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Abstract

:

Although innovative robotic technology plays an important role in the restaurant industry, there is not much research on it. Thus, this study tried to identify how to form behavioral intentions using the concept of perceived innovativeness in the context of robotic restaurants for the first time. A research model comprising 12 hypotheses is evaluated using structural equation modeling based on a sample of 418 subjects in South Korea. The data analysis results show that perceived innovativeness is an important predictor of the customers’ attitude, which in turn has a significant effect on desire. In addition, desire exerts a positive influence on intentions to use and willingness to pay more. Lastly, perceived risk moderates the relationships between (1) desire and intentions to use and (2) desire and willingness to pay more. Based on the above statistical results, important theoretical and managerial implications are presented.
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1. Introduction


Innovative technology affects organizations and entire industries [1]. Recently, innovative robotic technology has been attracting worldwide attention. Companies have heavily invested in robotic technology to replace repetitive and tedious tasks with innovative technologies [2,3]. Furthermore, such robotic technology plays an important role in improving the quality of service industry-wide [4,5], including the restaurant industry which, is making increasing use of robotic technology [6,7]. The many issues of the restaurant industry, such as congestion during high volume times or having enough qualified servers, can be overcome by robotic technology systems [8]. In particular, robotic technology has a significant effect on lowering labor costs, with its capability for welcoming visitors, taking orders, cooking food, and even serving food [9]. A restaurant that uses robotic technology to provide services for its customers is called a robotic restaurant [10]. Even though robotic restaurants are commercially available all over the world, relevant academic research has remained inadequate [11,12].



The innovativeness of new products/services such as robotic restaurants is critical for building a successful business model because it significantly affects the consumer’s decision-making process in the adoption of the new products/services [13,14]. When consumers perceive a high level of innovativeness from a new product/service, they tend to try the new product/service. From the consumers’ point of view, perceived innovativeness is a company’s effort to satisfy the needs of consumers who are eager to have new technology-based services [15]. More importantly, understanding the perceived innovativeness of new products/services is very meaningful and important, because it is directly related to a company’s financial condition [16,17]. Even though perceived innovativeness is significant, there is no research about it in the field of robotic restaurants.



Perceived risk has a large influence on consumers’ adoption of new technology-based services [18,19]. Perceived risk means worrying about the negative consequences of buying a new product [20]. For instance, if consumers perceive high risks regarding using robotic restaurants, they are less likely to use the restaurants than those who perceive low risks regarding using the restaurants, which suggests that perceived risk plays an important moderating role and that consumers’ decisions on whether to use new technology-based services are affected by the level of perceived risk. Thus, this study investigated the moderating role of perceived risk in the context of robotic restaurants for the first time.



In summary, the current study attempts to fill in the gaps in the literature outlined above by empirically investigating the importance of perceived innovativeness in robotic restaurants. More specifically, the study objectives are to (1) identify the influences of perceived innovativeness on attitude; (2) identify the effects of attitude on desire and behavioral intentions, which include intentions to use and willingness to pay more; (3) identify the relationship between desire and behavioral intentions; and (4) identify the moderating role of perceived risk in the proposed model.




2. Literature Review


2.1. Background of Robotic Restaurants


In the fourth industrial revolution, we are witnessing significant advances globally with robotics, which has impacted management systems [3,21], particularly in the service industry. Since the service sector industry contributes to 65% of the worldwide GDP [22], the service robotics market automation is increasing quicker than in other sectors, so it is a fundamental and integral sector [23]. The sales volume of service robots expanded by 39% to 6.6 billion dollars from 2016 to 2017 [24]. In the restaurant industry, robotics are also attracting attention because they help to minimize expenses by raising efficiencies in terms of the speed of the service, order processing, and labor and stock management [7,8], so there are currently many robotic restaurants worldwide.



For example, in April 2010, a new Japanese Hajime robot eatery opened in Thailand, which had four robot waiters as part of the staff. At every stall, the customers sat along an aisle with an easily used touch screen which they could use to submit their orders. Once the food was prepared, the rolling robots rolled down to the kitchen and brought back the customer’s order [7]. The Korean Advanced Institute of Science and Technology has been experimenting with developing an emotionally interactive service robot for the restaurant industry by utilizing emotional interaction technologies between humans and robotics. The touch screens on the robots have a service menu application, which contains various applications for the customers. The service menu has information, such as weather and news, and entertainment, such as games and videos [7]. In November 2018, the enormous online Chinese retailer JD.com opened the first completely automated robotic restaurant that included all processes, such as ordering, preparing food, cooking, plating, and waiting tables. The company reported plans to create up to 1000 more of these places by 2020 [1].



