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Interactive Applications with Artificial 
Intelligence: The Role of Trust among Digital 

Assistant Users

Abstract

People are increasingly dependent upon technology. 
However, companies’ large-scale investments to 
establish ongoing loyalty to technology platforms 

and ecosystems show negative results. This is due to lower 
levels of trust, concerns about risks, and increasing issues 
of privacy. Despite the continuous development of digital 
assistant applications to increase interactivity, however, 
there is no guarantee that the concept of interactivity is 
capable of gaining users’ trust and addressing their concerns. 
The purpose of the present study is to analyze the effects of 
controllability, synchronicity, bidirectionality on perceived 
performance, and user satisfaction with digital assistant 
applications as moderated by perceived trust. Amos 22.0 
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was used to analyze a sample of 150 digital assistant users 
of the brands Samsung Bixby, Google Assistant, Apple Siri, 
and others.

The results show that bidirectionality is the most 
worrying feature in terms of the perceived performance 
of digital assistants related to trust and privacy protection 
issues of personal data, whereas the other two features 
contribute to perceived performance and digital assistant 
users’ satisfaction. Perceived trust plays a role in moderating 
the relationship between controllability, synchronicity, and 
the bidirectionality of perceived performance. Finally, 
perceived performance has an effect upon digital assistant 
users’ satisfaction. 
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Emotionally, people are currently highly de-
pendent upon digital technology [Peart, 2018; 
Karapanos, 2013], despite the ethical and so-

cial issues of the privacy and security of personal 
data, such as the recent data leak of Facebook’s 
database. However, it does not discourage people 
from continuing to use digital services for personal 
or business affairs [Brill et al., 2019; Pappas, 2016; 
Kumar et al., 2016; Hauswald et al., 2015].
Today, there are several smart digital assistant ap-
plications that make work easier, such as Amazon 
Alexa, Samsung Bixby, Microsoft Cortana, Google 
Assistant, Apple Siri, and other digital assistants. 
Digital assistants are artificial intelligence technol-
ogy (AI) capable of thinking as though they are hu-
mans and interacting with their users. According 
to Juniper Research, the number of digital assistant 
users is currently estimated at approximately 3.25 
billion worldwide, and this figure is projected to 
reach 8 billion by 2023 [Moar, 2019]. Digital as-
sistants offer a variety of benefits to consumers, as 
demanded by the customers. They are contextually 
and personally relevant, work in real-time, and of-
fer high quality results and are further reliable and 
comfortable [Baier et al., 2018; Wise et al., 2016]. 
This technology can also dynamically help study 
consumer behavior in detail, making companies ca-
pable of creating more efficient business processes 
by completely automating customer service deliv-
ery [Kumar et al., 2016; Koehler, 2016]. Therefore, 
businesspeople are currently innovating by inte-
grating this technology into their operations in the 
hope of increasing productivity significantly [Baier 
et al., 2018; Bittner et al., 2019; Brill et al., 2019]. 
Digital assistants work interactively and in real-
time with their users. Interactivity is the two-way 
communication between the user and the com-
puter [Ha, James, 1998; Coyle, Thorson, 2001; 
Moar, 2019]. Digital assistants’ interactive features 
provide services such as the chatbot, social media, 
mobile applications, inventory management, au-
tomated banking, feedback form, bulletin boards, 
engine search, calendar and appointment manage-
ment, text message sending, phone-call making, 
home automation, song search on YouTube, car 
navigation, trade conversations, and health moni-
toring [Massey, Levy, 1999; McMillan, 1998; Brill et 
al., 2019; Moar, 2019]. 
Interactivity in the context of digital service con-
sists of three dimensions: controllability, syn-
chronicity, and bidirectionality [Yoo et al., 2010; 
McMillan, 2005; Fortin, Dholakia, 2005; Yadav, 
Varadarajan, 2005]. Controllability is the feature 
that enables users can manipulate the content, 
timing, and sequence of communication with the 
digital assistant [Fortin, Dholakia, 2005; Yadav, 
Varadarajan, 2005; Yoo et al., 2010; Hauswald et 
al., 2015; Brill et al., 2019]. Synchronicity is the 

