interface modality affects user expe-
rience and service outcomes in a product recommendation context, processing fluency
is used as a key psychological mechanism to understand how users process recommen-

dations across text-based and voice-based Cls (see Paper F).

2.6 Conversational Design

As argued above, Cls can be distinguished from other automated interfaces in their ca-
pability for natural-language-based dialogue (Jurafsky & Martin, 2017). Thus, CIs can
use an extensive repertoire of conversational design elements to interact with users akin
to human dialogue (Feine et al., 2019). According to previous research, how a conver-
sational interaction is designed can critically influence how users experience Cls and
their design (Pogacar et al., 2018). Thereby, conversational characteristics can be
broadly distinguished into those that pertain to the content and process of communica-
tion (H. H. Clark & Brennan, 1991). Content characteristics refers to all elements that
influence what is being conveyed (e.g., conversational style). On the other hand, the
process characteristics refer to all elements influencing how the conversation is struc-
tured (e.g., the number of conversational turns) (H. H. Clark & Brennan, 1991; L. Clark
et al., 2019; Pogacar et al., 2018). Together, these characteristics determine how the

conversational interaction between the user and the interface unfolds. In the scope of
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this dissertation, conversational design is used as a boundary condition to the effect of
voice gender (Paper C & D) and interaction modality (Paper E & F) on user experiences

and service outcomes.

2.7 Service Outcomes

Satisfactory user experiences with automated technologies are instrumental for a wide
range of service outcomes (Hoffman & Novak, 1996). For instance, in the context of
text-based Cls, Hildebrand & Bergner (2020) show that the conversational interaction
with robo advisors can evoke a more trustworthy interface experience, ultimately influ-
encing attributions of benevolence toward the firm and investor behavior. Within the
scope of this dissertation, a wide variety of service outcomes are investigated to create
a broad empirical basis for the use of Cls along the service value chain (Mende et al.,
2019; van Doorn et al., 2017; Xiao & Kumar, 2021). On the one hand, critical perceptual
variables are investigated that aim at assessing the overall service experience and the
evaluation of the firm employing those CIs. On the other hand, this dissertation assesses
behavioral outcomes consequential to service firms (e.g., conversion rate). Moreover,
this dissertation aimed to investigate both outcomes that are immediate to Cl-mediated
user experiences and those that have extended effects on users and firms (i.e., contract

renewal).

2.8 Conceptual Framework

Figure 3 illustrates the overarching conceptual framework' of this dissertation. In total,
this framework stipulates three assumptions about how CIs and their design affect user

experiences and service outcomes:

e First, the dissertation assumes that the unique characteristics of CIs (i.e., anthro-
pomorphic appearance, conversational interaction) uniquely influence user expe-
riences, specifically the trustworthiness, immersion and intelligibility of CIs. In
particular, interface trustworthiness is assumed to be influenced by the anthropo-
morphic nature of the CI (e.g., voice gender). Moreover, conversational interac-
tions and specifically interaction modality are assumed to influence the immer-

sion and intelligibility of Cls.

1 . . . . . .
This conceptual framework is by no means to be seen as comprehensive nor exhaustive for the topic of service

interactions with CIs but is formed based on the core themes of this dissertation.
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e Second, this dissertation assumes that the unique properties of conversational de-
sign affect how Cls and their design influence user experiences. As such, conver-
sational design is introduced as an important boundary condition to how users
experience specific CI designs (e.g., voice gender, interaction modality)

o Third, this dissertation assumes that the user experience with Cls affects final
service outcomes on both the perceptual and behavioral levels. Thus, the user
experience with Cls can be seen as a crystallization point for the entire service

experience.

These assumptions are tested over the scope of the six paper projects incorporated in

this dissertation.

Conversational Interfaces in Service Interactions (RQ1)

Interface Boundary User Service

Design Condition Experience Outcomes

Trustworthy

Userinterface Trust
Voice Gender (RQ2) fnhershe Perceptual

Interaction I Flow
' Behavioral

Modality (RQ3) Intelligible
Conversational Fluenc
Design Y

"~ Communication Theories
(Social Response Theory, Media Richness)

Figure 3. Conceptual framework of this dissertation
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3 Research Strategy

This chapter outlines the philosophical and methodological considerations that form the
foundation of the research strategy adopted in this dissertation. First, the epistemological
background that underpins this research is elaborated. Second, the various research

methods employed throughout this dissertation are discussed.

3.1 Epistemological Foundation

Epistemology is concerned with how knowledge can be defined and created (Doring &
Bortz, 2016). Generally, three different strategies for knowledge creation can be differ-
entiated (Recker, 2013). First, induction refers to the inference of general findings from
a set of specific observations. More specifically, patterns and commonalities are identi-
fied in observed data points to develop novel theoretical propositions. This strategy un-
derlies most qualitative research paradigms (Recker, 2013). Second, deductive
knowledge creation strategies develop specific arguments or hypotheses based on a sys-
tematic synthesis of more general premises that are known from theory. These so-called
“hypotheses” are tested using novel data points. In general, deduction mostly encom-
passes quantitative research approaches (Recker, 2013). Finally, abduction describes the
process of finding the best possible explanation for a specific observation. As such, ab-
duction involves exploratory, iterative research with the aim of pragmatically discover-
ing new ideas. As opposed to induction and deduction, abduction “is more concerned
with discovery or design than rationalization or validation” (Recker, 2013, p.42). Spe-
cifically, the design science paradigm may be regarded as a specific form of abductive
research. Here, researchers aim to investigate and optimize the “usefulness” of certain

interventions in real-world contexts (Doring & Bortz, 2016; Walton, 2014).

This dissertation draws primarily on a deductive knowledge creation strategy (Recker,
2013). Specifically, the research presented in this dissertation aims to investigate how
CIs and their design affect specific user experiences and service outcomes and to shed
light on the psychological mechanisms underlying these effects. While Cls represent a
novel phenomenon in service contexts, fundamental theories of human communication
(i.e., media richness, social response theory) can be applied to advance our understand-
ing of how people perceive and respond to these novel interfaces. As such, these estab-
lished and well-tested theories (as laid out in Chapter 2.4) form the basis for the deduc-

tion of hypotheses that are tested using behavioral experiments. In short, this disserta-
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tion’s main objective is to adapt and examine these fundamental theories of human com-
munication in a new context (i.e., Cls in service encounters) and to generate novel in-
sights and incremental theoretical advancements regarding the use of Cls in service con-

texts.

This dissertation contributes to a wide range of research disciplines spanning IS, mar-
keting, and HCI. However, the research presented herein consistently coheres around
the application of IS across different contexts and tasks, which is why the IS discipline
is selected as the core research domain. IS research typically uses multi- and transdisci-
plinary research designs that span the social and natural sciences to investigate phenom-
ena linked to IS artifacts (Engel, 2022; Recker, 2013). The social sciences focus on
studying social processes that place the individual or groups of individuals (e.g., organ-
izations, communities) at the center of scientific inquiry. For example, the systematic
investigation of how users react toward Cls in service settings adopts this more behav-
ioral-oriented perspective. Natural sciences are concerned with phenomena that mani-
fest in material reality. To that end, IS research can assume an engineering perspective
by exploring the design of IS artifacts. For instance, building and evaluating a CI that
supports users in effectively and efficiently solve a service request based on theory-
motivated design principles follows this more engineering-oriented approach to IS re-
search (Engel, 2022; Gregor & Hevner, 2013). As described above, this dissertation is

mainly anchored in social science within IS epistemology.

3.2 Research Methods

This section presents the methodological foundations of the research methods used to
address the research questions. Further detail on their application is provided in the in-

dividual papers.
3.2.1 Systematic Literature Review

Research on ClIs in service contexts is a nascent and emerging research field across sev-
eral disciplines. Proliferated by the increased adoption of CIs across industries and tasks,
research on these interfaces has grown exponentially in recent years (Diederich et al.,
2022). To provide an integrated conceptualization and synthesis of research on CIs in

service contexts, this dissertation relies on SLRs (Torraco, 2005).

SLRs incorporate a comprehensive set of techniques for the systematic identification,
analysis, and synthesis of literature (vom Brocke et al., 2015; Webster & Watson, 2002).

Hereby, the objective is often not only to review and summarize existing research but
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also to derive novel theoretical insights and to develop an agenda for future research
(vom Brocke et al., 2009). As the design and application of IS is propelled into different
research disciplines, it is necessary to combine and build on diverse knowledge bases
(Benbasat & Zmud, 2003; Engel, 2022). Specifically, the phenomenon of CIs represents
a research field that spans different application scenarios and thus attracts the interest of
multiple disciplines, among them IS, HCI, and marketing (Diederich et al., 2022; Knote
et al., 2021). These disciplines provide valuable perspectives that support us in better
understanding the effects of Cls and their design in service contexts. Hence, to account
for this phenomenon’s multi-disciplinary character, this dissertation draws on these and

adjoining disciplines to provide an integrated perspective on Cls.

This dissertation aims to present the literature on Cls in service contexts transparently
(i.e., systematically, explicitly, and reproducible; vom Brocke et al., 2015). To that end,
representative literature samples that account for the multi-disciplinary nature of service
research were identified (Engel, 2022). Both outlet-based and database-based search
strategies using a comprehensive set of keywords that best summarize the phenomena
of interest were followed. Outlet-based strategies were applied when the object of inter-
est was particularly broad (see Paper A for a review of the empirical literature on ClIs),
while database-based searches were used for more specific topics (see Paper B for a
review of trust in CIs). In all cases, additional backward and forward searches were
performed to identify relevant publications that were either cited in those articles iden-
tified in the initial search or that referenced them (vom Brocke et al., 2015). For the
paper analysis, a concept-centric approach was employed and operationalized through
the creation of concept matrices that emerged based on the systematic analysis of the
retrieved papers (Webster & Watson, 2002). To that end, these matrices incorporate
each publication focal scope of analysis (e.g., design lever, psychological mechanism,
user perceptions and behaviors) and its contribution to theory and practice. Moreover,
an approach based on that of Jeyaraj et al. (2006) (for further information, see Paper A)
was followed in Paper A to identify areas in which consistent findings emerged having
reached maturity and areas of inconsistent or few findings to identify future research

opportunities.

3.2.2 Experimental Research

As outlined in Section 3.1., the research presented with respect to RQ2 and RQ3 builds
on a quantitative paradigm. Specifically, several experimental studies were designed to

investigate how Cls and their design influence user experience and service outcomes.
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The methodology selected and the experimental paradigm used are described in greater

detail below.

According to Mcgrath (1995), quantitative methods differ in their ability to provide (1)
generalizability (i.e., degree of representativeness of the sample), (2) precision (i.e., de-
gree of control and measurability), and (3) extential realism (i.e., degree of real-world
applicability). In light of this dissertation’s objectives, web experiments offer several
distinct advantages (Recker, 2013): First, web experiments provide the tightly controlled
setting (i.e., identical interaction and only variation in the type of interface used) neces-
sary to observe nuanced psychological effects and their downstream consequences. Sec-
ond, web experiments provided the opportunity to rapidly evaluate a range of different
treatments (i.e., interface conditions), reaching high degrees of precision while achiev-
ing large sample sizes. To counteract the loss of realism often associated with experi-
mental research, an attempt was made to make the design of the experimental platforms
used as realistic as possible and to employ relatable service scenarios. Additional at-
tempts were made to capture consequential behavioral variables (e.g., conversion rate;

Paper E) to complement psychometric data.

To develop a rigorous and valid experimental paradigm, established guidelines were
followed (e.g., Kirk, 1982; Recker, 2013): First, it was ensured that the experimental
stimuli (i.e., interface conditions) differed sufficiently from one another while simulta-
neously allowing isolation of the effects under investigation. In particular, excessive
adjustments within a treatment can lead to confounding effects. Therefore, factorial, in-
tersubjective experimental designs were mainly used. Only individual design features
were varied while everything else remained constant (e.g., male vs. female voice; Paper
C). Second, a customized experimental platform for studying CI-mediated services in-
teractions was developed to rule out potential confounding effects and to ensure high
internal validity. The interface was kept neutral to exclude any confounding factors that
could have led to undesirable effects on the key measures of interest (see Figure 4 for a
comparative view of the text- and voice-based CI). In addition, demographic and per-
sonality constructs were collected in each experiment to rule out sampling-related influ-
ences. Finally, full randomization was applied to further control for sampling-related
issues and for temporal effects. User panels from Prolific were used across the studies.
The participants were routed from Prolific to an external survey tool, either Qualtrics or
Unipark, which than randomly assigned the participants to an experimental treatment
(see also Paper C, D, E & F).
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Figure 4. Text-based and voice-based version of experimental platform

Table 3 illustrates the dissertation’s overall research design and summarizes some of the
key design decisions taken. In summary, this dissertation (except RQ1, which takes an
exploratory literature-based approach) builds on an explanatory-quantitative research
strategy to analyze and provide causal evidence as to how Cls and their design affect
user experience and service outcomes. That is, this dissertation mainly uses online ex-

periments capturing cross-sectional data.

Table 3. Research design decision (adapted from Recker, 2013 and Cooper & Emory,

1991).
Spectrum One end of continuum | Other end of continnum
Aim Exploratory Explanatory
Method Qualitative Quantitative
Boundary Case Statistical
Setting Field Laboratory
Timing Cross-sectional Longitudinal
Outcome Descriptive Causal
Ambition Analyzing Designing
Decision on research design in this dissertation are highlighted in grey (especially
with regard to the presented work on RQ2 and RQ3).




28

Part A: Results

4 Results

This chapter presents the dissertation’s major results. Section 4.1 provides a brief over-

view of the publications considered in this dissertation in light of the research questions

posed. Section 4.2 provides a short summary of each paper’s main findings.

4.1 Overview of Publications

Overall, the RQs posed in this dissertation are answered across six papers. Table 4 pro-

vides an overview of all publications that constitute this dissertation.

Table 4. Publications included in this dissertation

No. | Publication Method RQ
A | Zierau, N.; Elshan, E.; Visini, C. & Janson, A. (2020): | Systematic 1
A Review of the Empirical Literature on Conversational | literature
Agents and Future Research Directions. In: Interna- | review
tional Conference on Information Systems (ICIS)
B Zierau, N.: Engel, C.; Sollner, M. & Leimeister, J.M. | Systematic 1
(2020): Trust in Smart Personal Assistants: A System- | literature
atic Literature Review and Development of a Research | review
Agenda: [In: [5th International Conference on
Wirtschaftsinformatik (W1 2020).
C | Zierau, N (2022): Gendered Interfaces as Surrogates of | Experimental |2
Trust? How Voice Gender and Communication Style | research
Affect Interface Trust and Firm Perceptions. Submitted
to: Proceedings of the 56" Hawaii International Con-
ference on System Sciences
D Tolmeijer, S.; Zierau, N.; Janson, A.; Wahdatehagh, J. | Experimental |2
S.; Leimeister; J. M. & Bernstein, A. (2021): Female by | research
Default? — Exploring the Effect of Voice Assistant Gen-
der and Pitch on Trait and Trust Attribution. /n: ACM
CHI 2021 Late Breaking Work.
E Zierau, N., Hildebrand, C., Bergner, A., Busquet, F., | Experimental |3
Schmitt, A. & Leimeister J.M. (2022): Voice Bots at the | research
Frontlines: Voice-Based Interface Enhance Interface
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Flow & Boost Service Outcomes. Accepted for publica-
tion: Journal of the Academy of Marketing Science.

F Schwende, M., Zierau, N., Janson, A, Hammerschmidt, | Experimental | 3
M. & Leimeister, J.M. (2022): “I Will Follow You!” — | research
How Recommendation Modality Impacts Processing
Fluency and Purchase Intention Submitted to: Interna-

tional Conference on Information Systems (ICIS).

This dissertation can be broadly divided into two parts. The first part is conceptual in
nature and concerned with providing an integrative framework of CIs in service contexts
(RQ1). To that end, Papers A and B each present the results of SLRs that were conducted
to conceptualize both CI characteristics and respective service outcomes. Moreover, the
empirical evidence for these interface characteristics on the service outcome were sum-
marized and synthesized to provide a comprehensive agenda for research on user inter-

actions with Cls.

The second part of this dissertation is empirically driven and addresses important char-
acteristics of Cls pertaining both to the interface (i.e., voice gender; RQ2) and the inter-
action (i.e., modality; RQ3). Papers C and D present the results of a series of experi-
mental studies that investigated the effect of voice gender on user experience and service
outcomes, illuminating key boundary conditions in the process. Papers E and F present
the results of a series of experimental studies that systematically assessed the effect of
interaction modality (voice vs. text) on user experience and the downstream conse-
quences of these effects for perceptual and behavioral service outcomes. Moreover, sev-
eral boundary conditions are investigated, which are manifested in the important fea-
tures of conversational design. Figure 5 provides an overview of how these papers con-

tribute to the overarching conceptual framework of this dissertation (see Chapter 2).
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Interface Design

User Interface

Voice Gender (RQ2)

Conversational Interfaces in Service Interactions(RQ1)

Paper A Interface Characteristics and User Qutcomes
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Figure 5. Overview of how papers contribute to the conceptual framework of this dis-

sertation

4.2 Papers of the Dissertation

An overview of the research papers included in this dissertation is provided below. This

includes bibliographical information and a brief explanation of the objectives, the re-

search design, and the main results as well as each paper’s respective contribution.
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4.2.1 Paper A: A Review of the Empirical Literature on Conversational Agents

and Future Research Directions

Citation

Zierau, N.; Elshan, E.; Visini, C. & Janson, A. (2020): A Review of the Empirical Lit-
erature on Conversational Agents and Future Research Directions. In: International
Conference on Information Systems (ICIS)

Objective

Paper A presents the results of a SLR that was conducted to summarize and synthesize
the empirical literature on CIs. As this review demonstrates, the literature on Cls has
increased exponentially. Most publications have investigated the effects of selected in-
terface characteristics or configurations on selected user perceptions and behaviors. Ul-
timately, this has led to a fragmented literature base. Specifically, the literature lacks an
integrated conceptualization of Cls spanning technology and user-based perspectives,
which makes it difficult to compare results and identify open questions. Hence, in this
paper, an integrated framework was developed to conceptualize the characteristics (i.e.,

design features) of Cls and link them to categories of user experience outcomes.
Design and Results

To systemize interface characteristics and user outcomes and summarize the findings
regarding the relationship between interface characteristics and user outcomes, a SLR
was conducted. To provide a broad literature basis, 107 publications were identified
based on a systematic outlet-based search in major journals and conference proceedings
across relevant disciplines. These publications were analyzed using the abductive ap-
proach developed by Jeyaraj et al. (2006) that assumes a concept-centric perspective,
according to which a conceptual framework was developed by iteratively coding inde-
pendent variables, dependent variables, and their relationships. Consequently, five di-
mensions of interface characteristics (auditory, interaction, invisible, visual and verbal
cues), five dimensions of user outcomes (rapport, social presence, trust, utility, and be-
havioral intention and outcomes), and the respective strengths of the relationships be-
tween the interface characteristics and user outcomes were identified. This analysis fa-
cilitated the development of a research agenda that is positioned in the research space

that this framework creates.
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Contribution to Dissertation

This paper conceptualizes and systematizes the key characteristics of Cls and links them
to categories of user perceptions and behaviors. In doing so, the review creates an es-
sential foundation for understanding service experiences with CIs. In the context of this
dissertation, this publication has three main contributions. First, the review uncovers
important categories of interface characteristics and user outcomes that form the service
experience. Second, the review demonstrates that Cls and their design create specific
user experiences with significant downstream consequences for users and firms. Third,
the review highlights the critical psychological mechanisms that can explain these ef-

fects and uncovers important theoretical bases to consider.
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4.2.2 Paper B: Trust in Smart Personal Assistants — A Systematic Literature

Review and Development of a Research Agenda

Reference

Zierau, N.: Engel, C.; Sollner, M. & Leimeister, J.M. (2020): Trust in Smart Personal
Assistants: A Systematic Literature Review and Development of a Research Agenda:
In: 15th International Conference on Wirtschaftsinformatik (W1 2020).

Objective

Paper B presents the results of a SLR that was conducted to summarize and synthesize
the literature on trust in CIs. Anecdotal evidence indicates that users generally do not
trust Cls (Krogue, 2017), citing the unique properties of these Al-based service inter-
faces that fundamentally affect the ways in which users engage with them (Pfeuffer,
Benlian, et al., 2019). Among this paper’s main objectives was to better understand
which unique properties of Cls influence user trust. Trust is fundamental for the adop-
tion and use of IS and allows far-reaching conclusions to be drawn regarding the user

experience.
Design and Results

A SLR was conducted to better understand which factors in Cls influence user trust. To
that end, 50 publications were identified using a database-based search strategy. The
identified publications were analyzed in accordance with a concept-centric approach,
and the results revealed three distinct perspectives based on the unique properties of Cls
that drive trustworthy user experiences: user interface-driven trust, interaction-driven
trust, and explanation-driven trust. Based on the framework developed in this paper, a
comprehensive research agenda was developed to better understand how trust in CIs can

be systematically built.
Contribution to Dissertation

This publication makes two essential contributions to this dissertation's overall objec-
tives. First, based on the three distinct perspectives on trust in Cls developed in this
paper, unique propertiers of these interfaces can be derived. Accordingly their anthro-
pomorphic design, the dialogic interaction and their probabilitic nature shape user ex-
periences with Cls. Second, it further highlights the critical role of specific design di-

mensions and their characteristics in creating trustworthy user experiences.

Overall, Papers A and B make three key contributions to RQ1. First, they elaborate on

the fundamental properties of Cls from the users’ perspective and the respective relevant
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theoretical bases to consider. Second, these papers provide a holistic systematization of
CIs’ (design) characteristics and identify critical determinants of service outcomes.
Third, the strengths of the empirical evidence regarding these characteristics’ influence

on user outcomes are outlined and respective gaps are highlighted.
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4.2.3 Paper C: Gendered Bots as Surrogates of Trust? How Voice Gender and

Conversational Style Affect Interface Trust and Firm Perceptions

Zierau, N (2022): Gendered Bots as Surrogates of Trust: How Voice Gender and Con-
versational Style Together Affect Interface Trust and Firm Perceptions. Submitted to:

Proceedings of the 56" Hawaii International Conference on System Sciences
Research Objective

Paper C presents the results of an experimental study designed to investigate the com-
bined effects of voice gender and communication style on interface trust and firm per-
ceptions. Previous literature has shown that the influence of voice gender on interface
trust is highly context-dependent (Nass et al., 1997). This paper addresses two specific
research gaps. First, it investigates the effects of a novel boundary condition manifested
in the conversational design of voice-based interfaces (i.e., the conversational style an
interface employs). Second, it examines the downstream consequences of interface trust

on the firm the voice-based CI represents.
Design and Results

A 2 (voice gender: female vs. male) x 2 (communication style: social-oriented vs. task-
oriented) between-subject online experiment was designed to investigate the research
gaps. Specifically, the participants were asked to file an insurance claim using the re-
spective interface conditions. The results show that trust is lower in male voices when
using a social-oriented conversational style. However, for a task-oriented conversational
style, the gender of the voice has no significant effect on interface trust. Moreover, the
results indicate that reduced levels of interface trust experienced when interacting with
a voice-based CI using a male voice and a social-oriented conversational style results in
a more negatively-valenced service experience and less attributions of benevolence to-

wards the firm deploying the interface.
Contribution to the Dissertation

These results provide a nuanced perspective on how voice gender in Cls affects user
experience and service outcomes. This paper extends previous research showing that
imbuing interfaces with a voice can affect trust attribution following social heuristics
(Nass et al., 1997). Specifically, this publication makes several significant contributions
to this dissertation’s overall objectives. First, this paper reveals a critical boundary con-
dition (i.e., communication style) that influences the effect of voice gender on trustwor-

thy user experiences. Second, the results demonstrate that a more trustworthy interface
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experience when using a voice-based CI translates into more beneficial service out-
comes for firms (i.e., service experience, firm benevolence). These findings provide im-

portant insights into the theory-driven voice design of Cls.
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4.2.4 Paper D: Female by Default? — Exploring the Effect of Voice Assistant
Gender and Pitch on Trait and Trust Attribution

Citation

Tolmeijer, S.; Zierau, N.; Janson, A.; Wahdatehagh, J. S.; Leimeister; J. M. & Bern-
stein, A. (2021): Female by Default? — Exploring the Effect of Voice Assistant Gender
and Pitch on Trait and Trust Attribution. In: ACM CHI 2021 Late Breaking Work.

Objective

Paper D’s main objective was to investigate the effect of non-gendered vs. gendered
voices on stereotypical traits and trust attribution across different task contexts. This
study builds directly on a limitation of prior research (including Paper C), that is, to
conceptualize voice gender only in a binary fashion. Specifically, technology providers
have started to develop gender-ambiguous voices to provide more inclusive user expe-
riences (Q, 2019; Sutton, 2020). Moreover, gender-ambiguous voices are supposed to
stop the reinforcement of harmful gender stereotypes (UNESCO, 2019). This paper
builds on Paper C and provides further evidence on the effects of gendered voices in Cls

on user experience and service outcomes.
Design and Results

To investigate the effect of gendered vs. non-gendered voices on user perceptions, a 5x2
(voice type x task type) factorial web experiment was designed. Both high-pitched and
low-pitched female and male voices were used for the voice type. Moreover, the study
uses a gender-ambiguous voice that could not be easily categorized as female or male.
The task type was also varied across voice conditions between an assistance task (i.e.,
booking a flight) and a compliance task (i.e., responding to sensitive questions). These
tasks were selected according to traditional gender stereotypes, according to which men
are regarded as leaders and women as assistants. The results revealed no direct effects
of voice type on stereotypical trait attribution and trust. However, the results reveal that
task context was instrumental in stereotype activation. Interfaces using male voices were
perceived as stereotypically male in the compliance task, while interfaces using female

voices received significantly more trust in the assistance task.
Contribution to Dissertation

The results of this paper add to Paper C in two important ways. First, this paper further
highlights that the effect of voice gender is highly context-dependent. Specifically, it

shows that the type of task can elicit stereotype-informed trust attributions. Second, this
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paper did go beyond a binary gender conceptualization by evaluating user perceptions
of a gender-ambiguous voice. The results indicate that there are no systematic differ-
ences in trust attribution between gendered and non-gendered voices in Cls, providing
initial evidence that gender-ambiguous voices represent an interesting alternative to gen-

dered voices in service contexts.

Overall, Papers C and D provide a comprehensive look at the subtle effect of voice
gender and make several key contributions to RQ2. First, evidence for a novel boundary
manifested in the conversational design is provided (i.e., conversational style). Second,
the downstream impact of voice gender on firm perceptions is investigated. Finally, the

effect of gender-ambiguous vs. non-gendered voices in CI is systematically examined.
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4.2.5 Paper E: Voice Bots at the Frontlines — Voice-Based Interface Enhance

Interface Flow & Boost Service Qutcomes

Citation

Zierau, N., Hildebrand, C., Bergner, A., Busquet, F., Schmitt, A. & Leimeister J.M.
(2022): Voice Bots at the Frontlines: Voice-Based Interfaces Enhance Interface Flow &
Boost Service Outcomes. Accepted for publication: Journal of the Academy of Market-

ing Science.
Objective

Publication E’s main objective was to systematically investigate the effect of communi-
cation modality (voice vs. text) on interactivity-related affective user experiences and
reveal the downstream consequences for users and firms, thus contributing to RQ3. In
recent years, service firms have increasingly used voice-based CI to automate selected
service encounters (Diederich et al., 2022; Seaborn et al., 2021). This burgeoning trend
raises the question of how this novel interaction paradigm affects users in service con-
texts, how users perceive firms using these interfaces, which psychological mechanisms
might account for these effects, and what the downstream consequences for users and

firms are.
Design & Results

To that end, a novel conceptualization of voice-based CI in service contexts was devel-
oped based on a review of prevalent communication theories (i.e., media richness).
Across four experimental studies, it became clear that the affordances of voice-based
CIs (i.e., verbal cues, channel synchronicity) increase interface flow and in turn lead to
a more positively valanced service experience and boost service firm outcomes (i.e.,
contract renewal, conversion rate, and consumer sentiment) during the process of filing
insurance claims. Moreover, two important boundary conditions were identified as hav-
ing manifested in fundamental aspects of conversational design (i.e., semantic disflu-
ency and the number of conversational turns). Specifically, these results demonstrate
that the effect of voice-based CI s on interface flow is reinforced when semantic fluency

is high and when the number of conversational turns is low.
Contribution to Dissertation.

This paper provides substantial empirical evidence for the effect of voice-based (as op-
posed to text-based) Cls on user perceptions and service outcomes. This publication

makes several critical contributions to this dissertation’s overall objectives. First, the
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results demonstrate that voice-based Cls can lead to more immersive user experiences
in customer service settings, translating into beneficial service outcomes for firms. Sec-
ond, this paper reveals the important boundary conditions manifested in communication

modality that influence the effect of voice-based Cls on user experience.
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4.2.6 Paper F: “I Will Follow You!” — How Recommendation Modality Impacts

Processing Fluency and Purchase Intention

Citation

Schwede, M., Zierau, N., Janson, A, Hammerschmidt, M. & Leimeister, J.M. (2022):
“I Will Follow You!” — How Recommendation Modality Impacts Processing Fluency

and Purchase Intention. Submitted to: International Conference on Information Systems
(ICIS).

Objective

In recent years, voice-based (as opposed to text-based) CIs have been used increasingly
to promote and sell products and services (Tricks, 2021). However, research is lacking
with respect to how different recommendation modalities impact user experiences and
related service outcomes and how recommendations should be designed across modali-
ties. As such, Paper F’s key objectives were to systematically investigate the effect of
communication modality (voice vs. text) on interactivity-related cognitive user experi-
ences, to reveal the downstream consequences for users and firms, and to identify im-

portant boundary conditions to these effects.
Design and Results

To investigate the impact of recommendation modality and design on interface experi-
ences (i.e., processing fluency) and service outcomes (purchasing intention), two web
experiments were designed. In the first study, people were tasked with receiving a food
recommendation either using a text-based or voice-based CI. In the second study, using
the same experimental paradigm, the interaction was manipulated to include either no
explanation, a verbal-framed explanation, or a numerical-framed explanation across the
two modalities, resulting in a 3%2 factorial design. These two studies demonstrated that
recommendations provided by text-based interfaces are more easily processed than
those provided by voice-based Cls. Moreover, the results indicate that higher processing
fluency reduces risk perceptions and increases recommendation persuasiveness, ulti-
mately leading to higher purchasing intentions. Finally, this paper’s results demonstrate
that numerically framed recommendations enhance fluency perceptions as distinct from

verbally framed recommendations or no recommendations at all.
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Contribution to Dissertation.

This paper extends Paper E’s findings in several key ways. First, this paper shows that
the interactivity-related affordances of voice-based Cls can be also associated with dis-
advantages for users. Specifically, this paper demonstrates that processing fluency is
lower in voice-based Cls, ultimately reducing purchasing intention. Second, this paper
examines another critical aspect of conversational design—information framing (nu-
merical vs. framing). Third, this study investigates the impact of voice-based interfaces
in a novel service context (i.e., receiving information instead of providing information,

as in Paper E).

Overall, Papers C and D provide a comprehensive look at the effect of interaction mo-
dality and make several key contributions to RQ3. First, these papers investigates the
impact of voice-based Cls on important perceptual and behavioral service outcomes.
Second, the differential effect of two critical psychological mechanisms (i.e., flow, pro-
cessing fluency) that are based on the unique affordance of voice-based Cls are uncov-
ered. Finally, these papers provide evidence for several boundary conditions represent-
ing important features of conversational design (i.e., semantic fluency, number of con-

versational turns, information framing).
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5 Discussion and Outlook

This section highlights this dissertation’s core contributions, identifies the implications
for research and practice, elaborates on the limitations of this research, and discusses

future research avenues.

5.1 Summary of Results

This dissertation aims to advance our knowledge on the emergent phenomenon of the
use of Cls in service contexts. Specifically, this work contributes to our understanding
of how these interfaces and their design affect user experiences and service outcomes in

three major ways:

First, Paper A and B together provide a holistic conceptualization of ClIs in service con-
texts. Accordingly, the unique properties of CIs (e.g., human-likeness, interactivity, in-
telligence) shape user experiences and inform service outcomes. Specifically, the fea-
tures of Cls may be distinguished into five dimensions (verbal, visual, auditory, inter-
action, and invisible cues) that together form the user experience. The strength of the
empirical evidence for different dimensions of service outcomes (relationship, trust, so-
cial presence, behavioral intentions, and outcomes) was also highlighted. In this process,
a comprehensive agenda for research on Cls in the service context was developed from
a user-centered perspective. Thus, these two papers form a foundation on which the

other components of the dissertation may build (see Paper A & B).

Second, Paper C and D adopt a user interface-focused perspective and provide an in-
depth examination of voice gender in Cls. Paper C introduces a novel boundary condi-
tion showing that male voices are trusted less if paired with a social-oriented communi-
cation style (as opposed to a task-oriented communication style). These differences in
interface trust ultimately led to a more negatively-valenced service experience and less
attributions of benevolence toward the firm. No systematic differences between voice
gender and interface trust can be observed when using a transactional voice. Paper D
shows that trust and stereotypical trait attribution based on voice gender depends on the
task context. Female voices were trusted more in an assistance task, while male voices
were ascribed male attributes in a compliance task. Moreover, this paper hints at the
potential for using gender-ambiguous voices in service contexts to mitigate gender ste-
reotyping. No significant differences were observed in user perceptions between non-

gendered and gendered voices (see Paper C & D).



44 Part A: Discussion and Outlook

Finally, Paper E and F together assume an interaction-focused perspective and system-
atically investigate the role of interface modality and communication design on user
experiences and service outcomes. Paper E demonstrates that the unique properties of
voice-based (as opposed to text-based) ClIs (i.e., verbal cues, channel synchronicity) in-
crease interface flow during the process of filing an insurance claim, resulting in a more
positive and positively-valenced service experience affecting a wide range of service
outcomes (i.e., consumer sentiment, contract renewal, and conversion rates). Moreover,
this paper also provides two important boundary conditions that manifested in conver-
sational design and reduced flow in voice-based interfaces (i.e., semantic disfluency and
the amount of conversational turns). Adopting a complementary perspective, Paper F
provides evidence that the same properties diminish processing fluency when receiving
a product recommendation, with negative downstream consequences for recommenda-
tion evaluation (risk perceptions, recommendation persuasiveness) and intention to pur-
chase. Moreover, this paper demonstrates how recommendation modality interacts with
the framing of recommendation explanations (verbal vs. numerical), indicating that nu-
merical recommendations are a potent measure that may be implemented to increase

fluency and intention to purchase across conditions (see Paper E & F).

Taken together, these results provide support for the overarching assumptions raised in
the conceptual framework of this dissertation on how CIs and their design affect user
experiences and service outcomes (see Figure 3). First, they indicate that the character-
istics of CIs (e.g., their anthropomorphic appearance, dialogic interactivity) uniquely
influence user experiences. Specifically, it is shown that voice gender (in interplay with
communication style) affects interface trustworthiness and that interaction modality can
affect both the immersion (e.g., flow) and intelligibility of the interaction (e.g., pro-
cessing fluency). Second, these results show that the unique properties of conversational
interfaces impact how CI designs affect user experiences. For instance, it is shown that
conversational style moderates the effect of voice gender on interface trust (see Paper
C) and that the number of conversational turns moderates the effect of interface modality
on flow-like user experiences (see Paper E). Finally, these findings provide evidence
that the user experience is instrumental for shaping downstream effects on both percep-

tual and behavioral service outcomes (see Paper C, E, & F).

A summary of the results across all publication is provided in Table 5.
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Table 5. Summary of results across all papers.

e Semantic disfluency decreases flow

in voice-based Cls.

RQ | Paper | User Experience Service Outcomes

e CI characteristics can be distin- e Service outcomes of Cls can be dis-
guished into five dimensions (verbal, tinguished into rapport, trust, social
visual, auditory, interaction, and in- presence, behavioral intentions, and

A visible cues). outcomes.
e The strength of the empirical evi-
1 dence of interface characteristics on
these outcomes is highlighted.

e  There are three unique properties of
CIs (i.e., human-likeness, dialogic

B interactivity, and intelligence) that
shape (trustworthy) user experi-
ences.

e For asocial-oriented communication e Enhanced levels of trust experienced
style, trust in male voices is de- when interacting with a voice-based
creased Cl using a female voice and a social-

C . . oriented style lead to a more positive

e For a task-oriented communication ) i

L overall service experience and be-
style, there are no systematic differ- o
. nevolence attributions toward the
ences based on voice gender.
firm.
e For an assistance task, trust in female
2 voices is enhanced.

e For a compliance task, male voices

are assigned more stereotypical male
D traits.

e  There are no systematic differences
between a gender-ambiguous and
gendered voices concerning inter-
face trust.

e Voice-based (as opposed) to text- e Enhanced levels of flow in voice-
based Cls enhance interface flow. based CIs lead to a more experiential

. delivery experience and a more pos-

e The amount of conversational turns o fry P uati P

. . 1tive firm evaluation.
decrease flow in voice -based Cls.
3 E

e Enhanced levels of flow in voice-
based ClIs lead to more positive be-
havioral service outcomes (i.e., con-
sumer sentiment, contract renewals,
and conversion rates).
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Voice-based (as opposed to text-
based) ClIs decrease processing flu-

ency.

Numerical (as opposed to verbal)

Decreased levels of processing flu-
ency when using a voice-based CI
lead to a more negative recommen-

dation evaluation and decreased lev-

. . els of intention to purchase.
framed information enhances pro-

cessing fluency.

5.2 Theoretical Implications

This dissertation’s findings make several novel contributions to emerging work on CIs’
impact on user experiences and service outcomes and the impact of Al-driven interfaces
on the service value chain as well as novel insights into the psychological mechanisms
of CIs on the technology-augmented user in service contexts. In the section that follows,
these contributions are discussed along with the three research questions posed at the

beginning of the dissertation.

5.2.1 RQ1: Toward a Holistic Conceptualization of Conversational Interfaces in

Service Contexts

With regard to RQ1, this dissertation (i.e., specifically Papers A and B) makes two novel
contributions. First, the results provide a unified conceptualization of Cls in service con-
texts. Accordingly, three high-level insights into CIs may be drawn based on this con-
ceptualization. First, building on and extending existing conceptual work on Al-based
technologies (Maedche et al., 2019), this dissertation shows that CIs represent a novel
form of service interface featuring unique properties (human-likeness, interactivity, am-
biguity). Second, this dissertation provides a fresh perspective on existing work regard-
ing the systematization of CI features (Feine et al., 2019). Finally, a systematization of
service outcomes for CI-mediated encounters is provided and the empirical evidence for
how Cls and their design impact these outcomes is illuminated. Overall, these results
provide an important foundation for understanding user experiences with CIs in service
contexts, fostering the conceptual convergence of a multi-faceted and complex research

phenomenon (see Paper A and B).

Second, this dissertation’s results provide an integrated summary of the progress of re-
search on ClIs in service contexts across different research disciplines. Based on the
analysis of the selected studies, this dissertation proposes various research avenues.
Taken together, these research agendas serve as a comprehensive guide for researchers
working on IS, marketing, and HCI to advance research on ClIs in service contexts. At

the same time, the coded literature can support practitioners in implementing empirically
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substantiated design decisions (Diederich et al., 2022). For instance, service designers
can draw on the literature basis presented in Papers A and B to inform user interface
designs with the aim of increasing user trust (Nunamaker et al., 2011) or to identify
conversational strategies with the aim of improving the interaction flow (L. Clark et al.,
2019).

