
Title
New Comer in the Bakery Store: A Long-Term
Exploratory Study Toward Design of Useful
Service Robot Applications

Author(s) Song, Sichao; Baba, Jun; Okafuji, Yuki et al.

Citation International Journal of Social Robotics. 2024,
16, p. 1901-1918

Version Type VoR

URL https://hdl.handle.net/11094/98909

rights This article is licensed under a Creative
Commons Attribution 4.0 International License.

Note

Osaka University Knowledge Archive : OUKAOsaka University Knowledge Archive : OUKA

https://ir.library.osaka-u.ac.jp/

Osaka University



International Journal of Social Robotics (2024) 16:1901–1918
https://doi.org/10.1007/s12369-024-01119-z

New Comer in the Bakery Store: A Long-Term Exploratory Study
Toward Design of Useful Service Robot Applications

Sichao Song1 · Jun Baba1 · Yuki Okafuji1 · Junya Nakanishi2 · Yuichiro Yoshikawa2 · Hiroshi Ishiguro2

Accepted: 21 February 2024 / Published online: 8 October 2024
© The Author(s) 2024

Abstract
In this study, we report a 6-month empirical study on a service robot deployed in a bakery shop. Recently, potential applications
of service robots have been increasingly explored. However, further empirical knowledge is required to determine the optimal
approach to design service robots for useful applications. We also address “usefulness” from two perspectives: the effects of
a robot on customers’ shopping behavior and the practical benefits the robot could provide for human workers in its working
environment. The results show that our robot achieved long-term effects on product recommendations for customers who
visited the bakery store on a regular basis (weekly) but not for other customers. A thematic analysis of the interviews reflected
the practical values that the staff expected from the robot. Based on these findings, we we outline key considerations for
designing effective long-term service robot applications.

Keywords Service robot · Sales promotion · Product recommendation · Long-term · In the wild · Real-world applications

1 Introduction

In the past decade, there has been a growing discourse on
social robots. Unlike industrial robots, social robots can
socialize with people, including expressions that convey
emotions and natural conversations [12, 22, 32]. A well-
known example is SoftBank’s humanoid pepper robot, which
communicates via gestures and natural language. Owing to
their social communication capabilities, social robots are
considered beneficial for various purposes, such as educa-
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tion [2, 6, 27], health [34, 35], domestic applications [19, 28,
30, 43], and public services [1, 53, 54, 56]. Social robots are
particularly useful in service industries. Robots are relatively
novel, particularly when deployed in residential or public
spaces. Therefore, the use of robots has attracted attention
[49] and has improved customers’ overall experience [45].
These service robots can be defined as those that “operate
partially or fully autonomously to perform services useful to
the well-being of humans and equipment, excluding manu-
facturing operations.” [8, 10]. Several potential applications
of service robots have been considered such as hotel services
[46, 51], information [11, 36], and recommendations [33,
56]. Specifically, service robots are a broad category of robots
designed to assist humans by performing tasks such as clean-
ing, delivery, healthcare, and customer service. However,
social robots are particularly designed for social interaction
with humans. They are capable of emotional communica-
tion and of performing tasks that facilitate social interactions
[40]. A service robot can be considered social if it can interact
with humans in a social context and provide services [15]. For
example, a robot can converse with humans in a human-like
manner.

Service robots are considered particularly promising for
product recommendation.Due to their ability to capture inter-
est and attract attention, robots can engage a considerable
number of potential customers, thereby creating numerous
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interaction opportunities [3, 10, 49]. Similarly, service robots
can be designed to be highly engaged with human interlocu-
tors during interactions, and attract customers to the store
and its products [17]. Moreover, service robots can use per-
suasive strategies to recommend products and increase sales
[62].

Research on service robots for product recommendations
remains largely at a relatively simple stage. Laboratory-based
studies can offer limited clues for real-world applications and
the design of customer-robot interactions. However, more
empirical knowledge is still required to uncover customer
behaviors toward service robots and understand how such
robots could function in the real-world context of retail envi-
ronments. Several studies have explored this concept [10, 56,
59–62]. For example, [10] placed a pepper robot in front of
a chocolate store, and investigated its effect on product rec-
ommendations. They showed that their robot elicited more
interactions than a tablet service kiosk, causedmore people to
enter the store, and increased the total revenue. [60] applied
two service robots to promote sales in a retail store, one of
which was placed outside the store to welcome foot traffic
into the store and announce product information, while the
other robot was placed inside the store mainly to recommend
products. While there was no rise in customer footfall, the
presence of in-store robots positively impacted the business,
significantly boosting sales. [62] also explored the question
of whether androids can perform a role equivalent to that of
salespeople in a real working environment. They deployed
a “female” android as a salesperson in a department store
to sell sweaters. They reported that their robot served nearly
twice asmany customers as a human clerker and successfully
sold 43 sweaters in ten days.

However, these studies were relatively short term (last-
ing a few days or weeks). The novelty effect [16, 58] could
inevitably contribute to these findings, and whether cus-
tomers can form long-term bonds with a robot and how
the robot’s effects change over time remain unclear. [18]
explored the reasons why people refuse or abandon the use of
robots in a long-term view. They suggested that robot design-
ers should not only create enjoyable experiences in the short
term but also provide relevant functionality to retain users
over the long term. In another study [30], the authors reported
the long-term evaluation of a social robot in real homes. They
found that users’ evaluations of the robot dropped initially
and subsequently increased after the robot had been used
for a longer period. From these findings, we can presume
that people behave differently toward a service robot during
long-term deployment.

Crucially, in our current study, the long-term effects we
examine are not tied to the duration of the robot’s physical
presence in the environment, but rather to the frequency and
regularity of people’s interactions with the robot. The experi-
ence of a person who meets a robot for the first time or many

times is less relevant than how long the robot has already
been deployed. To the best of our knowledge, few studies
have addressed this issue because most studies have focused
on the effects in chronological order, as they observed the
same users throughout their experiments [16, 29, 30, 55, 64].
These research methods are definitely important but could
be less adequate for evaluating service robot applications, as
there could be different types of customers, varying in their
frequency of visiting the store and the number of times they
have met the robots.

In addition to customers, consideration of the input of
other parties is required in this context. [47] investigated
the expectations and success criteria of the management and
retailers for adopting a service robot in a shoppingmall. They
found that stakeholders considered it important for the robot
to create a warm and fun atmosphere in the mall and pro-
vide practical help to both customers and staff. A service
robot employed in an existing store would probably need to
work collaboratively with the human staff. During long-term
deployment, the relationship between the staff and robot may
varywith time.Therefore,weobserved changes in staffmem-
bers’ attitudes andwork styles during the robot’s deployment,
assessing whether and how they found the robot helpful. The
practical benefits that robots could provide to staff have often
been neglected, as researchers and service providers tend to
pay attention mainly to customers. Robots designed to offer
practical support to human staff can help improve job perfor-
mance and contribute to creating a better overall shopping
experience for customers.

1.1 Research Objectives (ROs)

In summary, the fundamental issue is that it is still not
clear how the interactions between the customers and the
robot and between the store staff and the robot will change
because there is no previous research investigating when ser-
vice robots are introduced into actual stores over an extended
period of time. We believe that it will become feasible to
apply these findings to the optimal design of in-store ser-
vice robots that will be useful by clarifying the relationships
between humans, customers and staff, and robots over the
long term. To address this, we placed a service robot in a bak-
ery store for twodays eachweek (Friday andSaturday) for six
months. We adopted an observational study [26] to explore
user behavior and shape our applicable design implications.
Themain task of the robotwas to recommendproducts to cus-
tomers and engage them in conversations. To enable the robot
to handle various practical scenarios and overcome technical
limitations, such as speech recognition in the wild [37, 56,
57], we adopted the Wizard of Oz (WoZ) method [4, 52], in
which an operator remotely controls and talks through the
robot. The following are the research objectives (RO):
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• RO1: How will a service robot’s product recommen-
dations influence customers’ purchase behavior in the
long-term?