speed of communication processes and facilities 
to respond quickly [McMillan, 2005; Novak et al., 
2000]. Bidirectionality is the two-way communica-
tion facilitated by digital assistants as a form of in-
formation exchange [McMillan, 2005; Pavlik, 1998; 
Yoo et al., 2010; Baier et al., 2018]. Liu [Liu, 2003] 
asserts that the components of interactivity, which 
consists of controllability, synchronicity, and bi-
directionality, are interrelated [Wu, 2005; Yoo et 
al., 2010; Brill et al., 2019]. The performance of a 
digital assistant is determined by that of its three 
dimensions. 
Among the indicators of the performance of a digi-
tal assistant is the customers’ perceived trust in the 
goods and service providers [Brill et al., 2019]. One 
key factor in the success of information exchange 
in technology is trust [Ejdys et al., 2019] since, 
from the users’ perspective, trust can distinguish 
the technological quality of a particular brand. 
Trust consists of security, credibility, reliabil-
ity, loyalty, and accuracy of the performance of a 
technology [Ejdys, 2018]. A high level of perceived 
interactivity (controllability, synchronicity, and 
bidirectionality) can increase trust [Merrilees, Fry, 
2003]. The quality of interactivity of digital assis-
tants can build trust [Stewart, Pavlou, 2002; Mithas, 
Rust, 2016; Pappas, 2016]. Digital assistant features 
can improve decision quality, sensitivity to infor-
mation, and result in value creation and user satis-
faction [Kim, LaRose, 2004; Brill et al., 2019]. 
Companies today focus on massive investments 
and redesigning their product lines by competi-
tively making state-of-the-art digital assistants in 
order to serve their users well [Mithas, Rust, 2016; 
Pappas, 2016]. Despite the producers’ endeavor to 
develop increasingly interactive digital assistant 
applications to improve technology performance 
and value creation capable of increasing user satis-
faction, empirical literature shows scant attention 
to said efforts. In addition, there remain many un-
certainties with regard to the concept of interactiv-
ity in the context of personal digital assistants [Yoo 
et al., 2010; Yadav, Varadarajan, 2005]. The main 
purpose of the present study is to examine the re-
lationship between interactivity dimensions and 
perceived performance, which ultimately results 
in consumer satisfaction with artificial intelligence 
applications. 
Given that currently individuals work with their 
private data stored in their digital assistants, which 
requires that it be  accessible to the providers of 
digital assistant application services [Alpaydin, 
2014; Pappas, 2016], a number of users are wor-
ried that their data will be misused [Bhat, 2014; 
Belanger, Xu, 2015]. On the other hand, the applica-
tion of technology with decision support systems is 
designed for complex tasks with the potential risks, 
making trust a success factor for the relationship 
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between humans and digital application machines. 
As the trend of trust in and loyalty to technology 
is increasingly declining, should service provid-
ers compromise or ignore the trade-off between 
technological innovations and the risk of security, 
credibility, and accuracy? 
It is therefore important to examine the extent 
to which cognitive considerations related to per-
ceived trust moderate the relationship among the 
interactivity dimensions of digital applications. 
Furthermore, the issue of privacy and trust also 
must be investigated in the realm of digital assis-
tants in order to fill the empirical gap in the field 
of digital application consumer behavior. Finally, 
the authors review the literature, develop research 
hypotheses, and then present the research meth-
odology, including a delineation of the measure-
ment used to test the hypotheses. Following an 
examination of the results, we provide discussions, 
managerial implications, limitations, and further 
directions for research. 

Literature Review
The Concept of Interactivity 
Interactivity represents a real-time communication 
interaction between individual users or organiza-
tions with computers that is not limited by space 
and time [Ha, James, 1998; Coyle, Thorson, 2001; 
Blattberg, Deighton, 1991; Kumar et al., 2016]. 
Interactivity is a form of user interaction via re-
al-time content modification using the artificial 
machine facilities [Steuer, 1992]. Interactivity is 
also defined as an interactive man−machine com-
munication to search for information [Zeithaml et 
al., 2002]. Stromer-Galley [Stromer-Galley, 2000] 
defines interactivity using cybernetics, rooted in 
media interaction. Furthermore, cybernetics is the 
use of information and feedback. Thus, interactiv-
ity is feedback on media in cybernetics [Wiener, 
1948]. 
Interactivity consists of search engine interactions, 
user−user interactions, and user−message interac-
tions [Hauswald et al., 2015; Kumar et al., 2016; 
Cho, Leckenby, 1997]. Interactivity emerges due 
to the rapid development of new communication 
technologies, such as the internet, making digital 
assistant users more interactive [Baier et al., 2018; 
Wise et al., 2016; Ha, James, 1998; Liu, Shrum, 2002]. 
These features contribute to the roles of the three 
dimensions of e-interactivity. For example, chatbot, 
social media, mobile apps, and feedback forms im-
prove the perceived performance of digital assis-
tants that is affected by synchronicity since users 
can immediately find the necessary information 
[Brill et al., 2019; Moar, 2019; Ghose, Dou, 1998]. 
Search engines affect perceived performance since 