5.2.2 RQ2: The Effects of Voice Gender on User Experiences and Service
Outcomes

Concerning RQ?2, this dissertation (specifically Papers C and D) makes three novel con-
tributions. First, these studies build on previous work showing that the effect of voice
gender on interface trust is highly context-dependent (Nass et al., 1997; Tay et al., 2014).
Specifically, this dissertation illuminates a novel boundary condition manifested in the
specific characteristics of conversational design (i.e., conversational style). The results
indicate that users evaluate the effect of voice gender on trust differently based on the
interface’s specific words. These results provide a new look at the component fit theory,
showing that the features of the voices interact with the spoken to create a unique user
experience (Isbister & Nass, 2000). Moreover, this dissertation confirms previous work
showing that stereotype informed voice gender- task congruence increases trust in the
CI (Nass et al., 1997). Specifically, this dissertation distinguishes between a compliance
task (stereotypical male) and an assistance task (stereotypical female) (see Paper C and
D).

Second, the present study’s findings provide novel insights into user—technology rela-
tionships (Hoffman & Novak, 2018; Novak & Hoffman, 2018; Schuetz & Venkatesh,
2020) and how gendered interfaces create new “assemblages” of user experiences. Spe-
cifically, this research provides evidence that gender cues in voice-based Cls trigger the
social heuristics known from interpersonal interactions. These judgments not only im-
pact the interface itself (i.e., the relationship between user and interface) but also the
firm providing the interface experience. As such, this dissertation provides evidence that
anthropomorphically designed Cls can create spill-over effects toward service firms (see
Paper C).

Finally, this dissertation is the first to design and empirically evaluate a gender-ambig-
uous voice. The results (i.e., Paper D) indicate that gender-ambiguous voices are on a
par with gendered interfaces with respect to user experiences, hinting at their potential
for service provision in terms of mitigating the potential adverse effects of gendering.

At the same time, this dissertation also shows that most people have no mental frame
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for a third gender (at least based on voice). Although the pitch was in a range that im-
peded the clear identification of gender, the agent was nonetheless classified as either
male or female. This raises the question of whether gender-ambiguous voices can be
successfully designed at all and indicates the need for further research on the extent to
which gender-ambiguous voices can actually prevent gender stereotyping (see also Sec-
tion 5.5) (see Paper D).

5.2.3 RQ3: The Effects of Interaction Modality on User Experiences and Service
Outcomes

With regard to RQ3, this dissertation (specifically Papers E and F) makes three new
contributions. First, the present work is one of the first to empirically contrast the effects
of a voice-based CI with those of a text-based CI. On that basis, this dissertation devel-
ops a novel theory of voice-mediated service interactions, demonstrating that the af-
fordances of voice-based Cls provide a richer and more synchronous user experience.
This dissertation also provides evidence on the important role that interface experience
plays as an underlying mechanism to explain these effects. Specifically, we provide a
fresh perspective on existing work regarding flow (Agarwal & Karahanna, 2000; Ghani
et al., 1991) and processing fluency (H. Song & Schwarz, 2008; Thompson & Ince,
2013), highlighting that interaction modality is a key driver of absorbing and intelligible
user experiences. To that end, Paper E shows that voice-based Cls increase flow-like
user experiences, which in turn create more experiential service delivery experiences
and positively affect service outcomes. However, Paper F demonstrates that voice-based
CIs reduce processing fluency, which in turn diminishes recommendation outcomes and

negatively affects purchase intention (see Paper E and F).

Second, the present work introduces and empirically tests three novel boundary condi-
tions manifested in the “conversational design” of service interactions. First, this work
demonstrates that using easy-to-process language is instrumental in enhancing interface
flow in voice-based Cls with positive downstream consequences for both perceptual and
behavioral service outcomes. Second, this work also demonstrates that a higher number
of conversational turns can negatively impact interface flow in voice-based Cls, as they
cause the communication to become more fragmented. Third, the results of this disser-
tation indicate that the provision of numerically framed explanations is critical to boost-
ing processing fluency and, in turn, positively affects recommendation outcomes (per-
suasiveness, risk) as well as purchasing intention. Together, these results provide novel

insights into the conditions under which voice-based Cls can positively or negatively
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affect user experiences. Moreover, these findings highlight the critical role of conversa-
tional design in creating satisfactory user experiences and boosting service outcomes
(see Paper E and F).

Third, the present study’s findings also provide a novel perspective on user—technology
relationships (Hoffman & Novak, 2018; Novak & Hoffman, 2018; Schuetz & Ven-
katesh, 2020) and the underexplored role of interface modality in shaping user experi-
ences and service outcomes. Specifically, these results demonstrate that natural interac-
tion through a voice-based CI causes both positive attributions (such as enhanced inter-
face flow) and negative attributions toward the user—technology “assemblage”. In spite
of its ability to extend the capacities of traditional service interfaces through the voice
modality, the formation of the assemblage between the user and the service interface
diminishes processing fluency. Thus, the capacity of voice-based Cls reported herein
illustrates how interaction modality as a key conceptual feature of Cls evoke both nu-
anced positive (i.e., greater flow) and negative effects (i.e., lower processing fluency)
(see Paper E & F).

5.3 Managerial Implications

This dissertation’s findings have immediate implications for service designers and
firms. The section that follows provides an overview of these implications and design
guidelines for industry practice. These implications are categorized into insights tar-
geted at the general deployment of interfaces across the service channel and those that
support the efficient design of the user interface or the conversational interaction. Most

of these implications are mirrored from the publications in part B of this dissertation.

5.3.1 Toward am Effective Deployment of Conversational Interfaces

This dissertation’s results provide insights into the effective deployment of Cls across

the service value chain as follows:

Conversational interfaces facilitate a more satisfactory and inclusive user experience.
This dissertation shows that CIs can create a more satisfactory user experience. Accord-
ing to earlier research, traditional interfaces can lead to a sense that the human touch is
lacking (van Doorn et al., 2017). However, the use of judiciously selected Cls can create
a more sensory-rich user experience across different tasks and contexts. Moreover,
voice-based interfaces can be used to provide access disadvantaged user groups (for

example, users who are blind or visually impaired; Abdolrahmani et al., 2018). Thus,
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CIs can be used not only to provide a more sensory-rich and human-like user experience

but also to enhance inclusivity across the service value chain (Paper E).

Choose interface type according to the requirements of the task. In choosing the appro-
priate self-service channel, firms are often driven by exploratory behavior rather than
systematically linking the service task’s requirements to the affordances of a given in-
terface (modality). This dissertation offers guidelines for the effective selection of the
appropriate service channel. Specifically, the present research offers guidance regarding
the selection of voice-based (as opposed to text-based) Cls (e.g., see Paper E for a sum-
mary of the properties of voice-based as opposed to text-based Cls). Voice-based Cls
can be effectively deployed for those tasks that benefit from high channel synchronicity
and a rich symbol set, such as the provision of claim-related information. By contrast,
tasks that require users to deliberate are better suited to text-based exchanges. Specifi-
cally, service tasks that are associated with high risks or high cognitive demands, such
as the selection of a complex, high-priced product, are better suited to asynchronous

communication (i.e., text-based communication) (Paper E).

Conversational interfaces can be efficiently integrated into firms’ existing service oper-
ations. The rapid development of technology platforms for designing Cls, such as
Google Dialogflow or Amazon Alexa, allows users with no or few programming skills
not only to easily develop Cls but also to integrate these into the current I'T infrastructure
and rapidly deploy them across service channels. Service firms can easily adapt existing
interfaces and build on prevalent language models instead of building firm-owned native
CIs. As such, the development, technical integration, and deployment are effective (i.e.,
the infrastructure is provided, maintained, and continuously improved by providers,
such as Amazon or Google), customizable (e.g., employees can easily adapt the interface
according to the firm’s preferences in a low-code environment), and adaptive (e.g., firms
can design and deploy different interface designs following rapid development cycles).
In short, the use of Cls is highly modular, and they can be easily integrated into different

service encounters along the service value chain (Paper E).

5.3.2 Toward an Effective Design of Voice

The results presented herein provide insights into the effective design of Cls. Specifi-
cally, the results demonstrate that the design of (gendered) voices can be critical to en-
hancing both user experience and service outcomes. The section that follows discusses

three principles of “voice design”:
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Adapt voice (features) to context. The findings of this dissertation show that the effect
of voice gender is highly context-dependent. For instance, Paper C demonstrates that
the interface’s conversational style affects how users perceive voice gender. These find-
ings illustrate the importance of a contextual perspective on CI design. Specifically, ser-
vice designers need to carefully orchestrate voice features and characteristics of conver-
sational design, considering task characteristics and user preferences. In this regard, cre-
ating and evaluating personas with users could help create compelling voice personali-
ties (Braun et al., 2019) (see also Paper C).

Personalize voices to user preferences. The results of this dissertation show that user
characteristics (e.g., user gender) can affect the perception of voice gender of Cls (e.g.,
women trust the gender-ambigous voice more than men, see Paper D). Hence, service
designers should carefully test and ensure that the voice of the interface is tailored to the
preferences of the user. It can also be useful to allow users to choose between different
voices. Many Cls, such as Apple’s Siri, provide users with the option to choose different
voices. Based on user agency, a positive effect of choice with respect to different voices

on user experience and service outcomes is to be expected.

Experiment with gender-ambiguous voices. This research contributes to the discourse
on gendered Al by providing further evidence that the positive effects of voice gender
on the user experience is highly context-dependent (and in some contexts non-existent).
Thus, this dissertation’s findings call into question the prevalent industry practice of
always choosing female over male voices. Moreover, the findings indicate that gender-
ambiguous voices are on a par with gendered voices. As the use of female voices is
linked to the reinforcement of harmful gender stereotypes (UNESCO, 2019), these find-
ings should provide service firms with further impetus to imbue their voice assistants
with more diverse demographic features, reflecting the diversity of society, or to use

gender-ambiguous voices (Paper D).

5.3.3 Toward an Effective Design of Conversational Interactions

This dissertation’s results indicate that the semantic and structural characteristics of nat-
ural language-based interactions are critical for boosting user experience and service
outcomes. Most importantly, the results indicate that text-based and voice-based inter-
actions should follow a different logic of conversation. The section that follows dis-

cusses four principles of “conversational design”.

Optimize for semantic fluency in voice-based interfaces. This dissertation’s findings in-

dicate that semantic fluency differentially affects interface experiences in voice-based
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than text-based Cls. For voice-based interfaces, the results indicate that service design-
ers should reduce sematic fluency by using more familiar “words”, simplifying syntactic
structures, and adopting a less formal conversational style. Conversely, the results indi-
cate that text-based exchanges are less sensitive to semantic fluency. As a result, service
designers can even resort to more complex formulations in text-based exchanges if
needed but should carefully optimize semantic fluency in voice-based exchanges (Paper
E).

Use few conversational turns in voice-based exchanges and many in text-based ex-
changes. This dissertation has demonstrated that user satisfaction when using Cls de-
pends on the number of conversational turns into which a service interaction is struc-
tured. Specifically, service designers should limit the number of conversational turns
and carefully avoid disjointed interaction when designing voice-based interfaces. By
contrast, when designing for text-based exchanges, division of the overall service en-
counter into more rather than fewer conversational turns enhances flow-like experiences

and positively affects service outcomes (Paper E).

Use numerical framing of information. The results of this dissertation indicate that users
more easily process information that is presented in a numerical as opposed to a verbal
fashion. These effects are constant across modalities. These highlights the importance
of presenting information in a concrete manner when using CIs. In particular, service
designers should provide numerically framed information to support users in easily pro-

cessing messages (Paper F).

Adapt conversational style to context. This dissertation’s findings indicate that a social-
oriented communication style can trigger stereotypical trait attributions toward Cls. Es-
pecially in contexts where attributing certain personality traits to a CI is beneficial to the
user experience (e.g., in educational contexts), it could be helpful to use social-oriented
languages. However, for sensitive contexts, companies should choose a task-oriented
communication style to avoid the risk of serving harmful stereotypes and to create a

more inclusive user experience (Paper C).

Overall, these theory-driven principles suggest that the conversational design of ClIs is
sensitive to the use of semantics, the number of conversational turns, the framing of
information and the communication style used. This indicates that service designers
should carefully test the design of conversational service interactions against the require-

ments of the user and the task to optimized user experience and boost service outcomes.
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5.4 Limitations

The research conducted in this dissertation has several limitations relating to the under-
lying data, the research methodology, and the general validity of the results. In this sec-
tion, only those limitations that are associated with the general research strategy and
approach are discussed. The individual papers provide further detail on the limitations

of the work presented herein.

First, the dissertation’s findings rely heavily on web experiments involving participants
engaging in an artificial scenario. As such, this dissertation can provide high internal
validity (Recker, 2013). However, although the scenarios were designed to be as realis-
tic as possible, it is not clear whether the results will be realized in the same way when
ClIs are deployed outside the lab. Although initial studies have shown that text-based
CIs also positively influence service outcomes outside the laboratory (Schanke et al.,
2021), few studies have investigated the influence of voice-based Cls on users and com-
panies on the basis of field data. Hence, future researchers should aim to replicate and
extend the dissertation’s findings by conducting field experiments or analyzing field
data.

Second, this dissertation has mainly followed a behavioral approach by generating sev-
eral insights that reveal the causal effects of Cls on user perceptions and service out-
comes. However, only tentative claims may be made regarding the utility of ClIs and
their design in relevant application contexts. Hence, future research following a design
science paradigm (Gregor & Hevner, 2013) could focus on creating application
knowledge for the successful use of Cls along the service value chain. For example,
design principles could be systematically derived for the trustworthy design of Cls in
highly sensitive contexts (e.g., eliciting personal health-related information) or for the

conversational design of voice-based Cls in various service settings.

Third, while users increasingly encounter Cls across the service value chain, this tech-
nology remains relatively new and immature. This may affect this dissertation’s results
in two key ways. First, some of the user perceptions especially regarding the voice-based
CIs may be driven by novelty effects. Despite controlling for experience with these in-
terfaces, the relative novelty of this technology may have influenced user perceptions
and behaviors (Tsay et al., 2020). As users become increasingly experienced in using
voice-based technologies, people may differently evaluate the user experience and ad-
just their behavior. Second, since the technology is still developing, the limited range of

application may also have influenced the results (i.e., in the experiments conducted in
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this dissertation users went through a pre-defined interaction). Therefore, as the tech-
nology becomes more ubiquitous and its technological basis reaches maturity, this dis-

sertation’s findings should be continually reviewed in novel contexts.

5.5 Future Work

CIs are here to stay and are only expected to grow in terms of their importance for ser-
vice provision (Huang & Rust, 2021). In this regard, the present dissertation opens four
new and significant research avenues on the ongoing infusion of CIs into service en-
counters. For each avenue, this section motivates and formulates specific directions that
will guide future research activities to address the identified gaps. Some of these re-
search directions are mirrored from the publications in part B of this dissertation. Table
6 summarizes these avenues and offers directions for further research that will advance

our understanding of conversational interfaces in service contexts:
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Table 6. Agenda for future research on conversational interfaces in service contexts

Research Avenue

Research Directions

Avenue 1: Conversa-

tional Interactions

e Direction 1.1: Explore when and how interaction modality

(voice vs. text) affects user input and output.

e Direction 1.2: Investigate the impact of device type in con-
versational interactions on user experiences and service out-

comes.

¢ Direction 1.3: Investigate how conversational interfaces and
their design affect user perceptions and service outcomes

over time.

Avenue 2: Designing
Conversational Ser-

vice Interactions

e Direction 2.1: Develop a method to systematically design

voices for conversational interfaces.

e Direction 2.2: Identify and study successful configurations
of conversational user interfaces.

e Direction 2.3: Develop methods to systematically design
conversational service interactions.

e Direction 2.4: Investigate designs of human-in-the-loop ap-

proaches for automated conversational service encounters.

Avenue 3: Potential
of Voice-Based Ser-

vice Channels

e Direction 3.1: Investigate how voice analytics can be suc-
cessfully deployed across the service value chain.

e Direction 3.2: Explore for which service tasks a voice inter-
face is a suitable addition to a multi-channel offering.

e Direction 3.3: Explore when and how the sharing of vocal
(as opposed to textual) data affects user experiences and ser-

vice outcomes.

Avenue 4: FEthical
Implications of Gen-

dered Interfaces

e Direction 4.1: Analyze when and how anthropomorphized
interfaces affect users’ mental models and the adverse effects

on users’ attitudes and behaviors.

e Direction 4.2: Assess the unintended downstream conse-
quences of gendered interfaces for interpersonal interactions
and identify ways to mitigate these.
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5.5.1 Avenue 1: Conversational Interactions

As this dissertation has demonstrated, CIs fundamentally affect how users interact with
IS. However, several gaps remain with respect to the effect of CIs on user experience.
Considering the increasing importance of Cls and the lack of research on how these

interfaces affect user experience, the following four research directions are proposed:

Direction 1.1: Explore when and how interaction modality (voice vs. text) affects user
input and output. In the scope of this dissertation, only the user outcomes relating to
interaction modality that are most relevant to service firms were investigated (i.e., con-
tract renewal, consumer sentiment). However, multiple user outcomes that are proximal
to the interface experience have not been considered in this dissertation. According to
theory regarding the unique affordances of voice- vs. text-based communication (see
Paper E), it is likely that the use of voice-based Cls fundamentally affects the ways in
which users both provide and process information across tasks and contexts (J. A. Ber-
ger et al., 2021; King et al., 2021). Specifically, future researchers should investigate
when and how voice-based modalities affect information disclosure to machines (e.g.,
sensitive information). Another fruitful research avenue could be to assess whether par-
ticular information items (i.e., in recommendations or news) are perceived differently in

voice-based vs. text-based interfaces Cls.

Direction 1.2: Investigate the impact of device type in conversational interactions on
user experiences and service outcomes. Existing research has been mostly agnostic re-
garding the type of device (e.g., smartphone vs. personal computer) used to conduct
automated service interactions (see Melumad & Meyer, 2020), notably demonstrating
that smartphones (vs. personal computers) elicit greater disclosure owing to greater per-
ceptions of psychological comfort. However, different device types offer distinct af-
fordances that may affect how the same service interaction is experienced. In this con-
text, it is particularly important to consider the differences between personal computers
and smartphones as the currently dominant devices (Melumad & Meyer, 2020).
Smartphones differ from personal computers not only in that they have a much smaller
keyboard (which affects the speed at which a message can be written), but they tend to
be used in closer proximity. Furthermore, smartphones can be used anywhere, even in
public spaces, while users must sit down to perform service tasks using a personal com-
puter (Melumad & Meyer, 2020). In this context, two exciting research avenues emerge.
First, the differences between smart phones and personal computers could significantly

influence user preferences regarding interaction modality (i.e., voice vs. text). Second,
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the device could also influence users’ expectations and requirements for interaction de-
sign. Smartphones, for example, could induce expectations of interaction that is as hu-

man-like as possible.

Direction 1.3: Study how conversational interfaces and their design affect user percep-
tions and service outcomes over time. In this dissertation, selected user perceptions and
behavior were studied at a discrete point in time. Hence, the present study does not pro-
vide any insights on the evolutionary nature of user—technology relationships
(McKnight et al., 2020). Specifically, the scope of this research did not encompass the
temporal effects of CIs on user experience and service outcomes. For instance, while
some design features may drive user perception and behavior in the initial adoption
phase, others may become more important in the post-adoption stage. Moreover, some
user experience dimensions, such as user trust, require multiple interactions for reliable
formation (McKnight et al., 2020; Sollner & Pavlou, 2016). Hence, future research could
employ a longitudinal perspective to study the effects of Cls and their design on user
experience and service outcomes. Panel studies could provide opportunities to study
changes in relevant user experiences at different points in the user journey. Simulation-

based approaches may also be useful in providing a processual perspective (Paper A).

5.5.2 Avenue 2: Designing Conversational Service Interactions

This dissertation has demonstrated that designing satisfying service encounters with Cls
can be a complex endeavor. Many independent but interrelated design aspects of Cls
must be considered. However, theory-driven and empirically validated guidelines on CI

design remain scarce. In this regard, four research directions emerge:

Direction 2.1: Develop a method to systematically design voices for conversational in-
terfaces. Another promising future research avenue lies in the effective “voice design”
of Cls. This dissertation provides evidence that gender-specific voice features drive user
experience with important downstream consequences for users and firms. Specifically,
voices are becoming focal points for the formation of user experience (see Paper C). To
that end, congruity between the trait associations that a certain voice and its features
evoke in a user and the (intended) character and firm personality is becoming an im-
portant design goal. As such, many technology providers are providing the option to
creating customized voices (Schmitt, Zierau, et al., 2021; Sutton et al., 2019). Hence,
future research could systematically assess how to map a voice and its features to a

brand’s personality or character (Paper E).
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Direction 2.2: Identify and study successful configurations of conversational user in-
terfaces. In this dissertation, a behavioral perspective was applied to study the effects of
selected design features and configurations on selected user experiences and service
outcomes. However, Cls afford a myriad of different design features, increasing the
complexity of configurational IS design (Feine et al., 2019; Knote et al., 2021). Moreo-
ver, the effectiveness of specific CI design can only be determined by considering con-
textual variables, such as user demographics and service tasks. To furnish such a holistic
picture, future research should adopt a configurational perspective on CI design. Specif-
ically, future research could apply methodologies using set theories, such as qualitative
comparative analysis, to identify and explain successful assemblages of CI design fea-

tures for different application contexts (Paper A).

Direction 2.3: Develop methods to systematically design conversational service inter-
actions. The body of knowledge on conversational interfaces, including this dissertation,
offers a multitude of insights for the theory-driven design of conversational service in-
teractions. However, owing to the high degree of complexity of conversational service
interactions, it is necessary to arrive at methods that support the design of conversational
service interactions across service tasks and contexts. For instance, several low-code
platforms were created that support service firms in creating conversational service in-
teraction following a guided process. However, these platforms often focus on support-
ing practitioners in deploying low-level implementations and offer few guidelines for
successful conversational design (Winkler et al., 2020). Future research should therefore
develop methods and approaches for the systematic design of conversational service
interactions incorporating both theory- and user-driven insights into conversational de-

sign.

Direction 2.4: Investigate designs of human-in-the-loop approaches for automated con-
versational service encounters. In this dissertation, only fully automated service inter-
actions were considered. However, owing to user requirements and the technologies’
degree of maturity, service requests are often processed in a tandem consisting of a CI
and a service employee. For example, the CI assumes the role of a porter, putting the
user in touch with the relevant specialist department. These novel forms of Al-human
teaming require substantial research efforts (Seeber et al., 2020). Specifically, future
research could investigate how flow experiences might be maintained in conversational
interactions that involve successive or overlapping interactions with both CIs and human

service employees. To that end, researchers should investigate differential affordances
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of humans and Cls for creating flow-like conversational user experiences and derive

design principles for the handover between both actors.

5.5.3 Avenue 3: Potential of Voice-Based Automated Service Channels

This dissertation hints at the potential of novel service channels. Specifically, the unique
affordances of voice-based Cls (see Paper E) provide new modes of service delivery.
Moreover, they allow to collect vocal data that can potentially be used to derive rich
user insights and to act on these insights to enhance service outcomes. However, re-
search on when and how voice-based technologies can best be employed is scarce. In

particular, three research directions emerge:

Direction 3.1: Study how voice analytics can be successfully deployed across the ser-
vice value chain. Another promising area for future research lies in the application of
voice analytics to derive unique and rich user insights. As described in the previous
section, voice-based interactions permit the collection of vocal data that are richer than
textual data. As such, the human voice incorporates various subtle cues that can be used
to draw inferences about users (Hildebrand et al., 2020; Sutton et al., 2019). Service
firms can use this information in a variety of ways. Specifically, voice analytics could
enable firms to monitor service satisfaction in automated interactions or to evaluate the
veracity of communicated messages as a tool for fraud detection. Moreover, vocal data
may be used to create new service offerings, such as capturing users’ vocal profiles of
users for the purpose of customization and identification (Hildebrand et al., 2020).
Hence, future research could identify and systematically assess the application potential

of voice analytics across different contexts.

Direction 3.2: Explore for which service tasks a voice interface is a suitable addition to
a multi-channel offering. In the future, companies will increasingly have to choose be-
tween different service channels for different service tasks to build a compelling multi-
channel offering (Lehrer & Trenz, 2022; J. Singh et al., 2020). In this dissertation, only
a limited number of tasks (i.e., filing an insurance claim or obtaining a product recom-
mendation) were considered to study the effect of voice-based ClIs. However, the use of
a specific interface modality may not be beneficial across all tasks and contexts, as this
dissertation shows. Moreover, it is important to examine the potential of voice-based
CIs against other forms of service provision, such as interpersonal forms of customer
service. Future research should thus explore the conditions under which voice-based CIs

can enhance user experiences and when they become detrimental (Paper E).
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Direction 3.3: Explore when and how the sharing of vocal (as opposed to textual) data
affects user experiences and service outcomes. According to the conceptualization de-
tailed in Paper E, vocal data differ from textual data with respect to the degree of media
richness. As such, the sharing of vocal data may fundamentally affect the user experi-
ence (e.g., by increasing privacy concerns; Hildebrand et al., 2020). However, research
exploring how users feel about sharing vocal data and whether differences in vocal vs.
textual data affect sharing behavior is scarce. Future studies should also address the
downstream consequences of service firms using vocal data. Firms providing services
based on vocal data (e.g., voice authentication) may conceivably be perceived as more
innovative (Hildebrand et al., 2020). However, the use of vocal data may also create
new vulnerabilities relating to users’ privacy concerns. Specifically, security breaches
involving vocal data may be perceived as more serious by users and may thus have a

more immediate and lasting impact on firm evaluation (Hildebrand et al., 2020).

5.5.4 Avenue 4: Ethical Implications of Gendered Interfaces

The results of this dissertation indicate that anthropomorphized interfaces can evoke
gender stereotyping. However, few studies have adopted an ethical perspective on stud-
ying the impact of such processes on user experiences and service outcomes (Diederich
et al., 2022; Sutton, 2020). Considering the prevalence of gendered interfaces and the
lack of research on the ethical implications of such designs, the following two research
directions are proposed:

Direction 4.1: Analyze when and how anthropomorphized interfaces affect users’ men-
tal models and the adverse effects on users’ attitudes and behaviors. The results of this
dissertation indicate that gender-specific cues in Cls can evoke gender-inspired social
categorizations. Despite the many positive aspects of anthropomorphism, these cues can
unwillingly and willingly create “false” mental models regarding these interfaces, ulti-
mately leading to negative user outcomes (Wambsganss et al., 2021). Specifically, im-
buing Cls with anthropomorphic cues could provoke users to make riskier decisions
when interacting with service firms. For instance, Hildebrand & Bergner (2020) show
that conversational (as opposed to static) interfaces can motivate users to make portfolio
decisions that are significantly beyond their risk level. Hence, future research should
investigate how the salient cues provided by Cls influence users’ perceptions of these
interfaces and what the downstream consequences are for users in critical and sensitive
service contexts. The results of this dissertation suggest that gender-specific cues may

be a good starting point for such investigations.
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Direction 4.2: Study unintended downstream consequences of gendered interfaces to-
ward interpersonal interactions and identify ways to mitigate these. This dissertation’s
results indicate that users apply gender-inspired social heuristics to evaluate CIs. How-
ever, some questions remain regarding the effect of gendered interfaces. It is unclear
whether gendered interfaces reinforce gender stereotypes, as is often feared (UNESCO,
2019). Hence, future research could investigate whether interactions with gendered in-
terfaces result in spillover effects to human interactions. Specifically, experimental de-
signs that expose users to faulty interfaces could be used as stereotypical associations
often occur in situations of stress and uncertainty (Waytz et al., 2014). Moreover, the
question arises about how the formation of gender stereotypes may be prevented. Based
on this study’s results, the potential of gender-ambiguous voices could be further ex-
plored (see also Paper C).

Overall, these research opportunities represent an ambitious agenda that aims to advance
research on Cls in service contexts. Overall, this agenda will inspire researchers to create
insights that support a more human-centric future for service delivery in an increasingly

Al-driven economy.
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Part B: Papers of the Dissertation

Part B consists of the six research papers and corresponding bibliographical information.
The papers have been re-formatted to ensure consistency between them. To that end,
figures and tables have been numbers across the whole document, font styles and sizes
have been aligned, and the references have been merged into one document. However,
in line with the university regulations, the text of the papers was not altered. Thus, there

are some inconsistencies regarding the terms used.
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A.1 Introduction

Recently, there has been a steep increase in the interest of researchers and practitioners
into Conversational Agents (CA) (Pfeuffer, Benlian, et al., 2019). These agents assist
by engaging with users via natural language (Janssen et al., 2020). Thereby, they herald
an enormous potential for digital disruption both for company-based processes (i.e.,
through cognitive automation) and user-based processes (i.e., through humanization of
human-computer interaction; Maedche et al., 2019). In regards to the latter, these agents
represent a novel form of Information Systems (IS) that can be distinguished from other
entities of IS by their high degree of interaction and intelligence (Maedche et al., 2019).
These capabilities may fundamentally affect user perceptions and raise a number of the-
ory- and design-related questions, most prominently revolving around an emergent con-
versation-based interaction paradigm (e.g., L. Clark et al., 2019). Hence, the transition
to CAs amplifies several challenges and calls for future research (Pfeuffer, Benlian, et
al., 2019).

Thus, in recent years a diverse body of empirical work has emerged on CAs in different
disciplines most prominently in the IS and Human-Computer-Interaction (HCI) domains
(Janssen et al., 2020). Thereby, researchers have studied CAs from a variety of user
interaction outcomes (i.e., attitudes, perceptions, intentions, behavior). Moreover, they
have explored the effects of a multitude of design elements offered by those interfaces
on these interaction outcomes (e.g., Feine et al., 2019; Janssen et al., 2020). Thus, build-
ing upon extant theories and reflecting the complex nature of CAs, researchers to date
have analyzed a growing number of relationships between independent and dependent
variables (DV). However, the heterogeneity among variables investigated in these stud-
ies leads to difficulty in summarizing, analyzing, and evaluating findings succinctly
from the overall body of empirical research on CAs. This leads to a fragmented literature

base and sometimes contradictory research results as this paper shows.

Although initial literature reviews and meta-studies (i.e., taxonomic classifications on
CAs; Janssen et al., 2020) emerged during the past years, the research is still scattered
across different streams of research. For instance, existing literature reviews focus on
specific sub-classes of CAs, such as pedagogical agents (Winkler & Sollner, 2018), or
generally discuss literature on Al-based applications (Rzepka & Berger, 2018), while
classification-based papers focus on the structural characteristics of CAs (Janssen et al.,
2020). Thus, the scientific and practical knowledge that has grown dramatically in recent

years as this review shows remains segregated. However, relatively young research
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fields such as the research on CAs need to arrive at an integrated conceptualization and
synthesis of representative literature on which future research efforts can build on
(Torraco, 2005). So far, to the best of our knowledge, such an integrated conceptualiza-
tion does not exist, which results in research on CAs being terminologically fuzzy. Thus,
we aim to encapsulate the rapidly developing empirical body of knowledge on CAs in a
way that is concise, meaningful and provides value to researchers. Hence, this paper

focuses on answering the following research question (RQ):

RQ: What is the state of the art regarding user interactions with Conversational

Agents?

To answer this RQ, within the scope of this review, we examined 107 empirical publi-
cations on CAs in 20 seminal outlets related to IS and HCI research. We analyzed a
multitude of findings across a selection of studies and aggregated the results from both
quantitative and qualitative research. Based on the review, we extracted the most fre-
quently studied constructs and developed four descriptive models pertaining to major
user interaction outcomes. These models serve as a representation of the current state of

the art on CA research, and the resulting gaps identify potential research avenues.

A.2 Conceptual Background

In recent years, scientific and industry interest in CAs has grown considerably (e.g.,
Feine et al., 2019; Pfeuffer, Benlian, et al., 2019). The basis for the new technology was
laid in 1966 when Joseph Weizenbaum developed a computer program that communi-
cated with humans via a text-based interface and which passed the touring test (Weizen-
baum, 1966). These text-based interfaces were later followed by the development of
voice-based dialogue systems and embodied conversational agents in the 1980s
(McTear et al., 2016). The increased interest in this system type results from a few over-
lapping trends. On the one hand, due to recent advances in Al, especially in regards to
natural language processing, new generations of CAs emerged that can be used to auto-
mate an increasing number of tasks in areas such as health (Laumer et al., 2019), edu-
cation (Winkler et al., 2019), and customer service (Qiu & Benbasat, 2009).

On the other hand, the conversational character of CAs enables new as well as poten-
tially more convenient and personal ways to access content and services, thus ultimately
enhancing user interactions with IS. Along with these developments, the scientific in-
terest in how these interfaces affect user perceptions has also increased. Under the terms
of Intelligent Personal Assistant (Hauswald et al., 2016), Smart Personal Assistant
(Knote et al., 2018), Chatbot (Felstad & Brandtzaeg, 2017), and Conversational Agent
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(Feine et al., 2019), numerous studies have been undertaken in recent years. Here, we
will highlight some key features of CAs as the overarching object of interest of this
paper.

According to Maedche et al. (2019), CAs are distinguishable from other entities of IS
based on their capabilities for interaction and intelligence. Regarding the first dimen-
sion, the ability to engage with users via natural language is formative to our under-
standing of CAs (Feine et al., 2019). Typically, CAs have relied on rigid behavioral
patterns. Those agents could only respond to simple requests by matching user inputs
against a set of stored patterns (McTear et al., 2016). However, novel forms of CAs can
now process compound natural language and thereby respond to increasingly complex
user requests (Knote et al., 2018). One example is Amazon's Alexa, which supports
users to carry out everyday tasks via an advanced voice interface, ultimately acting as
their personal assistant (Benlian et al., 2020). These agents increasingly mimic human-
to-human interaction (Feine et al., 2019; Purington et al., 2017) and enable a more con-
venient and natural way to interact with technology (Knote et al., 2019). In addition,
modern CAs are now usually also characterized by an intelligent component (Maedche
et al., 2019). This property makes CAs more adaptive to different users and given con-
text situations. Thus, CAs are capable to “learn” using inputs such as environmental data
and user preferences (Maedche et al., 2019). Building on a continuously growing data
set, CAs can adapt and personalize their behavior over time, thus manifesting autono-
mous characteristics (Pfeuffer, Benlian, et al., 2019). We consider a broad variety of
CAs incorporating also less advanced agents (i.e., rule-based or scripted CAs) to give a

comprehensive overview of respective user interactions.

In sum, these capabilities may fundamentally affect user interactions with these systems
and raise several questions related to the theoretical grounding and design elements of
CAs. In this regard, it was shown that the human-like traits of CAs might trigger users
to exhibit emotional, cognitive, or behavioral reactions that are reminiscent of human
interactions (Krdmer et al., 2005). Hence, researchers are increasingly relying on the
Computer Are Social Actors (CASA) paradigm as their theoretical foundation to explain
specific user interaction outcomes. Accordingly, humans perceive certain CA design
elements (e.g., an avatar) that cause them to categorize a technical system as a relevant
social entity (Nass et al., 1994). In this regard, design elements can be defined as the
distinctive technical, contextual, and knowledge features that frame the CA (Janssen et
al., 2020). Recently, the inventory of possible design elements both concerning verbal

and non-verbal communication has been significantly increasing (Feine et al., 2019),
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which has enabled CA developers to address prevalent user concerns (i.e., lack of trust)
and design increasingly convincing user interaction experiences (Pfeuffer, Benlian, et
al., 2019). At the same time, a multitude of research emerged in different disciplines,
most prominently in the IS and HCI domain, which empirically investigated the effect
of specific CA design elements on various interaction outcomes. Thereby, most studies
focused on single or few design elements or configurations and their effect on selected
user perceptions, leading to a fragmented literature base, and sometimes contradictory

research results.

This shortcoming could be addressed by an integrated analysis aggregating empirical
insights on the diversity of CA design elements, which would increase our understand-
ing of user behaviors and support us in identifying future research needs. Existing re-
views on CAs either assume an overall perspective on Al-based technologies (e.g.,
Rzepka & Berger, 2018), which seems arguably too broad to draw meaningful conclu-
sions from user interaction based on the specific characteristics of CAs. Alternatively,
they focus on specific domains such as education (e.g., Winkler & Soéllner, 2018), which
is too narrow to draw overall conclusions on user interactions based on the breadth of
application contexts and possible design elements (Pfeuffer, Benlian, et al., 2019).
Moreover, to the best of our knowledge, there exists no review that takes a distinct per-
spective on the empirical effects of CAs despite the accelerating and at the same time
segregated manner in which practical and scientific knowledge in this area has been
growing (Janssen et al., 2020). Hence, we address the lack of an integrative perspective
by conducting a systematic analysis of the empirical literature on CAs, to identify vali-
dated findings and reveal relevant research needs.

A.3 Research Approach

Hereafter, we describe our research approach to review current empirical CA literature,
which was informed by the methodological approach employed by Jeyaraj et al. (2006).
To that end, we followed the steps of identifying, coding, validating, and analyzing
quantitative and qualitative empirical findings.

A3.1 Paper Selection Process

To identify relevant literature as the basis for the state-of-the-art analysis, we conducted
a Systematic Literature Review (SLR) following Webster & Watson (2002) and vom
Brocke et al. (2015). The overall scope of the conducted SLR can be defined along the

dimensions of process, source, coverage, and techniques of the SLR (vom Brocke et al.,
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2015): Based on a sequential search process we searched relevant journals and confer-
ence proceedings from the field of IS and HCI literature as a source. Thereby, our liter-
ature search intends to reach a representative coverage of the design elements reported
in the literature. Thus, to establish the basis for our analysis, we used a comprehensive
set of techniques (i.e., keyword search, backward and forward search). To reach a high
level of reproducibility and transparency of our research, we will describe the three sin-

gle methodological steps that we undertook.

In the first step, we selected the search strings. Since we aimed to identify a wide range
of literature on CAs, the search string is chosen to be rather broad. Based on recent
publications, we identified different keywords researchers used to describe CAs. This
resulted in the following search string: (“conversational agent” OR “chat bot” OR “chat-
bot” OR “dialogue system” OR “smart personal assistant” OR “smart assistant” OR “in-
telligent assistant™). In the SLR, we used all variations of the keywords — singular, plu-
ral, hyphenated, or not hyphenated. In the second step, we selected the outlets. As our
goal is to identify representative literature samples of different empirical research per-
spectives on user interaction with CAs, our search covers multiple journals and confer-
ence proceedings. We choose this approach since journal acceptance processes take sub-
stantially longer than conference proceedings to be processed, which would lead to ne-
glecting some of the most relevant literature since CA research represents a young and
nascent topic. For the selection of outlets, we identified two broad areas for deriving
design elements of CAs — IS and HCI — as they cover a substantial share of literature on
CAs.

