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Social robots are gradually entering the organizational frontline, and research is begin-
ning to unveil the implications for consumer-firm interactions. While empirical studies
on human-robot service interaction (HRSI) are scarce in business literature, other sci-
entific fields have generated an abundance of empirical findings that can inform con-
sumer research on successfully integrating embodied social robots in consumer-facing
services. In this light, a systematic literature review was conducted across scientific
fields, screening over 13,500 research articles. Through a thorough review process,
199 service-relevant empirical research articles were identified. Emanating from these
data, an organizing meta-framework is advanced (D% design, delegate, and deploy).
Leveraging this D® framework, a comprehensive overview of several dimensions of
the literature is provided, and key insights for each framework dimension are pre-
sented. Based on this overview, implications for whether, how, and when to integrate

social robots in practice and a comprehensive future research agenda are developed.

KEYWORDS
consumers, embodied social robots, future research agenda, human-robot service
interactions, systematic literature review

1 | INTRODUCTION

Social robots are increasingly being deployed in a wide variety of
consumer-facing services, where they co-create value with and for
the benefit of the consumers they interact with (Lu et al., 2020; Wirtz
et al., 2018). Robots welcome customers to restaurants and hotels,
entertain children, read cooking recipes at home, give additional in-
formation about products in stores, or assist the elderly with walking
to support their health (Henschel et al., 2021; KPMG, 2016). What all
these robots delivering services to consumers have in common is that

they represent an “information technology in a physical embodiment,

providing customized services by performing physical as well as non-
physical tasks with a high degree of autonomy” (Jorling et al., 2019,
p. 405). This integration of robots into the marketplace reshapes ser-
vice interactions and also challenges some fundamental principles of
consumer-firm interactions (Kaartemo & Helkkula, 2018; Subramony
et al., 2018). While service robots come with different levels of in-
telligence (Huang & Rust, 2018) and in various manifestations (Wirtz
et al., 2018), embodied robots engaging in social interactions with
consumers are expected to ignite what could be the most dramatic
transformation of the consumer service landscape in the age of ser-
vice robots (Mende et al., 2019; Wirtz et al., 2018).
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Thus far, research on the integration of embodied social robots
in consumer-facing services is predominantly of conceptual nature
(Cai¢ et al., 2019; De Keyser et al., 2019; Lariviére et al., 2017; Lu
et al., 2020; van Pinxteren et al., 2020; Subramony et al., 2018; Xiao
& Kumar, 2021). As a consequence, calls for studies of success driv-
ers for the integration of artificial intelligence-based technology,
such as social robots, into services are repeatedly echoed as a chief
research priority (Paul & Bhukya, 2021; Subramony et al., 2018;
Wirtz et al., 2018). Seminal service work has yet to empirically ex-
plore consumer interactions with embodied social robots in general
(e.g., Kim et al., 2019) or in particular contexts, such as hospitality
(e.g., Choi et al., 2019), healthcare (e.g., Lee et al., 2017), food and
status consumption (Mende et al., 2019), and elderly care (Cai¢
et al., 2018).

Meanwhile, empirical research on human-robot interactions
(HRI), in which humans and robots coordinate their actions face to
face in real time and in a shared environment (Dautenhahn, 2007),
has been widely conducted in other scientific disciplines. For in-
stance, it is well represented in fields such as robotics (e.g., Torta
et al., 2014), medicine (e.g., Chita-Tegmark et al., 2019), information
systems (e.g., Mettler et al., 2017), and psychology (e.g., Gallimore
et al., 2019). The respective empirical findings amount to a wealth of
knowledge on various social robot types interacting with consumers
in different service contexts, studied with diverse scientific meth-
ods. Synthesizing the results of these studies promises implications
for the design of successful interactions between consumers and
social robots in service settings in general.

Because HRI is a growing multidisciplinary field, a variety of
systematic literature reviews have been produced. However, none
has been transdisciplinary in nature and taken a service focus. Most
reviews have restrictive foci: non-verbal robotic communication
(Saunderson & Nejat, 2019), emotions in HRI (Stock-Homburg, 2021),
service failure (Honig & Oron-Gilad, 2018), first encounters (Avelino
etal., 2021), ethical considerations related to HRI (Boada et al., 2021;
Tan et al., 2021), social acceptance of robots in different occupa-
tional fields (Savela et al., 2018), social robots to combat loneliness
(Gasteiger et al., 2021), or quantifiable evidence of human attitudes
toward social robots (Naneva et al., 2020). Others have been re-
stricted to a specific social robot model (i.e., NAO; Robaczewski
et al., 2021) or context, such as elderly care (i.e., socially assistive ro-
bots [SAR]; Kachouie et al., 2014; Vandemeulebroucke et al., 2021;
Wang et al.,, 2022), education (Woo et al., 2021), or hospitality
(Ilvanov et al., 2019).

Our extensive literature search identified four notable excep-
tions of literature reviews adopting an unrestrictive view of con-
sumer interactions with robots. However, Lu et al. (2020) and Xiao
and Kumar (2021) both predominantly derived their inferences from
conceptual articles restricted to marketing and business outlets and
thus based their implications on only a very limited set of empiri-
cal findings. Ameen et al. (2021) offered a comprehensive literature
review of HRI across scientific disciplines, which did not, however,
focus on consumer interactions with embodied social robots per
se, but rather with smart technology in general. Finally, Lambert
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et al. (2020) included research articles in which users did not inter-
act with social robots in service contexts and offered no structuring
framework.

In summary, while the existing reviews each provide an over-
view of the HRI context of their particular focus and, in part, provide
structuring frameworks, they mostly reveal a narrow perspective,
either with respect to the literature stream they source from (e.g.,
marketing literature), the focal topic (e.g., service failure), or the
robot types they studied (e.g., SAR). In consumer and marketing
research, in particular, empirical research on consumers’ interac-
tions with social robots that are suitable for deployment in ser-
vices is in undersupply compared to studies on other technologies,
such as the Internet of Things (e.g., Kasilingam & Krishna, 2021;
Nguyen & Simkin, 2017) or augmented and virtual reality technolo-
gies (e.g., Hilken et al., 2017; Shahab et al., 2021). Thus, we extend
previous knowledge by reviewing the extant HRI literature from
an all-encompassing perspective. We identified and mapped the
empirical body of state-of-the-art knowledge on consumer inter-
actions with social robots across scientific fields, developed a new
and integrative framework to synthesize the literature on HRI in
consumer-facing service contexts, and pinpointed future research

avenues around consumer-facing service interactions.

2 | THIS REVIEW

The focus of this review is on human interactions with autono-
mous, embodied social robots providing services for and in co-
creation with consumers, which we coin human-robot service
interactions (HRSI). While established definitions of service ro-
bots in the business literature include autonomous smart objects
(e.g., autonomous vacuum cleaners and self-driving cars; Jorling
et al., 2019; Wirtz et al., 2018), the current systematic literature
review aims to synthesize empirical findings on robotic comple-
ments or substitutes for employees in consumer-facing service
contexts. Therefore, we reviewed only studies on embodied and
autonomous robots that can interact socially with consumers.
Because such robots are able to exhibit non-verbal and verbal
cues to express emotions and intentions in a human-like manner
(Breazeal, 2003), consumers accept them as peers and interaction
partners (Fong et al., 2003). Hence, such social robots can be ef-
fectively integrated into services, where they augment or substi-
tute service employees (Cai¢ et al., 2019).

Considering the wealth of empirical studies on HRI in consumer-
facing service contexts in different scientific disciplines, paired
with the paucity of systematic reviews of extant research on ac-
tual consumer psychological and behavioral responses to interac-
tions with embodied social robots, this study aimed to establish a
comprehensive, transdisciplinary overview of empirical insights on
HRSI. To this end, we undertook a systematic review of HRSI stud-
ies across scientific disciplines to structure the available information
from a consumer research perspective around three central research

questions:
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1. What is a guiding structure emerging from the extant HRSI
literature?

2. What is the status quo of empirical insights on HRSI across scien-
tific fields, and how can these insights be synthesized to inform
researchers and practitioners on the successful integration of em-
bodied social robots in consumer-facing services?

3. What future research avenues emerge from an integrative per-

spective on HRSI?

3 | METHODOLOGY

We used a systematic narrative literature review following the key
stages suggested by Siddaway et al. (2019). This approach represents
the most informative, thorough, and well-justified method (Paul &
Criado, 2020; Paul et al., 2021) of identifying relevant studies, with
minimal biases and errors (Jesson et al., 2011), and for critically eval-
uating and integrating the search results (Siddaway et al., 2019). Our
systematic review, in particular, encapsulates studies on human-
robot service interaction across disciplinary boundaries to gain
deep insights from the existing literature through a systematic and
structured content analysis of the identified papers (Lim et al., 2021;
Seuring & Gold, 2012). Thereby, we investigate the data according
to various dimensions, such as methodology, study contexts, char-
acteristics of robots and consumers, and key constructs (Paul &
Rosado-Serrano, 2019).

