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Abstract
When Alan Turing formulated the Turing test in 1950, he certainly would not have thought
that 70 years later, new trends and technology would change the way we experience our
everyday life. Digital Voice Assistants are rapidly conquering the market and offer consumers
simple, voice-based usability. Companies from various industries, such as the retail or the
health sector, have recognized their potential and are already offering services digitally with
the support of Digital Voice Assistants. It is only a matter of time that voice assistant will
soon, at least to a certain extent, find their way into consumers' everyday lives.
Against this background, the present thesis offers a good basis for better assessing the acceptance of Digital Voice Assistants and dealing more precisely with the influencing factors
among the age cohorts - Millennials and older people. Three surveys of Millennials and one
of older people were nearly examined under investigation of carefully selected technology
acceptance models – the modified TAM and the modified UTAUT2. Those two models have
proven to be reliable theories for testing the acceptance of new media.
When analyzing the predictors among Millennials, Pastime is the most important aspect that
influences the acceptance of Digital Voice Assistants. Moreover, Enjoyment, Image, Expediency, and Social Influence also positively impact the intention to use the system. Nonetheless, privacy concerns and the fear of being intercepted negatively affect Millennials' acceptance and the use of such new technologies. Within the second investigated group – older people, Performance Expectancy, Facilitating Conditions and Hedonic Motivation have the
strongest influence on the acceptance of Digital Voice Assistants. Although, it should be noted that there are noticeable differences between individuals aged 55 to 64 years and those
beyond the age of 65 years.
The qualitative analysis shows that Digital Voice Assistants are very helpful while quickly
looking for short information, navigating a car, traveling, or using a mobile phone, especially
when manual input is impossible. People in both target groups mainly use their Digital Voice
Assistants for time-saving and increase their image among friends and family, who strongly
influence their decisions and behavior. Many users, especially those older ones, turn to Digital Voice Assistants when they feel lonely and need a conversation with somebody.
Future studies should examine further age cohorts in different countries. A specific subdivision of older people will also be recommended. Another interesting aspect, which will certainly provide meaningful findings, is to examine differences between Behavioral Intention to Use
and different education levels.
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1 Introduction
1.1 Theoretical background and motivation
The idea of having a conversation with a computer fascinated people for quite some time.
Also, the implementation of a Conversational User Interface (CUI), a conversation interface
between the user and the system, has long been the vision of many researchers in speech
technology and artificial intelligence. By definition, CUI represents the front end of chatbots
or Digital Voice Assistants, which enables the user to interact with an app with the help of
speech, text or other input and output (McTear 2017). Joseph Weizenbaum’s ELIZA is considered the first chatbot able to create deceptively real human communication for test subjects. This inspired many scientists to develop a CUI that will pass the Turing test (Dale
2016; Luger and Sellen 2016). Digital Voice Assistants (DVA), which have been available to
the general public since the late 2010s, also form a part of CUI (McTear et al. 2016; Yang
and Lee 2018). With the technological advances, the possibility of controlling devices with
the help of voice commands, which was once only a topic in science fiction films, has become a reality (McTear et al. 2016). Mainly large corporations such as Siri (Apple), S Voice
(Samsung), Cortana (Windows), Google Now (Google) and Echo (Amazon) have contributed
to the rapid growth of DVAs (Coskun-Setirek and Mardikyan 2017). Since the commercialization of DVAs they have made their way into the households of many users. While according
to the consulting company Deloitte (2018), the worldwide turnover generated by smart
speakers was 4.4 billion US dollars in 2017, such enormous market growth can also be assumed in the future. Experts estimate a turnover of 27.8 billion US dollars in 2022 as realistic
(Deloitte 2018; Statista 2019).
A successful introduction and establishment of DVAs largely depends on consumer acceptance (Rese et al. 2017). Acceptance is a multidimensional and complex process that
depends, among other things, on psychological, sociodemographic, physical and social factors (Lee and Coughlin 2015; Williams et al. 2015). DVAs are particularly more popular
among younger people (Statista 2017d). Market research studies show that the technologysavvy generation, Millennials, particularly see advantages in using DVAs (Vantiv LLC 2018).
Many people know the flexibility associated with DVAs and their multiple-usage potential as
useful (Yang and Lee 2018). On the other hand, older people (especially the Boomer Generation) still do not exploit the potential of the DVAs (Statista 2017d).
A precise examination of the influencing factors which significantly determine the acceptance
has not taken place so far. For this reason, this thesis builds on the research gap. It examines the intention to use the DVAs within the framework of the target groups: Millennials and
older people, considering various technology acceptance models and their extensions.
1

1.2 Acceptance research
Acceptance research was established in the 1960s and dealt with the effects of innovative
technologies on the individual and society (Klauser 2006). Due to the increasing spread of
information technologies, acceptance research has been increasingly concerned with users'
customer acceptance of information technologies since the 1980s (Klauser 2006). The state
of research regarding technology acceptance models is already well advanced, and the variety of literature is very wide. There are many different models for predicting technology adoption and usage. These models aim to explain the individual actions of people and thus predict
the behavior or use. To explain the development of the technology acceptance models, the
important ones are discussed in the table 1. Modifications of two of them (TAM and UTAUT2)
are closely examined in this thesis.

Table 1: Selection of the models and theories of technology acceptance research from the
last 50 years
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1.3 Generational gap in the acceptance of Digital Voice Assistants
1.3.1 General information
Well-known representatives of smart home devices are Digital Voice Assistants in the form of
autonomous loudspeakers, which receive questions or commands via voice input and can,
for example, predict the current weather or control smart sockets to switch the lighting. With
Google (Alphabet), Apple, Microsoft, and Amazon, well-known IT companies are trying to
secure market shares with their specially marketed Digital Voice Assistants. Intelligent personal assistants are software applications based on artificial intelligence, receive voice inputs, and answer them via loudspeakers. The end devices on which the digital helpers are
used are diverse. Starting with PCs (e.g., Cortana) via smartphones (e.g., Siri and Alexa) to
autonomous devices (e.g., smart speakers or smartwatches), more and more internetcapable end devices are interacting with the software. Since the market launch in Germany
in early 2017, Amazon's smart speakers, the Echo series, have secured a market share of
64% alongside Google Home devices with 29% (Pakalski 2018). According to Statista, only
4% do not know Alexa. However, the user numbers are rather low at 18% (Statista 2017d). It
is mainly younger age groups who use the Digital Voice Assistants (BVDW e.V. 2017). While
there is already a very high level of awareness and a high usage rate among younger age
groups, e.g. Millennials, Digital Voice Assistants have so far only been used by a small number of older people (Sovie et al. 2017; Vantiv LLC 2018). Due to the demographic change,
however, there is enormous potential for use and sales, especially for older people. The
question inevitably arises whether such new technologies are accepted by older generations,
who did not grow up with the achievements of digitization, and which factors lead to acceptance. From a scientific perspective, the acceptance of digital language assistants has so
far not been adequately researched (Coskun-Setirek and Mardikyan 2017). Although there
are some publications on the topic and its acceptance, the age range of these studies is in
the lower third of the average life expectancy (Coskun-Setirek and Mardikyan 2017). For this
reason, this thesis focuses on the two largest generation groups - millennials and older people. Finally, the findings of all the studies presented are summarized to see the reasons for
use or non-use.

1.3.2 Millennials
One of the two target groups examined in more detail in this thesis are people assigned to
the group of Millennials, also known as Generation Y (Govindarajo and Kumar 2013). Even if
there is a lack of clarity about a uniform definition of the term Millennials, people born between the 1980s and 2000s are often classified in this generation cohort. Members of such a
3

group are often similar because they have had the same cultural experiences in their lifetime.
Accordingly, they have similar values, beliefs, preferences, motivations and behaviors
(Young and Hinesly 2012). In contrast to other generations, the Millennials present themselves as particularly technophile, are very enthusiastic about technological progress and
therefore have higher rates of adaptation of Internet technologies than previous generations.
Mobile technology and network connectivity describe this generation best and represent a
particularly characteristic property (Eastman et al. 2014). Above all, digital media and social
media development make it possible for Generation Y to contact online communities in previously unthinkable ways with friends and acquaintances or even strangers who show the
same interests (Viswanathan and Jain 2013). As a result, Generation Y has a more professional approach to technological innovations than previous generations (Deal et al. 2010).
Rather, the major innovations in software and hardware in recent years have resulted in a
completely different understanding of connectivity and communication in everyday life for
Generation Y (Deal et al. 2010). Since the Millennials grew up with technology, they are also
called “Digital Natives” (Eastman et al. 2014; Lissitsa and Kol 2016; Young and Hinesly
2012). Generation Y is currently the second-largest generation cohort after the Baby Boomers. Due to their size and high purchasing power, they represent an attractive target group
for many companies (Lissitsa and Kol 2016; Taken Smith 2012). Nevertheless, only a few
studies in the literature specifically cite Millennials as an object of investigation.

1.3.3 Older people
Demographic change has the world firmly under control. Older people are already shaping
the image of society around the world. According to the United Nations, almost 962 million
people over the age of 60 lived on earth in 2017, which corresponds to around 13% of the
total population (United Nations 2017). It is estimated that this number will increase to a
quarter for almost all regions of the world by 2050. For the European Union and Germany,
however, this relationship already applies today (Federal Ministry for Family Affairs, Senior
Citizens, Women and Youth 2016). In an EU-wide comparison, Germany is the country with
the highest proportion of over 65-year-olds after Italy. However, seniors alone do not make
up the lion's share of society. The actual population pyramid shows that the population increases significantly from around 50 years of age (Destatis 2019a). The reason for this is the
so-called Baby Boomer generation. Applied to Germany, this cohort denotes the Baby
Boomers who died after World War II. A uniform definition of the period cannot be found in
the literature. The reason for this lies in the various socio-economic factors that lead to this
phenomenon. In the USA, for example, those born after 1945 are included in this cohort,
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while in Germany, the start year is defined as 1955 (Knickmann and Snell 2002; Destatis
2019b).
However, a significant increase in the number of newborns from 1945 can also be identified
for the most European countries from the birth statistics (Federal Ministry for Family Affairs,
Senior Citizens, Women and Youth 2016). As a result, the generation over 50 is most frequently represented within the population and represents an interesting research cohort. But
how does this age group deal with the achievements of digitization? In contrast to Generation
Y, Millennials, or Generation Z, people aged 50 and over did not grow up with digitization.
Telephone and television were the technological achievements of the Boomer Generation.
The Internet did not develop into a mass medium until the early 1990s and is considered the
pioneer of digitization. This has continuously grown over the past few years and decades.
Apart from Industry 4.0, which describes the usage of digital technologies, such as the 5Gsupported transmission of data, an evolution in technology is also taking place in the private
sector. Mobile phone became the smartphone, and the laptop increasingly replaces the
desktop PC (Haas 2018). Fast broadband connections and ever smaller and more powerful
electronic components also lead to ever more compact devices that are in constant communication through the Internet. The prerequisites for the smart home, the networked house,
were born (Bendel 2019).

5

1.4 Research questions and thesis organization
New technologies and innovations increasingly shape today's world. Digital Voice Assistants
represent one of the most important changes in the interaction with technologies. However,
there has not been sufficient scientific research into how high the current level of acceptance
of Digital Voice Assistants in private use is and what factors influence this acceptance. Research into usage and user acceptance represents a central field of investigation in the IT
context and is also the main research subject of this thesis, which aims to answer the following overarching research questions:
RQ1: Which factors influence the acceptance of Digital Voice Assistants by Millennials vs. by
older people?
RQ2: Which technology acceptance model is best suited to investigate the technology acceptance of Digital Voice Assistants?
Table 2 and table 3 sum up the most relevant findings to both research questions and give a
structured comparison of the answers to the research questions for all research papers mentioned in this thesis.

Notes: TAM- Technology Acceptance Model, UGA- Uses and Gratifications Approach, UTAUT2- Unified Theory
of Acceptance and Use of Technology 2), DVA- Digital Voice Assistant

Table 2: Applied methodologies and relevant findings of the four research papers to answer
the research question 1 (RQ1): Which factors influence the acceptance of Digital Voice Assistants by Millennials vs. by older people?

Summing up the outcome of table 2, it can be said that Pastime, Enjoyment and Social status/Image have the strongest influence on Millennials’ acceptance of using DVAs. In the
6

group of older people, Performance Expectancy, Social Influence, Facilitating Conditions,
and Hedonic Motivation are the most relevant factors influencing the acceptance of DVAs.

Notes: TAM- Technology Acceptance Model, UGA- Uses and Gratifications Approach, UTAUT2- Unified Theory
of Acceptance and Use of Technology 2), DVA- Digital Voice Assistant

Table 3: Applied methodologies and relevant findings of the four research papers to answer
the research question 2 (RQ2): Which technology acceptance model is best suited to investigate the technology acceptance of Digital Voice Assistants?

The examined models, modified TAM and modified UTAUT2, have a moderate or high predictive power and are recommended for further research. A special focus is on UTAUT2,
which is tailored for the technology acceptance research from the consumers’ point of view.
Henceforth, UTAUT2 (best possible expanded by other constructs tailored for the used medium) will be recommended for future research in the field of Conversational User Interface.
Table 4 summarizes all research papers, which are included in the following chapters 2-5
and their publication status. Chapter 6 provides the conclusion of this thesis. Table 4 presents the publication status of all research papers.
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Table 4: Publication status, (paper-specific) research question, and (paper-specific) findings of the four research papers
8

2 Research paper #1: UGA or TAM: Which Approach Explains Digital Voice Assistant Acceptance Better?
Authors: Ewers, K., Baier, D.
Published in: Archives of Data Science Series A, Vol. 6 (2020), Issue 2
Abstract: Digital Voice Assistants (DVAs) have the potential to radically change the communication between companies and their customers in the near future. However, despite enormous cost and convenience reduction advantages for both sides, their acceptance is still
limited and even tools for measuring their acceptance are missing. Consequently, in this paper, we investigate whether the Uses and Gratifications Approach (UGA) and/or the Technology Acceptance Model (TAM) is better suited for this purpose. We have a closer look on a
popular DVA – Google Assistant – and investigate DVA acceptance in a navigation and
sightseeing context using a field experiment and a follow-up questionnaire (n=173). The results are promising: Both approaches (UGA and TAM) are valid tools. Pastime, expediency,
and enjoyment demonstrate to be important drivers for using DVAs.

9

2.1 Introduction
Year by year, more digital data is generated worldwide. It is predicted that the yearly amount
of digital data generated will increase to 163 zettabytes in 2025 (Statista, 2017a). The omnipresence of smartphones that support users in various contexts (e.g., mobile search for information and orientation, shopping, navigation, taking and sharing photos, videos, comments) is an important trig- ger for this development but – at the same time – also promises
easy access to this interesting but more and more confusing knowledge source. So, e.g.,
Digital Voice Assistants (DVAs) like e.g. Google Assistant or Siri and augmented reality (AR)
apps like e.g. Google Maps AR (Rese et al, 2014) are wide-spread sample offers (see, e.g.,
Statista, 2017b).
However, at the same time, users are becoming more and more demanding (Macronomy,
2018). In order to make apps acceptable, providers must under- stand, whether and why
their customers accept or reject them. Since this topic has not yet been sufficiently researched, this paper examines how DVA acceptance can be measured and whether the Uses and Gratifications Approach (UGA) or the Technology Acceptance Model (TAM) provides
more clarity.
The paper is organized as follows: After this short introduction (section 1), we discuss UGA
and TAM (section 2). Then, we apply these two approaches to measure DVA acceptance
using Google Assistant as a sample DVA and com- pare the results (section 3). The paper
ends with conclusions and an outlook (section 4).