Robotic automation can perform some of the more difficult service jobs, such as being a culinary specialist or a barista in a coffeehouse or other eateries. For instance, robotic bartenders have been installed on the newest Royal Caribbean Cruises, which were able to blend two beverages per minute, to offer a menu of 21 different mixed drinks, and to deal with customer orders [25]. Another cafe opened in February 2018 in the business area of Shibuya, Tokyo, Japan, with a one-armed robot named Sawyer acting as a barista. The robot takes orders and can converse with the customers. Sawyer can serve up to five clients and only takes a couple of minutes to complete an order [1]. Moreover, Moley Robotics, which is a robotics company, has created a humanoid culinary expert known as The Moley Robotic Kitchen. It can learn and emulate the movements of a human chef preparing and cooking a requested meal. The results found that the dishes are cooked more consistently in terms of quality than those that were created by a human gourmet expert [26]. The Moley Robotic Kitchen has the ability to prepare more than 100 distinct dishes while giving boundless access to many different gourmet specialists and their recipes [27]. Its advantage is that the cooking procedures are accurately and precisely set and then followed exactly and precisely step-by-step every time without mistake. However, the only deviation in food quality is due to the quality of the raw ingredients provided to the robotic chef [28].



In summary, the restaurant industry is a diverse and exceptionally competitive field that is one of the quickest developing service segments with the potential development of new technologies [29,30]. Thus, robotic restaurants are essential to improve the service quality and the efficient management in the restaurant industry [9,31]. Therefore, robotic restaurants are expected to continue to develop, but there is very little research them it in the literature.




2.2. Perceived Innovativeness


Research related to perceived innovativeness in the context of new technology has been going on continuously [32,33,34,35]. In particular, the importance of the concept is becoming more prominent during the fourth industrial revolution. Perceived innovativeness refers to “the degree to which consumers believe that the product possesses important attributes of innovation such as newness and uniqueness” [36] (p. 266). The original and creative attributes of products/services are the significant standards to evaluate the level of perceived innovativeness [37]. Perceived innovativeness originated from the theory of innovativeness [38], which suggests that the individual’s level of innovativeness aids in attaining better solutions to problems. When consumers perceive high levels of innovativeness from new high-tech products, they believe that the products are superior to the existing products. Thus, perceived innovativeness is considered a key factor to make advanced market strategies [13,39], which helps to distinguish a particular company from competitive companies [40].



In the new technology industry, perceived innovativeness has a large effect on the growth and development of the company, because it is the most important evaluation criterion of new technology-based products [41]. Pappu and Quester [42] also suggested that perceived innovativeness has a direct impact on a company’s sales in the high-technology industry, so it is essential to survive the fierce competition. Empirical research has also demonstrated the correlation between perceived innovativeness and firm performance. For instance, Kleinschmidt and Cooper [43] suggested that highly innovative products lead to a greater return on investment when compared with moderately innovative products. In addition, Langerak and Hultink [44] showed that perceived innovativeness has a significant impact on the purchase decision-making process and consequently improves corporate performance. Jalilvand [17] also argued that perceived innovativeness is central to a hospitality firm’s success because it is a key factor that affects a hotels’ performance. Parida et al. [45] found that perceived innovativeness plays an important role in improving corporate performance.




2.3. Effect of Perceived Innovativeness on Attitude


First, the current study examined the influence of perceived innovativeness on customers’ attitudes towards using robotic restaurants. Attitude is defined as “the degree to which a person has a favorable or unfavorable evaluation or appraisal of the behavior” [46], which suggests that attitude reflects a consumer’s favorable or unfavorable appraisal of a certain action [47,48]. More importantly, attitude towards a certain product/service can be generated by an individual’s second-hand experiences, such as prior knowledge or information regarding the products/services, even though he/she has no experience of using the products/services [49]. In the same vein, Ajzen and Fishein [50] suggested that subjective beliefs play a critical role in the formation of attitude towards a certain product/service. Thus, it can be proposed that perceived innovativeness, which is deemed a subjective belief, has a significant influence on individual attitude.



Prior empirical studies also suggested the effect of perceived innovativeness on attitude. For instance, Watchravesringkan et al. [36] developed a theoretical model to identify how perceived innovativeness helps to enhance attitudes, both utilitarian and hedonic, using 268 subjects in the field of technological fashion products. They indicated that perceived innovativeness is a significant factor that affects the two dimensions of attitude. Boisvert and Ashill [51] also investigated the effect of perceived innovativeness on attitude using 664 subjects in the service industry. The results of the data analysis showed that there is a positive relationship between perceived innovativeness and attitude. More recently, Hwang, Lee et al. [13] tested the role of perceived innovativeness in the formation of attitude using 324 subjects in the context of drone food delivery services, and they suggested that perceived innovativeness positively affects attitude. When consumers perceive that drone food delivery services are innovative, they are more likely to have a favorable attitude towards using the services. Based on the theoretical and empirical backgrounds that are discussed above, the following hypothesis is proposed:



Hypothesis 1 (H1).

Perceived innovativeness has a positive influence on attitude.