users can control the information relevant to us-
ers [Brill et al., 2019; Moar, 2019; Hoffman, Novak, 
1996]. 
Many researchers paid special attention to the per-
formance of digital assistants in terms of the level of 
interactivity as indicated by the three dimensions 
of interactivity: controllability, synchronicity, and 
bidirectionality. The importance of these three di-
mensions are noted due to the two-way communi-
cation [van Dijk, 1999; Purwanto, Kuswandi, 2017]; 
thus, a high level of synchronicity and controlla-
bility is needed to achieve the highest interactivity. 
Therefore, based on previous studies, interactivity 
can describe the extent to which controllability, 
synchronicity, and bidirectionality play a role in 
digital assistant applications.

Interactivity Dimensions and Perceived 
Performance of Digital Assistants
A number of previous researchers examined the ef-
fect of interactivity on website marketplaces. Their 
results showed that a high level of interactivity in-
creases trust [Merrilees, Fry, 2003]. Furthermore, 
it was found found that interactivity can create 
a value, thereby increasing trust in e-commerce 
[Stewart, Pavlou, 2002]. Interactivity and flexibil-
ity can increase customer value and satisfaction 
[Purwanto, Kuswandi, 2017]. Since digital assis-
tants aim to help their users handle their jobs, the 
various recommendation systems, such as person-
alized facilities, are used to assist in the decision-
making process. This feature can improve the 
quality of customer decisions and customer trust. 
In addition, many researchers suggest that digital 
assistants’ interactivity has an effect on the per-
ceived quality, self-regulation, trust, privacy, and 
satisfaction [Brill et al., 2019; Kim, LaRose, 2004]. 
The features of digital assistants positively impact 
the perceived consumer values, such as a sense 
of security, trustworthiness, and maintenance of 
users’ privacy [Teo et al., 2003]. Given that state-
of-the-art digital assistants are among the  most 
important factors for business success [Brill et al., 
2019; Zeithaml, 1988], the benefits of the various 
features of digital assistants would be seen by us-
ers as an output of the performance of digital as-
sistants [Brill et al., 2019; Sheth et al., 1991]. 
Performance is subdivided into objective perfor-
mance and perceived performance [Venkatesh et 
al., 2003]. Objective performance is the real per-
formance of a product or service, while perceived 
performance is the result of a subjective assess-
ment. Perceived performance is generally used as 
a guide to validate satisfaction models. Despite 
the very dependence upon the individual and the 
very-difficult-to-measure nature of perception [Yi, 
1990], users of digital assistants objectively have 
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equal access to their performance. Therefore, per-
ceived performance can be measured objectively 
based on performance appraisals in general [Brill 
et al., 2019]. Performance is an individual’s cogni-
tive evaluation of product performance attributes 
[Spreng, Olshavsky, 1993]. Thus, the following hy-
pothesis is proposed: 
H1:  Controllability of digital assistants has a sig-
nificant effect upon perceived performance. 
H2:  Synchronicity of digital assistants has a signif-
icant effect upon perceived performance.
H3:  Bidirectionality of digital assistants has a sig-
nificant effect upon perceived performance.