• RO2: What kinds of supports can a service robot provide
for both customers and staff to be useful?

Previous studies investigated the long-term use of robots
in fields such as homes, education, and care ([23, 50, 63]).
However, only a few studies have been conducted on ser-
vice robots installed in store environments. Regarding RO1,
[48] claimed that few studies had investigated long-term
persuasion of robots and conducted a study to investigate
persuasion strategies for social robots. However, their exper-
iment was not conducted in a real store configuration and
the 3-week period was insufficient to reveal long-term effec-
tiveness. Our work addresses these limitations in previous
work by conducting a 6-month long-term empirical study
in a real store environment. Regarding RO2, [47] showed
that customers expect a service robot to provide guidance
and information, an entertaining experience, and maintain
the company. However, service robot to welcome customers
and promote products, help themwith simple tasks, and offer
entertaining experiences, especially to children. However,
these findings were obtained fromworkshops and interviews
and have not been confirmed in the actual field. Our study
addresses this gap by examining actual stores. Based on the
results of our experiment, the expectations of customers and
staff advocated in this study were largely aligned. In addi-
tion, [42] claimed that more empirical research is required to
build an overarching theory, specifically regarding the long-
term usage of service robots on actual behaviors, well-being,
potential downsides, and risks for customers and service
employees.

For RO1, weekly customer questionnaires were collected.
We asked customers whether they purchased the products
recommended by the robot, their frequency of store visits,
how many times they met our robot, and their impressions
of it. For RO2, we primarily evaluated the long-term impact
of the robot on customers from their shopping behavior and
impression of the robot and arranged post-experiment inter-
views with the staff members as well as the robot operator
to reveal their thoughts and experiences working with the
robot. Our interviewswere semi-structured, aiming to deeply
understand if and how our robot influenced the store’s atmo-
sphere, offered valuable support to the staff, and impacted
their job performance.

“Usefulness” can be defined as the subjective probabil-
ity that using a technology improves the way a customer
completes a given task [9]. In this study, we considered the
usefulness of a robot in a store environment to refer to how
a service robot will improve the way customers and staff
complete their tasks. The customers’ main task is to shop.
The usefulness of robots lies in improving shopping effi-

ciency and experience. The main staff tasks were job tasks.
Robots are useful for supporting customer service, product
preparation and production, and promotional event tasks. As
demonstrated in [47], customers expect a service robot to
provide guidance and information, provide an entertaining
experience, and keep the company, while staff expect a ser-
vice robot to welcome customers and promote products, help
them with simple tasks, and offer entertaining experiences,
particularly for children. We consider the expectation that
both customers and staff will perceive the usefulness of ser-
vice robots.

1.2 Contributions

In this study, we present a 6-month empirical study in which
we investigate our service robot from two perspectives: those
of customers and human staff. In particular, we discovered
that customers’ frequency of store visits significantly influ-
enced the long-term effects of the service robot. We also
heard from the staff and accordingly suggested some impor-
tant points for achieving practical benefits.With the empirical
knowledge obtained fromboth customers and staff, this study
can contribute to designing useful service robot applications
in public places.

The remainder of this paper is organized as follows.

2 Empirical Setting

2.1 Service Robot System

We chose a small humanoid robot, named “SOTA” (Vstone
Co., Ltd) for this study. SOTA is 28cm tall and has a childlike
appearance. Both hands have two degrees of freedom, allow-
ing the SOTA to perform simple gestures. Although SOTA
is not capable of facial expressions, three LED lights on the
face, showing a mouth and two eyes, can be used to assist in
natural conversations with people. Additionally, SOTA can
rotate its body, which allows it to face the interlocutor and
perform gaze behaviors. SOTA uses an Intel(R) Edison CPU,
which is a computer-on-module system for IoT devices with
integrated Bluetooth and Wi-Fi communications.

As shown in Fig. 1, we constructed a WoZ system using
SOTA. The system consists of two main parts: a robot
controller and an operator interface. The robot controller
manages the system using speech recognition, behavioral
control, and video communication through an operator inter-
face. Specifically, a behavior-control programwas developed
and run on a mini-PC placed inside a control box under
SOTA. A set of gestures mapped using keywords was pre-
defined in the control program. When the operator says a
target keyword such as “hello,” the robot would behave
accordingly, for example by raising one of its hands. For
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Fig. 1 3D image of the tele-operated robot system

remote operation, an ultra-wide-angle webcam was installed
at the back of SOTA for a holistic view of the interactions.
Additionally, voice-changing software was used to shift the
pitch of the operator’s voice to match SOTA’s child-like
appearance of the SOTA. This helped conceal the presence
of the human operator from the robot’s interlocutors.

The SOTA has a child-like appearance, which often
attracts people’s interest owing to its cuteness. There is a
risk that a childlike appearance may be perceived as a lack
of competence [39]. However, previous research [3, 49] has
shown that the performance of SOTA is comparable to that
of humans. Therefore, we consider that the potential lack of
performance owing to SOTA’s childlike design would not be
an issue for the robot to be competent for product recom-
mendation.

2.2 The Bakery Store

We conducted a long-term field experiment at a bakery store
in Osaka, Japan. The store is relatively small, selling over 50
types of bread. It is located in a residential area near a sub-
way station. Consequently, various types of customers visit
stores, including families with children, students, company
employees, and the elderly. For a normal customer, a typical
routine inside the store could involve picking up a tray, look-
ing around, checking products in a clockwise direction, and
then returning to the entrance where the counter is located
to complete a transaction. Figure2 shows the layout of the
bakery shop and experimental setup. We placed our service
robot in a corner near the entrance of the store. This allowed
the robot to monitor all the customers in the store.

For themost part, the staff perform four categories of daily
tasks: bread baking and post-processing freshly baked breads
for the day, preparing ingredients for the next day, managing

sales events, and processing transactions. The first type of job
begins early in themorning and ends at aroundnoon.The staff
were busy baking bread and putting freshly baked bread on
the shelfs. The second type of job is typically performed from
the afternoon until close. The staff must prepare ingredients,
mostly vegetables, and classify them according to the recipes
for different breads. For the third type of task, sales (called
a time-sale event) often last for approximately two to three
hours until closing, and the start time depends on how many
breads are left to sell for the day. Finally, the staffmust handle
transactions at the counter located at the entrance over the
course of the day.

Generally, three to four staff members work on bread bak-
ing and post-processing tasks in the early morning. From 10
a.m. to approximately 1 p.m., two workers remained in the
store to perform the remaining bread-baking tasks for a few
types of bread. After 1 p.m., only a single workermanages all
the remaining tasks, including preparing ingredients for the
next day and managing timed sales. Although the morning
component has a heavier task volume, the afternoon compo-
nent may be more stressful.

3 Study Design andMethod

A previous work [60] was a one-week study conducted in the
same bakery store over three months before this experiment.
We believe that this did not influence the findings of this
study.

In [60], we conducted a short-term case study to explore
the potential of service robots for improving store sales. We
also analyzed the behavior of both robots and customers in
the store, and identified the key actions that contributed to the
product recommendation effectiveness of the robots. By con-
trast, this study focuses on the design of useful robot services
in the context of long-term service robot applications. We
observed the interactions, functionalities, and behaviors that
benefit both customers and store staff, summarizing the key
implications for designing useful real-world service robot
applications. Although both this study and the previous one
were conducted in the same field, they had distinct research
objectives and challenges. The novelty and contributions of
this study lie in its investigation of the long-term effects of
service robots by focusing on the usefulness toward different
user groups, customers and staff.