International Journal of COnsumer Studies %Y LEY-*”

Next, we discuss our review process according to two main
phases: (1) the systematic search and data extraction process and
(2) the systematic review and analysis process. While steps in the
former phase pertain to data collection, steps in the latter relate to
data screening, cleaning, and coding. Figure 1 provides a detailed
summary of our systematic review process.

3.1 | Systematic search and data extraction process

3.1.1 | Database search
The body of literature pertaining to robotics and HRI is broad in
scope and incorporates a wealth of studies across a wide quality
spectrum. In line with previous systematic reviews (e.g., Montoro-
Pons et al.,, 2021), we used the Web of Science (WOS) database
to source only articles that reflect on our research questions and
meet a minimum quality standard (e.g., Kapoor & Banerjee, 2021).
The WOS database includes the main corpus of HRI research in di-
verse scientific fields published in scholarly qualified, peer-reviewed
journals (Antons & Breidbach, 2018). Thus, in line with our inclusion
criteria, WOS helps to avoid low-impact, non-peer-reviewed sources
(Martin-Martin et al., 2018).

This review encompasses studies on consumer interactions with
embodied social robots in a service context. Accordingly, we formu-

lated Boolean phrases to systematically search the WOS database

FIRST LITERATURE SEARCH

Search in Web of Science (WOS)
database using two Boolean
formulas (see Table Al)

¥

2,388 articles in out-

1

1

1

! n Initial review of 12,442 articles
| of-scope categories

1

1

1

based on WOS category

2,651 articles were

were excluded excluded

'

1 1
1 Review of 10,054 articles’ titles !
H and abstracts based on !
inclusion/exclusion criteria (see !
1
1

3,011 articles were
excluded

8,537 articles were
excluded 1
! Table A2)

v

Determination of dimensions,
contextual, and research-related
factors for coding

v
Review of 1,517 remaining :
articles’ content based on full -
texts; review based on :
1
1
1

259 articles were
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1,338 articles were

excluded . . . L
inclusion/exclusion criteria and

quality check (see Table A2)

Coding of the final sample
(n=179) based on several
contextual and research-related
factors

DATA UPDATE

ANALYSIS AND SYNTHESIS

Search in Web of Science (WOS)
database using two Boolean
formulas (see Table Al)

_____________ 1
1
i v
1 . . .

\ Initial review of 6,076 articles Cc_;mbmatlon of the included
h articles from the two searches
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1 duplications with first search, and
1
1
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v

Review of 3,425 articles’ titles
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inclusion/exclusion criteria (see
Table A2)

A4
Identification of studies (n= 199)
that are directly related to
consumer interactions with social
robots in a consumer-facing
service context.
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1
E Review of 414 articles.’ content Aty e d'synt.hesis of
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! * a future research agenda.
Coding of the final sample
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FIGURE 1 Systematic review and synthesis process
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for suitable research evidence written in English (see Table Al in
Appendix S1 for a detailed overview). The first Boolean phrase in-
cluded 28 terms used in prior literature to refer to robots deployed in
different consumer-facing services, such as social robots, care robots,
and assistive robots. We anticipated that in some neighboring disci-
plines (e.g., psychology and management), “robot” might also be used
without further specification but still refer to social robots. Therefore,
we developed a second Boolean phrase that included the term “robot*”
on its own. With this phrase, we searched WOS again, focusing on se-
lected categories (i.e., “psychology,” “business,” and “management”).
The Boolean searches, conducted in May 2019, together re-
vealed 12,442 articles (9,861 + 2,581), across 205 different WOS
categories. After excluding WOS categories outside the scope of our
review (e.g., astrophysics, physics, and thermodynamics), 10,054 ar-
ticles remained. Then, in November 2021, we updated our data and
re-ran the Boolean phrases, which resulted in 6,076 additional arti-
cles. After excluding irrelevant WOS categories, duplicates to the
first search, and articles published in journals that did not meet the
quality criteria, we added 3,425 of these articles to the data set.

3.1.2 | Data extraction

We used self-developed data extraction sheets to warrant transpar-
ency in our data, search, and analysis processes and to provide a con-
trol mechanism for the entire systematic review process (Rashman
et al., 2009). We merged all article information resulting from the dif-
ferent WOS searches into one spreadsheet, which then served as a
basis for all screening, coding, and information extraction processes.

3.2 | Systematic review and analysis process

3.2.1 | Initial screening

In the first screening round, two independent coders assessed each
article's title. If an allocation based on the title alone was not possi-
ble, they reviewed the abstract to determine if it fit the scope of our
research (Calabro et al., 2019). The intercoder reliability exceeded
the suggested threshold of 0.70 for both the initial (I, = 0.92) and
updated (I, = 0.94) data screening (Perreault & Leigh, 1989; Rust
& Cooil, 1994). Articles that received inconsistent codes were
screened by a third coder from the author team. In this step, we
excluded 11,548 articles (8,537 from the first and 3,011 from the
second search data set) because they were not empirical (e.g., con-
ceptual papers and reports) or did not study human behavioral or
psychological outcomes resulting from direct or scenario-based in-
teractions with embodied social robots. For example, some of the
excluded papers focused on technical and engineering issues (e.g.,
Kim et al., 2009) or scale development objectives (e.g., Banks, 2019).
We also excluded studies involving individuals with specific needs
or limited agency (e.g., patients with Alzheimer's disease, children
with autism, and infants <5 years old) because such actors co-create
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value in fundamentally different ways. Following this initial screen-
ing of titles and abstracts, we consulted the full text of all remaining
articles (n = 1,931). If they did not meet the inclusion criteria (see
Table A2 in Appendix S1 for a detailed overview), we excluded them
(n=1,597).

3.2.2 | Quality assessment

As a first measure for quality control, we included only peer-reviewed
journal articles because the review process provides a quality con-
trol mechanism that validates the results that such articles afford
(Ordanini et al., 2008). Using a conservative approach when exclud-
ing articles in fields for which the research team had less familiarity,
we initially did not exclude any articles on the basis of journal quality.
However, upon obtaining an overview in the full-text coding process,
we noticed a substantial variance in scientific rigor across disciplines.
Therefore, in line with other systematic reviews that investigate
broad multidisciplinary fields (e.g., Follmer & Jones, 2018), we turned
to other objective quality criteria, including the WOS index, impact
factor, Scopus CiteScore, and Scopus journal quartile, all of which
apply to the relevant scientific fields. We then included only those
articles published in journals that appear in the Science Citation Index
Expanded (SCI-E), and Social Sciences Citation Index (SSCI), with im-
pact factors and Scopus CiteScores exceeding 1.00 and a ranking in

the first quartile in one of Scopus's scientific categories.

3.2.3 | Coding

After this screening and quality assessment, the sample consisted
of 334 articles. In line with previous systematic literature reviews
(e.g., Babi¢ Rosario et al., 2020), we first performed content analysis
of these articles, coding them according to 13 dimensions: (1) aim
of the study, (2) research method, (3) methodological nature (i.e.,
qualitative/quantitative), (4) sample characteristics, (5) study coun-
try, (6) study context, (7) robot brand/name, (8) robot type, (9) robot
morphological characteristics, (10) independent variables, (11) de-
pendent variables, (12) moderators and mediators, and (13) key find-
ings. To determine if an article relates to HRI in a consumer-facing
service context (i.e., HRSI), we categorized the underlying study con-
texts based on the North American Industry Classification System
(e.g., healthcare, arts and entertainment; 2017). This effort revealed
a total of 199 articles directly related to interactions of social robots
and consumers in consumer-facing service contexts. All the codes
were checked again by a separate coder from the author team, and
any inconsistencies were discussed and resolved by consensus.

3.2.4 | Bottom-up thematic analysis

Following previous transdisciplinary reviews (e.g., Rietveld &
Schilling, 2021), we performed an inductive, bottom-up analysis of
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the final 199 articles to identify themes to structure HRSI literature.
Inductive bottom-up approaches are especially suitable for produc-
ing an overall description of dispersed data compared to deductive
top-down methods, which allow for more detailed analyses of more
closely related data (Nowell et al., 2017). This is in line with our aim to
develop a new, integrative framework emerging from our transdiscipli-
nary data. After familiarizing ourselves with the data through content
analysis, we identified common themes to cluster the articles in our
data set (e.g., robot appearance, robot non-verbal behavior, and human
versus. robot), which we iteratively synthesized until three overarch-
ing themes emerged that incorporated all previous subthemes (see
Section 4). While we developed the themes without using a specific
theory or framework as a blueprint, elements of the framework were
drawn from previous work (Puntoni et al., 2021; Wirtz et al., 2018).

