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Abstract: Voice search based on artificial intelligence is the fastest means of searching for information
and can be easily used in a very familiar way by ordinary users without separate education or
learning. Voice bot’s voice search can interact on the same level as face-to-face communication and
provide customized services optimized for users. It is most important for these new technologies
to develop from a non-face-to-face social structure caused by COVID-19 to a long-term sustainable
technology rather than short-term development. Therefore, the purpose of this study is to empirically
verify the structural relationship between the quality, interactivity, and consumers’ sustainable use
intentions for voice search services called ‘voice bots’ in Korea, an advanced country of computer
science and technology. A survey was conducted on Korean consumers aged 20 or older who
use voice search services, and the following main results were derived. First, the playfulness,
certainty, and empathy of the ‘voice bot’ have a positive effect on the interactivity with the ‘voice
bot’. Second, interactivity with the ‘voice bot’ has a positive effect on consumers’ sustainable use
intention. Third, the playfulness and certainty of ‘voice bot’ have a positive effect on consumers’
sustainable use intention. Fourth, the playfulness, certainty, and empathy of the ‘voice bot’ have
a positive effect on consumers’ sustainable use intention through interactivity with the ‘voice bot’.
This study is meaningful in that it empirically identified the importance of interactivity by deriving
the service quality factors required for sustainable use of voice search services, one of the new
innovative technologies.

Keywords: voice search service; voice bot; voice big data; service quality; sustainable interaction;
sustainable technological innovation; non-face-to-face service

1. Introduction

Recently, as the artificial intelligence (AI)-based voice recognition robot business has
been selected as a future growth industry, it is rapidly growing worldwide. In addition,
devices that apply artificial intelligence to apply voice assistant functions suitable for users
are being developed, and the voice recognition industry requires continuous development
because such machines become smarter as users continue to use them. Figure 1 shows
a recent survey of 3500 people in Deloitte on the purpose of using the voice recognition
service. From this, it can be seen that the frequency of simple voice inquiry services is
still high. In the era of the fourth industrial revolution, robot business based on artificial
intelligence and voice recognition as such has become a core business strategy of companies
centering on IT, and domestic and foreign portal companies have been launching artificial
intelligence and voice recognition-based search services [1]. Table 1 explains representative
voice recognition devices, and voice recognition systems are applied not only in these
representative companies but also in various places such as restaurants, department stores,
and bookstores. Artificial intelligence and voice recognition-based search services have
expanded the search paradigm using unstructured data such as images and voices, and
are already being applied in various fields in South Korea. The voice search market based
on voice recognition is satisfying various needs of consumers. Among them, the use of
product search and order history tracking through voice search is continuously increasing
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as it has been providing new experiences to users. According to a survey of about 1000 U.S.
consumers conducted by Adobe in January 2019, about 36% of the respondents said they
had voice recognition speakers, which does not guarantee sustainable use from a consumer
perspective [2]. In other words, it is true that the suggestion of voice recognition services is
increasing, but at the same time, analysis of user aspects is very important. Considering
this market atmosphere, global companies such as Amazon, Google, Apple, and Samsung
Electronics are competing fiercely to develop voice recognition virtual assistant systems
and gain market dominance. In 2014, Amazon launched the world’s first voice recognition
artificial intelligence speaker, Echo, and Google launched Google Home. Meanwhile, in
South Korea, KT and SKT are showing advanced technologies in this field. SKT launched
the artificial intelligence speaker Nugu for the first time in South Korea in 2016, and KT
launched the GiGA Genie in 2017 to provide the world’s first IPTV-linked personal assistant
function. In 2018, GiGA Genie 2, which is smaller, has improved performance compared
to existing devices, and provides an Android-based voice recognition service that was
launched [3].
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Table 1. Voice recognition interactive agent.

Division Device Characteristics (Release Year)
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Table 1. Cont.

Division Device Characteristics (Release Year)

MS Cortana
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There is a prospect that 50% of Internet searches will be done by voice searches after
2020 [4]. Important reasons why users switch from the existing search methods to voice
search are the increased interrelationship with humans as well as technical functions [5].
Another survey found that young people in their 20s had a high utilization rate of speech
recognition services [6]. In addition, it is predicted that 30% of Internet searches will be
carried out by pure voice searches without screens in 2020 [7]. Important reasons for this
generalization of voice search and the transition from existing search methods to voice
search include not only the technical functions and convenience that make voice searches
feel like conversations with humans, but also high interrelationships with humans [8].
Meanwhile, the largest characteristic and advantage of information providing service based
on artificial intelligence and voice recognition is that it enables interactive communication
between the information service providers and consumers. Accordingly, recent studies
have verified that these personalized information services increase the interactivity between
customers and companies to ultimately increase company loyalty and sustainable usage [9].

Sustainable usage intention can also be defined as the possibility for consumers to
use a service repeatedly later [10]. Sustainable usage intention indicates the user’s loyalty
to the provider of the service used by the user and means the degree to which the user
intends to continue to use a certain service after using the service [11]. Sustainable usage
intention is an important factor that is generated from the consumers’ experience and can
lead to long-term relationships with consumers [12] and means consumers’ intention to
use products or services repeatedly or for a long time [13].

According to a study conducted by Bloemer and Kasper [14], the concept termed
sustainable usage is a prerequisite for determining purchase behaviors and is defined
as an important indicator for predicting future behaviors of consumers because it is a
consumer’s disposition expressed according to preference or intention. The decision on
the sustainable usage intention for services tends to depend more on past experiences
and emotional aspects, and sustainable usage intention is used as an important indicator
in evaluating whether the customer will continue the relationship. Recent studies in the
fields of marketing and management information argue that the success of a company
comes from consumers’ continuous use of the company’s product or service, not the initial
use of the product or service [15]. In order for a service company to secure a sustainable
competitive advantage, it should focus on not only securing new customers but also
retaining the secured customers, and should perceive that the profits obtained owing to
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customers’ sustained uses are larger than the additional profits obtained from the creation
of new customers [16].