3.1 Tasks

The main task of the robot was to recommend products to
customers. Product recommendations is an an act of service
because (1) they can provide a tailored shopping experience
for each customer, making the process more efficient and
enjoyable; (2) they can save customer time because they do
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Fig. 2 Bakery store layout and
service robot settings

not have to search through a multitude of options by them-
selves; and (3) they can introduce customers to products
they might not have found on their own, thereby poten-
tially increasing their overall satisfaction with the shopping
experience. Therefore, product recommendations canbe con-
sidered an important task for service robots in a store.

In particular, the robot recommends six types of bread out
of over 50,with prices ranging fromabout 250 to JPY350.As
shown in Fig. 2, the display was placed in front of the robot.
To facilitate the bread recommendation, we prepared photos
of the products, including their price information. When the
robot started talking about a particular bread, the correspond-
ing photo was presented on the display to attract attention
and induce interest. Moreover, the robot conversed with the
customers. Occasionally, customers were particularly inter-
ested in the robot and attempted to chat with it or simply
test its conversational capabilities. At these times, the robot
responded to the customers and chat with them to offer a fun
interaction experience.

In addition to the pre-designed tasks, we encouraged the
robot to flexibly handle various practical scenarios and create
new tasks for itself as long as such tasks did not hinder the
main task of product recommendation. Practical situations
occur when robots are deployed in uncontrolled environ-
ments. Situations related to customer behavior, requests from
stores, or the environment can arise. This allowed us to
explore which service robots should be capable of long-term
deployment.

3.2 Wizard of Oz

In human-computer/robot interaction research, the WoZ
technique is useful for exploring design ideas and observing
user behaviors during prototyping without significant cost

[13]. This helps overcome limitations such as speech recog-
nition in noisy environments, natural language conversation,
and handling complex scenarios [52]. Therefore, we adopted
the WoZ technique in this study. Specifically, we required
our robot to have high-quality natural language conversa-
tion capabilities and the ability to deal with various contexts
and tasks that had not been specifically planned during the
designphase. Therefore, theWoZapproach enabled our robot
to offer satisfactory service to customers, manage practical
needs raised by the local staff, and remain operational dur-
ing the 6-month period of the experiment. We considered the
adoption of WoZ as a necessity for achieving the objectives
of this study because we would not have been able to observe
the long-term effects of the robot if it could not achieve its
basic performance.

We employed a female voice actor in her 20’s as the oper-
ator. She was a skilled performer and communicator and was
therefore qualified for scripted conversations (such as prod-
uct recommendations) as well as libbed talks (chitchats). For
customers, we set the concept of our robot as an autonomous
conversational system. The operator talked in a performa-
tive manner and her pitch shifted higher in accordance with
the child-like appearance of the robot. We conducted pre-
meetings before the experiment, in which we discussed the
simple characteristic design of the robot with an operator.
During the experiment, the operator spoke to convey the
characteristics. The local staff and owner of the bakery store
were informed of the use of WoZ to achieve smooth collabo-
ration and permission to deploy the robot. This setup would
result in robot-mediated human-human interaction between
the staff and the operator. However, previous work [7] has
suggested that people may treat humans, autonomous robots,
and tele-operated robot teammates similarly, but perceive
tele-operated robots as less intelligent than human team-
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mates. Regardless, we instructed the operator to remain in the
character of the robot while talking to the staff member. We
also instructed the staff to treat the robot as an autonomous
system. In addition, we did not provide detailed information
on our robot system or the experimental settings to the staff.
Therefore,webelieve that our experimental setup is sufficient
for obtaining the intended data.

Specifically, the conversations of theWoZ operator’s con-
versations were semi-scripted. Specifically, we referred to
semi-scripted conversations as the structure of conversations
of interaction, but the specific details and responses were not
fixed or adapted to the situation. This allowed us to achieve
a balance between control and flexibility because real-world
scenarios can be considerably complex and difficult to script
in advance. One of the main tasks of the robot was product
recommendation, and we instructed the operator to follow a
basic operation pipeline that (a) welcomes a customer when
entering the store, (b) recommends products to the customer,
and (c) thanks the customerwhen leaving.Theoperatormight
switch his/her target customer for a recommendation when a
customer enters the store during the operation, and the cur-
rent target does not respond to the robot. In cases where
the customer stopped at the robot, we asked the operator
to respond based on the product information sheet1 if the
customer talks about the products, introduces products if
the customer remains silent but only looks at the robot, and
responds flexibly if the person chitchats with the robot.When
unexpected interactions occurred (including chitchat), the
operator was allowed to respond flexibly as long as it kept the
robot in its character (a childlike autonomous robot). We did
not script the chitchats in advance because the topics could
be too broad. For example, when chatting about traveling, the
operator should avoid saying “I have travelled to the place”
but rather than using phases such as “the place seems nice”
because the robot cannot travel by itself; the operator should
avoid coughing or laughing without muting the microphone
because it may expose the existence of the human operator.
In addition, the operator would say, “I am sorry that I do
not understand” when she does not know how to respond
properly. In addition, we permitted the operator to learn and
perform new tasks, such as those requested by the staff, if
such tasks did not hinder the robot’s main product recom-
mendation task. This allowed us to explore the expectations
of staff for a useful service robot. Although it was challeng-
ing to provide a uniform dialog for customers with varying
motivations for real-world robot services, we consider that
this did not significantly influence the robot’s primary task of
product recommendation, and it provided valuable insights

1 The product information sheet was provided by the bakery store
and contained detailed information about the products, including price,
ingredients, descriptions, and examples utterances for recommenda-
tions, etc.

into the types of interactions that occur during our long-term
service. These flexible conversations can contribute to our
understanding of useful robot designs from the customer’s
perspective.

3.3 Evaluation

Weprimarily relied on twomeasurements in our evaluation: a
customer questionnaire, and staff and operator interviews.As
a quantitative approach, a customer questionnaire allowed us
to track changes in the robot’s long-term effects on customer
behavior. By contrast, interviews helped us uncover deep
insights into the relationships developed between the robot
and staff as a qualitative approach.

We used the customer questionnaire to gather the follow-
ing data:

• Visiting frequency: a customer’s frequency of visiting
the store, with options including on a weekly basis (more
than once a week), on a monthly basis or less (less than
three times a month), and first visit.

• Robot experience: phases regarding how many times a
customer had met the robot in the store, including at the
first meeting (once), in the adaption phase (2 or 3 times),
and in the acquaintance phase (more than 4 times).

• Purchasing behavior: whether a customer purchased at
least one of the breads that were recommended by the
robot.

• Impression: a customer’s impressions of the robot,
including its attributes of intelligence, usefulness, ease
of communication, fun, attachment, and impact [24].

Specifically, we assessed long-term customer behavior based
on the answers to the question “Did you purchase at least one
of the breads that were recommended by the robot?” The
purchase rate (PR) is the ratio of the number of customers
who bought the recommended bread to the total number of
customers who answered the questionnaire. We considered
PR to be a meaningful variable for measuring the long-term
effects of our robot. The effect of store management on sales
promotion is of utmost interest. Therefore, the product rec-
ommendation effect of the robot is a crucial factor for the
store, and PR is an indicator of how the robot’s product
recommendation affects overall customer purchasing behav-
ior. However, PR alone seldom provides valuable patient
information. During long-term deployment, different types
of customers would visit a store, varying in their frequency
of visiting the store and the number of times they met the
robot in the store. Visit frequency reflects customer char-
acteristics, such as shopping habits. In contrast, the robot
experience shapes a customer’s impression of the robot as a
mere exploration effect [65], which suggests that the greater
the frequency of contact with the robot, the greater its influ-
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ence. Consequently, a customer’s experience with a robot
affects the robot’s persuasive influence.