2.2 UGA and TAM: Two alternatives for acceptance measurement
UGA was originally developed and applied in the field of media exploitation research (see,
e.g., Katz, 1959; DeFleur, 2016). UGA examines fundamentally the interaction between the
consumer and the media he/she uses (DeFleur, 2016). However, the focus lies on the consumer, who freely acts by integrating the media into her/his daily life (Rauschnabel, 2018).
UGA assumes that viewers are not only passive consumers of media but rather responsible
for choosing media that suit their needs and satisfy them (Katz, 1974). This approach suggests that the media must compete with other sources to meet the needs of the viewer,
which is why the media should not have too much power over its consumers. UGA examines
exact consumers’ reasons for an active search for specific media (Rauschnabel, 2018). UGA
explains, which media the user subconsciously prefers and what are the reasons for doing
so. This approach assumes that intelligence, as well as self-esteem of the individual, basically affect her/his choice of media (Knobloch, 2003).
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Contrary to previous criticisms (see, e.g., Knobloch, 2003), UGA can be used in the context
of modern communication technologies. In the field of the Internet-based media, UGA already found its application. In this context, re- searchers often explored benefits that consumers of social media (such as Facebook, Twitter, Instagram) can derive from using them
(Stafford et al, 2004). UGA was also used as a basis for further investigations, e.g. using this
approach, motives for using online or mobile games and the use of augmented reality applications were further explored (see, e.g., Lin and Chen, 2017). All of these studies point to the
versatility of UGA and imply that the approach is also applicable and, therefore, can be extremely helpful in supposedly ”young” application fields, such as the Internet and video
games (Li et al, 2015). Table 1 shows some recent studies based on UGA from main digital
fields.

approp.=appropriateness, inf.=information, int.=interaction, mob.=mobile

Table 1 Applications of the uses and gratifications approach (UGA)

The best known model used in the area of technology acceptance is TAM developed in 1985
by Fred D. Davis (Davis, 1985; Davis et al, 1989). TAM is a theoretical approach, which tries
11

to explain and predict whether a new technology will be adopted or rejected (Rauschnabel
and Ro, 2016; Easwara Moorthy and Vu, 2015). TAM was firstly used within computer-based
information systems (Davis, 1985). The flexibility of the model has already been shown in
many other research fields, so that it will currently be used in e.g. various industries to research the acceptance of new technologies (see, e.g., Rese et al, 2014). Moreover, this
model has already been used in several studies about DVAs (Easwara Moorthy and Vu,
2015) (see also Table 2). Basic attitude of the user, the so called “Attitude Toward Using“
construct decides whether the new technology will in fact be used by its user in the near future. According to Davis (1985), “Attitude Toward Using“ depends on two other constructs:
“Perceived Usefulness“ and “Perceived Ease of Use“. The first one is defined as a subjective
feeling of an individual, that using a new technology will increase her/his productivity (Chu
and Chu, 2011). The second, on the other hand, indicates to what extent the interviewee
supposes that learning to use new technologies without physical exertion is possible (Davis,
1985). Both constructs have to be individually considered depending on consumer’s perspective. Moreover, they have a direct impact on “Attitude Toward Using“ in relation to the construct “Actual System Use“ and “Perceived Ease of Use“ is assumed to have a direct impact
on “Perceived Usefulness“ (Chu and Chu, 2011). “Perceived Usefulness“ and “Perceived
Ease of Use“ can also be influenced by external factors, e.g. demographic variables or some
personality traits (Davis et al, 1989). Moreover, both – “Perceived Usefulness“ and “Attitude
Toward Using“, are related to “Behavioral Intention to Use“, which finally influences “Actual
System Use“.

Table 2 Application of the technology acceptance model (TAM)
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2.3 Application to DVA acceptance measurement
Voice input makes it possible to use (mobile) devices without any manual act. And so,
searching for some information, sending a message or making a call are now possible without even touching a (mobile) device. This feature is getting more popular, and it is essential
in smartphones, smartwatches, laptops and others (Bitkom, 2017). That is the reason, why
large international companies already developed their own DVAs. Siri (from Apple), Cortana
(from Microsoft) or Google Assistant (from Google) can make everyday life easier, as they
start the navigation on call, set an alarm clock, set a timer, play music from a playlist and
much more. In this study Google Assistant will be used as an example of a DVA. It receives
and processes spoken language and constantly learns from already posed and answered
questions. As a result, it gets to know the user better, and so, in most cases, it can answer
her/his questions very precisely. The device not only handles simple questions, but also
more complex voice commands and it can e.g. understand semantic connections. Once
Google Assistant has met the user, it will regularly display user-specific information. All this
happens without an explicit request from the user (Digital Trends, 2018).
Despite many benefits of DVAs, concerns have been noted regarding the ethical and social
issues caused by the AI technology (Statista, 2017a). For example, some users do not notice
that they are talking to a digital robot, which some critics consider unethical or even deceitful
(see, e.g., van der Heijden, 2004). Privacy concerns have also been noted as conversations
with some DVAs were recorded so that the virtual assistant could analyze it and respond
(Easwara Moorthy and Vu, 2015). Fortunately, users with privacy concerns can automatically
turn off the voice control (Gao et al, 2010). As a result of these concerns, a mobile phone no
longer constantly listens, but also prevents the use of voice control. Proponents of data protection also expressed concern that millions of language samples collected by consumers
are being fed into virtual assistant algorithms (Easwara Moorthy and Vu, 2015). Although
these features personalize user experience, critics are uncertain about the long-term implications of giving companies unlimited access to human patterns and preferences that are critical to the next phase of AI. This could lead to the situation, where AI tricks its creators (Chen
et al, 2018).
Figures 1 and 2 describe the assumed factors and dependencies (hypotheses) in each model based on studies from the last section (see, e.g., Davis et al.,1989; Hu et al., 1999; Venkatesh and Davis, 2000). There, the relevant, recent studies were summarized in an overview. From the totality of the various fac- tors that appear in the literature, five were ultimately
chosen for this study based on teleological ethics (Thomas, 2015). Here, hedonistic (pastime, enjoyment) and utilitarian gratifications (image, expediency) as well as barriers (fear of
data misuse) were nearly considered. Within these groups, all users’ motives were queried
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extensively regarding the use of Google Assistant. For TAM, the unchanged assumption of
classical constructs seemed applicable.

Fig. 1 UGA structural model for DVA acceptance measurement

Fig. 2 TAM structural model for DVA acceptance measurement

The study design is based both on a field experiment and on a quantitative research method.
The field experiment, called ”On the traces of Richard Wagner”, is intended to explore the
city – Bayreuth, Germany – in an interesting way using the DVA Google Assistant. Participants are given several small tasks and are expected to solve them by only using voice input
(e.g. navigating to Villa Wahnfried – the house of Richard Wagner – or finding out some important information about Richard Wagner, his family and his operas). The questionnaire
used for this study mainly consists of closed questions with the exception of two open ones
(”In which situation in everyday life is the use of Google Assistant helpful?”, ”In which situation will you use Google Assistant in the future?”). This allows respondents to easily comment on their observations and ideas on the topic. With the help of the electronic questionnaire provider Qualtrics, the questionnaire was drafted and checked by five test persons for
possible errors, the duration of the survey, possible problems with comprehension and the
correctness of the structure. Afterwards, the questionnaire was refined. Finally, it was com14

pletely designed on June 25, 2018. The survey period was between June 26 and August 4,
2018 and it was only available in German. For the measurement of UGA and TAM constructs, 5- point Likert scales were used for the items ranging from ”1=totally disagree” to
”5=totally agree”. Respondents also had the opportunity to take a neutral position. Open
questions were also included to get a deeper insight into drivers of acceptance.
Finally, some socio-demographic questions, such as age and gender of the respondents,
were asked. These are evaluated as a part of the descriptive statistics. The survey reached a
total of 173 people. 173 respondents filled out the questionnaire, which corresponds to a
completion rate of 88.7%. These evaluated data are the basis of the further empirical investigation. 50.3% of the respondents are female and 48% are male. Another three people gave
no information about their gender. The target group of the study are millennials (21 to 35
years old) from a middle-sized German city (population: about 75,000 inhabitants), who will
start the working life soon. Even though companies try to appeal to all age groups with their
products and ser- vices, people aged 21-35 are the most interesting ones to the digital information market. They are open to new technologies and have sufficient incomes to afford
them. Out of 173 participants, 126 (72.8%) were between 21 and 25 years old and 45
(26.0%) between the age of 26 and 30. Two persons (1.2%) represented the age group older
than 31 but not older than 35 years. In order to be able to analyze and evaluate the data collected in the online survey, it is essential to check in advance the indicators of model quality
(for UGA and TAM). This is followed by the evaluation of structural equation models and the
examination of previously formulated hypotheses. Focusing of the causal- predictive nature
of the analysis, PLS-SEM was chosen for a validation of the data (Rigdon et al, 2017; Hair et
al, 2019). All calculations were performed using IBM SPSS Statistics 25.0 and SmartPLS 3.
First, the quality criteria of the measurement model were verified. The focus is on ensuring
reliability and validity. Reliability as such is an important indicator for a formally accurate or
reliable measurement (Olbrich et al, 2012). Validity indicates whether a measurement is valid: Whether there is a compatibility between the measuring instrument and the examined
case (Rigdon et al, 2017). In order to be able to ensure these basic requirements, a number
of quality criteria are analyzed in the course of this work (see Tables 3 and 4). While analyzing the outcomes, it was necessary to constantly check the data and adjust and control the
thresholds thereafter. In addition, the insufficient items were taken out of consideration. For
the evaluation of all quality criteria, threshold values were used that were already proved in
the current literature and are valid. Furthermore, the average variance extracted and
Cronbach’s alpha are used to accordingly validate the construct reliability. All values correspond to the prerequisites for the quality criteria can be found in Table 4. Thus, the data used
are reliable and can easily be used in further data analysis. The average means show that
the attitude of the recipients to the topic Google Assistant is relatively inconclusive (in some
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cases even skeptical) and in principle does not outweigh any extreme opinions. The mean
values across relevant items of a construct and respondents range from 1.35 (near ”1=totally
disagree”) to 4.31 (near ”5=totally agree”). In the next step, the quality criteria of the second
generation were analyzed. Here all calculated quantities are sufficient. Outter Loadings of the
two models also show no abnormalities and can therefore be considered as sufficient.

Notes: adj.=adjusted, CA=Cronbach’s α, CR=composite realibility, AVE=average variance explained;
val.=mean construct values; std.=standard deviation

Table 3 UGA results: Quality of measurement scales and construct values (1=totally disagree,. . . ,5=totally agree)

The existence of the reliability is the precondition for the validity. Therefore, validity can now
be checked by looking at the means of the discriminant validity and the collinearity. For that
Fornell-Larcker Criterion (Fornell and Larcker, 1981) and Heterotrait-Monotrait Ratio (HTMT)
(Hair et al, 2017) will be nearly investigated. Fornell-Larcker Criterion examines the constructs for their separability (Fornell and Larcker, 1981). In this study, all square roots of Average Variance Extracted (AVE) of each constructs are higher than the largest correlation
with any of the other constructs. By closely looking at HTMT (see Tables 5 and 6), a treshold
of 0.85 (Henseler et al, 2015) is fulfilled by all constructs. In the context of the effect size (f²),
exogenous variables have a significant effect on the respective constructs of the model (Hair
et al. 2017).
Tables 5 and 6 show whether the influence is low, medium or high. Furthermore, the model
is examined for multicollinearity using Variance Inflation Factor (VIF) (Hair et al., 2017). Here,
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all examined VIF-values are below the threshold of 5 and so they meet the acceptance
range.

Notes: adj.=adjusted, CA=Cronbach’s α, CR=composite reliability, AVE=average variance explained;
val.=mean construct values; std.=standard deviation

Table 4 TAM results: Quality of measurement scales and construct values (1=totally disagree,. . . ,5=totally agree)

In order to be able to interpret the structural equation model accordingly, an examination of
R2, R2Adjusted and f2 is indispensable (Chin and Marcoulides, 1998). All these values can be
seen in Tables 5 and 6. Furthermore, Stone-Geisser Criterion (Q2) will also be closely looked
at. The criterion can be used to check the prognostic relevance for latent endogenous variables (Stone, 1974). Thus, only values greater than zero are prognostically relevant. Here, Q 2
for all examined variables, was higher than 0.057, and it met the acceptance range.

Table 5 UGA: Effect size and discriminant validity assessment using f2 (left) HTMT (right)
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Table 6 TAM: Effect size and discriminant validity assessment using f2 (left) HTMT (right)

Even though the models were compared contrasting them on the grounds of explanatory
power, it should be mentioned, that they differ in their complexity, so that the explanatory
power cannot be the only comparing criterion. In such cases is the Bayesian Information Criterion for model selection (BIC) particularly a better choice for PLS-SEM-based model selection tasks – from an explanatory as well as a predictive perspective (Sharma et al, 2019). In
terms of predicting “Actual System Use“ and “Behavioral Intention to Use“ with UGA it is 76.275 and with TAM is -82.918. According to Sharma et al (2019) the model with the lowest
BIC is preferred, so in this case, TAM has more informative power than UGA. Furthermore,
in order to assess a model’s out- of-sample predictive power, PLSpredict was used for both
models (Shmueli et al, 2019). Comparing UGA and TAM from a prediction-only perspective
shows, that UGA tends to be a better model (lower RMSE-values). All in all, it cannot be
clearly said, which model has more information power.
After the completion of all the evaluations presented above, the findings can be summarized
as follows:
1. “Pastime“ has a positive influence on actual system use,
2. “Image“, “Expediency“ and “Enjoyment“ have a positive influence on “Behavioral Intention
to Use“ a DVA,
3. “Behavioral Intention to Use“ itself has a positive influence on “Actual System Use“, “Fear
of Data Misuse“ has no influence on neither “Behavioral Intention to Use“ nor “Actual
System Use“.

