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Abstract: Restaurants have been using robots to meet the increasing consumer demand for food
customization and safety and contactless service operations. This study identified the antecedent
factors influencing a customer’s attitude and acceptance intention toward a robot barista. To this end,
we conducted a questionnaire survey from 10 to 24 January 2020, on a sample of 317 Korean consumers
who purchased coffee prepared by a robot barista. We based the analysis on the following determinant
factors of the extension of the technology acceptance model (ETAM): perceived enjoyment, perceived
usefulness, need for interaction, perceived risk, and perceived innovativeness. The results showed
that perceived usefulness had the highest impact on acceptance intention, followed by perceived
enjoyment and the need for interaction. Perceived usefulness and innovativeness positively influenced
acceptance intention. These results confirmed the significance of the determinant factors in inducing
customers’ attitude and acceptance intention toward a robot barista. This study extends the research
on the application of artificial intelligence and the fourth industrial revolution technologies in the
food service industry, and hence contributes toward the preparations for the post-Covid-19 period.
It also offers practical implications for sustainable coffee shop management.

Keywords: robot barista; perceived usefulness; perceived enjoyment; need for interaction; perceived
risk; perceived innovativeness; coffee shop

1. Introduction

Hospitality companies have been increasingly integrating artificial intelligence (AI) technology
and AI-driven robotic devices with service delivery operations [1]. These AI-driven robotics and
machine learning applications have enhanced the productivity, efficiency, and effectiveness of service
delivery operations [2]. For example, Hilton Worldwide’s concierge robot Connie provides personalized
customer management and support, and its services include providing real-time recommendations
and answering customer questions [1]. Similarly, in South Korea, the fast-growing trend of food
technology (food tech) has increased the adoption and use of serving robots in various restaurants [3].
The restaurant chain VIPS has deployed “CLOi Chefbot” to cook noodles [4] and the Woowa Brothers
(the startup behind the food delivery application Baemin) launched the serving robot “Dilly Plate”
in November 2019. It has since deployed 18 Dilly Plate robots in 12 restaurants, thereby accelerating
the popularization of robot services [5]. Food tech has also proliferated in the coffee chains. Coffee
shops have been increasingly deploying robot baristas for service operations. San Francisco-based
Cafe X Technologies launched the first fully automated kiosk in the United States, which combines
automatic brewing technology, robotics, and a technology-based ordering system to serve premium
coffee procured from several specialty roasters. Cafe X describes the kiosk as a “robotic café,” designed
to “eliminate the variabilities that bog down today’s coffee experience” [6]. Another Portland-based
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café introduced a robot barista to facilitate contactless service operations to address the rapid decline
in visitors owing to the Covid-19 pandemic. This barista robot, called Jarvis, provides a complete
contactless service in line with the current trend [7]. In Korea, the franchise coffee shop chain Dal.komm
is planning to extend the reach of its Beat robot baristas by deploying it in large marts, followed by
shopping malls and university libraries (See Figure 1) [8]. Like their human counterparts, these robot
baristas prepare coffee using the hand-drip method, which involves letting hot water drip over ground
coffee [9]. However, the robot baristas play a more effective role in meeting the requirements of
completely contactless coffee preparation and delivery.

Figure 1. Beat Robot Barista of Coffee Shop Chain Dal.komm, as (a) Beat in Kyung Hee University and
(b) Beat in No Brand store.

Given this, the current pandemic scenario is expected to popularize the role of a robot barista.
In a broader context, robotic services have been gaining attention owing to Covid-19, a novel strain
of coronavirus that originated in Wuhan, China, in December 2019. The World Health Organization
(WHO) declared Covid-19 as a pandemic in March 2020 [10]. Considering that human contact can
be an important source of contamination in this scenario, restaurants are expected to accelerate
the deployment of non-face-to-face services, that is, robotic services, to minimize the risk of virus
infection [11].

