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Abstract: Smart farm technology contributes to sustainable environmental protection, and so it is
important to investigate consumer behavior in this regard. Therefore, this paper constructs a theoreti-
cal model focusing on the consumers of indoor smart farm restaurants. The theoretical framework
integrates the theory of planned behavior and the perceived risk theory. The constructed framework
is deepened by testing the moderating role of novelty seeking in the effects of perceived risks on
attitudes. The results revealed that (1) psychological and quality risks negatively affect attitude,
(2) subjective norm positively affects attitude, (3) attitudes, subjective norm, and perceived behavioral
control positively affect behavioral intentions, and (4) the moderating impact of novelty seeking was
discovered in the relationship between psychological risk and attitude. This is the first investigation
of the perceived risks of indoor smart farm restaurants, and this study empirically proved the moder-
ating role of novelty seeking in the risk-taking behavior context. This study consequently contributes
to advancing state-of-the-art methods and presents practical marketing recommendations.

Keywords: indoor smart farm restaurant; the perceived risk theory; the theory of planned behavior;
consumer novelty seeking

1. Introduction

Smart farming is regarded as an innovative solution in regard to threats to global food
security [1–3]. Agricultural yield ability needs to be raised by larger than 25% because
of the growing population [4,5]. A smart farm is an indoor vertical agriculture using an
Internet of Things (IoT) system, which includes an automated water supply and sunlight
control [6–8]. Smart farming requires around 95% less water than traditional farming.
Also, it is a lot more productive because it can operate every day of the year, which is due
to being independent of climatic events as well as either animal or insect damage [9,10].
Smart farming can involve growing crops in urban centers or nearby areas, so smart
farming increases the freshness and the quality of food ingredients as well as decreases
contamination risks [11,12].

Several foodservice enterprises have launched restaurants that operate smart farms
inside their restaurants [13–15]. For instance, an agriculture tech startup in South Korea,
which is called N. Thing, opened their flagship restaurant, which is called Sikmulsung,
with an indoor smart farm system [13]. This restaurant serves salads and vegetable-
based beverages using agricultural ingredients that grow in its indoor smart farm. A
dining brand Interval also launched a restaurant using smart farms in Hong Kong [14].
Farmers and Chefs in New York in addition to Weilands and Good Bank in Berlin are
also using agricultural ingredients that are grown from their smart farms [15]. Joo, Lee,
and Hwang [16] defined such types of dining, which use smart farms in order to produce
food ingredients in their store, as indoor smart farm restaurants (ISFR). According to the
diffusion of innovations theory [17], it is important to find consumers’ various adoption
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patterns towards new technology and understand their structures, but a social-scientific
study about consumer behavior in the context of ISFR is insufficient.

The theory of planned behavior (TPB), suggested by Ajzen [18], is undoubtedly a
robust theoretical framework in regard to predicting consumer behavior, but the origi-
nal TPB was limited to three predictors, which included attitude, subjective norm, and
perceived behavioral control, and they might not be able to fully predict consumer be-
havior. Thus, Joo et al. [16] proposed a framework that merges the TPB and the norm
activation model in the context of ISFR. Their research successfully investigated con-
sumers’ pro-environmental behavior, but it overlooked their negative perceptions, which
are the hindrances of consumer behavior. Consumers tend to be hesitant to try emerging
technology-based products/services because they have no experience with them [19–21].
This perception of unexpected negative outcomes is referred to as perceived risk [22–24].
The perceived risk theory, which will hereinafter be referred to as PRT, has consistently
been applied to predict consumers’ behavioral intentions because it is an essential barrier
in regard to consumption [25–27]. There has recently been a growing number of stud-
ies in regard to understanding consumer behavior based on the PRT in the field of new
technology [28–30]. For instance, Hwang and Choe [28] examined the perceived risks of
drone delivery service and their outcomes. Seo and Lee [29] investigated the perceived
risks of service robots at restaurants, and they identified their negative impact on consumer
behavior. It implies that individuals tend to have unfavorable attitudes when they are
worried about the negative consequences of specific products or services [21,31–33]. The
innovation resistance theory states that consumer resistance towards new technology plays
a crucial role in regard to shaping the success or failure of technological innovations [34].
Existing studies on adoption behavior towards new technology imply a prominent role
of perceived risks from the perspective of innovation resistance [28–30], but there are still
no empirical studies about the perceived risks of ISFR. As a result, this study proposes a
framework that combines the TPB and the PRT.

Consumers who are seeking novelty tend to favor emerging technology-based
products [35,36]. The concept of novelty seeking is the stimulus that consumers with a high
level of innovativeness have a desire to try unusual/novel products [37]. Goo et al. [38]
found that consumers with high novelty seeking are more likely to positively evaluate
smart tourism technologies. Consumers who are seeking novelty are experimental and
try new stimulating challenges, such as purchasing new products or services that they
have not experienced [39]. Berlyne [40] also stated that an individual who seeks novelty
is willing to try new products/services even though there are some potential risks. This
means that consumers seeking novelty can possibly try and be favorable to new products
or services even if there are unexpected risks. Hence, this study deepened the proposed
framework by testing the moderating impact of novelty seeking between perceived risks
and attitude.

