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Research article

Users’ attitudes toward service robots
in South Korea

Eunil Park

Department of Interaction Science, Sungkyunkwan University, Seoul, Republic of Korea, and

Angel P. del Pobil
Department of Interaction Science, Sungkyunkwan University, Seoul, Republic of Korea and

Computer Science and Engineering Department, University Jaume-I, Castellon, Spain

Abstract
Purpose – The purpose of this paper is to understand users’ acceptance of service robots by integrating perceived enjoyment of service robots and
users’ need to belong in a technology acceptance model (TAM) framework. Service robots are currently being used in homes and firms to provide
various services.
Design/methodology/approach – The authors conducted a web-based survey from 904 users in South Korea to test a research model and employed
structural equation modelling as the analysis method.
Findings – This study found that perceived enjoyment and the need to belong played an important role in the perceived ease of use and usefulness of
service robots. Furthermore, it was discovered that the research supported relationships proposed by the original TAM with regard to users’ attitudes
and intentions to use service robots. Therefore, this study provides a framework to understand users’ acceptance of service robots.
Originality/value – This paper is of value to researchers designing and improving service robots for use in our society.

Keywords South Korea, Robots, User studies, User satisfaction, Service robot, Technology acceptance model, Perceived enjoyment, Need to belong

Paper type Research paper

1. Introduction

A variety of robots such as entertainment, service and

industrial robots have been developed. Among these, service

robots have been developed to perform specific home tasks

such as vacuum cleaning, dish washing (Dautenhahn, 2007),

helping the elderly and disabled, and helping people with

various activities (Dario et al., 1999; Liu et al., 2010; Shibata

and Wada, 2011). With this growing wave, the scale of service

robots’ global market is expected to expand to more than

US$21 billion by 2014 (Marketsandmarkets.com, 2010).

Despite the fairly wide-spread use of service robots, some

people still have difficulty accepting using robots for specific

tasks. However, few studies have focused on the attitudes and

factors that affect user’s perceptions of robots (Murphy et al.,

2010; Syrdal et al., 2009).
Therefore, the aim in this paper was to investigate the

factors that influence users’ attitudes toward and intentions to

use service robots. In order to do this, we analyzed data under

the framework of the technology acceptance model (TAM)

and added two factors as external variables to the TAM

(Davis, 1989, 1993; Davis et al., 1989).
In the field of human-robot interactions, similar to the field of

human-computer interactions, the thoughts and perceptions

of users are crucial determinants of the successful marketing of

service robots (Broadbent et al., 2007; Card et al., 1983; Preece
et al., 2004; Stafford et al., 2010). Therefore, researchers and

designers need to take users’ psychological perceptions of

service robots into account. We used perceived enjoyment and

perceived need to belong to investigate users’ attitudes toward

service robots.
This article is divided into four parts. First, we review the

literature on service robots and related theories. Second,

we describe our research model and research framework. In

the third section, we report our results. Finally, we present

our conclusions and discuss the implications of our findings.

2. Literature review

2.1 Service robot trends

A service robot is defined as a robot that operates to provide

useful services for humans autonomously or collaboratively

with users. After the release of an official definition of service

robots in ISO 8373, there was rapid progress in the area of
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service robots (Huttenrauch and Eklundh, 2002; International

Organization for Standardization, 1994; Severinson-Eklundh

et al., 2003; Virk et al., 2008).Markets for service robots exist in
land, aerospace, and water industries and research fields. For

example, water rescue robots are used for exploring the deep sea
because this is an extremely challenging environment for

humans (Micire, 2008; Okada et al., 2006). As another
example, surgical robots are increasing being used in the

hospital setting (Barbash and Glied, 2010; Gerhardus, 2003).
That is, service robots are being applied in various fields.

However, despite the growing market for service robots, the
core determinants of users’ attitudes and intentions to use

service robots are unknown. In addition, the effects of external

variables and users’ perceptions regarding the use of service
robots are unclear.

