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Abstract

Cognitive Assistants (CAs) are a new type of decision-making support tool. CAs
are capable of providing high quality recommendations to people making a wide range of
decision contexts, such as shopping, navigating, and researching. CAs help people to
make better data-driven decision as well as to better understand the environment around
them. However, in spite of the rapidly advancing capabilities of CAs, service-dominant
(S-D) logic considers technology as a type of resource used by generic actors in service
systems. S-D logic defines actors as the parties involved in resource integration, service-
for-service exchange and value co-creation. But the S-D logic and service science
literature does not currently explain how technology will someday soon be evolved as
actors in service systems. Nor does the literature describe what are the factors that can
positively and negatively influence the way people perceive technology as it becomes a
responsible actor in service systems.

The main objective of this research is to develop a deeper understanding of service
system in which CAs will evolve as actors, not simply resources, in service systems. More
specifically, the objectives of this research are: to assess the current state-of-the-art of
using CAs by people; to explore the factors influencing the way people perceive CAs will
become responsible actors in service systems; and finally, to investigate the role of trust
for evolving CAs as actors in service systems.

The literature review shows that CAs are appearing on the market, as tools that
provide decision-making recommendations or information to users. In addition, the
review shows that there is a lack of research about how users’ trust their CAs. Therefore,
in the second phase, | reviewed the literature of trust in sociology and psychology,
organizational science, economics, automation, robotics, and CAs. Then a
conceptualization of service system and the role of technology in service system is
presented. As CAs, which are based on Artificial Intelligence (Al) technologies, are
playing an increasingly important role in service systems, advances in Al technologies
will impact all service industries. Finally, CAs, which will someday be conceptualized as
actors in service system, adds to the evolving paradigm of S-D logic and service science.
Finally, I summarized the review of literature.

To achieve the objectives of this research, we adopted a qualitative and quantitative
research approach. The qualitative part included open-ended questions and was
conducted in three phases. In the first phase, a total of 10 online interviews was conducted



with the fellows of first HICSS (Hawaii International Conference on System Sciences)
Doctoral Consortium. In the second phase, a total of 12 (10 face-to-face and 2 online)
interviews was conducted with the participants from 5™ International Conference on
The Human Side of Service Engineering (HSSE), July 17-21, 2017, The Westin
Bonaventure Hotel, Los Angeles, California, USA. For the final phase, a total of 10 (9
face-to-face and 1 online) interviews was conducted at IBM Almaden Research Center,
San Jose, CA, USA. The data from these three phases were analyzed using qualitative
data analysis software MAXQDA 12. In the case of quantitative research, which
consisted of multiple choice questions, a larger-scale online survey was conducted.
These data were analyzed using SPPS 24 and IBM SPSS AMOS 25.

The results show that most of the users use Apple Siri as their preferred CAs
followed by Amazon Echo, Google Home, and Facebook M. In addition, users also use
Google Now, IBM Watson, and Samsung Viv. Furthermore, users also use home security
devices for controlling lights, temperature, air condition and alarming. Results also show
that expert users may use high level CAs, namely Tesla driverless car. However, some
users do not use any CAs. They want to have direct contact with nature. Results also show
awide range of usage contexts, such as placing calls, showing routes, things done quickly,
searching information and learning. These usages contexts are the current capabilities of
CAs. Furthermore, the results indicate a rapidly growing sophistication of models of the
world, understanding contextual information, language learning, human-computer
interface with augmented reality, learning emotions, security and privacy of personal data,
providing personalized services, as well as other future capabilities of CAs.

Results also show that CAs are learning. CAs learn from interactions, context and
recording and they will continue to learn. As with people, learning helps CAs become
capable of doing more complicated and complex tasks. Results also indicate that CAs
could learn among themselves, and this could be accelerated through more open
collaboration among vendors of CAs. CAs could be interconnected together to form an
open platform for CAs. Such platforms could be considered a “society of CAs.”

This research identifies influential factors that play an important role in users’
perceptions of current CAs as actors in service systems. First of all, CAs have to gain
rights by showing responsibilities for their actions. CAs could gain rights and
responsibilities by legislation, and other actions of legal authorities. Secondly, the
vendors of CAs should formulate proper open standards and policy for maintaining
privacy and security of personal information. Thirdly, security and privacy are the most

important factor impacting users’ perceptions of current CAs as actors in service systems.