As reviewed thus far, despite that the quality of information services and interactivity
provided in the field of information services are important prerequisites, empirical studies
that considered such prerequisites complexly and linked them with consumers’ sustainable
usage intention are quite insufficient. Therefore, this study explores concepts related to the
quality of voice search voice bots perceived by consumers, together with their interactivity
and sustainable usage intention, and verifies the final effects of the perceived quality on
consumers’ sustainable usage intention through interaction.

As the use of voice recognition services increases, many companies are investing
in technology development. In order to develop into a sustainable service industry in
this situation, an analysis of consumer perception should be conducted at the same time.
Therefore, this study aims to verify the influencing relationships among the perceived
quality of voice search voice bots, interactivity, and consumers’ sustainable usage intention
and the mediating effects of interactivity on the relationship between the perceived quality
of voice search voice bots and consumers’ sustainable usage intention.

2. Theoretical Background
2.1. Perceived Quality

Perceived quality is the perception or evaluation of certain products felt by consumers
according to their comprehensive experiences. It is defined diversely, however; the most
commonly accepted definition is that it is the consumers’ overall judgment of the excellence
or superiority of the relevant products rather than actual quality of the products [17]. In
general, since consumers tend to subjectively judge and evaluate when they evaluate
products, perceived quality may act more importantly than objective quality [18], and
therefore perceived quality is an important variable that determines purchase behavior or
purchase intentions [19]. In other words, cognitive quality is of paramount importance to
establishing a sustainable industry [20].

Concerning the understanding and measurement of service quality, measuring service
quality is not easy because it is an abstract area with no form, but the most appropriate
method is to check the level of perception of consumers who firsthand experience the
service [21]. That is, consumers have expectation of the level of desirable norm about
the relevant service before consuming the service, and how much the quality was actu-
ally provided and appropriated is measured through consumer perception of the service
quality after consumption. Therefore, finally comparing the expectation and the result
was considered to be a method of measuring service quality. In order to measure the
service quality, Parasuraman et al. [21] used the SERVQUAL model representing five
factors: reliability, assurance, tangibles, empathy, and responsiveness [22]. To review the
five scales of service quality perceived by customers appearing in the SERVQUAL model,
tangibles mean physical service facilities, equipment, responding personnel, and means of
communication; reliability means the ability to make others trust the promised service and
provide it accurately; responsiveness means immediate provision of service and the degree
to which consumers are helped when they requested; assurance means the ability to give
knowledge, confidence, and trust; and empathy means the expression of individual interest
and affection to the customer. These five scales presented in the SERVQUAL model have
been applied as they are in the field of evaluation. In some cases, depending on business
characteristics, the scales have been applied in various forms, such as selective or additional
scales presented by researchers. This study intended to measure perceived quality focusing
on factors that are highly influential among the five service quality measurement factors of
the SERVQUAL model.

In particular, this study adopts empathy and assurance, which were shown to be
the most influential on consumer attitudes in the study findings of Kwak and Won [23],
first as major measurement variables because empathy and assurance were judged to
be variables that can be applied and focused on the information search service quality
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of voice bots in that the foregoing study is a service quality study conducted relatively
recently in South Korea. In addition, this study uses playfulness as an additional perceived
quality measurement variable, taking notice of the fact that in a study on mobile shopping
conducted by Hwang and Na [9], playfulness related to pleasure and interest in information
use, which appeared as an important perceived quality measurement variable, and was
determined to be an important factor affecting consumer satisfaction and loyalty.

2.2. Interactivity

Interactivity has become a concept used in the scope expanded not only to the rela-
tionship between humans but also to the relationship between humans and mechanical
media [24]. In other words, the concept termed interactivity, which was considered as
only human-to-human communication in the past, is now expanded to include not only
interpersonal communication but also communication between smart devices and humans
in the new area of ICT [25]. Lee [26] divided the constituent factors of interactivity into con-
trol, interactive communication, and responsiveness, and defined control as ‘a voluntary
and effective action that immediately affects the consumer’s experience, and consumers’
ability to select contents on their own‘; interactive communication as ‘the possibility of
mutual communication on the Internet, mutual exchanges of opinions between businesses
and consumers or between consumers‘; and responsiveness as ‘the operation of a computer
at a speed not disturbing the consumers, i.e., system reaction time and timely reaction rate’.

Lee [26] defined interactivity as the degree to which information search and access is
under the control of the end user centering on users’ mutual communication, and further,
the service-providing system can communicate with individuals and many users through
communication equipment as a sender and receiver. Broekhuizen and Hoffmann [27] clas-
sified the constituent factors of perceived online interactivity into four factors: interactive
communication, user controllability, responsiveness, and multimedia use and execution.
These authors defined interactive communication as ‘mutual conversion, or user’s ability
to provide feedback or interact with other users‘; user controllability as ‘the level of control
perceived by the user in computerized interactivity‘; responsiveness as ‘the rate of reaction
in an interface and the degree of correspondence between responses and responsive infor-
mation‘; and multimedia use and execution as ‘the degree of diversity of multimedia and
the degree of satisfying user needs’.

Therefore, in this study, interactivity with the voice bots is the structural and experien-
tial action for the voice bot and the user to directly communicate with each other, which
ultimately can be defined as the action through which the usefulness and convenience of
voice bots are perceived highly [28].

2.3. Sustainable Use Intention

Sustainable use intention can be defined as the form of repeatedly using a certain
product or service, which includes the concept of continuing to use the target product
or service currently used, or suggesting and recommending it to others [29]. The reason
why sustainable use intention is important is that most of the profits of product and
service providers are generated by customers who trade on a long-term and regular
basis. Therefore, sustainable use intention can be considered as a factor that has crucially
important effects on innovative product and service firms. Bhattacherjee [11] defined
sustainable use intention as the intention of consumers to continuously use certain target
products or services, and argued that in order to achieve success with an innovative product
or service, consumers should use the product or service continuously rather than using
it for the first time. In particular, the development of sustainable service technology is
essential because speech recognition robots, a crucial phrase in this study, can be a very
useful technology for the disabled without hands or feet. In addition, Bhattacherjee [11]
explained that introductory success of an IT information system is an important first step,
but the sustainable maintenance of the information system and attaining the ultimate goal
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depend on the continuous use of new products or services rather than the introduction in
the first step.