Relating to TAM, all constructs show a significant correlation between each other. Whereas
in UGA, correlations between “Image“, “Expediency“, “Enjoyment“ and “Fear of Data Misuse“
and “Actual System Use“ are not significant. This leads to the consideration, whether the
relationship between constructs mentioned above and “Actual System Use“ are relevant or
even, whether “Actual System Use“ needs to be integrated in this model at all.
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* (**) denotes significant at the p=0.01 (0.001) level; n.s.=not significant

Fig. 3 UGA structural model with standardized path coefficients

* denotes significant at the p=0.01 level; n.s.=not significant

Fig. 4 TAM structural model with standardized path coefficients

By closely looking at the answers to the open questions, it is clear, that people use DVAs to
save some time, to increase their productivity and/or to improve their image. They expect
from DVAs, that they will make the everyday life easier and be entertained by such devices.
With regard to TAM a positive influence of almost all its constructs (with an exception of the
correlation between “Perceived Ease of Use“ and “Attitude Toward Using“) could be confirmed. The outcomes show, that TAM is a helpful theoretical tool to understand and explain
consumers’ intention to use DVAs. In order to answer the research question in the title (“UGA
or TAM: Which Approach Better Explains Digital Voice Assistant Acceptance? “), several
prerequisites must be considered.
Firstly, the models have to be compared from both – an explanatory and a predictive – perspective. Therefore, the coefficient of determination dependent variables were firstly examined. The variables of TAM explain “Behavioral Intention to Use“ by 9.3% better than those of
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UGA (R2 for UGA: 46.1% vs. R2 for TAM: 55.4%). On the other hand, “Actual System Use“
will be better explained by the variables of UGA rather than by TAM (R2 for UGA: 47.5% vs.
R2 for TAM: 41.3%). Because of different complexity of both models, BIC was closely examined, as a better choice for model selection tasks. In terms of “Actual System Use“ and “Behavioral Intention to Use“ for TAM is -82.918 and for UGA it is -76.275. Here, TAM has more
informative power than UGA. Furthermore, in order to assess a model’s out-of-sample predictive power, RMSE-values were nearly investigated. Comparing these two models from a
prediction-only perspective, UGA seems to be a better one (lower RMSE-values). So only by
looking at the explanatory and a predictive perspective of UGA and TAM, it cannot be clearly
said, which of the two models is better suited in this case.
Regarding the information content, constructs of UGA have a more specific character than
those of TAM. In case of UGA, more specific, user-adapted constructs (e.g. “Pastime“, “Enjoyment“, “Fear of Data Misuse“) were asked. With regard to the effort of adapting to the research context, apparently TAM seems to be easier in the usage due to the easier application of existing scales to the research object whereas the adaptation of UGA items tends to
be more extensive. Concerning UGA, the development of new constructs is required. These
are adapted to the respective circumstances more closely, though. All in all, it cannot be
clearly stated which of the two models seems to be better suited for measuring the acceptance of DVAs. A combination of the two models will be rather recommended for future
researches, as this leads to more meaningful
and precise results. Such a wide range of tested constructs would not be possible by using
only one of the models. Contrary to other studies (see, e.g., PwC, 2018), this study does not
show any difference in acceptance of DVAs between men and women. Both genders equally
accept and use those devices.

2.4 Conclusion and outlook
The first goal of this study was to highlight the factors that cause customers’ acceptance of
DVAs (here on the example of Google Assistant). In addition, it was also important to characterize main functions of DVAs, that are interesting and useful for consumers. To do so, two
approaches, UGA and TAM, were closely examined. Results show that customers mainly
use their DVAs for time-saving. Furthermore, they also use DVAs, because they want to increase their image among friends and family and such a modern device, like DVAs, can be
very useful. Many users also turn to DVAs, when they want to talk to somebody. On the other
hand, people have some concerns about the usage of DVAs in public (e.g. they do not want
to talk too loud with their smart devices) because they do not want to be laughed at. Survey
results also show, that DVAs are helpful, while quickly looking for some information, navi20

gating a car, or traveling, especially when a manual input is not possible. Furthermore, in
some of the comments on the survey, the software was nearly discussed. Depending on the
smartphone software, Google Assistant is preferred mainly for Android and Siri is used on
iOS devices. The integration of the two methods (UGA and TAM) to measure customers’
acceptance leads to meaningful results and is recommended for further studies. For this reason, in-depth research, which has its origins in UGA and TAM, is recommended. An interesting extension of this study would eventually be to determine, how the research model can be
adapted to incorporate the perception of non-users.
All in all, DVAs are an interesting and useful innovation. The idea of a personal assistant in
the digital age is very contemporary, convincing and more than comprehensible. In order to
meet the needs of an individual, DVAs should continually be improved. New functions should
be added, which can make the everyday life much easier.
Future studies are encouraged to interview a larger, heterogeneous sample. Due to a rather
small sample in this study (n=173) as well as the data collection at a certain time (six weeks),
the data cannot be seen as representative.
It is also advisable to compare UGA with some recent versions of TAM, e.g. UTAUT2 or
technology readiness model, which are mainly based on other, more specified constructs.
Finally, results of the study are primarily for the use of Google Assistant and make no demands on the completeness. To improve the data quality, it would be advisable to conduct
the survey for other DVAs (e.g. Siri, Cortana, Alexa).
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Abstract: Digital Voice Assistants are conquering nowadays numerous areas of our everyday life. It is predicted that their functions and capabilities will enormously grow in the future.
Therefore, it is relevant to examine the researches of user acceptance of Digital Voice Assistants (DVAs) in the context of customer communication. Our paper makes an empirical contribution to this topic under the consideration of the Uses and Gratifications Approach (UGA)
and the Technology Acceptance Model (TAM). The outcomes proved the developed model
(that consists out of constructs from UGA and TAM) to be good theoretical tool to understand
users’ acceptance of DVAs. Pastime was the most important aspect that influence the users’
acceptance of DVAs. Our study offers numerous practical implications. To increase users’
satisfaction and assure higher intention to use, DVA designer should focus on improving entertainment service and skills of DVAs, which will give stronger feeling of communicating (only with the voice) with a human, rather than a robot.
Keywords: Acceptance, Digital Voice Assistants, Google Assistant, Uses and Gratifications
Approach, Technology Acceptance Model (TAM)
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3.1 Introduction
The era of information technology has fundamentally changed everyday life and work structures (Niehaves and Plattfaut 2014). An enormous amount of digital content is created
around the world every year. In 2016 alone, 16.1 zettabytes of digital information
were generated (Statista 2017c). According to Statista, the data volume will rise to 163 zettabytes in 2025 (Statista 2017c). This expected amount of data makes the digitization of numerous everyday and business activities indispensable. Similar growth figures can also be
seen in artificial intelligence (BMWi 2018).
A life without a computer, smartphone, or the internet is hard to imagine these days. Since
the market launch of the first computer, people wanted to be able to talk to them (Hoy 2018).
Due to the fast pace of products and many opportunities to develop new technologies, it was
only a matter of time before new technologies were developed that put the most original and
natural form of communication, the verbal exchange among themselves, in the foreground
(Shankar 2018). And so, the Digital Voice Assistant (DVA) was created and it was used as
an everyday helper (Mari 2019). Since DVAs are now built into every smartphone, the spread
of the technology is by no means a problem, and it makes sense to use DVAs daily in private
life and at work. However, the media often speak of data protection aspects that prevent
people from using DVAs since the internal company and private data should not be leaked to
strangers (Macronomy 2018). It is used, for example, in Digital Voice Assistants, which are
increasingly gaining more areas of application (Statista 2017b). With the widespread use of
smartphones, there is also growing interest in Digital Voice Assistants, which are now preinstalled in almost every smartphone. According to the online survey by Splendid Research
(2018), 91 percent of Germans know what a Digital Voice Assistant is. Thirty-seven percent
of the recipients even use one of the voice assistants available on the market (Splendid Research 2018). The market leader in this area is Google Assistant, which is used by 29 percent of the recipients. In second place is Siri, the voice assistant from Apple, operated by
22% of those surveyed (Statista 2017a). Due to the increased interest in the use of voice
assistants, consumers are becoming choosier and placing ever higher demands on new
functions (Macronomy 2018). To make the parts customer-friendly, the provider must know
the preferred areas of application. The provider needs to know when its customers will accept or reject an innovative information or communication technology (Bundesverband Digitale Wirtschaft e.V. 2017). Since this topic has not been sufficiently investigated yet, this
study deals with the acceptance of Digital Voice Assistants in customer communication. As a
matter of fact, the following research question will be answered: “Which factors influence the
users’ acceptance of Digital Voice Assistants?”.
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The present study is divided into eight parts. The first part introduces the topic of the acceptance of Digital Voice Assistants in customer communication. Both the initial situation and
the current problems are discussed there. In the second part of the study, two theoretical
components are explained in more detail - the Uses and Gratifications Approach (UGA) and
the Technology Acceptance Model (TAM). Building on this, the theoretical framework, a modified TAM, is discussed in the further course of the study. The next step is a detailed presentation of Digital Voice Assistants. Some functions of the best-known voice assistants, statistical data, and the latest studies on the topic are mentioned here. In part 4, a research design
of the study, including research hypotheses, is presented. After that (part 5), the target group
is shown. Subsequently, research hypotheses are formulated, and a questionnaire is created. The data collection is also described here. Part 6 focuses on all the answers obtained in
the primary analysis and evaluates the quantitative survey. Then, part 7 shows the limitations
of the present study. The final part of the study (part 8) deals with the observations made so
far and summarizes the results. Finally, a research outlook is given.

3.2 Literature review
3.2.1 Technology Acceptance Model (TAM)
One of the best known and most widely used models of technology acceptance is the Technology Acceptance Model (TAM), which Fred D. Davis developed in 1986 (Davis, Bagozzi
and Warshaw 1989). TAM is a theoretical model that explains and predicts when a new
technology will be accepted and used or rejected (Rauschnabel and Ro 2016). The basis of
the TAM is the socio-psychological model by Icek Ajzen and Martin Fishbein from 1980, the
Theory of Reasoned Action (TRA) (Davis and Venkatesh 1996). It is an attitude model that
predicts the behavior of the observed object with its attitudes and social norms concerning
this behavior (Marangunic and Granic 2015).
The TAM aims to map a wide range of end-user behavior to explain as many computer technologies as possible. As a result, it also accepts that it is not very specific (Davis 1989, 319–
322). Due to this objective, compared to the TRA, one can assume that the TAM is less general, requiring few statements. Nevertheless, this model has found its theoretical justification
and established itself in science (Taherdoost 2018).
Fred D. Davis used TAM first within computer-based information systems (Davis 1985). The
model's flexibility has also been showed in other areas, with the result that it is now being
used in a wide variety of industries to research technology acceptance (Rese et al. 2014).
The TAM has also already been used to study Digital Voice Assistants (Easwara and Vu
2015).
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When the user first comes into contact with new technology, various factors arise that play a
major role in deciding whether and when the new technology is accepted and used. Voice
assistants can also be understood as such young technology for which the TAM can draw
good conclusions about user acceptance (Moorthy and Vu 2014). In particular, the relationship between the observable, actual behavior of users and the external variables that affect
user acceptance is shown (Taherdoost 2018). The external variables do not have a direct
effect on the use of computer-based technologies, but only indirectly through the factors
"Perceived Usefulness" (PU) and "Perceived Ease of Use" (PEOU) (Davis 1989).
The user's Attitude Toward technology acceptance/use (Attitude Toward Using, ATU) determines if the user will use the new technology in the future. In line with Davis (1985), the ATU
depends, as already mentioned, on two characteristics: the Perceived Usefulness (PU) and
the Perceived Ease of Use (PEOU) (Davis 1985). The PU is understood to be the subjective
perception of an individual, which gives the user the feeling that using a new technology increases their productivity (Chu and Chu 2011). The PEOU, in turn, indicates the extent to
which the respondent believes that learning to use new technologies goes hand in hand with
no physical strain (Davis 1985). Both variables, PU and PEOU, must always be viewed from
the consumers’ point of view and have a direct effect on the ATU with regard to the use of a
system (Actual System Use, ASU). Moreover, they are influenced by external variables such
as demographic aspects and personality traits (Davis et al. 1989). Simultaneously, PEOU
also affects PU (Park 2009). However, some scientific studies consider this dependency irrelevant for the studies' overall results (Almahamid et al. 2010, 32). Therefore, the relationship between PEOU and PU is not a mandatory requirement (Almahamid et al. 2010). Additionally, both the PU and the ATU once again affect the Behavioral Intention to Use (BIU),
which in turn influences the Actual System Use (ASU). An original TAM as well as an overview of exemplary studies based on TAM are shown in figure 1. Moreover, table 1 presents a
selection of technology acceptance models over the last 40 years.

Fig. 1: Original Technology Acceptance Model; Source: Davis 1985
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Tab. 1: Selection of technology acceptance models over the last 40 years
Source: Own depiction

3.2.2 Uses and Gratifications Approach (UGA)
The UGA is considered one of the most influential theories in acceptance research, as it clarifies which needs the media should meet by individuals (Curras-Perez et al. 2014). It explores why an individual uses a specific medium and how it uses it to meet certain needs
(Brandtzaeg and Følstad 2017). The approach was developed by Katz et al. in the early
1960s (Katz et al. 1974). It was initially used for research into mass media and their content
(Kaye 1998). The UGA assumes that people have innate needs known to them and which
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can be met through the targeted use of a new medium (Katz et al. 1974; Lin and Chen 2017).
The motivation to use the new technology depends on the so-called gratuities, i.e., reasons
that put the user in a state of satisfaction through use (Rauschnabel 2018).
Gratifications are independent variables of the theoretical model. The UGA states that every
user is motivated based on their individual needs and characteristics (Brandtzaeg and
Følstad 2017, 381; Rauschnabel 2018). There are sometimes big differences between the
new technologies, e.g., in use itself or in the purpose of use, which is why it is essential for
each medium or for each technology to identify the most important gratuities that are relevant
to this context (Brandtzaeg and Følstad 2017). Accordingly, the approach does not consist of
fixed constructs but must be individually adapted to the respective facts and context
(Rauschnabel 2018).
Frequently seen components of the model are, on the one hand, the Behavioral Intention to
Use a technology (BIU), which, if the Actual System Use (ASU) is also part of the model,
functions as a semi-dependent variable and, on the other hand, the ASU represents the fully
dependent variable (Rauschnabel 2018; Rauschnabel and Ro 2016; Venkatesh et al. 2012).
With these two constructs, the classic elements of the TAM were integrated into the UGA.

Tab. 2: Exemplary studies based on UGA
Source: Own depiction
In previous studies, the UGA has been successfully applied to a wide variety of technologies.
Originally, the approach was used shortly after its development to the current mass media of
the time, such as the newspaper, radio, or television (Greenberg 1974; McQuail et al. 1972).
In recent years, researchers explored the most important gratitudes for the use of augmented
reality smart glasses (Rauschnabel 2018), smartphones (Joo and Sang 2013), internet (Staf32

ford et al. 2004), social media (Whiting and Williams 2013), and chatbots (Brandtzaeg and
Følstad 2017). Table 2 gives an outline of some studies based on UGA.

3.3 Digital Voice Assistants
In the last few years, speech-based DVAs have become more of a talking point (Sayago et
al. 2019). According to statistics, over a billion Digital Voice Assistants were used worldwide
in 2018, increasing to 1.8 billion expected by 2021 (Statista 2019b). The focus of research
has, on the one hand, to do with the technological advances in the field of Artificial Intelligence, but also with the increasing interest of large technology companies in investing in new
technologies (Klopfenstein et al. 2017).
A DVA is a computer or software with which the user can communicate using the voice (Hoy
2018; Jiang et al. 2015; Kepuska and Bohouta 2018). This technology can help users complete tasks more efficiently and faster through spoken instructions (Kepuska and Bohouta
2018). The user thus has the option of no longer typing in and sending certain commands but
simply giving them verbally. The more the user communicates with the voice assistant, the
more personalized it becomes since it learns more about the user with increasing communication (Jones 2018). The present technology relies on artificial intelligence, machine learning, and the processing of natural language to give the user the desired information (Gaggioli
2018; Hoy 2018; McLean and Osei-Frimpong 2019). Using these processing methods, Digital Voice Assistants try to place the information given to them in a context and thus improve
their answers (Nasirian et al. 2017).
Voice Assistants are often built into smartphones as applications (Klopfenstein et al. 2017).
But they can also be found in smart TVs and laptops (Sarikaya 2017). For some time now,
Digital Voice Assistants have also been available for use at home in the form of hardware,
the so-called smart speakers, e.g., Google Home or Amazon Echo (Herrero et al. 2018). You
can use them to convert your home into a smart home, a so-called intelligent home (Han and
Yang 2018). Like Google, Apple, or Microsoft, many of the biggest international companies
already launched their DVAs (EY 2018). In our study, we use Google Assistant as an example of a DVA.
Voice Assistants differ, among other things, in their design and their functions (Kepuska and
Bohouta 2018). Nevertheless, every Voice Assistant performs the same basic functions, for
example, everyday tasks such as reading and sending text messages and emails and making phone calls, or ordering food (Hoy 2018; Han and Yang 2018). In addition, the Voice Assistant can set an alarm clock, remind the user of important things and add calendar entries.
DVAs can also be used for simple conversations by reproducing some knowledge or jokes
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(Yang and Lee 2019). The range of tasks of a DVA is constantly expanding, as research and
further development are not completed yet (Wagner et al. 2019). A great advantage of Digital
Voice Assistants is their flexibility, as they can be used anytime and anywhere (Han and
Yang 2018). Since they can be used for various tasks, they have a great potential for the
future (Yang and Lee 2019).
However, there are also negative aspects of using such devices. One problem that arises
when using DVAs is data security and privacy protection (Hoy 2018). By operating the voice
control, personal data can be read out more easily by third parties, and processes can be
carried out. In addition, DVAs can always overhear, as they are always on call to answer
inquiries. As soon as the user says a keyword, the Voice Assistant will activate (McLean and
Osei-Frimpong 2019). Due to the constant availability of Voice Assistants, it is conceivable
that private data will be saved and fall into the wrong hands, or the user will be spied on. Appropriate technical measures must prevent this. However, there will always be a certain residual risk that personal data will be stolen and used without authorization (Brill 2018). The
first table in Appendix (Appendix 1) summarizes important findings on Digital Voice Assistants in recent years.