In summary, the objectives of this study include (1) investigating the perceived risks of
ISFR, (2) combining PRT and TPB, and (3) intensifying the framework by demonstrating the
moderating effect of novelty seeking. This paper contributes to advancing state-of-the-art
methods by investigating the perceived risks of ISFR for the first time, and it empirically
identifies the moderating role of novelty seeking in the risk-taking behavior context. This
paper also suggests practical marketing recommendations for ISFR managers.

2. Literature Review and Hypothesis Development
2.1. Research Background: ISFR

Standard population projections imply that agricultural yield ability should be raised
by 1.5 times, because of population growth and global warming [41,42]. One approach in
regard to increasing the productivity per unit area is vertical farming, which involves culti-
vating crops hydroponically in stacked trays [43,44]. Smart farming, which is innovative
vertical farming that uses IoT-based automation systems to control environmental factors,
such as light/water/air controlling to improve productivity/efficiency, has significantly
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improved production efficiency [5,16,45]. Smart farming is estimated to be 40 times more
efficient than traditional agriculture [46]. The demand for smart farming is highly raised
because of labor shortages during the COVID-19 pandemic [47]. Thus, smart farming is
regarded as an innovative solution to threats to global food security [1–3].

The integration of smart farming technology into the foodservice sector has been
observed in Asia/Europe/America [13–15]. As an explained earlier, Joo et al. [16] defined
this type of dining as ISFR. Their study examined potential consumers’ pro-social behavior
by applying the norm activation model. Joo and Hwang [48] also examined ISFR consumers’
pro-social behavior by applying four cognitive drivers (i.e., biospheric value, environmental
concern, problem awareness, and ascription of responsibility). They found that these four
factors significantly form behavioral intentions. They also intensified their study by testing
significant differences in the four factors according to demographics.

The diffusion of innovations theory implies that it is important to find consumers’ var-
ious adoption patterns towards new technology as well as understand their structures [17].
The existing studies investigated consumer behavior in the context of ISFR, but they have
a limited aim towards pro-social behavior as well as overlooking consumers’ negative
perceptions towards new technology. They require an extended social-scientific study in
the context of ISFR.

2.2. The Perceived Risk Theory (PRT)

Consumers assess potential risks based on their personal experiences and knowledge,
so they are more likely to perceive higher risks when they make unfamiliar purchases [49,50].
Thus, consumers may be concerned about unexpected negative outcomes when they use
new technology-based products/services [20,21,31]. The PRT is a concept in consumer
behavior that explains how consumers evaluate the potential negative outcomes of their
purchasing decisions [49,50]. This perception of unexpected negative outcomes is referred
to as perceived risk [22–24]. In other words, it refers to the nature and amount of risk
perceived by consumers in contemplating a specific purchase decision [50]. The innovation
resistance theory states that consumer resistance towards new technology plays a crucial
role in regard to shaping the success or failure of technological innovations [34]. The
existing studies on the adoption behavior towards new technology imply a prominent role
of perceived risks from the innovation resistance perspective [28–30], but there are still
no empirical studies on the perceived risks of ISFR. This study thus adopted the PRT and
investigated the multi-dimensions of perceived risks of ISFR. Mitchell [24] described the
types of perceived risks by including the social, financial, physical, performance, time, and
psychological risks.

First, social risk is defined as “the risk that the selection of the service provider will
affect in a negative way the perception of other individuals about the purchaser” [24] (p. 27).
For instance, when consumers consider using edible insect restaurants, they can be worried
that eating insects would change what their friends think of them [51]. Consumers also can
be worried that purchasing second-hand clothing would not match their social status in
life [52]. This means that social risk relates to an individuals’ social status. However, using
ISFR is regarded as prosocial behavior due to sustainable environmental protection [16,48],
so the current study did not adopt the concept of social risk.

Second, financial risk refers to “the risk that the service purchased will not attain
the best possible monetary gain for the consumer” [24] (p. 27). For example, consumers
can be worried that using drone delivery services would be more expensive than they
expect [19]. Travelers also may be worried that cruise tours would involve unexpected
extra expenses [53]. It can be interpreted that consumers are worried about the value of
what they paid for a specific product/service. The consumers’ experience using ISFR is
insufficient, so they also can perceive financial risks.