Suitable journals and conference proceedings at the intersection of HCI and IS that pro-
vide an overview of high-quality and relevant research in the respective research fields
were selected using the Basket of Eight and relevant IS journals and conferences based
on the recommendations of the Special Interest Group on Human-Computer Interaction.
Moreover, to safeguard the relevance of our results, we discussed our selection of jour-
nals and conference proceedings with two senior researchers from the field of interest,
who were not involved in the writing process of the paper. Based on these inputs and
their feedback, we selected 20 journals and proceedings for our keyword search, as seen
in Table 8. Finally, in the third step, we identified suitable publications for our review.
Searching in the title, abstract, and keywords of the papers, the outlet-based search re-
veals 383 hits. This number still contains literature not relevant to this paper. In an initial
screening process, the identified papers are analyzed based on their abstracts. We only

included papers that referred to any type of CAs and which provide empirical insights
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on user interaction with CAs. Papers dealing with this topic trivially or marginally, such
as those generally dealing with technology acceptance of CAs, were removed from the
sample. This resulted in a selection of 76 publications. Finally, we performed a forward
and backward search to also capture papers not covered through the database search.
Through screening the references and applying forward searches using Google Scholar,
31 articles were added to the list, including 24 papers from outlets that were not consid-

ered in the initial search, resulting in the final number of 107 relevant papers.

Table 8. Overview of searched journals and conference proceedings

Field | Outlets (Hits/Relevant Publications/Additional Back- & Forward Searches in
Brackets)

IS ACM Transactions on Information Systems (76/0/0), Decision Sciences
(6/0/0), Decision Support Systems (39/5/1), European Journal of Information
Systems (6/0/0), Information Systems Journal (2/0/0), Information Systems
Research (6/0/0), Journal of Information Technology (1/0/0), Journal of Man-
agement Information Systems (21/1/0), Journal of Strategic Information Sys-
tems (0/0/0), Journal of the Association for Information Systems (1/0/0), Man-
agement Information Systems Quarterly (0/0/0), Proceedings of the Interna-
tional Conference on Information Systems (ICIS) (14/2/1). Proceedings of Eu-
ropean Conference on Information Systems (3/0/2)

HCI | ACM Transactions on Computer-Human Interaction (77/6/0), Human-Com-
puter Interaction (/2/3/0), International Journal on Human-Computer Studies
(43/6/0), Journal of Computer-Mediated Communication (6/0/0), Journal of
the ACM (1/0/0), User-Modelling and User-Adapted Interaction (17/2/0), Pro-
ceedings of the Conference on Human Factors in Computing Systems
(172/51/3), Additional Back/Forward (24)

A.3.2 Paper Analysis

The 107 relevant papers are analyzed from a concept-centric perspective using an ab-
ductive approach. Thereby, to aggregate the insights from identified studies, we devel-
oped a list of master codes and master code descriptions. This process was iterative and
required multiple coding rounds of the identified papers by different researchers.

Thereby, the iterative process started by two of the researchers to independently code a
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subset of 20 randomly chosen articles. For each of the 20 studies, we listed each depend-
ent and independent variable (IV) as named by the author(s), which together form our

initial list of “author variables” and “author variable descriptions”.

Moreover, we captured contextual variables such as the application domain and task of
the CA. Subsequently, we discussed how to combine variables across studies, which
resulted in a list of “master variables” and “master variable descriptions”. In some cases,
both lists are identical, while other variables required further consideration. Next, we re-
examined the initial subset set of 20 articles and mapped author variables to our master
variables. During the next iteration, two researchers independently coded another subset
of 20 articles. Thereby, we coded the dependent, independent, and structural variables
and also mapped these variables to the growing list of master variables and descriptions.
Afterward, these researchers discussed their independent findings. In case the respective
findings differed, a third researcher, was involved in discussing the differences. For each
iteration, we added new master variables and descriptions. As new variables emerged,
we reviewed previously coded articles to determine if any needed to be refined based on
the addition of new master variables. This process was concluded once all articles were
coded.

Concurrent with the creation of a list of master variables and descriptions, we also coded
for empirical relationships between an independent and a DV in each study. Thereby,
following Lacity et al. (2010), we assigned four possible codes to the relationship be-
tween independent and DVs: “+17, “-17, ”0” and “M”. In this process, we coded “+1”
for a positive relationship, “-1” for a negative relationship, and “0” for relationships that
were studied but did not show any significant value in the empirical results. In quanti-
tative studies, we used P < 0.10 as the requirement for a significant positive or negative
relationship. In case the study was qualitative, we relied on the authors' argumentation
signified by a robust theoretical anchoring, which we coded as “M”. All told, we coded
302 relationships between independent and DVs. Of these, 138 were positive and sig-
nificant, 33 were negative and significant, 36 relationships mattered, and 95 relation-
ships were not significant. The overrepresentation of positive effects on our DVs can
either be explained by a strong focus on positive effects, or by the resistance of research-

ers to report negative effects regarding user interaction with CAs.

A.4 Results

We organized the findings into four sections. The first section examines descriptive sta-

tistics based on the meta-data of the underlying literature, the second section examines
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the DVs used in CA research, the third section examines the IVs used in CA research,

and the fourth examines the relationships between independent and DVs.

A4.1 Section 1: Descriptive Findings
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Figure 6. Number of publications over time (n=74, included in analysis of findings)

Figure 6. shows that the number of identified publications has been steeply growing
during the last years. The youngest paper is from 2020 and the oldest paper from 1996.
The majority of papers have been published within the last four years, which supports
our initial assumption that CAs represent an emerging research field. This is also re-
flected by the fact that most papers are from conference proceedings, which gives testa-
ment to the relative youth of the field. Moreover, it is worth noting that a multitude of
investigated papers is from the HCI discipline, while publications in IS outlets are only
recently directing attention towards CAs. The first contributions are rather explorative,
incorporating a multitude of investigated variables, while recent papers are more spe-
cific concerning the theoretical lenses applied and the effects investigated. Further, the
examined contributions included empirical data from various application contexts and

data sources.

A4.2 Section 2: Findings on Dependet Variables

The publications at hand adopted a wide dispersion of DVs. We identified 390 DVs. We
categorized these 390 DV into five broad categories: DVs that investigated perceptual
and attitudinal outcomes. Moreover, one category summarizes behavioral intentions and
outcomes, which represents a broad umbrella term based on a scarcity of findings in this
regard (25 findings.). Thus, the five major variables that evolved from our review are

rapport, social presence, trust, and utility as well as behavioral intention and outcomes.

Rapport (31.3%). Researchers have generally examined a plethora of outcomes related
to the quality of the social bond between the user and the CA, which is also referred to
as rapport (Pecune et al., 2018). A third of all studied outcome variables can be assigned

to this category. Prominently studied variables in this category are the likeability of the
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CA (e.g.,Chin & Y1, 2019; Miehle et al., 2018) the degree of involvement or engagement
experienced by users (e.g., Van Es et al., 2002; Van Vugt et al., 2010), and the perceived
closeness (T. W. Bickmore & Picard, 2005; S. Y. Lee & Choi, 2017).

Social Presence (16.4%). Another important outcome category represents social pres-
ence, which does not seem surprising since many researchers work on recreating human-
CA interactions that are experienced as human-like. In this regard, social presence can
be defined as “the extent to which other beings in the world appear to exist and react to
the user” (Heeter, 1992). Within this category, researchers focused on perceived human-
ness (e.g., Candello et al., 2017) and social presence (e.g., E. Cho, 2019) as the two main

outcome variables.

Trust (15.2%). Additionally, a major perceptual outcome category is reflected by user
trust. As many researchers cite a lack of trust as one of the central adoption barriers for
Al-based technologies, this sentiment has also been important to trust researchers in
regards to CAs making trust as one the main variables being in the focus of CA research
(e.g., Kang & Wei, 2018). Trust is usually defined as an expectation that another entity
“will perform a particular action important to the trustor [i.e., user], irrespective of the
ability to monitor or control that other party [i.e., CA]” (R. C. Mayer et al., 1995, p.
712). However, authors also investigated trust-related concepts such as credibility (e.g.,
(Cowell & Stanney, 2005) or privacy perceptions (e.g., Benlian et al., 2020), which we

incorporated in this section.

Utility (31.1%). A multitude of authors investigated productivity-related perceptions,
which we summarized under the category of utility. Thereby, prior researchers have
looked at usefulness (e.g., Qiu & Benbasat, 2010), ease of use (e.g., Van Es et al., 2002),
the quality of interaction (e.g., Ashktorab et al., 2019) satisfaction (e.g., Chaves &
Gerosa, 2018), and helpfulness (e.g., Berry et al., 2005).

Behavioral Intention and Outcomes (6.0%). Finally, few authors also investigated
behavioral intentions and outcomes, whereby actual outcomes were in the minority. In
regards to behavioral intention, prior authors have looked at the intention to use (e.g.,
Wiinderlich & Paluch, 2017) and willingness to interact (e.g., Candello et al., 2017).
Behavioral outcomes incorporated findings related to interaction behavior (e.g., length
of interaction; (Strait et al., 2015) or behavior change (e.g., exercise behavior; T. W.
Bickmore & Picard, 2005).
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AA4.3 Section 3: Findings on Independent Variables
We identified 390 IVs used in CA research. To facilitate the discussion of this high

quantity of IVs, we categorized them into five broader categories. Thereby, our alloca-
tion into aggregated dimensions is based on a taxonomic classification of social cues of
CAs introduced by (Feine et al., 2019), which we extended based on our coding by
selected categories, as some design elements did not fit these categories (i.e., interac-

tion). Each category is briefly discussed below.

The category Auditory (3.3 %) refers to all design elements that can be perceived via
the sense of hearing except the words itself (Burgoon et al., 2013). Within this dimen-
sion, those elements have been analyzed that relate to voice qualities representing per-
manent and adjustable characteristics of the voice. In total, these cues have been inves-
tigated 10 times. For example, Yu et al. (2019) have studied the impact of the voice’s
gender (female vs. male) on different perceptual outcomes. Although this category also
hypothetically includes nonlinguistic vocals and sounds, there were no studies in our

sample addressing these elements.

Within the category Interaction (14.5 %), we summarize all design elements that refer
to the underlying structural representation of the interaction both in regards to its com-
munication mode and its turn-taking mechanism. Overall, researchers have studied often
the choice of interaction mode. Moreover, researchers studied the influence of preset
answers, which reflects the degree of freedom employed in the conversation. The former
category has been studied 34 times, whereby most researchers compared chat and voice
interfaces (S. Kim et al., 2019). In comparison, the latter category was studied less but

was found equally influential for user perceptions (Diederich et al., 2019).

Design elements in the category Invisible (10.6 %) refer to all CA characteristics that
cannot be perceived by the sense of hearing or seeing (Knapp et al., 2013). These ele-
ments are often referred to as “the silent language” (Hall, 1990). This category can be
divided into four subcategories: Chronemics refers to the role of timing in conversation
and is reflected in studies that focus on the design of conversation flows (e.g., Winkler
et al., 2019), system response times (e.g., Gnewuch et al., 2018) or the role of synchro-
nicity (e.g., Park & Sundar, 2015), which in total have been studied 11 times. Intelli-
gence refers to elements that express the cleverness of the agent, which was exemplarily
studied by Xu et al. (2017). The other two categories, personality (i.e., personality traits)
and haptics (i.e., tactile sensations), were comparatively less frequent in the research

field. Among personality, e.g., Cafaro et al. (2013) examined the personality traits.
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The category Visual (34.3 %) refers to all nonverbal design elements that are not invis-
ible, and can visually be perceived except words itself (Leathers & Eaves, 2015). This
category can be distinguished into five subcategories, which have been broadly studied
(104 times). The most prominently researched variable is agent appearance (46 times).
The embodiment of the agent has gained much attention in our sample (e.g., McBreen
& Jack, 2001; Nunamaker et al., 2011). Another studied aspect of the agent’s appearance
was gender (e.g., Pfeuffer, Adam, et al., 2019). Furthermore, kinesics, which refers to
body movements, such as demeanors (e.g., Krimer et al., 2013)and gaze patterns (e.g.,
Van Es et al., 2002) were addressed in total 25 times. Computer-mediated communica-
tion (CMC) refers to visual elements that augment or modify written texts and were
examined 23 times. Here, the effects of using emojis (e.g., Park & Sundar, 2015), typos
(e.g., Westerman et al., 2019) or videos and images (Huber et al., 2018) were researched.
The other two categories, entrainment (i.e., the adjustment of visual elements to the user)
and proxemics (i.e., the role of distance in communication), have not yet been studied
in detail (10 times for both).

The category Verbal (37.3 %) refers to all CA elements that can be expressed by words
either written or spoken (Antaki, 2008). Within this dimension, the conversation style,
which refers to how something is being communicated, was the most researched IV (53
times). For instance, R. E. Mayer et al. (2006) studied the effects of relational strategies.
The aspect of content captures all elements that relate to the literal meaning of a message
and was researched a total of 22 times. For example, Akahori et al. (2019) have looked
at the effects of self-disclosure. Similar attention has been given to adaptivity (22 times),
which refers to the verbal adaptation of the CA to the users. Within this category, re-
searchers have studied the use of contextual information (e.g., Vtyurina et al., 2017),
user content (e.g., Schuetzler et al., 2014), or the absence of adaptivity (e.g., Engelhardt
etal., 2017).

A4.4 Section 4: Findings on the Relationship between Independent and
Dependent Variables

In this section, we summarize major findings concerning the 49 relationships we coded
between 16 IV and four DV (perceptual and attitudinal outcomes) as well as the regard-
ing behavioral intention and outcomes (that we discuss more generally based on a scar-
city of coded relationships). At this detailed level, the frequency with which findings
were replicated across studies was minimal and did not provide a very coherent or com-

prehensive picture of CA research. Hence, to study these relationships in a way that is
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concise, and helpful to researchers, we moved to a higher unit of analysis by reporting
the 277 findings using our four categories of DV and the five categories of IV. Although
precision is reduced in aggregating to the broader categories of DVs, we gain a better
overall understanding of the determinants of perceptual and attitudinal outcomes of

CAs. Thereby, we also aim to investigate the consistency of the empirical evidence.

For this reason, we indicated the consistency of the empirical evidence. Therefore, we
used (!!) if the evidence was consistent in more than 80 percent of the reviewed rela-
tionships. Accordingly, if the relationship provided less robust results, we used a (!)
evidence that reflected a consistency of 60 to 80 percent of the reviewed relationships.
To indicate that a relationship did not meet the set thresholds, we indicated it with a (0).
We then applied the same logic to relationships if the evidence originated from a quali-
tative study and was argumentative. Therefore, if the relationship was consistent in more
than 80 percent of the reviewed relationships, we indicated it with a (MM). Accordingly,
we applied the same logic and used an (M) if the relationship was less robust. For in-
stance, if a relationship was studied six times, and one represented an insignificant rela-
tionship, and the remaining evidence showed a significant relationship, we categorized

this example with a (!!).

Further, we included the experimental variables and marked them. Experimental varia-
bles refer to variables that have been studied less than five times. Those variables, as
well as the inconclusive findings, guide in identifying avenues for further investigation

and discussing perspectives for a research agenda.
Independent Variables on Rapport

Figure 7 provides an overview of the relationships between rapport and the five [Vs. In
this model, 92 findings are synthesized and depicted based on consistency within the
subgroups of [Vs, providing an answer to the question: “Which determinants of rapport

were reported by past empirical research on CAs?”.
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Figure 7. CA outcomes regarding rapport

In this model, we identified 1 variable showing consistency of 80% or more, as well as
4 variables showing consistent results in 60% of all instances. The other 8 variables were
marked as experimental variables due to having less than 3 observed samples (4 varia-

bles) or showing inconsistent findings (4 variables).

Past research offers evidence that verbal design elements are an antecedent of rapport
towards the CA. Researchers investigated the variables style (20 observations (OBS),
e.g., L. Clark et al., 2019), adaptivity (10 OBS, e.g., S. Lee et al., 2019), and content (4
OBS, e.g., L. Clark et al., 2019). In this regard, content and entrainment were identified
as having a significant impact. For instance, it was shown that eliciting similar interests
(L. Clark et al., 2019) and the degree of matching or coordination in word counts of the
CA and the user positively influences rapport-building (Pecune et al., 2018). Further,
our findings indicate that visual design elements are determinants of rapport. Research-
ers have studied the variables agent appearance (19 OBS, e.g., S. Lee et al., 1996)),
kinesics (12 OBS, e.g., Kramer et al., 2013), entrainment (4 OBS, e.g.,Qiu & Benbasat,
2010), and CMC (3 OBS, e.g., Westerman et al., 2019). Thereby, agent appearance and
CMC were found to be significant. For instance, enriching the CA’s message by the way
of typos and capitalization uncovered a significant influence on the social attractiveness
of the CA (Westerman et al., 2019). Moreover, including typos and capitalization as
manifestations of CMC increased the social attractiveness of the CA (Westerman et al.,
2019). In our model, also variables related to invisible design elements were found to
be significant and consistent determinants of rapport. Researchers have inquired into the
variables intelligence (6 OBS, e.g., Schuetzler et al., 2019), chronemics (2 OBS, e.g.,
Winkler et al., 2019), and personality (1 OBS, Cafaro et al., 2013).

In contrast, past research was found to have directed only limited attention to the influ-

ence of auditory design elements on rapport between the user and CA. Only one variable
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(i.e., voice pitch) was studied (Yu et al., 2019), indicating no conclusive evidence. Ad-
ditionally, our findings indicate some evidence regarding the influence of interaction
design elements as determinants of rapport between the user and CA. Researchers stud-
ied two variables, mode (9 OBS, e.g., Miehle et al., 2018), and degree of freedom (1
OBS, Jeong et al., 2019). The influence of mode was found to be significant. For in-
stance, employing voice-based interfaces increased users’ self-disclosure towards the
CA (Yuetal., 2019).

To summarize our findings on the DV rapport: The most significant and consistent evi-
dence regarding determinants of this outcome dimension was found to be related to the
group of variables coded as intelligence (invisible). Other consistent findings were
found regarding the variables categorized as agent appearance and CMC (both visual),

mode (interaction), as well as content (verbal).
Independent Variables on Social Presence

Our findings regarding the outcome dimension of social presence are outlined in Figure
8. In this model, 48 findings are synthesized and depicted based on their consistency
within the subgroups of the five IVs, providing an answer to the question: “Which de-

terminants of social presence were reported by past empirical research on CAs?”.
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Figure 8. CA outcomes regarding social presence

In this model, we found 2 variables showing consistency of 80% or more, as well as 4
variables showing consistency of 60% or more. The 7 remaining variables were catego-
rized as experimental variables due to having less than 3 observed samples (4 variables)

or showing inconsistent findings (3 variables).

Past research offers some evidence that verbal design elements of conversational agents
are determinants of social presence. Researchers have investigated the variables style (6
OBS, e.g., T. Bickmore & Schulman, 2007), content (3 OBS, Kobori et al., 2016), and
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adaptivity (3 OBS, Schuetzler et al., 2014). Only content was found to be significant for
social presence, i.e. small-talk utterances increased the perception of the liveliness of
the agent (Kobori et al., 2016). Moreover, in our sample, we found considerable evi-
dence of visual design elements being determinants of social presence. Researchers in-
vestigated the variables CMC (8 OBS, e.g., Candello et al., 2017), agent appearance (7
OBS, e.g., Lee et al. 2019), kinesics (3 OBS, Van Es et al., 2002), and entrainment (2
OBS, Qiu & Benbasat, 2010). For instance, a CA with a humanoid embodiment was
found to be perceived as significantly higher in social presence as compared to a CA
with no embodiment features. Additionally, our study uncovered considerable evidence
suggesting that invisible design elements are determinants of social presence. Research-
ers have investigated the variables chronemics (3 OBS, e.g., Gnewuch et al., 2018) and
personality (2 OBS, e.g., Q. V. Liao et al., 2018). For instance, dynamic delays in system
response time, compared to near-instant responses, were observed to invoke higher per-
ceptions of social presence and naturalness of the interaction (Gnewuch et al., 2018).
Further, previous research on auditory design elements identified consistent and signif-
icant evidence on social presence (4 OBS,Qiu & Benbasat, 2009). Voice qualities was
found to be a significant determinant of social presence. For instance, low pitch contour
and high flanging increments were found to significantly affect perceptions of human-
ness (Muralidharan et al., 2014). In addition, past research studying interaction design
elements on social presence identified consistent and significant evidence. Researchers
have studied the variables mode (4 OBS, E. Cho, 2019) and degree of freedom (3 OBS,
Diederich et al., 2019). Thereby, only variables related to the degree of freedom pro-
duced significant evidence. For example, pre-defined answer options were found to neg-

atively affect perceptions of humanness (Diederich et al., 2019).

Summarizing our findings on the DV social presence, the most significant and consistent
evidence regarding its determinants was found to be related to the two groups of varia-
bles coded as content (verbal), and chronemics (invisible). Other consistent and signifi-
cant evidence was found regarding the variables agent appearance and CMC (both vis-

ual), voice qualities (auditory), and degree of freedom (interaction).
Independent Variables on Trust

Figure 9 provides an overview of the relationships between trust and the five ['Vs. In this
model, 45 findings are synthesized and depicted based on their consistency within the
subgroups of the Vs, providing an answer to the question: “Which determinants of trust

were reported by past empirical research on CAs?”.
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Figure 9. CA outcomes regarding trust

In this model, we found one variable showing consistency of 80% or more, as well as
three variables showing consistency of 60% or more. Another six variables were cate-
gorized as experimental variables, due to having less than 3 observed samples (4 varia-
bles) or showing inconsistent findings (2 variables). The one remaining variable was

categorized as argumentative.

Past research offers some evidence that verbal design elements are determinants of trust.
Researchers have focused their investigation on the variables style (9 OBS, e.g., Kang
& Wei, 2018), adaptivity (8 OBS, Engelhardt et al., 2017), and content (5 OBS, e.g.,
Benlian et al., 2020). The variable style produced nearly consistent results and was
marked six times in a significant relationship. In contrast, the connection between adap-
tivity and trust showed mixed results. The variable content has, in turn, shown promising
results. In this case, three findings were significant, and two more were investigated
qualitatively. Contrary, past research offers little evidence that visual design elements
of conversational agents are determinants of trust. Prior research has investigated the
variables agent appearance (8 OBS, e.g., Nunamaker et al., 2011), kinesics (3 OBS, e.g.,
Elkins & Derrick, 2013), and proxemics (1 OBS, Benlian et al., 2020). Similarly, prior
research has yet not been able to provide evidence that invisible design elements of con-
versational agents are determinants of trust. Nevertheless, past research has investigated
the variables personality (3 OBS, e.g., Nordheim et al., 2019) and chronemics (1 OBS,
Benlian et al., 2020). Concerning the variables personality and chronemics and their
influence on trust, no conclusive findings have been elaborated. Additionally, there is
little evidence that auditory design elements of conversational agents are determinants
of trust. Nevertheless, past research has focused on voice qualities (3 OBS, e.g., Murali-
dharan et al., 2014) and found strong and consistent results. Moreover, prior investiga-
tions have not offered any evidence that interaction design elements are determinants of

trust. However, the results obtained have a qualitative character.
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Summarizing our findings on the DV trust, the most significant and consistent evidence
regarding determinants of this outcome dimension was found to be related to the audi-
tory design element of voice qualities. Additional evidence concerned the two groups of
variables coded as style and content (verbal), mode (interaction), and kinesics (visual).
Other variables have not yet been able to show significant evidence in relation to trust.

However, there are some promising avenues for future research.
Independent Variables on Utility

Our findings regarding the outcome dimension of utility are outlined in Figure 10. In
this model, 92 findings are synthesized and depicted based on their consistency within
the subgroups of the IVs, providing an answer to the question: “Which determinants of
utility were reported by past empirical research on CAs?”. We found three variables
showing consistency of 80% or more, as well as three variables showing consistency of
60% or more. Another seven variables were categorized as experimental variables, due

to having less than 3 observed samples (4 variables) or showing inconsistent findings (3

variables).
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Figure 10. CA outcomes regarding utility

Past research offers no evidence that verbal design elements are determinants of utility.
Researchers investigated the variables style (13 OBS, e.g., S. Kim et al., 2019), content
(8 OBS, e.g., Kobori et al., 2016), and adaptivity (10 OBS, Engelhardt et al., 2017). The
variables style, adaptivity, and content of the conversation have not yet been able to
show evidence that the relationship to utility is significant. In contrast, we found con-
siderable evidence of visual design elements being determinants of utility. Prior research
has focused on the variables CMC (10 OBS, Westerman et al., 2019), kinesics (6 OBS,
Cowell & Stanney, 2005), agent appearance (5 OBS, e.g., McBreen & Jack, 2001), and
entrainment (2 OBS, Koulouri et al., 2016). For example, the embodiment of the CA
with facial expressions was perceived as more useful, and the users seemed to be more
satisfied than the faceless CA (S. Lee et al., 1996).
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Users seemed to be more satisfied when the CA had a controlled but normal gaze pattern
than when it had a randomized gaze pattern (van Es et al., 2002). Furthermore, past
research offers evidence that invisible design elements are determinants of utility. Re-
searchers have focused on the variables intelligence (6 OBS, e.g., Xu et al., 2017),
chronemics (5 OBS, Chaves & Gerosa, 2018), and haptics (1 OBS, S. Kim et al., 2018).
For instance, the perceived usefulness was higher, when the CA was empowered by
deep learning, than when it did not (Xu et al., 2017). On the contrary, we found no
evidence that auditory design elements are determinants of utility. Only the influence of
voice qualities has been investigated, but no significant evidence was found (Tian et al.,
2017). Voice qualities, i.e., the distinctive characteristics between acted and natural

speech, did not affect how well the CA recognized the users’ emotions.

Additionally, past research offers some evidence that interaction design elements are
determinants of utility. Prior researchers have found significant evidence when looking
at the variable mode (15 OBS, Miehle et al., 2018). Concerning the degree of freedom
(9 OBS, Mu & Sarkar, 2019), no conclusive findings have been elaborated. For example,
Akahori et al. (2019) were able to show that the main effects of the number of agents
had a significant influence on understandability.

Summarizing the DV utility, the most significant and consistent evidence regarding de-
terminants of this outcome dimension was related to the three groups of variables coded
as intelligence (invisible), and agent appearance as well as kinesics (both visual). Other
consistent and significant evidence was found regarding the variables CMC (visual),

and degree of freedom as well as mode (both interaction).
Independent Variables on Behavioral Intention and Outcomes

Findings on the dimension of behavioral intention and outcomes are scarce (25 find-
ings). Moreover, this category represents a broad category incorporating different inten-
tions and behaviors, which is why we did not create an independent model that indicates
the consistency within the subgroups of the I'Vs. In sum, past research mostly looked at
visual (11 OBS; e.g., Strait et al., 2015) and verbal (10 OBS, e.g., Kobori et al., 2016)
design elements. Only a minority of findings looked at interaction (2 OBS, e.g., Miehle
et al., 2018) and invisible (2 OBS, e.g., Cafaro et al., 2013) design elements. No study
in our sample investigated the effect of auditory design elements on behavioral inten-
tions or outcomes. Summarizing our findings, we did not record any consistent findings

within this subgroup. However, we find that while visual and verbal design elements are
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starting to be investigated, others like auditory features have not yet attracted any re-

search.

A.S Discussion and Development of a Research Agenda

In the next paragraphs, we discuss the findings based on our research space. This is
possible as both quantitative and qualitative assessments have been purposefully aggre-
gated. The research agenda is positioned in the research space that we have spanned by
this review linking important attitudinal outcomes of CAs to categories of design ele-
ments. Furthermore, we relate our results to the overall HCI framework. Table 9 pro-
vides a summary of the progress in various fields of research. The Harvey Balls indicate
how developed a research field is regarding the number and content of the respective
contributions. Fields where no research had been found, were classified as very low.
Fields, in which only a few items were found or the contributions represent only a first
attempt to research (i.e., only qualitatively), were classified as low. Fields with some
contributions or mixed results were classified as moderate. Fields with several contribu-
tions and consistent findings were classified as high. Fields that have already been fully
covered (very high) were not found. In connection with the descriptive and thematic
findings, this assessment provides the opportunity to assume the need for further re-
search. In each thematic discussion, research opportunities are localized and character-
ized. Thus, we follow the framework of Miiller-Bloch & Kranz (2015). Also, practition-

ers get a structured overview of existing knowledge in the field of CA design.

Table 9. Summary of research process

Design Attitudinal and Perceptional QOutcomes

Elements Rapport Social  Pres- | Trust Utility
ence

Interaction ™ ™ ™ D

Visual » 9 < 9

Verbal 4 D D D

Auditory ™ ™ 9 4,

Invisible 9 ™ 4 4

Legend: Low ®, Moderate P, High &
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The publications regarding rapport provide insights into design elements that contribute
to forming a social bond with the agent. In total, we have found 92 relationships involv-
ing rapport within 40 unique studies, which testifies to the high research interest in this
aspect of user interaction with the agent. Thereby, several relationships showed con-
sistent and robust evidence of a positive effect on rapport. Notably, the CAs intelligence
seems to afford a positive user evaluation of relationship to the agent (e.g., Xu et al.,
2017). Moreover, we found consistent evidence that agent appearance and CMC (both
visual) and content (verbal) may be positively related to rapport. However, there are still
a few inconsistent findings, as shown in this review, which prompt further research.
Potentially fruitful future research directions are particularly evident regarding the in-
fluence of the following design elements:

e Mode (Interaction): Understanding how rapport emerges between the user and
CA in the context of different interaction modes has been the focus of several
studies: In our review, we extracted 9 findings related to the influence of the
interaction mode on rapport. For instance, D’Mello et al. (2010) investigated how
the mode of interaction (text-based vs voice-based) influenced dynamics between
students and a CA tutor, but the limited sample of the study moderates the ex-
planatory power. Thus, we argue that exploring CA interaction mode and its in-
fluence on rapport represents a potentially insightful direction for future research.

e Style (Verbal): Across different studies, 20 findings were concerned with inves-
tigating the influence of the CA’s verbal style on rapport dynamics between the
user and the CA. However, from an aggregate perspective, the results were
mixed. Six findings reported inconclusive evidence regarding any relationship.
Three studies argued a positive relationship but did not provide any quantitative
evidence. Therefore, we identify rapport between the user and CA in the context
of different CA verbal styles as a potentially worthwhile avenue for future re-

search.

Regarding social presence, we identified 48 findings within 25 unique studies. Thereby,
especially those design elements that represent social cues of CAs not surprisingly
showed a strong and consistent effect on social presence. Typically, CA visual design is
the primary research area when considering social presence. Though, the findings re-
lated to appearance are not as consistent as one would expect, especially since agent
appearance is a well-researched area when considering early research on other agents

(Nowak & Biocca, 2003). Thus, future research should incorporate a more nuanced and
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configurational view on these design elements, since we suspect that the interrelation-
ship could be key for understanding social presence with CAs. Hence, we propose the

following prospects for future research:

e Agent Appearance (Visual): Future research should provide a more nuanced
understanding of what appearance elements positively influence social presence
and to what degree. Arguing from an “uncanny valley” perspective (Mori et al.,
2012), specific elements of agent appearance could be related more consistently
to leveraging social presence perceptions than others, especially anthropo-
morphic design elements (Pfeuffer, Benlian, et al., 2019).

e Configurational View on Social Presence: Connected with the first avenue for
future research, we suggest that agent appearance from a visual perspective as
well as other elements leveraging social presence should not be treated in isola-
tion and carefully considered in a configurational view. For instance, with other
aspects such as the personality of the agent, which has been, so far, neglected in
research. For example, Amazon’s Alexa has a very minimalistic appearance but
rather a high degree of social presence through other elements fostering social

presence (Purington et al., 2017).

The contributions regarding trust provide insights into design elements that form trust
in the agent. In total, we have found 45 relationships involving trust within 23 unique
studies. Thereby, several relationships showed strong evidence, which testifies to the
relative maturity of this research stream. Especially, voice qualities seem to be strongly
associated with trust-formation (e.g., Muralidharan et al., 2014). Moreover, we found
consistent evidence that content and style (verbal), kinesics (visual), and mode (interac-
tion) may be positively related to trust. However, these are results that should be cor-
roborated by further studies and replicated in different contexts. Further research oppor-

tunities are especially evident regarding the points of:

e Personality (Invisible): The reasoning of Nordheim et al. (2019) indicates that
attributing personality to CAs shall positively affect perceptions of trustworthi-
ness. However, the papers in our sample show inconclusive evidence regarding
the effects of agent personality. Hence, we propose that future research further
explores the attribution of personality dimensions (i.e., Big Five) on CAs and
their effects on trust.

e Agent Appearance (Visual): In general, agent appearance has been explored
relatively often regarding user trust (e.g., Nunamaker et al., 2011). However, the

findings only herald mixed results. It seems that agent appearance is vital in some
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contexts and others not. Hence, there is a need to explore the effect of appearance
design from a more nuanced perspective taking into account the respective con-

text or task.

In the analyzed literature, manifold insights on how design elements contribute to cre-
ating utility for the user have been made. In this research stream, we identified 92 find-
ings involving utility within 41 unique studies. Especially those characteristics afford
utility that are concerned with the accessibility or functionality aspect of HCI. Thus, we
found strong evidence for the effects of degree of freedom (interaction), intelligence
(invisible), agent appearance, and kinesics (visual). Moreover, we found consistent ev-
idence adaptivity (verbal), CMC (visual), and mode (interaction) may be positively re-
lated to utility; however, these are results that should be corroborated by further studies
and replicated in different contexts. In general, the results regarding utility perceptions
are already quite profound. However, we see merit, especially in the following research

directions:

e Adaptivity (Verbal): Based on theoretical reasoning and qualitative data, several
researchers highlighted that adaptivity might afford high potential for creating
utility as users expect personalized content. However, other researchers argue
that standardized content may contribute to ease of use (Chin & Yi, 2019). Hence,
we propose to investigate the effect of CA adaptivity on utility in different con-
texts.

e Mode (Interaction): Researching the utility of interaction with CA is undoubt-
edly one of the most common research side effects of research in the field of CA.
However, very few have been concerned with merely investigating the influence

of the chosen interaction mode on utility.

Furthermore, we only found 25 outcomes related to intentions and behavioral outcomes.
This represents another vital research gap as the discipline is in dire need to investigate
the influence of all aspects of CAs and their features both on actual user behavior and

on evoked behavior changes in real-life settings in various domains.

Finally, we have identified some overarching research opportunities based on the overall
positioning of the reviewed literature. According to Li & Zhang (2005), HCI is con-
cerned with the interaction between an IS and a user. This interaction is shaped by the
characteristics of the system, the user, and the task and context. Interaction results can
include perceptions, attitudes, intentions, and behaviors (Li & Zhang, 2005). In the

scope of reviewing the literature, we found that task context (i.e., support, assistance,
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coaching function) has been rarely implicated in the research design. Additionally, user
characteristics have been hardly considered in the research model beyond being a con-
trol variable. Here, we see an important research gap as both task and user characteristics

may dramatically influence the effect of CA design on user perceptions and behaviors.

A.6 Limitations

Despite us following established guidelines and attempting to rigorously analyze the
identified empirical literature on user interaction with CAs, this SLR has several limita-
tions that should be considered. First, the scope of this SLR is not exhaustive. Despite
due diligence, the scope of the SLR might not be fully exhaustive, and our search strat-
egy may have missed relevant publications. Nevertheless, we aimed at capturing a broad
spectrum of research on user interactions with CAs by employing a journal as well as a
proceedings-based search. Second, the indicated relationships between the design ele-
ments and user outcomes are based on our interpretation of prior empirical research.
Furthermore, the number of findings ultimately coded and included in our dataset was
limited. Thus, it is not our intention to suggest any kind of causality between the design
elements and user outcomes. By employing the method introduced by Jeyaraj et al.
(2006), it was our objective to elucidate the variables studied, and offer a conceptual
structuring of the empirical findings on design elements and their influence on out-
comes. Fourth, bias within the results was visible, which consisted of a strong overrepre-
sentation of positive effects. Finally, the resulting research agenda imposes further lim-
itations. As such, the resulting and presented research agenda cannot be regarded as
complete. Additional research questions and streams might be formulated for each of

the agenda’s parts.

A.7 Conclusions

The holistic evaluation of the empirical academic literature regarding user interaction
with CAs is crucial to uncover potential research fields and gaps for shaping future em-
pirical CA research. For this purpose, we conducted a systematic literature review to
study which design elements had a significant influence on design outcomes. Following
Jeyaraj et al. (2006), we identified, coded, validated, and analyzed quantitative and qual-
itative empirical findings on user interaction with CAs. We, therefore, analyzed the 107
identified research papers and systematically identified existing knowledge as well as

future research needs. Despite the already impressive growth of existing CA research,
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the field continues to rapidly evolve. Hence, based on a systematic examination of rela-
tionships between major IVs and DVs, we have suggested areas of future research rep-

resenting understudied or inconclusive yet promising variables and interactions.
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B.1 Introduction

In recent years, technologies based on Artificial Intelligence (Al) have matured and are
increasingly permeating the professional and private lives of many people (Maedche et
al., 2019). A key area of application represents the proliferation of Smart Personal As-
sistants (SPA) — computer agents that provide assistance by engaging with users via
natural language. SPAs, sometimes also referred to as intelligent agents or conversa-
tional agents, are now applied in a wide area of usage scenarios (Rzepka & Berger,
2018). These agents including Amazon's Echo, Google's Google Assistant and Apple's
Siri fundamentally influence the way in which individuals complete tasks, search for
information, consume product and service offerings, and interact with organizations
(McLean & Osei-Frimpong, 2019). Thus, it is foreseen that SPAs will become a daily
companion for a wide range of users — for instance, the number of worldwide users of
these agents is predicted to rise to almost 1.8 billion in 2021, which reflects the social

and economic impact SPAs exhibit on a global scale (Tractica, 2016).

However, the potential of SPAs can only be realized if users feel that they can trust the
new medium (Cowan et al., 2017). Since SPAs rely on Al, they face corresponding
problems in terms of user acceptance. In a wide range of domains, such as finance or
medicine, the acceptance towards the recommendations of Al-based systems, is below
60 percent (Jensen et al., 2010). These findings are in line with a recent survey by Forbes
which has shown that 41.5 percent of U.S. consumers do not trust any Al-infused digital
assistants (Krogue, 2017). These numbers highlight that trust is paramount for helping
users overcome adaption resistance due to perceptions of risk and uncertainty (Mc
Knight et al., 2002). At the same time, however, the unique characteristics of Al-infused
systems including their opaqueness, embedded biases, and autonomous nature may not
only make it difficult to garner trust, but afford risks based on non-reflective reliance (J.
D. Lee & See, 2004). Understanding the nature and antecedents of trust in intelligent
agents such as SPAs as a combined unit of analysis is, therefore, a necessary requirement
for both IS researchers and practitioners who aim to successfully design and deploy
SPA-based systems. As we will show in this paper, there has been a steep increase in
publications on the topic of trust in SPAs. For the progress of a young and emerging
research field, it is important to present previous research coherently and transparently
such that the important research streams are highlighted, and their interrelationships and
theoretical basis are presented (Torraco, 2005). So far, to the best of our knowledge, an
overview and conceptual structuring of the combined research field of trust and SPAs

does not exist. This results in a lack of terminological clarity and theoretical integration
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of important concepts. Our Systematic Literature Review (SLR) addresses this gap by
contributing to creating a common language and structuring the conceptual basis of trust

in SPAs. Thus, we intend to answer the following research question:

Which research streams conceptually constitute the research field of trust in Smart Per-

sonal Assistants?