Fan et al. [30] explained that sustainable use intention, which is used interchangeably
with several other terms, such as intention to continue and intention to use after acceptance,
appears in the initial decision of purchase and acceptance, is positively or negatively af-
fected by initial (product or service) use experience, and is similar to consumers’ repurchase
decisions that lead to the next stage from initial decisions. Lee and Koo [31] stated that
IT service firms should secure new potential customers while maintaining existing cus-
tomers and forming positive relationships with customers. Since IT services are transacted
for the characteristics of the goods of knowledge information so that the service quality
cannot be easily evaluated without experiencing, customers tend to form a relationship
and maintain that relationship continuously, rather than looking for a new service provider.
Meanwhile, although reuse intention is an important factor that determines business failure
and success, in the IT service industry it is difficult to maintain loyal customers with a
tendency to continuously use the services because it is very easy to enter, access, and
leave information services. Therefore, it is necessary to determine the factors that affect
consumers’ sustainable use intention.

3. Study Design
3.1. Study Model and Hypotheses
3.1.1. Study Model

In this study, the perceived quality of IT company voice bots was designed as the
independent variable, and the sustainable use intention of customers was designed as the
dependent variable. In addition, to investigate mediating effects on the causal relationship
between the variables, interactivity with voice bots was input as a mediator variable. The
study model is as follows. We set the characteristics of unmanned order payment service
innovation technology as an independent variable, and set resistance and acceptance intent
for unmanned order payment service as a dependent variable. The characteristics of
innovative technology for unmanned order payment services consisted of a total of three
factors: usability, ease of use, and risk that users perceive for unmanned order payment
services. It consisted of a single factor for users’ resistance to and acceptance of innovative
technologies in unmanned order payment services. Figure 2 schematically shows the
contents described above.
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3.1.2. Research Hypotheses

Based on the model in this study, the following hypotheses were derived.
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Hypothesis 1 (H1). The perceived quality of voice bots has a positive (+) effect on the interactivity
with the voice bots.

Hypothesis 1 (H1a). The playfulness of voice bots has a positive (+) effect on the interactivity
with the voice bots.

Hypothesis 1 (H1b). The assurance of voice bots has a positive (+) effect on the interactivity with
the voice bots.

Hypothesis 1 (H1c). The empathy of voice bots has a positive (+) effect on the interactivity with
the voice bots.

Concerning interactivity, Lee et al. [32] reported that interactive communication
through which consumers and companies exchange information is possible, and that
consumers tend to evaluate sites with high interactivity more favorably and visit such sites
more often than sites with low interactivity. No and Kim [33] stated that users perceive
that they have a higher degree of control over smart devices and more positively evaluate
smart devices when there is more interactivity. Hong et al. [34] examined the effects of
the level of chatbot conversational interactivity on system reliability and continuous use
intention and reported that according to the results, the greater the interactivity, the greater
the reliability and sustainable use intention. It was demonstrated that interactivity has
direct and indirect positive effects on users’ attitudes and sustainable use intention. On the
basis of the previous research, the hypothesis was written as follows.

Hypothesis 2 (H2). Interactivity with voice bots has positive (+) effects on sustainable use intention.

Aaker [35] argued that perceived quality ‘directly affects purchase decision and brand
loyalty’, and said that, in particular, ‘perceived quality acts as a decisive factor in purchasing
decision when the purchaser’s motivation is low’. Jacoby and Kyner [36] emphasized the
important role of perceived quality on purchase decision and brand loyalty and stated that
perceived quality is a core concept of marketing because it is related to customer attachment
to or favorable attitude toward a certain brand, brand preference, or consistent preference
tendency shown in purchase. As such, perceived quality is a very important factor in the
field of marketing and has a high correlation with users’ overall satisfaction and sustainable
use intention. That is, after judging the service value expressed as costs versus benefits,
consumers experience perceived quality and satisfaction and the experience affect their
purchase intention [37]. On the basis of previous research, the hypothesis was written
as follows.

Hypothesis 3 (H3). The perceived quality of voice bots has a positive (+) effect on sustainable
use intention.

Hypothesis 3 (H3a). The playfulness of voice bots has a positive (+) effect on sustainable
use intention.

Hypothesis 3 (H3b). The assurance of voice bots has a positive (+) effect on sustainable
use intention.

Hypothesis 3 (H3c). The empathy of voice bots has a positive (+) effect on sustainable
use intention.

Hypothesis 4 (H4). Interactivity has mediating effects on the relationship between the perceived
quality of voice bots and the sustainable use intention of consumers.
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Hypothesis 4 (H4a). The playfulness of voice bots has a positive (+) effect on sustainable
use intention.

Hypothesis 4 (H4b). The assurance of voice bots has a positive (+) effect on sustainable
use intention.

Hypothesis 4 (H4c). The empathy of voice bots has a positive (+) effect on sustainable
use intention.

3.2. Operational Definition of Variables
3.2.1. Perceived Quality of Voice Bots

In this study, the perceived quality of voice bots was constructed with three subfactors
perceived by users, which are playfulness, assurance, and empathy, based on studies con-
ducted by Venkatesh et al. [38]. Among the subfactor of perceived quality, first, playfulness
was defined as ‘the degree to which pleasure or interest is felt as the emotion obtained
from using the voice bots’. Second, assurance was defined as ‘the degree of accuracy
and confidence of the information provided when using voice bots’. Third, empathy was
defined as ‘the degree to which voice bots try to understand and know the users’ interests
and needs when users use voice bots’. All items were measured with a Likert 5-point scale;
higher total scores mean higher quality of voice bots perceived by consumers.

3.2.2. Interactivity with Voice Bots

In this study, interactivity with voice bots was constructed by making it into a single
factor based on a study conducted by Dautenhahn et al. [39], extending the concept of
interactivity between humans to interactivity between humans and agents, and defined
interactivity as robots’ experiential learning of the environment and people on its own. All
items were measured with a Likert 5-point scale; higher total scores mean higher levels of
interactivity with voice bots.