3.4 Research Design and Hypotheses
Although the TAM has proven useful in numerous research areas to identify the factors that
influence a person's technology acceptance and use, the model, as Park et al. (2007), does
not fully explain why people ultimately accept and use a technology (Park et al. 2007). Furthermore, Bagozzi (2007) and Coskun-Setirek and Mardikyan (2017) show that the original
TAM by Davis (1989) ignores external factors affecting the overall context (Coskun-Setirek
and Mardikyan 2017). As a result, the previous model should be modified by further factors
to make its application possible and consolidate it in the field of new and innovative technologies. Benbasat and Barki (2007) also criticize that the focus in acceptance research is too
much on the TAM without considering another approaches (Benbasat and Barki 2007). To
overcome such significant limitations, our study uses the Technology Acceptance Model and
the Uses and Gratifications Approach examining consumers’ acceptance of Digital Voice
Assistants.
Based on the theoretical contribution, the following hypotheses are built to examine the acceptance of DVAs in the context of customer communication. These are then discussed in
the further course of the study. Which studies were ultimately decisive for the choice of gratuities is described in table 3. There, the relevant studies are summarized in an overview. From
the totality of the various factors that appear in the literature, we modified the original TAM by
adding five further factors: Pastime (PA), Image (IM), Enjoyment (EN), Expediency (EX) and
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Fear of Data Misuse (FDM). Following hypotheses were made for the presented research
model (see figure 2):
Hedonic gratuities:
Pastime has a positive effect on the behavioral intention to use the DVA (H1a) and on the
actual system use (H1b).
Enjoyment has a positive effect on the behavioral intention to use the DVA (H2a) and on the
actual system use (H2b).
Utilitarian gratuities:
Image has a positive effect on the intention to use the DVA (H3a) and on the actual system
use (H3b).
Expediency has a positive effect on the intention to use the DVA (H4a) and on the actual
system use (H4b).
Barriers:
Fear of data misuse has a negative effect on the intention to use the DVA (H5a) and on the
actual system use (H5b).
Perceived Usefulness (PU):
The behavioral intention of users to use an information system is strongly influenced by the
perceived usefulness of the examined system (Davis et al. 1989). Numerous researchers
have already proven the significant effect of the perceived benefit on behavioral intent (Hu et
al. 1999); (Davis et al. 1989); (Venkatesh and Davis 2000). As a logical consequence of this,
it seems likely that the perceived usefulness can lead to a positive assessment of the Voice
Assistant by the respondents. The following hypotheses are presented:
H7a: Perceived usefulness has a positive effect on Attitude Toward using the Google Assistant.
H7b: Perceived usefulness has a positive effect on the intention to use the Google Assistant.
Perceived Ease of Use (PEOU):
Over the past few decades, a significant amount of research has provided substantial support in examining the effects of perceived usability on behavioral intent, either directly or indirectly, through its impact on perceived benefit (Hu et al. 1999, 92–95). Therefore, two hypotheses are proposed: the perceived ease of use of the Google Assistant positively affects
both the perceived usefulness (H8a) and the behavioral intention to use Digital Voice Assistants.
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H8a: Perceived ease of use positively affects the perceived usefulness of Digital Voice Assistants.
H8b: Perceived ease of use positively affects the behavioral intention to use Digital Voice
Assistants.
Attitude Toward Using (ATU):
Furthermore, it is assumed that the attitude toward using Voice Assistants has a positive
effect on the behavioral intention to use them. Rauschnabel et al. (2017), in their study, the
results of which are associated with the classic TAM (Rauschnabel et al. 2017). For this reason, the following research hypothesis is made:
H9: Attitude Toward using DVAs has a positive effect on the intention to continue using
Google Assistant.
Behavioral Intention to Use (BIU)
Intention to use represents a person's intention to use something (here: Digital Voice Assistants). It represents a probability that the person will engage in certain behavior. The following hypothesis was formulated in this context:
H10: Behavioral Intention to use DVAs has a positive effect on the actual use of Digital Voice
Assistants (ASU).

Fig. 2: Modified TAM – structural model for the acceptance of DVAs
Source: Own depiction
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Tab. 3: Constructs used in the research model and references
Source: Own depiction

3.5 Questionnaire Development and Data Collection
Mobile technology and network connectivity represent Generation Y, also known as Millennials - the target group for our study (Eastman 2014). Compared to previous generations,
Generation Y has no difficulties in dealing with technological communication and sees this
more as a potential to maximize their productivity (Myers and Sadaghiani 2010). According to
Tuzovic and Paluch (2018) “Millennials are four times as likely to use virtual assistants compared to baby boomers” (Tuzovic and Paluch 2018). Rather, the major innovations in software and hardware in recent years have resulted in a completely different understanding of
connectivity and communication in everyday life for Generation Y (Deal et al. 2010). Above
all, digital media and social media development make it possible for this generation to come
into contact in online communities in previously unthinkable ways with friends and acquaintances or even strangers who show the same interests (Viswanathan and Jain 2013). As a
result, Generation Y has a more professional approach to technological innovations than the
previous generations (Deal et al. 2010) and represents a suitable target group for the innovative subject of this study. In summary, it can be stated that DVAs are now integrated into numerous devices and that third-party providers increasingly see new opportunities in the application of the technology in their products.
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With the help of the "Qualtrics" survey software, the questionnaire was designed and, after it
was created, checked by five test persons for possible errors, the duration of the survey, potential comprehension problems, and the structure's correctness. The questionnaire was then
refined through targeted adjustments. Finally, it was freely designed on June 25th, 2018, and
made available on June 26th, 2018, via the eLearning platform to all students who took part
in the "Dialog Marketing" event at the University of Bayreuth in the 2018 summer semester.
The survey period was between June 26th and August 4th, 2018. Since the survey took
place internally at the University of Bayreuth as part of the German-language event "Dialog
Marketing", the questionnaire was only available in German.
The research design is based on a quantitative research method. In light of the beforehand
shown research models and the subsequent research hypotheses, an online survey, which
primarily consists of closed questions, has been conducted. An exception are two openended questions: "In which situation in everyday life is the use of Google Assistant helpful?",
"In which situation will you use Google Assistant in the future?". The survey took place from
June 26th to August 4th, 2018. The greater part of the survey was designed utilizing the 5point Likert scale (Stavropoulos et al. 2016). The range of the scale stretches from "strongly
agree" to "strongly disagree". The respondents could also choose an impartial position "neutral" within the survey.
Before the participants started the online survey, they were welcomed and briefly introduced
to the subject area. It was also made clear to them what the ultimate goal of the survey is.
The questions at the beginning of the questionnaire are based on the research model. The
style of the questions is based on previous studies on TAM (Venkatesh and Davis 2000) and
on the Uses and Gratifications approach (Brandtzaeg and Følstad 2017; Rauschnabel et al.
2017). With the help of the opening questions, variables that have an influence on users'
acceptance towards DVAs were found. It was also helpful to find out to what extent and how
these variables correlate with one another. Building on the theoretical considerations of the
research model, the questionnaire is structured as follows (three to eight questions in each
group):
At the beginning of the questionnaire, the first construct of the TAM, the Perceived Usefulness of the Digital Voice Assistant "Google Assistant", was examined based on five questions. Subsequently, the respondents were able to indicate in a free field some everyday situations when using Google Assistant is helpful. In the second step, questions were asked
about the usability of Google Assistant. Questions were asked about i.e., the required
knowledge of the users, the comprehensibility, user-friendliness of the device, and any support in using the assistant.
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The next part of the questionnaire contains the influencing factors (in the context of UGA),
which were subsequently divided into three categories (personal and social factors, satisfaction of needs, and risks). Personal and social factors, such as the incentive (questions about,
e.g., increasing productivity or loss of time), the image (positive perception from the environment,

self-development,

image

improvement),

as

well

as

social

influence

(from acquaintances and certain institutions). The second group focuses on the satisfaction
of needs (e.g., Google Assistant is interesting or entertaining, Google Assistant gives me
pleasure, etc.). The third group focuses on the possible risks, such as distraction, data
abuse, or tracking.
Subsequently, other TAM constructs - the attitude of the users towards the Google Assistant
as well as the intention to use it (e.g., "I intend to use Google Assistant more often in the future.") were asked. The second open question dealt with the conceivable situations in which
the DVA can be used. Finally, in this part of the survey, the actual use of the device was
asked. Here, the respondents were able to indicate, i.e., how often they use the Digital Voice
Assistant.
At the end of the survey, socio-demographic data such as gender or age were asked to gain
a deeper understanding of the age-related or attitude-related influences of the test persons
(Wixom and Todd 2005). The respondents also had the opportunity to submit their comments
on the use of Google Assistant, Digital Voice Assistants in general, and comment on the survey in open fields at the end of the survey.
The survey was answered by 195 respondents. One hundred seventy-three respondents
filled out the questionnaire completely, which corresponds to a completion rate of 88.7 percent. These evaluated data are the premise of further empirical examination. Of the respondents, 50.3 percent are female, and 48 percent are male. Another three individuals did
not provide any information about their sexual orientation.
The target group of the study are Millennials (21 to 35 years old) who will begin their professional life soon.
Despite the fact the companies try to address all age groups with their products and services,
it is precisely individuals between the ages of 21 and 35 who are most attractive for the market for digital innovations. They are open to the new on the market and have the means to
afford these goods. Of the 173 survey participants, 126 people (72.8 percent) were between
21 and 25 years old and 45 people (26.0 percent) between 26 and 30. Two people (1.2 percent) represented the age group of 31 and younger than 35. None of the respondents was
older than 35 years.
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3.6 Analysis and Results
3.6.1 Quality assessment of the Research Model
To evaluate, analyze and interpret the collected data, the variance-based, consistent Partial
Least Square (PLS) approach was used and applied with the help of the SmartPLS software
(version 3.3.3). The PLS approach developed by Wold (1975) aims to maximize the explained variance of the latent constructs to enable an optimal prognosis and explainability for
the dependent variables (Hair et al. 2012; Wold, 1975). An advantage of using a PLS structural equation analysis (PLS-SEM) in contrast to the likewise popular covariance-based approach (used e.g., by Amos or LISREL) is that PLS enables complex models with comparatively small sample size, as in the present case (Hair et al. 2012; Jahn 2007; Ringle et al.
2012). In addition, this approach often provides more robust estimates of the model. It is particularly helpful if the research study aims to identify key drivers for a construct, as it is in the
present case for the intended use (Hair et al. 2011; Hair et al. 2017).
An extension of the PLS approach is the consistent PLS approach, correcting the estimation
errors for reflective models (Dijkstra & Henseler 2015). The advantage here is that it follows
the composite logic of the PLS. Still, it provides comparable results of the more confirmatory
covariance-based approach (Hair et al. 2019) PLS-SEM are very popular today and, thanks
to their diverse applications, have been used in different disciplines established as a standard for marketing research (Hair et al. 2012; Henseler et al. 2015). In addition, Ringle and
Sarstedt (2016) state in the context of their work that this approach and the SmartPLS software package are particularly well suited to the analysis of acceptance models so that the
use of this approach appeared expedient for the present situation (Ringle and Sarstedt
2016).
To ensure the informative value and interpretability of the collected data, the quality of the
measurement process must first be checked in empirical structural equation analyses. The
aim is to assess the measurement quality and to minimize any measurement errors that occur. Therefore, it is essential to check the reliability and validity using appropriate quality criteria (Hair et al. 2017; Himme 2007). Hair et al. (2019) examines different quality criteria in
the following: indicator reliability, internal consistency, convergent reliability, and discriminant
validity (Hair et al. 2019). To test the indicator reliability, factor loading (FL) is used in the
study and can be taken from the table in Appendix (Appendix 2). FL indicates the degree to
which the variance of the indicators can be explained by the corresponding construct (Hair et
al. 2017). An evaluation of the internal consistency is carried out according to Hair et al.
(2017) based on the quality criteria Cronbach’s Alpha (CA) and the composite reliability (CR)
(Hair et al. 2017; Cleff 2015). In the second table in Appendix (s. Appendix 2), the respective
40

values of Cronbach’s alpha and composite reliability that exceed their respective threshold
values, what means that a sufficient internal consistency can be assumed.
In the next step, the convergent validity is examined more closely (Hair et al. 2019; Hair et al.
2017; Himme 2007). The measured variable for determining the convergent validity is the
average variance extracted (AVE). Since both the AVE for each construct has a value greater than 0.5 and the factor loadings have also proven to be significant, the convergent validity
can be assumed for the available data.
In many studies, the Fornell-Larcker criterion measures discriminant validity (Fornell and
Larcker 1981; Hair et al. 2017). It can be seen in table 4, according to the Fornell-Larcker
criterion, that in this study there is a sufficient discriminant validity.

Tab. 4: UGA – Fornell-Larcker Criterion

Some research articles suggest an alternative to assessing discriminant validity - the heterotrait monotrait (HTMT) criterion developed by Henseler et al. (Hair et al. 2019; Hair et al.
2017; Henseler et al. 2015). According to Table 5, none of the correlations takes a value
greater than 0.85, which means that a sufficient discriminant validity can also be assumed
according to the HTMT criterion.