The questionnaire items for impressions were modified
based on [24]. Although the study scenarios were different,
[24] investigated the user’s impression of a robot during long-
term use with the same objective as ours. Specifically, we
translated and adapted some items from it to fit our work,
for example, we modified the item “ease of use” to “ease of
conversation.” We intentionally designed the questionnaire
to be easy to answer and kept the number of questions under
ten to ensure that all questions could be answered within
approximately 1–2 min. To collect unique customer data, we
stationed an experimenter outside the store to ask customers
who were leaving the store to cooperate, ensuring that they
had not previously completed a questionnaire. In total, 378
valid responses were obtained.

We announced to all customers that thiswas an experiment
to be conducted through a notification board. This study was
conducted on an opt-out basis with participants who did not
wish to participate in the experiment. No participant was
excluded from the experiment. Therefore, we considered the
effect of opt-out on the experimental results to be minimal.

We performed post-experiment interviews with both the
local staff and the WoZ operator. Semi-structured interviews
were conducted to collect the following data:

• Job environment: the environment of the store, including
the atmosphere and human relations.

• Job tasks: the typical tasks and job flow for the staff and
the robot.

• Relationship with customers: the relationship between
the staff/robot and the customers with regards to, for
example, communication, psychological distance, and
trust.

• Relationshipwith the robot/staff: the relationshipbetween
the staff members and the robot.

Three local workers participated in the interviews. All of
themworked shifts on Fridays and/or Saturdays across the 6-
month long experiment, from beginning to end, and had both
morning (from 7 a.m. to 1 p.m.) and afternoon shifts (from
1 p.m. until close). To avoid the risk of COVID-19 trans-
mission, interviews were conducted online using a Zoom
video communication tool. Interviewswere conducted in two
stages. Initially, the interviewer explained the interview’s
purpose and flow and asked the staff about their personal
information, educational background, and tenure at the store
to establish a personal context. This was followed by a brief
icebreaking conversation to make the participants comfort-
able. This part was not used in the analysis, but rather aimed
to contextualize the responses. The second part focuses on
the experience of the staff with the robot. In addition to the
staffmembers,we conducted interviewswithWoZoperators.

Table 1 Demographics of the staff members (S) and the operator (P)
who attended the interviews

ID Sex Age Educational background

S1 Female 19 Student (Bachelor)

S2 Female 19 Student (Bachelor)

S3 Female 21 Student (Bachelor)

P Female 29 Voice actor

We asked questions similar to those in the staff interviews but
from the robot’s perspective. Themain purpose was to search
for evidence to support the workers’ statements. Table1 lists
interviewees’ demographic characteristics.

Each interview lasted for one hour, and a total of four
hours of recorded data were obtained. The recordings were
transcribed by native Japanese speakers, resulting in a tran-
scription of over 2600 words. The transcripts were then
analyzed using an inductive thematic analysis technique [14,
20]. Both the interviewers and researcher who performed the
thematic analysis were co-authors of this work. The thematic
analysis aimed to uncover and highlight whether and how
our robot was beneficial for the different stakeholders during
long-term deployment, not only for the customers but also
for the staff, and to identify some important points of interest
to develop useful service robot applications in the real world.
The initial coding generated codes that appeared in at least
two out of three staff interviews or in both staff and opera-
tor interviews. These codes were clustered into three themes
based on the value of the support they represented: shopping,
utilitarian, and mental support.

4 Results

4.1 Long-Term Customer Behavior

4.1.1 Product Recommendation

We explored PRs in relation to customers’ frequency of vis-
its and their experience with robots. The purchase rate over
visiting frequency (PR-F) is the ratio of the number of cus-
tomers who bought the recommended bread related to the
three visiting frequencies: first visit (PR-F f i ), monthly visit
(PR-Fmo), and weekly visit (PR-Fwe). The results for the PR-
Fswere 17.90% for PR-F f i , 27.30% for PR-Fmo, and 27.10%
for PR-Fwe. There were no significant differences observed
in the PR-Fs. In contrast, the purchase rate of the robot expe-
rience (PR-E) is the ratio of the number of customers who
bought the recommended bread related to the three phases
of experience: the first meeting phase (PR-E f i ), the adapt-
ing phase (PR-Ead ), and the acquaintance phase (PR-Eac).
The results of the PR-Es were 23.30% for PR-E f i , 26.40%
for PR-Ead , and 38.00% for PR-Eac. The Chi-square test
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Fig. 3 Results of purchase rates with regard to robot experience and
visiting frequency (PR-EFs). Regarding robot experience, fi refers to
first meeting, ad refers to adaption phase, and ac refers to acquaintance
phase; regarding visiting frequency, fi refers to first visit, mo refers to
monthly basis or less, and we refers to weekly basis

revealed significant differences between the three conditions
in PR-E (χ2(2) = 6.38, p < .05). Residual analysis, in
comparison with the mean across all conditions, indicated
that PR-Eac exhibited a marginally but significantly higher
PR-E (r = 2.47, p = .08). A post-hoc binomial test indi-
cated that PR-Eac exhibited a significantly higher PR-E than
both PR-E f i (p < .05) and PR-Ead (p < .05).

We further considered the details of how PR-E varied
depending on PR-F, because interaction effects may have
occurred for each group of customers who had different
visiting frequencies to the store; PR could vary in rela-

tion to their experience with the robot (PR-EF). As shown
in Fig. 3, for customers who visited the store for the first
time and had their first meeting with the robot, the pur-
chase rate of PR-EF f i& f i is 22.89%. For customers who
visited the store on a monthly basis or less, the PR-EFs
were 26.67% for PR-EFmo& f i , 25.00% for PR-EFmo&ad ,
and 27.27% for PR-EFmo&ac. For customers who visited
the store weekly, the results are 8.33% for PR-EFwe& f i ,
33.33% for PR-EFwe&ad , and 47.83% for PR-EFwe&ac. In
particular, for customers who visited the store weekly, the
Chi-squared test showed significant differences among the
three conditions in PR-EF (χ2(2) = 10.95, p < .01). The
residual analysis, compared to the mean across all condi-
tions, indicated that PR-EFwe& f i had a significantly lower
PR-EF (r = −3.15, p < .01), whereas PR-EFwe&ac had a
significantly higher PR-EF (r = 2.90, p < .05). A post-hoc
binomial test indicated that PR-EFwe&ac had a significantly
higher PR-EF than PR-EFwe& f i (p < .001).

4.1.2 Impressions of the Robot

We evaluated the customers’ impressions of the robot in rela-
tion to their visiting frequency and robot experience. For
visiting frequency, no significant results were observed for
any attribute; for robot experience, one-way ANOVA tests
revealed significant main effects on all the six attributes
(Intelligence: F = 6.32, p < .01, Usefulness: F =
3.01, p < .05, Ease of communication: F = 4.99, p < .01,
Fun: F = 5.93, p < .01, Attachment: F = 3.20, p < .05,
Impact: F = 7.03, p < .01). In particular, the robot expe-
rience had a significant influence on customers who visited
the store frequently on a weekly basis, as shown in Fig. 4,
although the ratings of the robot by customers who visited
the store on a monthly basis or less did not change with the
number of times they had met the robot. They rated the robot
lower than other customerswhen they had limited experience
with it, particularly with regard to its intelligence and use-
fulness. However, when they met the robot several times and
entered the acquaintance phase, their impressions increased
significantly.