Customer Satisfaction 
Customer satisfaction is an indicator of a com-
pany’s success in delivering services to consumers 
[Akbari et al., 2015; Minta, 2018]. In the marketing 
literature, customer satisfaction reflects various di-
mensions that offer value, quality, and loyalty to 
customers. Therefore, the definition of customer 
satisfaction cannot be universally accepted since 
it is highly dependent upon individual consumers 
[Giese, Cote, 2000]. The differences in definition is 
caused by the dynamic, complex, and specific na-
ture of the services [Zhao et al., 2012]. 
The present study adopted the definition proposed 
by Oliver [Oliver, 2014] that satisfaction is a con-
sumer response to the fulfillment of consumer ex-
pectations. Consumer response is an assessment 
of products/services, which either fails to meet or 
exceeds expectations. If individual consumers’ as-
sessments are pleasant, consumers would feel satis-
fied, and vice versa, due to the dissonance between 
the expected level and the perceived level of satis-
faction [Hasan, Nasreen, 2014]. Perceived perfor-
mance is an antecedent of customer satisfaction 
by confirming comparison of expectations with 
the actual performance of the products or services 
[Spreng, Page, 2003]. Thus, perceived performance 
serves as a standard of expectations and perceived 
reality. When reality exceeds expectations, there 
would be satisfaction, and vice versa. Thus, the fol-
lowing hypothesis is proposed: 
H4 : Perceived performance has a significant effect 
upon the satisfaction of digital assistant users.

Moderating the Role of Perceived Trust
The concept of trust has been widely used in many 
ways, but it relates to one’s attitude and the inten-
tions of being vulnerable in anticipation of cer-
tain outcomes [Brill et al., 2019]. Perceived trust 
involves an individual’s assessing the certainty of 
the performance of products and services. Trust 
includes interpersonal trust (between at least two 

people), institutional/organizational trust, and 
technological trust [Ejdys, 2018]. Despite the dis-
tinction between the different types of trust above, 
users’ perceived trust focuses more on the vendor 
and its technological capabilities, while with regard 
to the people behind the operation of a technology, 
the authors argue that an individual’s performance 
integrity is implicitly the organization’s responsi-
bility. Thus, users let the organization or company 
be entirely responsible for the trusted people in 
question. 
Thus, trust referred to in the present study is spe-
cific to certain vendors (organizations) and the 
attributes of digital assistant applications (technol-
ogy) in terms of competence, virtue, and integrity 
[Komiak, Benbasat, 2006; Ejdys, 2018]. Trust in 
technology represents the expectation in the effi-
ciency, reliability, and effectiveness of equipment 
and technical systems from the perspective of an 
individual who creates or a creator of a particular 
technology or material object [Ejdys, 2018]. Since 
perceived trust is very subjective, the trustworthi-
ness of digital assistant applications can be deter-
mined by the quality of information, perceived 
privacy protection, perceived security of systems, 
third-party authentication systems, organizational 
reputation, and user experience [Ejdys, 2018].
The performance of the interactivity dimension 
depends upon how users’ perceiving digital assis-
tants in terms of content, timing, process speed, 
and data protected by technology as providing 
certainty [Yoo et al., 2010; Bhatt, 2014]. Digital as-
sistants’ very promising potential in terms of tech-
nology adoption is not without problems. Given 
that this technology leaves digital footprints for its 
users, it means that personal data are vulnerable 
to being misused by others [Bhatt, 2014; Belanger, 
Xu, 2015; Pappas, 2016]. Smith et al. [Smith et al., 
1996] describes such violations of rights as the un-
authorized use of data, access stealing, and the mis-
use of personal information for publication. Thus, 
digital assistant users are faced with difficult trade-
offs between technological innovation and the risk 
of information privacy problems [Acquisti et al., 
2015]. Digital assistants are not sensitive to these 
problems [Belanger, Xu, 2015]. Therefore, con-
sumers see these risks as an issue that needs to be 
mitigated or avoided by not adopting technological 
innovation in the form of digital assistants. Thus, 
the performance of technology is inseparable from 
that of the people and organizations. Therefore, 
perceived trust can be either a synergistic interac-
tion or a buffering interaction between interactiv-
ity dimensions and perceived performance [Brill et 
al., 2019; Cohen et al., 2003]. Thus, the following 
hypothesis is proposed: 
H5: Perceived trust positively moderates the effect 
of controllability upon perceived performance. 
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H6: Perceived trust positively moderates the effect 
of synchronicity upon perceived performance. 
H7: Perceived trust positively moderates the effect 
of bidirectionality upon perceived performance.