3.2.5 | PRISMA protocol

Finally, as suggested by Siddaway et al. (2019), we confirmed the
suitability of the review and analysis processes by checking all items
on the PRISMA 2020 protocol checklist, except for preregistration
(see Appendix S1, Table A3; Page et al., 2021).

International Journal of cnnsu mer Studies WILEYm

4 | RESULTS

41 | D?3asa guiding framework of HRSI research:
Design, delegate, and deploy

With a bottom-up thematic analysis of the coded data, we devel-
oped a general, integrative framework to structure the HRSI litera-
ture (Figure 2) according to three overarching themes that emerged
from the analysis of the 199 articles included in our review: design,

delegate, and deploy.

41.1 | Design

A little more than half of the articles in our data set could be clustered
under the design theme (n = 100 articles; n = 121 studies). Studies
in these research articles aimed to understand the effects that the
design of a robot's behavior (i.e., software) and appearance (i.e., hard-
ware) might have on consumers. For example, studies of how a robot's
behaviors, such as politeness (e.g., Lee et al., 2017), verbal or non-
verbal emotion expression (e.g., Johnson & Cuijpers, 2019), and per-

sonality (e.g., Meerbeek et al., 2008), affect consumers fall under the

/ D1: DESIGN

</>

--
Definition: HRSI studies that focus on
the effects of social robots’ behavior

(software) and/or appearance (hardware)
design on consumer outcomes.

Research topics: How or to what extent
does social robot behavior or
appearance affect consumer outcomes
in service provision?

Implications: How to design social
robot software and hardware to
effectively integrate them in consumer-

facing services.

/ D2: DELEGATE

@
-
|

Definition: HRSI studies that directly
compare human employees and social
robots providing service to consumers.

Research topics: What are consumers’
reactions toward social robots being
delegated human service tasks? To
what extent should service tasks be
delegated to social robots?

Implications: What tasks in

consumer-facing services should be
delegated to social robots and under effectively deployed in consumer-
what circumstances.

/D3: DEPLOY\
|* * *
o <

@
-

a
1=

Definition: HRSI studies that test the
deployment of social robots in real-
world consumer service settings.

Research topics: What are consumers’
reactions toward social robots deployed
in naturalistic service settings? To what
extent should social robots be deployed
in naturalistic service settings?

Implications: Where, when, and for
which target group can social robots be

facing services.

FIGURE 2 D?®framework of literature on consumer interactions with embodied social robots
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design-software theme. Its design-hardware counterpart theme com-
plements this perspective with a focus on how robot morphology (i.e.,
android versus. humanoid versus. machine-like; e.g., Qiu et al., 2020)
or perceived gender (e.g., Stafford et al., 2014) informs consumer out-
comes. Studies focused on design aspects mostly relied on laboratory
or online experiments because they required high degrees of control.

41.2 | Delegate

The 32 articles covering 52 studies clustered under the delegate
theme directly compared human and robotic service provisions in
efforts to determine how delegating service tasks traditionally per-
formed by humans to social robots affects the perceptions and be-
haviors of consumers (Puntoni et al., 2021). For example, researchers
have assessed the relative performance of robots versus humans,
measured in terms of information comprehension (e.g., Palanica
et al., 2019), performance of clinical tests (e.g., Desideri et al., 2019),
or guidance of crowds (e.g., Kanda et al., 2008). These studies mostly

relied on between-subjects laboratory, field, or online experiments.

4.1.3 | Deploy

Finally, the third theme clustered 67 articles, including 77 studies of
the deployment of robots in real-world settings. Rather than contrast-
ing robots with human service providers, these studies attempted to
establish the global effectiveness of social robots in consumer ser-
vice environments. They might have compared robots being deployed
across different environments (e.g., teaching science in an interactive
laboratory or studio; Verner et al., 2016), offered general evaluations
of a robot's long- or short-term deployment (e.g., Serholt, 2018), or

suggested effective ways to introduce robots to stakeholders in the

55
50
45
40
35
30
25
20

0 X A
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field (e.g., Winkle et al., 2020). In line with their predominantly explor-
atory nature, these studies mostly relied on (longitudinal) field trials,
based on observations, interviews, or case studies.

These three themes also build on one another, such that each
theme provides implications for the others. Researchers and man-
agers interested in consumer interactions with social robots might
first consider a robot's design aspects to predict their effects on
consumers and then assess the effectiveness of delegating cer-
tain tasks in consumer service to a robot with this design before
they finally deploy the robot to perform those tasks in a real-world

environment.

4.2 | Status quo of empirical research on HRSI

In response to our second research question, we established the sta-
tus quo of empirical insights into consumer interactions with social
robots from a D perspective. To this end, we first developed charts
based on our descriptive analyses of (1) developments in article pub-
lications featuring empirical HRSI research over the years (Figure 3)
and (2) the research fields represented in our data set (Table 1). To
gain deeper insights into research settings, we next summarized and
analysed information on (3) the methods applied and sample char-
acteristics, (4) the geographic regions for the data collection, (5)
the study settings, and (6) the types of social robots used (Table 2).
Finally, we provide (7) an overview of variables studied in the HRSI

literature (Figure 4).

4.21 | Publication development

Concomitant with technological advancements in artificial in-

telligence (Huang & Rust, 2020) and mechanical engineering

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

—e—Total

—8—Design —<—Delegate

—a—Deploy

FIGURE 3 Publication development in total and by D® framework themes
Note: The graph presenting the development of article publications over time includes articles published in 2021 up to November 7
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(Ghaffarzadeh, 2018), empirical research on human interactions with
social embodied robots has increased significantly in the past dec-
ade (Figure 3). The first studies appeared at the beginning of the 21st
century, but the majority of articles (84%; n = 167) in the final data
set were published in 2015 or later. The topicality of HRSI is thus ap-
parent: The years 2020 and 2021 (until November 7) account for 49%
(n = 98) of all articles in the data set. The publication development is
similar across all D® themes. However, the majority of articles under

the delegate and deploy themes emerged from 2013 onward.

4.2.2 | Research fields

This review includes articles from multiple disciplines and across
a variety of research fields: 199 articles published in 81 journals
spanning 47 WOS categories. We identified 17 clusters of WOS
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categories, highlighting the multidisciplinary nature of our final
data set (see Table 1 for an overview). The three most represented
categories—robotics, psychology, and hospitality—account for al-
most half (48%) of the articles in the final data set. The other half
encompasses diverse fields, including natural sciences (e.g., medi-
cine, chemistry, and physics), social sciences (e.g., business & man-
agement, sociology, and behavioral science), humanities (e.g., arts,
philosophy, and ethics), and other service-related disciplines (e.g.,
education & educational research). Articles under the design and
deploy themes are predominantly related to the robotics category,
while the delegate theme is mainly represented in the psychology
category.

The best represented WOS categories are mirrored in the num-
ber of articles in journals associated with these fields across D°
themes. In particular, the top five journals (i.e., International Journal

of Social Robotics, Computers in Human Behavior, International Journal

TABLE 1 Overview of WOS categories

WOS category cluster  Total Design Delegate Deploy
1 Robotics, automation 63 (19%) 37 8 18
& control systems
2 Psychology 55 (17%) 23 15 17
3 Hospitality, leisure, 40 (12%) 25 11 4
sport & tourism
4 Business & 39 (12%) 18 7 14
management
5 Healthcare sciences; 24 (7%) 16 6 2
medicine;
neurosciences
6 Communication, 21 (6%) 10 2 9
linguistics &
language
7 Computer science 20 (6%) 10 2 8
8 Education & 18 (5%) 8 3
educational
research
9 Engineering 10 (3%) 6 4
10 Geriatrics & 10 (3%)
gerontology
11 Ergonomics 8 (2%) 5 3
12 Information science & 5(2%) 2 0
library science
13 Environmental 5(2%) 3 1 1
studies, regional &
urban planning
14 Social sciences, 4 (1%) 2 0 2
sociology,
behavioral science
15 Chemistry, physics, 3 (1%) 0 0 3
materials science
16 Multidisciplinary 3 (1%) 1 0 2
sciences
17 Philosophy, ethics, art 2 (1%) 1 0 1

Note: One article can be allocated to up to three Web of Science (WQOS) categories. Hence, the
total count is higher than the total number of articles analysed.
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TABLE 2 Overview of methods,

Dimension Total Design Delegate Deploy
Total no. of articles 199 100 (50%) 32 (16%) 67 (34%) sample characteristics, geography, study
contexts, robot morphologies, and robots
Total no. of studies 250 121 52 77
Method
Quantitative
Field study 77 28 14 35
Online experiment 64 37 26 1
Lab experiment 47 32 9 6
Survey 26 13 1 12
Secondary data 6 1 5
Qualitative
Interviews 20 8 1 11
Focus groups
Case study
Sample characteristics®
Consumers 144 70 28 46
Vulnerable consumers® 68 29 8 31
University students 50 26 18 6
Geography®©
Asia Pacific 86 41 16 29
Europe 64 32 23 9
North/South America 62 32 6 24
Oceania 16 9 2 5
Cross-continental 13
Cross-country 1 5
Study context
Hospitality & tourism 65 29 15 21
Education 50 22 11 17
Elderly care 38 18 3 17
Healthcare 37 14 10 13
Domestic services 21 20
Public services 14 9 2 3
Cross-context 14 4 10
Retail 8 3 5
Arts & entertainment 3 2 1

Robot morphology with example social robots®
Humanoid
NAO, Pepper, Robovie 207 98 37 72
Machine-like
PeopleBot, Baxter, 52 32 5 15
Care-O-bot 3
Zoomorphic/Cartoon- &
Puppet-Like
iCat, Tega Patricc 41 22 2 17
Android
Geminoid DK, HRP-4C, 18 10 3 5
Repliee
Note: Numbers reflect the number of studies.