2.2 The need to belong

The need to belong has been expressed as follows: “human
beings are fundamentally and pervasively motivated by a need

to belong, that is, by a strong desire to form and maintain
enduring interpersonal attachments” (Baumeister and Leary,

1995). It means that humans are interested in making positive
and optimistic relationships with others and maintaining these

for their happiness and convenience (Eimler et al., 2010).
From this, it follows that if users have a positive relationship

with service robots, they will maintain their relationship with
these robots, and will likely use service robots all their lives

(Eimler et al., 2010;Kramer et al., 2011). Baumeister andLeary

(1995) stated that because of the inherent characteristics of
humans, the need to belong is a foundation of all human

cultures. Already, some studies already indicated that the
influence of attachment perspectives and need to belong has a

significant effect on the continued use intention in various
technologies or devices (Kim et al., 2010; Read et al., 2011). In
this regard, Kaptein et al. (2009) indicated that an artificial
social agent could likewise arouse users’ need to belong in the

interaction. Although they used a chat-robot in the experiment,
it could be an example showing the possibility of the effect of the

robots on the need to belong. However, the experiment lacked

physical robots and participants did not have enough time to
construct the relationship with the artificial agent. Therefore,

our study intended to explain if this theory could potentially be
applied to the users’ acceptance of service robots.

2.3 Technology acceptance model

TheTAMwasoriginally developedusing the theoryof reasoned
action (TRA), which describes how users’ attitudes are related

to their intentions to use specific devices (Davis, 1989, 1993;
Davis et al., 1989). According to the TAM, which is a well-

defined model that explains users’ behavior towards and
acceptance of new IT technologies and devices that was

developed by Davis and his colleagues (Davis, 1989, 1993;

Davis et al., 1989), two particular factors, namely perceived
usefulness and perceived ease of use, determine a person’s

behavioral intention to use a new technology or device.
Perceived usefulness is explicated as the extent to which users

believe that their task performance is enhanced by specific
technologies and devices. Perceived ease of use is defined as the

extent towhich users believe that using a device or technology is
effortless. Attitude (towards using) is explained as the

evaluation of the preference when users actually employ
specific technologies or devices. The existence of behavioral

intention to use is one of the biggest differences between TRA

andTAM.Behavioral intention to use is described as the closest
antecedent to the users’ actual action (Davis, 1989; Davis et al.,
1989; Sheeran, 2002).That is, behavioral intention to use refers
to the cognitive state of the users’ mind to use specific
technologies and devices.
In the previous TAM studies, the model validity was already

confirmed across various technologies, including digital
libraries (Hong et al., 2002), healthcare systems (Chau and
Hu, 2002; Liang et al., 2003; Pai and Huang, 2010), e-learning
(Huang and Lin, 2007; Lee et al., 2005; Roca et al., 2006; Saad
and Bahli, 2005), internet services and information systems
(Abbasi et al., 2011; Moon and Kim, 2001; Yi and Hwang,
2003), internet banking systems (Wu et al., 2007; Yaghoubi,
2010; Yousafzai et al., 2010) and online market (Chen et al.,
2002; Ha and Stoel, 2009; Tong, 2010).
The basic TAM concept is shown in Figure 1. The

perceived ease of use and perceived usefulness of a technology
are affected mainly by the unique external characteristics of a
technology. With regard to robots, many previous studies have
found that external variables related to the robots’
characteristics only indirectly affected humans’ attitudes and
intentions toward the robots (Beer et al., 2011; Klamer and
Ben Allouch, 2010).

2.4 Perceived enjoyment

In human-robot interactions, humans may be motivated by
inherent attentions and interests (Arkin et al., 2003;
Bruce et al., 2002). In this study, we focused on one
intrinsic interest, enjoyment. Perceived enjoyment is defined
as the degree to which performing a specific activity or using a
technology or device is perceived as providing joy and fun
apart from the expected results. Previous studies reported that
users’ behaviors are elicited by inherent interests, and users
continue their beliefs in their behavior. We therefore consider
perceived enjoyment to be an essential research area to
understand user behavior.
However, few studies have investigated the enjoyment on

users’ attitudes and behaviors toward service robots
(Heerink et al., 2008a, b; Lee et al., 2011; Wang et al., 2006).
Therefore, the present study investigated the impact of
perceived enjoyment on user acceptance of service robots.

3. Research model and hypotheses

3.1 The hypotheses from the TAM

Over the years, many studies established the TAM as a robust
framework to explore users’ attitudes and beliefs concerning
novel technologies (Beer et al., 2011; Chesney, 2006;
Heerink et al., 2006, 2009; Mitzner et al., 2011; Salvini et al.,
2010, 2011; Shin and Choo, 2011). Generally, perceived ease
of use and perceived usefulness have significant effects on
user attitudes toward technologies or devices.