3.2.3. Sustainable Use Intention

In this study, sustainable use intention was constructed by making it into a single
factor based on studies conducted Cho and Im [40]. The sustainable use intention for voice
bots was defined as ‘voice bot service consumers’ behavior intention to continuously use
voice bots’. All items were measured with a Likert 5-point scale; higher total scores mean
higher intentions to continue using the voice search voice bot service.

4. Study Results
4.1. Demographic Characteristics of Survey Subjects

The demographic characteristics of the voice bot users who were the subjects of this
study are shown in Table 2. As for gender, the subjects consisted of 161 males (59.4%)
and 110 females (40.6%), and as for age groups, the subjects consisted of 75 persons in
their 20s (27.7%), 148 in their 30s (54.6%), 20 in their 40s (7.4%), and 28 (10.3%) in their 50s
or older age groups; thus, those in the age group of 30s accounted for the majority. As
for occupation, the number of office workers including professionals was the largest at
197 (72.7%), followed by that of students at 38 (14.0%), self-employed/business-employed
at 31 (11.4%), and homemakers at 5 (1.8%).

Table 2. Demographic characteristics of survey subjects.

Division N %

Gender
Male 161 59.4

Female 110 40.6
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Table 2. Cont.

Division N %

Age

20s 75 27.7

30s 148 54.6

40s 20 7.4

50s or older 28 10.3

Occupation

Office workers (including professionals) 197 72.7

Self-employment/Business-employment 31 11.4

Student 38 14.0

Homemakers 5 1.8

Total 271 100.0

4.2. Verification of the Validity and Reliability of Measurement Tools
4.2.1. Exploratory Factor Analysis and Reliability Verification

The individual items for measuring the variables used in this study are based on
previous studies, and exploratory factor analysis was conducted to verify the construct
validity of the measurement items for the perceived quality, interactivity, and sustainable
use intention of the voice bots used in the study. Principal component analyses were
conducted by study variable for factor analysis, and the varimax method was used for
factor rotation.

The exploratory factor analysis in this study seeked to secure validity by refining the
variables based on the following criteria. First, items with a factor loading not exceeding
0.50 and items with factor loadings exceeding 0.50 loaded on two or more factors were
removed because they were conceptually unclear, and items loaded with factor items that
lacked theoretical justification and were not suitable were removed. Thereafter, Cronbach’s
α values were calculated to verify reliability, which indicates the internal consistency
among the items that constitute the factors extracted through factor analysis. In general,
reliability was regarded to be secured in cases where the Cronbach’s α value was 0.60 to
0.70 or higher.

First, the results of the exploratory factor analysis and reliability analysis for the items
for the measurement of the perceived quality of the voice bots used in this study are shown
in Table 3. One empathy measurement item that had a low factor loading or showed high
loadings on factors with different study concepts in the results of factor analysis was moved.
The Kaiser–Meyer–Olkin (KMO) measure for judgment of the sample fit was shown to be
0.858, and according to the result of Bartlett’s sphericity test for verification of whether
the correlation matrix between measurement items for factor analysis is a unit matrix,
the correlation was significant with the approximated χ2 = 606.611 (df) = 15, p < 0.001),
indicating that the data collected and measurement items were suitable for performing
factor analysis. As a result of the factor analysis, three factors were extracted as predicted,
and the total variance explanatory power was shown to be 68.104%. Concretely, factor
1 was the factor ‘assurance’ and the variance explanatory power was 24.285%. Factor 2 was
the factor ‘playfulness’ and the variance explanatory power was 23.661%. Factor 3 was the
factor ‘empathy’ and the variance explanatory power was shown to be 20.159%. Therefore,
the construct validity was identified.

KMO measure (Kaiser–Meyer–Olkin) = 0.858, Bartlett’s test of sphericity: approxi-
mated χ2 = 606.611 (df = 15, p = 0.000). Next, the reliability of the measurement items
constituting the perceived quality factors of the voice bots were tested; according to the
results, Cronbach’s α values for the factors playfulness, assurance, and empathy were
shown to be 0.833, 0.818, and 0.815, respectively, indicating that the factors consisted of
items with internal consistency. Therefore, the reliability was secured.
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Table 3. Factor analysis and verification of the reliability of measurement items for the perceived quality of voice bots.

Factor Item
Factor Loading

Cronbach’s α
Factor 1 Factor 2 Factor 3

Playfulness

I feel pleasure when I use a voice bot (PQ 2) 0.838 0.114 0.081

0.833

The voice bot service is sufficient to stimulate my
curiosity (PQ 3) 0.822 0.144 0.096

Using the voice bot is novel and I feel interesting
(PQ 4) 0.803 0.084 0.149

When I use a voice bot, I feel happy (PQ 1) 0.750 0.058 0.067

Assurance

Voice bots provide information accurately (PQ 6) 0.034 0.847 0.085

0.818

Voice bots definitely deliver results (PQ 7) 0.107 0.839 −0.014

Voice bots are reliable (PQ 5) 0.151 0.741 0.160

Voice bots provide services within the promised
time (PQ 8) 0.107 0.734 0.200

Empathy

Voice bots try to empathize with me (PQ 11) 0.136 0.144 0.859

0.815
Voice bots try to understand what I am asking for

(PQ 10) 0.108 0.061 0.836

The voice bot tries to understand matters of my
interest (PQ 12) 0.095 0.158 0.816

Eigenvalue 2.671 2.603 2.217

Variance % 24.285 23.661 20.159

Cumulative variance % 24.285 47.945 68.104

Exploratory factor analysis and reliability analysis were conducted with the measure-
ment items for the interactivity with and sustainable use interactivity for voice bots. The
results are as shown in Table 4. According to the results of the factor analysis, the KMO
measure was 0.864, and the result of the Bartlett’s sphericity test showed an approximated
χ2 = 1575.442 (df = 28, p < 0.001), indicating that the data collected and measurement
items were suitable for performing factor analysis. Through the factor analysis, two factors
were extracted without removal of any item, and the total variance explanatory power
was shown to be 71.410%. Factor 1 was ‘sustainable use intention’ for voice bots and
its variance explanation power was shown to be 36.106%. Factor 2 was ‘sustainable use
intention’ for voice bots and its variance explanation power was shown to be 71.4107%.
Thereafter, the reliability of the components of interactivity with and sustainable use in-
tention for the voice bots was tested and according to the results, Cronbach’s α values
0.802 for sustainable use intention for and interactivity with the voice bots were 0.802 and
0.762, respectively, indicating that the measurement items consisted of items with internal
consistency. Therefore, the reliability was secured.