Overall, this SLR intends to contribute to the body of knowledge of trust in Al-based
systems in general and trust in SPAs in particular by providing an integrated theoretical
framework of the latter. This framework suggests that trust in SPAs can be distinguished
into three distinct research perspectives. Based on this conceptual grounding, we pro-

pose a preliminary research agenda to trigger and guide future research in this nascent
field.

The remainder of this paper is structured as follows: First, we provide a brief summary
of the theoretical background on both SPAs and trust. Subsequently, we conduct an SLR
according to Webster & Watson (2002) and vom Brocke et al. (2009, 2015) to provide
an overview and structuration of the field of trust in SPAs. Furthermore, we present an
integrated theoretical framework incorporating all research streams within the joint re-
search field of trust in SPAs that we could conceptionally derive from literature. Finally,
based on the state of the art in the particular research streams a preliminary research

agenda is proposed.

B.2 Theoretical Foundation

To provide a foundation for our integrative review and our discussion of our research

agenda, we first begin by defining key concepts including SPAs and trust.

B.2.1 Smart Personal Assistants

Research on SPAs is not a new field per se. However, it recently gained wide promi-
nence in the broader public. In the past, these systems were almost exclusively studied
as expert systems giving “intelligent advice” within a limited set of highly specified use
cases (Gregor & Benbasat, 2006). However, due to the emergence of technologies asso-
ciated with Al such as Machine Learning (ML), voice recognition, and natural language
processing, new generations of SPAs have emerged such as Amazon's Echo, Google's
Google Assistant and Apple's Siri. They can now be applied in a wide range of use cases
spanning from everyday tasks such as ordering consumer goods to more specialized
tasks such as helping users track their expenses (Knote et al., 2019). There are various

terms describing these assistants — for example conversational agent, chatbot, virtual
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assistant, digital assistant -, who all are based on the idea of interacting with users via
natural language (e.g., Rzepka & Berger, 2018). In this regard, in order to cover several
types of systems, we refer to SPAs as Al-based systems embedded in personal technol-
ogies designed to assist users by interacting in a text or voice-based conversation (Feine
etal., 2019).

From a sociotechnical perspective and compared to other entities of IS, the novelty of
SPAs lies in two major aspects, which potentially fundamentally affect user perceptions
(i.e., trust): the way in which SPAs interact with users as well as the degree of intelli-
gence they employ thereby (Maedche et al., 2016). Thus, they manifest the characteris-
tics of two distinct but interrelated system classes - interactive and intelligent IS: on the
one hand, based on anthropomorphic features interactions with SPAs are increasingly
moving towards the level of interpersonal communications (Pfeuffer, Benlian, et al.,
2019), including the establishment of emotional bonds (Purington et al., 2017). At the
same time, the pervasiveness of invasive technologies embedded in these systems as
well as their autonomous nature raises questions of accountability and data security
(Cowan et al., 2017). Moreover, the rising intelligence of SPAs comes with issues of
interpretability of their behavior through users. This may explain why users still only

reluctantly adapt and use these systems despite their potential (J. D. Lee & See, 2004).

B.2.2 Trust in Information Systems

One of the most important factors driving the adaption and use of complex and increas-
ingly automated technical artifacts such as SPAs is trust. Traditionally, trust research in
IS has been focusing on studying relationships among human beings that are mediated
by an IS. However, due to developments such as increasing automation (J. D. Lee &
See, 2004), IS have itself become an integral part of trust relationships in a wide area of
usage scenarios. Automated systems are not only used to mediate trust relationships
between human beings, but to support their users in achieving specific goals, thereby
exhibiting agency on their behalf. Thus, these systems become themselves trustees in a
trust relationship between the human user and a respective IS (S6llner, Hoffmann, et al.,
2016). According to the trust definition of R. C. Mayer et al. (1995), users therefore
need to exhibit willingness to be vulnerable to the actions of an autonomous IS “based
on the expectation that the other [i.e., SPA] will perform a particular action important

to the trustor [i.e., user], irrespective of the ability to monitor or control that other party
[i.e., SPA]” (R. C. Mayer et al., 1995, p. 712).
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In the past years, IS got increasingly interactive — specifically in regards to exhibiting
anthropomorphic features — and intelligent — based on advancements in the domain of
ML (Maedche et al., 2016), which is why trust in these systems may not anymore en-
tirely be explainable with current insights. On the one hand, SPAs are able to act and
interact in an increasingly human way. Thus, the boundary between man and machine
becomes increasingly blurred from a user perspective, which has important implications
for theory and practice. Especially, the suitability of the theoretical basis on which trust
in the system is studied becomes a relevant question. On the other hand, Al-infused
systems raise the opaqueness and complexity for the user (Maedche et al., 2019), there-
fore magnifying the issue of trust. It is argued that building trust is an essential means
to address complexity and uncertainty because humans cannot have complete
knowledge of most systems' inner processes. Additionally, as these systems continu-
ously learn and adapt their behavior accordingly, there is an increased need to study trust
in these systems from a longitudinal perspective (Holliday et al., 2016). In this work, we
focus on SPAs as one concrete instantiation of Al-based IS, which we link to trust re-

search as one combined unit of analysis based on a SLR.

B.3 Method

We conduct a SLR within the research field of trust in SPAs according to the principles
and practices suggested by Webster & Watson (2002) and vom Brocke et al. (2009,
2015). Overall, the scope of the SLR can be structured along the dimensions of process,
source, coverage, and techniques (vom Brocke et al., 2015): based on a sequential
search process in four data bases, publications from IS literature and related fields such
as business and human computer interaction as a source are identified. The literature
search aims to reach a representative coverage of the distinct perspectives on the re-
search field of trust in SPAs. Therefore, to establish the basis for the analysis and con-
ceptualization, we used a comprehensive set of techniques (i.e., keyword search, back-
ward search, and forward search). To reach a high level of reproducibility and transpar-
ency of our research, we describe in this section the single methodical steps that we
undertook:

Selection of search strings: Aiming at covering literature that focuses on the combined
unit of analysis of trust and SPAs, we select ("smart" OR "intelligent" OR "cognitive")
AND ("assistant" OR "system'") AND "trust" as the initial search string that we use as a

starting point for the literature search process. The initial search string is constructed
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rather broad taking into account a variety of key word permutations to not neglect rele-
vant research. It needs to be noted here that we apply the search string considering the
particular variations the single keywords can exhibit such as singular and plural, and the
use of hyphens or no hyphens. As we seek for papers that conduct research with a focus
on trust and SPAs as a combined unit of analysis, the single parts of the initial search
string should appear in close proximity to each other in the papers. Thus, we choose to

search in title, abstract, and keywords of publications.

Selection of databases: We apply a respective search in IS databases that contain a
variety of IS journals and conferences to not restrict our search scope upfront and to
cover more recent research as we assume that trust in SPAs is a young and emerging
research field. Covering the latter aspect would not be assured by a journal-only-based
literature search as processing journal reviews takes significantly longer than reviewing
for conference proceedings. Consequently, we select five databases covering a wide
range of Information Systems (IS) literature to assure a representative coverage of our
literature search. The databases that we select are in particular the database of the Asso-
ciation for Information Systems (AlSel), EBSCO, Sciencedirect, the database of the As-
sociation for Computing Machinery (ACM), and ProQuest.

Refinement of search strings: During our literature search process that starts with the
search string described above, we iteratively refine and adapt the keywords to take into
account the learnings from and our enhanced understanding of the field that emerges
during our SLR. The final search string used in the SLR is ("smart" OR "intelligent" OR
"cognitive" OR "conversational" OR "AI") AND ("assistant" OR "system" OR "agent"
OR "application") AND "trust". It extends the initial search string by taking into account
a larger set of synonyms used to describe SPAs and concepts related to the concept of
“smartness” such as Artificial Intelligence (AI). The literature search conducted in title,
abstract, and keywords of the publication texts, results in 1,168 hits, which still com-

prises duplicates and potentially irrelevant papers.

Selection of papers: During a first screening step, we focus on screening the title, ab-
stract, keywords, and research domain of the papers and only consider papers that use
English as their publication language. This process results in 45 papers, which undergo
a detailed full-text screening that determines if a paper is finally considered relevant for
deeper analysis. We label a paper as “relevant for further analysis” if it conducts research
with a central focus on trust and SPAs as a combined unit of analysis. Consequently,

during full-text screening, we remove literature that only marginally or trivially issues
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the intersected unit of analysis “trust and SPAs”, such as for example paper that meas-
ured trust as one of many variables, but did not discuss this effect further. This leads to
35 relevant hits. After removing duplicates that stem from choosing a database-oriented
literature search, 32 papers remain to be considered for further analyses. Table 11 pro-
vides an overview of the total hits and relevant search results structured along the par-

ticular databases to account for reproducibility and transparency of the SLR.

Table 11. Results of the literature search process

Databases
AlSeL EBSCO |Sciencedirect| ACM ProQuest

Search String Hits Relevant | Hits | Relevant| Hits | Relevant| Hits | Relevant| Hits | Relevant
("smart" OR "intelligent" OR "cognitive"
OR "Fonversatlonal" OR "AI") AND 79 g 110 4 420 4 0 14 185 5
("assistant" OR "system" OR "agent" OR
"application") AND "trust"

Number papers selected for further With Dupljcates: 35 + 3 Forward Search _ 50

analysis from 1168 screened papers |Without Duplicates:| 32 15 Backward Search

To seize the benefits of a comprehensive set of search techniques, backward search (+15
additional papers) and forward search (+3 additional papers) are conducted on top of the
literature retrieved from using the search string in the five databases above (vom Brocke
et al., 2009, 2015; Webster & Watson, 2002). Finally, this results in an overall number

of 50 papers that are analyzed and conceptualized in a detailed manner in this paper.

Paper Analysis and Conceptualization: We analyze the 50 papers identified to be rel-
evant for this work from a concept-centric perspective. Thus, according to Webster &
Watson (2002) a concept matrix is created based on the literature search results. Respec-
tively, all papers are analyzed according to the focal concepts used to investigate the
combined unit of analysis “trust in SPAs”, according to the applied research method,
and according to the contributions reached for theory and practice. This endeavor in-
tends to conceptualize the distinct central research streams that constitute the combined
research field of trust in SPAs, thus providing an integrated view on the latter. We use
an iterative process guided by cross-validation discussions between two researchers, in
which we analyze and aggregate the distinct concepts identified in the retrieved litera-
ture to higher-order, more abstract concepts that are merged into particular meta-per-
spectives on the research field of trust in SPAs. By iteratively cross-validating the con-
ceptual insights that are abductively created form literature we aim for reproducible,
transparent, and valid research results. However, we have to acknowledge that concep-

tualizing literature always contains a certain level of non-erasable subjectivity.
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B.4 Results

Figure 11. shows that the number of identified publications has been steeply growing
during the last years. The youngest paper is from 2019 and the oldest paper from 1999,
when initial interest rose in light of the first expert systems being used in organizational
contexts. The majority of papers has been published within the last two years, which

supports our initial assumption that trust in SPAs represents an emerging research field.
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Figure 11. Number of publications over time

Based on a concept-centric analysis of identified papers, we were able to identify three
main research perspectives, which constitute the research field of trust in SPAs: User
Interface-Driven Trust (UIDT), Interaction-Driven Trust (IDT), and Explanation-
Driven Trust (EDT). The research perspective with the most papers was IDT (26) fol-
lowed by EDT (18) and UIDT (16).

Table 12. Definition and conceptual boundaries of the three perspectives on trust in
SPAs

Definition Conceptual Boundaries

UIDT in SPAs research deals | The scope of UIDT in SPAs research en-

with static design features of
SPAs such as haptics and au-
dio-visuals towards enhanc-
ing trust in the latter.

User Interface-
Driven Trust
(UIDT) in SPAs

compasses the effect of all components that
make up the static appearance of SPAs on
trust, including its audio, visual and haptic
representation. This does not include the
actions performed by the SPA.

IDT in SPAs research ad-
dresses the design of interac-
tions between the user and
the SPA on a timeline to
form trust in the latter.

Interaction-Driven
Trust (IDT) in
SPAs

The scope of IDT in SPAs research encom-
passes the effect of the actual interaction
behavior of SPAs with the user (and vice
versa) on trust, including verbal and non-
verbal behavior. This does not include the
static representation of the SPA.
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. |EDT in SPAs research fo- The scope of EDT in SPAs encompasses
é 2 é cuses on creating trust in the effect of information and self-disclo-
s = ‘: SPAs by varying the degrees | sure on trust in the SPA. This does not in-
E § 5 of understandability and clude the static representation of the SPA.
2 . .
= transparency provided to the
< & @* user ’ ’P

Overall, we strive for a precise and unambiguous description of the different research
perspectives, in order to allow for a robust categorization of identified publications.
Therefore, as Table 12 shows, we formulated concise definitions for the derived re-
search streams and their respective conceptual boundaries. Furthermore, we highlight
their interrelations according to the principles of construct clarity in order to achieve
clear differentiations between the streams and to maintain internal consistency within
the streams (Suddaby, 2010).

To make this conceptualization of trust in SPAs more graspable, we would like to dis-
cuss the different perspectives using the example of a Smart Home Assistant. Those
agents can for example be used to obtain a wide range of information, to order prod-
ucts or control other smart home devices. UIDT addresses questions such as should the
assistant speak with a male or female voice to the user. IDT, on the other hand, focuses
on questions as to whether the assistant should communicate in a friendly or more
emotionally neutral way. Finally, EDT is concerned with question as to whether and
how the assistant should explain recommendations or actions takes such as automati-

cally ordering a product.

In the following sub sections, we present the conceptually derived research streams
that constitute the combined research field of trust in SPAs by elaborating on the par-

ticular research perspectives and sub research streams of the latter.

B.4.1 User Interface-Driven Trust in Smart Personal Assistants

One sub-research stream deals with the effect of visual design features, which refers to
interface-transmitted cues that can be perceived visually (Feine et al., 2019). A majority
of studies within this sub-stream focuses on the effect of SPA embodiment on user trust
(Jensen et al., 2010; Krogue, 2017). For instance, it was found that humans perceive
trust relationships with humans differently than with avatars such that humans are better
in predicting the trustworthiness of humans than of avatars. However, the trustworthi-
ness learning rate is similar, whether interacting with humans or avatars (Riedl et al.,

2014). In regards to the effect of embodiment, there are somehow mixed results. In a
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study conducted with children, they rated the most visually embodied character as the
most trustworthy SPA in a game scenario (Druga et al., 2017). Moreover, it was found
in another study that embodied SPAs are associated with greater trust resilience, a higher
resistance to breakdowns in trust, and that these effects were magnified by greater un-
certainty. However, once the different SPAs incorporated human-like trust repair be-
havior the effect was largely erased (de Visser et al., 2016). Moreover, in a survey rank-
ing different trust mechanisms it was found that visual appearance is the least important
for users of robo-advisory services (Mesbah et al., 2019). These findings suggest that
the effect of appearance is highly dependent on the context. This is supported by another
study showing that gender fit between the avatar and the user may present an important
antecedent for trust formation (Nunamaker et al., 2011). Another study reports that male
avatars are being experienced as more trustworthy as female avatar in interview scenar-
ios (Nunamaker et al., 2011). Finally, authors investigated the effects of demeanor and
could for instance show that a smiling SPA increased trustworthiness (Elkins & Derrick,
2013).

Another sub research stream in the dimension of UIDT in SPAs is related to the effect
of auditory design features on user trust, which refer to cues that can be perceived audi-
bly (Feine et al., 2019). Most authors, studied the effects of response modality, such as
the questions if and which kind of voice is perceived as more trustworthy compared to
using a chat interfaces (Gregor & Benbasat, 2006; vom Brocke et al., 2009, 2015). Gen-
erally, identified studies show that human-(like) voice carries important cues that evoke
perceptions of social presence resulting in higher levels of perceived trustworthiness.
Thereby, there are a number of SPA speech properties such as pitch contour and flanging
increments that classify speech along a machine-to-human spectrum (Muralidharan et
al., 2014). Along this spectrum, several authors found that human speech had higher
ratings of trust than machine-like speech, which also translated into higher compliance
with the SPAs recommendations (Qiu & Benbasat, 2009; Yu et al., 2019). Text-to-
Speech (TTS) voice leads to lower levels of social presence and was perceived as less
trustworthy than text. (Qiu & Benbasat, 2009). Moreover, authors found that expression
modality seems only to be relevant for initial trust formation, since it was found that
vocal pitch only influenced trust perception early in the interaction process (Elkins &
Derrick, 2013).
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B.4.2 Interaction-Driven Trust in Smart Personal Assistants

The identified research stream of Interaction-Driven Trust (IDT) in SPAs addresses the
design of interactions between the user and the SPA on a timeline to form trust in the
latter. Thereby, the authors generally discuss different verbal and non-verbal features

that make up the behavior of the SPA employing a processual perspective:

The first sub research stream (i.e., verbal features) can be divided into contributions that
focus on content and on conversational style (Feine et al., 2019). Thereby, we found that
most publications address the latter. In regards to content, initial work identified the use
of small talk in the SPAs interaction with the user as an effective strategy for building
trust (Gregor & Benbasat, 2006). Moreover, being critical to the users wishes was men-
tioned as another trust-building strategy (Vaccaro et al., 2018). Studies addressing con-
versational styles in general found a positive effect of relational strategies. Thus, socially
oriented SPAs interjecting an informal and friendly conversational style lead to en-
hanced perceptions of interactivity and trust in the system (Chattaraman et al., 2019). In
comparison, task-oriented SPAs without any deliberate social-emotional capabilities
were trusted less. This effect seems to remain stable over time, since even after weeks
of interacting with a SPA, relational agents were perceived as significantly more trust-
worthy than task-oriented agents (T. W. Bickmore & Picard, 2005). Thereby, SPA re-
sponsiveness was found to be a major antecedent (Wong-Villacres et al., 2019). One
study highlights the importance for SPAs to learn from human-human interactions on
how to build trust, but recommends to not just mimic it. Instead, human-SPA conversa-
tions may need to be treated as a new genre of interaction as trustworthiness was dis-
cussed exclusively in utilitarian terms by interviewees in the same study — responses

related to security, privacy, and transparency over emotional trust (L. Clark et al., 2019).

The second sub research stream (i.e., non-verbal features) investigated primarily the ef-
fect of the degree of autonomy (i.e., proactivity) exhibited by the SPA. Thus, it was
shown that autonomy may lead to a more human-like appearance evoking a feeling of
social presence and therefore inducing trust (J. G. Lee et al., 2015). However, another
study suggests that there is a need for a fit between the SPA’s autonomy and user pref-
erences to maintain trust. In a smart home environment it was shown that the users level
of comfort with the SPA’s level of autonomy was depended on personality types and
task characteristics (Hammer et al., 2015). To give users a perception of control different
mechanisms are proposed — personalization-driven control, task-driven control, and

mechanism that allow direct control (Cesta & D’aloisi, 1999). Specifically, providing
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users with different alternatives has proven to provide users with a sense of control,

which increases trust in the SPA (Cummings et al., 2010).

B.4.3 Explanation-Driven Trust in Smart Personal Assistants

Explanation-Driven Trust (EDT) in SPAs refers to varying the degrees of understanda-
bility and transparency provided to the user. Within the analyzed papers, we could iden-
tify two sets of strategies that were applied to increase transparency and understandabil-

ity — explanations and interactive machine learning (Meza Martinez et al., 2019).

In the first sub-research stream, authors investigate the effect of different types of ex-
planations for increasing trust in SPAs. Generally self-disclosure was deemed an effec-
tive measure to signal trustworthiness to users (Cesta & D’aloisi, 1999; Cummings et
al., 2010; Hammer et al., 2015; J. G. Lee et al., 2015). In this regard, it was suggested
that the SPA should frequently communicate what kind of data it needs to generate value
for the user (Cesta & D’aloisi, 1999). Apart from one study reporting that only users
with low task familiarity are susceptible for explanations provided by SPAs (Schaffer et
al., 2019), most of the studies see generally a positive effect in respect to trust formation
(Cummings et al., 2010) by raising transparency and focusing the users focus on system
ability (Holliday et al., 2016). Even providing placebic explanations was found to raise
trust in the SPA (Eiband et al., 2019). However, informative explanations were more
effective in building trust. Thereby, it was shown that even laypersons are able to un-
derstand the basic logic behind ML-models. In this regard, rule-based and keyword-
based ML-models ranked high in understandability, while similarity-based ML models
were harder to grasp for users resulting in less trust into the actions of the SPA (Stumpf
etal., 2009). An often-addressed topic is the analysis of explanation types for improving
the intelligibility of SPAs. In this regard, it was proposed that explanations based on
justifications following a structured argumentation approach and addressing the reason-
ing of the system’s behavior would evoke higher perceptions of trustworthiness (T. W.
Bickmore & Picard, 2005; Chattaraman et al., 2019). Finally, the effect of explanations
on user trust was investigated from a longitudinal perspective. It was shown that expla-
nations increase trust levels in the short term, but have no effect in the long term. How-
ever, without any explanation shown trust levels in regards to the SPA degenerated
steadily (Holliday et al., 2016).

The second sub-research stream, smaller in numbers than the previous one, is concerned
with the ability of SPAs to increase system transparency by enabling users to influence

its recommendations (i.e., interactive ML) (Meza Martinez et al., 2019). Thus, users
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were given the opportunity to set constraint thresholds or to change algorithm weights
(Cummings et al., 2010). Thereby, it was shown that providing the user with the oppor-
tunity to test the SPA is one of the most effective means to increase trust (Mesbah et al.,
2019).

ement items do not represent a complete, exhaustive representation of the respective
constructs, but instead are indicative of a certain construct being present in the organi-

zation of a responding participant.

B.S Discussion and Development of a Research Agenda

In this section, we aim to discuss the contributions of our SLR and propose a preliminary
research agenda that provides first promising points for future research on trust in SPAs

and illustrates how they can be positioned based on our conceptualization.

As our SLR shows, the three identified research streams enable a distinct perspective on
studying trust in SPAs, which also relates to the theoretical lenses that are applied. While
UIDT and IDT are linked primarily to enhance trust by creating a sense of social pres-
ence, EDT mainly relies on perceived transparency. Additionally, each of the research
streams can be distinguished by its time perspective. While UIDT is important to build
initial trust as the interface represents the first point of interaction, IDT and EDT addi-
tionally imply a longitudinal perspective. However, this conceptualization only serves
as a starting point for the elaboration of the different theoretical lenses, which can be
applied to study trust in SPAs. This is important to allow researchers to apply a more

nuanced perspective when studying trust in SPAs.

Building on the insights that have been gained through this SLR and by linking our
conceptualization to our theoretical background, we propose the following preliminary
research agenda as presented in Table 13. Thereby, both possible questions that arise

from the research streams and some overarching research questions are addressed:
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Table 13. Preliminary research agenda on user trust in SPAs

Research Opportunities

Corresponding Research Questions

Haptics are associated with user perceptions
(i.e., trust) (Feine et al., 2019); however, this
effect has not yet been sufficiently addressed
in the context of SPAs.

How do haptics (e.g., temperature, tac-
tile touch) influence trust?

i

=

- Interfaces are usually characterized by multi- | How do specific feature combinations
ple features; however, the effect of specific (i.e., based on different system arche-
feature combinations has not yet been ade- types; Knote et al., 2019) compare in re-
quately explored. gards to user trust?

As our SLR has shown, content may signifi- How do different content features (i.e.,
= cantly influence trust, but still represents an praise; Feine et al., 2019) of a conversa-
= area that has not yet been sufficiently ad- tion affect trust?

dressed.

As new types of explanations emerge based on | How do different types and instantia-

technologic advances (Rzepka & Berger, tions of explanations (i.e., attribution-,

2018), there is a need to study their efficiency example- or model-based explanations

in regards to creating trust. affect trust?
=
a Although interactive ML has been identified How do different types of interactive

as a major source of trust (Mesbah et al., ML affect trust?

2019), there are still few insights on the effect

of different types of interactive ML (Meza

Martinez et al., 2019) on trust.

There are few insights on the relative im- How do different types of trust (e.g.,

portance of the identified types of trust (e.g., UIDT, IDT, EIDT) compare in regards

our conceptualized research streams). to their effectiveness for building trust?
%n Different applications of SPAs may have dif- | How do contextual factors (e.g., user
'§ ferent presuppositions for trust formation group, time) influence the effect of dif-
g (Pfeuffer, Benlian, et al., 2019); however, the | ferent SPA elements and characteristics
5 impact of context remains under-researched. on trust?

There is a lack of design-oriented studies
(Pfeuffer, Benlian, et al., 2019) and successful
SPA designs that foster trust.

How to leverage theory to design more
trustworthy SPAs?

All in all, eight research questions emerged both on the level of the individual research

streams as well as some overarching research questions, which bears to the relevance of
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the topic of trust in SPAs. Across all research streams, we identified research opportu-
nities in regards to the influence of specific features. Moreover, as the use context of
SPAs may entail different presuppositions for trust formation, especially based on their
high degree of adaptivity (Maedche et al., 2019), we propose to increasingly investigate
the influence of contextual factors. Especially, the influence of time has not yet been
sufficiently addressed. A good starting point could be to analyze which design features
are important for building initial trust in SPAs and which are more important to uphold
trust in the long-term. Additionally, we need to create insights across different domains
on how to design SPAs to increase their trustworthiness (e.g., Pfeuffer, Benlian, et al.,
2019). Finally, from a methodological perspective, as most of the identified studies are
based on laboratory experiments, we recommend to increasingly use field experiments
to ensure external validity and, thus, to be able to provide stronger insights for practi-

tioners.

In sum, these emerging agenda points may serve as a first foundation for studying trust
in SPAs.

B.6 Limitations

Although we attempted to analyze the identified literature on trust in SPAs as rigorously
as possible, there are a number of limitations to this SLR. First, of course the scope of
our SLR is not fully exhaustive. However, in order to reach representativity, we chose
to conduct a database-oriented search instead of a journal-based search. This enabled us
to also consider conference proceedings, which include recent publications, which are
especially important when the analyzed research field is still young and emerging such
as research on trust in SPAs. We restricted the keyword search to title, abstract, and
keywords, since we aimed for identifying publications where the keywords appeared in
close proximity to each other for the combined unit of analysis was trust in SPAs. There-
fore, it can be argued that the initial screening is limited in scope, but we thoroughly
analyzed identified publications based on a concept-centric approach. Moreover, we
conducted a rigorous back and forward search. Finally, we did not consider the down-
stream effects of trust in SPAs (e.g., possible negative effects of too much trust; Benlian
et al., 2020), which may represent an interesting research avenue for future literature

reviews in this area.
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B.7 Conclusion

In this paper, we conducted a Systematic Literature Review (SLR) on trust in Smart
Personal Assistants (SPA). SPAs bear an immense potential for economic and societal
impact, since they fundamentally change the way how individuals perform tasks, use
services and interact with organizations. However, they are only hesitantly adopted by
users amongst others due to a lack of trust. Building on a concept-centric analysis of 50
publications, we derived three main research perspectives, which constitute the research
field of trust in SPAs: User Interface-Driven Trust (UIDT), Interaction-Driven Trust
(IDT), and Explanation-Driven Trust (EDT). UIDT deals with static design features of
SPAs such as haptics and audio-visuals towards enhancing trust in the latter. IDT refers
to trust that is elicited by the design of events between the user and the SPA on a time-
line. While UIDT and IDT in SPAs focus on creating a sense of social presence, which
has been identified as an important antecedent of trust, EDT in SPAs aims at creating a
sense of transparency by varying the degrees of understandability and transparency pro-
vided to the user. Based on the results of our analysis, we propose a preliminary research
agenda to spark and guide future research in this nascent field. We intend to contribute
to the body of knowledge of trust in Artificial Intelligence (Al)-based systems by pro-
posing an integrated theoretical framework and associated research agenda for studying
trust in SPAs. This framework may serve as a starting point for the elaboration on dif-
ferent theoretical lenses which can be applied to study trust in SPAs from a more nu-
anced perspective. Ultimately, this may also enable practitioners to build more trustwor-
thy SPAs as we introduce new terminology that facilitates the sharing of design

knowledge on the effects of different features on trust.
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Many firms have implemented female voices in voice user interfaces (VUIs) to increase
customer acceptance. Meanwhile, little is known about the conditions under which voice
gender affects interface trust and firm perceptions. Therefore, we designed an online
experiment to investigate a novel boundary condition to the effect of voice gender on
trust manifested in the conversational design. We find that a male voice paired with a
social-oriented conversational style reduces interface trust. This can result in less favor-
able firm perceptions (in terms of the service experience and benevolence attributions).
For a task-oriented conversational style, we do not find an effect of voice gender on
interface trust. The finding of this research highlight how fundamental insights into in-
terpersonal communication can be harnessed to create more trustworthy user experi-
ences with VUIs in service contexts. Further, they have important practical implications

for the theory-driven conversational design of VUTIs.
Keywords
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C.1 Introduction

Voice user interfaces (VUIs) transform how users interact with firms along the increas-
ingly technology-mediated customer journey (Diederich et al., 2020; Seaborn et al.,
2021). They enable firms to automate customer engagement with users still experiencing
the dynamic of human interaction, almost as if they were talking to a service employee
(Huang & Rust, 2021). For example, nowadays, customers can conduct money transfers
by speaking to Bank of America’s voice assistant Erica (Fuscaldo, 2019) or receive an
insurance quote using the Alexa skill of Liberty Mutual Insurance (Mauze et al., 2018).
Increasingly, VUIs enable customers to conduct complete automated service requests
more intuitively and naturally than using traditional technologies (Wirtz et al., 2018).
Indeed, recent industry reports indicate that the number of VUISs is rising exponentially
(e.g., 8.4 billion VUIs by 2024, Laricchia, 2022b). Likewise, customer interest is picking
up: 72% of US customers have used a VUI at least once (P. Hayes & Wagner, 2018),

which indicates the potential of VUIs for service provision.

Despite customers’ interest in the new service channel, the adoption of VUIs is still
relatively low (Lovett, 2019). Specifically, a lack of trust is cited as a barrier to the
widespread adoption of VUIs (de Bellis & Venkataramani Johar, 2020). In this context,
the emergent voice-based interaction paradigm of VUIs could play a key role (Diederich
et al., 2022). VUIs mimic human communication in spoken form, which allows for an
interactive dialogue and the use of para-lingual cues (Moffett et al., 2021). These capa-
bilities may fundamentally affect how users develop trust in these information systems
(Rockmann & Northcraft, 2008).

An essential element of voice-based interactions that has been linked to trust is the voice
itself (O’Connor & Barclay, 2017). Voice carries implicit para-lingual cues (i.e., voice
pitch) that allow listeners to make inferences about a person’s personality traits (Rein-
kemeier & Gnewuch, 2022; Sutton et al., 2019). Interestingly, most contemporary VUIs
utilize female voices (as the default option) (Hefti, 2022). According to a recent study,
up to 77% of all virtual assistants embody features that can be classified as female (Feine
et al., 2020) — among them leading voice technology platforms from firms such as Am-
azon (“Alexa”), Apple (“Siri’’), and Mircosoft (“Cortana”). This burgeoning trend raises
the question of how voice gender affects trust in the VUI in customer service settings

with which downstream effects on users and firms.
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From the literature on social heuristics, we know that there are gendered preconceptions
about which voice sounds the most friendly and helpful (McAleer et al., 2014). Specif-
ically, research shows that generally, humans rate female voices more trustworthy than
male voices (McAleer et al., 2014; O’Connor & Barclay, 2017). In human-computer
interaction, the findings indicate that trust attributions based on voice gender are highly
context-dependent (e.g., on the type of task, Nass et al., 1997). Building on this research,
this paper aims to address two gaps. First, although we know that people have gendered
preconceptions about how a person communicates (Fiske et al., 2002), no research in-
vestigates how conversational design itself impacts the effect of voice gender on inter-
face trust. Specifically, the VUI's conversational style is a much-used conversational
element that, when combined with voice gender, could have a unique impact on the user
experience (Hannah & Murachver, 1999). Second, there is a lack of evidence on the
downstream impact of gendered VUIs on the firms they represent. Hence, the main ob-
jective of this paper is to examine how voice gender and conversational style influence
trust in the interface and firm perceptions. Specifically, we aim to answer the following

research question:

RQ: How do voice gender and conversational style influence interface trust and firm

perceptions in VUI-mediated service encounters?

To answer this research question, we recruited 211 participants from Prolific and ran-
domly assigned them to a 2 (voice gender: female vs. male) x 2 (conversational style:
social-oriented vs. task-oriented) between-subject online experiment. Specifically, par-
ticipants were tasked to file an insurance claim with a VUI. Our results show that there
is no direct effect of voice gender on trust when the interface used a task-oriented con-
versation style. However, we found that a male voice paired with a social-oriented con-
versational style reduces interface trust, resulting in a more negatively-valenced service
experience and lower attributions of benevolences towards the firm. Thus, we contribute
to the literature on trust in automated service interfaces by illuminating a novel boundary
condition to the effect of voice gender on trust in the VUI. Moreover, we systematically
investigate downstream consequences of trust in VUIs on firm perceptions within a fully
conversational service interaction. These findings have important implications for the

effective design of VUISs in service contexts.

In what follows, we first provide an overview of the theoretical background and related
work on trust in automated systems, trust in VUIs, and voice gender. Subsequently, we
develop a set of hypotheses on how voice gender and conversational style together alter

trust in the interface and firm perceptions. We then present the results of an experimental
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study designed to test our theorizing. Finally, we discuss the theoretical and practical

implications for the conversational design of VUIs and derive avenues for future work.

C.11 Trust in Automated Interface

Trust is an integral part of social interactions, which fundamentally determines how
people behave towards other people and organizations (R. C. Mayer et al., 1995; Rous-
seau et al., 1998). Moreover, with increasing automation, it can be argued that IS them-
selves are becoming recipients of trust (J. D. Lee & See, 2004). As such, in an increasing
number of service encounters, users need to rely on an automatic interfaces to solve their
requests (Sollner, Hoffmann, et al., 2016). In the context of this study, we define trust
as “a psychological state comprising the intention to accept vulnerability based upon
positive expectations of the intentions or behavior of another [i.e., the VIU]” (Rousseau
et al., 1998, p. 395). Moreover, according to So6llner, Hoffmann, et al. (2016) different
entities that are relevant to a context have to be considered. Specifically, in the customer
service context, trust toward the service interface may interact with trust toward the ser-
vice provider. Thus, trust can transfer from one entity to another (S6llner, Hoffmann, et
al., 2016).

By this definition, the voice of a VUI may affect interface trust by triggering specific
social heuristics that influence a user's expectation about the VUI’s intentions. Moreo-

ver, the design of a VUI can both affect interface and firm perceptions.

C.1.2 Voice User Interfaces and Trust

The growing proliferation of voice-based technology platforms is gradually shifting ser-
vice operations toward VUIs (Seaborn et al., 2021). VUIs are powered by recent com-
putational advances that combine speech recognition, natural language processing and
text-to-speech generation to enable a fully voice-mediated service interaction (Seaborn
et al., 2021). VUIs promise to improve the service experience based on a more person-
alized and human-like interaction experience (Diederich et al., 2022; Lariviere et al.,
2017). However, many users are skeptical about this new form of human-computer in-
teraction (Sezgin et al., 2020). In particular, a lack of trust is seen as an obstacle to their
further dissemination across the customer journey (de Bellis & Venkataramani Johar,
2020; Pfeuffer, Benlian, et al., 2019). Specifically, many firms fear reputational damage
from the misguided design of VUIs (Kaneshige & Hong, 2018).

Hence, developing more trustworthy interface designs is critical to driving the adoption
of VUIs (Thiebes et al., 2021). While there is already a plethora of IS research on trust
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in various technology platforms (Sollner, Benbasat, et al., 2016), further research on
trust in VUIs is warranted based on their unique characteristics. First, the interaction
flow follows a dynamic, voice-mediated interaction protocol in which the user and the
interface communicate alternately by taking turns (Diederich et al., 2022). The dialogic
form of interaction has also expanded the use of language towards more informal forms
of communication. For instance, VUIs use trivial acknowledgments to respond to users
(Thomaz et al., 2020). Second, VUIs can use para-lingual cues such as pitch, speed, or
volume to convey emotions and personality (Hildebrand et al., 2020). All this allows
VUIs to interact with users in what was previously considered a hallmark of human
communication: voice-based dialogue (Jurafsky & Martin, 2017). This capacity, how-
ever, may fundamentally affect user experiences (Diederich et al., 2022). Specifically,
there is a need to better understand how VUIs as a new interaction paradigm affect trust

perceptions in the interface and the firms they represent (Diederich et al., 2022).

C.13 Related Work on Trust in Voice Gender

One feature that can uniquely influence trust in voice-mediated interactions is the voice
itself (McAleer et al., 2014). Accordingly, the way a person speaks can activate social
heuristics based on which another person judges trustworthiness (Eyssel & Hegel,
2012). Gender is such a key trigger of trait interferences based on social heuristics
(Schniter & Shields, 2020). For example, women are more likely to be perceived as
friendly and men as capable (Fiske et al., 2002). According to social response theory,
people are likely to attribute these human-like characteristics to non-human entities such
as an IS (Nass & Moon, 2000). For example, studies have shown that imbuing a robot
with a voice alone led users to label them as female or male and assign specific task
roles to them based on "their" gender (Tay et al., 2014). Given that many VUIs use
female voices, this raises the question of how and when the gender of the voice affects
trust in VUIs and the relationship with the firms employing the VUL

In Table 1, we summarize and compare prior work on gendered VUIs. Specifically, three
key factors help to understand the unique insights of this work: (1) the operationalization
of the interface, (2) the type of examined boundary conditions, (3) and whether out-
comes focused more on the interface as opposed to firm perceptions. First, most prior
works examined the effect of gendered VUIs by operationalizing voice as an output, i.e.,
how an interface responds. For example, Tay et al. (2014) examined how different syn-

thetic voices affected trust towards a robot in different task contexts when played to
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participants. However, few studies examined a fully conversational interaction that re-
quires a dynamic dialogue between the user and the VUI to conduct a service task (see
Tolmeijer et al., 2021). Second, previous research focused on studying boundary condi-
tions related to task characteristics (e.g., whether the task can be considered feminine or
masculine; see Nass et al., 1997; Tay et al., 2014) or user characteristics (e.g., the effect
of gender congruity between user and interface; see Reinkemeier & Gnewuch, 2022).
We are aware of no prior work that examines the unique characteristics of the conver-
sational design during an interaction, such as the specific conversational style employed
by the interface. Third, the outcomes studied in earlier work focused predominantly on
interface perceptions (such as stereotypical trait attribution; see Nunamaker et al., 2011;

S. Song et al., 2020; Wong et al., 2019) as opposed to evaluating the firm deploying the

interface.
Table 15. Review of Relevant Literature on Voice Gender
Source Study Main Results
Nass et al.,, | I: Output only / Static Different voice genders were perceived
(1997) B: Task Type as more favorable depending on the task
context.
O: Interface Perceptions, User Behavior
Nunamaker | I: Output only / Static Voice gender led to stereotypical trait

etal. (2011) attribution. Specifically, the “male” in-

B: None
terface was perceived as being more
O: Interface Perceptions

trustworthy.

Tay et al. I: Output only / Static Perceived task-gender congruity in-
(2014) B: Task Type creases interface trust.

O: Interface Perceptionss
Wong et al. | I: Input and Output / Conversational Interface—user gender congruity in-
(2019) B: Task Type creases interface trust.