Research Methodology
Samples and Data Collection 
Samples of digital assistant users with an average 
age of 41.5 years from the large city of Surabaya, 
East Java, Indonesia were used. Respondents tend-
ed to be younger and had a higher level of edu-
cation than those of the study respondents who 
did not employ artificial intelligence technology 
[McKnight et al., 2002]. Data were collected online 
by means of questionnaires with a computer-assist-
ed web interviewing system connected to the inter-
net. The items were accompanied by instructions 
during the interviewing process in order to ensure 
rapid responses from participants. 
Respondents were asked to share their personal ex-
periences with using digital assistants and, at the 
same time, to describe their demographic struc-
ture. Thus, the data describes the real respondents. 
Participants who completed the survey and provid-
ed a valid email address and contact person would 
be given an internet data package as a reward. Two 
hundred and sixty-five (N=265) respondents took 
part, but 115 respondents were eliminated because 
their responses did not meet the requirements or 
the total return rate of 56.6%. Thus, 150 respon-
dents could be used, of which 85 (56.6%) were 
male and the remaining 65 (43.4%) were female. 
The average age of the digital assistant users was 
41.5 years. 
Respondents were mostly concentrated in the 
top three brands: Samsung Bixby (65%), Google 
Assistant (15%), Apple Siri (7%) and others (13%). 
Experience with using digital assistants was higher 
than 18 months on average. Sample characteristics 
are shown in Table 1.
 
Measures 
The measures used in the present study were ad-
opted from a number of previous studies. The 
questionnaire consisted of five parts: controllabil-
ity, synchronicity, bidirectionality, perceived per-
formance, and customer satisfaction. Perceived 
controllability, synchronicity, and bi-directionality 
were measured with a 5-point Likert scale (1 = 
strongly disagree, 5 = strongly agree), consisting 
of nine constructs adopted from [Liu, 2003; Yoo 
et al., 2010]. Perceived performance, consisting 
of six constructs, was adopted from [Davis et al., 
1989; Xiao, Benbasat, 2002; Malhotra et al., 2004; 
Kim et al., 2008]. Customer satisfaction, consist-

ing of one construct, was adopted from [Yoo et al., 
2010]. Finally, Perceived Trust, consisting of six 
constructs, was adopted from [Ejdys, 2018; Ejdys et 
al., 2019; Brill et al., 2019]. Those items are shown 
in Table 2.

Results
Confirmatory Factor Analysis (CFA) 
Anderson and Gerbing [Anderson, Gerbing, 1988] 
recommends the following for conducting a struc-
tural analysis: First, test the model fit which is 
hypothesized as a whole. The test results show  
χ2/df = 2.155, GFI = 0.908, AGFI = 0.904, TLI = 0.922,  
CFI = 0.929, RMSEA = 0.0 76). There is no stan-
dard residual of more than 2.0, and Chi-square of 

Figure 1. Conceptual Framework

Source: authors.

Customer  
Satisfaction

Perceived Trust

ControlabilitySynchronicity
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Таble 1. Sample Сharacteristics (N=150)

Items Frequency Share (%)
Gender

Male 85 56.60
Female 65 43.40

Geographic Background
Megapolitan 30 20.00
Metropolitan 92 61.33
Small City 28 18.66

Merk Digital Assistants
Bixby Samsung 97 65.00
Google Assistant 22 15.00
Apple Siri 11 7.00
Other 20 13.00

User Experience
6–12 months 37 24.6
1–2 years 106 70.6
Over 2 years 7   4.6

Note: mean age of respondents is 41.5 years, standard deviation is 5.41.
Source: authors.
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637.315 (100 df, p = 0.000) means that the overall 
model fit is acceptable [Hair et al., 2010]. Second, 
test the adequacy of each scale consisting of the 
number of questions on each construct. Test re-
sults show a satisfactory residual and unidimen-
sional scale. This means that each item shows a 
significant standard by convergent validity.
The reliability of the instrument was tested by cal-
culating Cronbach’s alpha. The test results shows 
that each construct has a reliability level above 
Cronbach’s alpha of 0.78, meaning that each item 
has moderate to high internal consistency. In ad-
dition, the average variance extracted (AVE) ranges 
from 0.57 to 0.81, indicating that the variance ac-
counted for by the construct is greater than that 

caused by measurement errors [Fornell, Larcker, 
1981], as shown in Table 3. 