Figure 1 The original TAM
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Furthermore, behavioral intention to use is significantly
influenced by perceived usefulness and attitudes toward
technologies or devices. Specifically, in a behavioral study of
users, Heerink et al. (2009) indicated that perceived usefulness
and ease of use are the two key determinants of users’ attitudes
toward social service robots. Furthermore, they found that
users’ intentions to use a service robot were significantly
influenced by the perceived usefulness of robot and the users’
attitudes toward the robot. Ezer et al. (2009) noted the same
tendencies in various age groups. That is, many robot-related
studies have leant support to the TAM. However, the majority
of these studies only focused on special robots or certain age
groups of participants.
Based on previous TAM studies (Beer et al., 2011;

Chesney, 2006; Davis, 1986, 1989; Davis et al., 1989;
Heerink et al., 2006, 2009; Mitzner et al., 2011; Salvini et al.,
2010, 2011), we derived the following hypotheses:

H1. Perceived ease of use of a service robot is
positively related to the perceived usefulness of the
service robot.

H2. Perceived ease of use of a service robot is positively related
to the user’s attitude towards using the service robot.

H3. Perceived usefulness of a service robot is positively
related to the user’s attitude towards using the service
robot.

H4. Perceived usefulness of a service robot is positively
related to behavioral intention to use the service robot.

H5. A user’s attitude towards using a service robot is
positively related to behavioral intention to use the
service robot.

3.2 The influence of perceived enjoyment

Previous studies have investigated the impact of enjoyment on
users’ attitudes or beliefs concerning the use of new device or
technology.The effects of perceivedenjoymentwere introduced
by a study of Davis and his colleagues (Davis et al., 1992).
Venkatesh and colleagues found that enjoyment is the main
determinant of ease of use and user behavior (Venkatesh and
Davis, 1996, 2000; Venkatesh et al., 2002). Furthermore, they
found that enjoyment is central to intrinsic motivation
(Venkatesh and Speier, 2000). Thus, perceived enjoyment
may be considered to be a core determinant of perceived ease
of use.
The impact of enjoyment on usefulness has not been

investigated in depth. Davis et al. stated that behavior
intention was determined by perceived enjoyment and
usefulness (Davis et al., 1989, 1992). Agarwal and
Karahanna (2000) regarded enjoyment as one of the sub-
parts of cognitive absorption. They found that cognitive
absorption is strongly related to the usefulness and ease of use
of software. Yi and Hwang (2003) found that
perceived enjoyment of using web-based information
systems had a significant effect on perceived ease of use and
perceived usefulness. Similar to previous studies, service
robots may be perceived to be more useful if these service
robots are considered to be enjoyable to use, holding all other
factors if constant. Therefore, we proposed the following
hypotheses:

H6. Perceived enjoyment of a service robot is positively
related to perceived ease of use of the service robot.

H7. Perceived enjoyment of a service robot is positively
related to the perceived usefulness of the service robot.

3.3 The influence of the need to belong

Several studies have focused on the gap between psychological

aspects such as the need to belong and technology usage to
understand and explain users’ attitudes and intentions.

Konana and Balasubramanian (2005) explored the effect of
the need to belong using a Social-Economic-Psychological

Model of Technology Adoption and Usage. They found that

the need to belong is a powerful motivator of decisions to
perform specific tasks. Ridings and Gefen (2004) found that

feelings of affiliation or belonging impacted the activities of

social interaction and purchasing.
Additionally, Baumeister and Leary (1995) indicated that

because it is an innate human nature, the need to belong
should be universally discovered across all cultures at some

degree. The present study is built on this perspective, and

considers that individual difference in belongingness need can
be a predictor of humans’ perceptions and thus it may have

significant effects on how humans view and treat robots.
Therefore, the “need to belong” is an inherent personal

instinct. Users’ psychological beliefs about service robots,

including perceived ease of use and usefulness, will vary
according to the characteristics of the robot. That is, if users

have a great need to belong, they will perceive service robots

to be easier to use and to be more useful than users that have
less strong of a need to belong. This reasoning can be

formalized as follows:

H8. The level of need to belong of the user of a service

robot is positively related to the perceived ease of use of

the service robot.
H9. The level of need to belong of the user of the service

robot is positively related to the perceived usefulness of
the service robot.

