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Short Research Paper

The Use of Service Robots in Service Delivery: A Review of the Literature

Xiaodong Li?, Li Huang', Nannan Xi?, Bengang Gong*
1School of Economics and Management, Anhui Polytechnic University, China

2Faculty of Management and Business, Tampere University, Finland

Abstract: Service robots as emerging service providers, in combination with novel technologies like artificial intelligence,
have the potential to enhance service outcomes and customer experience and may already be transforming the service
delivery process. At present, the study focused on service robots has matured sufficiently to warrant an overview of the
research on the ways in which service robots have been employed. This study conducts a systematic literature review of the
academic corpus focused on service robots (N = 28). We report the research methods, application contexts and robot types of
service robot research to understand how service robots participate in service delivery, what technological characteristics of
service robots are commonly analyzed, and the potential service outcomes of service robot use. This review shows that
overall, service robots have a high potential to delivery services in service contexts, and will be widely used and bring more
rich service experience to people.

Keywords: service robot, service delivery, literature review

1. INTRODUCTION

Wirtz et al. [ defines service robots as system-based autonomous and adaptable interfaces that interact,
communicate with and deliver service to an organization’s customers. As emerging service providers integrating
advanced and new technologies, service robots are increasingly transforming the customer experience (e.g.,
empowerment) @ and service outcomes (e.g., customization and personalization) 1. Studies have shown that
robots afford service delivery with some characteristics such as convenience, availability, and empathy 231, With
the potential for service innovation, development of service robots has been highlighted in many countries,
espeicially in the post-era of COVID-19 pandemic 1. According to estimates from the International Federation
of Robotics (2020), sales of service robots will reach annual growth rates of over 30% by 2023.

Currently, service robots have been widely used in service practice “7. Many studies have examined
consumers’ and employees’ attitudes toward, reactions to, and acceptance of service robots 91, In addition, for
service enterprises, the introduction of service robots reduces service costs, improves service efficiency and
innovates the way of service provision. However, service robots also brings new challenges to the management
of service enterprises [1%12, Business practitioners do not seem to have full confidence in the future of the
service robot due to its unknown effects as well as its applicable contexts, and hence, there has been a growing
interst in these matters lately. Considering that there are a bunch of research studying service robots, what is still
remain unclear that what are the inferior or superior customer experience under service robots. Therefore, it is
necessary to provide a holistic view of research into the effects of service robots in the extant academic corpus.

Therefore, the purpose of this paper is to summarize and explain the current literature on service robots’
participation in service delivery to investigate where and how service robots have been employed in service
contexts, what is known about the effects of their implementation, and which potential future research directions
could be most beneficial.

* Corresponding author. Email: bggong@ahpu.edu.cn
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2. METHOD

This paper is guided by the methodology of Kitchenham I3 and Brereton et al. [*4l, In this section, we
begin our analysis with a literature review structured in three sections: search strategy, study selection, and data
extraction from the collected literature.
2.1 Search strategy

The search was performed in March 2021. Considering that the research on service robots is still in its

initial stage, there are many related phrases, such as “service assistant.” We executed the search query “service

ER I3 9 ERINT3 LRI

robot,” “robot service,” “robot server,” “electronic staff,” “humanoid/humanlike robot,” “social robot” and
“service assistant” within the title and abstract as well as keywords. For an exhaustive literature search, Brereton
et al. [ suggested targeting different bibliographic sources; thus, we searched Web of Science, Science Direct,
Emerald, and Springer Link. These databases cover the majority of representative research related to service
robots and are thus adequate for collecting literature pertaining to the participation of service robots in service
delivery.

2.2 Study selection

Our main inclusion criterion was the analysis of the robotic service in service contexts, with a primary
focus on service outcomes rather than on design methods, infrastructure, or the functionality-related aspects of
robots. We used “service* robot*” to search in Web of Science and found that the number of documents
published exceeded 100 in 2010. We predicted that the service robots’ research, application practice and
technology maturity have made great progress after 2010. Therefore, it can be expected that the recent
experience of using service robots is considerably different than it was ten years ago. So we searched for studies
published between 2010 and 2020. Regarding the type of literature, we only considered published journal
articles.

The study selection procedure is shown in Figure 1. First, 3,431 publications were obtained by the search
query. Second, we removed duplicates and screened the titles, abstracts, and conclusions to exclude the ones
further that either were inaccessible or did not fit into our research scope. Then, the corpus is reduced to 384.
Third, we analyzed the full text of the remaining articles and excluded another 359 studies (based on our
inclusion/exclusion criteria stated above). Finally, we searched references of the included papers (backward
search) and papers that referenced our identified pool of studies (forward search), and three additional records

were identified, and 28 papers were ultimately considered in this review (see Table 1).