Structural Model and Hypothesis Testing
Since the proposed measurement model was con-
sistent with the data, hypotheses were tested with 
AMOS using the covariance matrix. As shown in 
Table 4, the three latent constructs account for 67% 
of the effect of perceived performance of digital 
assistants and bidirectionality accounts for 18% of 
the effect of perceived performance of digital as-
sistants. 
Thus, hypotheses 1−3 were supported. Perceived 
performance has a significant effect upon satis-

Таble 2. Measurement Scale
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Items Description Mean SD Cronbach’s 
Alpha

Controllability [Liu, 
2003; Yoo et al., 2010; 
Brill et al., 2019]

- I feel a lot of control over this digital assistant application. 5.17 1.17 0.78
- I feel free to do anything with this digital assistant 

application. 5.23 1.19
- I gain a lot of experience from this digital assistant 

application. 5.28 1.27
Synchronicity [Liu, 2003; 
Yoo et al., 2010; Brill et 
al., 2019]

- My digital assistant processes my request quickly. 4.30 1.56 0.81
- I get more information than what I expect from this 

application. 5.78 1.37
- I can obtain information immediately without delay. 5.21 1.28

Bidirectionality [Liu, 
2003; Yoo et al., 2010; 
Brill et al., 2019]

- Digital assistants provide feedback correctly. 5.86 1.31 0.79
- This digital assistant provides the user with the opportunity 

to interact more freely. 5.85 1.28
- This digital assistant makes me feel like continuing to use it 5.72 1.32

Perceived Performance 
[Davis et al., 1989; Xiao, 
Benbasat, 2002; Malhotra 
et al., 2004; Kim et al., 
2008]

- This digital assistant is capable of increasing my work 
productivity. 1.74 1.54

0.85

- This digital assistant is capable of understanding my needs. 2.67 1.66
- I am convinced that other people are also concerned about 

the privacy of personal data. 2.89 1.58
- I am afraid that digital assistant application providers will 

use my personal data. 3.38 1.57
- Overall, interactivity dimensions of digital application 

assistants can be trusted. 2.55 1.57
- Overall, interactivity dimensions of digital assistant 

application providers can be trusted 2.51 1.84
Customer satisfaction 
[Yoo et al., 2010]

- Overall, I am satisfied with the performance of digital 
assistants 3.04 0.82

0.80

Perceived Trust [Ejdys, 
2018; Ejdys et al., 2019; 
Brill et al., 2019]

- All digital application assistant brands can be trusted. 2.91 0.76 0.87
- I believe that this digital assistant application brand gives me 

a sense of security. 2.50 1.82
- I believe that this digital assistant application brand protects 

users’ personal data. 2.56 1.78
- I believe that service providers (companies) will not misuse 

users’ personal data. 2.09 1.75
- All tasks are easier with this digital assistant application 

brand. 2.18 1.71
- I believe that this digital assistant application makes our 

lives better 1.67 1.52

Note: all items were measured at 5-point Likert scale, from 1= strongly disagree to 5= strongly agree
Source: compiled by the authors.
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faction since it can account for the satisfaction of 
users of digital assistants. The users were assured 
that digital assistants facilitated their work, despite 
concern for the security and privacy of personal 
data, but customers assume that all people also feel 
the same [Brill et al., 2019].
The moderation effects were tested using the 
moderated multiple regression (MMR) analysis 
as recommended by [Cohen et al., 2003]. The test 
results show adjusted R2 = 0.48, 0.37, and 0.028 
for the relationship of controllability, synchron-
icity, and bidirectionality, respectively, with per-
ceived performance as an interaction moderation. 
Respectively this means that 48%, 37%, and 2.8% 
of variations in satisfaction can be accounted for by 
the three dimensions of interactivity and perceived 
trust. Despite the small adjusted R2, the results of 
ANOVA test or F-test show a Fcount = 3.147 and a 
probability of 0.026, meaning that the model can 
be accepted. Respectively beta values   indicate sig-
nificant values of 0.13, 0.19, and 0.21 and p = 0.001, 
p = 0.004, and p = 0.012, meaning that perceived 
trust strengthens the relationship of controllability, 
synchronicity, and bidirectionality with perceived 
performance. Thus, H5, H6, and H7 are supported. 