Table 4. Factor analysis and verification of the reliability of measurement items for interactivity with and sustainable use
intention voice bots.

Factor Item
Factor Loading

Cronbach’s α
Factor 1 Factor 2

Sustainable use
intention

I plan to continue using the voice bots hereafter too (CU 2). 0.903 0.156
0.802I hope I can continue using voice bots hereafter too (CU 3). 0.842 0.092

I plan to use voice bots frequently hereafter too (CU 1). 0.706 0.418
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Table 4. Cont.

Factor Item
Factor Loading

Cronbach’s α
Factor 1 Factor 2

Interactivity

I feel that interactive communication with voice bots is being
made (Inter 2). 0.155 0.852

0.762I feel that I interact with voice bots (Inter 1). 0.084 0.803
I think I conversate with voice bots in real time (Inter 3). 0.337 0.736

Eigenvalue 2.166 2.118

Variance % 36.106 35.304

Cumulative variance % 36.106 71.410

KMO measure (Kaiser–Meyer–Olkin) = 0.864, Bartlett’s test of sphericity: approximated χ2 = 1575.442 (df = 28, p = 0.000).

4.2.2. Confirmatory Factor Analysis

Confirmatory factor analysis was performed on the measurement model to verify the
convergent validity and discriminant validity of study variables such as playfulness, assur-
ance, and empathy, which are perceived quality factors of the voice bot, and interactivity
with and sustainable use intention for voice bots. In order to evaluate the goodness-of-fit
of a measurement model, it is important to select an appropriate goodness-of-fit index that
is not sensitive to the sizes of samples, has interpretation criteria, and considers even the
simplicity of models. Therefore, in this study, the goodness-of-fit of models was examined
using those goodness-of-fit indices such as χ2 statistics, SRMR (standardized root mean
square residual), TLI (Tucker–Lewis index), CFI (comparative fit index), and RMSEA (root
mean square error or approximation) with which the confidence interval is presented. In
general, p > 0.05 is appropriate in the case of χ2 statistics, but other goodness-of-fit indices
are considered first because χ2 statistics are sensitive to the number of samples. TLIs
and CFIs not lower than 0.90 indicate good goodness-of-fit and SRMRs not lower than
0.08 indicate good goodness-of-fit [41]. In the case of RMSEA, with which the confidence
interval is presented, 0.05 or lower values indicate excellent goodness-of-fit, 0.08 or lower
values indicate good goodness-of-fit, and 0.10 or lower values indicate moderate goodness-
of-fit [42]. On reviewing the goodness-of-fit of the measurement models presented in
Table 5, χ2 = 251.824 (df = 109, p < 0.001), SRMR = 0.053, TLI = 0.905, CFI = 0.924, RMSEA
(90% CI) = 0.070 (0.058~0.081) were found, which indicate relatively good goodness-of-fit.
Therefore, the measurement models were shown to be suitable for the data. In addition,
the factor loadings of all measurement variables for latent variables such as playfulness,
assurance, empathy factor, interactivity with the voice bot, and sustainable use intention,
which are perceived quality factors of voice bots, were all statistically significant (p < 0.001),
and did not show any negative error variance (Heywood case).

Table 5. Results of confirmatory factor analysis.

Division Unstandardized
Factor Loading

Standard
Error

Standardized
Factor Loading

Error
Variance t

Construct
Reliability

(CR)

Average
Variance
Extracted

(AVE)

Playfulness

→ PQ 1 1.000 - 0.626 0.499 -

0.842 0.574
→ PQ 2 1.338 0.136 0.777 0.378 9.868 ***

→ PQ 3 1.416 0.140 0.811 0.336 10.105 ***

→ PQ 4 1.395 0.143 0.764 0.448 9.762 ***

Assurance

→ PQ 5 1.000 - 0.687 0.442 -

0.849 0.585
→ PQ 6 1.138 0.107 0.790 0.308 10.651 ***

→ PQ 7 1.068 0.102 0.766 0.317 10.456 ***

→ PQ 8 0.979 0.103 0.676 0.450 9.493 ***



Sustainability 2021, 13, 14026 12 of 20

Table 5. Cont.

Division Unstandardized
Factor Loading

Standard
Error

Standardized
Factor Loading

Error
Variance t

Construct
Reliability

(CR)

Average
Variance
Extracted

(AVE)

Empathy

→ PQ 10 1.000 - 0.739 0.436 -

0.829 0.618→ PQ 11 1.142 0.100 0.852 0.259 11.441 ***

→ PQ 12 0.955 0.088 0.730 0.420 10.841 ***

Interactivity

→ Inter 1 1.000 - 0.660 0.540 -

0.789 0.542→ Inter 2 1.036 0.112 0.743 0.365 9.228 ***

→ Inter 3 1.161 0.125 0.759 0.414 9.305 ***

Sustainable
use

→ CU 1 1.000 - 0.734 0.366 -

0.844 0.645→ CU 2 1.129 0.093 0.876 0.165 12.147 ***

→ CU 3 1.081 0.099 0.718 0.471 10.925 ***

*** p < 0.001, χ2 = 251.824 (df = 109, p = 0.000), SRMR = 0.045, TLI = 0.905, CFI = 0.924, RMSEA (90% CI) = 0.070 (0.058-0.081).

Next, to examine the convergent validity of latent variables, construct reliability (CR)
and average variance extracted (AVE) values were reviewed. First, convergent validity
refers to the degree of correlations between one latent variable and two or more measure-
ment items. In general, the standardized factor loading should be significant with a value
not lower than 0.50, and if the concept reliability value of a variable is 0.70 or higher and
the average variance extracted value is 0.50 or higher, the variable is considered to have
convergent validity.