? Numbers reflect the number of studies, but if one study considered different sample
characteristics (e.g., university students and consumers) or used more than on robot (e.g.,
humanoid versus. machine-like) they were counted more than once. Thus, we systematically
reviewed 199 articles, but the total counts refer to the number of studies.

b Vulnerable consumers include children and older adults (c.f., Henkel et al., 2020).

¢ In three studies, no country was stated; no study was conducted in Africa.
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of Contemporary Hospitality Management, Frontiers in Psychology, and
Interaction Studies) accounted for 42% of all articles included in the
final review. As an emerging research field in its nascent stage, it is
not surprising that the remaining 112 articles appeared in 76 dif-
ferent journals, each of which has published five or fewer empirical
studies on HRSI. Outlets related to consumer research in general in-
cluded the Journal of Business Research, Journal of Marketing Research,
Journal of Service Management, Journal of Services Marketing, and
Journal of Service Research. The importance of studying consumer
interactions with social robots in diverse research fields, thus, be-
comes evident, especially as robots take on increasingly complex
social roles (e.g., receptionists, caretakers, and teachers). While
marketing/management journals are slowly entering the HRSI arena,
robotics, computer science, and psychology journals already offer
potentially valuable insights for studying social robots in consumer-

facing service contexts.

4.2.3 | Methods and sample characteristics

Previous HRSI research features diverse methodological ap-
proaches. Table 2 lists the main methods applied, grouped as
quantitative (e.g., field trials, laboratory or online experiments,
and surveys) or qualitative (case studies, interviews, and focus
groups). Most research relies on quantitative methods (88% of
studies analysed), dominated by field studies, especially under the
deploy theme, and online experiments under the design and del-
egate themes. In terms of sample characteristics, we found that
most studies across D® themes included adult consumers. Others
relied on vulnerable consumers (older adults, children; c.f., Henkel

et al., 2020) or university students.

424 | Geography

The geographic patterns of research can indicate the generalizability
of the results. Most empirical HRSI research across all D® themes has
predominantly been conducted in Asia, Europe, and North and South
America. While we found a smaller number of studies conducted in
Oceania, none took place in African countries. Some results have
been based on cross-continental (e.g., participants from the United
States and Europe) and cross-country (e.g., participants from China
and Taiwan) samples. The more frequently studied regions may have
greater access to robots for empirical research. Research with real-
life, embodied robots tends to be costly and resource intensive, and
developed countries have greater access to financial resources to
realize such studies. Furthermore, the greater need for introduc-
ing robots in services in these regions, due to demographic changes
(United Nations, 2019) and nursing crises (Mar¢ et al., 2019), might
evoke more research attention. This latter explanation appears to
be supported by the many articles linked to education, elderly care,
and healthcare study contexts. Finally, many research facilities and
researchers active in HRSI are located in these areas, which support
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local data collection. Regardless of the reason, however, significant
opportunities for global, cross-country research on HRSI clearly

remain.

4.2.5 | Study contexts

Our analysis of extant HRSI literature reveals eight distinct study
contexts in which consumer interactions with social robots are stud-
ied: (1) hospitality and tourism, (2) education, (3) elderly care, (4)
healthcare, (5) domestic services, (6) public services, (7) retail, and
(8) arts and entertainment. In addition, 14 studies related to multiple
contexts. The distribution of study contexts across the D® themes
was fairly similar. Notably, however, the domestic service context
has predominantly been studied under the design theme, and we
found a great majority of cross-context studies and a lack of studies
in an elderly care context under the delegate theme. Zooming in,
we found that, with the possible exception of retail, public services,
and arts and entertainment, these contexts all represent highly in-
terpersonal consumer service domains that require guidance from
a service professional (Solomon et al., 1985). Such services are
defined by frequent face-to-face interactions, close physical prox-
imity, and low degrees of automation (National Center for O*Net
Development, 2020b). They require intensive co-creative efforts
by service providers and consumers to deliver value in the form of
personal care, assistance, or emotional support (National Center for
O*Net Development, 2020a, 2020c, 2020d).

It is no coincidence that the contextual scope of our review is
almost exclusively defined by services with a strong emphasis on
interpersonal exchanges. From a service provider perspective, the
interpersonal role cannot be easily replaced by technology, un-
like service domains that rely less on interpersonal value creation,
such as financial, consulting, or telecommunication services, which
are hence not represented in our data set (De Keyser et al., 2019).
Because the interactive element assumes such a central role in the
domains under investigation, only an autonomous, embodied, and
social technology that mimics the human service role as closely as
possible (i.e., social robots) provides value-creating service to con-
sumers. This factor helps explain the strong research interest in
social robots in interpersonal service contexts; however, it cannot
explain why other, arguably similar contexts have received little
research attention (e.g., legal and insurance services and internal

human resources).

4.2.6 | Social robot types

To identify which social robot types have been studied, we extracted
the names and morphologies (i.e., humanoid, machine-like, zoomor-
phic/cartoon/puppet-like, or android) of the robots used in each
study. Table 2 lists the numbers of robots with different morphologies
and common examples of such robot types. Across the D® themes,
most of these robots take on humanoid appearances (65%), but others



BLAUROCK ET AL.

are machine-like (16%), zoomorphic, cartoon-, and puppet-like (13%),
or android (6%). However, research under the deploy theme relied
slightly more often on zoomorphic, cartoon-, and puppet-like rather
than machine-like robots. This distribution may reflect the scope
of our review because, for HSRI, humanoid robots might represent
more natural sparring partners for consumers when compared with
machine-like or zoomorphic robots. The latter might be specifically
suitable for specific contexts, such as education and elderly care,
where they have been heavily studied under the deploy theme.

We also limited our data set to mobile embodied social robots
that exhibit human-like behavior. We excluded articles studying
HRSI with only zoomorphic (e.g., Paro, a robotic pet seal; Baisch
et al., 2017) or machine-like robots in industrial settings (e.g.,
Granulo et al., 2019), which do not exhibit human-like behavior in
interactions with consumers. The few studies with android robots
may reflect the limited availability of these robot types. Another ex-
planation might rely on the uncanny valley theory (Mori et al., 2012),
which predicts that androids evoke a high degree of eeriness that
limits their suitability for service interactions with consumers (Mara
& Appel, 2015). Overall, we identified over 70 different robots de-
ployed in HRSI studies, including popular uses of the humanoid
robots NAO (n = 62) and Pepper (n = 38), by the French company
SoftBank Robotics, and different versions of the humanoid robot
Robovie (n = 12), designed and produced by the Japanese company
Vstone.

4.27 | Comprehensive overview of variables in
HRSI research

To gain a detailed overview of existing HRSI literature, we, now, pre-
sent a comprehensive overview of variables studied based on our
overarching D? framework as well as the affect-behavior-cognition
(ABC) model (Breckler, 1984). For a synopsis of the variables, we
consider service robot-related antecedents, mediators, moderators,
and individual consumer outcomes. For each variable type, we iden-
tify subthemes and patterns that can help integrate the dispersed

findings (see Figure 4 for an overview).

D*-related antecedents. We classified the independent variables in
our data set as robot-related antecedents that clustered around the
D3-overarchingthemes. Design-related antecedentsrefer todifferent
robot behaviors (e.g., displayed politeness, expression of social cues,
and degree of playfulness) and morphologies, antecedents related to
the delegate theme pertain to different tasks and services delivered
by a robot versus a human (e.g., teaching, performing clinical tests,
and service failure recovery), and deploy theme-related antecedents
encompass those where robots themselves depict the sole central
focus in applied real-world settings (e.g., providing information to
consumers in shopping malls or hotel lobbies).