The third and fourth dimensions of PRT include the physical and performance aspects.
Mitchell [24] (p. 27) explained that physical risk is “the risk that the performance of the
service will result in a health hazard to the consumer.” Also, performance risk is “the
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risk that the service purchased will not be completed in the manner that will result in
customer satisfaction.” In other words, these dimensions reflect the extent that consumers
are concerned about the low quality of a particular product or service. For instance, Hwang
and Choe [51] measured the quality risk that consumers are concerned with regarding the
quality of the menu items using edible insects. Nguyen et al. [54] also investigated the
quality risk when consumers considered purchasing food products during the COVID-19
pandemic. These quality risks negatively influenced consumer behavior in each study. The
consumers have insufficient experience using ISFR, so they would be worried about the
quality of the menu items using agricultural ingredients that are produced by smart farms.
Thus, the current study adapted the concept of quality risk in the context of ISFR.

The fifth dimension of PRT is time risk, which is defined as “the risk that the consumer
will waste time, be inconvenienced, or waste effort in regard to getting a service redone” [24]
(p. 27). Consumers spend their time and effort gaining information when they use new
products/services that they have not experienced [19,55]. The consumers are concerned
that planning to use new technology-based products/services, such as robotic restaurants
and drone delivery services, would take too much time [21,28]. It can be inferred that ISFR
consumers can also worry that planning to dine out and visit would be a waste of time.

Lastly, psychological risk means “the risk that the selection or performance of the pro-
ducer will have a negative effect on the consumer’s peace of mind or self-perception” [24]
(p. 27). Individuals tend to perceive risks, such as anxiety about negative outcomes and
unnecessary tension when facing new technologies that they have not previously experi-
enced [56]. For example, consumers can feel psychologically uncomfortable when they
consider eating genetically modified food [57]. Consumers can also feel unwanted anx-
iety when they use drone delivery services [19]. The consumers fear and distrust new
technology-based food products [58,59], so ISFR consumers can also feel psychological risk.
In summary, the current study adopted the PRT, which includes the concepts of (1) financial
risk, (2) quality risk, (3) time risk, and (4) psychological risk.

Previous studies investigated the outcomes of perceived risks in the consumer behavior
context. Hwang and Choe [51] found that quality, psychological, health, time, and social
risks play negative roles in regard to shaping an edible insect restaurant’s dining image.
Choi et al. [31] identified that perceived hygiene, environmental risks, and health risks of
street foods form the consumers’ negative attitudes. The concept of attitude (AT) is the
consumers’ favorable/unfavorable evaluation of a particular object/behavior [18]. Hwang
et al. [21] also proved that privacy, financial, time, performance, and psychological risks
lead to the consumers’ negative attitudes towards robotic restaurants.

Individuals tend to more heavily weigh potential losses than potential gains when
they make decisions under risk according to the prospect theory in regard to economics [60].
Thus, consumers may exhibit a negative attitude towards a particular product or service
if they perceive a higher level of risk being associated with it. The existing studies also
support the negative effect of perceived risks on attitudes [21,31]. The current study
hypothesized the effect of perceived risks of ISFR on the consumers’ attitudes, which is
based on the discussions above.

Hypothesis 1 (H1). Perceived risks play a negative role in regard to forming AT.

2.3. The Theory of Planned Behavior (TPB)

Fishbein and Ajzen [61] first suggested the theory of reasoned action (TRA), and
Ajzen [18] expanded this theory to the TPB. The TRA explains the individuals’ volitional
behavior with two predictors, which include attitude and subjective norm [62,63]. The
concept of attitude (AT) is the degree of the positive or negative evaluation of a particular
object/behavior, which is explained above [18]. Subjective norm (SN) is defined as “the
perceived social pressure to perform or not to perform a behavior” [18] (p. 188). The TPB
suggests the concept of perceived behavioral control (PBC) as a predictor of behavioral
intentions (BI) in addition to AT and SN. This concept is the degree of ease/difficulty in
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regard to performing a specific action, and this explains an individuals’ non-volitional
behavior [18]. In summary, the TPB explains the causal effects of the three variables, which
include AT, SN, and PBC, on an individual’s behavioral intention.

Previous studies adopted the TPB and successfully investigated consumer behavior in
the context of new technology-based services, such as delivery drones/robots and robotic
restaurants [64–66]. For instance, Choe et al. [64] discovered that AT, SN, and PBC positively
affect behavioral intentions in the context of robotic restaurants. Hwang et al. [65] also
proved the effects of AT, SN, and PBC on behavioral intentions in the context of drone
delivery services. Yuen et al. [66] investigated the consumers’ acceptance behavior of
autonomous delivery robots in urban cities. Their study indicated that AT, SN, and PBC
play a crucial role in regard to forming the consumers’ behavioral intentions. The current
study hypothesized three causal relationships in the TPB context.

Hypothesis 2 (H2). AT positively affects BI.

Hypothesis 3 (H3). SN positively affects BI.

Hypothesis 4 (H4). PBC positively affects BI.