As shown in Table 5, the standardized factor loadings of the measurement items were
all higher than 0.50, and in the case of construct reliability (CR), all the values for playfulness
(0.842), assurance (0.849), and empathy (0.829), which are the factors of perceived quality of
voice bots, and latent variables such as interactivity with voice bots (0.789) and sustainable
use intention (0.844) were shown be at least 0.70. All the average variance extracted (AVE)
values for playfulness (0.574), assurance (0.585), and empathy (0.618), which are the factors
of perceived quality of voice bots, and latent variables such as interactivity with voice
(0.542) and sustainable use intention (0.645), were shown to be at least 0.50, so that the
convergent validity was confirmed.

Finally, discriminant validity between latent variables was examined. Discriminant
validity indicates how much one latent variable is actually different from other latent
variables. The most conservative evaluation method concerns two latent variables having
discriminant validity in cases where each of the average variance extracted values of
two latent variables is larger than the square of the correlation coefficient of the two latent
variables. The discriminant validity was checked by comparing the values of the square of
the correlation coefficients and the average variance extracted values presented in Table 6
and according to the results, the squared value (0.213) of the correlation coefficient (0.461)
between the playfulness of the voice bot and the latent variables of interactivity with voice
bots showing the highest correlation were lower than the average variance extracted value
so that the discriminant validity between the latent variables was secured.

When the correlations between the study variables were examined, it was found that
playfulness, assurance, and empathy, which are the factors of the perceived quality of
voice bots, had significant positive (+) correlations with interactivity with voice bots and
sustainable use intention, and that interactivity with the voice bot had a significant positive
correlation with sustainable use intention.
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Table 6. Correlations between study variables.

Division
Perceived Quality

Interactivity
Sustainable

Use
IntentionPlayfulness Assurance Empathy

Playfulness 0.574

Assurance 0.302 ***
(0.091) 0.585

Empathy 0.321 ***
(0.103)

0.327 ***
(0.107) 0.618

Interactivity 0.461 ***
(0.213)

0.347 ***
(0.120)

0.405 ***
(0.164) 0.542

Sustainable
use intention

0.455 ***
(0.207)

0.429 ***
(0.184)

0.309 ***
(0.095)

0.558 ***
(0.311) 0.645

*** p < 0.001, The diagonal line values are the average variance extracted (AVE), values in () are the square of the
correlation coefficients.

4.3. Study Hypothesis Testing

Structural equation model analysis was performed using AMOS 26.0 to test the study
hypotheses to examine the structural causal relationships among playfulness, assurance,
and empathy, which are the factors of the perceived quality of voice bots, interactivity
with voice bots, and sustainable use intention, and the maximum likelihood (ML) method
was used for parameter estimation. First, on reviewing the goodness-of-fit of the study
models presented in Table 7, χ2 = 251.824 (df = 109, p < 0.001), SRMR = 0.053, TLI = 0.905,
CFI = 0.924, RMSEA (90% CI) = 0.070 (0.058~0.081), etc., were shown to indicate good
goodness-of-fit. Therefore, the models were found to have no difficulty in accommodating
the study results.

Table 7. Goodness-of-fit of study models.

χ2 df p SRMR TLI CFI RMSEA (90% CI)

251.824 109 0.000 0.053 0.905 0.924 0.070 (0.058-0.081)

The results of tests of the study hypotheses established to examine the causal relation-
ships among playfulness, assurance, and empathy, which are the factors of the perceived
quality of voice bots, and the latent variables, interactivity with voice bots and sustainable
use intention, are shown in Figure 3 and Table 8.
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Table 8. Test results of study hypotheses.

Path Unstandardized
Path Coefficient Standard Error Standardized

Path Coefficient t(C.R) p

Playfulness
→ Interactivity 0.378 0.094 0.332 4.022 0.000

Assurance
→ Interactivity 0.172 0.079 0.167 2.167 0.030

Empathy
→ Interactivity 0.217 0.071 0.243 3.076 0.002

Interactivity
→ Sustainable use intention 0.381 0.091 0.376 4.202 0.000

Playfulness
→ Sustainable use intention 0.239 0.088 0.208 2.726 0.006

Assurance
→ Sustainable use intention 0.24 0.075 0.231 3.186 0.001

Empathy→
Sustainable use intention 0.013 0.065 0.015 0.206 0.837

On reviewing the test results of study hypothesis 1, which predicted that the perceived
quality of voice bots would affect interactivity with voice bots, among the factors of the
perceived quality of voice bots, of playfulness (standardized path coefficient = 0.332,
t = 4.022, p < 0.001), assurance (standardized path coefficient = 0.167, t = 2.167, p < 0.05),
and empathy (standardized path coefficient = 0.243, t = 3.076, p < 0.01) were found to have
significant positive (+) effects on the interactivity with voice bots. These results mean that
the higher the voice bot users perceive the playfulness, assurance, and empathy of the voice
bots, the higher the interactivity with voice bots. Therefore, it can be seen that playfulness,
assurance, and empathy, which are factors of the perceived quality of voice bots, are major
predictors that positively affect interactivity with voice bots. Therefore, study hypotheses
1-1, 1-2, and 1-3 were all adopted.

Next, on reviewing the test results of study hypothesis 2, which predicted that interac-
tivity with voice bots would affect sustainable use intention, interactivity with voice bots
was found to have a significant positive effect on sustainable use intention (standardized
path coefficient = 0.376, t = 4.202, p < 0.001), indicating that the better the consumers interact
with voice bots, the higher the sustainable use intention for voice bots. Therefore, study
hypothesis 2 was adopted.

On reviewing the test results of study hypothesis 3, which predicted that the factor of
the perceived quality of voice bots would affect sustainable use intention, the playfulness
(standardized path coefficient = 0.208, t = 2.726, p < 0.01) and assurance (standardized
path coefficient = 0.231, t = 3.186, p < 0.01) of voice bots were found to have direct and
significant positive effects on sustainable use intention, but the factor empathy was found
to have no direct significant effect on sustainable use intention. These results mean that
the higher the consumers perceive playfulness and assurance of voice bots, the higher
the sustainable use intention of consumers. Therefore, it can be seen among the factors
of perceived quality of voice bots, playfulness and assurance have direct positive effects
on sustainable use intention. Therefore, study hypotheses 3-1 and 3-2 were adopted, but
hypothesis 3-3 was rejected.