Despite their significance in this situation, empirical research has paid little attention to robotic
services [3], especially robot baristas in the coffee shop market. Hence, this study examines the factors
influencing the formation of customer’s attitude and their acceptance intention toward a robot barista.
This study demonstrates the significance of integrating service operations in the coffee shop market
with the AI-driven robotic technology in preparation for the post-corona era. For this investigation,
the study applied the technology acceptance model (TAM) proposed by Davis [12]. This theory states
that perceived usefulness and perceived ease of use of the technology significantly influence the
attitude and acceptance intention to use a technology.
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In addition to these variables, Davis, Bagozzi, and Warshaw [13] stated that various external
variables can also exert an influence. Hence, this study extended the research model by adding
perceived enjoyment, need for interaction, perceived risk, and perceived innovativeness. Along with
perceived usefulness in the TAM model, we consider these variables as factors affecting the attitude
toward the use of a robot barista. Among these factors, perceived enjoyment provides an intrinsic
motivation to use new technology. Several studies [14–16] have proved that perceived enjoyment
positively influences attitude and behavioral intention to use. It must also be noted that human
interaction is absent during the usage of a self-service technology (SST), and yet, this human interaction
contributes to the understanding of the dynamics of service provision through SST [17]. For a consumer,
perceived risk poses an important psychological barrier to the adoption of a new product [18]. Perceived
risk negatively impacts the adoption of products such as the selection of an innovative product [19],
the adoption of a self-service hotel technology (SSHT) [17] or any new technology, and the use of
mobile banking services [20]. Perceived innovativeness reflects the novelty of an embedded product
technology and its originality in the market [21]. Therefore, consumers who encounter a high level of
innovativeness are more likely to purchase a new service or product [21,22]. As such, there may be a
close relationship between the factors influencing the formation of the attitude toward the use of a
robot barista, so we examine this relationship on the basis of the extension of the TAM (ETAM) model
discussed in previous studies.

The objectives of this study are as follows. First, based on the TAM model, the study will explore
the main factors influencing the attitude formation and purchase intention of the users of a robot
barista. Second, unlike existing studies, this study will examine the aforementioned relationship by
simultaneously considering perceived enjoyment, need for interaction, perceived risk, and perceived
innovativeness along with TAM’s perceived usefulness and multiple other factors. Third, based on the
findings, the study will suggest an efficient marketing strategy for coffee shops with a robot barista
and provide basic data for revitalizing the future research on robot baristas.

2. Literature Review and Hypotheses

2.1. Technology Acceptance Model (TAM)

Several studies have followed the introduction of TAM, which is the most representative model
explaining the adoption of new technology. This model explains the acceptance of the information
technology based on the “belief-attitude-behavioral intention-behavior” process model of the rational
behavior theory. Davis [12] explains perceived usefulness and the perceived ease of use as important
beliefs in the process of technology acceptance (See Figure 2). In other words, as illustrated below
TAM explains the user’s intention to accept and use the information technology through perceived
usefulness and the perceived ease of use.

Perceived usefulness is defined as the degree to which a new technology is perceived to be useful
when used for work [12] and the degree of belief that the use of a specific system improves a user’s
work performance [23]. Rogers [19] defined perceived usefulness as the degree to which the value
delivered to the user through a product is perceived as superior to the product or service. Perceived
usefulness plays an important role in influencing consumer attitude toward a product in terms of the
use and proliferation of the information system [24], and it has been identified as one of the important
properties of SST [25].
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Figure 2. Technology Acceptance Model (TAM).

A study on SST acceptance found that consumers are more likely to use SST when they perceive
that the technologies based on self-service are more useful than those based on human interaction [26].
Perceived usefulness was also confirmed to have a positive effect on the attitude toward and the
intention to use SST [17]. A study on the use of the delivery application showed that perceived
usefulness has a direct effect on continuous use intention [27]. Until now, several studies have
extensively investigated [28] the notion that attitude has a positive and direct effect on intention [29],
and this relationship was also confirmed in a research on technology acceptance. Studies by Kaushik,
Agrawal, and Rahman [17] and San-Martín, Lonpez-Catalann, and Ramon-Jeronnimo [30] showed
that the attitude toward new information technology directly affects consumers’ behavioral intention.
The above studies indicate that perceived usefulness influences the formation of attitude and acceptance
intention toward an innovative information technology system and clarify the relationship between the
attitude and the acceptance intention. Therefore, the following hypotheses can be established based on
the above discussion.

Hypothesis 1. The perceived usefulness of a robot barista significantly influences consumers’ attitude.

Hypothesis 2. The perceived usefulness of a robot barista significantly influences acceptance intention.

Hypothesis 3. The attitude toward a robot barista significantly influences acceptance intention.