The extant studies also suggested and proved the causal effect of SN on AT because
other people’s perceptions of a specific behavior can affect an individual’s evaluation of
a behavior [67–69]. Schepers and Wetzels [70] also emphasized the important role of SN
in the context of the technology acceptance behavior, and they proved the causal effect of
SN on AT towards using new technology. In other words, if individuals perceive that it is
socially acceptable for others to adopt new technologies, they tend to have a favorable AT
towards using the new technologies themselves. The current study hypothesized the effect
of SN on AT, which is based on the discussions above.

Hypothesis 5 (H5). SN positively affects AT.

2.4. Moderating Impact of Novelty Seeking

Novelty seeking is the stimulus that consumers with a high level of innovativeness
desire to try unusual/novel products [37]. It can motivate consumers to try new things
which they would not consume in their ordinary lives [71]. Consumers who are seeking
novelty are experimental, and they try new stimulating challenges, such as purchasing new
products or services that they have not experienced [39]. Consumers with high novelty
seeking tend to look favorably on technology [72], so the investigation of the consumers’
novelty seeking is important in regard to new technology-based products/services. Hwang
et al. [73] discovered that consumers with high novelty seeking have favorable attitudes
towards using drone delivery services when ordering food. However, Kim et al. [36]
identified that novelty seeking has no statistically significant effect on the overall image
of robotic restaurants, whereas quality and hedonic experience seeking are important
in regard to forming the overall image. Restaurants inherently provide good quality
foods and services, so novelty seeking might not directly influence the evaluation of new
technology-based restaurants.

Some studies in consumer behavior focused on the concept of novelty seeking as a
moderator as opposed to a predictor. For example, Ji et al. [74] found that the consumers’
novelty seeking significantly strengthened the effect of the neophilic tendency on food
satisfaction. Wong and Zhao [75] also identified that high-novelty seekers show a greater
path coefficient of the relationship between frequency of visits and travel spending than
low-novelty seekers. These types of studies demonstrated the moderating roles of novelty
seeking that strengthen positive relationships in regard to consumer behavior, but there are
no studies where novelty seeking weakens a negative relationship.
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Novelty seeking is also regarded as an important factor in the risk-taking behavior
context [76–78]. Berlyne [40] stated that an individual who seeks novelty is more willing
to try new products/services and take risks. Zuckerman and Neeb [79] also support this
finding by delving into the different dimensions of sensation seeking and discussing its
implications in various areas of life, which include risk-taking behavior. This means that
novelty seeking can weaken it despite perceiving certain behaviors as being negative due to
potential risks. It can be inferred that consumers perceive the risks of ISFR, but consumers
with high novelty seeking would have more favorable attitudes towards using ISFR than
consumers with low novelty seeking. The current study thus proposed the hypothesis
below in regard to the moderating role of novelty seeking.

Hypothesis 6 (H6). Novelty seeking weakens the negative effect of perceived risks on AT.

3. Methods
3.1. Quantitative Approach

The current study employs a quantitative methodology in order to test research
hypotheses. First, this study proposes the hypothesis model in Figure 1, which follows
the proposed hypotheses. Closed-ended questions were used in order to measure the
main constructs of this study for the quantitative analysis. An exploratory factor analysis
(EFA) was conducted in this study according to Churchill’s [80] procedure in order to
determine the sub-dimensions of the perceived risks. The EFA was conducted using
a principal component analysis (PCA) by using SPSS 22.0 software. Next, this study
conducted the two-step approach by Anderson and Gerbing [81], which first involved
testing a measurement model using a confirmatory factor analysis (CFA) in order to verify
the data fit/quality. After that, structural equation modeling (SEM) was used in order to
test the causal relationships. Lastly, a multiple-group analysis was performed in order to
test the moderating role of novelty seeking. The CFA, SEM, and multiple-group analysis
were performed using AMOS 22.0 software.
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3.2. Mesures

The current study employed measurement items that were drawn from prior studies.
First, perceived risks, which include psychology, quality, financial, and time, employed
12 items that were drawn from Choe et al. [19] and Hwang et al. [21]. Second, the four
constructs of the TPB, which include attitude, subjective norm, perceived behavioral control,
and behavioral intentions, each employed three items, and a total of twelve items were
drawn from Ajzen [18] and Joo et al. [16]. Lastly, novelty seeking employed three items that
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were drawn from Hwang et al. [73] and Kim et al. [36]. A total of 27 items were measured
by using a 7-point Likert scale (1: strongly disagree–7: strongly agree).

3.3. Data Collecting

The online data for this study was collected from South Korean consumers via a
survey conducted by a prominent surveying company. The survey company boasts a vast
panel of 1.5 million participants. A total of 5792 panel members who had dined out in the
past six months were selected to receive an email survey, and 330 among them chose to
participate in the survey. The respondents were asked to watch videos about smart farms
for approximately three minutes and read articles about ISFR technology prior to starting
the survey. The respondents were provided with a reward, which was valued less than
US$1, when they completed the survey. The current study removed 16 outliers due to
multivariate problems by testing the Mahalanobis distance, so 314 samples were used for
the statistical analysis.