2.4. Effect of Attitude on Desire


Second, this study proposed the effect of attitude on desire. Desire is defined as “a state of mind whereby an agent has a personal motivation to perform an action or to achieve a goal” [52] (p. 71). Desire is generated through a favorable or unfavorable assessment, and has a strong influence on the consumers’ future behavioral intentions [53]. Similarly, the model of goal-directed behavior (MGB) suggested that consumers have a greater desire to take a certain action when they have a favorable attitude towards the action [54].



Previous research also provided the rationale for the relationship between attitude and desire. For instance, Lee et al. [55] examined the relationship between attitude and desire using 397 subjects in the tourism industry. They found that when tourists have a favorable attitude toward visiting a certain destination, they desire to visit the destination. In addition, Han and Yoon [56] analyzed 384 subjects in order to examine how attitude affects desire in the hotel industry. They showed that when hotel guests have a good attitude towards using an environmentally responsible hotel, they have a greater desire to use the hotel. Hwang, Kim, and Kim [57] explored the effect of attitude on desire using 320 subjects in the context of drone food delivery services. Their data analysis results revealed a positive relationship between attitude and desire. That is, if consumers have a positive attitude towards using drone food delivery services when ordering food, their desire to use the services is strong. Incorporating these theoretical and empirical backgrounds, this study proposes the following hypothesis:



Hypothesis 2 (H2).

Attitude has a positive influence on desire.






2.5. Effect of Attitude on Behavioral Intentions


Behavioral intentions refer to “a stated likelihood to engage in a behavior” [58] (p. 28). Prior studies have suggested the following two sub-dimensions of behavioral intentions that include intentions to use and willingness to pay more, either individually or collectively, in consumer behavior research [59,60,61]. Intentions to use are defined as “the degree to which a person has formulated conscious plans to perform or not perform some specified future behavior” [62] (p. 214), while the willingness to pay more refers to the maximum price a customer intends to pay for a product/service [63,64]. Existing theories, such as the technology acceptance model and the theory of planned behavior, argue that an individual’s behavioral intentions to use a certain product/service is formed by his/her favorable evaluation of the product/service [65,66], which suggests that attitude is a key predictor of behavioral intentions.



Previous studies in the consumer field also supported this argument. For example, Wu and Chen [67] explored the role of attitude as a predictor of behavioral intentions using 252 students who have taken massive open online courses. The data analysis results indicated that attitude has a positive influence on behavioral intentions. Meng and Han [68] developed a theoretical model in order to identify the relationship between attitude and behavioral intentions using 369 subjects in the tourism industry. They found that when tourists have a positive attitude towards working-holiday traveling, they are more likely to go working-holiday traveling in the future. In addition, Hwang and Kim [69] also examined how attitude affects behavioral intentions in the context of drone food delivery services. They analyzed 427 subjects and revealed that attitude plays a significant role in the formation of behavioral intentions. Based on the above discussions, the following hypotheses are proposed.



Hypothesis 3 (H3).

Attitude has a positive influence on intentions to use.





Hypothesis 4 (H4).

Attitude has a positive influence on willingness to pay more.






2.6. Effect of Desire on Behavioral Intentions


The MGB suggested that an individual’s behavioral intentions are generated from an internal stimulation, such as desire [52]. Similarly, the attention, interest, desire, and actions model showed that desire helps to enhance behavioral intentions [70,71]. For example, if a consumer has a greater desire to use robotic restaurants, he/she is more likely to use the restaurants.



Empirical research has also proved the relationship between desire and behavioral intentions. Esposito et al. [72] collected data from 400 young adult internet users in order to test the relationship between desire and behavioral intentions. They found that desire aids in enhancing behavioral intentions. Song et al. [73] investigated how desire affects behavioral intentions using 648 subjects in the tourism industry. The data analysis results indicated that desire plays an important role in the formation of behavioral intentions. Recently, Hwang, Cho, and Kim [74] developed a research model in order to examine the effect of desire on behavioral intentions using 397 subjects in the context of drone food delivery services. They suggested that when consumers have a greater desire to use drone food delivery services, they tend to use the services. Therefore, the following hypotheses are proposed.



Hypothesis 5 (H5).

Desire has a positive influence on intentions to use.





Hypothesis 6 (H6).

Desire has a positive influence on willingness to pay more.






2.7. Moderating Role of Perceived Risk


The concept of perceived risk was first introduced by Bauer [75], and many scholars have continued to use the concept to describe consumer behavior in the field of new technology-based services that include electronic commerce, e-services, internet banking, mobile payments, and online shopping [18,74,75,76,77,78,79]. Cox and Rich [80] (p. 33) defined perceived risk as “the nature and amount of risk perceived by a consumer in contemplating a particular purchase decision”. Perceived risk results from unexpected negative consequences for a new product/service, because consumers have had no previous experience with the product/service before [19], so the perceived risk is also known as “a possible loss” [81] (p. 54). Consumers are reluctant to purchase a new product/service if they perceive a high risk, even if the benefits of the product/service are significant [82,83]. Therefore, it is important to identify how the perceived risk of a new product/service affects the decision to purchase the product/service.