2.2. Extension of the TAM (ETAM): Perceived Enjoyment, Need for Interaction, Perceived Risk, and Perceived
Innovativeness

Based on the theory of reasoned action (TRA) in the field of social psychology, TAM has been
used by many studies to explain technology acceptance [27]. However, it has a limitation in that the
model does not identify all the variables of perceived usefulness, and an insufficient consideration to
various exogenous variables and their effects makes it difficult to analyze the discussed relationship in
a complex IT environment [31]. It has also been criticized for not describing a specific work-technology
environment as a whole [32]. Kaushik et al. [17] also argued that the main variables of TAM (perceived
usefulness and the perceived ease of use) fall short in predicting the adoption of an SST in an offline
environment. This is because TAM has basically focused only on the functional characteristics of the
technology. Thus, it fails to consider the factors that reflect the user’s psychological and cognitive state.
To overcome these limitations, we applied the variables of ETAM (perceived enjoyment, the need for
interaction, perceived risk, perceived innovativeness) presented in previous studies [13,17,29,33].
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2.2.1. Perceived Enjoyment

Perceived enjoyment refers to the degree of enjoyment perceived while using a system, independent
of any expected outcome [34]. After discussing the role of perceived usefulness and the perceived
ease of use in the initial TAM, Davis et al. [13] theorized that the intrinsic motivation provided by
perceived enjoyment directly affects the intention to use an information technology. Davis et al. [13]
found that enjoyment can be improved by using information technology and that enhanced enjoyment
can influence the acceptance intention of a user. Hence, the study added perceived enjoyment
as an acceptance determinant. Since then, several studies on technology acceptance revealed that
perceived enjoyment determines the acceptance of a new information technology [29]; these studies
also highlighted its relationship with the positive attitude of a user. Moon and Kim [16] presented
perceived enjoyment as a new element that reflects a user’s intrinsic belief in the acceptance of the
World Wide Web and proved that perceived enjoyment positively affects the attitude toward the use
of the web and the intention to use it. In the study on customers’ acceptance intention for a portal
site, Van der Heijden [35] showed the relationship between perceived usefulness, perceived ease of
use, perceived enjoyment, and attitude. Considering the image interaction of a website targeting
e-commerce users, Lee, Fiore, and Kim [36] empirically analyzed the relationship between perceived
usefulness, perceived ease of use, perceived enjoyment, and attitude and intention to use. Ha and
Stoel [37] explored the relationship between enjoyment, attitude, and intention in online shopping.
Praveena and Thomas [38] found that perceived enjoyment has a greater influence on the attitude
toward Facebook than the existing TAM variables. Matute-Vallejo and Melero-Polo [39] confirmed
that perceived enjoyment explains the perceived ease of use, perceived usefulness, attitude, and flow
related to online business simulation games.

As such, studies on ETAM always consider perceived enjoyment as a major factor influencing
consumers’ attitude toward and acceptance of information technology. Hence, by applying the ETAM
and assuming that in addition to perceived usefulness, perceived enjoyment can determine consumers’
attitude toward a robot barista, we formulate the following hypothesis:

Hypothesis 4. The perceived enjoyment of using a robot barista significantly influences consumers’ attitude.

2.2.2. Need for Interaction

The need for interaction between a service provider and a consumer is a prerequisite for providing
quality service [17,40]. This need for interaction is defined as the desire of an individual to engage in
an interaction with a service personnel during a service encounter [41]. Cowles and Crosby [42] stated
that some consumers value direct contact with a person in the service delivery process. Dabholkar [43]
mentioned the importance of human interaction for a customer in a service encounter; the study
indicated that an SST fails to satisfy a customer’s desire to interact with the service staff, which
negatively affects its expected quality. Interaction promotes the interpersonal relationship between
customers and the service staff [44]. However, the use of SST does not facilitate an interpersonal
relationship and interaction, which is very essential for understanding the technology of service
delivery through SST [17].