3.4 The research model

Based on the proposed hypotheses, this study developed the

research model shown in Figure 2.

4. Methodology

4.1 Data collection and questionnaire design

Among the different types of service robots in use, this study

selected vacuum cleaning robots for three reasons. First,
because of the success of this particular type of service robot,

there are many available users. It would have been very difficult

to recruit over 900 users of other kinds of robot. Second,
vacuumcleaning robots have one of the longest andwidely-used

histories in the market of service robots (Kim, 2004; Prassler
et al., 2000). Therefore, there is enough time to make a

relationship between users and robots. Third, vacuum-cleaning

robots are a convenience. In other words, vacuum cleaning
robots typify the purpose of service robots (Schraft, 1994).
The survey items were developed through five rounds of an

expert group’s review. Then, 15 professors and researchers

took part in the pilot test. All professors and researchers had

experience with service robots. The pilot test results indicated
that all survey items had adequate construct reliability and

individual item reliability.
The main survey was administered online. It was posted on

three user forums concerning service robots or robotic research

in South Korea. All participating members of these forums had
at least one month of experience with vacuum cleaning robots

over a month. A cover letter was used to detail the purpose of
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the survey. Furthermore, participant information such as

period of use of the robot, gender, age, education level,

manufacturer, and the name of the robot were collected.

The demographic profiles of the participants are presented in

Table I. It was not possible to balance participants based on the

collected information. However, it is understandable that the

users were representative of the main users of service robots

(Khan, 1998; Marketsandmarkets.com, 2010).
The construct items were adopted from previous studies.

Participants were instructed to answer each statement using a

seven-point Likert-type scale, with responses ranging from 1

(strongly disagree) to 7 (strongly agree). The four constructs

of the TAM, which were based on the studies of Davis (1989,

1993), were the perceived ease of use of the service robot (four

items), the perceived usefulness of the service robot (four

items), the user’s attitude towards the service robot

(three items), and the user’s intention to use the service

robot (three items). Perceived enjoyment was an index

composed of four items adapted from the studies of Igbaria

et al. (1995) and Koufaris (2003). The need to belong was an

index of five items adapted from the studies of Leary et al.
(2007) and Leybman et al. (2011). The list of the items in the

questionnaire is explained in Table II.

5. Results

5.1 Descriptive statistics

Descriptive statistics of all constructs are provided in Table III.

Our user sample responded positively to the use of service

robots (the means of the various constructs were all greater

than 4 out of 7).

5.2 Analysis method

This study used the structural equation modeling (SEM) to

evaluate the proposed research model, which is a method

examining the stability and efficiency of measurements and

addressing relationships simultaneously. Confirmatory factor

analysis (CFA) was used to assess the measurement model

using LISREL 8.70 software. The maximum likelihood

method was used to test the reliability and validity of our

method. Moreover, based on the studies related to a critical

sample size of SEM, many previous studies proposed a critical

minimum sample size of 200 in order to achieve a satisfying

level of statistical impact with a research model and sample

collection (Anderson and Gerbing, 1988; Garver and

Mentzer, 1999; Hoe, 2008; Hoelter, 1983). It meant that

more than 200 samples need to provide good statistical

impact for SEM. Therefore, we aimed to recruit more than

200 users, and succeeded in this goal by recruiting 904 users.

5.3 The measurement model

As mentioned above, we used CFA to test the measurement

model. The final survey set of the measurement model had

23 items in six constructs. The measurement model explained

Figure 2 The proposed research model

Table I Respondents’ characteristics

Number %

Age (years)
Under 20 81 9.0

21-30 389 43.0

31-40 355 39.3

Over 41 79 8.7

User experience
1-3 months 307 33.3

3-6 months 397 43.9

6-12 months 142 15.7

1-2 years 47 5.2

Over 2 years 17 1.9

Gender
Female 483 53.4

Male 421 46.6

Education
High school 211 23.3

College 509 56.3

Graduate or above 184 20.4

Manufacturer
Samsung 388 42.9

LG 286 31.6

iRobot 94 10.4

Kyungmin Mech. 37 4.1

Yujin Robot 25 2.8

Others 74 8.2

Note: n ¼ 904
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the survey data well with the exception of the x 2 to degree-of-