Table 1. Final pool of reviewed literature

Reviewed literature

[1]. [21, [3], [4]. [5], [6]. [71, [8], [9], [10], [11], [12], [15], [16], [17], [18], [19], [20], [21], [22], [23], [24], [25], [26], [28], [29], [32], [33]

Studies identified Studies identified | Studies identified | Studies identified e resemt
through Web of Science |through Science Direct| through Emerald | through Springer Link W'"Fgl"ﬂenm Hﬂgﬁgggmem
(N =857) (N =2085) (N =426) (N=63) cnumllvuacl:eulanl:e g
I | | | emlions

Studies after duplicates were removed, titles, abstracts, and conclusions of dgs|
ocially

remaining studies screened; and unavailable studies or those not fitting our research ; evices
scope excluded (N = 384) k ro h
= 2: e

Inclusion / exclusion criteria applied to full text (-359) o ]
= Remaining studies (25) e r“l c a E= &
l lasks St
hotel, nospitalir
Forward / backward search (+3) “”‘“““’,"ﬁ I L .

= Final set of primary studies (28) I aﬂlaﬂmlgallln SISII1

Figure 1. Study selection procedure Figure 2. Word cloud of the literature
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2.3 Data extraction

We used text mining software Nvivo for data extraction, as shown in the word cloud in Figure 2, from
which we can see that current studies pay more attention to the service contexts, service outcomes and
technological characteristics of service robots. We randomly selected five publications from the academic
corpus and tested whether our results were broadly consistent with our data extraction by extracting relevant
information. The results show that our extraction is reasonable and the research methodology is scientific.

3. RESULTS

It is because of a specific characteristic of service robots that affects their application in specific context
and cause a specific service outcome 71, Therefore, this paper will be carried out from three aspects: where and
how have service robots been employed in service delivery? What are the technological characteristics of
service robots? and what are the effects of using service robots in service delivery?
3.1 Where and how have service robots been employed in service delivery?

Table 2 briefly presents the employed research methods, application contexts and robot types, respectively.
In the reviewed body of literature (N = 28), service robots were predominantly researched based on qualitative
methods such as conceptual research and user focus group interviews (see Table 2), which were used for
exploratively understanding the service outcomes and customer experience associated with service robots 721,
Compared to qualitative methods, quantitative methods like experiment are used less often in service robot
research. In addition, there are some studies used mixed methods. For example, Qiu et al. [l used literature
review and in-depth interviews to develop a conceptual framework of the relationship between service robot
attributes and customer experience, and then used experiment and survey methods to test the model. We
encourage the use of hybrid methods in service robot research.

Table 2. Overview of service robots in service delivery

Research methods Percentage Application contexts Percentage Robot types Percentage
User focus group interview 0.18 Tourism and hospitality 0.33 No specific 0.43
Design & prototyping 0.15 Elderly care 0.24 Care robot 0.04
Expert interview 0.04 No specific 0.22 Hospitality robot 0.22
Conceptual/research 0.25 Education 0.02 Social robot 0.12
Case study 0.02 Home care 0.06 Household robot 0.09
Review 0.09 Health care 0.04 Robotic agent 0.02
Evaluation 0.09 Retail 0.04 Frontline robot 0.02
Survey 0.20 Entertainment 0.02 Shopping assistant 0.02
Experiment 0.12 FinTech 0.02 Robo-advisor 0.02
Teaching assistant 0.02

With regard to application contexts, Table 2 shows that the use of service robots in public environments
(e.g., tourism and hospitality) is growing rapidly. Service robots are expected to play as tools and partners. Tools
imply that service robots are expected to provide physical assistance to humans, while partners are expected to
engage in service interactions and provide emotional support to humans [*%. Service robots have great potential
in the context of daily care for the elderly. Service robots are believed to have the potential to support elderly
individuals’ lives physically, cognitively, and socially, and are also thought to offer a way to fulfil older adults’
desire to remain in their own homes and to dispel loneliness (1. Moreover, service robots show great potential in
special contexts, such as education 22 and FinTech [26],

There are different types of service robots and perform different functions in various service contexts. For
example, in the hotel context, hospitality robots provide customers with reception and entertainment services.
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When the term “social robot” has been used to describe a service robot, it is more emphasis on service robots
participating in social interactions ?71. Social robots have been wide to provide companionship and
psychological support for customers [© 28, For example, Khaksar et al. %! focused on the PaPeRo robot, which
was designed to provide emotional interaction. In addition, service robots also have special designations based
on their duties in some specific service contexts, such as robo-advisors in the FinTech context and teaching
assistant robots in the education context.