4.2 Staff and Operator Interviews

From the results of our thematic analysis, we identified three
key forms of support our robot offered to customers and staff:
Shopping support, which enhanced the customers’ shopping
experience, making it more seamless. Utilitarian support,
aiding staff in performing their duties more efficiently and
effectively. Moral or mental support, contributing to a fun
store atmosphere and reducing staff stress.
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Fig. 4 Results of impressions with regard to robot experience and vis-
iting frequency (Impression-EFs). Regarding robot experience, fi refers
to first meeting, ad refers to adaption phase, and ac refers to acquain-
tance phase; regarding visiting frequency, fi refers to first visit, mo refers
to monthly basis or less, and we refers to weekly basis

4.2.1 Shopping Support

We define shopping support as the support provided by a
robot to improve the customer’s shopping experience.

“(The robot) explains details about the time-sale event,
and as a result, the probability of a customer bringing a
bread that was not included in the event to the counter
was reduced.” (S1)

The bakery store held a regular event called “time-sale,”
the purpose of which was to reduce the amount of bread left

unsold after the store closed, as most breads would not last to
the next day and had to be thrown away. Specifically, the staff
checked the number of breads remaining at approximately 5
p.m. and decidedwhen to start andwhat kinds of bread should
be included in the time-sale list. They then wrote each day’s
rules on a standing signboard and placed it in front of the
entrance to the store to indicate the start of a timesale event.
However, this approach led to some confusion. While the
event’s rules were similar each day, they varied in details,
particularly concerning the types of bread included and the
extent of their discounts.

Customers who did not visit the store frequently tended to
verify the details of the rules before entering. In contrast, cus-
tomers who frequently visited stores often overtrusted their
past experiences, as the rules were generally similar. This
resulted in troubling situations in which they occasionally
brought wrong bread to the counter and failed to receive
discounts. Because of hygiene issues, customers were not
allowed to place the breads back on the shelves and had to
purchase them even if they failed to receive discounts and did
not want to buy the breads after learning the correct price.

These troubling situations may seem avoidable, but can
be unexpectedly difficult. Case in which only a single staff
member managed various types of tasks during the afternoon
shift Staff members are required to manage several tasks in
parallel. All three workers who participated in the interviews
mentioned that they could be particularly busy during the
timesale and therefore had no time to explain the rules to
customers. Therefore, they left customers with their own and
took care of them only when they approached the counter to
make a transaction. The staff reflected that customers could
use support to receive information from the store in an easier
way, and help them decide which bread to buy. They realized
that the lack of effective communication methods between
stores and customers was a common issue for bakery stores.

Staff members noticed the changes caused by the robots.
During the time-sale event, the robot explained the rules for
the day to customers, in addition to its main product recom-
mendation task. This information serves as a useful resource
for customers to decide on what to buy. The WoZ operator
also mentioned that customers seemed to be more explicitly
influenced and were less hesitant. Moreover, the operator
mentioned that some customers who were confused about
the rules came to the robot to ask questions. This was con-
firmed by the staff, and S2 raised the point that “It seemed
that many customers felt more at ease and more comfortable
asking the robot quick questions rather than us.” The staff
reported that the ratio of customers who brought the wrong
bread to the counter decreased.

“Parents often left their children chitchatting with the
robot so that they could focus on shopping.” (S3)
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Many store visitors were parents. Depending on the situa-
tion and human characteristics, shopping with children could
be stressful for some people, and focusing on checking prod-
uct details might be difficult. The staff explained that bakery
store customers with children could face particular hygiene
issues, as the parents needed to watch the children to prevent
them from arbitrarily touching their bread. Customers must
complete their purchases quickly.

Children are particularly interested in robots [60]. All
interviewees mentioned that our robot was particularly pop-
ular among children, as they showed excitement and chitchat
with it extensively. Consequently, some parents chose to
leave their children with the robot while they continued to
shop. The staff noticed that customerswho relied on the robot
to care for their children shopped comparatively longer and
checked the products more carefully. Interestingly, both staff
members and the operator realized that a special relationship
was established between parents, robots, and their children.
Occasionally, when the robot told the children that one par-
ticular bread was brilliant, the children would turn back and
ask their parents to buy it for them. After the parent put the
bread on the tray, the children returned to the robot, telling
them that they had bought it. The parents also asked their
children about the types of bread they wanted to eat, and the
children turned to the robot and asked for recommendations.
As S2 mentioned that “The robot’s recommendation power
seemed quite strong for the children.”

In conclusion, shopping support focuses primarily on cus-
tomers. Customers had conversations with the robot about
products and store events (e.g., timesale events) to receive
information and support. The robot was useful in reducing
customer shopping efforts. For instance, a robot can provide
information about time-sale events, making it easier for cus-
tomers to understand the information and help them choose
products. Additionally, for customerswith children, the robot
serves as a playmate, allowing parents to concentrate on
shopping. In addition, product recommendations from robots
are helpful in making customers’ shopping more efficient.

4.2.2 Utilitarian Support

We define utilitarian support as the type of support provided
by a robot to assist staff in their job tasks.

While shopping support addresses the benefits for cus-
tomers, utilitarian support focuses on the practical benefits
our robot provides to staff in their job tasks.

“(The robot) really helped me a lot during the time-
sale and allowed me to focus on other tasks without
worrying about the mistakes made by the customers.”
(S1)

The robot not only assisted customers with information
and decision-making but also provided substantial support

to the staff, enhancing their work efficiency. All staff who
participated in the interviews emphasized and appreciated
the practical support provided by the robot, sharing parts
of their tasks, and simplifying their jobs. For example, the
robot reduced the ratio of customers who brought the wrong
bread and/or asked them about the details of the rules of the
timesale event. This largely released the staff and enabled
them to focusmore on the tasks at hand. In particular, S1 used
the word “teamwork” to reflect the relationship established
between her and the robot.

The usefulness of the robot was also reflected in the
reduction in bread left unsold after closing the store. Start-
ing from the mid-afternoon and often together with time
sale, the robot made special recommendations by announc-
ing breads for which numerous products remained unsold.
The staff reported that such special recommendations from
robots often successfully reduced the amount of wasted
bread. Before our robot was deployed in a store, the staff
often had to make recommendations themselves if a type of
bread had many items left. The robot performs these roles
and helps reduce the difficulty of their tasks.

“I was able to keep updated to the current situations,
such as customers visiting or leaving, while working
behind the workbench, thanks to the robot’s speeches.”
(S2)

Often, the staff had to work in the production area. In such
cases, they had difficulty noticing the counter areas. Conse-
quently, they must constantly pay attention to the current
scenario inside the store to recognize customers visiting or
leaving for transactions. This can be cognitively demanding.
The staff mentioned that the robot’s speech helped them con-
siderably with this issue. Specifically, the robot welcomed a
customer when they entered the store, recommended bread
according to their current standing position, and told the cus-
tomerwhen theyfinished shopping and headed to the counter.
By listening to the robot’s words, the staff could recognize
the current status of a customer and decide if they needed to
immediately move to the counter. This reduces the cognitive
load on workers and allows them to focus on their current
tasks.

In conclusion, utilitarian support was primarily focused
on staff. The staff often had conversations with the robot
about products for recommendation, freshly baked bread,
store events, and other simple tasks that they would like the
robot to assist. The robot was useful in taking over some
of the staff’s job tasks and making it easier for them to
make situational judgements based on the robot’s actions.
For instance, the robot took over the task of explaining and
answering questions about time-sale events, freeing the staff
to handle other tasks, such as preparing bread ingredients.
In addition, because the robot greeted and conversed with
customers, the staff did not have to pay close attention to
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whether the customers were coming in or leaving, but could
judge the situation from the robot’s voice. For example, when
the robot said “Thank you,” the staff could tell that the cus-
tomer was about to leave and go to the counter to complete
the transaction.