4. Results
4.1. Frequency Analysis

The profiles of the respondents are shown in Table 1. The male and female respondents
each had the same proportion at 50% (n = 147) out of the 314 respondents. The average age
of the respondents was 36.89 years. The majority of the respondents (53.2%) were single
(n = 167) and 61.8% had a bachelor’s degree (n = 194).

Table 1. Profile of survey respondents (n = 314).

Variables n %

Gender
Male 157 50.0
Female 157 50.0

Age (Mean = 36.89)
20s 92 29.3
30s 96 30.6
40s 95 30.3
50s 31 9.9

Monthly income
Under US$2000 54 17.2
US$2001–3000 88 28.0
US$3001–4000 69 22.0
US$4001–5000 42 13.4
Over US$5001 61 19.4

Marital status
Single 167 53.2
Married 136 43.3
Widowed/Divorced 11 3.5

Education level
Less than high school diploma 33 10.5
Associate degree 48 15.3
Bachelor’s degree 194 61.8
Graduate degree 39 12.4

4.2. Principal Component Analysis (PCA)

The current study employed a PCA in order to assess the perceived risks associated
with ISFR, which is presented in Table 2. The PCA results revealed the extraction of four fac-
tors with eigenvalues that exceeded 1.0, which included the psychological, quality, financial,
and time risks, and which were consistent with the existing theoretical background. The
Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy yielded a value of 0.861, which
indicated the suitability of the factor model. Moreover, the factor model accounted for
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89.404% of the variance. All items demonstrated factor loadings higher than 0.767. Lastly,
Cronbach’s alpha values exceeded 0.70, which indicated a high level of reliability [82].

Table 2. PCA for the PRT in the ISFR context.

Variables Factor
Loading

Eigen
Value

Explained
Variance Cronbach’s a

Perceived risk theory
Psychological risk 2.973 24.779 0.960

PR1 0.924
PR2 0.949
PR3 0.926

Quality risk 2.850 23.746 0.964
QR1 0.864
QR2 0.855
QR3 0.888

Financial risk 2.642 22.017 0.919
FR1 0.880
FR2 0.767
FR3 0.904

Time risk 2.263 18.862 0.880
TR1 0.929
TR2 0.937
TR3 0.907

Note: Total explained variance = 89.404%, KMO measure of sampling adequacy = 0.861, Bartlett’ test of sphericity
(p < 0.001), and measurement scales are presented in Appendix A.

4.3. Conceptual Model Revision

The PCA extracted the four perceived risks of ISFR and confirmed their reliability, so
the research model was revised (see Figure 2).
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4.4. Confirmatory Factor Analysis (CFA)

The current study conducted the CFA by using the maximum likelihood estimation
(MLE) (see Table 3). All standardized factor loadings were equal or greater than 0.743 and
significant at p < 0.001.
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Table 3. CFA: items and loadings.

Construct and Scale Items Standardized Loading a

Perceived risk theory
Psychological risk

PR1 0.950
PR2 0.962
PR3 0.919

Quality risk
QR1 0.930
QR2 0.973
QR3 0.942

Financial risk
FR1 0.891
FR2 0.849
FR3 0.932

Time risk
TR1 0.935
TR2 0.861
TR3 0.849

Theory of planned behavior
Attitude towards to ISFR

AT1 0.840
AT2 0.900
AT3 0.882

Subjective norm
SN1 0.887
SN2 0.939
SN3 0.953

Perceived behavior control
PBC1 0.743
PBC2 0.798
PBC3 0.837

Behavior intentions
BI1 0.887
BI2 0.907
BI3 0.874

Note: a All factors loadings are significant at p < 0.001 and measurement scales are presented in Appendix A.

The results indicated that the model fits the data well (χ2(221) = 484.627, χ2/df = 2.193,
p < 0.001, IFI = 0.963, CFI = 0.963, TLI = 0.953, and RMSEA = 0.062) [81,83], which is
presented in Table 4. The results showed that the internal consistency (CR > 0.7), con-
vergent validity (AVE > 0.5), and discriminant validity (correlation2 < AVE) satisfied the
thresholds [84,85].

4.5. Structural Equation Modeling (SEM)

The one-factor test, suggested by Harmon, was used in order to test if a common
method bias (CMB) exists in the current study before SEM [86]. The test revealed that total
variance was accounted for by a single factor less than 0.5, so there was no CMB issue. The
current study conducted an SEM using the MLE, and the result is shown in Table 5. The
results indicated that the model fits the data well (χ2(237) = 609.820, χ2/df = 2.573, p < 0.001,
IFI = 0.948, CFI = 0.947, TLI = 0.939, and RMSEA = 0.071) [81,83]. The results also indicated
that six paths were statistically significant, and two paths were not. PR (β = −0.247 and
t = –3.876) and QR (β =−0.229 and t = –3.418) more specifically negatively affect AT, so H1a
and H1b were supported. However, FR and TR had no significant effects on AT (p > 0.05),
so H1c and H1d were rejected. AT (β = 0.457 and t = 8.644), SN (β = 0.176 and t = 3.661),
and PBC (β = 0.574 and t = 9.617) positively influence BI in the TPB, and SN (β = 0.430 and
t = 7.859) also positively affect AT. Thus, H2, H3, H4, and H5 were also supported.
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Table 4. CFA: items and loadings.