freedom (x 2/d.f.). The indices of fit were x2/d.f. ¼ 4.69, the

goodness-of-fit index (GFI) ¼ 0.910, the normalized fit index

(NFI) ¼ 0.909, the non-normed fit index (NNFI) ¼ 0.940,

the comparative fit index (CFI) ¼ 0.923, the standardized root

mean residual (SRMR) ¼ 0.048, and rootmean square error of

approximation (RMSEA) ¼ 0.034 (Anderson and Gerbing,

1988; Bentler and Bonnet, 1980; Seyal et al., 2002). The x 2 test

was found to be too sensitive given the sample size. Hair and his

colleagues indicated a strong tendency for the x 2 value to be too

sensitive for high sample values (Hair et al., 2006).
To investigate the stability of each construct, this study

calculated Cronbach’s a values and composite reliabilities. We

used these two values to determine measurement reliability.

Both values should be greater than 0.70 to satisfy scale

reliability. In the present study, all values of Cronbach’s a and

composite reliability exceed the recommended values for

adequate reliability. Furthermore, Hair et al. indicated that all

single items are significant if the values of individual items’

factor loadings are greater than 0.50 (Hair et al., 2006).

As shown in Table IV, the factor loadings of all individual items

in themeasurement ranged from0.719 to 0.967.Therefore, the
measurement model had convergent validity.
To prove discriminant validity, we used the discriminant test

following the recommendations of Fornell and Larcker (1981).

They recommended that to ensure adequate discriminant
validity, the square root of the average variance extracted (AVE)
of all constructs exceeds the correlation values between two
constructs in the measurement model. As shown in Table V, all
constructs in this study had values greater than or equal to the
recommended value.Thediagonal values are the square roots of
the AVE.

5.4 Hypotheses testing

We tested our proposed research model using SEM and
the maximum likelihood method. We found that our model
fit the data well except for the x2 values for reasons discussed in
the previous section: x2/d.f. ¼ 4.98, GFI ¼ 0.910,
NFI ¼ 0.909, NNFI ¼ 0.940, CFI ¼ 0.923, SRMR ¼ 0.048,
RMSEA ¼ 0.034 (Anderson and Gerbing, 1988; Bentler and
Bonnet, 1980; Seyal et al., 2002). All paths were supported by
the results of hypothesis testing, which are summarized in
Table VI and Figure 3.

H1-H5 examined relationships based on theTAM.Consistent
with previous TAM studies, the perceived ease of use of the
service robot had a significant effect on perceived usefulness
(standardized path coefficient (b) ¼ 1.01, p-value (p),0.001),
thus supporting H1. Perceived ease of use also had a significant
effect on attitude (b ¼ 0.65, p , 0.001), supporting H2.
Perceived usefulness had a significant effect on attitude
(b ¼ 0.17, p , 0.001) and intention to use (b ¼ 0.55,
p , 0.001), thus supporting H3 and H4. In addition, attitude
had a significant effect on intention touse (b ¼ 0.24, p , 0.001),
supporting H5. These results indicate that the TAM-based

Table II Question items used in the study

Construct Item Measure

Perceived enjoyment PE1 Using the robot gave me lots of pleasure

PE2 I enjoyed using the robot

PE3 Using the robot is positive

PE4 The actual process of using the robot is pleasant

Need to belong NB1 If I have the robot over the long-term, I will benefit from the robot

NB2 I hardly worry about whether my circumstance (including the robot) gives advantages to me (reversed)

NB3 I do not like being alone without the robot

NB4 Being apart from my circumstance (including the robot) for long periods of time does not bother me (reversed)

NB5 I have a strong need to belong with my circumstance (including the robot)

Perceived ease of use PEOU1 Using the robot does not require a lot of my mental effort

PEOU2 I find the robot to be easy to use

PEOU3 I find it easy to get and use the robot to do what I want it to do

PEOU4 My interaction with the robot is clear and understandable

Perceived usefulness PU1 Using the robot improves my performance in my job

PU2 Using the robot in my job increases my productivity

PU3 Using the robot enhances my effectiveness in my job

PU4 I find the robot to be useful in my job

Attitude ATT1 I think it would be very good to use the robot rather than other cleaning materials for cleaning specific space