Tab. 5: HTMT – UGA

According to the quality criteria that have just been evaluated, the data collected can be
viewed as valid and reliable.
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3.6.2 Consideration of the Structural Model
The following consideration of the structural model examines the predictability of the present
model more precisely and analyzes the relationships between the individual constructs (Hair
et al. 2017). Accordingly, the collinearity is first examined to exclude an excessive correlation
of the constructs in the context of the regression analysis. For this purpose, the Variance
Inflation Factor (VIF) is examined more closely (Hair et al. 2017). In this study, all constructs
take VIF values lower than 5 so that multicollinearity between the constructs can be excluded.
The next step is to examine the path coefficients, which describe the theoretically assumed
relationships between the constructs. In the context of the study, the t-values are used for
this purpose, which can be estimated in the light of defined threshold values (Hair et al.
2017). The calculated path coefficients, including the respective significance, can be found in
Table 6. This means that seven hypotheses can be supported (H1b, H6a, H6b, H7a, H7b,
H8, and H9). As part of the effect size (f²), it is examined whether an exogenous variable
significantly affects a construct of the model (Hair et al. 2017). In the present study, the effect
size of the assumed hypotheses can be assessed as high for H1b, H6a, H6b, H7a, H8, H9.
For all other hypotheses, a rather smaller effect can be seen. The Stone-Geisser criterion
(Q²) is used as a further model assessment method to identify the prognostic relevance of
the constructs (Geisser 1974; Hair et al. 2017, 174; Stone 1974). Here a Q² value results
beyond zero, so that one can speak of a good forecast relevance. Figure 3 summarizes all
findings described above. So far, the research model as well as the hypotheses have been
tested and adjusted to the conditions.

Note: *** p < .001; ** p<.05; * p<.01; R² values are shown in parentheses
Fig. 3: Standardized path coefficients
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Answering the research question ("Which factors influence the users’ acceptance of Digital
Voice Assistants?"), it can be said that:
• Pastime has a positive influence on Actual System Use of DVAs,
• Enjoyment, Image, Expediency, and Fear of Data Misuse have no effect on neither Behavioral Intention to Use DVAs nor on Actual Use of DVAs.
Investigating the open questions confirms the results of our current findings – Millennials
mainly use DVAs for fun and/or for entertainment. Even though Millennials use DVAs mainly
as a pastime, it is still very important, that the customers’ needs, are met (Chung et al. 2018).
Potential risks associated with using DVAs (e.g. data misuse) do not play a significant role
for this age group.
The Items of the original TAM (Perceived Usefulness, Perceived Ease of Use, Attitude Toward Using, Behavioral Intention to Use, Actual System Use) show a positive influence on all
its constructs. The results confirm that TAM is a useful theoretical approach to understand
and explain the behavioral intention of consumers to use DVAs.
As part of the questionnaire, two open questions were asked. Their evaluation is based on
the frequency with which various terms are mentioned. The first question, “In which everyday
situation is the use of the Google Assistant helpful?”, was answered by 134 people out of
173 respondents. A catchphrase that was mentioned most frequently in the answers is information acquisition – Millennials use Google Assistant to receive answers to simple and
spontaneous questions (41 responses). Numerous statistics are also queried more often (15
mentions). Calling up the news using the DVA is less important for the respondents (4 responses). The evaluation also shows that users of DVAs want to obtain information as quickly as possible (38 mentions). Another focus in the responses of the survey participants is the
navigation of vehicles with the help of their DVA (32 mentions). It involves route planning and
the determination of the current location of the smartphone owner. Apart from the three large
subject areas, other terms are mentioned that are important for the users of Voice Assistants.
These include weather forecast, use without manual operation, use of the DVA when traveling or driving. Based on the answers to the first open question, it can be said that the users
of DVAs already use them mainly for quickly obtaining (brief) information, for navigation,
weather forecasting, and when traveling. Customers mainly use DVAs when they cannot
operate their smartphone by hand. In addition, DVAs are mainly used by users on the go.
The second open question deals with the topic of the future use of DVAs(“In which situation
will you use Google Assistant in the future?”). From a total of 173 respondents, 118 people
answered this question. The answers given were not distributed as homogeneously as in the
first question. This created a wider range of responses. As with the first open question, it
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turns out that most of the respondents will also use DVAs in the future for driving a car (i.e.
navigation and traffic information - 34 mentions), for weather forecasting (17 mentions), as
well as for obtaining short and simple information or will use factual knowledge (15 mentions
each). In addition, it turns out that the fast processing of the command is of great importance
for the Google Assistant consumer (16 mentions). Fifteen responses were made to the area
of application “use when traveling”. Despite the above-mentioned possible uses, a further 22
people say that they do not want to use Google Assistant at all in the future. Twelve participants prefer to use another DVA (e.g., Siri) in the future.

3.7 Limitations
This study has some limitations that researchers may consider in future studies, although the
findings of our study nevertheless provide meaningful insights into the technology acceptance of Digital Voice Assistants.
Firstly, key findings of this study are based on data distributed among the students of the
University of Bayreuth (Millennials) in Germany. In order to ensure generalizability, a future
study should attempt to gather data from a geographically and also ethnically diverse group.
Secondly, we did not examine individual discrepancies among the survey respondents. In the
future, the findings could be expanded and refined by investigating the moderating effects of
individual differences such as, e.g., gender, age, level of education, and occupation. Future
studies should also pay attention to how peoples’ emotions, which they experience during
the implementation of new technologies, relate to the use of such technologies (Beaudry and
Pinsonneault 2010).
Moreover, access to comparative studies is unfortunately limited. There is no known longitudinal study that is comparable to the survey carried out. Due to the one-time online survey
available, the data may lead to results that are not representative.
Furthermore, the survey does not consider all factors that influence customer acceptance of
DVAs. Such a questionnaire, which includes all of these factors, would be too large and
could lead to excessive demands on the recipient.
Lastly, the survey results mainly apply to the use of the Google Assistant and do not claim to
be exhaustive. To improve the information quality of the data, it would be advisable to conduct the survey for other DVAs (e.g., Siri). In addition, other data collection methods, such as
surveying focus groups, could also be used in this context. In this way, one could go even
better into the rather complex and novel instruments.
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Although our study has a few limitations, it adds a more systematic comprehension of the
acceptance of DVAs. In this regard, we trust that our research will help to build a foundation
for future research on related studies.

3.8 Conclusion and Discussion
The results of this study offer important theoretical insights and practical implications. This is
the first empirical academic study, which shed light on which factors lead to customer acceptance of Google Assistant and which areas of application of DVAs consumers find particularly interesting and useful. Mindmeld (2016) examined DVAs usage patterns such as time,
frequency, and purpose of use as well as satisfaction. However, it was limited to a descriptive survey report.
The evaluation of the measurement showed that the influence of six hypotheses could be
confirmed. Our study verified the robustness of the proposed model by applying it in the context of Digital Voice Assistants. The empirical results showed that the research model has
moderate explanatory power. This implies that it creates a useful framework and theoretical
basis to explain the acceptance of DVAs, and show that the application of traditional theories
is appropriate to reflect the attributes of such a new technology.
The results show that Millennials use a DVA when they primarily want to have a good time
and also to save some time. Many of the DVAs’ users also turn to such devices when looking
for a conversation with somebody. These findings are in line with Rase et al. (2018).
Other variables positively influence the use of Digital Voice Assistants (within the framework
of the TAM). These include the perceived usefulness, the Attitude Toward use, and the intention to use it. However, no significant effect of the construct Perceived Ease of Use on Attitude Toward Using DVAs could be ascertained. It can be concluded that Perceived Usefulness and Perceived Ease of Use DVAs lead to their acceptance by customers.
Open questions also show that users of DVAs mainly use them to obtain brief information,
navigate, or travel. Our findings are in line with McLean and Osei-Frimpongb 2019). Moreover, the DVA is mainly used on the go or when a manual operation of the smartphone is not
possible. It was also found that in the future, recipients will use Digital Voice Assistants, especially to obtain brief information or while driving a car. Siri is preferred for iOS smartphones
and the Google Assistant for Android phones depending on the smartphone software.
This study offers especially large corporations, such as car manufacturers and technology
developers, numerous practical implications. To increase users’ satisfaction (Baier et al.
2018) and assure higher intention to use, DVA designer should focus on developing “humanlike” and more “professional” Voice Assistant, which will give stronger feeling of communi45

cating with a human, rather than a robot. The results of our study outline the importance of
Digital Voice Assistants in a daily life. Practitioners should note that Digital Voice Assistants
can be used in almost every situation, not only at home but also in the city, in cars, shops,
etc. This makes out of DVAs a very powerful tool. Since nowadays people want to use their
smartphones anytime and anywhere, but this can sometimes be very dangerous, the use of
DVAs, especially in cars, would be a useful idea. It would give the opportunity to operate a
smartphone – to make phone calls, to start navigation or to turn on music – without using
hands. Furthermore, DVA designers should carefully consider their target group. The results
of our study have shown that millennials are very tech-savvy and like to reach for DVAs.
Based on the results, one could also say that people in general who have little contact with
other people, e.g., older people, could benefit from DVAs, which could provide in such case
e.g., some enjoyment in the life of older and/or ill people.
For future research, data collection with a larger, heterogeneous sample or with the help of
other methods is recommended. Future studies are encouraged to include larger heterogeneous target group. In addition, random sampling should take place. Ultimately, the survey
results are primarily for the use of Google Assistant and make no demands on completeness. To improve the quality of the data, it would be advisable to explore other DVAs (e.g.,
Siri, Cortana). Future studies should highlight the social aspect of DVAs because they will
resemble humans more, as AI technology advances.
Modifying the original TAM by integrating five constructs based on UGA leads to meaningful
results and is recommended for further studies to measure customers’ acceptance. For this
reason, in-depth research originating in UGA and TAM is recommended. Finally, an interesting extension of this study would be to determine how the research model can be adapted to
include the perceptions of non-users.
In summary, it can be said that Digital Voice Assistants are an interesting and useful innovation. The idea of a personal assistant in the digital age is very contemporary, convincing, and
more than understandable. To respond more to the needs of the individual, Digital Voice Assistants are continuously being developed. New functions are constantly being added that
can make everyday life much easier for smartphone users.
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3.9 Appendix
Appendix 1: Studies on the acceptance of Digital Voice Assistants; Source: Own depiction
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Appendix 2: Quality assessment of the measurement model; Source: Own depiction

Scale: 1= strongly disagree; 5= strongly agree. Abbreviations: SD= Standard Deviation; FL= Factor Loading; AVE= Average
Variance Extracted; CA= Cronbach Alpha; KMO= Kaiser-Meyer-Olkin Criteriom; TVE= Total Variance Explained; CR= Composite Reliability.
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Abstract: Nowadays, Digital Voice Assistants (DVAs) such as Amazon’s Alexa, Google’s
Assistant, or Apple’s Siri provide speech-oriented human-computer inter- faces that have the
potential to make consumers’ interaction with other consumers, firms, or devices more convenient, enjoyable, and productive. How- ever, at least currently, DVA acceptance is limited,
even among digital natives and corresponding explanations are missing. This paper seeks to
close this gap by investigating which factors have an impact on DVA acceptance. Therefore,
we develop a new approach that combines elements of the Technology Acceptance Model
(TAM) as well as the Uses and Gratifications Approach (UGA). A sample of 283 digital natives participated in a Siri field experiment. The results demonstrate that especially enjoyment, but also social status and social influence are main DVA acceptance drivers. Nevertheless, Millennials have some privacy concerns about companies getting too much personal
information while using DVAs. This study provides valuable insights into main drivers of DVA
acceptance. Theoretical and practical implications are discussed.
Keywords: Acceptance, Digital Voice Assistants (DVAs), Uses and Gratifications Approach
(UGA), Technology Acceptance Model (TAM).
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4.1 Introduction
The idea to communicate with devices in spoken natural language and to control them in this
way is not new. Already in 1966, Joseph Weizenbaum invented ELIZA, an early chatbot that
mainly consisted of a database of keywords and contents as well as a pattern matching and
substitution methodology that gave users the illusion as if the program is able to understand
asked questions in natural language and to provide meaningful answers (Weizenbaum
1966). Since then (and triggered by massive advances in linguistics, data computing and
storage as well as speech-to-text and text-to-speech converters) the capabilities of such
chatbots have rapidly evolved (Wünderlich & Paluch 2017, Čaić et al. 2018; Wirtz et al. 2018;
Ivanov 2019a). Nowadays, large, internationally operating companies such as Amazon, Apple, and Google are making their way into everyday consumers’ life, providing powerful Digital Voice Assistants (DVAs) like Alexa, Siri, or Google Assistant for everyone. Companies
distribute impressing numbers of DVAs (pre-)installed on smartphones (e.g. Siri, Google Assistant) or smart speakers (e.g. Alexa). However, it is unclear, to what extent DVAs – especially their speech features – are used by the consumers and which are the determining factors for their acceptance.
Besides this lack of in-depth usage studies, DVA acceptance has rarely been discussed from
a theoretical point of view. Our study tries to fill this gap and examines DVA acceptance
based on two well-known theoretical models. We develop customized gratuities, which are
tailored for DVAs – hedonic and utilitarian reasons as well as risks regarding to the DVA acceptance. By using such a wide range of probable reasons for DVA usage (or not usage),
our results contribute towards a better understanding of their acceptance. Until now, only few
research in this direction has been published (Joo and Sang 2013; Park et al. 2014). In our
study we rely on a new, integrated measurement approach based on the Technology Acceptance Model (TAM) and on five gratuities derived from the Uses and Gratifications Approach (UGA). We aim to suggest a model, which can explain and even predict DVA acceptance. The main research objective is to confirm that these factors positively or negatively
influence the acceptance of DVAs. In order to answer this question, we apply the approach
using Siri’s speech features as an example. Through our findings, future research is stimulated to recognize, define, and interpret reasons for the usage of DVAs. Not only researchers, but also practitioners may profit from the study outcomes.
The paper is structured as follows: In section 2, two approaches (TAM and UGA) for measuring technology acceptance are described in detail. Section 3 discusses DVAs and the development of the new approach. Section 4 describes the empirical study: data collection and
analysis as well as the results. Sections 5 and 6 close with a discussion and implications as
well as a conclusion and an outlook.
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4.2 Approaches for measuring technology acceptance
4.2.1 Technology Acceptance Model (TAM)
TAM and its numerous extensions are wide-spread approaches for exploring the acceptance
of new technologies. Being developed by Davis in 1986 (Davis 1986), the origin of the model
can be found in behavioral psychology, especially in the Theory of Reasoned Action (TRA)
by Ajzen and Fishbein (Davis et al. 1989). TRA makes the basic assumption that an individual's behavior is determined by both – behavioral intention and attitude (Joo and Sang 2013).
Building on TRA's assumptions, TAM seeks to pinpoint factors, which influence an individual's behavioral intent towards the use of a technology (Park et al. 2007). Davis initially created TAM for computer-based information systems to explore the acceptance and the adoption
of traditional technologies in the workplace (Davis 1986; Kim et al. 2007). Because of its flexibility, TAM has been extended as well as adopted and applied to many different contexts,
e.g. in mobile commerce (Ko et al. 2007), smartphones (Joo and Sang 2013), mobile cloud
services (Park and Kim 2014), mobile navigation Systems (Park et al. 2014), autonomous
vehicles (Lee et al. 2019), smartwatches (Kim and Shin 2015), smart glasses (Rauchnabel
and Ro 2016) and recently also in the field of DVAs (Coskun-Setirek and Mardikyan 2017;
Easwara and Vu 2015).
In general, TAM assumes that potential users are influenced by external factors when they
communicate with a new technology (Elmorshidy 2013). However, these external variables
do not have a direct impact on the actual behavior of the potential users, but an indirect one,
that can be measured using constructs like Perceived Usefulness (PU) and Perceived Ease
of Use (PEOU) (Davis 1986; Venkatesh and Morris 2000). Davis defines PU as the subjective perception of an individual that the use of a particular technology improves her/his performance in the workplace (Davis 1989). PEOU, on the other hand, indicates the extent to
which the individual believes that the use of a technology is not associated with physical effort. This implies an easy usage of a technology, or an application is easy to use (Davis
1989). Both constructs, PEOU and PU, are positively related to the user’s Attitude Toward
Using a technology (ATU), which determines further usage of a new technology (Park et al.
2007; Lee et al. 2015). Furthermore, PU and ATU have a positive impact on Behavioral Intention to Use (BIU) (Srite and Karahanna 2006), whereas BIU is positively related to Actual
System Usage (ASU) (Wu and Wang 2005; Lee et al. 2015). Therefore, BIU is determined by
PU and ATU, which in turn is determined by PU and PEOU (Davis et al., 1989). Furthermore,
as a tool, which explains and predicts user behavior, TAM was optimized to include only
three basic constructs: PU, PEOU and BIU. In such case a direct impact of PU and PEOU on
BIU shows a strong, direct effect. Moreover, PEOU has then a small (but significant) indirect
effect on BIU, even if the latter effect decreases over time (Onobhayedo 2017). Even though
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including ATU into the equation has a small effect on the coefficients of PU and PEOU, ATU
does not fully mediate these relationships (Onobhayedo 2017). Therefore, it is not surprising
that TAM will be often mentioned in the literature without ATU (Venkatesh & Bala, 2008;
Venkatesh & Davis, 2000). Therefore, in our study this more parsimonious model structure is
assumed.
Despite the vast and successful application of TAM in investigating the factors of technology
acceptance and usage, Park et al. (2007) cannot fully explain why individuals ultimately accept and use certain technologies. Coskun-Setirek and Mardikyan (2017) also point out that
the original TAM ignores external, overall context factors. Therefore, the original model
should be completed with additional components in order to make it applicable for new, innovative technologies as well. Furthermore, Benbasat and Barki (2007) criticize that acceptance research puts too much emphasis on TAM without considering the approaches of
other theories in acceptance research. In order to overcome these significant limitations, the
study also draws on another approach – UGA – to investigate DVA acceptance.
TAM is also a precursor to many other approaches in technology acceptance research (van
der Heijden 2004; Taherdoost 2018). Accordingly, Venkatesh and Davis developed TAM2 in
2000, summing up the basic model to include social and cognitive-instrumental variables
(Venkatesh and Davis 2000). In addition, TAM also forms the basis for the development of
Unified Theory of Acceptance and Use of Technology (UTAUT) (Venkatesh et al. 2003 and
TAM3 (Venkatesh and Bala 2008). Since UTAUT was primarily created for the organizational
rather than for consumer context, Venkatesh et al. (2012) modified the model and expanded
it to UTAUT2 (extended by the factors: hedonic motivations, price value and habit). On the
other hand, there are also some other technology acceptance models, that will be used by
researchers, e.g. the Technology Readiness Model with "people's propensity to embrace and
use new technologies to accomplish goals in home life and at work" (Parasuraman 2000, p.
308) or the Hedonic-Motivation System Adoption Model (HMSAM) with factors: perceived
ease of use, perceived usefulness, curiosity, joy, control, behavioral intention to use and immersion (Lowry et al. 2013).
Although TAM has proven to be useful in identifying factors that influence a person's technology acceptance and use (Lee et al. 2015), the model, as Park et al. (2007) states, does
not fully explain, why individuals ultimately accept and use a technology. Bagozzi (2007) as
well as Coskun-Setirek and Mardikyan (2017) point out that the original TAM ignores external, overall context factors. Consequently, the existing model should be supplemented with
other factors in order to make it possible to apply it in the area of new technologies as well.
Benbasat and Barki (2007) criticize that the focus in acceptance research lies too much on
the technology acceptance model without considering the approaches of other theories. In
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order to overcome these significant limitations, this study draws on UGA in addition to the
original TAM in order to investigate the acceptance of DVAs. The original TAM-items fulfill
the aim of the study, namely to investigate the acceptance of DVAs, having impact on Behavioral Intention to Use DVAs and Actual Use of modern technologies, such as DVAs. The
model exclusively concentrates on beliefs about the technology (here: DVAs). Moreover,
instead of using already established items (e.g. in TAM2 or UTAUT), we invent, based on
literature on UGA, additional constructs (see section 2.2), which are more suited for such a
new technology like DVAs. Otherwise to HMSAM, we do not only want to investigate heterogeneous variables, but also utilitarian ones as well as some risks.