O: Interface Perceptions
A. Kim et I: Output only / Static No significant effect of voice gender on
al. (2019) B: Relationship Type trait attribution (competence, warmth)

O: Interface Perceptions
S. Song et I: Output only / Static No main effect of voice gender on inter-
al. (2020) face trust and reliance. Significant inter-

B: Voice Pitch
action effect between pitch, user gender,

and voice gender: male users perceived
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O: Interface Perceptions, User Behavior

high-pitched male voices as less trust-

worthy.

Tolmeijer et

I: Input and Output / Conversational

Female voices were trusted in an assis-

B: Conversational Style

O: Interface perceptions, Firm percep-

tions

al. (2021) B: Task Type tance task, male voices more in a com-
pliance task.
O: Interface Perceptions
Reinkemeier | I: Input and Output / Scenario-Based Interface-user gender congruity did not
& Gnewuch B: Agent Personality affect interface trust. Matching person-
(2022) alities of interface and user increased
O: Interface Perceptions trust.
This Study | I: Input and Output / Conversational Significant interaction between conver-

sational style and voice gender: Male
voices are trusted less when using a so-
cial-oriented conversational style.
Higher interface trust enhances delivery
experience and benevolence attributions

towards the firm.

I: Interface Operationalization; B Boundary Conditions,

0O: Investigated Outcomes

As Table 1. shows, the current work investigates the effect of voice gender in a fully

conversational service experience, examines a critical boundary condition (which con-

versational style the interface employs), and examines both perceptual outcomes rele-

vant for users and firms.

C.2 Hypothesis Development

To illustrate how VUIs will affect interface trust as well as service and firm perceptions,

we utilize the research framework shown in Figure 12.:
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Conversational Style:
Social-Oriented vs.

Task-Oriented
Service
Hz Satisfaction
Voice gender: H.
Female — lnfrarrfatca 3
vs. Male H 1 us
Firn

Benevolence

Figure 12. Research Framework

According to social response theory (Moon, 2000), humans tend to assign human char-
acteristics to computer interfaces based on social heuristics they learn in everyday life.
These heuristics are often inspired by social categories related to salient features of a
person (e.g., gender) (Crisp & Hewstone, 2007). These heuristics are prone to cognitive
biases following societal stereotypes (Eyssel & Hegel, 2012). One primary target of
these stereotypes has been gender. According to the stereotype content model, these
stereotypes boil down to the following dimensions: women are usually seen as warm
and friendly, while men, on the other hand, are seen as competent and capable (Fiske et
al., 2002). Prior research has shown that humans use the same stereotypes to evaluate
the suitability of a computer interface for a specific task when using a gendered voice
(Nass et al., 1997). In the customer service context, it is often assumed that companies
act purely in their self-interest (Monti et al., 2014). Against this background, we assume
that the qualities attributed to women, such as warmth and friendliness, should reinforce

a perception of goodwill and thus increase trust in a service interface. Hence, we posit:

H1: Interacting with a VUI with a female instead of a male voice increases trust in the

interface.

According to component fit theory, the perceived (mis-)match between different design
elements of a computer interface can uniquely influence user experiences (Isbister &
Nass, 2000). The level of consistency between design elements affects user experiences
beyond their individual-level effects. Specifically, the level of consistency has been
shown to determine fluency in human-computer interaction (Isbister & Nass, 2000) and
thus to affect trust in the interface (Qiu & Benbasat, 2009). It can be assumed that espe-

cially a mismatch is salient for the user and has an impact on the interface experience.
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Hence, following the stereotype content model (Fiske et al., 2002), we assume that pair-
ing a social-oriented as opposed to a task-oriented conversational style with a gendered
VUI should decreases trust in a VUI with a male voice. At the same time, following
social response theory, we expect that using a task-oriented conversational style reduces
the effect of voice gender on interface trust overall. Specifically, using a social-oriented
rather than task-oriented conversational style has been shown to trigger enhanced levels
of anthropomorphism (Feine et al., 2019). Consequently, we assume that using a task-
oriented conversational style should decrease the tendency to apply gender stereotypes
toward VUIs and thus decrease the effect of voice gender on trust. Taken together, we

formally hypothesize:

H2: A4 social-oriented (vs. task-oriented) conversational style decreases trust in the in-

terface for a VUI with a male voice.

Prior work shows that trust in automated service interfaces can positively affect numer-
ous outcomes (Sollner, Benbasat, et al., 2016). In the context of this study, we assume
that trust in the VUI positively affects firm perceptions in two significant ways. First,
on the level of service delivery, satisfaction is conceptualized as a state where customer
expectations are met or even exceeded (McKinney et al., 2002). As argued before, a lack
of trust is critical for customers adopting VUIs to solve service requests (de Bellis &
Venkataramani Johar, 2020). Hence, we assume that if a VUI can provide a trustworthy
user experience, it should create an overall satisfactory service experience. Second, we
expect trust in the VUI to lead to subsequent changes in firm evaluation. Prior research
has shown that developing trust toward an entity has shown to solidify assumptions that
this entity will act in one’s best interest in future interactions (J. Cho, 2006). As such,
we expect greater perceptions of trust toward the VUL, in turn, to lead to subsequent
attributions of benevolence toward the firm employing the VUI (i.e., the assumption that
a firm will act in one’s best interest; R. C. Mayer et al., 1995). Taken together, we expect
that:

H3: Greater levels of trust in a VUI will lead (1) to a more positively-valenced service

experience (2) and attributions of benevolence toward the firm employing the VUI.
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C.3 Research Method

C3.1 Participants

We recruited a total of 215 participants from Prolific Academic. Each participant re-
ceived a fixed compensation for participating in the study. All participants spoke Eng-
lish as a first language. 4 were excluded based on attention checks, resulting in a final
sample of 211 participants (Mage=38.28, SDage=14.02, 51.18% males).

C3.2 Experimental Context

As a study context, we chose the insurance industry and specifically the task of filing an
insurance claim for two reasons. First, the insurance industry represents a context of
high economic and social importance. Over the past years, the claim filing process has
been heavily standardized and automated to increase the efficiency of the claim man-
agement process. However, this growing automation has led to reduced customer satis-
faction and a reported lack of “human interaction” (Blake, 2018). In recent years, the
number of customer calls has risen sharply. Hence, firms are now aiming to deploy VUIs
as a novel and more human-like form of service provision. Second, the insurance indus-
try represents a context that is particularly sensitive to trust. Specifically, customers need
to trust that insurance firms will act in their interest and that they will process an insur-

ance claim promptly and benevolently (Guiso, 2021)

C33 Experimental Procedure

The web experiment followed a fully randomized 2 (voice gender: male vs. female
voice) X 2 (conversational style: transactional vs. relational) between-subjects design. In
total, the study consisted of four individual phases: (1) randomization, (2) scenario de-
scription, (3) insurance claim, and (4) posttest. In the beginning, we provided the par-
ticipants with a description of the experimental procedure and the scenario. In this vi-
gnette (Aguinis & Bradley, 2014), the participants act as customers of a fictitious insur-
ance company called TER Insurance. Specifically, we asked the participants to file an
insurance claim. Before the task, we presented the participants with a common claim-
related scenario that described the events of a car accident (i.e., sequence of events, time,
damage). Then, we asked the participants to report all information on the incident to a
VUL Across all conditions, the conversation flow was identical (i.e., the sequence and
content of 6 conversational turns remained constant). We asked participants to either

use a laptop or desktop computer (i.e., a non-mobile device) to avoid device-related
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confounds. Immediately after completing the service interaction, we assessed the user’s

perception of the service task using a questionnaire.

To conduct the proposed study and ensure maximum experimental control, we used a
custom-made VUI building on Python and Google WaveNet. The design of the VUI
was kept simple (i.e., not including any visual cues such as avatars that could also influ-
ence user perceptions; see also Figure 2.) to control for any factors that could have spu-
rious effects on our key measures of interest. In addition, the dialogue flow was prede-
fined to ensure that the order of questions was identical across all conditions. To produce
the different voices, we used Google's state-of-the-art text-to-speech text-to-speech gen-
erator WaveNet (Oord et al., 2016). As such, the participants went through a fully voice-

mediated service interaction with individual prompts to complete the service task.

TER Insurance - Virtual Assistant

Figure 13. Experimental Platform

C34 Experimental Stimuli

This study uses voice gender and conversational style as experimental conditions in a

2x2 factorial design.

To manipulate the voice gender, we differentiate between a male and a female voice.
We conducted a pretest with 60 participants (Mage=33.62, SDage=12.71, 48.33% males)
on Prolific to test whether the female voice was in fact considered feminine and vice
versa. The participants were randomly assigned to two conditions (voice gender: female
vs. male). First, the participants listened to a recording of a random Harvard sentence in
either the female or the male voice (Zhang, 2015). These are phonetic balanced sen-
tences without a specific meaning. We then asked participants to rate the gender of the

agent on a differential scale 1: masculine to 5: feminine. An independent t-test shows
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that the manipulation was effective, as the female voice was rated significantly more
feminine (MMa]e = 138, MFemale = 421, = 17272,p < 001)

Regarding the manipulation of the conversational style, based on prior work in linguis-
tics and communication research (Chattaraman et al., 2019), we altered the level of for-
mality. For example, the transactional condition used a more formal style (e.g., “Provide
an approximate estimate of the damage that has occurred”), and the relational condition
used a less formal style (e.g., Could you please tell us how high the damage is?). We
kept the number of words per conversational turn constant to control for any effects
based on the length of the query and isolate the interaction’s conversational style
(MTaskoriented = 16.00, Msocialoriented = 16.16, £ =.035, p = .97). As a manipulation check,
we conducted a pretest with 40 participants (Mage=29.58, SDag=9.34, 50.00% males).
The participants were randomly assigned to a two-cell between-subject experiment
(conversational style: task-oriented vs. social-oriented). In the pretest, we used a text-
based version of the interface to control for any spurious effects that may arise from the
interaction of the conversational style and the voice itself. Following (Chattaraman et
al., 2019) we tested the effectiveness of the conversational style manipulation based on
the API engaging personality measure (scale adapted from Chattaraman et al., 2019;
sample item: “The virtual assistant was friendly.”; 7 point-Likert scale, from 1:
“Strongly disagree” to 7: “Strongly agree”; Oconversationalnstyle = .93). The results from an
independent t-test show that the manipulation was effective as the interface was per-
ceived as more engaging when the interaction style was social-oriented instead of task-
oriented (MTaskoriented = 2.43, MsocialOriented = 3.72, t = 3.491, p <.01).

C.3.5 Measurements

After going through the service interaction, we assessed users’ perceptions of interface
trust (Srivastava & Chandra, 2018), service satisfaction (Bettencourt, 1997), and firm
benevolence (Schlosser et al., 2006) on 7-point Likert scales, ranging from 1:strongly
disagree to 7:strongly agree (see Table 2 for all items). We measured each construct by
taking the mean of participants’ statements across those items. We used different meth-
ods to examine construct validity and reliability. First, all Cronbach’s alpha (o) and
composite reliability (CR) measures are well above 0.7, indicating construct level relia-
bility. Second, the Fornell and Larcker approach (Fornell & Larcker, 1981) indicates

convergent validity as the average variance extracted (AVE) for each construct is well
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above .50. Moreover, as the average variance extracted (AVE) for each construct ex-

ceeds the squared correlations between all pairs of constructs, we can assume discrimi-
nant reliability (Hulland et al., 2018).

Table 16. Measurements

Construct Item Loading
Interface Trust (Sri- | I believe this virtual assistant to be trustworthy. 871
vastava & Chandra, [T congider this virtual assistant to be reliable. 865
2018) — :
I trust this virtual assistant. 877
a=.96
AVE =.76
CR=.78
Service Satisfaction | Overall, I am satisfied with TER Insurance. .852
(Bettencourt, 1997) The performance of TER Insurance has fulfilled my ex- | .834
o=.96 pectations.
AVE =.72 TER Insurance compares to my vision of an ideal insur- | .855
CR = 84 ance company.
Firm Benevolence I believe that TER Insurance would act in my best inter- | .776
(Schlosser et al., est.
2006) If T required help, TER Insurance would do its best to help | .793
me.
a=.94
AVE = 61 TER Insurance is interested in my well-being, not just its | .780
own.
CR=.78

C.4 Results

First, to test H; and H, a two-way ANCOV A was conducted to assess the effect of the

voice gender condition and the conversational style condition on interface trust control-

ling for participants’ demographics. The results did not show a significant main effect

of the voice gender condition on interface trust (Mmate = 4.92, Mremale 5.08, =717, p

=.39). Moreover, the main effect of the conversational style condition on trust was not

significant (MTaskoriented = 5.08, Msocialoriented = 4.90, F'=.984, p = .32) However, we found

a significant interaction between both experimental factors (F' = 5.253 p <.05). Follow-
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up contrasts revealed that, there was no effect of voice gender on interface trust in the
task-oriented conversational style condition (MTaskOrientedMaleVoice = 5.19, MTaskOriented/Fe-
malevVoice= 4.96, t = .856, p = .39). Conversely, we found that participants’ experience of
interface trust was increased for the female voice condition for the social-oriented con-
versational style (MsocialOriented/MaleVoice = 4.61, MSsocialOriented/FemaleVoice = 5.21, ¢ =-2.037, p
<.05). Additionally, we found that interface trust was decreased for the social-oriented
conversational style in the male voice condition (Mmalevoice/TaskOriented = 5.18, MMalevoice/So-
cialoriented = 4.60, ¢ = 2.136, p < .05). There was no significant effect of conversational
style on voice gender in the female voice condition (Mremalevoice/TaskOriented = 4.96, MFe-
maleVoice/SocialOriented = 5.21, ¢ = -.857, p = .39). Taken together, these results refute H,, but
provide support for H,. Figure 3 illustrates the interaction effect of voice gender and

communication style on interface trust.

54

52

4.8

Interface Trust

4.6

4.4
Task-Criented Social-Criented

Female eege=\lale

Figure 14. Interaction of Voice Gender and Conversational Style

To assess the overall system of hypotheses, we calculated two moderated mediation
models (A. F. Hayes, 2017), 5.000 bootstrap samples, model 7) with each service satis-
faction and firm benevolence as the focal dependent variable. The voice gender condi-
tion served as the independent variable, interface trust as the mediating variable, and the
conversational style condition as a moderator of the effect of the voice gender condition
on interface trust. As shown in Figure 3., these findings demonstrate that there is no
direct effect of voice gender on interface trust (Bmae = .22, SE = .27, t = .835, p = .40).
However, we find that the conversational style manipulation significantly moderated the
effect of voice gender on interface trust (Bmale X SocialOriented = -.83, SE=.39 1 =- 2.107, p <

.05), indicating that the male voice paired with a social-oriented conversational style



Part B, Paper C — Gendered Bots as Surrogates of Trust? 121

decreased interface trust. Furthermore, when using service satisfaction as the focal de-
pendent variable, we find that interface trust significantly affects service satisfaction
(Brrust = .79, SE = .05, t = 15.548, p < .001). The model led to a significant moderated
mediation index excluding zero (Bndirect =-.65, 95% CI: [-1.29, -.03]). Moreover, when
using firm benevolences as the focal dependent variable, we find that interface trust also
significantly effects firm benevolence (Brrst = .69, SE=.06, ¢ =11.26, p <.001). Again,
this model led to a significant moderated mediation index excluding zero (Bmdirect =-.56,
95% CI: [-1.13, -.03]). These results show that greater levels of interface trust led to a
more positively-valenced service experience and attribution of benevolence to the firm,
thus providing support for H;. Moreover, these results indicate that interface trust me-
diates the effect of the interaction of voice gender and conversational style on service
satisfaction and firm benevolence, such that pairing a male voice with a social-oriented

conversational style negatively impacts interface trust and firm perceptions.

C.5 Discussion and Contribution

VUIs continue to grow in importance for service provision across the customer journey.
Many of these interfaces utilize a female voice. How customers perceive voice gender
can influence the trust in the interface and perceptions of the respective firm. Hence,
understanding user perception of gendered VUIs is integral to their adoption and cus-
tomer satisfaction. Previous research has shown that the impact of voice gender is highly
contextual. However, no prior research has systematically investigated the combined
effect of voice gender and conversational style on interface trust and firm perceptions.
In an online experiment with 211 participants, we investigate the nuanced effects of
voice gender and conversational style on user experience when filing an insurance claim.
The findings of this research demonstrate that voice gender affects interface trust and
thus firm perceptions only in combination with the conversational style used by the in-
terface. Specifically, we show that a male voice is trusted less when paired with a social-
oriented conversational style, ultimately leading to a more negatively-valenced service
experience and less attributions of benevolence toward the firm. Interestingly, we do not
find any significant effects of voice gender on participants’ trust in the interface for a
task-oriented conversational style. This indicates that in the context of filing an insur-
ance claim, gender is not the sole factor influencing interface trust but rather that the
gender conforms to role expectations manifested in the conversational style. Moreover,
one possible explanation could be that the task-oriented conversational style reduces the
tendency to anthropomorphize the interface, ultimately decreasing the likelihood to ap-

ply gender-stereotypes to VUIs.
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Our results make two novel contributions to research on trust in automated service in-
terfaces and the technology-automated customer. First, to the best of our knowledge, we
are the first to assess the combined effect of voice gender (female vs. male) and conver-
sational style (social-oriented vs. task-oriented) on interface trust in a fully conversa-
tional voice-mediated service interaction. In this context, we extend and build on previ-
ous work (e.g., Nass et al., 1997; Tay et al., 2014), showing that the effect of voice
gender on interface trust is highly context-depended. This work introduces and empiri-
cally tests a novel boundary condition that can impact how voice gender affects interface
trust. Specifically, we demonstrate that using a less formal conversational style (i.e.,
social-oriented) affects interface trust such that male voices are perceived as less trust-
worthy, ultimately leading to less positive firm perceptions. However, we find no effect
of voice gender on interface trust for a task-oriented conversational style. These findings
provide a new look at component fit theory (Isbister & Nass, 2000), showing that the
interplay of different design elements of a VUI can provide new insights beyond the
individual consideration of these elements. Specifically, this work underlines the im-
portance of creating consistent VUI characters. As such, we provide further evidence

for the critical importance of the theory-driven “conversational design” of VUISs.

Second, we stipulate novel insights into user-technology relationships (Hoffman & No-
vak, 2018; Schuetz & Venkatesh, 2020) and how the interaction with anthropomor-
phized computer interface creates a new “assemblage” of user experiences. Specifically,
this research provides evidence that the influence of the design of VUIs reaches beyond
the assemblage itself (i.e., the trust relationship between the user and the interface). It
also impacts the entity providing the interface in terms of evaluating the overall service

experience and the firms’ benevolence.

These findings have immediate implications for firms employing VUIs to automate se-
lected service encounters. This work suggests that the design features of a VUI must be
carefully orchestrated to create trustworthy user experiences. Current industry practice
in designing VUIs is often driven by trial and error. Few companies strategically map
voice features (such as gender) onto the characteristics of the conversation itself (e.g.,
conversational style). Specifically, our results suggest that pairing a male voice with a
social-oriented style harms user experience. Moreover, the result of this study indicates
that a task-oriented conversational style is less prone to trigger gender-based stereotyp-
ing. At the same time, we do not find immediate benefits in using a social-oriented con-

versational style in terms of interface trust. As such, especially in sensitive contexts,
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firms could be advised to use a task-oriented conversational style to create more inclu-

sive user experiences and to avoid adverse effects based on stereotyping.

C.6 Limitations and Future Research

This study faces several limitations that accentuate the need for future research. First,
this study is limited to the context of insurance claims, which represents a highly stand-
ardized and formal service encounter. However, as this study shows, the perception of
voice gender is highly contextualized. Future research could investigate the interplay of
voice gender and conversational style in different contexts (i.e., contexts that require
great empathy, such as health-related tasks). Second, although vignette studies have
proven reliable results (Aguinis & Bradley, 2014), our results are limited by only inves-
tigating perceptual service outcomes. Hence, future work should investigate whether
voice gender (and its interplay with other design features such as conversational style)
affect trust-related, consequential service outcomes such as interface usage or customer
loyalty. Finally, we have only looked at the effect of a binary gender operationalization
(e.g., female vs. male). However, technology firms such as Amazon and Google are
working on implementing gender-ambiguous voices. This could provide more inclusive
user experiences and prevent the reinforcement of harmful gender stereotypes (Sutton,
2020). Hence, future research could investigate how consumers evaluate gender-ambig-
uous voices in customer service settings and whether these voices effectively create a

more inclusive user experience in an increasingly Al-mediated customer journey.
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D.1 Introduction

Voice Assistants (VA), such as Google Assistant or Amazon Alexa, promise to change
the ways people perform tasks, use services, and interact with organizations. The inter-
actions of many users with these agents, however, have yielded mixed results, indicating
high failure rates (Fuckner et al., 2014). Hence, there has been a growing interest in
voice-based interactions in both research and practice (Riccardi, 2014). Besides the con-
tent of the interaction itself (i.e., “what is said?”’), an element that is central to interaction
design of VAs is the voice (i.e., “how it is said?””) (Sutton, 2020). In this regard, a prev-
alent trend is the use of female over male voices, as companies cite anecdotal evidence
which suggests that female voices are favored by most users. Thus, most leading VAs
are exclusively female or female by default (Loideain & Adams, 2020). In fact, accord-
ing to a recent study, 77\% of all virtual assistants manifested gender-specific cues that
can be classified as feminine (Feine et al., 2019). However, a recent report by the
UNESCO stresses that the gendered design of most VAs could solidify harmful gender
stereotypes (UNESCO, 2019). For instance, since people become used to interacting
with those agents in a commanding tone, humans might also (subconsciously) mirror
this behavior in their everyday conversations with women (Chin et al., 2020). One po-
tential solution to this issue may lie in the use of gender-ambiguous? voices (UNESCO,
2019). Gender-ambiguous voice assistants may not only help to combat hurtful gender
stereotypes, but also provide more inclusive design tools to represent voices outside the
binary gender identities. However, while studies on interaction design with VAs are
growing (e.g..Myers et al., 2018; Parviainen & Sendergaard, 2020; Purington et al.,
2017; Zierau, Elshan, et al., 2020), there is a lack of empirical insights on the perceptual
effects of gendered (and gender-ambiguous) voices based on para-lingual cues such as
pitch. Especially, to the best of our knowledge, no study has empirically tested user
perceptions and the technical feasibility of deploying gender-ambiguous voices for VA

design.

To address this shortcoming, we conducted an exploratory study to empirically analyze
the effects of (ambiguously) gendered voices on trait and trust attribution across differ-
ent task contexts. Specifically, we comparatively analyze user perceptions in regards to

pitch (low, high) and gender (female, male) as well as a gender-ambiguous voice we

2 In accordance with Sutton (2020), we use the term “gender-ambiguous” throughout this paper rather than calling
a voice ‘genderless': many cues in the sound and content of VA speech can illicit gender ascription, even when the
pitch is gender-neutral.
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constructed. According to literature, the pitch of the voice is one of the most important
factors regarding the attribution of gender (O’Connor & Barclay, 2017). To that end, we
developed a voice interface for online experiments. On this basis, we implemented two
task scenarios: one where users were asked to book a flight with a VA (assistance sce-
nario) and one where users were surveyed by a VA on their financial situation (compli-
ance scenario). We conducted a 5x2 online experiment with 234 participants on Prolific:
five voices (male-low, male-high, gender-ambiguous, female-low, and female-high)
were set against two task settings (assistance and compliance). Our results show implicit
stereotype activation with regards to (lack of) trait attribution towards the different VA
voices. Task context and gender of the participant both have an effect on perceived traits
and reported trust. Finally, our study gives a first indication that a gender-ambiguous
voice for VAs could be a viable alternative to gendered voices and warrants further in-

vestigation.

D.2 Related Work

Our research is motivated by sociophonetics and social response theory (Nass et al.,
1994). Every person has a unique voice based on a complex interplay of anatomical and
psychological traits and emotional states that together determine how people express
themselves verbally and in turn how they are perceived by others (Hildebrand et al.,
2020; Sutton et al., 2019). Sociophonetics explores how different speech patterns vary
across social categories and the associated socio-cultural assumptions they carry. It is
well established that people make inferences on others based on the sound of their voice
(O’Connor & Barclay, 2017). Voice carries para-lingual cues that allow people to make
assumptions about a person's background and, based on this, to apply social stereotypes.
Speakers use subtle para-lingual cues, mostly unconsciously, to induce certain images
to listeners (Sutton et al., 2019). Those cues can be seen as a flexible resource that people
(and VAs) can use to signal different social traits and attitudes (Sutton et al., 2019).
Sometimes, voice informs stereotypes about how specific groups of people speak. One
obvious group is the gender of the speaker. The most prominent gender-dependent fea-
ture of voice is the pitch of a voice. The longer and thicker vocal chords of men produce
a lower pitch than woman; a distinction that is easily perceived by listeners (O’Connor
& Barclay, 2017).

Based on the Computers As Social Actors (CASA) paradigm (Nass et al., 1994), initial
research suggests that when applied to technology, gender-specific voice characteristics

may evoke stereotypical trait inferences (E. J. Lee et al., 2000). While this is not always
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consciously, it is shown to be the case on a subconscious level (Mitchell et al., 2011).
For instance, Pak et al. (2014) showed that users apply gender stereotypes when ascrib-
ing the trustworthiness of a virtual agent (i.e., the authors found that users trust a male
more than to a female virtual doctor). In VAs, we find similar results. Initial findings
suggest that people find it easier to process stereotypical voices, i.e., a warm gentle fe-
male voice and an assertive, forceful male voice (Strand, 2000). Specifically, it was
shown that the machine's synthetic voice pitch can activate gender stereotyping of users.
For instance, Nass et al. (1997) demonstrated that participants not only attributed gender
towards computers that communicated in a low- versus a high-pitched synthetic com-
puter voice. They also showed that the low versus high pitch of the synthetic voice trig-
gered users to apply gender-schematic judgments of the “male” versus the “female”
computer (Nass et al., 1997). More recently, Yu et al. (2019) found in their study that
participants were more likely to disclose personal information to a (lower-pitched) male
voice than a (higher-pitched) female voice of a virtual assistant (Yu et al., 2019). How-
ever, research that systematically analyzes trait and trust attribution based on different

voice genders and pitches for VAs is scarce, despite its paramount role in VA design.

Another limitation to our understanding of voice pitch perception is that only male and
female VA voices have been explored, despite calls to research a gender-ambiguous
voice (Sutton et al., 2019; UNESCO, 2019). There is very little literature available on a
gender-neutral voice pitch, except for references to “Q”, a voice that was recently cre-
ated to be used for VAs to circumvent stereotyping (Q, 2019). The creators of “Q” men-
tion the fundamental frequency should be between 145 and 175Hz for the voice to sound
gender neutral. However, they indicate that gender is more than just pitch: tone and
harmonics (e.g., the sound of vowels) also influence gender perception (Dennison,
2006). As the term gender-ambiguous indicates, voice cannot be regarded as binary
(Baird et al., 2018; Sutton, 2020). A brain activity study done by Junger et al. found that
people have an increased brain response to gender-ambiguous voices and opposite gen-
dered voices cause stronger activation in the fronto-temporal neural network (Junger et
al., 2013). While the difference in neural perception is shown, the difference in user
perception for VAs has not been investigated. The use of gender-ambiguous voices, if
proven not to have a negative impact on user trust and experience, can be a viable alter-

native to gendered voices to create a more inclusive environment for non-binary voices.
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D.3 Method

In order to investigate the perceptual effects of voice pitch, we conducted a 5x2 between
subjects experiment that manipulated i) the VA's voice gender based on pitch and ii) the
task context the VA was deployed in. Dependent variable measures included trait as-
cription and reported trust in the VA. Specifically, in this exploratory study, we investi-
gated the following research questions: RQ/: How does voice gender based on pitch
affect trait ascription? RQ2: How does voice gender based on pitch affect user trust?
RQ3: How does the task context influence the way how voice gender based on pitch

affect trust and trait ascription?

D.3.1 Experimental Platform and Voice Design

The experiment was executed in a custom developed online voice assistant interface. By
keeping the interface constant and as clean as possible, the focus remains on the voice
of the voice assistant (see Figure 15), which allows to investigate trait attribution based
on voice characteristics. The interaction with the VA follows a simple turn-taking mech-
anism, where the VA guides the unfolding conversation with the user. After each utter-
ance of the VA, the button ‘record' appears to send the user's response to the server. To
control for diversity in the conversation, VA responses were prerecorded and the con-

versation path was delimited to focus on the task at hand.

Voice Assistant

o Show hint

Figure 15. Online voice assistant interface

The prerecorded answers of the VA use state of the art in text-to-speech generation to
produce our voice responses: Google WaveNet (Oord et al., 2016). To account for both

gender and pitch differences, five American English voices are selected: a high- and
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low-pitched female voice (based on voice en-US-Wavenet-F), a high- and low-pitched
male voice (based on voice en-US-Wavenet-B), and a gender ambiguous voice (based
on voice en-US-Wavenet-E). While gendered voice generators are readily available,
there is not yet a gender-ambiguous text-to-speech generator available. Google's text to
speech generator has it listed as an option that is not yet supported?. The only available
gender-ambiguous generated voice is a carefully crafted voice clip called "Q', created to
fight gender stereotypes in voice assistants (Q, 2019). But “Q” offers no text-to-speech
generation. In order to create a voice closest to gender-ambiguous, we pretest male
voices with their pitch shifted up, and female voices with the pitch shifted down to iden-
tify a voice that classifies as gender-ambiguous. In this regard, gender-ambiguous refers
to a voice that falls into both spectrums, meaning that different people would assign
different genders to it based on prior mental models. Research on third gender associa-
tions has shown that typically people assign a gender to a voice, even though they cannot
intuitively assign a gender (Sutton, 2020). To account for this tendency, we included a
survey measure asking respondents to identify the gender of the voice assistant through
three categories: (1) female; (2) male; and (3) unsure. We used this as a control measure
in our models. Eleven manipulated voices based on different Google WaveNet voices
were pretested by 52 participants on Prolific (47\% female, average age 45 and ranging
from 27 to 74). The voice receiving the highest division between assigned gender (58%
male and 42% female) was voice en-US-Wavenet-F shifted down by three semitones.

The selected voices can be found in Table 18.

3 When last checked by the authors on December 11th 2020. https://cloud.google.com/text-to-speech/docs/refer-

ence/rest/v1/SsmlVoiceGender
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Table 18. Overview of selected voices

Voice Type Female Female Gender- Male Male
high low Ambigous high low
(FH) (FL) (A) (MH) (ML)

Original English F F E B B

US Wavenet voice

Method TTS TTS GEN TTS TTS

Semitones  pitch +2 -6 -3 +2 -6

shift

Average pitch 235 Hz 150 Hz 141 Hz 162 Hz 106 Hz

Original Google English US Wavenet voices are shifted by amount of semitone, either

using Google’s text to speech API (TTS) or by using online generator https://onlineto-

negenerator.com/ (gen).

D.3.2 Experiment Procedure

The experiment consisted of three phases: 1) randomization, 2) experimental task, and
3) post-test. Randomization and post-test were constant for all groups. Two different
experimental task types were used: an assistant and a compliance task. These tasks are
inspired by classical gender stereotypes: women are considered to be better in an assis-
tant role, while men are more likely to be seen as leaders (Gustavsson, 2005; Koenig et
al., 2011). Additionally, they are realistic VA tasks, as both customer surveys
(Vernuccio et al., 2020) and assistant tasks (Loideain & Adams, 2020) are currently used
in VAs. The assistance task involves booking a flight. The participant is given details
for a specific flight they want to book and the VA will ask them questions to find and
book the right flight for them. The compliance task focuses on personal questions asked
in the context of a customer survey. People are asked to answer the questions, but are
told it is possible to skip the answer if they prefer not to answer. An example of task

interactions can be found in Figure 16.
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I,-’ | Voice Assistant | | Participant \'.

Great. My seventh question is, what is your
marital status?

Okay, could you please indicate how much
you spend each month for food, clothing
and entertainment?

| am single.

| prefer to skip this question J
/I.ll
e ---"'/

Figure 16. Example excerpt of the compliance task

D.3.3 Participants

Participants were approached on crowdsourcing platform Prolific*. While complying
with academic and Prolific's standards on data collection, we set the following precon-
ditions: 1) US nationality, 2) 75% approval rate, 3) 10+ previous submissions, and 4)
not in pretest sample. Requirement 1) was implemented to control for a language/culture
barrier, as the selected voices are speaking in US English. Requirement 2) and 3) were
applied to have some quality control in our sample. Requirement 4) excluding priming
or bias stemming from the pretest. Initially, 345 people participated. We excluded par-
ticipants who did not complete the entire task or failed the attention test. After data
cleaning, we were left with 234 participants (96 male). The average age was 33 years

old, ranging from 19 to 74.

D.3.4 Measurement and Analysis

The assignment of traits was measured by asking participants about the presence of 24
traits of the VA, based on male and female stereotypes (Bem, 1981; Eyssel & Hegel,
2012). Each trait was enquired using a 5-point Likert scale, ranging from a positive trait
ascription (i.e., 5 indicates “strongly agree” that the VA had this trait), to negative trait
ascription (i.e., 1 indicates “strongly disagree” that the VA had this trait). Female traits
were averaged to indicate female stereotype activation (o= 0.91), the mean of male traits
was used to indicate male stereotypes (o= 0.87). Perceived trust was measured using a
validated questionnaire about the perceived competence, benevolence, and integrity of
the VA (o= 0.93) (Wang & Benbasat, 2005).

4 https://www.prolific.co/
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D.4 Results

Trait ascription scores were not normally distributed: a Shapiro-Wilkin test resulted in
p < 0.001 for all twenty-four traits. This is possibly because of the nature of the Likert
scale for trait ascription: “1” indicates “strongly disagree” that the VA has this trait, “3”
shows the participants “neither agrees nor disagrees”, while “5” reflects a “strong agree-
ment” that the VA has this trait. To test whether a trait was significantly assigned in a
positive way (i.e., significantly higher than a neutral answer of “3”) or a negative way
(i.e., significantly lower than a neutral answer of “3”), we used the non-parametric
paired sample Wilcoxon Signed-Rank test to compare our sample against the neutral

value “3”.

Trust scores were not normally distributed either when comparing different voices: a
Shapiro-Wilkin test showed the female high voice data was not normally distributed (W
=0.95, p = 0.04). As such, a Kruskal-Wallis test was used rather than an ANOVA test.
In the case of two-group comparisons, Mann-Whitney U tests were executed. The results

of all tests can be found in the remainder of this section.

D.4.1 Trait Ascription

While we found no significant activation of combined average male and female traits,
results did show significant negative trait ascription. Specifically, over both task types,
participants indicated that on average, some VAs did not have male and female traits.
When taking the average over all stereotypically male traits, only the male low voice
was not negatively marked as stereotypical male (Z =341, p = 0.175). All other voices
we significantly negatively associated with a male stereotype (MH: Z =268, p = 0.006;
FL: Z=461, p =0.029; FH: Z =198, p < 0.001; A: Z= 186, p = 0.006). Female traits
were only negatively assigned to low voices: the male low voice (Z = 198, p = 0.006)
and female low voice (Z = 532, p = 0.034) were not considered to have stereotypical
female traits. Other voices did not have negative stereotype ascription (MH: Z =456, p
=0.176, A: Z=378, p=0.543, FH: Z="743, p =0.903). The gender of the participant
did not influence negative stereotype assignment. The only voice that came near to ac-
tivating a perceived stereotype was the female high voice: it was almost significant for

activating a female stereotype (Z = 743, p = 0.096).

Additionally, we tested for group differences with regards to the individual perceived
traits of the VA voices. Again, we added gender as a co-variate, to control for gender-
specific differences in individual trait attribution. All voices were experienced to be or-

ganised, confident, cooperative, and polite. While low voices were overall considered
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to be determined (ML: Z =257, p = 0.039; FL: Z =759, p = 0.034), only the low male
voice was not experienced as friendly (Z = 232, p = 0.250). Curiously, a participant
gender difference occurred in trait ascription to the gender-ambiguous voice: while all
participants thought the voice was friendly and polite, women rated the ambiguous voice
as significantly more friendly than men (Mdn. women: 5, Mdn. men: 4, U = 84.5, p =
0.037) and polite (Mdn. women: 5, Mdn. men: 4, U = 65.5, p = 0.006) than male partic-
ipants. Two traits had no significant assignment of any kind for any voice pitch: asser-
tive and affable. Interestingly, for many traits, the trait assignment was negative: people
responded significant in the (strongly) disagree category. All voices were not considered
to be aggressive, hard-hearted, tough, affectionate, sentimental, or romantic. However,
implicit stereotype activation can be found in lack of negative trait ascription. For ex-
ample, the low male voice was the only voice that was not considered not to be author-
itative (Z = 230, p = 0.356) or dominant (Z = 136, p = 0.057). The female high voice,
together with the gender-ambiguous voice, were the only voices not negatively assigned
typical female traits such as delicate, family oriented, or sensitive. Difference in partic-
ipant gender is more clear in negative trait ascription, as women assign lower values

than men in many cases.

A summary of trait ascription can be found in Table 19, which shows trait ascription

scores for all traits that were not uniformly assigned across all voices.
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Table 19. Selected average trait ascription scores per voice pitch

ML MH A FL FH
Authoritative 2.95 2.60* 2.18%** | 2 7T7** 2.51%*
Speaks their mind 2.76 2.49%+* 2.74 2.46** 2.43%*
Determined 3.21%* 3.23 3.31 3.37* 3.25
Cold 2.98 2.77 2.49* 2.72% 2.277H*
Dominant 2.73 251%*% | 2,13%%%k | 2.32%Hkx | D Jo**E
Leadership skills 2.51% | 2.74 2.69 2.53%#* 2.69*
Empathetic 2.19%** 1274 2.72 2.44%*% 1290
Delicate 2.29%%% 1 2 47**%* | 287 2.61%* 3.12
Friendly 3.15 3.64%** | 3,59* 3.68%** | 3,98***
Sincere 2.98 3.13 3.49* 3.14 3.47
Family-oriented 2.54%* 2.66* 2.87 2.63%* 2.76
Sensitive 2.49%* | 2.587*% 279 2.46%** | 2.84

Selected average trait ascription scores per voice pitch. “1” implies strongly disagree
the VA has this trait, “3” indicates the trait is not assigned, 5" shows a strong agree-
ment for VA having this trait. Significant differences from lack of trait ascription, test
by Wilcoxon Signed-Rank test, are shows as follows: * p < 0.05, **p < 0.01, ***p <
0.001. The five individual voices are male-low (ML),male-high (MH), female-low
(FL), female-high (FH), and gender-ambiguous (A) respectively.