ATT2 In my opinion it would be very desirable to use the robot rather than other cleaning materials for cleaning specific

space

ATT3 I would be much better for me to use the robot rather than other cleaning materials

Intention to use IU1 Given that I maintain the access to the robot, I predict that I would continue to use it

IU2 I am very much likely to use the robot in real life

IU3 I will rather use the robot than use other cleaning materials

Table III Descriptive analysis

Mean SD

Perceived enjoyment 5.18 1.38

Need to belong 5.18 1.09

Perceived ease of use 5.20 1.22

Perceived usefulness 5.17 1.43

Attitude 4.88 1.60

Intention to use 4.65 1.47
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hypotheses hold true for users’ perception of service robots.

Twomaindeterminants, namelyperceivedusefulness andeaseof

use, explained 61.0 percent of the variance in attitude. Similarly,

52.6 percent of variance in intention to usewas explained by user

attitude and perceived usefulness. However, the impact of

perceived ease of use had a stronger effect on attitude than

usefulness, while perceived usefulness had a greater impact on

intention to use than attitude.

Table IV Internal reliability and convergent validity

Internal reliability Convergent validity

Construct Items Cronbach’s a Item-total correlation Factor loading Composite reliability Average variance extracted

Perceived enjoyment PE1 0.828 0.642 0.722 0.717 0.729

PE2 0.666 0.758

PE3 0.670 0.758

PE4 0.638 0.719

Need to belong NB1 0.977 0.945 0.953 0.974 0.897

NB2 0.938 0.934

NB3 0.949 0.967

NB4 0.920 0.928

NB5 0.923 0.953

Perceived ease of use PEOU1 0.929 0.841 0.884 0.915 0.780

PEOU2 0.841 0.887

PEOU3 0.831 0.858

PEOU4 0.905 0.903

Perceived usefulness PU1 0.937 0.891 0.928 0.883 0.796

PU2 0.822 0.857

PU3 0.885 0.910

PU4 0.811 0.871

Attitude ATT1 0.876 0.757 0.853 0.778 0.688

ATT2 0.776 0.829

ATT3 0.752 0.805

Intention to use IU1 0.893 0.816 0.958 0.747 0.727

IU2 0.775 0.779

IU3 0.792 0.810

Table V Discriminant results with average variance extracted

Perceived enjoyment Need to belong Perceived ease of use Perceived usefulness Attitude Intention to use

Perceived enjoyment 0.854

Need to belong 0.710 0.947

Perceived ease of use 0.741 0.713 0.883

Perceived usefulness 0.790 0.864 0.692 0.892

Attitude 0.655 0.717 0.710 0.601 0.829

Intention to use 0.613 0.594 0.540 0.591 0.517 0.853

Notes: All correlations are significant at p , 0.05; diagonal elements are square roots of the AVE

Table VI Summary of hypothesis tests

Hypotheses Path Standardized coefficient Unstandardized coefficient SE CR Results

H1 PEOU ! PU 1.01 * 1.76 0.127 13.93 Supported

H2 PEOU ! ATT 0.65 * 1.10 0.074 14.98 Supported

H3 PU ! ATT 0.17 * 0.16 0.039 4.143 Supported

H4 PU ! IU 0.55 * 0.52 0.034 15.22 Supported

H5 ATT ! IU 0.24 * 0.24 0.037 6.423 Supported

H6 PE ! PEOU 0.09 * 0.06 0.013 5.037 Supported

H7 PE ! PU 0.09 * 0.11 0.025 4.434 Supported

H8 NB ! PEOU 0.93 * 0.62 0.015 42.541 Supported

H9 NB ! PU 1.85 * 2.15 0.086 25.019 Supported

Notes: Significant at: *p , 0.001; PEOU: perceived ease of use; PU: perceived usefulness; ATT: attitude; IU: intention to use; PE: perceived enjoyment; NB: need
to belong
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H6 and H7 focus on the relationships between perceived

enjoyment and perceived ease of use and perceived usefulness.

H8 and H9 try to explain the relationships between the need

to belong and perceived ease of use and perceived usefulness.