Discussion
The purpose of the present study was to examine 
the effect of controllability, synchronicity, and bi-
directionality upon perceived performance and 
satisfaction. The model is generally capable of ac-
counting for 77.2% of variance in interactivity in 
predicting perceived performance of and satisfac-
tion with digital assistants significantly. The results 
of the present study confirm the first three hypoth-
eses, namely that controllability, synchronicity, 
and bidirectionality have a significant effect upon 
perceived performance. The fourth hypothesis was 
confirmed, namely that perceived trust positively 
and significantly moderates the relationship of 
controllability, synchronicity, and bidirectional-
ity with perceived performance. Finally, perceived 
performance has an effect upon the satisfaction of 
digital assistant users. 
Results also show that users of artificial intelligence 
(AI) in the form of digital assistants need two-way 
interactions in which the user’s wishes can be un-
derstood. In general, the present study is consistent 
with the previous literature. Interactivity, consist-
ing of controllability, synchronicity, and bidirec-

Таble 3. Correlation Matrix CFA (Fornell-Larcker criterion)

Controllability Synchronicity Bi-directionality Perceived 
performance

Satisfaction Perceived 
trust

Controllability 0.791

Synchronicity 0.241 0.852

Bidirectionality –0.021 0.111 0.794

Perceived performance 0.222 0.111 0.004 0.780

Satisfaction 0.251 0.080 –0. 140 0.311 0.781

Perceived trust 0.311 0.651 0.231 0.541 0.376 0.787

Age 0.057 0.125 0.113 0.136 0.135 0.115

Gender –0.072 –0.041 –0. 026 –0. 023 –0. 125 –0.165

Geographic background –0.053 –0.210 0.012 –0.008 0.041 –0.091

Merk Digital Assistants –0.076 –0.051 –0.041 –0.031 –0.022 –0.037

Experience –0.067 –0.032 0.021 –0.015 –0.012 –0.017

Composite Reliability (CR) 0.927 0.945 0.928 0.729 0.797 0.728

Average Variance Extracted 
(AVE)

0.768 0.811 0.765 0.641 0.571 N/A

Mean 0.913 0.946 0.928 0.729 0.792 0.732

Standard Deviation (SD) 0.014 0.008 0.007 0.045 0.034 0.018

Model fit: Chi-square = 2.155, p < 0.01, df = 1.407; CFI = 0.929; TLI = 0.922; RMSEA = 0.076; SRMR = 0.06
Notes:
a The square roots of AVE for each construct are presented in bold on the diagonal of the correlation matrix.
b AVEs of formative indicators are not applicable
c N = 150

Source: compiled by the authors.
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tionality, plays a significant role in improving the 
perceived performance of digital assistants [Yoo et 
al., 2010; Brill et al., 2019; Teo et al., 2003; Raney 
et al., 2003]. The present study found new empiri-
cal findings about how the performance of digital 
assistants is measured by the three dimensions of 
interactivity. 
First, controllability helps users to manage the 
content, timing, and sequence of activities; thus, 
a digital assistant performs like a personal assis-
tant capable of thinking like humans and meeting 
most of the user’s demands with natural language 
[Kumar et al., 2016; Hauswald et al., 2015]. Second, 
synchronicity shows the speed with which digital 
assistants respond to users by meeting the user’s 
requests in a real-time manner with high quality, 
reliability and convenience [Baier et al., 2018; Wise 
et al., 2016; Yoo et al., 2010]. Third, bidirectional-
ity shows that digital assistants can exchange data 
reciprocally, serving as a conversation agent em-
ploying the principle of equality in communication 
[Peart, 2018; Moar, 2019; Yoo et al., 2010]. 
This finding is also reinforced by the moderating 
role of perceived trust. Perceived trust has a posi-
tive and significant role in the relationship of inter-
activity dimensions with perceived performance. 
The use of technology raises concerns that data 
can be misused [Bhatt, 2014]. Due to the concerns 
about the misuse of private information by organi-
zations without permission, the unauthorized use 
of data, errors in personal information and access, 
an individual’s perceived trust can strengthen the 
dimensions of interactivity based upon the perfor-
mance of digital assistant applications. Despite the 
release of digital assistant applications by strong 
brands, however, managers should continue to re-
approve the principles of trust with customers in 