D.4.2 Trust

Our results reveal no significant differences between the conditions when comparing
reported trust in the VAs (x? (4, 234 ) = 1.9958, p = 0.736). Average trust scores were
comparable at 4.525 (ML), 4.480 (MH), 4.710 (FL), 4.636 (FH), and 4.824 (A). How-
ever, this does show that the gender ambiguous voice is not trusted less than gendered
voices. Moreover, there is a significant difference in trust scores reported by male and
female participants: female participants trust the gender-ambiguous voice more than
men (Mdn. women: 5.45, Mdn. men: 4.595, U = 84.5, p = 0.048).
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D.4.3 The Role of Task Context

In order to answer RQ3, we added task context as a variable in our analysis. For average
male and female traits, context dependence is only seen for average male traits: the male
low (Mdn. assistant task (AT): 2.665, Mdn. compliance task (CT): 3.08, U =119, p =
0.028), male high (Mdn. AT: 2.42, Mdn. CT: 3.0, U= 177, p = 0.020), and gender-am-
biguous voice (Mdn. AT: 2.08, Mdn. CT: 2.83, U = 113, p = 0.021) score higher on
average male traits in the compliance task than the assistance task. Additionally, re-
ported trust was stable over both tasks for male voices, while they were task dependent
for female low (Mdn. AT: 5.225, Mdn. CT: 4.18, U =250, p = 0.007), female high (Mdhn.
AT:5.18, Mdn. CT: 4.045, U= 177, p=0.003) and gender-ambiguous voices (Mdn. AT:
5.045, Mdn. CT: 4.18, U= 122, p = 0.038). In fact, all voices scored higher on trust for

the assistance task compared to the compliance task.

D.5 Discussion

This study found evidence for the influence of voice gender and pitch on (stereotypical)
trait attribution. While no positive stereotype activation was found, negative stereotyp-
ical trait ascription, and the lack thereof, showed implicit activation of gender stereo-
typing. For example, while the low male voice was not explicitly considered to be ste-
reotypically male, only the low male voice was not perceived not to be typically male,
and only the low voices — both male and female — were not refuted to be stereotypically
female.As for trust attribution, we did not identify direct effects of voice pitch. However,
a trend showed higher trust in the gender-ambiguous voice for female participants. Fi-
nally, task context influences both stereotype activation (for male traits) and trust (for

female and gender-ambiguous voices).

With regards to trait attribution, our findings show mixed results with respect to the
CASA paradigm. Negative trait ascription was prevalent, which can be both due to a
lack of a perceived trait or a lack of viewing the voice as a social actor all together.
While active stereotype activation was missing, the absence of stereotype negation
seems to indicate an implicit gender bias. The fact that male traits and trust in female
(and gender-ambiguous) voices was context dependent, indicates voice pitch and voice
gender does subtly influence perception.With regards to trust formation, our results do
not seem in line with prior research on the effect of pitch in inter-personal interactions,
which indicate that people generally trust people with high-pitched voices more (O’Con-
nor & Barclay, 2017). This may indicate that some of those mechanisms may be weaker

in human-computer interaction. However, it has to be noted, that the means, especially
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for voices with the particularly low and high voice, reveal a trend towards higher-pitched
voices being trusted more. As our sample size is comparatively small, those results may

become significant with a more appropriate sample size.

Task context did have an effect on perception and stereotype activation. Male voices
were perceived more stereotypically male in a more “male” context of a compliance
task. Female voices on the other hand were significantly more trusted in assistance tasks
when compared to a compliance task. Curiously, these effects were both present for the
gender-ambiguous voice: perceived male traits and trust were context dependent. While
it is a positive indication that the gender-ambiguous voice was not assigned one specific
gender, it also shows a risk: because the voice does not fit one gender stereotype, it also
does not fit one stereotypical response, making it sensitive to multiple possible re-

Sponses.

Nevertheless, the gender-ambiguous voice showed no significant trust differences when
compared to the gendered voices. This is a promising first result, as there is very little
research on the impact of gender-ambiguous voices. The fear that lack of a mental model
and added cognitive load due to unrecognizable sex of the voice negatively influences
trust does not seem to be confirmed by our research. More research is needed into dif-
ferent contexts and different pitches to confirm that the gender-ambiguous voice does
not have a negative impact on trust compared to gendered voices. Overall, the gender-
ambiguous voice was found to be organized, confident, cooperative, and polite; just as
the gendered voices. This seems to be a encouraging initial result for use of gender-
ambiguous voices in VAs. The fact that women have a higher trust in the gender-am-

biguous voice than men warrants further research.

Our study had some limitations that should be pointed out. First, for a quantitative study,
our sample size is comparatively small due to the study's exploratory character. Second,
the participants were asked to imagine the scenarios to be real-life, which may threaten
the external validity of our results. Although our study included actual voice interaction,
future work may reexamine the results in a field setting. Third, it should be noted that
results only capture first impressions of the VAs. A longitudinal perspective on trait
ascription and trust formation should be included in future work. Furthermore, three
different Google WaveNet voices were used to create the voices used in our experiment.
We did not control for other voice characteristics such as timbre and tone, which could

have influenced our results.
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Additionally, a limitation lies in the created gender-ambiguous voice. As indicated,
voice gender does not only come from pitch, but also from language usage and intona-
tion. We controlled for this as much as possible by testing different pitch shifts for dif-
ferent voices, but all voices were originally gendered. The gender-neutral voice clip
called Q (Q, 2019) was recorded by using voices of people that neither ascribe to the
male gender nor the female one. The lack of gender-ambiguous voice generators or text-

to-speech tools hampers the research into the possibilities of such a voice.

D.6 Contribution and Future Work

Our study has several theoretical and practical contributions to prior work in HCI re-
search on the use of VA in commercial settings, the role of para linguistic cues for trait
attribution, and the effective design of a VA’s “personality”. To the best of our
knowledge, this is the first line of systematic research demonstrating how variations in
voice pitch induce gender-specific trait attribution towards the agent, how such attribu-
tions affect important perceptual downstream consequences such as trust, and how such
changes are impacted by the task context. Moreover, we develop and comparatively

evaluate a gender-ambiguous voice with promising first results.

Our findings show stereotype activation is not as clear-cut as one might expect, but ap-
pears as a lack of stereotype negation. This combined with the influence of the partici-
pants' gender and task context asks for a more in-depth examination into stereotype ac-
tivation and perpetuation of VAs. Additionally, gender-ambiguous voices are a promis-
ing avenue of research for VA design, to strive for more inclusive design. However,
there is currently a lack of tools providing gender-ambiguous voice generation. We call
upon researchers and industry alike to focus on the creating of gender-ambiguous voice
tools to be able to research and provide more inclusive and stereotype avoiding voices
for VAs.
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voice-based (as opposed to text-based) interfaces promote more flow-like user experi-
ences, resulting in more positively-valenced service experiences, and ultimately more
favorable behavioral firm outcomes (i.e., contract renewal, conversion rates, and con-
sumer sentiment). Moreover, we also provide evidence for two important boundary con-
ditions that reduce such flow-like user experiences in voice-based interfaces (i.e., se-
mantic disfluency and the amount of conversational turns). The findings of this research
highlight how fundamental theories of human communication can be harnessed to create
more experiential service experiences with positive downstream consequences for con-
sumers and firms. These findings have important practical implications for firms that
aim at leveraging the potential of voice-based interfaces to improve consumers’ service

experiences and the theory-driven “conversational design” of voice-based interfaces.
Keywords

Voice-based Interface, Speech Interaction, Natural Language Processing, Artificial In-

telligence, Media Richness, Flow, Service Research.



140 Part B, Paper E — Voice Bots on the Frontline

E.1 Introduction

The proliferation of voice-based interfaces driven by recent advances in artificial intel-
ligence and natural language processing is radically transforming how consumers inter-
act with firms along every touchpoint of the customer journey (Huang & Rust, 2018;
Mende et al., 2019; van Doorn et al., 2017). Voice-based interfaces have emerged as a
novel interaction paradigm, allowing firms to engage consumers in increasingly per-
sonal ways, almost as if they are talking to a human service provider (Hollebeek et al.,
2021; Huang & Rust, 2021). From ordering a coffee with the Starbucks Barista bot (Pe-
rez, 2017) to speaking to Bank of America’s virtual advisor Erica to conduct money
wires (Fuscaldo, 2019). Voice-based interfaces increasingly support consumers in com-
pleting service requests more naturally compared to traditional text-based interface mo-
dalities (J. Singh et al., 2020; Wirtz et al., 2018). Indeed, recent industry reports indicate
that the number of voice-enabled interfaces is rising exponentially (e.g., 8.4 billion
voice-based interfaces by 2024, Smith, 2018b).

Such voice-based interfaces combine automatic speech recognition with natural lan-
guage processing to enable a fully voice-mediated service experience (Diederich et al.,
2022; Seaborn et al., 2021). The fact that consumers execute service requests through
voice-based interfaces highlights that they are both increasingly more comfortable in-
teracting through voice-based interfaces and that firms expanded the use of voice-medi-
ated service channels across touch-points (e.g., 72% of US consumers have already in-
teracted with voice-based interfaces in business settings according to a study by PwC;
P. Hayes & Wagner, 2018). This burgeoning trend raises the question of how consumers
respond to such voice-based interactions in customer service settings, how they perceive
the firm providing such voice-based service exchanges, and what underlying psycho-
logical mechanism might explain these effects with which downstream effects on con-

sumers and firms.

To answer these questions, the current work introduces a novel conceptualization of
voice-based interfaces in marketing. Specifically, the current work examines how the
affordances of voice-based interfaces affect customer experiences during self-service
encounters, building on and integrating prior work on multiformat communication
(Moffett et al., 2021) and media richness theory (Daft & Lengel, 1986). The findings of

this research shed light on how affordances unique to voice-based interfaces (i.e., verbal
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cues, channel synchronicity) enhance flow-like user experiences and how these experi-
ences, in turn, shape consumers’ perception of their service experience, the firm, and

downstream behavioral outcomes.

In what follows, we first discuss related work on voice-based interfaces, delineate the
key conceptual properties of voice-based compared to text-based interfaces, and develop
a set of hypotheses on how voice-based interfaces alter perceptions of flow, firm evalu-
ation, and behavioral service outcomes. We then present the results of four studies that
were designed to test our theorizing. Finally, we discuss the theoretical and practical
implications for the effective conversational design of voice-based interfaces and the

implications for customer service in an increasingly Al-driven economy.
E.2 Theoretical Background

E.2.1 Related Prior Work on Voice-Based Interfaces

In what follows, we will first review related prior work on voice-based interfaces and
highlight how they relate to the current research. As summarized in Table 21, four key
factors help to understand the unique insight of prior work with respect to (1) the nature
or focus of the voice modality (voice primarily as input vs. output of the task), (2) the
type of examined boundary conditions, (3) whether outcomes focused more on percep-
tion as opposed to behavioral consequences, and (4) the underlying psychological mech-

anism of the effect.
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Table 21. Review of relevant literature on voice-based interface modalites
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First, the majority of prior work either examined voice-based interface modalities by
conceptualizing voice as an input as the focal independent variable or by examining
voice as an output of the task, i.e. either assessing the role of the user’s own speech
during a task (voice as input) or how an interface responds back (voice as output). For
example, Klesse et al., 2015) examined consumers’ voice as an input in how selecting a
product through spoken as opposed to written responses leads consumers to select more
indulgent product options (see also Son & Oh, 2018) showing similar effects on hedonic
product choices using a voice-based interface). In contrast, prior work focusing on voice
as an output examined predominantly questions related to how much people trust a rec-
ommendation that is delivered verbally (vs. in written form) by a voice-based interface
(Qiu & Benbesat, 2005). Only few studies examined a fully conversational interaction
that required both the voice input by the user and a verbal response by the system
(Rzepka et al., 2021). Second, the type of boundary conditions typically examined either
appearance-related factors (e.g., predominantly the presence of avatars; see Hess et al.,
2009; Qiu & Benbasat, 2009) or broad consumer characteristics (e.g., consumers’ gen-
eral privacy concerns or emotional attachment tendencies; see Pagani et al., 2019; Son
& Oh, 2018). Except for emerging work examining the task characteristics as possible
boundary conditions (Rzepka et al., 2021), no prior work we are aware of examined the
unique conversational design characteristics during an interaction such as the specific
semantic properties of the language or how the conversation itself is structured. Third,
the type of outcomes studied in earlier work focused predominantly on perception out-
comes (such as trust or satisfaction measures; Hess et al., 2009; Pagani et al., 2019; Qiu
& Benbasat, 2009; Qiu & Benbesat, 2005) as opposed to the evaluation of the firm or
downstream behavioral outcomes (see Son & Oh, 2018) for an important exception).
Finally, the type of mechanisms examined in earlier work illuminated important pro-
cesses such as the extent of perceived social presence (Hess et al., 2009; Qiu & Benba-
sat, 2009) as well as fundamental cognitive processes (such as the extent of deliberation
or how efficient the process was perceived overall; J. A. Berger et al., 2021; Rzepka et
al., 2021). However, whether affordances unique to a voice-based interaction also
change how consumers experience a service interaction, such as whether the interaction
is perceived as more immersive or absorptive, and how these effects in turn shape down-

stream firm-related behavior is unclear.

As summarized in the review of Table 21, the current work examines a fully conversa-
tional service interaction experience (voice both as input and output), examines key con-

versational design characteristics (how the conversation is structured and the adaptation
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of the language during the interaction), examining both perceptual and behavioral out-
comes relevant for consumers as well as firms, and a novel mechanism illuminating the
extent of absorption during the task. In what follows, we will first review the key prop-
erties of voice vs. text-based communication followed by our conceptual model and hy-

potheses.

E.2.2 Key Conceptual Properties of Voice-Mediated Communication

Our literature review revealed that voice-based interfaces have been associated with a
more intuitive, positively valenced experience (Rzepka et al., 2021) that can impact
preference construction (Klesse et al., 2015) and the type of content that consumers re-
veal about themselves (J. A. Berger et al., 2021). These effects raise the question about
the underlying properties that make speaking versus writing truly unique. We build on
Moffett et al.’s, (2021) framework of multiformat communication to carve out the
unique nature of voice-mediated communication and how to separate the “cue charac-
teristics” of verbal speech (more informal structure, flexible syntax, prosodic and tem-
poral communication cues) and the channel characteristics (greater synchronicity due to
fast-paced and more parallel processing with low revisability during a conversation, see
Table 22)

Table 22. Key conceptual properties of text-mediated vs. voice-mediated communica-

tion

Communication Format Text-Mediated Communication Voice-Mediated Communication

Cue Characteristics Textual Verbal

- Formal structure and grammar - Informal structure

- Precise syntax - Flexible syntax

- Limited symbol set - Extensive symbol set

- No prosodic or temporal cues - Prosodic and temporal cues
Channel Characteristics Low Synchronicity High Synchronicity

- Slower-paced - Faster-paced

- Asynchronous (sequential pro- - Synchronous (parallel

cessing) processing)

High Revisability Low Revisability

- Possibility to assess, deliberate, - Little to no possibility to rehearse

and rehearse

Cue Characteristics. Verbal cues refer to the specific vocal features of spoken language
(e.g., tone, pitch, inflection, accent; Hildebrand et al., 2020; Moffett et al., 2021; Wal-
ther, 2005), while textual cues are linked to the written or typed language, such as

spelling and punctuation (Moffett et al., 2021). Prior work on media richness theory
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suggests that the verbal cues in voice-based communication allow individuals to com-
municate more intuitively and naturally compared to text-based exchanges, leading to a
sensorially richer experience (Daft & Lengel, 1986). For example, pauses, changes in
speed, and differences in intonation evoke a more immersive experience during a voice-
based as opposed to a text-based interaction (Redeker, 1984). This makes voice a richer
and more vivid medium, leading to enhanced levels of involvement in a task (Daft &
Lengel, 1986; Dennis & Kinney, 1998; Moffett et al., 2021; Steuer, 1992).

Channel Characteristics. The literature on the interactivity of media channels suggests
that the speed and immediacy of an interaction with a medium can lead to an increase
in its perceived interactivity (Steuer, 1992). Voice-based as opposed to text-based ex-
changes unfold more synchronously. This enhanced channel synchronicity in voice-me-
diated interactions has been shown to lead to enhanced absorption in a task (Agarwal &
Karahanna, 2000; Haeckel, 1998; Moffett et al., 2021). Contrary to written communica-
tion that allows consumers to re-read and re-type responses (so-called channel revisa-
bility, Moffett et al., 2021), spoken language must be encoded and decoded in a parallel
process, thus making voice-based interactions substantially more immediate (Rubin et
al., 2000). Voice-based interfaces allow users to have a more immediate influence on
the content and the process of communication, promoting the exchange of social infor-
mation at a faster rate and even impacting early relationship development (Moffett et
al., 2021).

E.2.3 Voice-Based Interfaces and Flow

How do these conceptual properties of voice-based communication (e.g., faster-paced,
more parallel, synchronous processing of information and a rich sensory experience)
impact consumers’ task experience? One construct to describe such positively-valenced,
immersive user experiences is the concept of flow (Agarwal & Karahanna, 2000;
Csikszentmihalyi, 1975; Hoffman & Novak, 1996). Flow represents a pleasant, posi-
tively-valenced experience (Agarwal & Karahanna, 2000; Ghani et al., 1991; Trevino
& Webster, 1992; Webster et al., 1993) that is characterized by a high level of immer-
sion, positive affect, and optimal level of challenge (i.e., balancing boredom and exces-
sively challenging experiences). Greater levels of flow have been shown to lead to more
playful, intuitive, and effortless interaction experiences during web navigation (Hoff-
man & Novak, 1996) and a sense of total engagement and immersion with a system
(Agarwal & Karahanna, 2000). Flow-like user experiences can even arise from the prop-
erties of the medium itself (Brannon Barhorst et al., 2021; D. Kim & Ko, 2019). For
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instance, Brannon Barhorst et al. (2021) demonstrate that the unique affordances of vir-
tual reality applications facilitate a state of flow through enhanced levels of interactivity
and vividness of the experience. Due to the sensory-rich, faster-paced, and extensive
symbol set of voice-mediated communication, it is plausible that these distinct features
of verbal communication similarly affect the experience of flow in voice as opposed to

text-based service interactions.

Flow is characterized by “a seamless sequence of responses facilitated by machine in-
teractivity” and occurs when consumers are immersed in a computer-mediated activity
(Hoffman & Novak, 2009). Thus, we expect that the extent of interactivity and vividness
afforded by the medium will impact the extent of interface flow that users experience
(Novak et al., 2000). Contributing to the expected impact of enhanced interactivity of
the communication medium, prior work provides initial evidence that two-way interac-
tions and synchronicity might impact flow experiences (Guan et al., 2021). Given that
voice-based (as opposed to text-based) communication facilitates more immediate and
synchronous interactions (Moffett et al., 2021), we expect that the greater richness of
verbal cues and greater extent of synchronicity in voice-based interactions enhances
consumers’ experience of interface flow, i.e. the extent of flow that consumers experi-
ence in connection with the interface. Thus, due to the unique cue and channel charac-
teristics of voice-mediated communication, we formally hypothesize that using a voice-
based interface (vs. text-based interface) enhances consumers’ experience of interface

flow.

Hi: Interacting with a voice-based compared to a text-based interface leads to enhanced

levels of interface flow.

E.24 The Impact of Interface Flow on Service Experience & Firm OQutcomes

What might be the impact of enhanced levels of interface flow on service and firm out-
comes? Prior work suggests that flow is a positively-valenced state that is intrinsically
enjoyable (Agarwal & Karahanna, 2000; Hoffman & Novak, 1996; Johnson et al., 2003)
and can even carry over to subsequent tasks, making them appear more experiential and
enjoyable (Harmeling et al., 2017; Mathwick & Rigdon, 2004) Due to the increased
sensory involvement and high synchronicity of the voice modality, we hypothesize that
greater levels of flow during interface use carry over to consumers’ overall experience
with the service. This is consistent with Zomerdijk & Voss’ (2010) work on designing
“experience-centric services” that highlights the importance of the interface modality to

provide more experiential service deliveries.
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Experiences that go beyond customers’ expectations have been shown to impact also
the firm providing the service (Harmeling et al., 2017). Such experiences can move a
customer from seeing interaction as merely transactional to building a positive con-
sumer-firm relationship (Zomerdijk & Voss, 2010). This is consistent with prior re-
search showing that interactive and multisensory service experiences can enhance firm
perceptions along the customer journey (Lemon & Verhoef, 2016). In short, we expect
that the enhanced experience of interface flow when using a voice compared to a text-
based interface will in turn lead to an overall more experiential and positively-valenced

service and firm evaluation.

Ha: Greater levels of interface flow when interacting with a voice-based as compared
to a text-based interface have a positive effect on (1) a more experiential service delivery

and (2) a more positively-valenced evaluation of the service firm.

These changes in perception might also impact consumers more directly. As the cue and
channel characteristics of voice-mediated interfaces may drive a more experiential ser-
vice delivery (H2), it is plausible that they might also in turn help form a closer connec-
tion between the consumer and the firm (Harmeling et al., 2017; Schouten et al., 2007).
While the experience of interface flow is transitory, the fact that it increases the enjoy-
ment of an activity for its own sake suggests that it may have a more lasting impact on
behavior related to future interactions with the same firm, making individuals wanting
to experience a state of flow again and again (Schouten et al., 2007). Thus, we hypoth-
esize that the enhanced level of interface flow that consumers experience when interact-
ing with a voice-based interface will positively impact behavioral outcomes in connec-
tion with the firm. Specifically, we hypothesize that greater levels of interface flow in
turn enhance consumers’ desire to stay committed to their relationship with the firm in
the future, to engage in future interactions with the service firm, and to advocate the firm

and its services to others.

Hs: More positive perceptions of the firm and the experiential service delivery (H2), in
turn, enhance consumers’ contract renewal decision, consumer sentiment, and conver-

sion rates to engage in further service exchanges with the same firm again.

E.2.5 Boundary Conditions: The Role of Semantic Fluency & Conversational

Turns

Flow has been found to only emerge when a user’s skill matches the difficulty of the
task (Hoffman & Novak, 1996). More specifically, there needs to be an optimal match

between the capabilities of the user and the opportunities provided by the interface to
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execute a task. While the literature vastly disagrees on the number of possible categories
of combinations between different levels of user skill and task complexity (Clarke &
Haworth, 1994; Csikszentmihalyi, 1988; Csikszentmihalyi & LeFevre, 1989) the litera-
ture largely agrees that for flow to emerge, there needs to be some level of challenge
above a certain threshold (see prior work on optimal stimulation theory; Holbrook &
Gardner, 1993; Steenkamp & Baumgartner, 1992). Thus, if the task is too challenging,
users get anxious or frustrated, while if the task is not challenging enough, they may get
bored. Thus, how a certain task is designed has an important impact on the extent to

which flow can emerge.

This suggests that a key boundary condition to experience flow in Cls is linked to how
the conversation is governed or designed. During interactions with a CI, the user engages
in information processing based on what and how the interface communicates (H. H.
Clark & Brennan, 1991; Pogacar et al., 2018). Thus, the way information is processed
depends on both (1) how the language used by the interface is processed (what we refer
to as the semantic fluency of a conversation), and (2) how the messages are structured

as a whole (what we refer to as the extent of conversational turns during a conversation).

Semantic Fluency. Research in cognitive psychology and linguistics has demonstrated
the important connection between linguistic properties of a conversation and the ease
with which it is processed (Ferndndez-Sabiote & Lopez-Lopez, 2020; H. Song &
Schwarz, 2008). Specifically, research has shown that simpler language leads to more
fluent processing of messages (Thompson & Ince, 2013). We therefore expect that if an
interface employs simpler language, users will process it with greater fluency. The dif-
ferences in channel synchronicity between text-based and voice-based communication
suggests that semantic fluency may differentially affect each channel. Indeed, research
on interpersonal communication suggests that a simpler conversational style better suits
the properties of a dynamic dialogue as opposed to those of written text (Redeker, 1984).
This is primarily due to the extent of synchronicity of the communication channel. When
using a text-based interface, consumers can re-read a message with lower semantic flu-
ency to aid message processing due to the asynchronous nature of the channel. Con-
versely, when interacting with a voice-based interface, the synchronous nature of the
channel makes processing low semantic fluency messages more difficult, requiring
greater cognitive processing. Based on our theorizing about the informal structure, flex-
ible syntax, and more extensive symbol set with low revisability in verbal compared to
text-based communication (see Table 2 for a summary) as well as previous research

showing that messages in spoken as opposed to written communication require greater
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cognitive processing (e.g., van Zeeland & Schmitt, 2013), we expect that the cognitive
processing of messages with lower semantic fluency is more pronounced in voice com-
pared to text interfaces and will therefore affect flow more negatively in voice (as op-

posed to text-based) interfaces.

Huaa: The positive effects of voice-based interfaces on interface flow are increased (de-

creased) under conditions of high (low) semantic fluency.

Conversational Turns. The second boundary condition assesses to which extent con-
sumers’ experience of interface flow is disrupted by increasing the number of conversa-
tional turns during the interaction with a voice-based interface. Individual messages are
linked together in a conversation by conversational partners taking turns, which can vary
in length depending on the context of the conversation (Levinson, 2016). Thus, when
interacting with a voice-based interface, users are forced to adjust to the pace (i.e. speak-
ing rate) of the interface and remain attentive to what is being said throughout the con-
versation (Redeker, 1984). In contrast, when using a text-based interface, consumers can
deliberately choose their own pace of processing information and rehearse or reflect as
they wish on what was being said (Moffett et al., 2021). This suggests that the extent of
conversational turns can either disrupt or enhance interface flow in voice-based inter-
faces. We expect that a greater number of conversational turns to complete a service
task will reduce channel synchronicity and provoke a less absorptive experience, as the
interface flow is interrupted more often. Indeed, as flow is experienced as a high level
of continuous immersion in an activity (Csikszentmihalyi, 1975), we expect a higher
number of conversational turns to cause a reduced absorption in a task. Thus, we expect
that a higher number of turns creates a feeling of disjointedness between individual mes-
sages. Taken together, we predict that an increase in conversational turns will negatively

impact interface flow in voice-based (vs. text-based) interfaces.

Hap: The positive effects of voice-based interfaces on interface flow decrease (increase),

with a greater (lower) number of conversational turns during the interaction.

Our overarching hypotheses are summarized in Figure 17. In what follows, we provide
a short description of the experimental setup and technical implementation, followed by

our empirical studies.
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Figure 17. Conceptual model

E.3 Experimental Paradigm and Context

To test our hypotheses and to ensure maximum experimental control, we developed a
custom-made voice-based interface (using Python and Google WaveNet; see Web Ap-
pendix Al for details). The appearance of the interface was kept neutral to avoid any
confounds that could have produced spurious effects on our key measures of interest
(appearance of the avatar or any other visual design cues) and to isolate the hypothesized
interface modality effects we predict. We provide a detailed description in the Web Ap-
pendix explaining the technical infrastructure for both research transparency reasons as
well as to provide researchers with the opportunity to build on and expand on our current
technical implementation. We predefined the dialogue flow based on the context of each
study and ensured that the order of all questions was identical between conditions across
experiments. We used Google’s state-of-the-art text-to-speech generator WaveNet for
all studies (Oord et al., 2016) and participants went through a fully voice-based service
interaction with individual prompts to complete the service task (see also Web Appendix
A1 for further details). To rule out potential confounds related to the gender of the voice
bot, we used both female (Study 1 and Study 4) and male voices across studies (Study
2 and Study 3). Finally, in determining our sample sizes, we followed prior work that
used a similar experimental paradigm with intermediate effect sizes (e.g., King et al.,
2021 sampled around 125 participants per condition comparing text-based vs. voice-

based user search).

We focused on a service context with important economic and societal implications.
Specifically, we developed a voice-based interface to submit and handle insurance
claims for two major reasons. First, the claim filing process in the insurance industry

has been heavily standardized to simplify claim management (from claiming the loss of
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a mobile phone to reporting a car damage) (A. Singh et al., 2019). Second, the claim
handling process is often perceived as a major source of distress for individuals that
negatively affects their experience across service touchpoints (Riikkinen et al., 2018).
According to recent industry reports, the trend to phase out human service agents in
favor of using automated file claiming systems has also led to reduced customer satis-
faction rates, enhanced client frustration, and an experienced loss of “human touch”
(Blake, 2018), rendering the use of voice-based interfaces as a novel intervention in the

current service automation landscape.

E.4 Overview of Studies

We present evidence from four studies that were designed to test our theorizing. In Study
1, we test our baseline hypothesis that a voice-based compared to a text-based interface
promotes a more flow-like user experience, which in turn translates into a more positive
service perception. Study 2 demonstrates an important boundary condition to the effect
of voice-based interfaces, showing that reduced levels of semantic fluency can provoke
negative user experiences which in turn also impact consumers’ inclination to extend
their relationship with the service firm. Study 3 further demonstrates a second key
boundary condition, showing that a greater number of conversational turns in a voice-
based interface, reduces consumers’ experience of interface flow and perception of the
service firm. Study 3 also rules out that the current findings can be explained by a gen-
eral positive affect account. Finally, Study 4 further demonstrates the impact of voice-
based interfaces on behavioral outcomes (conversation rates and consumer sentiment)
and provides further evidence on the unique role of interface flow to explain these ef-
fects (consistent with optimal stimulation theory and the matching of task afforandances
and skills; Holbrook & Gardner, 1993).

E.S Study1

Study 1 was designed to provide a first test of our baseline hypothesis that a voice-based
compared to a text-based interface alters perceptions of interface flow. Furthermore, the
current study also tests whether these changes in interface flow promote more experien-
tial service delivery. We also further explore whether these effects are conditional on

consumers’ prior experience with voice technology.

E.5.1 Design and Procedure
A total of 184 participants (Mage= 32.97, SDage= 11.05, 50% females; for an overview

of the demographics across all studies see Web Appendix B1) were recruited from a



152 Part B, Paper E — Voice Bots on the Frontline

nationwide consumer panel (Prolific®) and randomly assigned to a two-cell between-
subject experiment (text-based vs. voice-based interface). In both conditions, the exper-
imental task comprised the filing of an insurance claim with a fictitious car insurance
company called TER Insurance. Before the task, participants were presented with a sce-
nario that described the events of an accident including the damage that occurred to the
car (see Web Appendix A2.1 for a detailed description of the scenario). In the claim
filing task, we asked participants to report all information concerning the incident via
either the text- or voice-based interface (dependent on condition). The content and the
sequence of questions were identical across conditions (i.e., the sequence of six conver-
sational turns, content, and all other features of the file claiming process were held con-
stant across conditions). Participants were screened to use a laptop or desktop computer
(non-mobile devices) to to avoid any interface modality confounds (such as differences
in writing speed on mobile versus non-mobile devices). We used a female voice in this
study but find consistent results across studies regardless of the gender of the voice-

based interface (e.g., using a male voice in Study 2).

Measurement. Immediately after completing the insurance claim filing task, we assessed
participants’ perception of interface flow when using the service interface with three
items (scale adapted from Unger & Kernan, 1983, sample item: “This interface totally
absorbed me.”; 7-point Likert scale, from 1: “Strongly disagree” to 7: “Strongly agree”;
arlow = .93, see Web Appendix A3.1). Next, we measured consumers’ extent of experi-
ential service delivery using a four-item scale (scale adapted from Unger & Kernan,
1983); sample item: “This interface offers novel experiences.”; 7 point-Likert scale,
from 1: “Strongly disagree” to 7: “Strongly agree”; dExperiential = .94, see Web Appendix
A3.2). Finally, participants answered how frequently they use voice-based interfaces in
general (see Web Appendix A3.5) and self-reported their domain-specific insurance ex-
pertise (see Web Appendix A3.4).

E.5.2 Results

Participants who used the voice-based interface experienced significantly higher levels
of interface flow compared to participants using the text-based interface (Mvoicelnterface =
3.09, Mrextinterface = 2.31, t = 2.996, p < .01; Cohen’s d = .44; see Figure 18). Similarly,

we also found that participants using the voice-based interface reported a significantly

3 Peer et al. (2017, 2021) compared the data quality of different crowdsourcing platforms for behavioral research,
showing that Prolific scored highest on response quality and sample diversity. Prolific was used to recruit partici-

pants and manage payments, and routed to our own server to complete the experimental task.
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more experiential service delivery compared to participants using the text-based inter-
face (MVoiceInterface = 378, MTextInterface = 290, = 3239,]9 < 01, COhel’l’S d = 48)

Flow
-

e #

Telxt Voice
Interface Modality

Figure 18. Voice-based interfaces promote flow-like consumer experiences

To provide a direct test of our theorizing on the effect of interface modality on consum-
ers’ perception of experiential service delivery, we estimated a simple mediation model
(5,000 bootstrap samples) with the interface modality condition as the independent var-
iable, interface flow as the mediator, and experiential service delivery as the dependent
variable. In support of our theorizing, the voice-based interface led to a significant in-
crease in interface flow (Bmterface = .78, SE = .26, t = 3.002, p < .01). In turn, greater
levels of interface flow led to a more experiential service delivery (Briow = .77, SE = .05,
t=14.649, p < .001), rendering the residual direct effect non-significant (Biterface = .28,
SE =.19, t=1.469 p = .14), and a significant indirect effect with a confidence interval
excluding zero (Bmdirect = .60, 95% CI: [.19, .99]), indicating full mediation. These results
were robust even after controlling for differences in participants’ age, gender, income
level, car ownership, domain expertise, and previous experience with voice technology
(i.e., lower information criteria contrasting our main model to the alternative control
model; BICwainModet: 621.11, BICcontrolModel: 637.80). See Web Appendix B2 for addi-

tional statistical analyses including control variables.
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E.5.3 Discussion

The findings of Study 1 provide initial evidence for the baseline hypothesis that voice-
based interfaces evoke a more experiential service delivery compared to text-based in-
terfaces and that these effects are driven by the flow-enhancing effect of voice-based

interfaces.

E.6 Study?2

The objectives of Study 2 were threefold. First, the current study examines a theoreti-
cally important and practically relevant boundary condition. Study 2 tested to which
extent the semantic fluency of a query can either enhance or reduce a users’ perception
of interface flow when using a voice-based interface. Second, we further test whether
the use of a voice-based interface impacts only perceptual outcomes or also behavioral
outcomes (contract renewal with the current service provider). Third, the current study
used a male voice to rule out that the current findings are a function of the digital assis-

tants’ gender (female voice in Study 1 vs. male voice in Study 2).

E.6.1 Design and Procedure
A total of 612 participants (Mage=37.19, SDage=13.34, 45.4% males) were recruited

from a nation-wide consumer panel (Prolific) and randomly assigned to a 2 (interface
modality: voice-based vs text-based interface) x 2 (semantic fluency: high vs. low) be-
tween-subjects design, using the same experimental paradigm and scenario as in Study
1. We used the same experimental paradigm as in Study 1 and only added short filler
questions to provide a more realistic experimental setting (e.g., whether another insur-
ance is already involved, and whether a technical expert was consulted; total of ten turns
per interaction, see Web Appendix 2.2). We altered semantic fluency of each turn based
on prior work in linguistics and communication research by replacing simple through
more complex words (Khawaja et al., 2010; Redeker, 1984). For example, the high se-
mantic fluency condition used easily to process phrases (e.g., “Please tell us more about
the damage that you want to report.”), the low semantic fluency condition used more
difficult to process phrases (e.g., “Please elucidate on the nature of the damage that you
wish to declare.”). To avoid any confounding effects in terms of the length of a query
and to isolate the effect of the semantic properties of the conversation, we held the num-
ber of words per turn constant between conditions (MuighFluency = 16.91, MiowFluency =
17.09, t =-.04, p = .97).
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To study whether a voice-based interface might also impact behavioral outcomes, users
were informed after completing the claim filing task that their contract is about to expire
and that they could extend their contract if they wish to do so. All participants were then
asked directly by the respective interface to either renew their contract or not (see Web

Appendix A2.2 for further information on the scenario).

Manipulation Check. We used objective readability scores to assess the discriminatory
power of the semantic fluency manipulation, using the Flesch reading ease score (FRE;
higher is better / more fluent), the New Dale-Chall readability formula (NDR; lower is
better / more fluent), and the Automated Readability Index (ARI; lower is better / more
fluent). All measures confirmed that semantic fluency was indeed higher in the high
versus low semantic fluency condition (FREHighFiuency = 80.03 vs. FRELowFluency = 56.44;
NDRHighFluency = 6.63 vs. NDCLowFluency = 9.98; ARIHighFluency = 3.15 vs. ARILowFluency =
6.69)°.

Measurement. We measured consumers’ experience of interface flow using the same
items as in Study 1 (ariow = .92), along with the same items to assess consumers’ per-
ception of experiential service delivery (dExperientiat = .91). Moreover, we measured their
perception of the service firm using a two-item scale (scale adapted from G. G. Lee &
Lin, 2005; sample item: “Overall, I am satisfied with the online experience with TER
insurance”; 7 point-Likert scale, from 1: “Strongly disagree” to 7: “Strongly agree”;
arimEval = .96, see Web Appendix A3.3). Finally, we measured consumers’ decision to
extend their contract with TER insurance as 1 when extending and 0 when terminating

their contract.

E.6.2 Results

Interface Flow. A two-way ANOV A revealed a significant main effect of condition on
interface flow (F(1, 608) = 46.84, p < .001, n? = .07), demonstrating a significantly
higher experience of interface flow in the voice as opposed to text-based interface
(Mvoicelnterface = 3.59, MTextinterface = 2.72, t = 6.693, p < .001). The semantic fluency main
effect was non-significant (F(1, 608) = 0.24, p = .63, n*> = .00) while the interaction
between both experimental factors was statistically significant (F(1, 608) = 6.72, p <

.01,m?=.01). Follow-up contrasts with Holm correction for family-wise errors revealed

®To compute the FRE, the ARI, and the DCR we used the Spacy package in Python. In the web appendix (A3.6)
we provide the corresponding formulas to compute these metrics. Please refer to DuBay (2004) for a review and
methodological details.
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that, consistent with our theorizing, participants’ experience of interface flow in the
voice-based interface condition was reduced in the low semantic fluency condition
(Mvoice HighFluency = 3.77, Mvoice LowFluency = 3.38, t = 2.189, p = .057) while semantic flu-
ency had no effect on participants in the text-based interface condition (Mrtext HighFluency
=2.59, MText LowFluency = 2.86, t = 1.470, p = .14).

Service Experience. Mirroring the previous effect when assessing the impact on con-
sumers’ overall evaluation of the service, a two-way ANOVA revealed a significant
increase of a more experiential service delivery in the voice as opposed to text-based
interface (F(1, 608) = 76.87, p < .001, n?=.11; Mvoicelnterface = 3.58, Mrextinterface = 2.51),
a non-significant main effect of semantic fluency (F(1, 608) = 0.171, p < .78, n>=.00),
and significant interaction between both factors (F(1, 608) = 6.365, p = .01, n?=.009).
Follow-up contrasts with Holm correction confirmed that participants in the voice-based
interface perceived the service more negatively in the low semantic fluency condition
(Mvoice HighFluency = 3.76, Mvoice LowFluency = 3.40, t = 2.189, p = .07) while semantic flu-
ency had no effect in the text-based interface condition (Mrext HighFluency = 2.39, MText Low-
Fluency = 2.65, t = 1.470, p = .14).