Mean (SD) AVE (1) (2) (3) (4) (5) (6) (7) (8)

(1) Quality risk 2.60 (1.51) 0.89 0.96 a 0.54 b 0.25 0.43 0.27 0.09 −0.22 −0.35
(2) Financial risk 3.71 (1.49) 0.90 0.26 c 0.96 0.38 0.50 −0.27 0.05 −0.06 0.22
(3) Time risk 4.69 (1.42) 0.79 0.06 0.14 0.92 0.55 −0.06 −0.07 −0.15 −0.11
(4) Psychological risk 4.08 (1.42) 0.78 0.19 0.25 0.30 0.91 −0.12 −0.10 −0.22 −0.23
(5) Attitude 5.80 (1.09) 0.77 0.07 0.07 0.00 0.01 0.91 0.39 0.41 0.65
(6) Subjective norm 4.44 (1.30) 0.86 0.00 0.01 0.01 0.01 0.15 0.95 0.44 0.49
(7) Perceived behavior control 5.04 (1.26) 0.63 0.00 0.05 0.02 0.05 0.17 0.19 0.84 0.76
(8) Behavior intentions 5.28 (1.08) 0.79 0.05 0.12 0.01 0.05 0.42 0.24 0.58 0.92

Goodness-of-fit statistics: χ2(221) = 484.627, p < 0.001, χ2/df = 2.193, IFI = 0.963, CFI = 0.963, TLI = 0.953, and
RMSEA = 0.062. Notes 1: SD = Standard deviation, AVE = Average variance extracted, IFI = Incremental fit index,
CFI = Comparative fit index, TLI = Tucker–Lewis index, and RMSEA = Root mean square error of approximation.
Notes 2: a composite reliabilities are along the diagonal, b correlations are above the diagonal, and c squared
correlations are below the diagonal.

Table 5. The results of SEM.

Coefficients t-Value Hypothesis

H1a Psychological risk → Attitude −0.248 −3.876 *** Supported
H1b Quality risk → Attitude −0.229 −3.418 *** Supported
H1c Financial risk → Attitude 0.059 0.360 ns Not supported
H1d Time risk → Attitude 0.106 0.111 ns Not supported
H2 Attitude → Behavioral intentions 0.457 8.644 *** Supported
H3 Subject norm → Behavioral intentions 0.176 3.661 *** Supported
H4 Perceived behavior control → Behavioral intentions 0.574 9.617 *** Supported
H5 Subject norm → Attitude 0.430 7.859 *** Supported

Goodness-of-fit statistics: χ2(237) = 609.820, p < 0.001, χ2/df = 2.573, IFI = 0.948, CFI = 0.947, TLI = 0.939,
and RMSEA = 0.071. Notes 1: *** p < 0.001 and ns = not significant. Notes 2: IFI = Incremental fit index,
CFI = Comparative fit index, TLI = Tucker-Lewis index, and RMSEA = Root mean square error of approximation.

4.6. Multiple-Group Analysis

The current study performed a multiple-group analysis in order to test the moderating
role of novelty seeking in the relationship between perceived risks and AT. The data
(n = 314) from this study was distinguished into two groups according to the average
value of novelty seeking: (1) consumers with a high level of novelty seeking (n = 159) and
(2) consumers with a low level of novelty seeking (n = 155). The nested model comparisons
test was conducted before multiple-group analysis, and the result satisfied the threshold
that the ∆CFI between the unconstrained and measurement weights is lower than 0.01 [87].
The chi-square difference (∆χ2) between the unconstrained and constrained models was
used in order to identify the moderating effect, and ∆χ2 should be greater than 3.84 to
support it, for which the result is shown in Table 6. The results indicated that ∆χ2 in the
unconstrained and constrained models were found to be statistically significant at the
0.05 level in the relationship between psychological risk and attitude (∆χ2 = 11.237), so H6a
was supported. However, the other relationships, which included quality risk—attitude,
financial risk—attitude, and time risk—attitude, revealed that their ∆χ2 are less than 3.84,
so H6b, H6c, and H6d were rejected. The results of the current paper are summarized
in Figure 3.
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Table 6. Results for the moderating impact of novelty seeking.