Several studies by Meuter, Ostrom, Bitner, and Roundtree [45] and Walker and Johnson [46] cited
that the absence of interaction during SST use contributes toward the non-acceptance of SST [47].
Hanafizadeh, Behboudi, and Koshksaray [20] conducted a study on mobile banking adoption by Iranian
banking customers and reported that consumers with a greater desire for interpersonal interaction
use fewer mobile banking services. Overall, they showed that the need for interaction has a negative
impact on mobile banking adoption. Therefore, the following hypothesis was established:

Hypothesis 5. The need for interaction when using a robot barista significantly influences consumers’ attitude.
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2.2.3. Perceived Risk

Perceived risk is a subjective and psychological risk perceived by consumers in a specific purchase
situation [48]. In general, perceived risk refers to the anxiety about loss or uncertainty resulting from
decision-making. Studies showed that perceived risk negatively impacts the acceptance intention
of a new technology or innovative product [49]. Rogers [19] argued that, irrespective of a positive
attitude, if the risk perception of consumers is higher toward innovative products, then they can
reject the technology. Crespo, Del Bosque, and Sanchez [50] analyzed that perceived risk negatively
affects the attitude and the intention of consumers toward online shopping. Perceived risk poses an
important psychological barrier to the adoption of a new product, and the reduction of perceived risk
directly improves the likelihood of new product adoption [18,51]. Wessels and Drennan [52] stated
that perceived risk has a significant negative impact on the attitude toward and use of mobile banking.
In other words, the higher the risk associated with using a new technology, the more is negative the
attitude toward it and the lower is the level of willingness to use it. Hanafizadeh et al. [20] conducted
a study on the mobile banking adoption by Iranian bank customers and revealed that perceived
risk has a negative effect on mobile banking adoption. Kaushik et al. [17] proved that the perceived
performance risk negatively affects the attitude toward the adoption of SSHT. Several studies have
showed that perceived risk has a negative effect on the acceptance intention toward a new product [53].
These studies indicate that perceived risk is likely to exert a negative impact on customers’ attitude
and acceptance intention toward the coffee brewed by a robot barista. We integrate perceived risk as
an external variable with perceived usefulness and hypothesize as follows:

Hypothesis 6. The perceived risk of a robot barista significantly influences consumers’ attitude.

2.2.4. Perceived Innovativeness

Perceived innovativeness is defined as the degree to which the consumers believe that a product has
important attributes of innovation, such as newness and uniqueness [21,33]. Perceived innovativeness
significantly influences a consumer’s behavioral adoption of a new technology [54,55]. Accordingly,
perceived innovativeness plays an important role in distinguishing a company from others and
contributes toward the company’s endeavors to gain a competitive advantage [21]. Rogers [19]
emphasized the importance of product innovation from a consumer’s perspective and argued that
product acceptance is influenced by the objective innovation of the product as well as the degree
of consumer perception of the innovative product. Watchravesringkan, Hodges, and Kim [33]
presented perceived innovativeness as an intrinsic motivational factor in consumers’ adoption of
highly technological fashion products and suggested that perceived innovativeness has a positive
effect on consumers’ attitude toward using a technology and fashion products. Boisvert and Ashill [56]
found that perceived innovativeness is an important predictor of attitude in the service industry.
Hwang et al. [21] showed that consumers’ perceived innovativeness has a positive effect on the
attitude and intention of using the drone food delivery service and behavioral intention, including the
word-of-mouth. Slade, Dwivedi, Piercy, and Williams [57] suggested that innovativeness in the context
of remote mobile payment has a positive effect on behavioral intention toward using the remote mobile
payment. In this way, along with the variables of the TAM, perceived innovativeness, which reflects
consumers’ subjective value and belief, plays a positive role in forming their attitude and behavioral
intention [21]. Accordingly, this study established the following hypotheses based on ETAM:

Hypothesis 7. The perceived innovativeness of a robot barista significantly influences consumers’ attitude.

Hypothesis 8. The perceived innovativeness of a robot barista significantly influences consumers’ acceptance
intention.
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Figure 3 depicts all the hypotheses presented in the theoretical model.

Figure 3. Theoretical Framework.

3. Methodology

3.1. Sampling and Data Collection

In this study, we conducted a survey on a sample of consumers who had purchased coffee made
by a robot barista at coffee shops in the last three months; the sample comprised South Korean residents
aged 20 years and above. The coffee shops selected for the survey are Cafebot, Dalcombit, Lounge
X, and Coffee Method; the frequency analysis of the pilot test showed that these coffee shops with
robot baristas were most used by coffee consumers. Therefore, it is assumed that the users of these
four brands were representative of the population that purchased from robot baristas.