Our analysis also revealed some studies capturing antecedents
on individual consumer characteristics (e.g., gender and preexisting
experience with robots) and situational factors (e.g., hotel segment
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and service organization information sharing). As such, they cannot
be allocated to any of the robot-centered themes. However, while
these studies help with understanding consumers’ predispositions
toward social robots in general, they reveal few insights into how
to design, delegate, or deploy robots in consumer-facing services.
Rather, they represent typical boundary conditions on when to de-
sign, delegate, or deploy service robots, also partly captured in the
moderator studies. Due to their subordinate role, these variables are

not depicted in Figure 4.

Individual consumer outcomes. Reflecting the variation in disciplines,

the literature on HRSI has focused on a wide variety of individual
consumer psychological and behavioral reactions to the design,
delegation, and deployment of service robots. Our analysis of
these outcome variables revealed that they map on the ABC
model (Breckler, 1984). This tripartite model of human responses
to environmental stimuli has been widely adopted to explain
the components that reflect inter-individual attitudes (Haddock
& Maio, 2019), customer engagement (Brodie et al., 2011),
consumer-related consequences of flow in computer-mediated
environments (Valinatajbahnamiri & Siahtiri, 2021), and consumer
brand engagement (Hollebeek & Macky, 2019). In our review, the
stimuli represent consumers’ exposure to social robots in studies
under one of the three overarching themes of design, delegate, or
deploy. The variety of consumer reactions, in turn, can be clustered
as affective, behavioral, or cognitive outcomes. Affect refers to
“an emotional response, a gut reaction, or sympathetic nervous
activity” (Breckler, 1984, p. 1191). It can be measured by monitoring
physiological responses (e.g., blood pressure) or collecting
verbal or written reports of feelings or mood. Behavior reflects
exercised actions or verbally expressed behavioral intentions
(Breckler, 1984), which can then be measured through observations
in (field) experiments or approximated in surveys of behavioral
intentions. Finally, the cognitive component comprises beliefs,
knowledge structures, perceptual responses, and thoughts; these
measures require verbal or written statements from participants
(Breckler, 1984).

As suggested by Breckler (1984), we further partitioned af-
fective reactions into physical responses (e.g., blood pressure and
heart rate) and verbal reports of emotional states (e.g., enjoyment
and fear) expressed by consumers when they interact with an em-
bodied social robot. Studies with a behavioral focus mostly related
to the exhibited social behavior of the robot's interaction partner
(e.g., displaying social cues and engagement with robots), context-
specific service outcomes (e.g., learning and test performance),
or usage intentions. Cognitive outcomes can be partitioned into
three subcategories of consumer perceptions of general robot
service provision (e.g., usefulness and attitudes toward robot),
robot appearance (e.g., perceived esthetic and physical attrac-
tiveness), and robot behavior (e.g., speech and gaze behavior and
human-likeness).

Finally, a few studies have also assessed consumer outcomes on
a global rather than individual level. Findings usually addressed both
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the barriers and facilitating conditions of designing, delegating, and
deploying social robots (e.g., technical issues and robot capabilities)
with others. They also focused on general and specific use cases for
social robots in different consumer-facing service settings. Because
such global outcomes only play a minor role in the HRSI literature,
they are not depicted in Figure 4.

Mediators and moderators. Inour dataset, 60 articles reported on how

(29) and when (31) designing, delegating, and deploying social robots
in service leads to different consumer outcomes. Resulting from our
bottom-up analysis, we clustered these mediators and moderators
into robot-, human-, and situation-related variables. Robot-related
mediators refer to processes centered around the robot, including
its perceived human-likeness or social presence; human-related
mediators take the perspective of a robot's interaction partner,
such as perceived enjoyment or human identity threat. Similarly, the
moderators may be robot-related (e.g., esthetics and morphology),
human-related (e.g., age, gender, personality traits, preexisting
attitudes toward social robots, interaction comfort, and familiarity
with a robot), or situation-related (e.g., task difficulty and group size).
Some studies include human-related, context-specific moderators as

well, such as students’ learning difficulties in an educational context.

4.3 | Key insights and implications along the
D framework

We next zoom in to discuss key insights related to consumer prefer-
ences when interacting with embodied social robots according to
the three themes of our newly developed D? framework (i.e., design,
delegate, and deploy) and derive practical implications therefrom. In
Appendix S2, we provide the basis of this analysis in tables present-
ing specific information about study designs of each included arti-
cle in our final data set (i.e., antecedents, robots deployed, and ABC
model outcome variables) and key findings, first by each D® theme
and second by study context.

4.3.1 | Key insights from design theme

Studies about the software designs for social robots in different ser-
vice contexts mainly aimed to understand the effects on consumer
outcomes of either the robot's behavior or its appearance to identify

consumers’ preferences.

Behavior

Depending on social robots’ human-like communication behavior (e.g.,
politeness, benevolence, voice pitch; Lee et al., 2017; Lyons et al., 2020;
Zhu & Kaber, 2012) and the message content (i.e., self-disclosure;
Johanson et al., 2019), consumers engage more with the robots and
find them less intimidating and more trustworthy (Lyons et al., 2020).
If the robot's human-like behavior evokes perceived intelligence and
human-likeness in consumers, it contributes to building consumer
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rapport and hospitality experiences (Qiu et al., 2020). In terms of lan-
guage style, research has found that using a native (versus. non-native)
accent evokes more positive emotions among consumers toward social
robots in a healthcare context (Tamagawa et al., 2011). Furthermore,
consumers prefer social robots speaking in a literal, direct language
and at a moderate pace (Choi, Liu, et al., 2019; Pan et al., 2015; Shimada
& Kanda, 2012). The presence of non-verbal behavioral patterns (e.g.,
gestures, gaze, and changing eye color) encourages consumer inter-
actions with social robots (van Pinxteren et al., 2019) and consumer
perceptions of hedonic values (e.g., Johnson et al., 2016).

Research shows that when robots act according to the consum-
er's expectations for a certain task, the interaction outcomes are
more positive. For example, findings indicate that if a robot's pro-
grammed personality and demeanor are customized to the task at
hand, it promotes consumers’ perception of the robot's social at-
tractiveness and limits perceived eeriness (e.g., Sundar et al., 2017).
Another example in a healthcare context shows that a robot's
patient-centered (versus. task-centered) behavior also positively af-
fects perceived emotional intelligence (Chita-Tegmark et al., 2019).
Moreover, when robot behaviors signal personalization, the provi-
sion of service to consumers is more successful. For example, per-
sonalized behavior improves learning outcomes for children (e.g.,
Baxter et al., 2017).

Appearance
Studies that focused on hardware design suggest that consumers pre-

fer humanoid social robots over zoomorphic- and machine-like robots
(e.g., Belanche et al., 2020; Chu et al., 2019; Tu et al., 2020; Walters
et al., 2008). A potential explanation for this preference might be that
an embodied, humanoid robot increases consumers’ mind perceptions
and positive personality attributions (e.g., Broadbent et al., 2013).
Moreover, different robot morphologies (humanoid, zoomorphic, and
machine-like) also seem to evoke different cognitive processes and
behaviors in consumers. Specifically, humanoid and machine-like ro-
bots are perceived as credible, and humanoid and zoomorphic robots
are more easily adopted as companions by children in education ser-
vices (Broadbent et al., 2018; Edwards et al., 2016).

Although general studies reported a positive effect of human-
like appearances (e.g., Belanche et al., 2020; Walters et al., 2008),
other studies found that in certain roles in services, other morphol-
ogies are preferred. For example, a caricatured robot appeared to
be preferred over a humanoid one when robots took on concierge
roles (Shin & Jeong, 2020). Furthermore, machine-like robots seem
better suited for executing security tasks than humanoid or zoo-
morphic robots (Li et al., 2010), and small robots are more effective
in promotional tasks than human-sized ones (Shiomi et al., 2013),
while human-sized robots are preferred in guidance tasks (Kanda
et al., 2008). We also noted evidence of the positive effects of
gender-stereotypical occupational role matching (i.e., male robots
for domestic security and female robots for domestic care; e.g.,
Kuchenbrandt et al., 2014) in terms of robot hardware design.

As outlined above, morphology has a strong impact on con-
sumer interactions with social robots in services. However, research
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also finds that individual consumer differences (i.e., general trust in
technologies and affinity for the robot) might mitigate the effects
of morphology on, for example, adoption intentions (e.g., Belanche
et al., 2020; Tussyadiah et al., 2020).

Summary of implications from design theme

Across the results clustered under the design theme, we derived
concrete implications for robotic software (i.e., behavior) and
hardware (i.e., appearance) design to match consumer preferences
around three subthemes: (1) human-like verbal and non-verbal be-
havior, (2) task-related/personalized behavior, and (3) appearance.
First, research conducted in various services suggests that robots
should be designed to actively engage with consumers, encour-
age interaction, show empathy, be sociable, and exhibit emotional
relationship-building capacities. Ideally, they should exhibit a range
of non-verbal, human-like behaviors (e.g., gaze and social gestures)
to foster interaction comfort. Furthermore, the designs should en-
sure robots act politely and in a consumer-centered manner.