Perceived enjoyment had a significant effect on both perceived

ease of use (b ¼ 0.09, p , 0.001) and perceived usefulness

(b ¼ 0.09, p , 0.001), supporting H6 and H7. The need to

belong had a significant effect on both perceived ease of use

(b ¼ 0.93, p , 0.001) and perceived usefulness (b ¼ 1.85,

p , 0.001). Thus, H8 and H9 are supported. In addition,

87.7 percent of variance in the perceived ease of use was

explained by the two external variables of the need to belong

and perceived enjoyment, while 94.7 percent of the variance

in perceived usefulness was explained by these two external

variables and perceived ease of use. However, the need to

belong had a stronger impact on both perceived ease of use

and usefulness than perceived enjoyment.

6. Discussion and conclusion

In this study, we examined the role of perceived enjoyment

and the need to belong with regard to the use of service

robots. We used five constructs from the origin TAM and two

constructs that we derived from previous studies, taking the

advantages of service robots into consideration. Statistical

analyses and user surveys allowed us to derive several

conclusions.
The intention to use service robots depended on the users’

need to belong encapsulated by two user beliefs, namely

perceived ease of use and usefulness. In particular, ease of use of

service robots had a larger impact on perceived usefulness than

perceived enjoyment of service robots. In contrast to other kinds

of robots such as industrial robots or entertainment robot, users

expect to gain a practical advantage by using service robots.

That is, the function of service robots may enhance users’

possessiveness. Thus, the impact of the need to belong had a

huge effect on theusers’ beliefs.On theother hand, compared to

the impact of the need to belong, the users may not expect the
service robots to be a source of amusement. Therefore, in

contrast with, relatively powerful effect of the need to belong,

the perceived enjoyment may not have similar degree of

influences on the users’ belief.
Our findings confirm the results of previous user behavior

studies that investigated users’ perceptions of robots.We found

that users’ attitudes toward service robots and the perceived

usefulness of the service robots were the main determinants of

the users’ intention to use the robots. Moreover, we found that

the need to belong had a moderate impact on users’ beliefs

concerning service robots. These findings indicate that the

possessiveness of a user towards their service robots impacts

their attitudes and intentions regarding service robots. The

need to belong had a greater effect on perceived usefulness than

perceived ease of use, while perceived ease of use had a greater

impact on user attitudes than perceived usefulness. In turn,

attitude had a weaker effect on intention to use than perceived

usefulness. These findings indicate that the need to belong is

more strongly related to perceived usefulness and intention to

use than perceived ease of use and attitude.
Although the generalizability of our results is limited, we

sought to understand user behaviors in relation to service

robots. We found that user acceptance is probably the most

important factor affecting users’ intentions to use service

robots.

7. Limitations and future studies

Although we gained valuable insights into the beliefs that affect

users’ intentions to use service robots, our study had several

limitations. First, we did not consider participant-related

variables.Davis andhis colleagues updatedhis originalmodel to

the Unified Theory of Acceptance and Use of Technology

(UTAUT,Venkatesh et al., 2003). In theUTAUT, they claimed

that the social influence (e.g. subjective norm), facilitating

conditions (e.g. perceived behavioral control) and individual

differences (e.g. gender, age and voluntariness of use) can

significantly affect the users’ technology acceptance and

intention to use the technology. Especially, in a the case of a

service robot, BenMessaoud and colleagues already tested the

effects of participant-related variables, such as subjective norm

and perceived behavioral control, on accepting and adopting

robot-assisted surgery in the UTAUT. However, the study of

BenMessaoud et al. (2011) presented some controversial issues

in regard to its generalization. Indeed, although they focused on

the surgical robot, one of themost well-known service robots, it

provided its specialized service in a very specific space, namely
the surgery room. It means that the general public cannot have

an opportunity to interact with the surgical robot. Also, the

number of users in their study was too small to generalize

(21 surgeons). Therefore, to exactly analyze the effect of

participant-related variables, we should consider various

service robots and many users of the robots.
Second, it is difficult to generalize our results because we

only investigated service robot users in South Korea.

Furthermore, because our respondents took part in the

Figure 3 Result of the research model; p , 0.001
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survey voluntarily, they may represent a particularly

motivated subgroup of users and/or be early adopters of

service robots. Third, we investigated two factors as core

determinants of user acceptance of service robots. However,

there may be other significant factors that affect user
acceptance. Future studies that perform more detailed

analyses are required to address these limitations.
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