Novelty Seeking Unconstrained
Model
χ2 (474)

Constrained
Model
χ2 (475)

∆χ2 (1) = 3.84High Low

β t-Value β t-Value

H6a PR→A −0.018 −0.183 ns −0.361 −4.253 ***

912.598

923.835 11.237 S

H6b QR→A −0.356 −3.597 *** −0.176 −1.873 ns 912.652 0.054 NS

H6c FR→A 0.015 0.163 ns 0.120 0.177 ns 913.724 1.126 NS

H6d TR→A 0.052 0.546 ns 0.083 0.357 ns 912.850 0.252 NS

Notes 1: PR = Psychological risk, QR = Quality risk, FR = Financial risk, TR = Time risk, and A = Attitude.
Notes 2: *** p < 0.001, ns = not significant, S = supported, and NS = not supported.
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5. Conclusions
5.1. Discussions

The current study constructs a theoretical framework that focuses on the consumers
of ISFR by integrating the PRT into the TPB. The constructed framework was strengthened
by postulating the moderating role of novelty seeking in the effects of perceived risks on
attitudes. The proposed hypotheses were tested by performing a quantitative methodology.
The results revealed that psychological and quality risks negatively affect AT, SN positively
affects AT, and the three predictors of TPB, which include AT, SN, and PBC, positively affect
behavioral intentions. Lastly, the moderating impact of novelty seeking was discovered in
the relationship between psychological risk and attitude. In other words, the consumers’
concerns about the psychological and quality aspects of ISFR evoke unfavorable attitudes,
and the consumers’ novelty-seeking characteristics weaken the negative effect of psycho-
logical risk on AT. Also, the consumers’ AT, SN, and PBC play a positive role in regard to
forming behavioral intentions in the context of ISFR.

The effect of SN on BI is often rejected in the green food purchases context [16,88,89].
Nevertheless, subjective norms can also play a crucial role in the technology acceptance be-
havior context [68]. This study demonstrated that the ISFR consumers’ SN forms BI from the
perspective of technology acceptance behavior as opposed to pro-environmental behavior.

However, the two hypotheses of the negative effects of financial and time risks on
AT were statistically rejected. These results are not in line with Hwang et al. [21]. Their
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study revealed that the financial and time risks of robotic restaurants had negative effects
on AT. The current study and their study involve investigations into the context of new
technology-based restaurants, but they have subtle differences. One of the advantages of
smart farms is economics, which is according to productivity, so the consumers’ perceived
financial risks might be not important in regard to forming attitudes towards ISFR. On
the other hand, consumers might perceive that companies can provide robot services at
expensive prices, because the robots require significant initial investments in regard to
research and development. Thus, the financial risk of robot services might play a crucial role
in regard to forming negative AT during the initial stages of implementation. Nonetheless,
the financial risk of robot services is not presently important in regard to forming AT,
because robot services have more labor cost-effectiveness compared to human staff and tips
are not required [90,91]. In addition, consumers may take time to learn how to use robot
services when they plan to dine out at robotic restaurants, which is unlike ISFR. Planning
to dine out at an ISFR also takes time, which includes searching for information about
ISFRs as well as finding the restaurants. Also, the consumers do not have to be burdened
with learning how to use technology, such as kiosks or robots. Thus, it may result in the
time risk of an ISFR not playing a negative role in regard to forming AT, which is unlike
robot services.

5.2. Theoretical Implications

First of all, the current study applied the PRT in the ISFR context for the first time. This
study focused on the perceived risks of ISFR, and it adopted four types of perceived risks,
which included psychological, quality, financial, and time risks. These risks are among
the six types of perceived risks which were suggested by Mitchell [24] according to the
research background. The result of the principal component analysis indicated that the four
risks were successfully extracted, and the result of the SEM revealed that the psychological
and quality risks had statistically negative effects on AT. This study presents theoretical
contributions by empirically identifying the negative predictors of AT towards ISFR.

Secondly, the current study successfully applied a comprehensive framework that
merged the PRT and the TAM in the context of ISFR. The TPB might not be able to fully
predict consumer behavior, because it was limited to only three predictors. As a result, this
study successfully incorporated this theory and the PRT in the context of ISFR. This study
is not like the previous study, which focused on pro-environmental behavior [16].

Lastly, the present study empirically proved the moderating role of novelty seeking
in the relationship between perceived risks and AT for the first time. The extant studies
have a limitation in regard to identifying the moderating role of novelty seeking only in a
positive relationship [74,75]. An individual who seeks novelty is more willing to try new
products/services as well as take risks, so this study hypothesized that novelty seeking
weakens the negative effect of perceived risks on attitudes. The result of the multiple
group analysis revealed that the moderating role of novelty seeking was discovered in the
relationship between psychological risk and AT. The path coefficient of the consumers with
a high level of novelty seeking was specifically less negative than the path coefficient of the
consumers with a low level of novelty seeking, which presents the theoretical contributions
as empirically finding that the moderator weakened the negative effect of perceived risks
in the context of new technology acceptance behavior.