The vendors of CAs should maintain proper security and privacy of personal information,
because users fear possible harmful or malicious use of their private information. Fourthly,
data ownership is another important factor. Furthermore, accuracy of information, worry
about CAs taking ways jobs from people, and accuracy of performance on tasks are also
important factors for emergence of current CAs to responsible actors in service systems.
Finally, the results show that trust is the most important factor for evolving CAs to
responsible actors in service systems. In general, trust plays the most important role for
adoption of CAs by people in business and society. Currently, compared to people, the
capabilities of CAs are very limited, but increasing rapidly. In addition, CAs are relatively
new in the market, from personal assistants on smartphones to home assistants to
driverless cars. Users believe that over time, as design and engineering improve, the
capabilities of CAs will be increased and so trust may go up, if vendor-adopted standards
and government regulations ensure privacy. Eventually, CAs will be considered as a
type of trusted social actor in service systems.

In this dissertation, a framework of trust building with CAs was developed based
on the results of interview data analysis and validated by the analysis of survey data. The
results from interview data analysis show that reliability, attractiveness, emotional
attachments, trustworthiness of CAs by users, and relative advantages of using CAs are
important factors. These factors play an influential role in the development of users’
trust on CAs in a wide range of interactions and contexts. The results show that general
users use CAs based on trustworthiness toward CAs and relative advantages of using CAs.
However, expert users use CAs based on functionalities (relative advantages) of CAs.

In addition, the framework of trust building with CAs was validated by quantitative
survey. Five hypotheses were generated. Four hypotheses were supported except
perceived emotional attachments. The results show that perceived reliability and
perceived attractiveness have statistically positive significant relationship with
trustworthiness toward using CAs. Therefore, Hypothesis 1 and 2 were supported. But
perceived emotional attachments have positive relationship with trustworthiness toward
using CAs but that is not statistically significant. Therefore, hypothesis 3 was not
supported. The results also showed that perceived trustworthiness toward using CAs has
statistically positive significant relationship with users’ propensity to use CAs. Thus,
Hypothesis 4 was supported. The result also showed that relative advantages of using
CAs have statistically positive significant relationship with users’ propensity to use CAs.
Therefore, Hypothesis 5 was supported.



Based on the results of this research, a framework of service system in users’
interactions with CAs was developed. In the developed framework, CAs are considered
as operant resources that provide precise recommendations or options for human actors
in the framework. In this service system framework, users’ interaction with CAs are
influenced by the trustworthiness and relative advantages of using CAs. As users interact
with CAs for certain types of requests and CAs provide precise recommendations or
options—that are considered as value proposition. At the same time, users receive
supports from CAs—that are considered as value determination by the users. Through the
interactions with users, CAs are able to know the emotions, feelings and context of users.
In addition, CAs are able to learn over the internet. Through these ways, the existing
capabilities or functionalities of CAs are improved over the period of time. These
improved capabilities of CAs ultimately influence the trustworthiness and relative
advantages and emerge new type of influencers in the service system.

Finally, an emerging service system in which CAs will evolve as actors was
developed as a theoretical implication of this research. By considering the results of this
research seriously, this research suggests that CAs will evolve as actors in service system.
Because, the result of this research indicates that CAs will evolve. So in the future,
people’s attitudes toward CAs will also evolve. In this research, we have found two
categories of users (general and expert) and their attitudes toward CAs. The findings of
this research suggest that the evolution of technologies (CAs) will never stop. And
people’s attitudes toward CAs will also be changed. In addition, the results of this
research suggest that technology development evolution is inevitable. Finally, CAs will
be evolved as actors in service system through the people’s partnership with CAs.

Regarding practical applications, this research broadens the field of service science
and S-D logic by developing an emergent service system in which CAs will evolve as
actors. It provides a new way of thinking about service systems with responsible CAs. In
addition, transition in diffusion, transition in interactions and transition in influencers play
the most important role to evolve CAs as actors. Furthermore, this research develops and
validates the framework of trust building with CAs. The framework of trust building with
CAs is a new and unique contribution of this work to the world. Therefore, this research
significantly contributes to trust literature in automation, robots and intelligent systems.
In addition, this research contributes to design disciplines as well. Because, designers and
developers could develop more attractive and emotional CAs in the future. Last, but not
least, this research provides a potential opportunity for technology companies (vendors)



to collaborate and develop new “platforms of CAs” that have the potential to create
another revolution in the sharing economy.

The present research provides directions and suggestions for future research to
undertake a study covering more experts from several companies in which they have their
own CAs. Further research could be carried out covering more types of background
information of users to observe whether nationality, gender, education and other
experiences have any effect on the trust building framework. Another quantitative
research should be carried out by including a moderating variable that reflects the degree
to which a user views CAs as a human over a technology. Finally, future research should
be carried out to justify and validate the service system in which CAs will evolve as actors
covering more high level CAs namely IBM Watson Oncology for cancer treatment as
well as Uber driverless taxies for transferring passengers from one place to another place.
This will provide deeper insights to evaluate and validate the proposed service system in
which CAs will evolve as actors.
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