The data were collected from 10 to 24 January 2020 in collaboration with the Macromill Embrain,
a reliable and leading online research company in South Korea. We received more than 1.3 million
responses. Screening questions were administered to the consumers before inviting them for the
interview. Panel members were asked if they had an experience of purchasing coffee brewed by robot
baristas at any of the four coffee shops in the previous three months. Consumers who met this inclusion
criterion were selected for the study. The questions were presented to all respondents in the same order.
Subsequently, we selected a sample of 317 respondents for the empirical analysis. Table 1 presents a
profile of the sample. Since the net response rate was 5.6%, the dataset was subjected to a non-response
bias analysis using wave analysis. The responses collected within the initial seven days of the survey
were classified as “early responses,” while those collected during the last seven days were classified as
“late responses.” Using these two groups, we carried out an independent t-test; the results showed a
non-significant difference between the two groups, thereby indicating the lack of non-response bias
within the dataset.
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Table 1. Responder’s profile.

Demographic Characteristics Frequency Percentage

Gender Male 154 48.6
Female 163 51.4

Age 20–29 years 78 24.6
30–39 years 138 43.5
40–49 years 70 22.1
50–59 years 27 8.5

Above 60 years 4 1.3
Marital status Single 144 45.4

Married 173 54.6
Educational level High school 12 3.8

2-year university 28 8.8
4-year university 237 74.8
Graduate school 40 12.6

Annual income Below USD 20,000 29 9.1
USD 20,000–29,000 44 13.9
USD 30,000–39,000 72 22.7
USD 40,000–49,000 70 22.1
USD 50,000–59,000 34 10.7
Above USD 60,000 68 21.5

Occupation Student 25 7.9
Office workers 171 53.9

Sales and Service 26 8.2
Technician 19 6.0

Professional job 39 12.3
Self-employed 18 5.7

Housewife 12 3.8
Others 7 2.2

Coffeeshop Cafebot 135 42.6
Dalcombit 70 22.1
Lounge X 68 21.5

Coffee Method 44 13.9

3.2. Research Instrument

We composed the questionnaire by reviewing previous studies; the questionnaire was modified
to suit the situation of the coffee shop with a robot barista. After completing the first questionnaire,
we formed a panel of experts consisting of three professors of restaurant management and three
managers of coffee shops with a robot barista. They were asked to give their opinion and review
the composition and content of the questionnaire. Before the survey, a pilot test was conducted
to confirm whether the survey participants fully comprehended the questionnaire. The pilot test
led to the deletion of items that were difficult to measure accurately and the correction of the
questionnaire; the questionnaire was also supplemented with appropriate expressions. In this way,
the final questionnaire was completed. This study considered seven factors—perceived usefulness,
perceived enjoyment, the need for interaction, perceived risk, perceived innovativeness, attitude,
and acceptance intention. San-Martín and Herrero [58] and Kim et al. [34] listed three variables of
perceived usefulness, Ha and Stoel [37] and Kim et al. [34] listed four items of perceived enjoyment,
Meuter, Bitner, Ostrom, and Brown [59] and Kaushik et al. [17] listed three items of the need for
interaction, Lee [60], Marakarkandy, Yajnik, and Dasgupta [61] listed three items of perceived risk,
Watchravesringkan et al. [33] and Hwang et al. [21] listed three items of perceived innovativeness,
and Kaushik et al. [17] and Hwang et al. [21] listed three items of attitude and four items of
acceptance intention.
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3.3. Analytical Methods

For the analysis, we used the statistical package for the social sciences (SPSS) 22.0 and the analysis
of a moment structures (AMOS) 22.0. The demographic characteristics were analyzed using SPSS 22.0.
We tested the hypotheses using Anderson and Gerbing’s [62] two-step approach—the measurement
model and the structural model evaluation. First, we conducted the confirmatory factor analysis (CFA)
to test the adequacy of the measurement model and assess the composite reliability and the convergent
validity. Subsequently, we performed the structural equation modelling (SEM) to test the hypothetical
relationships between the seven constructs proposed in the conceptual model.