More importantly, perceived risk plays an important moderating role in the field of new technology, because the adoption of new technology-based products/services depends on the level of risk from the products/services perceived by the consumer [84,85]. Empirical studies have also supported this argument. For instance, Featherman and Fuller [86] explored the moderating role of perceived risk using the technology acceptance model in the context of e-payments. They found that as the level of perceived risk increases, the relationship between ease of use and perceived usefulness weakens. Chang and Chin [87] investigated perceived risk as a moderator using 396 subjects in the online shopping industry. They found that perceived risk plays an important moderating role in the relationship between recommendation sources and online purchase intentions. Ramanathan [88] analyzed the ratings for 490 websites in order to find the moderating role of perceived risk. The author suggested that the impact of the logistics performance on customer loyalty varied according to the level of perceived risk. Belanche, Casaló, and Guinalíu [89] examined the moderating role of perceived risk using 214 consumers in the online market industry. They found that perceived risk moderates the relationship between perceived usability and consumer satisfaction. Based on the theoretical and empirical backgrounds, the following hypotheses are proposed.



Hypothesis 7a (H7a).

Perceived risk moderates the relationship between perceived innovativeness and attitude.





Hypothesis 7b (H7b).

Perceived risk moderates the relationship between attitude and desire.





Hypothesis 7c (H7c).

Perceived risk moderates the relationship between attitude and intentions to use.





Hypothesis 7d (H7d).

Perceived risk moderates the relationship between attitude and willingness to pay more.





Hypothesis 7e (H7e).

Perceived risk moderates the relationship between desire and intentions to use.





Hypothesis 7f (H7f).

Perceived risk moderates the relationship between desire and willingness to pay more.






2.8. Proposed Model


The research model based on the hypotheses presented in the literature review section is proposed and shown in Figure 1.





3. Methodology


3.1. Measures


A questionnaire was developed based on the measurement items that have proven to be reliable and valid in previous studies (see Table A1 in the Appendix B). First, perceived innovativeness was measured with three items that were adapted from Fu and Elliott [90] and Hwang, Lee et al. [13]. Second, attitude was measured using the three items adapted from Bagozzi, Dholakia, and Basuroy [91]. Third, desire was measured with three items borrowed from Perugini and Bagozzi [92]. Fourth, the three measurement items for intentions to use were adapted from Zeithaml, Berry, and Parasuraman [93]. Fifth, willingness to pay more was measured using the three items employed by Kiatkawsin and Han [94]. Lastly, perceived risk was measured with three items adapted from Chen [95] and Hwang and Choe [96] (i.e., A robotic restaurant does not seem to perform well; The probability that something’s wrong with the performance of a robotic restaurant is high; Considering the expected level of performance of a robotic restaurant, it would be risky to use it). All of the questions were quantified using a seven-point Likert-type scale that ranged from strongly disagree (1) to strongly agree (7).




3.2. Data Collection


Before the main data collection, this study conducted a pretest using 50 restaurant customers in South Korea. The result of data analysis showed that the values of Cronbach’s alpha were higher than 0.07, which indicated a high level of reliability. In addition, an online survey was used for the main data collection through a survey company in South Korea. Since the background of this study is robotic restaurants, which are not yet active in South Korea, two videos, which clearly explain about a robotic restaurant, were provided to the respondents before the survey (see Figure A1 and Figure A2 in the Appendix A). An online survey was distributed to 1798 restaurant customers. Among them, 465 respondents participated in the survey. In addition, a Mahalanobis distance check and a visual inspection were employed to check the multivariate outliers among the 465 respondents, which resulted in 47 outliers being removed. As a result, 418 usable responses were retained for further analysis





4. Data Analysis and Results


4.1. Descriptive Statistics


Table 1 provides the demographic characteristics of the sample. In the collected data set (n = 418), 50.2% of the respondents were female (n = 210). The highest percentage of participants were in their 20s (n = 147, 35.2%). In addition, the average age was 36.74 years old. In terms of monthly household income, 27.8% (n = 116) reported a monthly house income that ranged from US $1001 to US $2000. In the case of marital status, the largest category was single (n = 229, 54.8%). Lastly, the majority of the respondents possessed a bachelor’s degree (n = 226, 54.1%).