Next, in order to test study hypothesis 4, which predicted that the interactivity with
voice bots would have a mediating effects on the relationship between the perceived quality
of vice bots and sustainable use intention, bootstrapping was performed on the indirect
effect of these paths. Bootstrapping is a method of estimating the distribution of parameters
based on sample data without knowing the distribution of the population, in which cases
where 0 is not included in the 95% confidence interval are judged to be significant at the
0.05 level. The results of the test are shown in Table 9.
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Table 9. Verification results of mediating effects on interactivity with voice bots.

Path
Indirect Effect (Bootstrap)

Unstandardized
Path Coefficient Standard Error Standardized

Path Coefficient 95% CI p

Playfulness→ Interactivity
→ Sustainable use intention 0.144 0.061 0.125 (0.060-

0.309) 0.001

Assurance→ Interactivity
→ Sustainable use intention 0.066 0.037 0.063 (0.011-

0.162) 0.018

Empathy→ Interactivity
→ Sustainable use intention 0.083 0.043 0.092 (0.020-

0.192) 0.009

Bootstrap sampling: 2000 times.

The mediating effects of interactivity with voice bots on the relationship between the
perceived quality of voice bots and sustainable use intention of consumers were tested; ac-
cording to the results, the indirect effect of the paths, voice bots’ playfulness→interactivity→
sustainable use intention (nonstandardized path coefficient = 0.144, 95% CI: 0.060~0.309,
p < 0.01), assurance→interactivity→sustainable use intention (nonstandardized path coef-
ficient = 0.066, 95% CI: 0.011~0.162, p < 0.05), and empathy→interactivity→sustainable use
intention (nonstandardized path coefficient = 0.083, 95% CI: 0.020~0.192, p < 0.01) did not
include 0 in the 95% confidence interval, indicating that the indirect effects were significant.
Therefore, the mediating effects were verified.

Through these results, it can be seen that playfulness, assurance, and empathy, which
are the factors of the perceived quality of voice bots, affect the sustainable use intention
through the mediation of interactivity with voice bot. Therefore, study hypotheses 4-1, 4-2,
and 4-3 were all adopted.

On synthesizing these results, it was found that among the factors of the perceived
quality of voice bots, empathy does not directly affect sustainable use intention, but only
affects sustainable use intention through the mediation of interactivity with voice bots,
indicating that interactivity with voice bots had complete mediating effects. Playfulness and
assurance were found to affect sustainable use intention, not only directly but also through
the mediation of interactivity with voice bots, indicating that interactivity with voice bot
had partial mediating effects. These test results of study hypotheses are summarized and
presented in Table 10.

Table 10. Summary of the results of tests of study hypotheses.

Hypothesis Results of Test of
Hypothesis

Hypothesis 1 (H1) The perceived quality of voice bots has a positive (+) effect on the
interactivity with the voice bots. Adopted

Hypothesis 1 (H1a) The playfulness of voice bots has a positive (+) effect on the interactivity
with the voice bots. Adopted

Hypothesis 1 (H1b) The assurance of voice bots has a positive (+) effect on the interactivity
with the voice bots. Adopted

Hypothesis 1 (H1c) The empathy of voice bots has a positive (+) effect on the interactivity
with the voice bots. Adopted

Hypothesis 2 (H1) Interactivity with voice bots has positive (+) effects on
sustainable use intention. Adopted

Hypothesis 3 (H1) The perceived quality of voice bots has a positive (+) effect on
sustainable use intention. Adopted



Sustainability 2021, 13, 14026 16 of 20

Table 10. Cont.

Hypothesis Results of Test of
Hypothesis

Hypothesis 3 (H1a) The playfulness of voice bots has a positive (+) effect on
sustainable use intention. Adopted

Hypothesis 3 (H1b) The assurance of voice bots has a positive (+) effect on
sustainable use intention. Adopted

Hypothesis 3 (H1c) The empathy of voice bots has a positive (+) effect on sustainable use intention. Rejected

Hypothesis 4 (H1) Interactivity has mediating effects on the relationship between the perceived
quality of voice bots and the sustainable use intention of consumers. Adopted

Hypothesis 4 (H1a) Interactivity has mediating effects on the relationship between the playfulness
of voice bots and the sustainable use intention of consumers. Adopted

Hypothesis 4 (H1b) Interactivity has mediating effects on the relationship between the assurance of
voice bots and the sustainable use intention of consumers. Adopted

Hypothesis 4 (H1c) Interactivity has mediating effects on the relationship between the empathy of
voice bots and the sustainable use intention of consumers. Adopted

5. Discussion

In this study, the structural relationships among the quality of voice search voice bots
perceived by consumers, interactivity, and the sustainable use intention of consumers were
empirically verified. The major results of this study are discussed, centering on the results
of tests of hypotheses as follows.

First, according to the results of analysis of the effects of the perceived quality of voice
bots on interactivity with voice bots, among the factors of the perceived quality of voice
bots, playfulness (standardized path coefficient = 0.332, t = 4.022, p < 0.001), assurance
(standardized path coefficient = 0.167, t = 2.167, p < 0.05), and empathy (standardized path
coefficient = 0.243, t = 3.076, p < 0.01) had significant positive (+) effects on interactivity with
voice bots. These results mean that the higher the voice bot users perceive the playfulness,
certainty, and empathy of voice bots, the higher the interactivity with voice bot, indicating
that playfulness, assurance, and empathy, which are the factors of the perceived quality
of voice bots, are predisposing factors that positively affect the interactivity with voice
bots. The results in this study are supported by a study conducted by Kim et al. [43], who
reported that pleasure, which is a form of intrinsic motivations formed through the use
of UCC, that is, playfulness, had significant effects on interactivity, and the results of a
study conducted by Song and Yun [44], who argued that giving emotions or empathy
in a conversational environment between agents such as voice bots and users enhances
interactivity. In addition, the results of this study are consistent with the results of a study
conducted by Lee et al. [45], which presented the results of empirical analysis indicating
that assurance has positive effects on interactivity. In particular, given that assurance of
voice bots is the degree to which voice bots are equipped with sufficient databases for the
service provided, and deliver trust and confidence to users, the results can be explained by
suggesting that the assurance perceived in voice bots can be linked to interactivity.