3.2 What are the technological characteristics of service robots?

Existing studies focus on the effects of service robots’ participation in service delivery and examine the
impact of the technological characteristics of service robots on service outcomes and the customer experience in
service delivery (see Table 3). In the extant literature, service robots can be summarized as having three key
design characteristics: physical embodiment, social interaction, and data-driven design. The physical
embodiment emphasizes the dynamic coupling between the brain, body and environment of service robots, with
particular attention to the physical morphology of service robots %, Morphologically, robots can be
characterized into several groups: anthropomorphic (human-like), zoomorphic (animal-like), caricatured
(cartoonish) and functional (an appearance that indicates the robot’s core functionality) B, Among these
morphologies, anthropomorphism has attracted the most scholarly attention. Robots with more human-like
features are more likely to inspire trust, be perceived as more sociable and intelligent, and induce customers to
rate their usefulness and capabilities higher than mechanical robots 8],

Table 3. Technological characteristics of service robots

Element Component Construct Percentage
Anthropomorphic 0.27
Zoomorphic 0.04
Physical embodiment Morphology
Caricatured 0.00
Functional 0.18
Self-presence 0.00
Social interaction Presence Physical presence 0.16
Social presence 0.37
Data acquisition 0.35
Data-driven Data acquisition and processing Data processing 0.35
Decision-making 0.27

The second key technological characteristic of service robots is social interaction. Jorling et al. 8 showed
that encounters with service robots are perceived as social interactions. Another study 2% uses “presence” to
refer to how a robotic agent presents to humans. The three types of presence are self, social and physical B4, In
existing studies, self-presence is rarely involved, while physical presence has been found to positively impact a
lot of attitudinal measures 2%, In terms of social presence, the extent to which technology enables customers to
perceive the existence of another social entity, namely, automated social presence, is a good explanation [8l,
Service robots have a higher level of social presence than other service technologies because of the combination
of technology autonomy and physical embodiment 161,

Third, data-driven design is considered a significant aspect of service robots and is most salient in three
capabilities exhibited by these robots: data acquisition, data processing and decision making. Robots are widely
considered capable of performing complex tasks because they can make decisions autonomously based on the
data they receive (M. For example, Portugal et al. [*2 described, service robots benefit from a network of sensors
and monitors, so during activities in the home environment, they collect user and environmental data and store it
in a database; then they retrieve, parse and process data from the intelligently managed database; and finally,
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they use cognitive reasoning and intelligent algorithms to make decisions.
3.3 What are the effects of using service robots in service delivery?

All of the reviewed articles generally reported positive outcomes and support the effectiveness of service
robots in service delivery (see Table 4) 2919 as well as how service robot characteristics influence service
performance [ 71718 As presented in Table 4, most studies investigated the effects of service robots on the
cognitional, motivational, social and emotional dimensions of service outcomes. Obviously, cognitional and
emotional outcomes received more attention from the collected literature (see Table 4). From a cognitional
viewpoint, we found that the most established variables in service robots are the fundamental elements in the
technology acceptance model (TAM): perceived usefulness and perceived ease of use [0 12 22 TAM’s
explanatory power and wide applicability in service robot research were confirmed to determine the adoption of
service robots [ &9, However, it is also evident that the adoption of service robots seems to be not fully
explained by the TAM. For example, based on the TAM, Wirtz et al. ™ proposed the service robot acceptance
model after considering the social-emotional aspects, humans’ needs, and the congruency of robots with their
assigned roles. At the same time, cognitive theories such as social cognition theory have been employed to help
explain the adoption and effects of service robots 57181, Moreover, studies have noted the potential risks that
service robots may pose during service delivery, such as privacy and safety [» 15 16,22