4.2. Confirmatory Factor Analysis (CFA)


Table 1 provides the demographic characteristics of the sample. In the collected data set (n = 418), 50.2% of the respondents’ confirmatory factor analysis (CFA) was used in order to test the uni-dimensionality of the scales and validate the overall measurement model. The CFA results showed that the measurement model was proven to have a satisfactory fit to the data (χ2 = 235.255, df = 80, χ2/df = 2.941, p < 0.001, Normed Fit Index (NFI) = 0.970, Comparative Fit Index (CFI) = 0.980, Tucker–Lewis Index (TLI) = 0.974, and Root Mean Square Error of Approximation (RMSEA) = 0.068). The values of NFI, CFI, and TLI were greater than 0.9, which indicates an acceptable model fit [97]. In addition, an RMSEA value between 0.04 and 0.08 also shows an adequate model fit [97]. As shown in Table 2, all of the standardized loadings were equal to or higher than 0.750 and significant at p < 0.001.



As shown in Table 3, the values of all of the constructs’ average variance extracted (AVE) were higher than the 0.50 threshold value [98]. Considering the high standardized loadings of each variable and the acceptable AVE values of all of the constructs, the convergent validity was well achieved [99]. Additionally, the value of AVE for each construct was greater than the square of the coefficient representing its correlation with other constructs, which suggests a satisfactory discriminant validity [99]. Lastly, the values of all of the composite reliability indices exceeded the 0.70 threshold [100], which suggests high internal consistency. In summary, the CFA results indicated that there were no issues with convergent validity, discriminant validity, or reliability.




4.3. Structural Equation Modeling (SEM)


Structural equation modeling (SEM) was conducted to empirically assess the proposed hypotheses. The overall fit of the proposed model was adequate (χ2 = 240.971, df = 84, χ2/df = 2.869, p < 0.001, NFI = 0.970, CFI = 0.980, TLI = 0.975, and RMSEA = 0.067). Table 4 shows the detailed results from the hypothesis testing. The SEM results statistically supported five of the six hypotheses. More specifically, perceived innovativeness had a positive influence on attitude (β = 0.610, p < 0.05), so Hypothesis 1 was supported. Attitude enhanced desire (β = 0.818, p < 0.05) and intentions to use (β = 0.222, p < 0.05); hence Hypotheses 2 and 3 were supported. However, the result showed that there was no relationship between attitude and willingness to pay more, so Hypothesis 4 was not supported. Lastly, desire had a significant influence on intentions to use (β = 0.763, p < 0.05) and willingness to pay more (β = 0.722, p < 0.05); therefore, Hypotheses 5 and 6 were statistically supported.




4.4. Measurement-Invariance Assessment


Before checking the moderating role of perceived risk (Hypotheses 7a-f), a measurement invariance test was performed [101]. First, the respondents (n = 418) were separated by the median value of perceived risk into low (n = 223) and high (n = 195) perceived risk groups. As presented in Table 5, the non-restricted model (χ2 = 378.664, df = 160, p < 0.001, NFI = 0.952, CFI = 0.972, TLI = 0.963, and RMSEA = 0.057) and the full-metric invariance model (χ2 = 419.151, df = 175, p < 0.001, NFI = 0.947, CFI = 0.968, TLI = 0.962, and RMSEA = 0.058) had acceptable fit statistics. In addition, there was no significant difference between the non-restricted model and the full-metric invariance model (Δχ2 = 30.580 <¬ χ2 = 0.01(df =15) = 40.487), which suggests that full metric invariance was supported.




4.5. The Moderating Role of Perceived Risk


Multiple group analysis was conducted in order to empirically assess the moderating role of perceived risk [97]. Using the same method as the measurement-invariance assessment, the respondents were divided into two groups based on the median value of perceived risk, which included the low (n = 223) and the high (n = 195) perceived risk groups. The chi-square difference between the constrained and the unconstrained models was assessed by considering the difference in the degrees of freedom in order to statistically test the differential effects of the perceived risk between these two groups.



First, the results of the multiple-group analyses indicated that perceived risk plays a moderating role in the relationship between desire and intentions to use (Δχ2 = 4.125 > χ2 = 0.05(1) = 3.84, and df = 1), which supports Hypothesis 7e. More specifically, the path coefficient for the low perceived risk group (β = 0.798) was higher than that for the high perceived risk group (β = 0.717). Second, the moderating role of perceived risk in the relationship between desire and willingness to pay more was confirmed (Δχ2 = 7.553 > χ2 = 0.05(1) = 3.84, and df = 1). This result showed that the effect of desire on willingness to pay more was significantly different across the level of perceived risk, which supported Hypothesis 7f. The path coefficient between desire and willingness to pay more was 0.887 (p < 0.05) for the low perceived risk group and 0.581 (p < 0.05) for the high perceived risk group. However, contrary to our expectations, Hypotheses 7a (Δχ2 = 0.665 < χ2 = 0.05(1) = 3.84, and df = 1), 7b (Δχ2 = 1.658 < χ2 = 0.05(1) = 3.84, and df = 1), 7c (Δχ2 = 0.354 < χ2 = 0.05(1) = 3.84, and df = 1), and 7d (Δχ2 = 2.173 < χ2 = 0.05(1) = 3.84, and df = 1) were not statistically supported. Figure 2 presents the results of the multiple-group analyses.