any interaction as a factor that should be main-
tained. Given that users indicate that they have a 
high level of trust, perceived risks related to in-
formation quality, integrity, and reliability will be 
reduced [Kim et al., 2012]. The present study con-
firms that a higher level of trust strengthens the 
relationship between interactivity dimensions and 
perceived performance. Thus, given the extent of 
potential risks, managers should invest in securing 
personal information physically and systematically.
Despite the significant effect of the three dimen-
sions of interactivity, bidirectionality is the small-
est factor affecting the performance of digital 
assistants. This finding is consistent with previous 
studies on trust in terms of concern about privacy 
and security of personal data with digital assistants 
[Brill et al., 2019; Fitzgerald, 2019]. According to 
data by Cohn&Wolfe1, 75% of consumers were 
prepared to share their personal information with 
brands they trust. The involvement of digital as-
sistants with its users allows data exchange to be 
more vulnerable to abuse. This users’ concern is 
not absurd since trust can be fragile and subjective 
[Yannopoulou et al., 2011]. Users sincerely expect 
that their personal information in digital assis-
tants must be made confidential, protected, and 
used under the owner’s approval. Thus, they can 
integrate broader data into digital assistants for the 
benefit of their daily lifestyle. Therefore, owners of 
digital assistant brands must realize that trust con-
stitutes a performance item of paramount impor-
tance for them. Finally, perceived performance has 
a significant effect upon satisfaction. This effect 
proves that digital assistant users assess, evaluate, 
compare, and ensure that the settings, the process-
ing speed, and data exchange meet and even exceed 
their expectations.

Таble 4. Hypothesis Test

Hypothesis Structural path Standardized estimate t-statistic p-values

H1 Controllability  Perceived performance 0.676 15.685 0.007*

H2 Synchronicity  Perceived performance 0.681 23.114 0.001**

H3 Bidirectionality  Perceived performance 0.182 6.761 0.009*

H4 Perceived performance  Satisfaction 0.786 21.876 0.000**

H5 Moderating Controllability  Perceived performance 0.128 11.621 0.002**

H6 Moderating Synchronicity  Perceived performance 0.251 32.111 0.003**

H7 Moderating Bidirectionality  Perceived performance –0.117 12.743 0.012**

Note: Significant at: * p < 0.05; ** p < 0.01; *** p < 0.001.
Source: compiled by the authors.

1 Available at: http://www.authentic100.com, accessed 17.01.2019.
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Managerial Implications
Consumers use digital assistants for their personal 
and organizational tasks, expecting that the capa-
bilities and features of their applications are con-
tinuously improved in line with their needs [Baier 
et al., 2018], despite the various features of each 
brand of digital assistants [Kumar et al., 2016]. 
Thus, digital assistant service providers should be 
aware of important factors of perceived perfor-
mance of digital assistants.
Digital assistants can be involved in marketing ac-
tivities as a medium of conversation in transactions, 
such as amplification tools, interface devices, feed-
back tools, and creative tools, to obtain valuable val-
ues from customers [Harmeling et al., 2017]. Data 
collected by digital assistants can serve as a source of 
analysis for companies. Therefore, companies should 
monitor and evaluate it as a whole to ensure that this 
technology is in line with customer needs [Ranjan, 
Read, 2016]. The present study demonstrates that cus-
tomer expectations are met through interaction with 
digital assistants. Thus, this technology can serve as a 
catalyst for the development of digital assistant tech-
nology in sustainable business activities. Additionally, 
the users would obtain a greater understanding of 
how digital assistants can provide more recent rel-
evant information and efficiently perform important 
tasks for them [Brill et al., 2019]. 

Limitations and Future Research
The present study only examines the performance 
of digital assistants in terms of interactivity dimen-

sions (controllability, synchronicity, and bidirec-
tionality) and user satisfaction in general. Thus, 
the performance of digital assistant brands cannot 
be inferred partially. However, user expectations 
and patterns of use of interactivity features can be 
varying for each brand of digital assistants. For ex-
ample, the two-way communication provided by 
each digital assistant cannot respond to individual 
users’ desires due to the difference in language in 
each country. Therefore, future studies can exam-
ine various brands of personal assistants specifi-
cally to gain more in-depth knowledge of the role 
of interactivity in the perceived performance of 
digital assistants. 
The samples of the present study were all current 
users of digital assistants, a number of which were 
new users, whereas former users who quit using 
it for some reason were not included in this study. 
Thus, this study is too exclusive and incapable of 
exploring in detail other predictors of perceived 
performance and user satisfaction. Future studies 
can explore commitment and loyalty and examine 
the factors causing users quit using digital assistant 
applications and, at the same time, improve vari-
ous features more fully. Finally, the unit of anal-
ysis of the present study was well-known brands 
(Samsung Bixby, Google Assistant, and Apple Siri) 
and is undoubtedly related to the performance de-
livered (image, high level of trust, protection of us-
er privacy). Therefore, future studies can explore 
more closely other brands of digital assistants not 
dominating the market of artificial intelligence ap-
plication technology. 
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