Path Model & Serial Mediation. Finally, we estimated a path model using the lavaan
package in R with robust standard errors to assess the overall system of hypotheses and
the impact of interface flow and service experience on firm evaluation and consumer
choice (contract renewal). The path model results are summarized in Figure 19. These
findings demonstrate that the increase of interface flow evoked by the voice-based in-
terface (Bvoice = .38, z=6.504, p <.001) in turn led to a significant increase in consum-
ers’ perception of experiential service delivery (Briow = .84,z =21.180, p <.001) and an
overall more positive perception of the firm (Briow = .61, z = 15.320, p <.001). Focusing
on the impact on contract renewal, we found that the positive impact of the voice-based
interface condition on service and firm perception, in turn, led to a significant increase
in contract renewal rates (Bexpservice = .16, z=2.879, p <.01; BrirmEval = .24, z =4.615,
p <.001). These path model results were confirmed by a serial mediation model (Hayes
2017; model 81 with 5000 bootstrap samples) estimating the effect of the voice (vs. text)
condition on contract renewal rate via flow (proximal mediator) and firm evaluation as
well as service experience ratings (distal mediators), with a significant indirect effect
excluding zero (Bindirect = .32, 95% CI: [.16, .49]).
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Figure 19. Path model results (Study 2)

E.6.3 Discussion

The results of Study 2 replicate the finding that voice-based interfaces impact consum-
ers’ experience of interface flow. The findings reveal further that these enhanced levels
of interface flow drive both important perceptual outcomes (how consumers perceive
the service firm and the service experience itself) as well as behavioral outcomes (con-
sumers’ decision to renew their contract with the same firm). We also provide evidence
for an important boundary condition, demonstrating that these positive effects are re-
duced with lower levels of semantic fluency. While one might expect the main effect of
semantic fluency across the board (such that reduced semantic fluency might negatively
impact both voice and text interfaces alike), the fact that consumers can easily re-read
(initially) more difficult to comprehend phrases makes consumers arguably more im-

mune to the negative effect of reduced semantic fluency.

E.7 Study 3

The objectives of Study 3 were twofold. First, the current study was designed to further
illuminate the conditions under which voice-based interfaces might enhance versus re-
duce perceptions of interface flow. Specifically, the current study tests the boundary
condition of conversational turns during a voice-based interaction. Second, the current
study also measured a set of alternative explanations. Given that flow-like experiences
are by definition more positively-valenced experiences, we further assess the possibility
that the current findings can be explained merely via a general positive affect account
(as opposed to a specific positive affective experience, i.e. interface flow). We also fur-
ther assess whether the mere presence of a voice-based interface might enhance generic
attributions of perceived care (given that a voice-based interface actively “talks” to con-

sumers).
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E.7.1 Design and Procedure
A total of 610 participants (Mage=35.59, SDage=12.70, 46.9% males) were recruited

from a nation-wide consumer panel (Prolific) and randomly assigned to a 2 (interface
modality: voice-based vs text-based interface) x 2 (conversational turns: high vs. low)
between subjects’ design. The interface modality conditions mirrored the paradigm used
in Study 1. We manipulated the extent of conversational turns building on prior work
on turn-taking (Levinson, 2016; Wiemann & Knapp, 1975). Specifically, in the low con-
versational turns condition, participants answered corresponding questions within one
turn (e.g., “Was it a traffic accident, glass breakage, theft or burglary? How did this
damage occur? Please describe the course of events as accurate as possible.”) whereas
in the high conversational turns condition these questions were broken up into separate
sub-questions (e.g., Question 1: “Was it a traffic accident, glass breakage, theft, or bur-
glary?”, Question 2: “How did this damage occur? Please describe the course of events
as accurately as possible.”; see Web Appendix A2.3 for further details on the scenario).
We predict that separating corresponding questions in a voice- compared to text-based
interface interaction will be more detrimental as compared to keeping larger question
blocks to consumers’ experience of interface flow, given the reduced synchronicity of
the interaction (see Table 2). However, increasing the number of conversational turns in
the text-based interface might even enhance perceptions of interface flow as text-based
communication often unfolds in shorter, more rapid turns (think of the common short

message exchanges using social messenger platforms).

Measurement. Mirroring the preceding studies, we used the same items to assess con-
sumers’ experience of interface flow (arow = .91), experiential service delivery (OExps-
ervice = .94), and firm evaluation (OFimeval = .94). To further assess whether the current
findings are driven by general positive affect, we measured PANAS (negative items
reverse coded; oposafrect = . 74). Finally, we used a single item to assess respondents’ feel-
ings of perceived care on a 7-point Likert scale (“How caring did you perceive the in-

terface you used to complete your claim filing procedure?”’; see Web Appendix A3.7).

E.7.2 Results

Interface Flow. A two-way ANOVA revealed a significant main effect of the interface
condition on interface flow (F(1, 606) = 13.078, p < .001, n* = .02), demonstrating a
significantly higher experience of interface flow in the voice- as opposed to text-based
interface modality condition (Mvoiceinterface = 3.54, MTextinterface = 3.03, 1=3.707, p <.001).

The conversational turns main effect was non-significant (F(1, 606) = 0.858, p = .35, 1’
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= .001) while the interaction between both experimental factors was significant (F(1,
606) = 4.206, p < .05, n*=.007). Follow-up contrasts with Holm correction for family-
wise errors revealed that while a smaller number of conversational turns enhance inter-
face flow in voice-based interfaces, they reduce interface flow in text-based interfaces
(Mvoice LowTums = 3.65, MText LowTums = 2.85, t = 3.995, p <.001). The presence of more
conversational turns in the voice-based interface condition led to a directional reduction
of interface flow (Mvoice HighTums = 3.43, Mvoice LowTums = 3.65, ¢ = 1.028, p = .47), and
was significant for participants that experienced at least some level of flow (Mvoice High-
Turns = 4.05, Mvoice LowTums = 4.53, t = 2.437, p < .05; trimmed mean minus half a stand-

ard-deviation, see Globerson, 1983).

Service Experience. Mirroring the previous effects on interface flow, a two-way
ANOVA assessing the impact on consumers’ service experience revealed a significant
increase in experiential service delivery in the voice as opposed to text-based interface
condition (F(1, 606) = 37.135, p < .001, n? = .001; Mvoiceinterface = 3.78, MTextinterface =
2.88), a non-significant main effect of conversational turns (F(1, 606) = 0.022, p = .88,
n? = .00), and a marginally significant interaction between both factors (F(1, 606) =
3.402, p = .065, 1>=.0007). Follow-up contrasts with Holm correction confirmed that a
smaller number of conversational turns enhanced consumers’ service experience in
voice-based interfaces, but reduced service experience in text-based interfaces
(Mvoice LowTums = 3.97, Mtext LowTums = 2.79, t = 5.552, p < .001). As with flow, the pres-
ence of conversational turns in the voice-based interface condition led to a directional
reduction of interface flow (Mvoice HighTums = 3.61, Mvoice LowTums = 3.97, t = 1.536,
p =.25), and was significant for participants that experienced at least some level of flow
(Mvoice HighTums = 4.02, Mvoice LowTums = 4.65, t = 2.468, p <.05; trimmed mean minus
half a standard-deviation, see Globerson 1983).

Path Model. Next, we estimated a path model using the lavaan package in R with robust
standard errors to assess the overall system of hypotheses. The path model results are
summarized in Figure 20. The findings demonstrate that the increase in interface flow
evoked by the voice-based interface (Bvoice = .47, z=3.823, p <.001), in turn, led to a
significant increase in experiential service delivery (Briow =.72, z =28.420, p <.001)

and an overall more positive firm perception in line with our predictions (Briow = .45,
z=12.556, p <.001).
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Figure 20. Path model results (Study 3)

Alternative Accounts. Finally, we conducted a series of robustness checks. Specifically,
we first tested whether interface modality might enhance general positive affect. Given
that flow-like experiences are a specific type of positive affect, it is conceivable that
voice-based interfaces are not specific to interface flow but drive general positive affect
more broadly. Ruling out a general positive affect account, we found no main effect of
modality on positive affect (F(1, 606) = 1.121, p = .29, n?> = .00; Mvoicelnterface = 4.64,
MrTextinterface = 4.53) and no interaction between both factors (F(1, 606) = 1.834, p = .18).
Finally, we also found no effect of the interface modality on perceived care (F(1, 606)
= 0.086, p = .77, 0* = .00; Mvoicemnterface = 3.35, MTextinterface = 3.31; also no interaction
between both factors, F(1, 606) =2.014, p = .16).

E.7.3 Discussion

The results of Study 3 demonstrate that a greater number of conversational turns can
reduce interface flow when using voice-based as opposed to text-based interfaces. While
one might expect the main effect of conversational turns across the board (such that
enhancing the number of conversational turns might negatively impact both voice-based
and text-based interfaces alike), the high synchronicity and faster pace of voice-based
interactions makes consumers more sensitive to the negative effect of an enhanced num-
ber of conversational turns. The current study also rules out that these findings can be
explained merely by a general positive affect account or by enhancing attributions of

perceived care.

E.8 Study 4

The objectives of Study 4 were twofold. First, the current study was designed to examine

whether the current effects are specific to consumers’ experience of interface flow.
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Flow-like experiences have been shown to be driven by creating “optimal levels of chal-
lenge”, i.e. experiences that are neither considered as boredom nor as excessively chal-
lenging. Thus, for flow to emerge, there needs to be some level of challenge (see optimal
stimulation theory; Holbrook & Gardner, 1993) consistent with the faster paced, more
synchronous, and more flexible cue and channel characteristics of voice-based interac-
tions (see Table 2). The current study tests this flow-specific mechanism. Second, the
current study is also designed to further examine the impact of voice-based interfaces

on a range of behavioral outcomes.

E.8.1 Design and Procedure

All methods and statistical analyses for this study were pre-registered (https://aspre-
dicted.org/NZH 966). A total of 811 participants (Mage=35.15, SDage=12.93, 50.92%
males) were recruited from Prolific Academic and randomly assigned to either a voice-
based or a text-based interface. The interface conditions used the same insurance context
as in all preceding studies. The first part of the task was identical to all three preceding

studies (filing a claim).

We created a MailChimp landing page for our fictitious insurance brand TER
Insurance and developed and designed an advertisement that provided the user with an
option to sign up as a future user, as a consequential, behavioral measure of user con-
version. The advertisement was presented at the end of the study to each participant with
a promotion to become a beta user to test future insurance services (see Web Appendix
A4. for the advertising stimuli). In both conditions the advertisement was identical, ex-
cept that in the voice condition the advertisement asked the user to sign-up to “become
a test user for our new insurance services based on our voice interface” while in the text-
based interface condition, the advertisement asked the user to sign up to “become a test
user for our new insurance services based on our fext interface”. The main dependent
variable was the conversion rate of the advertisemen and measured as the number of

participants subscribing divided by the number of unique page visits.

Measurement. The same items as in the preceding studies were used to assess consum-
ers’ experience of interface flow (ariow = .91), experiential service delivery (aExpservice =
.92), and their perception of the service firm (orimeval = .94). To assess the flow-specific
mechanism for consumers’ experienced challenge, we used a 6-item scale (adapted by
Novak et al., 2000, ochalienge = .89; see Web Appendix A3.8). To assess consumer senti-
ment, we used a rating task inspired by Hildebrand & Bergner (2020) using an open-

response technique about consumers’ positive and negative thoughts and feelings during
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the service task. We used the tidytext package in R to process the text data and used the
sentimentr package to extract sentiment scores (using both positively and negatively
valenced words) (Nielsen, 2011). Finally, we measured the subscriber conversion fol-

lowing McDowell et al. (2016) (subscribers divided by the number of page visits).

E.8.2 Results

Interface Flow & Service and Firm Perception. In line with our theorizing and corrob-
orating the results of our previous studies, participants who used the voice-based inter-
face experienced significantly higher levels of interface flow compared to participants
using the text-based interface (Mvoicelnterface = 4.02, MTextinterface = 3.25, t = 6.96, p <.001;
Cohen’s d = .49). Mirroring the results of the preceding studies, we also found that the
voice-based interface led to a significantly more experiential service delivery than the
text-based interface (Mvoicelnterface = 4.23, MTextinterface = 3.01, £ =11.25, p <.001; Cohen’s
d = .79) and a more positive evaluation of the service firm (Mvoiceinterface = 4.75, MTex-
tnterface = 4.50, t = 2.26, p < .05; Cohen’s d = .16).

Flow & Optimal Challenge. To test the flow-specific mechanism, we estimated a medi-
ation model (5,000 bootstrap samples) with the interface modality condition as the in-
dependent variable, consumers’ experienced challenge as the mediator, and interface
flow as the dependent variable. As expected, the voice-based interface led to a signifi-
cant increase in consumers’ experienced challenge (Biterface = .32, SE=.09,t=3.47, p
<.001). In turn, greater levels of experienced challenge led to a higher flow perception
(Bchatienge = .51, SE = .03, £ =13.03, p < .001), and a significant indirect effect with a
confidence interval excluding zero (Bmdirect = .16, 95% CI: [.07, .25]), indicating full

mediation.

To further assess whether more excessive levels of challenge negatively impact interface
flow (as a test of the “optimal level of challenge” notion of flow), we estimated a poly-
nomial regression in which we predicted interface flow using the interface modality
condition and the second-degree polynomial of experienced challenge. The model was
significant (F(3, 807) = 78.14, p < .001), confirming that the voice-based interface led
to a significant increase of flow (Bmterface = .60, SE = .10, £ =5.96, p <.001), a significant
positive main effect of experienced challenge (Bchatienge = 18.78, SE = 1.44, t =13.07, p
<.001), and also a significant negative squared effect of challenge (Bchatienge = -3.18, SE
=1.43,t=-2.23, p <.05), conforming the expected “optimal level of challenge” neces-

sary for flow-like user experiences (i.e., reduced flow at extreme levels of challenge).



Part B, Paper E — Voice Bots on the Frontline 163

Behavioral Outcomes. We observed a systematic increase in consumers’ behavioral re-
sponses across our key dependent variables (i.e., consumer sentiment, conversation
rate). First, analyzing consumer sentiment scores revealed a significant effect of inter-
face type on sentiment valence (F(1, 809) =23.73, p <.001). Participants who interacted
with the voice-based interface perceived the service experience significantly more pos-
itive than those who interacted with the text-based interface (Mvoicemerface = .17, SD =
A1; Mtextinterface = .03, SD = .42). For example, while participants in the voice-based
interface condition mentioned that the experience was “exciting”, “fun”, and “like
speaking to a real customer service representative”, while participants in the text-based
interface only mentioned how “efficient”, “simple”, and “practical” the claim interface
was. Next, a path model using the lavaan package in R with robust standard errors
demonstrates that the increase in interface flow evoked by the voice-based interface
(Bvoicelnterface = .77, z = 6.92, p < .001) led to a significant increase in experiential service
delivery (Briow = .76, z=36.81, p <.001) and an overall more positive firm evaluation
(Briow = .66, z=25.69, p <.001), which in turn significantly enhanced consumer senti-
ment (Bexpservice = .03,z = 2.52, p <.05; BrimEval = .09, z = 8.76, p < .001). Finally, a Chi-
Square test assessing the subscription rate conditional on the type of interface further
confirmed that participants in the voice-based interface condition were also significantly
more likely to subscribe to become a future user of TER insurance compared to partici-
pants in the text-based interface condition (Mvoicemnterface = 68.37%, MrTextinterface =
50.05%; x*(1, N = 201) = 5.93, p = .01; a path model analysis was not possible at the

individual level due to the inability to track participants between systems).

E.8.3 Discussion

Study 4 demonstrates that consumers are more likely to engage in positive firm advo-
cacy (i.e., enhanced consumer sentiment about the firm and conversion rates) when us-
ing voice-based compared to text-based interfaces. The current study provides also a
more nuanced look at the underlying mechanism of flow, demonstrating that the increase
in interface flow is driven by an increase in consumers’ experienced level of challenge.
We also provide initial evidence consistent with an “optimal challenge” account of flow-
like experiences such that the effect of interface flow is weakened when consumers ex-

perience the service interaction as extremely challenging (weakened but not turned-ofY).

E.9 General Discussion

Across four studies, we shed light on how the affordances of voice-based interfaces im-

pact consumers’ service experiences. We demonstrate that voice-based compared to
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text-based interfaces cause more absorptive, flow-like service experiences. In addition,
we provide evidence for two novel boundary conditions (semantic fluency and conver-
sational turns) that can reduce flow-like experiences and in turn dampen the observed
positive effects of voice-based interfaces. Finally, we show how an increase in interface
flow impacts both firm and service perceptions (how consumers perceive the overall
service experience and evaluate the firm) as well as behavioral outcomes (contract re-
newal, consumer sentiment, conversion rate; see Table 23 for a summary of results and

key findings across studies).
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Table 23. Summary of studies
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E.9.1 Theoretical implications

The findings of this research make four novel contributions. First, to the best of our
knowledge, the current research is one of the first to contrast the effects of voice-based
versus text-based self-service technologies on perceptual and behavioral service out-
comes. We provide a novel theory of voice-mediated service interactions, hypothesizing
and empirically demonstrating that the sensory-rich experience of voice-based inter-
faces leads to more positive service perceptions and an increase in interface flow. Spe-
cifically, we provide a novel look at prior work on flow (A. Berger et al., 2018; Hoffman
& Novak, 1996; Zanjani et al., 2016), demonstrating that the voice modality is a key
driver of flow and in turn enhances both perceptual (consumers’ perception of the firm
and service delivery) as well as behavioral service outcomes (from contract renewal to

conversion rates).

Second, the current findings offer novel insights into consumer-technology relationships
(Hoffman & Novak, 2018; Novak & Hoffman, 2018) and how the natural interaction
through a voice-based interface creates a new “assemblage” of consumer experiences.
Specifically, this research provides evidence that even though speaking to a voice-based
interface represents merely a change in communication modality, consumers tend to
form experiences that impact not only the assemblage itself (i.e., the relationship be-
tween the consumer and the interface) but also the entity providing the interface experi-
ence (i.e., the firm) by both attributing more positively-valenced perceptions toward the

firm and to extend the relationship with that firm in the future.

Third, the current work introduces and empirically tests two novel boundary conditions
that can either enhance or dampen the positive effects of voice-based user interfaces.
First, we demonstrate that the use of easy-to-process phrases (i.e., high semantic flu-
ency) is critical to boost greater levels of interface flow and in turn positively impact
both service and firm perceptions, as well as behavioral outcomes. Second, we also show
that consumers’ experience of flow decreases with an increasing number of conversa-
tional turns throughout the conversation due to the more disjointed flow of the conver-
sation. These findings provide a new look at the conditions under which voice-based
interfaces can either enhance or reduce flow-like service experiences and the critical

importance of the “conversational design” of voice-based interfaces.

Finally, the current findings also contribute to prior work on experiential service deliv-

ery. Experiential service delivery has been often considered to depend upon a multi-
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sensory service design (de Oliveira Santini et al., 2020), one that often requires a sys-
tematic orchestration of different service and context variables (Zomerdijk & Voss,
2010). However, the current findings demonstrate that a more experiential service per-
ception can be induced by merely altering the interface modality without changing any
other aspect of the service experience. The results of the current work suggest that voice-
based interactions can transform even mundane tasks such as filing an insurance claim

into an absorptive and ultimately more satisfactory service experience for consumers.

E.9.2 Managerial implications

The findings of this research have immediate implications for practitioners. In what fol-
lows, we provide an overview the implications and design guidelines for industry prac-

tice.

Simple language and conversational flows. The semantic and structural characteristics
of voice-based interfaces greatly impact the user experience and firm perception. Prac-
titioners should carefully test and ensure that the conversational design of their service
interaction is adequate given the user and task (i.e., ensuring high semantic fluency). In
short, the boundary conditions we examined in this study highlight that the conversa-
tional design of a voice-based interface is sensitive to both the number of conversational
turns during a service interaction and the specific words used by a voice interface during
the conversation. When implementing voice-based interfaces, practitioners should be
careful in limiting the number of conversational turns required to complete the service,
as well as optimizing semantic fluency by using simpler and more familiar words to

allow easier processing and in turn an enhanced service experience.

More inclusive user experiences. Voice-based interfaces not only provide a richer, more
absorptive user experience as demonstrated by this research but are also more inclusive
across consumer demographics. Specifically, consumers with impaired writing abilities
such as dyslexia or impaired sight (such as older consumers or consumers with a poor
vision) can directly interact with a voice-based interface across service settings. Tradi-
tional interfaces often lead to detrimental outcomes and heightened frustration particu-
larly for those otherwise disadvantaged consumer segments (Abdolrahmani et al., 2018).
Thus, the well-selected use of voice technology provides an unexplored potential to de-

liver not only more sensory-rich but ultimately more inclusive user experiences.

Voice-based interfaces as a sales channel. The findings of this research revealed that
voice-based interfaces can boost downstream firm-related outcomes such as conversion

or contract renewal rates compared to text-based interfaces. It is plausible that this
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greater persuasiveness is driven by a combination of both enhanced flow (as per our
theorizing) and also mechanisms studied in earlier work (such as enhanced social pres-
ence; Qiu & Benbasat, 2009). The important implication for firms is that voice-based
interfaces are an effective lever in a marketer’s sales automation toolbox. However, our
boundary conditions also reveal that firms are well-advised to ensure that consumers’
processing capacities are not overwhelmed (i.e., by reducing the complexity of the lan-
guage used and by avoiding a large number of conversational turns). Thus, firms need
to balance the effectiveness of voice-based interfaces for sales automation purposes with

the affordances of the task and the user.

Context-dependent channel choice. Current industry practice in choosing the right chan-
nel to interact with consumers is often more driven by trial and error and technology
vendors as opposed to a strategic mapping of task affordances and business objectives.
We hope that the current research can provide guidelines to decide more effectively
under which conditions a voice-based interface is appropriate and when not (see also
Table 22 for a summary of key properties of voice-based communication). Given the
high channel synchronicity of voice-based interfaces, service firms are advised to
choose text-based interfaces for tasks that require more deliberation from the consumer
and that are better suited for asynchronous interactions. Specifically, service tasks that
require parallel processing such as comparing multiple product configurations during a
shopping task are better suited for text-based interfaces as the consumer can re-read and

re-type information if needed.

Monitoring channel choice. Multimodal interfaces are becoming increasingly common
across the service value chain and allow consumers to interact with self-service technol-
ogies via voice or text interchangeably. This begs the question of whether consumers
should be able to choose their preferred interaction modality or not. Our results suggest
that some consumers may feel overwhelmed by the speed and immediacy of voice-based
interfaces (Study 4). Hence, firms are advised to carefully monitor drop-out rates and
also transition periods when consumers switch from one modality over to the other. Al-
lowing consumers to choose their preferred channel is a critical ingredient in enhancing
consumers’ agency during service interactions which we expect to positively impact

both service and firm outcomes.

Cost-effective integration in existing infrastructure. With the rapid development of tech-
nology platforms such as Google’s natural language processing platform Google Dia-

logue or Amazon’s Polly, voice-based interfaces can be easily integrated into the cor-
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porate infrastructure. Instead of developing a native and firm-owned voice-based inter-
face channel, companies can easily tweak existing language models (such as Google
WaveNet as in the current research) and incorporate them into their current service de-
livery process. As highlighted in our technical documentation in the Web Appendix (see
Web Appendix A1), the deployment and technical integration into existing enterprise
solutions are both cost-effective (infrastructure provided, maintained, and continuously
improved by firms like Google or Amazon) and customizable (such as developing a
unique “voice character” that matches the personality of the brand). In short, the use of
voice-based interfaces is highly modular and can be integrated flexibly across different
stages of the customer journey and without requiring substantive changes to the corpo-

rate technology infrastructure.

E.9.3 Future Research

We see three immediate directions for future research. First, future work could further
explore the effective “voice design” and to which extent the voice of the assistant or
interface (such as the depth, pitch, or other vocal features of the voice-based interface)
can be mapped onto the “brand personality” that the voice-based interface represents.
Second, one unexplored area of research is whether and to which extent the specific
features of a voice-based interface can evoke specific affective responses from the user
interacting with the interface. As softer and slower-paced voices tend to induce greater
psychological comfort and calmness (Elkins & Derrick, 2013; Nass & Lee, 2001), future
work might explore which specific features of the voice-based interface affect which
specific psychological user experience. Third, the use of voice technology may not be
beneficial across all settings or contexts (Cambre et al., 2020; Seaborn et al., 2021). We
acknowledge that the impact of voice-based interfaces on consumers is arguably multi-
ply determined, which is also reflected in the varying effect sizes across our studies.
Future work could therefore further explore under which conditions voice technology
can enhance consumers’ experience versus when it becomes a nuisance or even detri-

mental.
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E.10 Web Appendix

E.10.1 A. Supplementary Methods
Al. Technical Details Interface Implementation
A1l.1 System Architecture Voice Interface

The voice assistant application was built using the open-source Python framework
"Flask" for the backend and the open-source JavaScript framework "VueJS" for the
frontend. They act as separate components with the frontend running in the user’s
browser and interacting with the backend API via JSON.

A custom JSON schema was devised to configure the user journeys which enables sim-
ple branching and looping algorithms based on configurable regex checks. Thus, we can
create adaptive user journeys based on user’s verbally issued intents. The frontend is
voice-based and requires a user to give the permission to access the microphone. Voice
input is transcribed via the Google Speech API. All data is stored in an SQLite database.

If desired, the voice files can be stored in the server’s file system.
A1.2 Details on Voice Interface Configuration

In order to illustrate the functionalities of our interface in more detail, we discuss here
our JSON File that defines how a user journey is configured. Each journey configures
the id, title, and description, based on which different journeys can be called in parallel.
Note that the description can contain HTML parts, which can be used to individualize

the frontend of the interface.

To illustrate the operational functionality of our interface, we showcase two types of
journeys that can be built with our interface. The first is a simple linear user journey.
The actual journey is defined with the waypoints key. The different steps are connected
with simple links: each link has a specific type (in this case a GO TO) that defines a
link to value that points to the key of the waypoint that the user should continue with
after the given step. Each step contains a predefined text and/or audio file. As a result,

simple linear user journeys can be modelled as follows:
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"waypoints": {
"intro": {
"text": "Hi there, how are you?",
"audios": {
"audio_default": "/static/audios/simple/intro.mp:3
¥
"next": {
"t}l’DE'":
"data": {
"link_to": "step_1"

}
}
Fs
"step_1": {
"text": "Wonderful, I'm doing great thank you!",
"audios": {
"audio_default": static/audios/simple/step_1.mp3"
E
"next": {
Iltypell: e g
"data": {
“1link to": "step 2"
¥
b
3%
“step: 2V
"text": "Thanks a lot, bye!",
"audios": {
"audio_default": "/static/audios/simple/ste

+
+

}

Second, in order to create adaptive user journeys, we can use a so-called Simple Branch.
As we kept the conversation flow steady in the current study, we did not use this link
type. However, to demonstrate the potential of our interface for modelling more com-
plex, adaptive conversation flows, the below illustration highlights the option to include

additional branching (if needed for future research implementations for instance):
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Answer doesn't
include "foo” or "bar"?

Answer
includes "foo” or "bar"?

step_2b

enextizf
"type": “SIMPLE_BRANCH",
"data": {
"options": [

{
"match": "~((?!.%(foo|bar)}.)*%",
"link_to": "step-1a"

b

{
"link_to": “step-1b"

}
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A1.3 Screenshot Voice Interface

Claim Filing Interface

1. Press for the

> interface to speak

2. Click to record your
answer.

3. Click again to send your
answer.

The button will pop up once the
interface is finished speaking.

Your internet browser will ask
you for permission to access
your microphone, once you
click the first time on the record
button, which you will need to
accept to participate in this
studly.

A1.4 Screenshot Voice Interface

Prior to initiating our experiment, we presented participants in the voice conditions
with a microphone check. Participants were instructed to provide access to their micro-
phone input and test it. Only participants for whom the interface detected a voice input

were allowed to proceed with the study.

Microphone checker

lease allow access to your microphone and test it. to make sure it works correctly.

Microphone Volume

A1l.4 Exemplary User Journey Voice Interface

The user interaction with the voice-interface follows a simple conversational path, as

illustrated below:

Claim Filing Interface

Welcome to the claim filing interface of TER Insurance.
Please answer the following questions.
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1) “Start”-screen: This is the first screen the user interacts with. The conversation

flow is initialized by clicking on the “start”-button.

Claim Filing Interface

2) “Listening”-screen: The conversational interface plays its message. Concentric

vibrating circles graphically underline the audio message.

Claim Filing Interface

3) “Interaction”-screen: The user can either play the audio message again by click-
ing on the “play”-button (based on which the “listening-screen” will arise) or to record

a message by clicking on the “record” button.
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Claim Filing Interface

4) “Record”-screen: Once the user clicks the “record”-button, the following screen
appears. The user can now record a message by speaking into the microphone. When
the user has finished the recording, the message can be sent by clicking on the “Send”-
button. Either the user is linked to the next step of the predefined interaction journey
(“interaction”- screen) or directly transferred to the survey platform once the interac-

tion is finished.

A1.6 Exemplary Text-Based Interface

Claim Filing Interface

What is the reason for your claim? Was it (1) a traffic accident, (2) a glass breakage, (3) a theft or burglary, (4) a damage caused

by a natural event, or (5) another incident?
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Claim Filing Interface

How high do you estimate the damage?

Sample screenshots from the insurance claim filing task with the text-based interface.
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A2. Insurance Claim Filing Task
A2.1 Main Task

Instructions:

Please imagine the following scenario:

e Five days ago, you drove to the city centre, parking your car in a public parking
garage. On the way out of your parking spot, you accidentally hit a pole, leav-
ing a long scratch on the left side of your car. Eventually, you visited the car re-
pair yesterday and you were told that the paintwork must be completely redone.
The damage is estimated to be around $1250.

e You now want to file a claim concerning your car damage with your car insur-

ance company TER Insurance.

e On the following page(s), you are asked to complete your claim via a web inter-
face, which is automatically sent to your insurance company. After responding

to all questions, please continue with the rest of the survey.

Follow-up questions as part of the Claim Filing Process:

o “What happened? Was it a (1) traffic accident, (2) glass breakage, (3) theft or

burglary, (4) damage caused by natural event, (5) another incident?”

e “How did the damage occur? Please describe the course of events as accurate as

possible.”
e “What damage occurred?”
e “How high do you estimate the damage?”
e “When did you notice the damage?”
e “Would you like to notify us about something else?”

Each follow-up question was presented on a separate page, and responses were given
in open text fields for the text-based interface conditions.

Participants in the voice-based interface conditions were provided with exactly the
same questions, the same wording, and the same sequence. They had to click a button
to listen to each follow-up question and another button to record their voice input for

their responses to each question (see voice interface screenshots in section Al).
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A2.2 Variations for Study 2
e Added additional follow-up questions to the claim filing process:

o “What repairs and maintenance do you think are needed to fix the dam-

age?”

o “Next, please tell us about any other parties that might be involved in
this case by addressing the following questions. Were there any other di-

rectly or indirectly involved parties in the accident and if so which?”

o “Additionally, please notify us if you already consulted a technical ex-
pert on the damage?”’

o “Finally, please indicate if you have been already in touch with another

insurance about this damage.”

e Added another interaction task (“follow up customer questionnaire’), where we

asked participants to indicate where they want to continue their policy:

o “We just saw that your insurance policy is about to end. Would you like
us to send you an email so that you can renew your policy: yes or no?”

(low semantic fluency)

o “It has been determined that your insurance policy is due to expire
shortly. Please indicate if you would like to receive an email to prolong

your policy: yes or no?” (high semantic fluency)
A2.2 Variations for Study 3

We manipulated the number of conversational turns through coupling (decoupling) of
the follow-up questions in individual interaction turns. In the low conversational turns
conditions, the questions were combined into 4 individual interaction turns. In the high
conversational turns condition, each question asked in claim filing process resembles

an own interaction turn resulting in a total of 10 interaction turns.
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A3. List of Scales
A3.1 Interface Flow (Study 1, Study 2, Study 3, Study 4)

“To what extent do you agree with the following statements?” (7-point Likert scale;

“Strongly disagree” to “Strongly agree”)
1. This interface totally absorbed me.
il.  This interface really intrigued me.
iii.  This interface drew me in.

Adapted from Unger & Kernan (1983)

A3.2 Experiential Service Delivery (Study 1, Study 2, Study 3, Study 4)

“How do you feel about filing your insurance claims through this interface?” (7-point

Likert scale; “Strongly disagree” to “Strongly agree”)
1. It offers novel experiences.
1. It satisfies my sense of curiosity.
iii.  There is novelty in it.
iv.  Ifeel like I am exploring new worlds.

Adapted from Unger & Kernan (1983)

A3.3 Service Firm Evaluation (Study 2, Study 3, Study 4)

“To what extent do you agree with the following statements?”” (7-point Likert scale;

“Strongly disagree” to “Strongly agree”)
i.  Overall, I am satisfied with the online experience with TER Insurance.

ii. My overall opinion of the services provided by TER Insurance is very good.

Adapted from G. G. Lee & Lin (2005).

A3.4 Insurance Familiarity Questionnaire (Study 1, Study 2, Study 3, Study 4)

In order to better understand or control for participants” insurance claim filing experi-

ence, we asked the following items:
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Car Ownership: “Do you own a car, or have you ever owned a car?”
e Yes

e No

Possession of an Insurance: “Do you currently own a car insurance?”
e Yes

e No

Previous Experience with Insurance Claim Filing: “Have you ever filed an insurance

claim (in person, via phone, via the insurance company’s website)?”
e Yes

e No

When participants replied with “Yes” to the previous experience question, they were

asked the following item:

Last File Claiming Experience: “When have you last filed an insurance claim?”
e Less than a year ago
e Between a year and two years ago
e Between two and three years ago

e More than three years ago

A3.5 Experience with Voice-Based Interfaces (Study 1, Study 2, Study 3, Study 4)

Previous Experience with Voice Assistants: “Have you ever used a voice assistant,

such as Siri (Apple), Google Assistant (Google), or Alexa (Amazon)?”
e Yes
e No

e [don’t know



Part B, Paper E — Voice Bots on the Frontline 181

Voice Assistant Use: “How often do you use voice assistants?”
e Never
e Less than once a month
e Once a month
e Once every two to three weeks
e Once a week
e Several times a week
e Once a day

e Several times a day

Level of Comfort with Voice Assistant Use: “How comfortable are you using a voice

assistant?”

e Not at all

Slightly

Somewhat

Moderately

Extremely

A3.6 Readability Scores (Study 2)

Semantic fluency was assessed using three different readability scores: the Flesch
reading ease score (FRE), the Automated Readability Index (ARI), and the New Dale-
Chall readability formula (NDR). The formulas to the individual scores are presented

below:

words syllables
FRE = 206.835 — 1.015x (—) — 84.6x (—)

sentences words

characterS) ( words

ARl =4.71x ( )— 21.43

words sentences
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NDR = 0.1579 * (Percentag of dif ficult words) + 0.0496

* Average Sentence Lengh in Words

A3.7 Perceived Care of the Interface (Study 3)

“To what extent do you agree with the following statement?”” (7-point Likert scale;

“Strongly disagree” to “Strongly agree”)
1. I feel like the claim filing interface actually cares about me

Adapted from Breivik & Thorbjernsen (2008).

A3.8 Challenge (Study 4)

“To what extent do you agree with the following statement?”” (7-point Likert scale;

“Strongly disagree” to “Strongly agree”):

1. Using the claim filing interface challenges me.

ii.  Using the claim filing interface challenges me to perform the best of my ability.
iii.  Using the claim filing interface provides a good test of my skills.

iv. I find that using the claim filing interface stretches my capabilities to my limits.

“Please answer the following questions:” (7-point Likert scale; “Not at all challenged”
to “Extremely challenged”):

v.  How much does using the claim filing interface challenge you, compared to

other things you do on the computer?

vi.  How much does using the claim filing interface challenge you, compared to the

sport or game you are best at?

Adapted from Novak et al. (2000)
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A4. Advertising Stimuli

A4.1 Voice-Based Interface Advertising Stimuli

TER lnspmrance

Our Digital Insurance
Incident &:5 i
Claim — =

w.mV‘
e W <>

Solution
"6 &
<0

Leave your email
and become a test
user for our new
insurance services
based on our voice
interface!

Super fast claim resolution. Fair prices. Insurance made

easy.

Email Address

Yes, | want to become a test user.

A4.2 Text-Based Interface Advertising Stimuli

TER lnsmrance

Our Digital Insurance

Incident {
Claim

with Text e
Interface TR i

Y
Solution &! E.e

Leave your email
and become a test
user for our new
insurance services
based on our text
interface!

Super fast claim resolution. Fair prices. Insurance made

easy.

Email Address

Yes, | want to become a test user.
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E.10.2  B. Supplementary Analyses

B1 Demographics Across Studies

N N N fe- N Mean SD % male

male male other age age
Study 1 184 92 90 2 3297 11.05 50.0%
Study 2 612 278 322 12 37.19 13.34 45.4%
Study 3 610 286 313 11 3559 12.70 46.9%

Study 4 811 392 413 6 3515 1293 48.3%
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B2 Demographics Across Studies
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B3 Discrimant Validity Tests Interface Flow vs. Experiential Service Experience

Our theorizing rests on the assumption that interface flow and experiential service ex-
perience are two conceptually distinct constructs. To rule out that interface flow and
experiential service experience are reflecting the same underlying construct, we con-

ducted a series of discriminant validity tests.

We first estimated and tested a two-factor model for each construct against a single-
factor model with all items loading on the same factor to assess the discriminant valid-
ity between the constructs (Bagozzi et al., 1991). A significant Chi-Square Difference
Test indicates the superiority of the two-factor over the single-factor model across all
studies (Study 1: y?a(1) = 231.49, p <.001; Study 2: ¥*a(1) = 694.32, p < .001; Study
3:%°A(1) = 384.10, p < .001; Study 4: y*a(1) = 379.2, p < .001), and smaller infor-
mation criteria in favor of the two-factor model across each study (Study 1: BICtwoFac-
tor = 4108.6 vs. BICsingleFactor = 4334.9; Study 2: BICtwoFactor = 16235 vs. BICsingleFac-

tor = 16923; Study 3: BICrwoFactor = 17726 vs. BICsingleFactor = 18103; Study 4:
BICtwoFactor = 17965 vs. BICsingleractor = 18337). Second, following Fornell and Larcker
(Fornell & Larcker, 1981), discriminant validity was also supported when comparing
the constructs’ average variance extracted (AVE) with the squared correlation of the
two constructs across all studies (Study 1: AVEriow= .85, AVEgxperiential = .81; 7%= .56;
Study 2: AVEriow= .77, AVEExperiential = .79; 72 =.50; Study 3: AVEriow= .77, AVEgxpe-
riential = .75; 7%= .60; Study 4: AVEFiow= .78, AVEExperiential = .75; 7>=.61). Third, esti-
mating the bootstrapped correlation coefficients between the two constructs (5000 iter-
ations; using the ‘boot’ package in R) across studies confirm that the confidence inter-
vals do not include either 1 or -1 (Study 1: Closy, = [.68; .83]; Study 2: Close, = [.66;
.75]; Study 3: Closy, = [.74; .80], Study 4: Close, = [.75; .81]). These results further indi-
cate that the two constructs are distinct (Bagozzi et al., 1991).