4. Data Analysis and Results

4.1. Measurement Model

The goodness-of-fit of the measurement model was assessed using a CFA. To assess the fit of the
model, we used the cut-off values of the seven fit indices—χ2/df (<3), goodness-of-fit index (GFI > 0.90),
root mean square error of approximation (RMSEA < 0.08), root mean square residual (RMR < 0.08),
normed fit index (NFI > 0.9), incremental fit index (>0.9), and comparative fit index (CFI > 0.9) [63].
The measurement model had a good fit with the data collected (χ2 = 298.932, df = 200, CMIN/df = 1.495,
RMR = 0.035, GFI = 0.924, NFI = 0.934, IFI = 0.977, CFI = 0.977, and RMSEA = 0.040) (see Table 2).
The adequacy of the measurement model was tested using the standard criteria, namely reliability,
convergent validity, and discriminant validity. First, the reliability was assessed based on the composite
construct reliability (CCR) values. Table 2 shows that all the values exceeded 0.7, demonstrating
adequate composite reliability [64]. The average variance extracted (AVE) values of all constructs were
higher than the minimum threshold of 0.5, indicating the convergent validity of the measures [64].

Table 2. Measurement model assessment.

Variables and Item Loading CCR AVE

Perceived usefulness (PU) (α = 0.729)
Using a robot barista in coffee shop is useful 0.830 0.793 0.566

Using a robot barista in coffee shop increases efficiency in ordering and receiving coffee menus 0.693
Using a robot barista in coffee shop is better than coffee menu manufacturing through a human barista 0.583

Perceived enjoyment (PE) (α = 0.880)
Using a robot barista service is a pleasant experience to me 0.800 0.913 0.725

Using a robot barista service is an interesting experience to me 0.796
Using a robot barista service is a cheerful experience to me 0.814
Using a robot barista service is a funny experience to me 0.804

Need for interaction (NI) (α = 0.785)
A human barista does things for me that no robot barista could 0.663 0.815 0.599

I enjoy ordering and receiving coffee menu face-to-face from a human barista 0.876
The employee’s attention in customer service is important to me 0.697

Perceived risk (PR) (α = 0.858)
A robot barista runs the risk of incorrect coffee menu manufacturing 0.733 0.846 0.647

I am not sure if a robot barista can perform satisfactorily 0.827
Overall, I feel anxious about a robot barista 0.850

Perceived innovativeness (PI) (α = 0.809)
A robot barista services seem new 0.728 0.870 0.708

A robot barista services seem creative 0.813
A robot barista services seem innovative 0.761

Attitude (AT) (α = 0.843)
I am positive about using a robot barista 0.815 0.901 0.742

I am in favor of using a robot barista 0.851
I like to use a robot barista 0.778

Acceptance intention (AI) (α = 0.892)
I will continue to visit coffee shops with a robot barista in the future 0.770 0.905 0.704

I plan to visit a coffee shop with a robot barista in the future 0.837
I am highly likely to recommend a coffee shop with a robot barista to a friend 0.790

I will be happy to revisit this coffee shop with a robot barista 0.847



Sustainability 2020, 12, 8598 10 of 16

To examine the discriminant validity of variables whose convergent validity have been established,
we compared the square root of the AVE of each latent variable against its corresponding correlation
coefficient between potential variables. Table 3 shows that the square root of the AVE of each latent
variable is larger than its corresponding correlation coefficient, implying adequate discriminant
validity [64].

Table 3. Correlations of analysis between the variables.

Variable 1 2 3 4 5 6 7

1. PU 0.752
2. PE 0.613 0.851
3. NI 0.003 −0.014 0.774
4. PR −0.279 −0.283 0.374 0.804
5. PI 0.510 0.679 −0.003 −0.219 0.841
6. AT 0.675 0.712 −0.059 −0.273 0.565 0.861
7. AI 0.702 0.708 −0.053 −0.333 0.580 0.793 0.839

Mean 3.622 3.962 3.256 2.923 4.016 3.721 3.718
S.D. 0.692 0.716 0.790 0.883 0.682 0.721 0.782

Note: Diagonal elements show the square root of average variance extracted (AVE). Below the diagonal is the
corresponding correlation coefficient. All correlation coefficients were significant at the 0.001 level.