Second, robots should be able to provide personalized services,
adapted to individual preferences (e.g., speech pace) or learning
stages. A robot's personality, demeanor, and gender design should
fit the task at hand. However, executives are advised to be cautious
with respect to the wider context of gender and stereotype effects.
Robots should also be able to explain their own, task-related use to
individual users.

Third, we derived implications for a robot's hardware design,
but caution executives to recognize the mixed results regarding
human-like appearances. In most cases, humanoid robots are pre-
ferred to machine-like or zoomorphic robots, but prior research has
also revealed individual differences in these preferences in differ-
ent services (e.g., hospitality and domestic services). For example,
in hospitality contexts, executives should acknowledge the varying
expectations of guests in diverse hotel segments. Task delegation
to a machine-like service robot could be viable for budget hotels; in
premium segments, however, consumer-facing tasks should be dele-
gated to humanoid robots (Chan & Tung, 2019). Moreover, morphol-
ogy preferences in terms of the robot's height seem task dependent.
With guidance tasks, for example, users want human-sized robots,
but small robots are preferable for conducting promotional activities
in a retail context. Androids can evoke feelings of eeriness and high
user expectations that current state-of-the-art technology cannot
yet attain for most service tasks (Mori et al., 2012). Thus, at the cur-
rent stage of robot development, it does not seem advisable to equip

social robots with android hardware for consumer-facing services.

Overall evaluation of the contribution and gaps in knowledge

associated with the design theme

Studies under the design theme contribute to the literature by shed-
ding light on the effects on consumers of robots’ different behav-
ior and/or appearance in internal and external service encounters.
Although most of the studies in our data set fell under the design
theme and research has created a solid knowledge base, some gaps
remain. While prior research has predominantly relied on laboratory,
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online, and field experiments with adult consumers in Asia, Europe,
and North America having interactions with humanoid social robots,
longitudinal designs are underutilized, as are studies of consumer
interactions with robots in cross-regional settings and with differ-
ent consumer types. Moreover, investigations to date of the effects
of non-humanoid robot morphologies and some service contexts,
such as retail or arts and entertainment, have been neglected by re-
search under the design theme. Apart from research opportunities
related to the study settings, we also identified additional avenues
for research based on our analysis of the key findings pertaining to
(1) consumer preferences and (2) consumer-robot collaboration. We
discuss these research avenues in detail in Section 4.4.

4.3.2 | Key insights from delegate theme

Delegate studies, in which human employees and social robots
are directly compared in providing services, show that robot per-
formance matches or even exceeds human employees’ perfor-
mance (e.g., in terms of teaching outcomes and students’ learning
performance, kitchen assistance, or taking medical tests; Desideri
etal.,, 2019; Mann et al., 2015; Thellman et al., 2017; Wu et al., 2015;
Yueh et al., 2020). Moreover, Broadbent et al. (2010) showed that
blood pressure levels do not differ in response to a robot or human
nurse, so there is no evidence that social robots cause extra stress,
even in highly personal services.

However, depending on the context and task, we also found that
robots are not preferred over human employees. On the one hand,
delegating assistive living tasks such as domestic chores (e.g., shop-
ping, garbage disposal, delivering food; Smarr et al., 2014) or trou-
blesome tasks (e.g., dealing with complaints, picking lost items out
of the trash; Hayashi et al., 2012) to robots is positively perceived,
and robotic service providers are preferred over humans in poten-
tially embarrassing service encounters (Pitardi et al., 2022). On the
other hand, humans are perceived as irreplaceable when it comes to
socially assistive and interactive services such as personal care and
leisure tasks (Smarr et al., 2014). Moreover, in hospitality contexts,
the interaction quality that guests perceive is better when they in-
teract with human service providers rather than robotic ones (Choi
et al., 2019). These effects might be due to the different attributions
humans and social robots evoke in consumers. As Cai¢ et al. (2020)
showed, consumers attribute slightly less competence and warmth
to robot coaches than to humans, which influences consumers’ be-
havioral intentions related to physical activity.

As another cautionary finding related to task delegation to so-
cial robots in services, Mende et al. (2019) revealed perceptions of
greater eeriness and identity threats in response to robots versus
human staff, which can cause consumers to engage in status con-
sumption or choose unhealthy options. Additionally, substituting for
human staff can also damage the service organization's ethical and
societal reputation in the eyes of consumers (McLeay et al., 2020).
Finally, Rainear et al. (2019) found that risk message retention is
lower if the message is delivered by a robot rather than a human.
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Consumers seem to ruminate on visual stimuli and the content de-
livery medium rather than the content and behavior during message

delivery, such that the robot functioned as a technological distractor.

Summary of implications from delegate theme

From research directly comparing humans with robots delivering
services, we can derive implications regarding the effectiveness
of human versus robot service provision and which tasks are ac-
cepted by consumers to be delegated from humans to social ro-
bots. Research suggests that various tasks can be successfully
delegated to embodied social robots, including teaching, reading,
assistive healthcare, household chores, kitchen assistance, and
room service. Consumers also accept the delegation to robots of
unpleasant tasks (e.g., trash picking and dealing with complaints),
domestic chores (e.g., shopping and garbage disposal), and tasks
in information management (e.g., emergency alerts). Further, del-
egating tasks in highly personal service encounters (e.g., elderly
care) or potentially embarrassing ones (e.g., buying hemorrhoid
creme) from humans to robots is well accepted and perceived as
useful. However, tasks related to personal care and leisure should
not rely solely on social robots. Moreover, robots can create tech-
nological distractions, so they should be used for risk messaging
only very carefully.

Overall evaluation of the contribution and gaps in knowledge

associated with the delegate theme

Studies under the delegate theme contribute to the literature by directly
comparing human service providers to embodied social robots. The re-
sults provide implications on what tasks and under which circumstances
theyshould be delegated from humansto robots. Based onourreview, the
fewest analysed studies fall under the delegate theme, which opens up
avenues for future research. Prior research has predominantly relied on
quantitative approaches using online and field experiments. Additionally,
a great proportion of studies were conducted with university students
interacting with humanoid social robots. Those studies mostly took
place in Asia or Europe. Moreover, most studies thus far have been con-
ducted in hospitality and education service contexts. Hence, opportuni-
ties for novel insights remain in using more qualitative methods and in
quantitative methods apart from online and field experiments. Further,
it would be valuable to study consumer interactions with robots in thus
far neglected service contexts and with vulnerable consumers. This lat-
ter aspect is specifically relevant for ethical considerations when dele-
gating service tasks from humans to social robots. Based on our analysis
of key findings under the delegate theme, we identified two additional
clusters for future research in relation to (1) consumer preferences and

(2) situational factors in task delegation, which we discuss in Section 4.4.

4.3.3 | Key insights from deploy theme

Findings under this theme suggest whether, when, and how social
robots should be deployed in services by studying consumer interac-
tions with social robots in real-world settings.
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Research shows that robots can be successfully introduced in differ-
ent real-world consumer service settings. For example, when introduc-
ing a robot in a classroom, both teachers and students generally accept
and adopt it and exhibit relationship-building behaviors (e.g., Michaelis &
Mutlu, 2018). Moreover, field experiments with assistive robots, such as
the Personal Robot (PR2) and Domestic Robot (DoRo), show that older
consumers accept robots that help them with household chores in their
own home (e.g., Di Nuovo et al., 2018). In hospitality contexts, consum-
ers readily accept robots and routinely seek interaction opportunities
with them (Tung & Au, 2018). Furthermore, introducing social robots in
healthcare contexts can enhance the efficiency of service provision (e.g.,
rehabilitation, medical coaching, exercising, and medical recording). For
young patients, social robots improve their engagement, independence
(Butchart et al., 2021), and communication abilities during rehabilita-
tion (Pulido et al., 2017). Adult patients also report more positive per-
ceptions of social robots after (versus. before) actual interaction (Casas
et al., 2019; Winkle et al., 2020). In shopping malls, social robots evoke
curiosity and approach tendencies among children but abusive demean-
ors as well (Nomura et al., 2016; Sabelli & Kanda, 2016).

We found mixed results in terms of longitudinal effects. On the
one hand, attitudes toward social robots tend to improve with time
and interaction frequency (Stafford et al., 2014), which might explain
why early studies yielded more negative attitudes and comparatively
low intentions to use robots (e.g., Wu et al., 2014), but more recent
studies signal greater perceived usefulness and attractiveness (Melkas
et al.,, 2020). On the other hand, research indicates that consumers
might interact less with a social robot once the novelty effect vanishes.
For example, Kanda et al. (2007) found that two-thirds of students be-
come bored with and consequently reject social robots over time.