5.3. Practical Suggestions

First, the psychological risk of ISFR is a negative factor in regard to forming AT.
Consumers can feel anxiety towards food-tech products, such as genetically modified
foods, cultured meat, and ISFR menus. ISFR is a much safer food option because it
cultivates natural plant seeds, which is unlike genetically modified foods and cultured
meat. Marketers should highlight this advantage when they plan advertisements in regard
to promoting ISFR. Nonetheless, consumers can feel some psychological apprehension
about new technology, so the marketers should reduce this apprehension for novelty items.
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Emphasizing ISFR as a new type of restaurant in the fourth industrial revolution era as
well as the research and development of seasonally new menus are suggested.

Second, the quality risk of ISFR also negatively affects AT. The food ingredients that
are used in ISFR are organic and fresher than commercial agriculture because smart farms
produce vegetables in the store without pesticides. Managers should actively promote
the high quality of the ingredients on the menus and the promotional materials in their
stores. They can also collaborate with celebrity chefs to develop new menu items in order
to reduce the perceived quality risks that are associated with ISFR.

Third, the SN of using ISFR can positively influence attitudes and behavioral intentions.
This means that subjective norms play a crucial role in regard to forming technology
acceptance behavior. Marketers can plan promotional content with social influencers, such
as cooking/foodie YouTubers in order to enhance SN.

Furthermore, marketers can consider social media as a marketing tool in order to
conduct these types of suggestions. Social media marketing plays a crucial role in regard to
forming consumers’ trust in brand products [92]. Social media can be a suitable channel
for advertisements to reduce psychological risks and collaborate marketing with celebrity
chefs in order to reduce the quality risk. In addition, social media influencer marketing can
also aid in regard to enhancing consumers’ SN.

Lastly, PBC also has a positive effect on behavioral intentions. The commercialization
of ISFR and the establishment of a market environment are necessary in order to enhance
this non-volitional behavior. For instance, ISFR restaurateurs can consider the various types
of ISFR by including a low-cost restaurant chain that offers various pricing options from
more locations.

5.4. Limitations and Further Study Suggestions

First, the current study collected data from only South Korean respondents. One
suggestion is for future studies to focus on cross-cultural differences in order to overcome
the limitation of generalization. Second, the respondents were potential consumers and this
study used a structured questionnaire. Future research can consider an exploratory study
by conducting qualitative methods in order to discover barriers to consumer behavior in
addition to psychological and quality risks. It can also consider a study on the predictors of
customer satisfaction and loyalty by collecting data from actual visitors. Third, this study
only focused on PRT as a negative predictor of AT. Consumers tend to fear and mistrust
new technology-based food products, and this notion is called food technophobia [58,93].
Consumers with high food technophobia may perceive more risks and have more negative
AT than customers with low food technophobia. It can also be hypothesized that this phobia
strengthens the effect of risk perception. This study suggests that future research should
consider this phobia in the new technology-based food industry context. Lastly, cultured
meat technology is also regarded as innovative food tech in addition to smart farming. The
Guardian [94] in fact reported that the world’s first cultured meat restaurant emerged in
Israel. Future research can plan a comparative study between ISFR and restaurants by
using cultured meat.
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Appendix A. Measurement Items

(PR1)
The thought of dining out at ISFR makes me feel psychologically
uncomfortable because of worries about dissatisfaction.

(PR2)
The thought of dining out at ISFR causes me to experience
unnecessary tension.

(PR3) The thought of dining out at ISFR gives me a feeling of unwanted anxiety.

(QR1) I worry about finding a lower quality of ISFR than I expected.

(QR2) I am concerned with the quality of ISFR.

(QR3) I worry because of the low quality of ISFR.

(FR1) I worry that an additional fee must be paid for dining out at ISFR.

(FR2)
I worry that the concept of dining out at ISFR would be more expensive than
I expected.

(FR3) I worry that dining out at ISFR would involve unexpected extra expenses.

(TR1)
I am worried that planning (e.g., gathering information and finding the
restaurants, etc.) for dining out at ISFR would take too much time.

(TR2) I am worried that planning for dining out at ISFR would be a waste of time.

(TR3) I am worried that planning for dining out at ISFR would take a long time.

(AT1) Unfavorable—Favorable

(AT2) Bad—Good

(AT3) Negative—Positive

(SN1)
Most people who are important to me would think that I should try ISFR
when I dine out.

(SN2)
Most people who are important to me would want me to visit ISFR when I
dine out.

(SN3)
Most people who are important to me would prefer that I visit ISFR when I
dine out.

(PBC1) Whether or not I visit ISFR when I dine out is completely up to me.

(PBC2) I am confident that if I want, I can visit ISFR when I dine out.

(PBC3) I have resources, time, and opportunities to visit ISFR when I dine out.

(BI1) I will visit ISFR when I dine out.

(BI2) I am willing to visit ISFR when I dine out.

(BI3) I am likely to visit ISFR when I dine out.
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