4.2. Structural Model

An SEM was conducted using the AMOS 22.0 statistical package. To test the hypotheses established
through the SEM path coefficients, we assessed the fit of the structural model describing the relationships
among constructs. The model fit indices were χ2 = 302.114, df = 203, p = 0.000, CMIN/df = 1.488,
RMR = 0.035, GFI = 0.923, NFI = 0.933, IFI = 0.977, CFI = 0.977, and RMSEA = 0.039; these values indicate
the fulfillment of the standard assessment criteria. Figure 4 presents the result of each hypothesis
test describing the causal relationship between any pair of constructs. Hypothesis 1 was supported
because perceived usefulness positively and significantly influences attitude (β = 0.539, t = 5.714,
p = 0.000). Hypothesis 2 was supported because perceived usefulness positively and significantly
influences acceptance intention (β = 0.389, t = 3.910, p = 0.000). Hypothesis 3 was supported because
attitude positively and significantly influences acceptance intention (β = 0.481, t = 4.539, p = 0.000).
Hypothesis 4 was supported because perceived enjoyment positively and significantly influences
attitude (β = 0.351, t = 2.935, p = 0.003). Hypothesis 5 was supported because need for interaction
negatively and significantly influences attitude (β = −0.101, t = −1.969, p = 0.049). Hypothesis 6 was
rejected because perceived risk does not significantly influence attitude (β = 0.067, t = 1,188, p = 0.235).
Hypothesis 7 was rejected because perceived innovativeness does not significantly influence attitude
(β = 0.089, t = 0.931, p = 0.352). Lastly, Hypothesis 8 was supported because perceived innovativeness
positively and significantly influences acceptance intention (β = 0.122, t = 2.037, p = 0.042).
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Figure 4. Structural equation modelling with parameter estimates; * p < 0.05; ** p < 0.01;
n.s. = non-significant.

5. Discussion and Conclusions

5.1. Theoretical Implications

From a theoretical perspective, this study attempted to find the main variable that influences
customers’ acceptance intention toward AI adoption; this determination is critical to the effective
management of restaurants in the post-Covid-19 era. This study investigated coffee shops with a robot
barista. The coffee shop is one of the sub-sectors of the food service industry; the results of this study
contribute to the literature on this sector by examining the integration of information technology with
food service.

Although TAM has been used in many studies as a model for explaining technology acceptance,
it has a limitation in that it does not fully consider the effects of various exogenous variables,
and hence falls short in predicting the acceptance of the new technology in an offline environment [17].
To overcome the limitation, we used the variables of ETAM presented by Davis et al. [13], Curran and
Meuter [29], Kaushik et al. [17], and Watchravesringkan et al. [33]. This design is different from a few
studies on robot services in the hospitality industry [1,3]. Further, it is also different from the study on
the acceptance of SST, which applied ETAM to the context of the hospitality industry [17].

To the best of our knowledge, this is the first study to examine consumer acceptance of a service
robot in the food service industry. Unlike the previous research [17], this study examines consumer
behavior based on their consumption of the coffee produced by a robot. Hence, it is not based on the
self-service context in which customers directly operate the latest information and communication
technology-based devices. Accordingly, this study excluded perceived ease of use from the ETAM [17]
and included perceived enjoyment and perceived innovativeness. This design contributes to the
literature on the acceptance of robot service.
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This analysis revealed that the attitude of customers toward the robot barista was influenced
by perceived usefulness, perceived enjoyment, and the need for interaction. Particularly, perceived
usefulness was found to be an important variable in the context of robot services, similar to the
context of an SST [17]. However, the need for interaction showed a different pattern from the previous
studies [17,29] as it had a negative effect on the formation of the customer attitude. Finally, this study
investigated a structural relationship between the variables by applying the ETAM; the variables of the
ETAM significantly influenced the consumer behavior toward a robot barista, which has emerged as a
new player in food service management. Concerning the model and the research design, our results
confirmed the fit of the model, and the research design and results significantly contribute to the
literature on restaurant management.