4.2.2 Uses and Gratifications Approach (UGA)
UGA has its origins in media and communication research. It tries to explain and describe,
why people choose and use media for their own purposes (Rauschnabel et al. 2018). Based
on first studies in gratification research from the 1940s, the American communication scientist and sociologist Elihu Katz (1959) developed UGA. His development has resulted in a
thoroughly significant paradigm shift for media and communication research. In contrast to
the classical media research, UGA does not ask "what the media do to people", but "what
people do to the media" (Rubin 2002). The approach also examines the correlation between
the consumer and the available media offer. However, UGA focuses on consciously acting
consumers and their active and goal-oriented role in dealing with the media. Based on their
needs and expectations, consumers decide, whether and which of the existing media will be
used. According to Katz et al. (1974), UGA deals with social and psychological origins of
needs, which conduct to different expectations towards media and non-media sources.
These expectations however lead to different media usage patterns, resulting in a satisfaction of needs or other consequences (Katz et al. 1974).
Despite many extensions and further developments, UGA is not without criticism. Frequently
mentioned limitations are:
•

The approach focuses too much on the individual itself without considering other fundamental factors such as its social environment (Nabi et al. 2006).

•

Assuming an omnipresent and always active audience is not sustainable, as an individuals’ behavior always depends on its mood and the situation in general (Dunne et
al. 2010). Schweiger (2007) adds that recipients usually turn to the media implicitly
and unconsciously.

•

The approach is not based on a valid theory and shows a theoretical weakness
(Ruggiero 2000).
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Contrary to the criticism, UGA is still a suitable approach to explain the acceptance and the
use of media. Sheldon et al. (2017) suggest that the approach is suitable for both – traditional and highly innovative new technologies. Tab. 1 presents recent studies that have used
UGA to examine the acceptance of different modern technologies. In addition to the research
object and the sample size, researched gratuities are shown in the overview. The literature
(see Tab. 1) shows that UGA has diverse applicabilities and utilities. Quan-Haase and Young
(2010) share this view and confirm that the approach plays an important role in the digital
age in order to investigate the acceptance of such young technologies, like e.g. DVAs. While
voice control cannot per se be classified in the mass media field, it can still be helpful and
useful in the usage of some mass media (such as smartphones). In our study, Siri is deliberately selected based on consumer gratuities to be determined from a variety of conversational interfaces. Gratuities used in our study are written using bold fonts in Tab. 1.

Tab. 1: UGA-based studies with researched gratuities

4.3 Digital Voice Assistants and an approach for measuring their acceptance
4.3.1 Digital Voice Assistants (DVAs)
DVAs are software applications based on Artificial Intelligence (AI), which communicate with
people through natural, spoken language (Griol et al. 2013). They may be integrated in a
smartphone (e.g. Apple's DVA Siri or Google's Assistant). In addition, DVAs are also available in form of smart speakers (e.g. Amazon's Alexa). Tasks, such as making calls, sending
messages, receiving reminders, or opening an application, can be fulfilled by DVAs using
voice control without any manual intervention (Bitkom 2018). In their interaction with DVAs
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consumers can nowadays assess a wide range of functions, which is constantly being increased by new skills (Bitkom 2018). This opens up various possibilities for users in their
everyday life. According to Statista (2017), almost half of the respondents see DVAs as an
obviousness in everyday life. Despite the vast application of DVAs in different fields and their
function as an everyday helper, there are also doubts about the use of DVAs. According to a
study by BVDW (2017), about 80% of respondents are concerned about the use of DVAs in
their daily lifes: 30% fear misuse of their data or third-party monitoring and 29% state that
communication with a Voice Assistant is strange and impersonal to them. Tab. 2 provides an
overview of the most important findings of the discussed (and selected other) studies on DVA
usage which make clear that DVAs are wide-spread among consumers – especially when
integrated into smartphones – but their everyday usage is up-to-now limited – among other
reasons – by data security and privacy concerns.

Notes: DE = Germany, FR = France, UK = United Kingdom, US = United States of America

Tab. 2: Studies on DVA usage
One of the best-known DVA is Apple’s Siri (Speech Interpretation and Recognition Interface).
Siri learns steadily through questions or commands of its user and gains in competence in
order to answering questions more purposeful. Furthermore, Siri learns about consumers’
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usage behavior on different devices by Apple. This allows the Voice Assistant to make suggestions, so-called shortcuts (Apple 2019). The entire learning process contributes to a personalization of the human-voice assistant relationship. Siri can thus become in many ways
more and more useful to consumers – both at work and in private life. In addition, Apple is
steadily expanding the stock of features for its DVA and is constantly working on its quality
(Apple 2019).

4.3.2 Approach for measuring DVA acceptance
Based on the discussions above, in the following we develop an approach for measuring
DVA acceptance. Our approach not only makes a use of TAM and its extensions but also
integrates selected gratuities derived from UGA. Apple’s Siri is used as a DVA example
when formulating the items for an online survey.
As already discussed in section 2, TAM (as well as UGA) can be adapted for measuring
technology acceptance in many application fields (Park 2010; Venkatesh 2000). Therefore,
also, for measuring DVA acceptance, original TAM constructs can be taken over unchanged
for our approach. When building the UGA-based gratifications, in contrast to TAM, which
considers PEOU and PU as primary factors influencing the final usage decision, it is obvious
that UGA draws on a large number of different and freely selectable gratuities. According to
Li et al. (2015), gratifications obtained through the use of a communication medium always
depend on the type of the communication medium. Therefore, it is necessary to consider
new gratifications for each new medium or communication technology (Li et al. 2015; Simon
2007). This approach can cover a wide range of customer needs and explore an equally
wide variety of motivations (Luo et al. 2011). Gratifications used in our study come from recent research papers shown in Tab. 1. From a large selection of different gratifications in the
literature, five of them were selected for this study. In addition to a hedonistic gratification
“Enjoyment” (EN) and utilitarian gratifications “Social Status” (SS) and “Social Influence” (SI),
also “Physical Risks” (PR) and “Privacy Concerns” (PC) find their place in our approach.
Based on both, the original TAM and five gratuities derived from UGA, a research model is
developed (see Fig. 1). The integrated factors and their relationships (hypotheses) as well as
the items used in the measurement model are discussed in the following.
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Fig. 1: Theory-based structural model – Approach for measuring DVA acceptance

TAM assumes that both, Perceived Usefulness (PU) and Perceived Ease of Use to be of
decisive relevance for the technology acceptance (Davis et al. 1989). In line with Davis
(1989), PU will be here understood as the degree to which users believe that the DVA can be
useful in private and professional everyday life (Davis 1989). Moreover, various studies have
shown that PU not only influences Attitude Toward Using a technology (ATU), but also in
further step – Behavioral Intention to Use a technology (BIU) (Park et al. 2007; Davis et al.
1989; Venkatesh 2000). Based on the following theoretical considerations with regard to the
DVA Siri, we hypothesized the following:
•

Perceived Usefulness of a DVA has a positive impact on Behavioral Intention to Use
a DVA (Hypothesis H1).

Based on the definition by Davis (1989), Perceived Ease of Use (PEOU) describes the extent
to which the consumer believes that the use of a DVA is not associated with physical exertion for him/her. This implies that the DVA is easy to use (Davis 1989). Various studies have
proved so far, that PEOU has a significant influence on Perceived Usefulness of a technology (Davis et al. 1989; Venkatesh 2000). The easier the usage of a technology, the larger the
PU of the technology will be (Venkatesh and Davis 2000). In the case of the DVA Siri, this
leads to the following hypothesis:
•

Perceived Ease of Use of a DVA has a positive impact on Perceived Usefulness of a
DVA (H2).

Based on the literature, PEOU has an indirect (via Attitude Toward Using a technology) impact on the Behavioral Intention to Use a technology (Srite and Karahanna 2006). This basic
attitude of an individual is ultimately decisive for whether the DVA will be used or not. Therefore, the following causal relationship can be assumed:
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•

Perceived Ease of Use a DVA has a positive impact on Behavioral Intention to Use a
DVA (H3).

In addition to the previous interdependencies, it is also assumed that the Behavioral Intention
to Use has a significant influence on the Actual System Use (Wu and Wang 2005). Transferred to our study, intention to use means the decision of the consumer to use a DVA. The
following hypothesis is therefore made in this context:
•

Behavioral Intention to Use a DVA has a positive effect on the Actual Use (ASU) of a
DVA (H4).

Gan and Li (2018) attach great explanatory value to hedonistic gratuities in order to find reasons for usage behavior or usage intentions (Gan and Li 2018). Enjoyment (EN) is one of
these hedonistic gratifications (Rauschnabel et al. 2017). In our study, enjoyment means the
degree to which using a DVA is enjoyable and is perceived by its users as pleasant. Enjoyment has so far proven to be a significant bonus in a wide variety of studies on UGA in order
to further expand the intended use of instant messaging (Gan and Li 2018), Mobile / Online
Games (Li et al. 2015; Rauschnabel et al. 2017) and social networks (Papacharissi and
Mendelson 2010; Valenzuela et al. 2009). Therefore, we hypothesized the following:
•

Enjoyment has a positive effect on Perceived Usefulness of a DVA (H5).

In addition, utilitarian gratifications can be crucial for the use of a DVA. For this reason, two
gratuities: Social Status (SS) and Social Influence (SI) are also included in the research
model. Social status (SS) can be defined as the extent to which the use of a DVA helps to
convey a certain self-image of a person (Gan and Li 2018). Through this self-image, a person should be perceived and seen by fellows, but also by strangers in a certain, deliberated
way. Previous studies have shown that people use technology and media to convey a certain
self-image to the outside world (Leung and Zhang 2016; Rauschnabel et al. 2017; Song et al.
2004). Therefore, the arguments lead to the following hypothesis:
•

Social status has a positive effect on Perceived Usefulness of a DVA (H6).

Another gratification that could speak for the use of DVAs is Social Influence. Based on
Rauschnabel et al. (2017) social influence can be understood as to the extent to which
DVAs’ users believe that the usage of DVAs is expected by other people (Rauschnabel et al.
2017). Rauschnabel and Ro (2016) and Venkatesh et al. (2012) believe that social influence
is decisive for the intended use. The following causal relationship can therefore be proposed:
•

Social Influence has a positive effect on Perceived Usefulness of a DVA (H7).

Although media and technologies are becoming more and more personal and omnipresent,
concerns of consumers are steadily increasing (Junglas et al. 2008). In addition to already
68

mentioned motives, which have a positive influence on the use of the DVA, risks and concerns about the use of DVAs should not be neglected. Rauschnabel et al. (2017) take up
consumers' concerns in their study on the intended use of Pokemon Go and integrate two
constructs: Physical Risks and Privacy Concerns. A significant connection between privacy
concerns and the attitude to use Pokemon Go could not be found, but a slight influence of
physical risks on the attitude could be confirmed (Rauschnabel et al. 2017). Contrary to
Rauschnabel et al. (2017), it is assumed with regard to DVAs that there is a causal relationship between the two types of risks and the BIU and ASU. Physical risks include all those
dangers and risks that may arise from the use of a DVA, e.g. a distraction in traffic. Due to
Malhotra et al. (2004) privacy concerns reflect consumer fears. They fear that the use of a
technology or a medium will result in their personal and private data loss or even data
breaches (Malhotra et al. 2004). Following hypotheses can therefore be derived for the two
constructs:
•

Physical risks have a negative impact on Behavioral Intention to Use a DVA (H8a).