Table 4. Service outcomes of service robots in service delivery

Cognitional dimension Percentage Acceptance/intention to use 0.14
Perceived usefulness/utilitarian 0.51 Engagement 0.24
Perceived ease of use 0.31 Acceptance/intention to use 0.14
Perceived credible/effective 0.27 Social dimension Percentage
Perceived risks (safety, privacy, bias, ethics) 0.22 Connectivity 0.18
Perceived low cost/service enhancement 0.12 Lack of human touch 0.04
Perceived response is slow/not very reliable 0.06 Emotional dimension Percentage
Perceived affinity 0.06 Enjoyment/comfort 0.24
Perceived controllability 0.06 Companion 0.24
Perceived dull/inflexible 0.08 Curiosity 0.06
Perceived ownership 0.04 Skeptical 0.04
Perceived fear/the uncanny valley 0.04 Trust 0.02
Perceived aesthetics 0.02 Fresh and surprising 0.02
Motivational dimension Percentage Horror 0.02
Motivation 0.27 Satisfaction 0.02
Engagement 0.24

The emotional dimension of service robot implementation, especially their hedonic value, has been the
most prevalent dimension discussed in the collected literature. Studies have found that service robots can
enhance the hedonic experience (e.g., enjoyment) [2 10321 The reviewed literature provides significant support
for the conclusion that the hedonic experiences afforded by service robots can enhance users’ positive attitudes
20, satisfaction [ €1, and acceptance [#l. These results emphasize that in addition to cognitive determinants,
emotional factors can also be the driving forces of the adoption of service robots.

Regarding the social aspect of service robots, studies have found that they can promote the connection
between customers and the outside world [ 10 12. 281 encourage customers to participate in social interaction and
value co-creation [ 1% 231 and have motivational value and social value for customers.
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4. DISCUSSION
4.1 Key findings and future opportunities

Firstly, this paper combs the relevant literature on the research methods of service robot. It can be seen that
most studies reviewed adopt qualitative methods. In contrast, quantitative methods are relatively less widely
adopted. For example, as in van Pinxteren et al. [ shows, the studies of service robots are scarce and mostly
descriptive, illustrating the need for experimental research. This suggests that diversified research methods may
help to bring more enlightenment on service robots.

Secondly, this paper points out that the service robot has three technological characteristics: physical
embodiment, social interaction, and data-driven design. The inconsistent understanding of the relationship
between anthropomorphic robots and customer attitude ?* 23 and the limitations of service robots’ intelligence
and autonomy 3 need to be addressed in future research. We hope that more research will focus on the links
and effects between the technological characteristics of service robots and provide conclusive findings. This
would bring new context-specific insights and provide important guidelines for harnessing the power of service
robots.

Thirdly, there are still gaps between consumers’ expectations and actual service outcomes. Service
providers need to know more about customers’ practical needs to innovate effectively. Customers’ reviews
would be an interesting way to improve service robots’ design and functionality. At the same time, current
research focuses more on the positive outcomes of service robot use, emphasizing the potential for value
co-creation, while less attention has been paid to the possible negative impacts and the possibilities of value
co-destruction, which should be improved in the future.

4.2 Implications

This work makes four contributions: first, as far as we know, this is the first systematic review to explore
the participation of service robots in service delivery. Second, this paper analyzes the technological
characteristics of service robots, on which there is currently no consensus among existing studies. Third, we sort
out the positive and negative outcomes of service robot use from cognitional, emotional, motivational and social
dimensions. Finally, the research consolidated in this paper provides some insights that enterprises can use in
deploying service robots. The research results of this paper will enable scholars in related fields to have a deeper
understanding of service robots and their characteristics, enable managers to clearly understand more
application scenarios of service robots and the possible positive or negative service outcomes of their
participation in the service delivery process. To harness the power of these robots, it is important to understand
their technological characteristics and effects, and this need is especially critical and timely for practitioners
considering robotic deployment in their operations 71,

4.3 Limitation

An important limitation of this study is the limited scope of the literature we collected, which only met our
selection criteria. For instance, we only consider studies of service robots participating in service delivery in
service contexts. By enlarging the pool of articles, future literature review studies may elicit more insights about
service robots.

5. CONCLUSIONS

This study provides an overview of the literature on the role and effects of service robots in service
delivery. Based on a review of 28 papers, we report on how and where service robots have been employed, what
technological characteristics of service robots have been commonly analyzed, and what potential service
outcomes service robots may have. The findings of this review indicate that due to their high-tech capabilities,
service robots are characterized by three technological aspects: physical embodiment, social interaction, and



106 The Twenty one Wuhan International Conference on E-Business—Information Systems and Operations Management

data-driven design. The cognitional, motivational, social and emotional aspects of these robots, and their service
delivery can have positive or negative outcomes on the customer experience. The research conclusions of this
paper will have some enlightenment to the academic and practical circles.
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