Second, the effects of interactivity with voice bots on sustainable use intention were
analyzed; according to the results, interactivity with voice bot had significant positive
(+) effects on sustainable use intention (standardized path coefficient = 0.376, t = 4.202,
p < 0.001), indicating that the better the consumers interact with voice bots, the higher
the sustainable use intention of consumers. These results are in line with the results of
a study conducted by Venkatesh [38] indicating that the perceived quality of voice bots
has positive effects on interactivity with voice bots, thereby supporting the results of this
study. These results can be seen as consistent with the results of research conducted by
Lee et al. [45], and in previous studies, intimacy and enjoyment with voice search robots
can be strengthened to contribute to sustainability. That is, these results mean that if voice



Sustainability 2021, 13, 14026 17 of 20

bots are perceived to have emotions as with humans by consumers, the familiarity of voice
bots are enhanced, leading to higher interactivities between the bots and the consumers,
consequently leading to sustainable use.

Third, the effects of the perceived quality of voice bots on sustainable use intention
were analyzed; according to the results, the playfulness (standardized path coefficient = 0.208,
t = 2.726, p <0.01) and assurance (standardized path coefficient = 0.231, t = 3.186, p < 0.01)
of voice bots had direct significant positive (+) effects on sustainable use intention, but the
factor empathy had no direct significant effect on sustainable use intention. These results
mean that the higher the consumers perceive the playfulness and assurance of voice bots,
the higher the sustainable use intention of consumers. Therefore, it can be seen that among
the factors of the perceived quality of voice bots, playfulness and assurance positively
also affect sustainable use intention directly. That is, the greater the fun or pleasure felt by
using the voice search of voice bots, and the higher the trust and accuracy of information,
the higher the intention of consumers to use voice bots. These results can be said to
have confirmed once again that perceived quality has been found to be a predisposing
factor of consumers’ sustainable use intention in many previous studies. These results
are also consistent with a study conducted by Chen and Lin [46], which showed that
the perceived quality of blog services had positive effects on sustainable use intention,
and a study conducted by Turel et al. [47] indicating that the overall perceived value of
hedonic digital works such as MP3 has significant effects on the intention for later use.
However, among the factors of perceived qualities, empathy did not have any significant
effect on sustainable use intention, and this result is contrary to previous studies, which
reported that perceived quality affects sustainable use intention. The result of this study,
indicating that empathy does not affect sustainable use intention, means that empathy with
others does not necessarily affect sustainable use intention. Therefore, when seen from the
dimension of marketing, it is judged that it is necessary to develop voice services so that
playfulness and assurance that showed significant effects can be perceived highly or makes
an effort to improve voice service in such a direction.

Fourth, the mediating effects of interactivity with voice bots on the relationship be-
tween the perceived quality of voice bots and sustainable use intention of consumers were
analyzed; according to the results, the indirect effect of the paths, voice bots’ playfulness→
interactivity→sustainable use intention (nonstandardized path coefficient = 0.144, 95% CI:
0.060~0.309, p < 0.01), assurance→interactivity→sustainable use intention (nonstandard-
ized path coefficient = 0.066, 95% CI: 0.011~0.162, p < 0.05), and empathy→interactivity→
sustainable use intention (nonstandardized path coefficient = 0.083, 95% CI: 0.020~0.192,
p < 0.01) were shown to be significant, indicating that the mediating effects were significant.
Through these results, it was identified that playfulness, assurance, and empathy, which are
the factors of the perceived quality of voice bots, affect sustainable use intention through
the mediation of interactivity with voice bots. Previous studies that analyzed the mediating
effects of interactivity with voice bots on the relationship between the perceived quality of
voice bots and the sustainable use intention of consumers can be hardly found. However,
given the studies conducted by Kim [43] and Lee et al. [45], mentioned above, which
reported that the perceived quality of voice bots had positive effects on interactivity with
voice bots, along with a study conducted by Venkatesh [38], which presented the study
finding indicating that interactivity with voice bots had positive effects on sustainable use
intention, it can be predicted that the perceived quality of voice bots can positively affect
the sustainable use intention of consumers through the mediation of interactivity with
voice bots.

Finally, it is hoped that this study will help develop voice search service technology
from a sustainable perspective in a non-face-to-face social system in the COVID-19 era.

6. Conclusions

As written above, study findings regarding the structural relationships among the
quality of voice search voice bots perceived by consumers, interactivity, and the sustainable
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use intention of consumers were discussed. This study is judged to be able to provide
many practical and theoretical implications for new marketing techniques of companies
that provide voice search services in the era of the fourth industrial revolution, in that it
derived the service quality factors for voice search voice bots that are predisposing factors
for sustainable use intentions, and went further to empirically identify the importance
of interactivity of voice bots in the process. In particular, since this study verified the
role of the interactivity with voice bots along with the factors of the perceived quality of
voice bots, this study contributes to the development of theories in the fields of marketing
and customer management of voice search service providers, presenting implications on
how to effectively provide customer services to related companies. Meanwhile, since
this study was conducted with 271 Korean adults in their 20s or older who use voice
search services, there may be limitations in generalizing the findings of this study as those
applicable to all consumers. Therefore, in follow-up studies, it is necessary to present
more generalized study findings through more comprehensive research studies, including
consumers who use voice search services in other countries in addition to South Korean
consumers. In addition, since this study is an experiment to establish opinions on the
sustainable development of the voice bot provided, the experiment was conducted only on
those who actually used the voice bot. In future research, it is believed that if research is
conducted, including those who did not use voice search voice bots and expectations for
voice bots, potential customer tendencies can be analyzed.
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