•

Physical risks have a negative impact on Actual Use (ASU) of a DVA (H8b).

•

Privacy concerns have a negative impact on Behavioral Intention to Use a DVA
(H9a).

•

Privacy concerns have a negative impact on Actual Use (ASU) of a DVA (H9b).

Against the background of derived hypotheses and theoretical principles, the research model
can be depicted as demonstrated in Fig. 1. In the following, we apply the approach for measuring DVA acceptance to estimate the technology acceptance by digital natives (Millennials)
using Apple’s Siri. Fig. 1 shows our theory-based construct model. Further, Tab. 3, presents
all hypotheses and corresponding references in the literature.

Notes: PU = Perceived Usefulness; PEOU = Perceived Ease of Use; BIU = Behavioral Intention to Use; ASU
= Actual System Use; EN = Enjoyment; SS = Social Status; SI = Social Impact; PR = Physical Risks; PC =
Privacy Concerns

Tab. 3: Hypotheses and their derivation
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4.4 Empirical study, questionnaire design, data collection and analysis
In order to operationalize the DVA acceptance measurement approach, Apple’s Siri and Millennials were in the focus of the empirical study. Siri was selected as being wide-spread
among German Millennials (aged between 17 and 35) which have different values, traits,
behaviors and a bigger purchasing power compared to previous generations (Eastman et al.
2013; Eastman et al. 2014). Millennials can be classified as the first "high-tech"-generation
(Lissitsa and Kol 2016). They grew up with smartphones in the age of mobile technologies
and do not only impress with their technical knowhow, but also with their affinity for digital
novelties (Karakas et al. 2015). Also, Millennials – especially in Germany – are the first generation with a high percentage of studying at universities (e.g., in Berlin 85%, in Bavaria
52%).
An online questionnaire was developed that mainly contained closed-form questions: For the
TAM-constructs as well as the UGA-gratuities (as discussed in Fig. 1 and Tab. 3) well-known
items from the literature were adapted to the DVA/Siri context (see. Tab. 4). Respondents
were asked to state their agreement to these items on 5-point Likert scales. The answer options ranged from 1 ("disagree"), to 3 (a neutral middle category), to 5 ("fully agree"). Due to
the odd number of answer options, survey participants could take a neutral position at any
time and were not forced to choose one side.
In addition to closed questions, the questionnaire also contained three open questions, which
could be used to obtain additional information on the acceptance of DVAs. By combining
open and closed questions, it was possible to have a comprehensive look at the topic based
on quantitative (closed questions) and qualitative (open questions) data. The survey started
on December 21, 2018 and ended on February 5, 2019. The interviewed sample were bachelor and master students from the University of Bayreuth, Germany.
In total, 340 people between the age of 17 and 35 participated in the survey. Corresponding
to a completion rate of 83.2%, 283 survey participants finished the questionnaire. For further
empirical investigation, a sample of n=283 is used. The gender distribution in the study sample is 63.9% women and 35.7% men. One person did not give an indication of the gender. 27
survey participants (9.5%) are assigned to the age group 17 to 20 years. 142 persons
(50.2%) were 21 to 25 years old and 99 persons (35.0%) were between 26 and 30 years.
The remaining 15 survey participants were older than 31 years and younger than 35 years.
For the study, variance-based PLS-SEM and the software SmartPLS 3 to analyze and evaluate the collected data were chosen (Sarstedt et al. 2016; Hair et al. 2016; Hair et al. 2012).
In comparison to CB-SEM (e.g. AMOS), PLS-SEM (here: SmartPLS) will be used for relatively
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Tab. 4: Operationalization of all constructs used in the study

small sample sizes (here: n=283) (Hair et al. 2016; Hair et al. 2017) and when the analytical
focus lies on prediction and identification of relationships between constructs (Hair et al.
2019; Chin 1998; Hair et al. 2011). Moreover, PLS-SEM is a predictive method (to predict
outcomes using the chosen model) with the aim of theory development (Hair et al. 2016;
Sharma et al. 2019; Shmueli et al. 2016) and it fits perfectly for the aim of this study.
Obtained data depicts reality, if not distorted too much by measurement errors (Hair et al.
2017, p. 6). Therefore, it is necessary to examine the reliability and the validity of the measurement models (Gerpott and Paukert 2011). Tab. 5 summarizes quality assessment of the
measurement models underlying the research model. Following quality criteria are used to
assess the measurement models: indicator reliability, internal consistency reliability (measured by Cronbach’s alpha (CA ≥ 0.7) and composite reliability (CR ≥ 0.6)), convergence va71

lidity (measured by average variance (AVE ≥ 0.5) and discriminant validity (measured by
Fornell-Larcker criterion; correlations (values below the diagonal) should all be smaller than
the values on the main diagonal) (Hair et al. 2011). Each of these quality criteria defines a
calculated key figure (see Tab. 5 and 6).

Tab. 5: Quality assessment of the constructs

In order to be able to fully test the reliability and the validity of the measurement models, discriminant validity must be analyzed in addition to indicator reliability, internal consistency
reliability and convergence validity (Hair et al. 2011). Discriminant validity is used to ensure
the empirical autonomy of the construct (Hair et al. 2017, p. 99). It is examined on the basis
of the Fornell-Larcker-Criterion (Hair et al. 2016; Henseler et al. 2009; Lee et al. 2011) and
will be here fulfilled (Tab. 6). The current measurement model provides evidence of reliability
and validity. Therefore, the analysis shifts to the structural model (Shmueli et al. 2019; Hair et
al. 2012).
To assess the quality of the structural model, relationships between the constructs, predictive
capability and prognostic relevance are used as evaluation criteria (Hair et al. 2011). Tab. 5
provides an overview of the results regarding to the quality of the structural model. The evaluation criteria used to assess the structural model’s quality is in line with the approach of
Ringle et al. (2012). This approach is also used by Götz et al. (2010), Hair et al. (2013) and
Henseler et al. (2009). Relationships between the constructs, as well as the predictive power
and predictive relevance of the model, are considered for assessing the quality of the model
(Hair et al. 2011). Fig. 2 depicts most important findings of the structural model. Overall the
quality of the measurement model and structural model has been assessed. The measure-
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ment model provided evidence of reliability and validity, whereas the structural model met
different criteria for the assessment of a structural model.

Notes: PU = Perceived Usefulness; PEOU = Perceived Ease of Use; BIU = Behavioral Intention to Use; ASU
= Actual System Use; EN = Enjoyment; SS = Social Status; SI = Social Impact; PR = Physical Risks; PC =
Privacy Concerns

Tab. 6: Fornell-Larcker-Criterion

Moreover, in order to gain additional impressions about the empirically collected data, concerning age and gender effects, a correlation analysis based on descriptive statistics was
conducted. The analysis is intended to reveal group-related relationships between the moderating variables – age and gender – and the respective constructs from the research model.
Against this background, correlation coefficients were calculated on the basis of the demographic data. Therefore, we used a multi-group analysis, which in this case shows that the
pre-defined data groups have no significant differences in their group-specific parameter estimates (Henseler et al., 2009; Hair et al. 2016). This statement is in line with the fact, that
Millennials (with no difference either between men and women or between younger (17-25
years old) and older (26-35 years old)) act in a similar way (Hartman & McCambridge 2011).

Notes: *p < .05; **p < .01; ***p < .001

Fig. 2: Structural model - results of the quality assessment
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An evaluation of the open-ended question about the current use in everyday life shows that
Siri represents a frequently used source of information for many of the respondents (n=211).
Survey participants use Siri, for example, to get informed about the weather forecast, to query general information or to search for information in the Internet. Some of the respondents
also consider Siri to be very helpful for making and receiving phone calls or messages by
using only the voice input. Siri will also be used for navigation while driving. However, a quarter of the respondents stated that they do not see any use for Siri in their everyday life and
do not use the DVA at all. This view is also shared by two-thirds of the respondents, who
answered the question about the current use of Siri in everyday student life. In 103 out of 157
cases, Siri is not used at the university. Nonetheless, Millennials use their DVAs to quickly
acquire information and search in the Internet. Finally, concerning Siri’s potential applications
in the future, 132 answers of the survey participants have been collected. Many interviewees
consider the collection of different kind of information with the help of Siri to be an interesting
application possibility in the future. In contrast, a quarter of respondents do not see any future applications for Siri in their everyday lives.

4.5 Discussion and implications
Although there are some studies about DVAs (Coskun-Setirek and Mardikyan 2017; Joo and
Sang 2013), there is no such study, which examines the acceptance of DVAs in such broad
spectrum as we do. We develop a new, literature-based approach for measuring the DVA
acceptance and apply it to the acceptance of a DVA – Siri.
By closely looking at the predictive power and the predictive relevance, it can be stated, that
the approach suits for the acceptance measurement very well. Following Luo et al. (2011),
the criterion of predictive power is used first. Variables explain here 68.6% of the variance of
Behavioral Intention to Use DVAs and 80.5% of the Actual Use of DVAs. Overall, the forecasting performance of the model is moderate (Hair et al. 2011; Chin 1998). In terms of predictive relevance, values for Q² of 0.463 for Behavioral Intention to Use DVAs and 0.482 for
Actual Use of DVAs have been determined for the approach for measuring DVA acceptance.
The empirically collected data can be well reconstructed by the model and the PLS parameters (Chin 1998, p. 317). The research model therefore does not only show moderate predictive power, but it can also be considered as relevant for the prediction of the Millennials’ acceptance for using DVAs. By searching for suitable gratifications, we wanted to learn more
about reasons for using or not using DVAs in daily life by digital natives. Overall, the level of
information content and the adjustment effort (Luo et al. 2011) was high. We not only used
original TAM-constructs but also incorporated in our model five up-to-date gratifications tailored for a such new technology like DVAs. This procedure was more effortful than using
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existing constructs for TAM but, on the other hand, in this way, we found out, what has an
influence on Millennials using DVAs.
On the basis of the empirical results from the previous chapters, the research question set up
at the beginning of the study can be answered. Overall, nine hypotheses (H1, H2, H3, H4,
H5, H6, H7, H8b, H9b) can be accepted. With regard to the research question about the factors which positively or negatively influence the acceptance of DVAs, the following results
can be compiled for the approach for measuring DVA acceptance: The results of this study
suggest that enjoyment, social status and social influence play an important role in consumers’ decision to use DVAs. Consumers, who enjoy talking to their mobile devices, are indeed
more likely to use DVAs. Moreover, when some colleagues, friends or students use a DVA, it
will be very likely, that theirs friends will also do so. On the other hand, some consumers are
concerned about companies who can easily get too much personal information about the
consumers and eventually misuse them by e.g. giving them to some unauthorized third parties. Even though DVAs are an interesting and (in some life situations, e.g. navigate a car,
receive quick answers, set the timer) very useful device (189 responds), still many respondents (103 people) do not use DVAs in public, e.g. at the university. They rather do so at
home, where nobody will laugh at them because of talking to their smartphones. The findings
of the open questions show, that many of the respondents see no current use of Siri and will
not use DVAs in the future. Similar results emerge from the consideration of the mean values
for Behavioral Intention to Use DVAs (BIU) and Actual Use of DVAs (ASU): Means for BIU,
2.95, as well as those for ASU, 2.81, both below the scale mean, do not indicate acceptance
of Siri in the target group. Some of the interviewees give reason for that, e.g. they do not
want to control their devices by using their voice. Moreover, privacy concerns, fear of being
intercepted and unexplained legal situation of DVAs are further reasons for not using such
devices. Among digital natives, privacy concerns are indeed an issue (Mean=4.16;
SD=1.08), but not to the extent as they would adversely affect the acceptance or the usage
of Siri.
Our findings go in line with several other studies, which (at least in some way) look for reasons/gratuities for acceptance of modern technology devices. Joo and Sang (2013) found out
that smartphone use is mainly affected by motivations based on goal-oriented and instrumental use. Their findings can be clearly reflected in our gratuities: enjoyment, social status
and social influence, which are also goal-oriented. Moreover, Kim and Shin (2015) found out
that e.g. mobility and availability of modern devices (there: smartwatches) are crucial for their
acceptance. This also goes in line with our findings. We assume that DVAs are available
everywhere we go – not only at home but also en route. Both studies take for granted immediate access to information as a “technology’s primary utilitarian purpose” (Kim and Shin
2015). Otherwise than by Coskun-Setirek and Mardikyan (2017), who pointed out that job
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relevance and output quality positively influence Actual Usage of Voice Activated Personal
Assistants (like e.g. DVA Siri), we found out, that people, who use DVAs do so because they
want to be entertained and look for an enjoyable activity. The difference here clearly lies in
the choice of a study sample. While we focused on Millennials, only 43,7% of the study sample from Coskun-Setirek and Mardikyan (2017) were students in such age. It shows, that
different age groups have varying needs and requirement for using DVAs.
Moreover, our study has important theoretical and practical implications. No previous study
examined factors that had either a positive or a negative impact on the acceptance of DVAs
under digital natives (Millennials). By doing so, we filled a research gap in the area of technology acceptance. The findings suggest, that enjoyment, social status and social impact are
the main drivers while choosing to use DVAs. On the other side, privacy concerns negatively
influence the acceptance of DVAs. For theoreticians, it provides a new context for the application of DVAs as an innovative, modern AI-technology. Our model has proven, that also
such a founded method like TAM, can still be used for modern technologies. But our findings
are especially useful for practitioners. In our study we show, that not only the functions of
DVAs themselves are relevant for the customers but especially motivations like enjoyability,
social impact and social status decide, whether DVAs will be used or not. By saying this, we
strongly recommend putting more emphasis by accordingly targeting marketing campaigns of
DVAs to familiarize their potential under the customers. It is also recommendable to strongly
address customers’ concerns (e.g. privacy concerns). Doing so can add a lot of value in the
development and distribution of DVAs.
Besides (service-)robots (Wirtz et al. 2018; Ivanov & Webster 2019b; Jörling et al. 2019;
Rosenthal-von der Pütten 2018) also voice-based technologies are constantly evolving and
experiencing a constant change (Tuzovic and Paluch 2018). Personal DVAs are now integrated in any smartphone or smart speaker. In the meantime, the retail, automotive and
healthcare sectors are also relying on voice controls to offer their customers voice-based
technologies and services (see e.g. Lee et al. 2015). Time will tell how businesses can meet
the needs of consumers with voice-based services and which attitude consumers will adopt
towards integrating DVAs in their daily life.