5.2. Practical Implications

Perceived usefulness plays a significant role in influencing customers’ attitude and acceptance
intention toward the use of a robot barista. The Korean coffee consumers perceive that the coffee and the
service provided by a robot barista are better than that offered by a human employee. The ability of a
robot barista to maintain consistency assures customers of its product and service quality. In particular,
customers consider the entire service encounter with a robot barista to be a very interesting and
pleasant experience. Although coffee products provided by the robot baristas are still limited, customers
perceive the service provided by robot baristas to be better than that provided by human employees.
This can be attributed to the factors of interest, enjoyment, and novelty associated with a robot barista.
However, the interest and novelty will gradually reduce with an increase in the consumption of
coffee brewed by robot baristas, and these factors will not contribute toward effective coffee shop
management. Therefore, it will be essential to integrate new features into the robot barista to help it
provide a wide range of coffee and coffee-based beverages. For instance, in addition to recognizing
a customer’s face or fingerprint with the help of an AI algorithm, the robot barista should be able
to identify consumption patterns, such as a customer’s preferred coffee product, purchase amount,
and purchase frequency. This information can equip a robot barista to generate customized menus for
customers. This innovative function will also improve the acceptance intention of the customers and
its role in the coffee shop.

In terms of interactions with an employee, customers showed a negative attitude toward the
use of robot barista. The studies analyzing service provision through an SST [17,40] also highlighted
the significance of human interaction during a service. Customers select and order a coffee while
communicating face-to-face with an employee. During these interactions, customers expect the
employee’s meticulous attention. However, a robot barista only performs simple tasks, and hence it
cannot fulfill the customers’ need for attention and interaction. Although a robot barista’s service will
hold significance in the post-corona era, its use will expand only by solving the customers’ need for
interaction. Currently, in Korea, robot baristas are performing simple tasks based on a set of commands.
Hence, it will be crucial to install AI algorithms that will increase the communication of these robots
with customers. The robot barista should help customers select and order coffee and provide detailed
explanation of the coffee ordered. Furthermore, although a robot barista plays an important role in
the coffee, the need for human service cannot be undermined. Therefore, coffee shops with robot
baristas should continue to provide human services and differentiate the latter from those provided
in coffee shops without a robot barista. In this regard, the coffee chains should clarify the division
of work between the robot barista and the human employee. For example, simple products should
be handled by a robot barista, while products that require sophisticated extraction (such as specialty
coffee or hand drip) should be handled by a professional human barista. Human baristas must provide
customers with an elaborate explanation of a coffee product (green beans, production location, taste,
aroma, and history). This will satisfy their curiosity about coffee as well as their intellectual curiosity
(as a sommelier does at a wine bar). Human employees must engage in complex communication that
goes beyond order and payment. The store employees who are not professional baristas should focus
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on customer convenience because it cannot be addressed by a robot barista. Finally, for sustainable
coffee shop management, it is necessary to further improve the AI function of the robot barista in
order to enable anthropomorphism. Employees should also strengthen their expertise as baristas and
provide customer service that is differentiated from coffee shops without a robot barista.

5.3. Conclusions

This study demonstrated how the variables of ETAM influence the formation of customers’
attitude and acceptance intention toward the use of robot baristas. To formulate the ETAM, the study
added perceived enjoyment, the need for interaction, perceived risk, and perceived innovativeness to
the TAM. The results of the data analysis proved that perceived usefulness and perceived enjoyment are
positive determinants of attitude. Perceived usefulness and innovativeness were found to significantly
influence the acceptance intention toward robot baristas. These empirical findings prove that the ETAM
is an appropriate model for explaining consumer behavior toward a robot barista in a coffee shop.
Accordingly, the theoretical framework proposed and tested through the model will serve as a basis
for future research on service robots in the restaurant industry. In particular, this study proposes that
providing a robot service is an important strategy for sustainable coffee shop management, especially
when customer demand for “untact” (i.e., without contact) services is increasing as measure against
possible infection by the COVID-19 virus.

5.4. Limitations and Future Research

Despite its results and implications, this study has the following limitations and future research
direction. First, since the data were collected only in Korea, generalization of the results may be limited.
It may not be appropriate to apply these findings to other countries. Second, the subject of the study
was limited to coffee shops in the food service industry. Thus, applying the research results to robotic
services in hotels or restaurants would not be appropriate. Third, since the online survey can induce
selection bias [65], future research should use various types of data collection methods to reduce bias
and increase the response rate. Finally, as the introduction of robot baristas in Korea is in the early
stages, this study examined consumer acceptance. However, future research should focus on the
overall service quality provided by robot baristas; it should also provide a more in-depth discussion of
strategic plans in relation to expanding the range of services provided by a robot barista.
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