Overall, the discriminant validity tests demonstrate that experiential service experience

and interface flow are distinct and statistically separable constructs.
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Abstract

Although conversational agents (CA) are increasingly used for providing purchase rec-
ommendations, important design questions remain. The impact of recommendation mo-
dality, i.e, speech vs. text, and the optimal modality depend on how the recommendation
outcome is explained. Across two experiments we examine with a novel fluency mech-
anism how modality shapes recommendation evaluation (persuasiveness and risk), the
intention to follow the recommendation and how modality interacts with the style of
recommendation explanation (verbal vs. numerical). Findings provide robust evidence
that text-based outperform speech-based CAs in terms of processing fluency and con-
sumer responses. They show that numerical explanations are a crucial design aspect to
increase fluency and purchase intention of both CAs. We show the importance of pro-
cessing fluency for the decision to follow a recommendation and highlight that fluency
can be actively shaped through CA design. For practice, we offer actionable implications

on how to make effective sales agents out of CAs.
Keywords

Recommendation Modality, Conversational Agent, Recommendation Explanation, Pro-

cessing Fluency, Purchase Intention
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F.1 Introduction

Firms increasingly use conversational agents (CA) based on artificial intelligence (AI)
for providing purchase recommendations in order to influence consumers’ decision
making (Chernev, 2003) and boost sales (Karnik, 2019). For example, many retailers
such as Sephora employ CAs to provide virtual product consultancy and shopping as-
sistance (Arthur, 2016). CAs represent a novel interaction paradigm between consumers
and firms and has been coined the “next operating system in commerce” (Tricks, 2021).
They allow firms to engage consumers in an immediate, dialogue-based interaction to
provide information on products and services (Miao et al., 2022). The provision of rec-
ommendations by CAs can occur either through speech or text (Wirtz et al., 2018), with
the number of “speech commerce” users having grown by 120% in the last three years
(Kinsella, 2020). Given these options, it is crucial for firms to understand how the mo-
dality of providing purchase recommendations (speech- vs. text-based) influences the
chance that consumers follow the recommendation and purchase a product. However,
research on how different recommendation modalities impact downstream conse-
quences for consumers (information processing and perceptions) and for firms in turn
(purchase) and how recommendations should be “designed” for different modalities has
been scarce. So far, modality-related research in the technology context has focused on
the influence of modality on preference expression (Klesse et al., 2015), on product
search (King et al., 2021), as well as on the suitability of different modalities for differ-
ent consumer tasks (Rzepka et al., 2021) and communication styles (Whang & Im,
2021).

We long know from communication theories (i.e., media richness, media synchronicity)
that speech- and text-based modalities differ fundamentally in their characteristics
(Schmitt, Zierau, et al., 2021). Specifically, speech is more synchronous and provides a
richer symbol set than text (Moffett et al., 2021). It is therefore likely that the same
message is processed differently when read than when heard. For instance, in the adver-
tising context, it has been shown that communication modalities provide different met-
acognitive experiences, ranging from fluency to disfluency (Fransen et al., 2010). Thus,
depending on the modality, certain purchase recommendations are more likely to be
processed smoothly than others. In recommendation situations with CAs, where con-
sumers are exposed to a relatively novel and uncertain decision environment, whether
recommendation information are easily accessible can make a difference for the pur-

chase decision. It is therefore essential for firms to understand how modality influences
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the processing of purchase recommendations so that consumers feel well advised in their

product choice and in turn purchase the recommended product.

However, for consumers’ decision to follow the purchase recommendation, a crucial
issue is that they understand why a CA provided the recommendations (Cheng & Jiang,
2022). A widely proposed mechanism for creating transparent purchase recommenda-
tions is to provide explanations for the recommendations (Wang & Benbasat, 2007).
Explanations have been shown to support consumers to effectively use CAs (Wang &
Benbasat, 2007) and to make better product decisions (Gregor & Benbasat, 2006). In
the context of e-commerce, explanations can be communicated in a numerical or verbal
style. Numerical explanations include information that contains specific numbers, e.g.,
“87% of consumers purchased this product” while verbal explanations consist of infor-
mation that includes general descriptions, e.g., “many of the consumers purchased this
product”. As different explanation styles are processed and remembered differently
(Viswanathan & Childers, 1996), it is likely that certain combinations of recommenda-
tion modality and explanation style are more easily processed than others. To date, no
study has examined whether aligning recommendation modality and recommendation

explanation style makes a difference for purchase intentions.
Taken together, this paper aims to address the following two research questions:

How does the modality for providing recommendations through conversational agents

influence consumers’ interaction perceptions and purchase intention?

How does the interplay of recommendation modality and explanation style influence

. . . . .
consumers’ interaction perceptions and purchase intention:

The structure of the paper is as follows: Initially, we explain processing fluency theory
as the conceptual underpinning of this study. Then, we introduce the previous state of
research on the two key constructs recommendation modality and explanation of rec-
ommendations. Subsequently, we present the research framework and develop the hy-
potheses. Our research framework was tested in two empirical studies. For this purpose,
we outline study design, samples and measures of the two studies. The results are next
presented and discussed. We complete the paper with theoretical and practical contribu-

tions, limitations, and future research directions.

F.2 Theoretical Background and Related Work

The following section provides the theoretical background for our research. Therefore,

we derive the relevance of processing fluency for facilitating interaction evaluations and
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purchase intention in the context of interactions with CA and elaborate how processing
fluency is shaped by recommendation stimuli (modality and explanations). Further, we
present related work on recommendation modalities and explanations of recommenda-

tions in the service context.

F.2.1 The Role of Processing Fluency in Purchase Contexts

Processing fluency describes the subjective feelings of ease or difficulty that consumers
experience when mentally processing information (Graf et al., 2018; Novemsky et al.,
2007). Processing fluency is a central construct that influences consumer evaluations
and behavior across a wide array of domains (Schwarz et al., 2021). For example, studies
have examined how aesthetic aspects such as readability of information or product de-
sign (Graf & Landwehr, 2015; Heitmann et al., 2020; Sung et al., 2022), consumer
online ratings (Kostyk et al., 2017), product arrangements (Walter et al., 2020), and
presentation of product information (Fang et al., 2007) affect processing fluency. A con-
cept somewhat related to fluency is cognitive effort, i.e., the perceived time and effort
required to complete a specific task (le Bigot et al., 2007; Mosteller et al., 2014; Rzepka
et al., 2021). However, the consequences of cognitive effort for consumer responses
depend on the level of fluency of information processing associated with these cognitive
investments (Mosteller et al., 2014). Hence, high cognitive effort for a task need not be
detrimental for consumer responses if it entails high fluency of information processing.
Therefore, we argue that the level of processing fluency underlying a CA interaction
might a better mechanism for explaining the effects of CAs on consumer responses. In
line with this argument, extant research on how speech- vs. text-based CAs impact cog-
nitive effort and consumers’ subsequent responses provide inconclusive findings, likely
because the different degrees of processing fluency underlying the interaction with the
examined CAs and the resulting cognitive effort varied across these studies. No study
so far has examined whether the modalities of interactions with CAs have differential
influence on processing fluency (Schwarz et al., 2021). We address this research gap by
examining the impact of the modality of CAs, specifically relating to the provision of

recommendations, on processing fluency.

Further, we argue that two key recommendation evaluations strongly influenced by pro-
cessing fluency are recommendation persuasiveness and the risk of adopting a recom-
mendation. Only when consumers are persuaded by a recommendation they are willing
to buy a product (Cialdini, 2009; Rhee & Choi, 2020). While consumers may be per-
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suaded of the purchase recommendation's fit, they may still feel a certain risk of adopt-
ing the recommendation, either socially or financially, for instance. This in turn may

prevent them from buying a recommended product (Tsiros & Heilman, 2005).

As already mentioned, the implementation and design of explanations are relevant in the
recommendation context of different CAs. Previous fluency research that examined ex-
planations has focused on online consumer ratings presented in a mean vs. distribution
format (Kostyk et al., 2017). However, no study so far investigated whether giving an
explanation has any effect at all on the processing fluency of recommendations and sub-
sequent recommendation perceptions (persuasiveness and risk) and whether there is a

difference if it is communicated in a numerical or verbal style.

F.2.2 Related Work on Recommendation Modalites

Until now, most studies on CAs have focused on the design and acceptance of text-based
agents (Araujo, 2018; Hill et al., 2015; Huang & Rust, 2018), but recently, the emer-
gence of speech-based interactions in commercial activities creates new challenges for
the effective presentation of purchase recommendations. Firms are particularly inter-
ested in determining whether and how to implement speech-based recommendations
(Bentahar, 2018). Specifically, the communication-related affordances of speech-based
interactions differ fundamentally to text-based modalities that are likely to differentially

affect consumer perceptions of the purchase recommendation process.

According to Moffett et al. (2021), modalities differ regarding the degree of synchro-
nicity. Speech-based recommendation modalities are characterized by high degree of
synchronicity as speech-based communication creates an immediate interaction sce-
nario, in which consumers are involved in a constant back and forth. In a speech-based
interaction, consumers must adapt to the speed of the other. In addition, consumers can-
not revise and refine a message; speech-based interactions require an immediate, unfil-
tered response (Schmitt, Wambsganss, et al., 2021). In contrast, text-based interactions
typically allow for a delayed communication style and thus have a low degree of syn-
chronicity. In text communication, consumers can read and understand another's mes-
sage at their own speed and compose their response in the same way (le Bigot et al.,
2007). Furthermore, modalities differ in terms of the richness of symbols. Speech-based
interactions provide a richer symbol set than text-based interactions. Specifically,
speech-based interactions allow for the integration of vocal features (i.e., changes in
frequency and amplitude) and prosody (i.e., pauses). To that end, according to media

richness theory, speech-based interactions are “richer” than text-based interactions and
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afford consumers to send a variety of social cues making communication more efficient
(Rzepka et al., 2021).

Despite these fundamental differences between speech and text modality, there is lim-
ited research on how speech-based interactions determine the effectiveness of recom-
mendations. The emerging literature on speech-based recommendation has focused on
mechanisms related to anthropomorphism and its downstream consequences for con-
sumers and firms, showing that speech-based recommendations can enhance social ex-
periences in e-commerce settings (Hess et al., 2009; Qiu & Benbasat, 2009; Qiu &
Benbesat, 2005). However, research on how the affordances of speech-based CAs affect
information processing is scarce. Initial research has shown that speech-based prefer-
ence expression can lead to more indulgent product choice when ordering a product with
a vending machine (Klesse et al., 2015), hinting at modality-induced differences in con-
sumer decision making processes. Looking at search modalities, King et al. (2021) show
that speech-based search decrease purchase intention based on a more deliberative mind-
set. Similarly, taking a task-technology-fit perspective, Rzepka et al. (2021) could show
that depending on the task type speech- vs. text-based CA differentially effect the level
of effort (and enjoyment) associated with a service encounter when receiving a restau-
rant recommendation. Building on this work, we aim to investigate how the modality of
a recommendation affects the cognitive processing of a purchase recommendation. Spe-
cifically, as our review of (recommendation) modalities and related work has indicated
that speech-based compared to text-based interaction imposes considerable limitations
in terms of quantity, structure, and processing time of information (Rzepka et al., 2021;
Whang & Im, 2021), we focus on processing fluency as an important psychological
mechanism, which has already been shown to be a potent theory to explain the effec-

tiveness of message design across contexts.

F.2.3 Related Work on Explanations of Recommendations

CAs are able to provide customized recommendations based on the needs and desires of
consumers articulated during an interaction. Firms increasingly provide recommenda-
tions in product-related CA interactions to use such agents not only for providing infor-
mation and services but to sell products (Karnik, 2019). For instance, they often recom-
mend an appropriate product to consumers from a wide range of choices and thus cog-

nitively ease consumers' workload and facilitate purchase (Aksoy et al., 2006).
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In the context of CAs, a recommendation is based either on collaborative filtering, i.e.,
products are recommended on the basis of similar consumers, or on content-based fil-
tering, i.e., products are recommended on the basis of the consumer's preferred products
(Gai & Klesse, 2019). Firms often use a hybrid form of this filtering for their algorithm.
Current research therefore focuses on the impact of the recommendation algorithm (col-
laborative- vs. content-based vs. hybrid). However, consumers can only understand how
the algorithm and CA work by explaining how a recommendation was made. Research
has shown that explanation about the provided recommendation leads to higher trust in
CAs (Wang & Benbasat, 2007). In e-commerce, collaborative explanations are typically
used for recommendations in search tasks, since consumers do not have a reference
value and thus find it more difficult to question the CA's statements (M. Liao & Sundar,
2021). Since the search task is currently the most common task in the recommendation
context with CAs, our work also focuses on collaborative explanations. Therefore, two
fundamentally distinct styles of communicating such explanations frequently used by
firms are numerical and verbal communication. These are two different heuristics that
consumer processes differently (Viswanathan & Childers, 1996). Numerical infor-
mation like "83% of consumers also bought..." encompasses specific attributes while
verbal information like “most of the consumers also bought..." comprises a generic de-
scription of attributes (Viswanathan & Childers, 1996). However, up to now, no research
exists on which explanation style is most effective in terms of enhancing the fluency of
processing the explanation. Moreover, it is unknown so far whether a certain explanation
style fits a certain modality better than others. We contribute to this gap and examine

which recommendation explanation style should be used for a specific modality.

F.3 Hypotheses Development

In this section, we first introduce the research framework based on the previous theory
as well as literature review and develop the single hypotheses of the research model.
The hypotheses development follows in three steps. Initially, we infer the effect of rec-
ommendation modality on processing fluency and in turn on recommendation evalua-
tion and purchase intention. These hypotheses are tested in study 1. In a second step, we
hypothesize the effect of explanation of recommendation on consumer responses, while
in a third step, we elaborate the effects of the interaction between recommendation mo-
dality and explanation of recommendation. These effects regarding the second and third

steps are tested in the second study.
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F.3.1 Research Framework

In order to understand what impact our three stimuli (recommendation modality, rec-
ommendation explanation and their interplay) has on processing fluency of the recom-
mendation and what influence this central mechanism has on the subsequent evaluation
of the recommendation and finally on the behavioral intention, we established the fol-
lowing research model, which is presented in Figure 21. To analyze the influence of the
recommendation modality and recommendation explanation as well as their interaction,
they were added as independent variables to the research model. The processing fluency
in turn mediates the effect of the three stimuli on the recommendation persuasiveness
and on the risk of adopting the recommendation, which in turn influence behavioral
response in terms of purchase intention. Hence, consumers’ psychological processes
capture the direct processing of the stimuli in a fluent or disfluent manner and the re-
sulting evaluation of perceived persuasiveness and risk of the provided recommenda-

tion.
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Figure 21. Research model

F.3.2 The Effect of Recommendation Modality of Perceptions and Purchase

Intention

CAs who provide purchase recommendations typically reduce the amount of infor-
mation by minimizing the selection of recommended products as well as sharing only
the most important details of the products. Condensing information increases complex-
ity and mental workload within speech-based interaction as it is more difficult to listen
than to read (Hong et al., 2004; le Bigot et al., 2007). Different presentation styles of
information (simultaneous vs. sequential) can also increase or decrease complexity
(Basu & Savani, 2019; Mogilner et al., 2013). Simultaneous presentation of information
can lower the difficulty of comparison (Basu & Savani, 2019). Simultaneous presenta-
tion is a feature of text-based interaction that eases information processing (Schmitt,
Wambsganss, et al., 2021). In particular, consumers find it more difficult to assimilate

and remember information via speech (le Bigot et al., 2007), especially when comparing
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between options. When CAs give purchase recommendations, a comparison of at least
two product options occurs. For this type of task, the modality of text seems to fit better
as it presents information simultaneously and allows the consumer to compare the op-

tions. Thus, we obtain the following hypothesis:

H1: Consumers perceive the processing of recommendations by a speech-based conver-

sational agent (compared to a text-based conversational agent) as less fluent.

Processing fluency is described as a subjective feeling that leads consumers to make
judgments and show behaviors in response to this good or bad feeling of fluency or
disfluency (Schwarz et al., 2021). Research findings indicate that stimuli that are per-
ceived as easy to process are also perceived as more positive by consumers (Winkielman
et al., 2003). The positive feeling leads to a more reliable evaluation of information and
a certain ease within the decision process which increases the general liking of a certain
information (Mosteller et al., 2014; Schwarz et al., 2021), which conceivably leads con-
sumers to be persuaded by the obtained recommendation. Hence, a positive feeling can
be seen as a heuristic that consumers use to evaluate the persuasiveness of a situation
(Chen et al., 1999). To ensure that consumers consider a recommendation as persuasive,
recommendations need to convey arguments or cues that influence consumer evalua-
tions and responses (Cialdini, 2009; Dehnert & Mongeau, 2022). For instance, the pos-
itive feeling of processing fluency gives the impression that a recommendation is bene-
ficial for the consumer (Kahneman & Frederick, 2007). In other words, it is convincing
and leads to a certain behavior, in the case of purchase recommendations, to buy a rec-

ommended product. This leads us to the following two hypotheses:
H2a: If processing fluency is high, persuasiveness of recommendations increases.
H2b: If persuasiveness of recommendations is high, purchase intention increases.

Furthermore, the ease of processing information can contribute to a feeling of familiarity
and thus reduce the perceived risk of a hazardous situation or decision (Schwarz et al.,
2021). Thus, the ease of processing information can lead to a perceived sense of security
(Dohle & Montoya, 2017). Also, consumers do not want to lose the positively acquired
feeling of ease, so that they assess a situation as less risky, thus avoiding losses. Con-
sumers therefore judge the acceptance of recommendations as less risky and are thus
more likely to purchase a product in order not to lose the positive feeling of fluency
(Kahneman & Frederick, 2007). We therefore hypothesize the following:

H3a: If processing fluency is high, risk of recommendation adoption decreases.

H3b: If risk of recommendation adoption is high, purchase intention decreases.
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F.3.3 The Effect of Explanation of Recommendation on Processing Fluency

The communication of an explanation for recommendations can be considered as a cue
to help consumers to make decisions. This type of stimuli signals to consumers that they
receive a recommendation that is based on the analysis of their needs. As shown in the
theoretical framework, there are different styles of explanations that can be provided to
a consumer. As already mentioned, firms use the collaborative approach for explana-
tions (i.e., explanations referring to what other consumers did) in particular, due to the
benefits in the search context of products (M. Liao & Sundar, 2021). Moreover, collab-
orative explanations fuel the bandwagon heuristic. As Sundar (2008) outlines, consum-
ers like to go with the flow of people and assume that if a large number of their fellows
agree that something is good, then consumers will be more likely to adopt that mindset.
This kind of heuristic leads consumers to be able to make decisions without thinking
much about it (Kahneman & Frederick, 2007). As a consequence, giving any explana-
tion for the recommendation conveys a kind of reliability to the consumer (M. Liao &
Sundar, 2021), leading to the result that consumers do not have to question the recom-
mendations, so the recommendations will be processed with an increased ease. Thus,

we obtain the following hypothesis:

H4: A (a) numerical and (b) verbal explanation of the recommendations (vs. no expla-

nation) increases processing fluency.

Due to the effects of processing fluency on perceived recommendation persuasiveness,
recommendation adoption risk and purchase intention explained in the previous section,
and the assumption that explanations have a positive effect on processing fluency, ex-
planations of the recommendations also have a positive effect on the subsequent percep-

tion and outcome variables.

F.3.4 The Interplay of Recommendation Modality and Explanations

As mentioned above, in collaborative explanations for a purchase recommendation,
firms relate to a reference group (i.e., other consumers) which is either expressed with
specific numbers like "XX% of consumers similar to you" or descriptive words like

"most consumers similar to you" (M. Liao & Sundar, 2021).

Because of their specificity, consumers can better distinguish numerical information
from other information and process it more easily than verbal information. However,
numerical information often do not have inherent meaning, whereas verbal information
can more effortlessly convey meaning (Viswanathan & Childers, 1996). Therefore, nu-

merical information require greater cognitive effort, making these information easier to
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be overlooked, particularly comparing this to vivid or verbal information (Zillermann &
Brosius, 2012), which can convey meaning more easily. However, presenting numerical
information in text-based form can perform better than verbal information for product
comparisons (Viswanathan & Childers, 1996). The higher degree of accurate encoding
in comparison tasks offsets the disadvantage of transforming numerical information to
extract its inherent meaning. In text-based interactions, more complex information can
be processed than in speech-based interactions, while the latter is better suited for con-
veying simpler (i.e., verbal) information (Schmitt, Wambsganss, et al., 2021). Accord-
ingly, we assume that a numerical explanation is considered easier to process in text-
based interaction and a verbal explanation is easier to process in speech-based interac-
tions, thus the following hypotheses emerge:

H5a: A numerical explanation (vs. verbal explanation) of the recommendations in a

text-based interaction with a conversational agent increases processing fluency.

H5b: A verbal explanation (vs. numerical explanation) of the recommendations in a

speech-based interaction with a conversational agent increases processing fluency.

F.4 Experimental Procedures and Research Context

To test our research model, we used a custom-made conversational interface building
on Python and Google WaveNet (Zierau et al., 2022). The interface provides the ability
to model both speech- and text-based conversational interactions. Across modalities, the
design of the interface was kept simple to control for potential confounds and to isolate
the effect of recommendation modality on consumer perceptions (see Figure 22). for a
comparative overview of both interfaces). For both studies, the dialogue flow is prede-
fined to ensure that the content and structure of the conversational interaction is kept
stable across participants. For the speech-based interface, we used a state-of-the-art text-
to-speech generator from Google WaveNet to create the different voice prompts (Oord
et al., 2016).



198 Part B, Paper F — How Recommendation Modality Impacts Processing Fluency

Figure 22. Text-based vs. speech-based CA

As a study context, we chose purchase recommendations within the food industry for
two major reasons. First, one of the first contexts in which purchase recommendations
have been made via a speech-based CA is the food sector. Especially when cooking,
the advantages of a speech-based CA can come into play in terms of hands-free opera-
tion (de Bellis & Venkataramani Johar, 2020; Sciuto et al., 2018). Second, consumers
can imagine many food products and the level of complexity is low. Above all, it is not
essential that the consumer needs a picture to evaluate the usefulness of a product. In
recent years, numerous skills for speech- and text-based CAs have been developed to
provide consumers with recipe tips and recommendations for food products. Thus, the
scenario exhibits a high degree of realism, which enhances the external validity of our
studies.

In this paper, we present evidence from two studies that were designed to test our hy-
potheses.

F.5 Study1

Study 1 was designed to provide a first test of our baseline hypotheses that speech-based
(as opposed to text-based) interactions evoke less processing fluency when getting a
purchase recommendation. Furthermore, study 1 also tests whether increases in pro-
cessing fluency increase recommendation persuasiveness and decrease the risk of adopt-

ing recommendations, and whether these changes increase purchase intention.

F.5.1 Design and Procedures

A total of 181 participants were recruited from a native English-speaking user panel
(Prolific). We followed the guidelines of Lowry et al. (2016) for the recruitment of the
participants. Those who failed to answer attention or treatment checks correctly were

disregarded from further analyses. Thus, the effective sample resulted in a total of 141
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participants (Mage=34.59, SDage=13.26, 48.23% female). Participants were randomly
assigned to a two-cell between subject experiment (speech- vs. text-based interaction).
In both conditions, the experimental task comprised getting a purchase recommendation
on peanut butter. Before the interaction with the conversational agent starts, we asked
participants to emerge themselves in a scenario describing an event, where they were
preparing a desert for their friends. In the scenario, we provided them with a set of pref-
erences related to product features (e.g., maximum price), they were instructed to report
to a fictious app called KitchenHelper (via speech or text depending on the condition).
We asked participants to report all of these preferences to receive a purchase recommen-
dation. The sequence and semantics of the questions the interface was posing to partic-
ipants were identical across conditions and participants (i.e., the sequence of eight con-
versational turns, semantics, and all other features of the purchase recommendation pro-
cess). The participants were only allowed to use laptops or desktop computers to avoid

confounding affects based on device.

Immediately after the experimental task, we assessed participants perception of pro-
cessing fluency using a 4-item scale (adapted from Graf et al., 2018); sample item: “The
process of studying food product recommendations of the agent was: disfluent / fluent”:
7-point differential Likert scale; arwency = .91). Moreover, we assessed recommendation
persuasiveness using 4 items (adapted from (Shevchuk et al., 2019); sample item: “The
food product recommendations of the agent had an influence on me.”: 7-point Likert
scale, from 1: “Strongly disagree” to 7: “Strongly agree”; apersuasiveness = .81) and recom-
mendation adoption risk using a 4-item scale (adapted from H. Song & Schwarz, 2009;
sample item: “How did you rate the risk of adopting a food product recommendation
from the agent?: very safe / very risky”: T-point differential Likert scale; orisk = 93).
Finally, we measured purchase intention using 3 items (adapted from Bleier et al., 2019
and King et al., 2021; sample item: “I¢ is likely that I would purchase at least one of the
recommended food products I searched for.”; 7-point Likert scale, from 1: “Strongly
disagree” to 7: “Strongly agree”; apurchaseintention = .87). We captured a battery of control
measures including measures on social-demographics, scenario realism, and personal

traits and experiences with CAs.
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F.5.2 Results

To test Hi, we conducted a one-way analysis of variance (ANOVA) revealing that par-
ticipants who used the speech-based CA experienced significantly lower levels of pro-
cessing fluency compared to participants using the text-based CA (Mrtext = 6.43, SE =
0.13; Mspeech = 5.93, SE=0.12;t = —-7.64, p < 0.01). Thus, we can confirm H;.

Furthermore, we conducted a seemingly unrelated regression (SUR). Since the depend-
ent variables of the processing fluency model are simultaneously the independent vari-
ables of the purchase intention model, it seems unrealistic for them to have independent
error terms because they are related in content. Therefore, the method of SUR is able to
provide more efficient estimates for coefficients (Zellner, 1962). The path model results
are summarized in Figure 4. These findings demonstrate that the decrease of processing
fluency evoked by the speech-based CA (fspeech = -.50, z =-2.83, p <.01) in turn led to
a significant decrease in consumers’ evaluation of recommendation persuasiveness (Sriu-
ency = .52,z=15.62, p <.001) and a significant increase in consumers’ evaluation of rec-
ommendation adoption risk (Sency = .-50, z =-5.19, p <.001). Focusing on the impact
on purchasing intention, we found that only the negative impact of speech-based CA on
recommendation persuasiveness, in turn, led to significant decrease in purchase inten-
tion (Bpersuasiveness = .87 z = 9.14, p <.001), while the increase in recommendation adop-
tion risk had no significant impact on purchase intention (Brisk = .02, z=.19, p =.86).
Thus, we were able to confirm hypotheses Hza, H2v, and H3a and had to reject hypothesis
H3p.

F.5.3 Discussion

The findings of Study 1 provide initial evidence for our baseline hypothesis that speech-
based CA create less processing fluency compared to text-based CA. Moreover, we can
show that these differences lead to reduced recommendation persuasiveness and in-
creased risk evaluation when using a speech-based CA. However, only recommendation

persuasiveness can be linked to purchasing intention.

F.6 Study?2

The main objective of Study 2 was to examine to which extent the presence of an expla-
nation for the recommendation can either enhance or reduce participants’ perception of
processing fluency. Moreover, we distinguished between explanations that either used

a numerical or a verbal style.
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F.6.1 Design and Procedures

Again, a total of 362 participants were recruited from a native English-speaking user
panel (Prolific), following the guidelines of Lowry et al. (2016). We disregarded those
participants that either failed to answer our attention checks correctly and those who did
not pass the treatment checks. Specifically, those who did not recognize whether the
explanation used a numerical vs. verbal style were disregarded from the sample. The
final sample consisted of 293 participants (Mage=32.62, SDage=12.63, 56.66% female).
Participants were randomly assigned to a 2 (recommendation modality: speech-based
vs. text-based) x 3 (explanation: numerical explanation vs. verbal explanation vs. no
explanation) between-subjects design, using the same experimental paradigm and con-
text as in Study 1 and only adding a short explanation. To distinguish between the dif-
ferent explanation conditions, we kept the content and meaning stable and only shifted
between a numerical and verbal communication style. Specifically, the numerical con-
dition used numbers (i.e., “Based on preferences of 91.8% of the Kitchen Helper App
users and about 652,000 reviews of around 17 peanut butter products, [...]”), the verbal
condition used words (i.e., ”’Based on preferences from most of the Kitchen Helper App
users and a lot of reviews of many peanut butter products, [...]”). For the no explanation
condition, we added a short sentence stating that the CA had considered all available
options, but did not offer any explanation. To control for the length of the turn and to
isolate the effect of the explanation, we held the number of words constant between
conditions. Immediately, after the experimental task we collected the same measures as
in Study 1 for processing fluency (aFency = .91), recommendation persuasiveness (0per-
suasiveness = -82), recommendation adoption risk (arisk = .93), and purchase intention (opur-

chaselntention — . 8 5)

F.6.2 Results

To test Hi, Hs and Hs, we conducted a one-way analysis of variance (ANOVA). The
results of ANOVA show a significant main effect of recommendation modality on pro-
cessing fluency (F(1, 287) = 8.31, p < 0.01). Planned contrasts of predictive margins
show that speech is significantly less fluent than text (Mspeech = 5.74, SE = 0.09; Mrext =
6.12, SE = 0.09; t = -2.88, p < 0.01), which provides support for H1. Also, the main
effect of providing an explanation on processing fluency was significant (F(2, 287) =
8.90, p < 0.001). Again, planned contrasts of predictive margins show that numerical
explanation is significantly more fluent than no explanation (MnoExplanation = 5.86, SE =
0.12; MNumericalExplanation = 6.29, SE = 0.11; t =2.73, p < 0.01). But there is no significant
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difference between verbal explanation and no explanation (MverbalExplanation = 5.64, SE =
0.12; t = -1.35, p = 0.180). Therefore, we could confirm Hs, and had to reject Ha. We
use planned contrasts to analyze the interaction effect of recommendation modality and
explanation of recommendation. Figure 23 shows the predictive margins of the interac-
tion effects. We find support for H5a, as the processing fluency is higher for numerical
explanations than for verbal explanations provided by text-based CAs (MnumericalXtext =
6.54, SE = 0.16; Myervarxtext = 5.72, SE = 0.16; t = 3.59, p < 0.001). However, we find no
support for H5b. Instead, we identified a reversed effect, as the numerical explanation
has a significantly higher effect on fluency than the verbal explanations provided by
speech-based CAs (Mnumericalxspeech = 6.05, SE = 0.14; Myerbarxspeech = 5.56, SE =0.17; t =
2.21, p <0.05).
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Figure 23. Predictive margins of the interaction effects for processing fluency

Next, we estimated a path model using the SUR function in STATA to assess the over-
all system of hypotheses, see Figure 24. These findings demonstrate that the decrease
of processing fluency evoked by the speech-based CA (fspeech = -.49, z =-2.14,

p <.05) in turn led to a significant decrease in consumers’ evaluation of recommenda-
tion persuasiveness (Sriuency = .49, z =-8.31, p <.001) and a significant increase in con-
sumers’ evaluation of recommendation adoption risk (Sriuency = -.38, z =4.92,

p <.001). Focusing on the impact on purchasing intention, we found that only the neg-
ative impact of speech-based CA on recommendation persuasiveness, in turn, led to

significant decrease in purchase intention (Spersuasiveness = .73 z = 12.10, p <.001), while
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the increase in recommendation risk had no significant impact on purchase intention
(Brisk =-.07, z=-1.45, p = .15). The results of the SUR also show that a numerical ex-
planation (vs. no explanation; SNumericalExplanation = .44, z = 1.99, p < .05) increases the
processing fluency significantly, but a verbal explanation (vs. no explanation) had no
effect (BverbalExplanation = -.40, z =-1.78, p = .1). As in study 1, we were able to confirm

hypotheses H2a, Hab, and H3za and had to reject hypothesis H3p.
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Figure 24. Path model of Study 1 & 2

F.6.3 Discussion

The results of study 2 provide further evidence for our initial hypothesis that speech-
based interactions produce lower processing fluency compared to text-based interac-
tions. In addition, we repeatedly demonstrate that processing fluency reduces the risk
evaluation of recommendation adoption and increases recommendation persuasion.
Recommendation persuasion also increases purchase intention, whereas risk evaluation
does not, as in Study 1. Thus, processing fluency is an important mechanism that deter-
mines whether consumers purchase a recommended product. Moreover, numerical ex-
planation of recommendations leads to higher processing fluency of the recommenda-
tion for both speech- and text-based CAs.

F.7 General Discussion

Firms face the challenge to decide which type of CAs they want to use for communi-
cating purchase recommendations, because it is well established that CAs can help con-
sumers to make better product decisions (Gai & Klesse, 2019). Our aim was to show
how fluently purchase recommendations can be processed via speech- and text-based
CAs and what effects this has on the evaluation of the recommendations and the corre-
sponding purchase intentions. In addition, we aimed to show if an explanation of the

recommendations can contribute to the ease of processing purchase recommendations.
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Since speech- vs. text-based interactions comprise fundamental differences (Schmitt,
Zierau, et al., 2021), and yet explanations are a central component of recommendations,
it is even more relevant to understand whether and how explanations have an effect on

processing fluency within different recommendation modalities.

We showed in both studies that purchase recommendations provided by text-based CAs
are perceived as easier to process as compared to speech-based CAs. Speech-based in-
teractions are frequently hyped as a new technology due to their naturalness and flexi-
bility, leading to a growing interest in integrating them in the purchasing context
(Schwartz, 2022). However, shopping, especially for new products, is more complex in
nature, as consumers want to feel they are being well advised by receiving customized
recommendations as well as understanding why they are receiving certain products from
a CA (Gai & Klesse, 2019; Wang & Benbasat, 2007). Across two studies, our results
demonstrate that even when only two purchase recommendations need to be compared,
the text-based CA outperforms the speech-based CA.

The processing fluency of purchase recommendations is a central mechanism, which
primarily conveys the feeling of whether recommendations can be processed as easy or
difficult. This feeling in turn leads to an evaluation of the recommendation and the in-
tention to follow the purchase recommendation by purchasing the product(s). Our results
show that processing fluency, which is associated with feelings of ease, significantly
minimized perceived risk and increased persuasiveness. We also found that perceived
persuasiveness significantly increased the intention to purchase a recommended prod-
uct. However, risk of adopting a recommendation did not significantly influence the
purchase intention. A possible explanation for the non-significant effect is the food prod-
uct used in our experiment. Food products such as peanut butter are low-involvement
products for which the risk of purchasing the recommended product is manageable.
However, in the context of shopping with CAs, low-involvement products are currently
the standard.

The second study examined a further stimulus on processing fluency, the explanation
for the recommendations. Furthermore, we examined whether there was an interaction
effect between the type of CA and the explanation for recommendations. A numerical
explanation was significantly perceived as more fluent than no explanation. However, a
verbal explanation was not perceived as more fluent than no explanation, i.e., there were
no significant differences between the two styles. Thus, we note that a numerical expla-
nation is more specific than a verbal explanation, which is more generically in nature

(Viswanathan & Childers, 1996). Not necessarily processing ability, but processing
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preferences may make a difference in whether and which style of explanation is pre-
ferred by the consumer (Childers et al., 1985). Since consumers are confronted with
numbers on a regular basis when making product decisions and since these numbers are
more unambiguous and easier to interpret, a numerical explanation is suitable for pro-
cessing purchase recommendations more easily. Interestingly, numerical explanations
(as opposed to verbal explanations) have a significantly higher influence on processing
fluency for both speech- and text-based CAs. In particular, numbers can be identified as
a heuristic and a kind of anchor. Processing numbers in speech-based interactions re-
quires some cognitive effort, yet these numbers do not need to be internalized in their
entirety (Viswanathan & Childers, 1996), and still convey a sense of accuracy when the
numbers are highly marked (M. Liao & Sundar, 2021; Schmitt, Wambsganss, et al.,
2021). The feeling of seeing or hearing a high number conveys the feeling of an easier
processing of the purchase recommendations, because the recommendations can be bet-

ter categorized.

Our two studies have shown a negative effect of speech-based CAs compared to text-
based CAs in e- commerce. Firms should therefore carefully consider to prioritize a text-
based CA for digital commerce over a speech-based CA or, alternatively, consider how
they can increase the fluency of the speech-based CA. Previous studies, primarily fo-
cused on social presence and anthropomorphic aspects of CAs, have highlighted the
benefits of speech-based CAs and their social meaning, which could also be used in
context of purchase recommendations. Therefore, further design-oriented questions
arise on how to raise these potentials in practice. The use of a numerical explanation can
already increase the fluency of speech-based CAs, but also of text-based CAs, so that
they are preferable in everyday commerce contexts in order to ultimately increase the
purchase intention. Given the increase of a large number of available CAs in the omni-
channel, such a generalizable conversational design is important, to provide superior

consumer experiences across modalities.

F.8 Implications, Limitations and Future Research

Our study has several important implications for IS theory and practice. First, we pro-
vide a rigorous experimental approach to disentangle the effects of CA modality as one
key material property of these IT artifacts. By highlighting across two studies that in
shopping and purchase recommendation contexts, text-based CAs usually outperform
speech-based CAs. Consequently, we challenge the assumption that naturalness of

speech is superior compared to text-based interactions. Second, and well connected to
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our first theory implication, we contribute with our fluency theory perspective to the
better understanding of CA interaction. By highlighting the crucial role of fluent inter-
action on consumer perceptions, we underscore the impact that fluency theory could
have in understanding on consumer reactions to CA interactions. Third, we highlight
that not only fluency and modality matter for CA interaction outcomes. Research should
also very carefully consider the content-wise perspective when highlighting crucial as-
pects for interactions, i.e., in our case recommendation explanations. By showing that
numerical explanations outperform no explanations and verbal explanations, we identify

important anchoring points during conversational interactions.

Consequently, we highlight as a major practical implication that firms should use in
shopping contexts text-based CAs to communicate purchase recommendations and pro-
vide them a numerical explanation for the recommendations, so that the overall pro-
cessing fluency is high, leading to the persuasion that the recommended product is ap-

propriate and the consumer is more likely to purchase the product.

As advances in technology enable firms to implement both speech- and text-based CAs,
and consumers' requests for these technologies increase, firms should consider how they
will design each modality. Therefore, it is also important to take a multi- and omnichan-
nel perspective. In the long term, it will not be a question of whether firms use speech-
or text-based CAs, but rather consumers will decide which CA they prefer and when, so
the design of both CAs will become equally relevant. However, our research has high-
lighted potential problems with speech-based CAs. Future research should therefore
consider how these CAs can be designed more effectively so that the processing fluency

of the recommendation increases.

Our paper has naturally further limitations that provide ground for future research. We
conducted our two studies online by utilizing an online panel. Thus, we acknowledge
that we could not control for all external stimuli in comparison to in-person lab experi-
ments. Such noise could especially influence our central fluency variable. However, our
setting is comparable to typical shopping experiences and, thus, we took this limitation
consciously into account. Field experiments could thus take our findings as a starting

point to provide evidence if our theory holds in large-scale shopping settings.

In the experiment, participants were asked to put themselves in a service encounter with
the CA that was as realistic as possible. More specifically, this meant that they had to
put themselves in a specific role (vignette), act accordingly, and make decisions. This

type of experiment has limitations in external validity (Aguinis & Bradley, 2014).
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Therefore, the study's results have limited generalizability to other or real-life situations
in service encounters with CAs. Moreover, the experiment depicts a short-term and fixed
process. Future experiments should also investigate more flexible service situations
(along the lines of Wizard-of-Oz experiments) and their impact. Furthermore, future
studies should test different situations in the context of purchase recommendation to

strengthen the robustness of our results and discuss possible further effects.

When explaining a recommendation, we chose a collaborative explanation type in the
experiment, however, there is also the variation of a content-based explanation, which
should be further explored in future studies. Moreover, we designed the collaborative
explanation using numerical and verbal elements. However, future studies should use
alternative numerical and verbal elements to validate the results of our study. Further-
more, an explanation is a key design element in the recommendation context, but there
are other design elements that should also be investigated. The sequence of recommen-
dations, the presented product features, or social communication elements, etc. also
comprise a recommendation and should be investigated in the context of speech- vs.
text-based CAs.
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