5. Discussions and Implications


5.1. Theoretical Implications


First, the data analysis results verified the relationship between perceived innovativeness and attitude (β = 0.610 and p < 0.05), which can be interpreted as showing that when consumers feel that a robotic restaurant seems creative, they are more likely to have a favorable attitude towards using the restaurant. In the history of new technology research, scholars also found the significance of perceived innovativeness [13,36,51], which suggested that perceived innovativeness plays an important role in the formation of a favorable attitude towards using new technology-based services. Unlike previous studies, this study revealed for the first time that perceived innovativeness helps to enhance attitude in the context of a robotic restaurant. In this regard, this study confirmed and also extended the important role of perceived innovativeness by empirically finding the effect of perceived innovativeness on attitude.



Second, the data analysis results showed that attitude has a significant effect on desire (β = 0.610 and p < 0.05) and intentions to use (β = 0.610 and p < 0.05). In other words, when consumers have a positive attitude towards using a robotic restaurant, their desire to use the restaurant is stronger, and they are also more likely to use the restaurant when dining out. These findings are consistent with prior studies [56,67], which suggested that attitude is a critical factor that affects desire and intentions to use. When compared with the previous studies, the theoretical implications of these findings indicate that for the first time in the context of a robotic restaurant, the effect of attitude on desire and intentions to use was revealed.



Third, another important theoretical implication of this study involved finding the outcome variables of desire. Our results indicated the prominent role of desire by generating the two dimensions of behavioral intentions, which include intentions to use and willingness to pay more. It is widely accepted that desire is a personal motivation to take a certain action [52], which means that desire is an important predictor of behavioral intentions. The results of this study supported the argument. That is, when consumers desire to use a robotic restaurant when dining out, they are willing to use and pay more for the restaurant. Extending the role of desire to the field of a robotic restaurant is an important theoretical implication of this study.



Lastly, this study employed multiple-group analyses to test the moderating role of perceived risk. The results showed that perceived risk plays a moderating role in the relationship between (1) desire and intentions to use and (2) desire and willingness to pay more. These results can be interpreted as showing that when consumers have low levels of perceived risk of using a robotic restaurant desire to use a robotic restaurant, they are more likely to use and pay more for the restaurant. On the contrary, although consumers who perceived a strong risk of using a robotic restaurant have a greater desire to use the restaurant, they are less likely to use and spend extra for the restaurant. These study results are consistent with the results of previous studies [86,87,89], which indicate that perceived risk has a negative influence on behavioral intentions. Consequently, the current study confirmed and further extended the existing literature by empirically finding the moderating role of perceived risk in the context of a robotic restaurant for the first time.




5.2. Managerial Implications


First and foremost, restaurant companies operating a robotic restaurant are required to emphasize the innovativeness of the robotic restaurant to consumers. For example, it is recommended to emphasize that robot chefs cook according to pre-programmed recipes, so they can serve food quickly to the customers. In addition, human chefs can vary their food quality depending on their condition, but the robot chefs can provide foods with consistent quality under any circumstances. More importantly, chefs are often hurt by cooking accidents in restaurants. It is therefore worthwhile to emphasize that a robot chef is a solution to reduce the risk of such injuries. Lastly, robotic restaurants are also innovative in terms of food prices. It is widely known that labor costs are one of the highest costs in the restaurant industry [102]. In particular, in the case of Korea, the minimum wage is rising, which places a heavy burden on managers [103]. This rise in labor costs naturally leads to a rise in food prices. In this regard, robotic restaurants can reduce the burden on labor costs from managers and lower food prices as a result.



Second, this study found an important moderating role of perceived risk in the relationship between (1) desire and intentions to use and (2) desire and willingness to pay more. These results indicated that consumer behavioral intentions can vary depending on the level of perceived risk. In general, consumers who want to use new technology-based services are worried about unexpected negative consequences because they have no experience [104]. Thus, there is a need to emphasize to consumers through advertising or promotions that the risk of robotic restaurants is low. For example, it is recommended to show that a human waiter is able to manage 200 meals per day, and a robot waiter is able to manage between 300 and 400 meals per day without mistakes [105]. In addition, it is also good to inform consumers that a robotic chef can provide customers with food services without mistakes because it is based on AI systems [30,31]. These types of efforts would cause consumers to have low perceived risk.





6. Conclusions


The current study aimed to identify the importance of perceived innovativeness in the context of robotic restaurants. More specifically, this study proposed that perceived innovativeness helps to enhance attitude. In addition, it was hypothesized that attitude has a positive influence on desire, which in turn positively affects intentions to use and willingness to pay more. Lastly, the moderating role of perceived risk was proposed between each concept. Twelve hypotheses were evaluated based on a sample of 418 subjects in South Korea. The results of data analysis reveal that perceived innovativeness helps to enhance the customers’ attitude, which in turn positively affects their desire. In addition, desire has a positive influence on intentions to use and willingness to pay more. Lastly, perceived risk played a moderating role in the relationships between (1) desire and intentions to use and (2) desire and willingness to pay more.