Studies under the deploy theme further highlight that con-
sumers display avoidance-related tendencies toward robots if not
actively engaged with them or if they are not located in an easily ac-
cessible area (Pinillos et al., 2016; Rodriguez-Lizundia et al., 2015).
Moreover, consumer value perceptions of robots in various
consumer-facing services seem deeply rooted in their individual
acceptance of technology (i.e., perceived usefulness, ease of use,
and innovativeness) and service quality perceptions (e.g., personal
engagement, tangibles; Cha, 2020; de Kervenoael et al., 2020).

Summary of implications from deploy theme

Our implications from the deploy theme are structured along two
dimensions: (1) whether and when and (2) how to deploy social ro-
bots in services. Concerning the former, managers should consider
the nature of the task when deploying robots. Preference should be
given to assistive rather than social tasks. Educational organizations
might anticipate mixed results in terms of learning outcomes and
might be advised to refrain from deploying robots in higher educa-
tion settings, at least with current state-of-the-art technologies. In
terms of how, managers should familiarize consumers with robotic
technology to overcome adoption barriers. Furthermore, robots
should be placed in quiet, accessible areas in real-world contexts
(e.g., hotel lobbies and train stations), and they should remain in an
awake mode to foster interactions. In public, strict interaction rules
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should be imposed, especially for children. Potential users should
be clearly informed about diverse robot use cases and receive in-
formation about the affordability and entertaining value of robotic
services. Further, it is advised to program robots to be able to explain
their own uses when deployed in real-world consumer settings.

Overall evaluation of the contribution and gaps in knowledge

associated with the deploy theme

Studies under the deploy theme contribute to the literature by stud-
ying consumer interactions with embodied social robots in natural-
istic service settings. In so doing, research under this theme creates
an understanding of when, where, and for which target groups social
robots can be effectively deployed in consumer-facing service con-
texts. Against the background of the theme, it was to be expected
that the majority of prior research relied on field experiments and
interviews. Nevertheless, virtual reality technology could be an al-
ternative for studying consumer interactions with social robots in
naturalistic settings in the future. The majority of research has been
conducted in Asia and North America with humanoid social robots;
thus, gaps remain related to the deployment of other social robot
types in other regions, which could shed light on intercultural dif-
ferences and similarities when deploying social robots. Based on our
analysis of key findings under the deploy theme, we identified three
additional clusters for future research avenues relating to (1) con-
sumer preferences, (2) consumer outcomes and mechanisms that ex-
plain the effects of robot deployment in naturalistic service settings,
and (3) environmental factors to be considered. We discuss these

areas for future research in detail in the next section.

4.4 | Future research agenda

Although our synthesis of extant HRSI research provides concrete
insights into consumer preferences when interacting with embodied
social robots, along with implications for successful integration of
these robots in consumer-firm interactions, critical questions remain
unaddressed. Thus, in direct response to our third research question,
we pinpointed crucial research needs for future studies of consumer
interactions with social robots in services. We first propose future
research needs identified through our analyses related to methods
and samples deployed, geographic regions, robot types, and study
contexts, as well as focal variables across the D® themes. Then, we
present future research avenues delineated from our analysis of the

key findings of each theme of the framework, as detailed in Table 3.

441 | Future research needs according to methods,
sample characteristics, geography, study contexts,
social robot types, and focal variables

Methods and sample characteristics

Although our review reveals a great diversity in methodological ap-
proaches, longitudinal studies are still scarce. In light of reported
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habituation effects (e.g., Brandl et al., 2016), we urge researchers to
conduct more longitudinal studies. Due to diverse validity demands
across disciplines and challenging study conditions using social robots,
studies with clear manipulations of robot behavior and appearance fac-
tors in controlled environments are scarce. We thus recommend that
researchers address these internal validity concerns in future study de-
signs. Noting the samples in the current, cross-context HRSI research,
we also found many studies with relatively small sample sizes (e.g.,
Torta et al., 2014), which are potentially underpowered and hamper
generalizations to the population in general. We thus urge researchers
to gather larger samples when designing new and replicating previous
studies. We also recommend scholars include understudied consumer
groups. For example, adolescents have great purchasing power in re-
tail stores (Olick, 2019), where social robots are increasingly adopted;
however, their needs with regard to interactions with such robots dif-

fer from those of other consumer groups (Bjorling et al., 2020).

Geography

In our data set, we found no studies conducted in Africa and only
a handful in South America. Yet, these regions host many consum-
ers at the base of the pyramid, with specific needs and tremendous
transformative potential for service robots (Fisk et al., 2016). We en-
courage researchers who study consumer interactions with social
robots in these regions to acknowledge the potential cultural and
structural differences in robot perceptions and consumer prefer-
ences. Furthermore, we advise scholars to conduct cross-regional
studies to identify potential cultural influences. As social robots are
integrated into consumers’ daily lives, governments might need to
enforce new regulations (Leenes et al., 2017). However, these might
differ from region to region and might affect each of the D® themes
differently. For example, in some countries, the deployment of social
robots in care facilities (delegate and deploy) might be forbidden,
while in other countries, android robots (design) might be prohibited
due to ethical concerns. We urge researchers to investigate the in-
fluence of governmental regulations in the context of HRSI.

Study contexts

In our data set, eight distinct study contexts are represented, with
a strong research focus on hospitality and tourism, education, and
elderly care. However, some highly interpersonal service domains
where social robots might be effectively deployed for service de-
livery (e.g., legal and insurance services and internal human re-
sources) have received relatively little research attention, meaning
that context-specific effects on HRSI pertain to only a subsection
of contexts identified in prior studies. Continued research should
pay particular attention to less investigated domains to expand the
broader comparative framework and derive implications for the suc-
cessful adoption of social robots in all contexts where such robots

might potentially interact with consumers.

Social robot types
We note a strong focus in the literature on humanoid robots, espe-

cially NAO and Pepper. We encourage future research to validate
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TABLE 3 Future research agenda according to the D® framework themes

Design

Consumer preferences

Which robot characteristics (behavior and
appearance) mitigate anxiety in interactions
with robots?

How can robot hardware and software
design foster trust and diminish privacy
threats in consumers in different service
contexts? How should these aspects be
adapted for different cultures?

How should social robots use humor to
evoke positive consumer outcomes and
decrease stress and anxiety levels of
consumers (e.g., in healthcare services)?
How should robot language and accent be
adapted to the consumers’ local culture?
What are the potential threats for using
specific accents in multicultural settings?
How should the interaction behavior of
machine-like social robots be designed to
evoke trust and engagement in consumers?
How should robotic hardware and software
be designed to speak to both male and
female consumers in different service
contexts?

What are morphological and material
characteristics of existing robot models
that decrease consumers’ contamination
concerns during the pandemic and beyond?

Robot-consumer collaboration

What human-like verbal and non-verbal
behaviors specifically drive consumer
engagement and relationship building in
different consumer service contexts?

How can consumer collaboration with social
robots be improved through robot behavior
and appearance design?

Delegate

Consumer preferences
o What type of tasks can be effectively

delegated to social robots to promote sales

and customer experiences?

e Are there any (and which) tasks that robots
should never meddle in, such as elderly
care or other personal contexts? For
example, should a robot autonomously
manage access control to private homes?
What are potential security risks and
ethical considerations?

e Which services should be delegated
to a robot interacting with vulnerable
consumers? How will intensive task
delegation to robots affect children's
development and the elderly's
maintenance of independence?

o Why do robot-staffed hotels fail? What is
an optimal human-robot ratio considering
consumer preferences?

Situational factors

e From extant cross-sectional studies, we
know that older consumers prefer humans
over robotic assistance. Could this be due
to the novelty effect? Would longitudinal
studies confirm these results, or would a
habituation effect set in?

e How can tasks in emotionally charged
situations be effectively delegated to
social robots?

e Does the COVID-19 pandemic support
faster adoption of social robots (e.g., in
healthcare contexts) and decrease ethical
concerns related to delegation of tasks to
robots on behalf of human staff?
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Deploy

Consumer preferences

How should robots be introduced to
consumers? What information is most
relevant for subsequent acceptance and
use?

How should robots be marketed to
consumers and introduced to staff for a
successful deployment?

Which interaction rules for consumers (e.g.,
children) when interacting with robots in
public services contexts are effective at
promoting engagement, yet decrease the
risk of abuse?

Consumer outcomes and mechanisms

What are the long-term effects of engaging
with socially assistive or interactive

robots on the psychological well-being of
consumers (e.g., in elderly care or education
services)?

How do consumers’ trust and commitment
toward social robots change over time (e.g.,
in domestic care or elderly care contexts)?
What are the psychological mechanisms
that drive consumer behavior (e.g., discrete
emotional elicitation, engaging with robots)
during and after the deployment of social
robots?