4.2.3 Mental Support

We define mental support as the type of support that the
robot provides to both customers and staff to improve the
atmosphere in the store.

“The presence of the robot made me feel less lonely.”
(S3)

As mentioned previously, a store typically has only a
single staff member for the afternoon shift. Although the
number of tasks was not overly large for one person to man-
age, the mental stress was relatively high. All staff members
who participated in the interviews addressed this point, as
they sometimes felt lonely, stressed, and less motivated. S3
described a typical situation, that when she was the only per-
son in the store, as “very quiet, although music was playing.”
She mentioned that such a situation, although not bad, was
awkward and lacked vitality. Rather, during the experiment,
the robot often talked, announcing the recommended breads
even if no customer was present at that time. The staff felt
that the store was full of vitality and energy, and that they
had companions, particularly during the afternoon shift.

“I felt the robot created a fun atmosphere in the store.”
(S2)

Not only did the robot support the staff mentally, but it
also created a fun atmosphere in the store and improved the
shopping experience for customers in general. The child-like
appearance of the robot allowed it to easily establish a close
psychological connection with its customers. Both the staff
and operator mentioned that the appearance of the robot and
the way it talked created a very bright and fun atmosphere
in the store. Customers who chat with the robot often laugh
and seem satisfied with it. Moreover, many customers who
did not talk to the robot often looked at it and were curious
about it.

Additionally, robots often became a topic and triggered
conversations between customers and staff members. Staff
mentioned that many customers proactively talked to them,
particularly during counterprocessing transactions.Although
mostly short conversations, the customers, particularly those
who frequently visited the store, first commented on the robot
such as “(The robot) is so cute” and then said something
else positive about the store such as “I often visit here and
your breads are delicious.” These cases were rare before the
deployment of the robot. Customers used the robot as an
opportunity to break the walls between them and the store

and sought closer relationships. As S2 noted, the robot served
as a bridge to establish friendly relationships between the
customers and workers.

In conclusion, mental support demonstrated its usefulness
by mentally supporting both staff and customers. For the
staff, particularly those who were typically alone, having the
robot around reduced feelings of loneliness, and the staff
felt more secure knowing that the robot was there to help if
any trouble occurred. As described in the interviews, they
often had chitchat with robots, particularly when there was
no one else. For customers, the presence of the robot made
it easier to converse with the staff, which helped them build
relationships with the store. Furthermore, the robot created a
fun atmosphere in the store, which was a welcome presence
for both staff and customers. Many customers liked chitchat
with robots for themselves and for their interests.

5 Discussion

5.1 RO1: Long-Term Effects of Our Robot

Our study addresses both the long-term effects of service
robots on customers and their practical benefits to staff.
Analysis of the customer questionnaires revealed that only
customers who frequently visited the store seemed to be par-
ticularly influenced by robots. Customers who visited the
store less frequently showed no substantially different behav-
ior, regardless of how many times they had met the robot.
As shown in Fig. 3, the PRs of the recommended breads
remained approximately the same at 26% for customers who
visited the store on a monthly basis or less, regardless of
their robot experience, and were close to 22.89%, which
was the PR for customers who visited the store for the first
time. However, customers who visited the store weekly had
a surprisingly low PR of only 8.33% for the first time when
they met the robot. However, the PRs increased drastically
afterward, reaching a significantly higher level of 47.83%
in the acquaintance phase. Previous studies [16, 29, 30, 55,
64] mainly focused on the effects of robots in chronological
order, as they observed the sameusers throughout their exper-
iments. However, for service robot applications in public
places, our results indicate that customer visiting frequency
to the store should be considered an important factor in eval-
uating the effectiveness of the robot.

These results must be interpreted with caution, as we can-
not simply conclude that our robot had no effect on customers
who visited the store at a lower frequency. Rather, we treated
the PR of 22.89% as a baseline representing the overall per-
centage of customers who bought the target bread the first
time they visited the store and met the robot. We further
examined how the visiting frequency to the store and the
robot experience influenced customer purchasing behavior
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compared with the baseline. Visit frequency reflects whether
a customer has relatively fixed shopping habits. Customers
whovisited the storemore often indicated that they haddevel-
oped shopping habits. Similarly, robot experience can affect
the degree of influence of the robot. Frequent encounters
between a customer and a robot can foster a closer relation-
ship and greater trust, leading to amore pronounced influence
from the robot.

We presume that customers who visited the store on a
monthly basis or less rarely formedfixed shoppinghabits, and
were comparatively open to the robot’s recommendations the
first time they met the robot. However, customers who fre-
quently visited the store likely had their own shopping habits,
meaning that they had largely decided which bread to buy in
their minds before entering the store. Therefore, the results
show that these customers had a significantly lower PR for
the first time when they encountered the robot. They main-
tained their shopping lists andwere less likely to change their
behavior as soon as they heard the robot’s recommendations.
However, the robot experience shapes customer behavior dif-
ferently. For customers who visited the store less frequently,
the period between the two times they met the robot (cur-
rent and last) could be long, for example, several weeks or
even months. This long span of time hindered the establish-
ment of close relationships between them and the robot, and
as a result, diminished the effects of the robot in the long
run. The results confirmed that the PRs for customers who
visited the store on a monthly basis or stayed close to the
baseline PR regardless of the number of times they met the
robot. However, for customers who visited the store more
frequently, the period between the two occasions they met
the robot was signioficantly shorter, which allowed them to
build long-term relationships with the robot. The effects of
the robot persisted in the long run and becamemore powerful
as the bond between customers and robots strengthened.

Although we were not able to follow up every customer
and confirmwhether they purchased the recommended bread
every time they visited the store, we tracked purchases of
the recommended products through customer questionnaires.
Although it was infeasible to monitor the purchase behavior
of each customer during every store visit in a real-world con-
figuration, we could capture the proportion of customers in
each category (based on the visiting frequency and number of
robot interactions) who purchased the recommended prod-
ucts. For instance, in the category of frequent visitors (on
a weekly basis), those who interacted with the robot more
often were more likely to purchase the recommended prod-
ucts. Therefore, from a statistical standpoint, we conclude
that these customers are more receptive to a robot’s recom-
mendations. We assumed that those who were not interested
in the product and chose not to purchase it were equally rep-
resented across all categories.

The trends in customer impressions of the robot showed
similar results, supporting the observed differences in their
purchase behaviors. For customers who visited the store on
a monthly basis or less, their ratings on the robot had simi-
lar scores over the six attributes compared with the baseline
ratings and did not change with the number of times they
had met the robot. However, for customers who visited the
storemore frequently (weekly), their impressions of the robot
changed significantly based on their experience. In particular,
those customers had relatively low scores of their ratings of
the robot, specifically regarding the attributes of intelligence
and usefulness, at the first time they met the robot. A plausi-
ble reason could be that, because they had their own shopping
habits for the first time when they visited the store, they did
not perceive the robot’s recommendations as necessary and
useful to them. Interestingly, as customers interactedwith the
robot more frequently, long-term relationships formed. They
began to perceive the robot as both fun and useful, becom-
ing increasingly open to its recommendations, more likely to
attempt different products, and willing to alter their shopping
habits.