7. Limitations and Future Research


Since this study was conducted in South Korea, it is difficult to apply the results of this study to other fields and regions. In particular, no robotic restaurants are operating in South Korea, so the study respondents had no actual experience of using a robotic restaurant. In order to overcome this issue, two videos that fully describe the robotic restaurant were shown, but in future studies, it would be more beneficial to conduct research with customers who have actually used a robotic restaurant. In addition, an online survey, as a convenience sampling technique that is commonly used in social science research, causes selection bias [106], so it would be better to use other types of data collection methods in future studies in order to reduce this bias. Lastly, all five variables were measured at the same time, so it could cause a common method bias. For this reason, it is recommended to collect data at different times in future research [107].
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Appendix A. Screenshots from the Two Videos
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Figure A1. In Robot Ramen restaurant where bots cook. Source from RT UK (2016) 
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Figure A2. Inside China’s first AI hot pot restaurant. Source from South China Morning Post (2018) 
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Appendix B. The Questionnaire


Please read each item carefully and circle the appropriate number which best reflects your true opinions or feelings.
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Table A1. The questionnaire.






Table A1. The questionnaire.





	
Measurement Items

	
Strongly Disagree

	
→

	
Neutral

	
→

	
Strongly Agree






	
Perceived innovativeness

	
-

	
-

	
-

	
-

	
-

	
-

	
-




	
A robotic restaurant seems unique.

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
A robotic restaurant seems new.

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
A robotic restaurant seems creative.

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Attitude (Attitude toward using robotic restaurants…)

	
-




	
Unfavorable—Favorable

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Bad—Good

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Negative—Positive

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Desire

	
-

	
-

	
-

	
-

	
-

	
-

	
-




	
I desire to use a robotic restaurant when dining out.

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
My desire of using a robotic restaurant when dining out is strong.

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
I want to use a robotic restaurant when dining out.

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Intentions to use

	
-

	
-

	
-

	
-

	
-

	
-

	
-




	
I will use a robotic restaurant when dining out.

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
I am willing to use a robotic restaurant when dining out.

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
I am likely to use a robotic restaurant when dining out.

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Willingness to pay more

	
-

	
-

	
-

	
-

	
-

	
-

	
-




	
I am likely to pay more for a robotic restaurant.

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
It is acceptable to pay more for a robotic restaurant.

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
I am likely to spend extra in order to use a robotic restaurant.

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Perceived risk

	
-

	
-

	
-

	
-

	
-

	
-

	
-




	
A robotic restaurant does not seem to perform well.

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
The probability that something’s wrong with the performance of a robotic restaurant is high.

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Considering the expected level of performance of a robotic restaurant, it would be risky to use it.

	
1

	
2

	
3

	
4

	
5

	
6

	
7
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Figure 1. The proposed conceptual model. 
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Figure 2. Standardized theoretical path coefficients. Notes 1: * p < 0.05 Notes 2: The dashed line indicates the non-significant path (p >.05). Notes 3: a = Path coefficient for the low perceived risk group and b = path coefficient for the high perceived risk group. 






Figure 2. Standardized theoretical path coefficients. Notes 1: * p < 0.05 Notes 2: The dashed line indicates the non-significant path (p >.05). Notes 3: a = Path coefficient for the low perceived risk group and b = path coefficient for the high perceived risk group.



[image: Sustainability 12 09165 g002]







[image: Table] 





Table 1. Demographic characteristics of the samples (n = 418).
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	Variable
	n
	Percentage





	Gender
	-
	-



	Male
	208
	49.8



	Female
	210
	50.2



	Age
	
	



	20s
	147
	35.2



	30s
	123
	28.4



	40s
	83
	19.9



	Over 50s
	65
	15.6



	Average age = 36.74 years old
	-
	-



	Monthly household income
	-
	-



	$6001 and over
	26
	6.2



	$5001–$6000
	8
	1.9



	$4001–$5000
	36
	8.6



	$3001–$4000
	60
	14.4



	$2001–$3000
	97
	23.2



	$1001–$2000
	116
	27.8



	Under $1000
	75
	17.9



	Maritalstatus
	-
	-



	Single
	229
	54.8



	Married
	182
	43.5



	Widowed/Divorced
	7
	1.7



	Education Level
	-
	-



	Less than high school diploma
	64
	15.3



	Associate’s degree
	79
	18.9



	Bachelor’s degree
	226
	54.1



	Graduate degree
	49
	11.7
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Table 2. Confirmatory factor analysis: Items and loadings.






Table 2. Confirmatory factor analysis: Items and loadings.





	
Construct and Scale Items

	
Standardized

Loading a






	
Perceived innovativeness

	
-




	
A robotic restaurant seems unique.