Environmental factors

How do business environments need to

be designed to successfully deploy social
robots?

How can robots be successfully deployed in
special service environments such as luxury
service contexts?

results and expand knowledge using different humanoid and non-
humanoid robot types that exhibit human-like behavior, as they have
proved to be effective sparring partners in some service contexts
(e.g., Chan & Tung, 2019; Kory Westlund et al., 2017).

Focal variables

The synopsis of variables studied in previous research reveals a
substantial number of studies devoted to robot design-related an-
tecedents. Furthermore, despite including outcomes reflecting all
ABC model components, we note that relative to cognitive conse-
guences, the affective and behavioral outcomes are underrepre-
sented, despite their central role for interaction success (Brodie
et al., 2011). A particularly promising avenue thus lies in studying
antecedents related to the delegate and deploy themes and the
behavioral and affective reactions of service agents. Prior calls for
research noted the need for studies on the impact of robots on
marketing-related outcomes (e.g., service quality, loyalty; Wirtz
et al., 2018), but such studies still remain a rarity. We encourage
scholars to study these relationships to help clarify when and how
to adopt social robots in services. In addition, even though studies

including moderators and mediators have increased significantly
in the last 2 years, <30% of the studies in our data set considered
underlying mechanisms and boundary conditions of consumer
outcomes. We thus recommend scholars include these variable

types in their research designs.

442 | Future research needs according to the
D? framework themes

Based on the analysis of key findings according to each D® frame-
work theme, we developed concrete research questions that ad-
dress critical future needs for consumer research, which we depict
in Table 3. We further cluster these questions for each D*® theme
according to the intended study focus.

For all three themes (i.e., design, delegate, and deploy), we de-
velop concrete future research questions related to a focus on con-
sumer preferences. This future research needs all address consumer
preferences with regard to various aspects of robot design (hard-
ware and software), the delegation of certain tasks to robots, or
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preferences regarding the deployment of social robots in real-world
service settings. For example, under the design theme, we identify
research needs regarding which specific robot characteristics (hard-
ware and software) mitigate consumers’ anxiety and foster trust
and relationship-building behavior. Under the delegate theme, we
offer open questions regarding what task types robots should never
meddle in, considering consumer preferences, along with potential
security risks and ethical issues, and we identify research gaps re-
lated to vulnerable consumers (i.e., the elderly and children). Finally,
research avenues related to consumer preferences under the deploy
theme include the investigation of how robots should be introduced
to consumers and what interaction rules are accepted by consumers
and are thus effective when deploying robots in different settings,
such as in public.

Under the design theme, we additionally identify research
needs related to the study focus of robot-consumer collaboration.
Service provision is not a one-way street and depends on con-
sumers’ willingness to collaborate with a service provider (Vargo
et al.,, 2008). Hence, we encourage scholars to investigate what
verbal and non-verbal behaviors as well as what type of robot
morphology encourage consumers to collaborate with social ro-
bots in service provision.

Under the delegate theme, we identified additional research
gaps related to situational factors. For example, we know from
cross-sectional studies that human staff are preferred over robots
in certain settings, such as personal assistance tasks. However,
this might be due to a novelty effect. Future research might in-
vestigate whether a habituation effect sets in and consumers’ ini-
tial assessment with regard to the delegation of tasks related to
personal care might change over time. Moreover, future research
could investigate how the current COVID-19 pandemic might fos-
ter the acceptance of social robots and decrease ethical concerns
related to the delegation of tasks to robots on behalf of human
staff in different services.

Finally, under the deploy theme, we identify open questions re-
lated to two study foci: (1) consumer outcomes and mechanisms and
(2) environmental factors. The former includes questions regarding
the long-term effects of robot deployment, such as consumer well-
being, the change of consumer trust during extended usage periods,
and psychological mechanisms of consumer behavior during and
after the deployment of social robots. The latter includes open ques-
tions related to how business environments need to be designed to
ensure a successful deployment of social robots, as well as how so-
cial robots can be effectively deployed in special service environ-

ments (e.g., in luxury services).

5 | DISCUSSION

This systematic review aimed to integrate empirical findings from
research addressing consumer service interactions with embod-
ied social robots (i.e., HRSI) across scientific fields to provide
academics a comprehensive assessment of existing knowledge,
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as well as to give managers insights into how to effectively in-
troduce consumer-facing robots. To this end, we make four key
contributions.

First, our comprehensive review of more than 13,500 articles
represents the first systematic, integrative analysis of empirical HRSI
studies across scientific fields focusing on a clearly defined robot
type to inform the suitability of such robots for consumer-facing
services. This holistic approach, paired with our detailed descriptive
analyses, establishes a thorough overview of existing knowledge be-
yond the boundaries of the business literature.

Second, to structure the vast amount of extant HRSI literature,
we developed a novel tripartite D® framework. As we showed,
this framework can be deployed to derive detailed insights into
consumer outcomes when interacting with social robots, and it
also provides concrete implications for ensuring the successful
integration of social robots in services. Our study thus directly
responds to previous calls for assessing the roles and impact of
social robots in service provision (Lu et al., 2020). This frame-
work can further serve to structure and design future consumer
research or to define strategies for including social robots in dif-
ferent services.

Third, based on our analysis of the consumer outcomes stud-
ied in extant research, we noted parallels with the ABC model ad-
vanced in social psychology. Employing this model in HRSI research
offers an intuitive structure of the focal variables studied. Applying
this lens in conjunction with a morphological classification of so-
cial robot types on a study's context-specific level yields a detailed
overview of key insights per D° theme, as depicted in Appendix S2.
Our work may thus serve as a comprehensive directory for re-
searchers interested in understanding which variables have been
studied in HRSI.

Fourth, practitioners still struggle to effectively integrate social
robots in consumer-facing services (e.g., Shead, 2019). Our overar-
ching D® framework of HRSI and its implications provide an initial
guide to the pitfalls and opportunities associated with embodied
social robots providing various services to consumers. However,
critical questions remain unaddressed. From our review, we pin-
pointed research needs and formulated concrete research questions
(Table 3). We thus contribute to the literature by providing new im-
petus for future research activities.

Although we executed our literature review with the highest
level of diligence, we acknowledge some limitations of our ap-
proach. First, we do not claim to capture the entirety of research
articles published on this topic. Rather, we bridged the impedi-
ment of the extensiveness of empirical evidence on HRSI across
disciplines by restricting our sample to articles published in jour-
nals with specific quality standards. Second, in our data collec-
tion, we did not pre-register our review and relied on one search
database, which stands in conflict with PRISMA (Page et al., 2021).
Although the WOS database includes the main corpus of research
in diverse scientific fields published in scholarly qualified peer-
reviewed journals (Antons & Breidbach, 2018), we acknowledge
that other databases and less strict quality criteria might have
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flagged additional papers. Third, in scope with our review focus,
we only included articles that investigated HRI in consumer-
facing service contexts. Future reviews may integrate findings
from research outside such settings (e.g., studies that investigate
human behavior when playing strategic games with social robots;
Cominelli et al., 2021). Fourth, even though we analysed the litera-
ture based on several dimensions, we neglected a detailed analysis
of theoretical foundations. This is partly due to the transdisci-
plinary nature of our review because the identification of theoret-
ical bases of studies in fields other than marketing, management,
and psychology is not always straightforward. Still, future reviews
may integrate this dimension. Fifth, our inclusion criteria specified
a time span of published articles from the early 1970s onward.
While sophisticated Wizard of Oz experiments were theoretically
possible to conduct in an earlier time frame with respective social
robot prototypes, we found that no articles published before 2007
fit the scope of our review. Future reviews should consider the
technological advancements and specify the inclusion criteria re-
lated to the time span of published articles accordingly. Finally, we
structured the literature under the design, delegate, and deploy
themes according to the prevailing study focus. This approach
harbors an interpretive element, and other coders may partly dis-
agree with the D® theme we allocated to ambiguous articles (i.e.,
those combining more than one theme).

6 | CONCLUSION

This review contributes to the literature by providing scholars and
practitioners with a comprehensive and structured overview of
the great wealth of research from different scientific fields on con-
sumer interactions with embodied social robots in service settings
and identifies relevant gaps in the literature. Considering the grow-
ing market value of and interest in embodied social robots in con-
sumer interactions and the increased relevance of robotic services
provided by such robots, especially during the COVID-19 pandemic
(Finsterwalder & Kuppelwieser, 2020), our review provides a com-
prehensive synthesis and a structuring framework of the extant
HRSI literature, helping business managers make informed decisions
on whether, when, and how to deploy social robots in consumer-
facing services. It also gives researchers a sense of the status quo
of research on HRSI and provides a basis for complementing our

knowledge of how to effectively deploy social robots in service.
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