The interview results reflected the long-term effects of
our robot from different perspectives. Both the staff and the
operator noticed that several customers, particularly children,
formed friendships with the robot. They regularly visited the
robot, greeted it, and typically chat with it. They wanted the
robot to remember previous conversations. Interestingly, they
often purchase bread incidentally. Either they asked the robot
for a recommendation, or the robot used customized recom-
mendation speeches such as “I recommend this bread for you
this time because (reasons). This is different from what you
tried last time!”” These customers mostly would buy it. Fur-
thermore, more customers showed a less explicit, but more
positive relationship with the robot. The staff pointed out
that many regular customers tended to look at the robot with
smiles or even greeted it using verbal and/or nonverbal cues
such as speaking, waving hands, and nodding heads.

5.2 RO2: FromNewcomer to Veteran

At the beginning of the experiment, our robot was only
responsible for recommending products to customers. As a
newcomer to the bakery store, it provided a novel experience
and caused confusion among the local staff. This confusion
reflected an unstable relationship, as they did not yet know
much about the robot or appropriate ways to communicate
with it. The lack of relevant pre-knowledge led the staff to
choose to follow basic human-human social protocols, typi-
cally talking with the robot in a relatively formal way using
honorific words and maintaining social distance from it.

Seeing the performance of the robot over a short period
from the first day of deployment, the staff began to trust and
form expectations from it and started to consider how itmight
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offer help in their daily tasks. One worker mentioned in the
interview that she did not have high expectations regarding
the benefits of the robot. She agreed that the robot was cute
and could create a fun atmosphere in the store, but questioned
its practical value because it could not move and was not
capable of physical tasks. However, after seeing the smooth-
ness and power of the conversations with the robot, she had a
different impression and was motivated to explore the prac-
tical help it could provide her based on its conversational
functions.

Consequently, the staff started to “train” the robot with
detailed information such as the ingredients and stories of
the bread. Such training not only helped the robot improve
its recommendation skills, but more importantly, offered an
opportunity for the staff to build rapport and trust in the robot.
The interviews indicated that communication became more
frequent and less stressful, and friendly behaviors from the
staff, such as talking in a casual way or touching the robot’s
head or hands, were observed. Staff members mentioned that
they attempted to use the robot to support some tasks. Finally,
after stable relationships are established, the robot begins to
fulfill new work roles.

The findings revealed an important point: the role of a
service robot designed by its developers may not sufficiently
meet the practical needs of its users, which include not only
customers but also other stakeholders, such as the staff of the
facility. Robots can provide customers with more value by
equipping themselves with useful utilities. However, for the
staff who would stay close and work together with the robot,
the practical benefits that the robot could provide to them
often seem to have been neglected, as the developers and ser-
vice providers tended to focus mainly on the customer side
for whom to offer services. As [41] mentioned, performing
everyday tasks together can be an example of routine behav-
ior relevant to the maintenance of social relationships, and
we suggest that robot designers pay attention to their robots’
capabilities to work together and offer task support to the
staff. A successful relationship between the robot and staff
has a high potential to improve their overall job performance,
including efficiency and motivation, and consequently con-
tribute to customers’ overall shopping experience.Weneed to
reconsider the roles of service robots and provide more value
to the different stakeholders relevant to the application.

5.3 Toward Design of Useful Service Robot
Applications

From the above discussion, we note that customers and staff
may have different expectations toward the value and useful-
ness of service robots. Specifically, a customer often looks
for a smooth and convenient shopping experience and would
be happy if the facility (e.g., a store) offers added value, such
as fun and a pleasant atmosphere. Consequently, a service

robot may require utility functions for shopping assistance as
a minimum requirement. Such a robot may provide informa-
tion, Q&As, and other utilities as an effective communication
method to bridge the gap between customers and the store. In
addition, the robot can engage in discourse and other enter-
tainment activities, creating amore fun and lively atmosphere
to improve the overall shopping experience,which could con-
tribute to customer satisfaction and purchase intention.

Meanwhile, facility staff may prioritize the robot’s ben-
efits for their job tasks. Our findings suggest that staff
expectations of the robot may align closely with those of
another human staff member. Essentially, functionalities that
share the existing tasks of staff and provide both physical and
mental support are perceived as practically useful. Therefore,
designers and researchers must consider this important point
and build service robots that can learn and adapt to various
new requirements to ultimately achieve satisfactory long-
term use. In addition, entertainment activities and the fun
and lively atmosphere created by the robot would undoubt-
edly bring positive added value to the staff as well.

Moreover, the three types of support discussed above
had a common characteristic in that they relied on long-
term adaptation among stakeholders. In the experiment, the
robot successfully provided benefits and support to both the
customers and staff. However, this did not occur immedi-
ately after the robot was deployed. The staff mentioned that,
although they felt that the robot was fun and cute, they were
not sure what the robot was capable of and how and whether
they couldwork togetherwith it at the beginning of the exper-
iment. After a certain period, when the staff and the robot
had adapted to each other, the staff then started to teach the
robot new knowledge about breads and tasks other than rec-
ommendations, expecting more practical support for their
tasks. Subsequently, the robot started being perceived more
as a team member, rather than a “cute and strange being” as
described by S3. We suggest that service robots be designed
with learning capabilities tomake adaptation progress among
them and other stakeholders, particularly the staff, success-
fully.

For the customers, the novelty effect of the robot helped
with succeeding in a positive interaction experience for the
first time they met with the robot. Specifically, SOTA’s cute
appearance has a novel effect, which easily attracts the inter-
est of customers visiting the store for the first time. However,
the novelty effect worsened for customers who visited the
store multiple times. Specifically, previous studies [25, 31]
onCSCWandHCI have investigated the novelty effect. They
reported that the initial spike in technology usage stabilized
within a few weeks. Similarly, previous research [5, 41] in
HRI contexts also noted a novelty effect in the initial stages
of interactions, which faded after a short period of time. In
this study, we did not directly evaluate the novelty of the
robot. Based on our observations during the experiment and
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previous findings on the novelty effect, we consider that the
novelty effect would wear off for customers who visited the
store multiple times. Therefore, for a robot to keep being
effective in a long-term operation, attention must be paid
to the interaction design beyond the “novelty.” Therefore,
building long-term relationships with customers is impor-
tant for the long-term effects of robots. A robot must be
able to build social bonds with customers and provide them
with useful functionalities and support to encourage their
continuous use [41]. The staff noticed that some customers,
particularly children, regularly visited the store, chitchat with
the robot, and often purchased the breads recommended by
the robot incidentally. The operator reflected that establish-
ing such long-term relationships requires time and effort.
Moreover, the customer questionnaire results suggested that
our robot achieved long-term effects on product recommen-
dations, particularly for customers who visited the store on
a weekly basis. These findings indicate design policies in
which service robots should take particular care to build and
maintain long-term relationships with regular customers and
may provide added value to them to make the most of the
robots’ effects in the long run. Remembering customers and
topics of conversations they had in the past could be quite
effective, although ethical issues need to be addressed. How-
ever, this does not imply that other types of customers should
be ignored. Robots can use the novelty effect to increase their
influence and improve their overall experience.

We consider the following potential indicators, in addition
to purchase rate, of long-term usefulness: (1) the time a cus-
tomer has had a conversation with the robot and whether or
not the customer is willing to meet the robot again could be
treated as indicators of long-term usefulness for customers;
and (2) whether or not a staff member perceives the robot
as a teammate could be used as an indicator for the staff.
In other studies [24, 29, 30], long-term indicators such as
social acceptance were used to trace individuals. However,
in this study, we were not able to constantly ask an individual
to participate in a survey in the field; therefore, we did not
consider these indicators.