	
0.796




	
A robotic restaurant seems new.

	
0.842




	
A robotic restaurant seems creative.

	
0.750




	
Attitude

	
-




	
Unfavorable–Favorable

	
0.914




	
Bad–Good

	
0.935




	
Negative–Positive

	
0.908




	
Desire

	
-




	
I desire to use a robotic restaurant when dining out.

	
0.936




	
My desire of using a robotic restaurant when dining out is strong.

	
0.846




	
I want to use a robotic restaurant when dining out.

	
0.957




	
Behavioral intentions

	
-




	
Intentions to use

	
-




	
I will use a robotic restaurant when dining out.

	
0.935




	
I am willing to use a robotic restaurant when dining out.

	
0.903




	
I am likely to use a robotic restaurant when dining out.

	
0.960




	
Willingness to pay more

	
-




	
I am likely to pay more for a robotic restaurant.

	
0.934




	
It is acceptable to pay more for a robotic restaurant.

	
0.975




	
I am likely to spend extra in order to use a robotic restaurant.

	
0.965




	
Goodness-of-fit statistics: χ2 = 235.255, df = 80, χ2/df = 2.941, p < 0.001, NFI = 0.970, CFI = 0.980, TLI = 0.974, and RMSEA = 0.068








Notes 1: a All factors loadings are significant at p < 0.001. Notes 2: NFI = Normed Fit Index, CFI = Comparative Fit Index, TLI = Tucker–Lewis Index, and RMSEA = Root Mean Square Error of Approximation.
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Table 3. Descriptive statistics and associated measures.






Table 3. Descriptive statistics and associated measures.





	Items
	No. of Item
	Mean (SD)
	AVE
	(1)
	(2)
	(3)
	(4)
	(5)





	(1) Perceived innovativeness
	3
	5.15 (1.03)
	0.635
	0.839 a
	0.601 b
	0.554
	0.562
	0.369



	(2) Attitude
	3
	4.45 (1.45)
	0.845
	0.361 c
	0.942
	0.614
	0.645
	0.564



	(3) Desire
	3
	3.75 (1.37)
	0.836
	0.307
	0.377
	0.938
	0.745
	0.701



	(4) Intentions to use
	3
	4.07 (1.31)
	0.870
	0.316
	0.416
	0.555
	0.953
	0.670



	(5) Willingness to pay more
	3
	3.07 (1.41)
	0.918
	0.136
	0.318
	0.491
	0.449
	0.971







Notes 1: SD = Standard Deviation and AVE = Average Variance Extracted. Notes 2: a. Composite reliabilities are along the diagonal, b. Correlations are above the diagonal, and c. Squared correlations are below the diagonal.













[image: Table] 





Table 4. Standardized parameter estimates for structural model.






Table 4. Standardized parameter estimates for structural model.





	
Independent Variable

	
-

	
Dependent Variable

	
Coefficients

	
t-Value

	
Hypothesis






	
H1 Perceived innovativeness

	
→

	
Attitude

	
0.610

	
11.159 *

	
Supported




	
H2 Attitude

	
→

	
Desire

	
0.818

	
21.350 *

	
Supported




	
H3 Attitude

	
→

	
Intentions to use

	
0.222

	
5.762 *

	
Supported




	
H4 Attitude

	
→

	
Willingness to pay more

	
0.024

	
0.333

	
Not

supported




	
H5 Desire

	
→

	
Intentions to use

	
0.763

	
18.297 *

	
Supported




	
H6 Desire

	
→

	
Willingness to pay more

	
0.722

	
9.998 *

	
Supported




	
Goodness-of-fit statistics: χ2 = 240.971, df = 84, χ2/df = 2.869, p < 0.001, NFI = 0.970, CFI = 0.980, TLI = 0.975, and RMSEA = 0.067








Notes 1: * p < 0.05. Notes 2: NFI = Normed Fit Index, CFI = Comparative Fit Index, TLI = Tucker–Lewis Index, and RMSEA = Root Mean Square Error of Approximation.
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Table 5. Measurement-invariance models.






Table 5. Measurement-invariance models.





	
Moderator

	
Models

	
χ2

	
df

	
NFI

	
CFI

	
TLI

	
RMSEA

	
Δχ2

	
Full-Metric

Invariance






	
Perceived

risk

	
Non-restricted

model

	
378.664

	
160

	
0.95

	
0.97

	
0.96

	
0.057

	
Δχ2 (15) = 40.487,

p > 0.01

(insignificant)

	
Supported




	
Full-metric

invariance

	
419.151

	
175

	
0.94

	
0.96

	
0.96

	
0.058








Notes 1: NFI = Normed Fit Index, CFI = Comparative Fit Index, TLI = Tucker–Lewis Index, and RMSEA = Root Mean Square Error of Approximation. Notes 2: Δχ2 (15) = 30.580 and p > 0.01
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