In addition, from a marketing perspective, social robots
can offer unique value propositions to both customers and
staff. For customers, social robots can provide a tailored
shopping experience for each customer, save customer time,
improve efficiency, and increase their overall satisfaction,
while for staff, social robots can handle tasks such as infor-
mation and product recommendationswith consistent service
quality, freeing the staff to focus on other important tasks.
Compared to less sophisticated technologies, such as dig-
ital kiosks, social robots can better attract attention and
offer wealthy interactive and real-time feedback. Embod-
ied and emotional communication can significantly increase
customer service and engagement. A previous study [10]
compared the effectiveness of a humanoid service robot with

that of a tablet service kiosk and showed that the robot was
more effective in attracting passersby and converting them
into buyers. In addition, welcoming customers and promot-
ing products are listed as tasks that retailers expect robots to
perform [47]. This can be considered a unique value that can
only be offered by social robots.

5.3.1 Design Implications

A previous study [30] discussed the mere-exposure effect
[65] on people’s evaluations of a robot during its long-
term use in homes. The authors found that users’ enjoyment
increased when they saw robots as familiar interactants, and
familiarizing themselves with robots caused them to experi-
ence more meaningful social interactions. Our observations
confirmed similar results and suggested that the visiting fre-
quency could influence a customer’s familiarity with a robot
and further affect its effectiveness. Interestingly, it is difficult
for customers who visit a store less frequently to familiarize
themselveswith robots andmaintain social relationshipswith
them. This leads to an important question for robot designers
and researchers “How can we encourage customers to visit
and interact with a robot more frequently to maintain their
relationship with the robot?”

The most common reason for the discontinuance of robot
use was that people could not find added value for the robot
[41], and people often abandoned a robot if they thought
the robot had no utility value [38]. Our findings suggest
that a service robot may offer various types of support to
customers, such as shopping assistance (e.g., providing infor-
mation, answering questions, and childcare), making it more
useful and encouraging long-term user interaction.

In addition to the utility value, humans perform various
activities to maintain relationships with others, and a robot
needs to do the same. Simple interactions, such as greetings
and short enjoyable conversations, can be good examples for
robots to maintain basic relationships with their users. More-
over, strategic behaviors such as recalling past conversation
topics and interactants’ personal information (e.g., names)
could be effective in maintaining social bonds and increas-
ing trust and intimacy [21]. We believe that these social
interactions form the essential value of a social robot, which
differentiates it from other gadgets [38].

Our results of sales based on product recommendations
suggest that increasing customers’ frequency of store visits
could positively enhance the robot’s performance on prod-
uct recommendations. However, previous studies [60] found
that the utilization of robots alone may hardly contribute to
an increase in the number and frequency of visits. However,
previous research [44] explored the use of a hybrid system
consisting of both physical robots and smartphone platforms
to provide richer interaction opportunities and experiences.
We believe that designers can make good use of such strate-
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gies to motivate customers to visit stores more often. This
can, in turn, positively contribute to improving the perfor-
mance of service robots in long-term operations.

Based on our observations, we defined three types of sup-
port that a service robot can provide to both customers and
staff. To improve customers’ shopping efficiency and offer a
better shopping experience, robots are recommended to pro-
vide information, such as sales events, which needs to be easy
to understand. Additionally, designers could consider equip-
ping robots with assistive functionalities to allow customers
to concentrate better on shopping. For instance, the robot
could provide entertainment services and act as a playmate
for children, thereby offering parents a respite from babysit-
ting duties. To better assist staff in their job tasks, we suggest
first looking into the store environment and workflows of the
staff and designing the robot’s functionalities accordingly.
In particular, our observations reveal that the staff often treat
the robot as a teammate and want it to share parts of their job
tasks. The designer could pay attention to repetitive and rou-
tine tasks to ensure that the robot could help relieve the staff
and better concentrate on higher-level tasks. Furthermore,
designers can make good use of a robot’s social capabilities,
for example, chitchats and entertaining performances, and
this could help to create a fun and hospitable atmosphere
in the store, which not only offers a welcome presence for
customers but also reduces mental stress for the staff.

Although we used WoZ to overcome technical limita-
tions, our observations revealed that most of the interactions
discussed above did not require the robot to have high con-
versational capabilities. We consider that many of these
interactions can be implemented by autonomous robot sys-
tems, whereas some may be technically challenging at
present.We summarize our design implications and hope that
robot designers and researchers will find these beneficial.

• An interaction canbe implementedby current autonomous
systems.Many tasks that our robot performed during the
experiment could be implemented by autonomous con-
versational systems. For example, the majority of the
robot’s utterances of product recommendation were uni-
directional, as well as greetings and farewells; enjoyable
interactions with children can rely on entertainment con-
tents such as interactive games or storytelling; some tasks
for staff support, such as event announcement, can also
be implemented autonomously. These simple tasks are
typically paid less attention to by the robot designers but
could play essential roles in the building and maintaining
of social relationships between the robot and its users.

• An interaction can potentially be implemented by current
autonomous systems while facing technical challenges.
For example, the robot’s conversations of product rec-
ommendation could adapt to a customer’s status, such as
position and attribute, to improve effectiveness, and this

depends on the robot’s ability of customer recognition;
some tasks for staff support would also require inference
of the staff’s status and intent. These tasks could be tech-
nically challenging but potentially realizable by current
technologies, andwe suggest the designers considermak-
ing use of them for improving the task performance of
their robots.

• An interaction canhardly be implemented byautonomous
systems due to the current limitations of technology.
For example, high-quality conversations of chitchat can
be a difficult task for a current conversational system
to achieve; learning new tasks and knowledge, such as
detailed information about a product, through conversa-
tions and demonstrations is still challenging, particularly
in a wild environment. However, we suggest that design-
ers and researchers address these challenges because they
could potentially bring considerable added value to future
service robots.

6 Conclusion

In this study, we conduct a long-term experiment on the use-
fulness of service robots in baking stores. Specifically, we
focused on two groups, customers and staff, and investigated
their long-term interactionswith robots.Weobserved that our
robot had long-term product recommendation effects, partic-
ularly for customers who visited the bakery store on a regular
basis (weekly), but not for other customers.. Moreover, for
the customers, the robot provided support to their shopping
and contributed to the establishment of relationships between
them and the store. For the staff, the robot was described as a
useful teammate and provided support both to their job tasks
and mentality. Based on these findings, we propose design
implications for useful service-robot applications.

6.1 Limitations and FutureWork

This study has several limitations that should be addressed
in the future. First, we used WoZ to overcome the tech-
nical limitations. Although our results revealed that many
interactions and tasks of our robot can be implemented by
autonomous systems, there are some interactions that could
bepotentially effective, but are currently difficult to fully real-
ize without the help of human operators. Therefore, future
research should useWoZwith caution andpay attention to the
current technical limitations to better generalize the findings
to autonomous service robot systems. Secondly, the experi-
ment was conducted in a baking store. Other facilities with
different services and products may engage in various cus-
tomer behaviors. Therefore, future research should continue
to explore various contexts to obtain more empirical obser-
vations and knowledge. Third, although we focused on our
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robot’s long-term effects on customer behavior, for practical
reasons, we could not collect detailed sales data and per-
form customer interviews because of the restrictions from
the commercial facility (reasons: COVID-19 and disturbing
other customers, etc.) We consider many of the difficulties
could be trade-offs for conducting field experiments but sug-
gest future work to collect various kinds of data to improve
validity. In addition,we shared theWoZ settingswith the staff
and the owner of the store. Although previous research [7]
suggests that people may treat autonomous robots, humans,
and tele-operated robot as teammates, a bias could inevitably
occur in our findings. Researchers could explore improved
study designs to examine autonomous service robots, focus-
ing on how these robots can develop relationships with and
provide practical value to staff and other stakeholders.
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