4.6 Limitations and further research
Although the study presents helpful and crucial contributions to the literature, some caveats
must be discussed. The main limitations of the study are educational level and geographic
coverage of the respondents. First of all, it should be noted that students of the University of
Bayreuth between the age of 17 and 35 were defined as the target group of our study and
interviewed. Therefore, the results of the empirical study cannot be transferred to other stu76

dents at other universities in Germany or even in the world. In order to measure the general
acceptance of all Millennials or the total population in Germany, further studies would have to
be carried out.
Moreover, it would be interesting to know, if cultural differences play a role in the acceptance
of DVAs. Conducting a transnational study in this context might be advisable. Not only cultural differences, but also the transience of time play an important role by examining new
technologies. As we can see, in our study, Actual Use of DVA was generally low. One probable reason for that can be the fact, that every new technology firstly needs some time to
adapt and to be used by the mass. We therefore recommend to repeat this study in some
years.
Furthermore, it cannot be ensured that gratifications chosen within UGA are only possible
gratifications that influence the usage and the intention to use DVAs. Therefore, future research may focus on examining whether and, if so, which other factors influence the usage
of DVAs.
It could also be interesting to reflect upon the other side of the coin and think about motives
for not using DVA. This approach might illustrate the future potential of DVAs and also uncover reasons against their usage.
Ultimately, research can use other technology acceptance models to look closer for the factors that have an impact on the adoption of DVAs.
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5 Research paper #4: How about older people and Digital Voice Assistants? –
An empirical investigation of Amazon’s Alexa based on UTAUT2

Author: Ewers, K.
Submitted in: Journal of Service Management Research
Abstract: Spoken language is an elementary foundation of human communication. It has
even the potential to change the future of human-computer interaction radically. In this context, Digital Voice Assistants (DVAs) are likely to revolutionize such interaction (Tsai et al.
2015). Still, people in mid-age currently use them (< 55-year-old) rather than by older ones
(55+ years old) (Panch et al. 2018).
The study aims to close the existing research gap and determine which factors play an essential role in accepting DVAs by older people. For this purpose, the study uses Unified Theory of Acceptance and Use of Technology 2 (UTAUT2) (Venkatesh et al. 2012). Furthermore,
based on open questions, possible gaps are identified, and main age-specific influencing
factors are nearly discussed.
With the help of a structured questionnaire, we interviewed 223 people aged 55 and over in
Bayreuth (population: 74.657), a mid-sized German city in Upper Franconia, Bavaria. Statistics indicate that the model has a good predictive capability (R² = 0.507). Results show that,
Performance Expectancy, Social Influence, Facilitating Conditions, and Hedonic Motivation
positively influence the intention to use DVAs, depending on age and gender. Furthermore,
open questions show that topics such as Privacy and Data Protection, Technophobia and
Technology-related self-efficacy can be possible barriers in the acceptance process.
Results indicate that especially older women are influenced by the opinion and behavior of
their loved ones in their decisions. Future research should examine the factors and their determinants in more detail and show what role family members or related persons play in the
decision-making process. It should also be considered what primary conditions (e.g., customer support) need to be created for older people to decide to use DVAs. Furthermore, the
analysis shows noticeable differences between people aged 55 to 64 years and people aged
65 years and older. As a result, older people cannot be seen as a largely homogenous
group. Future studies should keep it in mind and work out other vital differences on the basis
of larger samples.
Keywords: Digital Voice Assistants, UTAUT2, older people, technology acceptance, TAM
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5.1 Introduction
Demographic change and its effects on politics and the economy can be seen as central social challenges of the 21st century (England and Azzopardi-Muscat 2017; Goldstein and
Kluge 2016). For example, an increasing number of older people means higher spending on
health and social services and, at the same time, lower tax revenues from people of working
age (Choudrie et al. 2018; Vassli and Farshchian 2018). The aging of our society brings difficulties, but it can also mean new opportunities for the economy in new business models and
customer groups (Kohlbacher et al. 2015).
Constant development and improvement of information and communication technologies
(Luo and Bu 2016) can significantly contribute to the fact that older people can live their lives
as independently as possible (Ma et al. 2015; Merkel et al. 2017; Nikou 2015; Guner and
Acarturk 2018). An example of this are DVAs, which are characterized by a voice-based user
interface and make the interaction with technical devices as natural as possible (Hoy 2018).
The global market for DVAs is growing year by year and is expected to exceed $ 3.5 trillion
by 2021 (Gartner 2017).
Although technology acceptance has been an integral part of scientific research for many
years, there is still relatively little in-depth research into technology acceptance among older
people compared to other age groups (Kim et al. 2016; Mostaghel 2016; Sovie et al. 2017;
Vantiv 2018; Guner and Acarturk 2018). The few studies available relating to DVAs are of a
qualitative nature and use interviews, focus groups, and observations in particular (Hellwig et
al. 2018; Mizak et al. 2017; Wulf et al. 2014). There is, therefore, a lack of quantitative studies that include various factors in an empirical model.
The paper aims to close the existing research gap and determine which factors play an essential role in the acceptance of DVAs by older people. Therefore, we use the Unified Theory
of Acceptance and Use of Technology 2 (UTAUT2), a technology acceptance model from
2012 (Venkatesh et al. 2012). Furthermore, possible gaps in the model should be closed by
open questions.
The paper is structured as follows: In sections 2 and 3, technology acceptance and technology acceptance by older people will be discussed. Section 4 describes in detail UTAUT2 – a
model for measuring technology acceptance. In the next step (section 5 and 6) a research
model, hypotheses and a questionnaire will be presented, followed by the results (based on
the structural equation model and open questions) in section 7. The paper will be closed with
a discussion (section 8), limitations (section 9) as well as a conclusion including some theoretical and managerial implications (section 10).
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5.2 Technology Acceptance
Product launches, especially such in technology and services, often fail because users do
not accept them, even if they offer added value from a purely technical point of view or have
the potential to improve the quality of consumers’ life (Choudrie and Vyas 2014; Kotzé et al.
2016; Heidenreich and Handrich 2015; Heidenreich and Kraemer 2016). Individual acceptance is, therefore, a central factor that decides whether or not to succeed. To understand and investigate the complex process of acceptance and its influencing factors, it first
must be clarified what will be in general understood under acceptance and in particular for
the investigation in this study under technology acceptance.
The term “acceptance” is used in an interdisciplinary manner and has different meanings and
components depending on the research area and context. Acceptance will be examined,
among other things, in sociology, psychology, business administration, and there in particular
in consumer behavior, innovation, and information system research (Lee and Coughlin 2015;
Macedo 2017). The essence of almost all attempts to define the term in the field of technology-oriented acceptance research is that a subject (e.g. a person or a group) accepts or rejects an object (e.g. a technological product or service) within certain framework conditions
(e.g. age, income or social environment) (Schäfer and Keppler 2013). It is basically about
understanding a consumer’s complex decision-making processes and explaining why technology is used or why not. The acceptance process begins before the actual contact with the
technology and is characterized by dynamism and change (Jockisch 2010).
Basic principles of the technology acceptance research have their origin in the Theory of
Reasoned Action (TRA) – a socio-psychological theory by Fishbein and Ajzen, which tries to
make human behavior explainable and predictable (Fishbein and Ajzen 1975). At its core,
TRA tries to explain human behavior and make it possible to make predictions about behavior (Fishbein and Ajzen 1975). A rationally-acting person, who consciously chooses behavior
based on all available information, has power and control over it. Although numerous studies
of individual technology acceptance were investigated in the years after that, research especially gained tremendous popularity with introducing the Technology Acceptance Model
(TAM) (Davis et al. 1989; Davis 1989; Venkatesh et al. 2007). Figure 1 gives an overview of
the well-known models of technology acceptance research and their time of recognition.

88

Figure 1: Technology acceptance models over time (1975 – 2015)
Source: Own depiction

5.3 Technology acceptance by older people
Demographic change has the world firmly under control. Already today, older people are increasingly shaping the image of society in most countries. The proportion of people over 65
was 727 million worldwide in 2020 (United Nations 2020). The reason for this is the so-called
baby boomer generation. It describes the baby boomers after World War II. However, a uniform definition of "older people" cannot be found in the literature. The reasons for this lie in
the various socio-economic factors that lead to this phenomenon. In the USA, people born
after 1945 are included in this group, while in Germany, the year 1955 is defined as the beginning of the baby boomer generation (Knickmann and Snell 2002). As a result, the generation aged 55 and over is most frequently represented within the population. For this reason,
people older than 55 years are considered for this study.
Older people often encounter difficulties using information and communication technologies
and use them less frequently than younger people (Kim et al. 2016, 147). The image of the
tech-savvy group of seniors seems to be changing. While around five years ago, there were
comparatively few people over the age of 60 on the Internet, the Silver Surfer generation
recorded an increase of about 15% (Janson 2019). It is necessary to examine which factors
are responsible for accepting or rejecting new technologies to make them more accessible to
older people.
Older people need to live independently for as long as possible. Unfortunately, studies show
that the risk of social isolation increases with age (Federal Ministry for Family Affairs, Senior
Citizens, Women and Youth (BMFSFJ) 2016; Hellwig et al. 2018). Reports show that smart
devices are almost assigned human characteristics as conversation partners (Ashley 2019).
DVAs rather offer a gateway to the outside world (Hellwig et al. 2018). Due to DVAs, Emails
can be read aloud, or emergency calls can be made (Hellwig et al. 2018). DVAs can also be
used as translators between e.g., nurses and senior citizens if they do not speak the same
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language. Small mistakes, such as incorrect interpretation of the language, are accepted and
do not deter its users from using DVAs (Basu 2019). Data protection concerns also seem to
play a subordinate role within the age group. Here the compromise is made to gain more
comfort against personal data through DVA (Tech-enhanced Life 2017).
Various reports and application scenarios for seniors have one thing in common: Either the
DVAs are installed by relatives or organizations and set up ready for use (Schwarz 2018).
Seniors themselves do not have to deal with the technical conditions of the facility. It is due
to the discrepancy between installation and use – while the usage is easy to learn for everyone, a rudimentary technical understanding must prevail to integrate DVAs into the home
network. The integration can only occur via WLAN and must be carried out for many DVAs
using a smartphone or a computer – a challenge for many at an advanced age, which can
deter use. But as soon as the seniors are familiarized with the functioning of DVAs, initial
skepticism changes to curiosity (VoCo 2018). The table in Appendix (see Appendix 1) provides an overview of current studies on technology acceptance of older people based on the
models: TAM, UTAUT, and UTAUT2 over the last years.

5.4 UTAUT2 – Acceptance measurement
In addition to the TAM and its expanded forms, many other technology acceptance models
were developed, such as the Motivation Model (Davis et al. 1992) or the Model of Adoption
of Technology in Households (Brown and Venkatesh 2005; Venkatesh and Brown 2001), so
that researchers could use a variety of possible models (Venkatesh et al. 2003). Individual
constructs were often selected from various models as preferred, or a specific model was
selected based on seemingly arbitrary criteria (Brown and Venkatesh 2005). Venkatesh et al.
(2003) reviewed existing acceptance models, worked out commonalities and differences, and
designed a merged and universal model for predicting individual technology acceptance
based on empirical studies. It resulted in building a Unified Theory of Acceptance and Use of
Technology (UTAUT), which consists of eight different models and theories (Venkatesh et al.
2003). Finally, a synthesis was created from building blocks of these models and the four
constructs: Performance Expectancy, Effort Expectancy, Social Influence, and Facilitating
Conditions, were included in the final model. The first three determinants have a direct impact on the intention to use new technology. Facilitating conditions is a direct determinant of
both- Behavioral Intention and Use Behavior (Venkatesh et al. 2003). In addition, Gender,
Age, Experience, and Voluntariness of Use moderate the impact of the constructs (Venkatesh et al. 2003).
Since UTAUT was primarily created for the organizational and not for the consumer context,
Venkatesh et al. modified the model and created the UTAUT2, which we used in our study
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(Venkatesh et al. 2012). The authors identified three other key factors that play an important
role, especially in consumer acceptance. The first newly added construct, Hedonic Motivation, describes the fun or the joy of using technology. The second construct, Price Value, is
balancing a consumer by monetary costs against usage benefits. Both determinants have a
direct influence on Behavioral Intention. The third and final construct, Habit, is defined as the
degree to which an individual tends to perform behavior automatically based on learning processes. This construct has a direct effect on the Behavioral Intention as well as on the Use
Behavior.

5.5 Research model and hypotheses
In our study, we use a modified UTAUT2 by Venkatesh et al. (2012), which we adjusted to
the context of DVAs. It was specially developed for the consumer context and combined the
essential factors in a holistic model by synthesizing existing technology acceptance models
(Venkatesh et al. 2003). In addition, UTAUT2 already proved its robustness in predicting the
acceptance of digital technologies (Alalwan et al. 2018; Owusu Kwateng et al. 2019; Tak and
Panwar 2017).
In its original form, UTAUT2 consists of seven constructs that influence Behavioral Intention
and Use Behavior (Venkatesh et al. 2012). Relationships between the constructs are moderated by age, gender, and experience. Based on the findings, currently, only a small number
of older people use DVAs. The model is built up to Behavioral Intention. The focus lies on the
current non-users, i.e., the potential future users (Brown and Venkatesh 2005; Slade et al.
2015). For this reason, the construct Habit is omitted, since analogous to the procedure of
Venkatesh et al. (2012), it can be argued that only current users can answer questions about
habits. The construct Experience is also not included, since Venkatesh et al. (2012) carried
out two staggered surveys in their study and were able to map different levels of experience.
Table 2 presents all derived hypotheses, while Figure 2 shows a research model used in our
study.
In addition to these main effects, Age and Gender moderate all the relationships (Venkatesh
et al. 2003; Venkatesh et al. 2012). The hypotheses H1a, H2a, H3a, H4a, H5a, and H6a
each refer to the moderator Age, whereas the hypotheses H1b, H2b, H3b, H4b, H5b, and
H6b postulate the moderating effect of Gender on the respective relationship.
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Table 2: Research hypotheses
Source: Own depiction

Figure 2: Research model – modified UTAUT2
Source: Own depiction based on Venkatesh et al. (2012)

5.6 Questionnaire and data collection
At first, items and questions (see table 3) were taken from existing examinations and adjusted to the research context of DVAs. This method corresponds to the approach of many studies in quantitative technology acceptance research (Alalwan et al. 2018; Choudrie et al.
2018; Macedo 2017; Oliveira et al. 2016; Slade et al. 2015; Tak and Panwar 2017). Since the
items come from English-language studies, but the sample consists exclusively of Germanspeaking test subjects, the statements were translated into German and then checked by
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native speakers. This made it possible to ensure that the translation process did not falsify
the content. To measure the attitudes of the test persons to the individual statements, the
items were based on Owusu Kwateng et al. (2019) operationalized on a five-point Likert
scale with symmetry around a mean value. To examine the comprehensibility and completeness of the developed questionnaire and avoid errors, a pretest was carried out with five test
persons. The persons were selected according to their suitability concerning the target
group, and the pretest was carried out under the same conditions as the main study.
Specifically, the questionnaire was divided into three sections. The first part included the
greeting and a general introduction to the topic of the survey. In addition to data protection
issues, the test respondents were introduced to the functionality of Digital Voice Assistants
both in text form and with the help of a product video. In the second part, the constructs operationalized in the previous section were queried using the multi-item scales. In the third
and last part of the questionnaire, respondents were asked to provide general information on
their gender, year of birth, the highest level of education, current professional situation, personal monthly net income, and whether or not they had an Internet connection (WLAN). The
questionnaire ended with three open questions. Here, respondents had the opportunity to
provide comments, remarks, or feedback on the use of Alexa or Digital Voice Assistants in
general and on the survey.
The choice of a survey as the study design, opposed to observation, makes sense in this
study because it asks the respondents' opinions or attitudes towards a certain issue and not
of observing a specific behavior. When it comes to whether the data is collected orally, in
writing, by telephone, or via online input, the decision should always be made with the target
group in mind (Kuß et al. 2014). Since in the present case, it can be assumed that most older
people are not familiar with completing online surveys, as, for example, with students, the
choice fell on an oral survey. Although this is significantly more time-consuming than the other methods, and there is a risk of influencing by the interviewer, the advantages of a high
response rate as well as the completeness and quality of the data outweigh this (Kuß et al.
2014). Furthermore, there is the possibility to respond directly to queries from the participants. Since it was impossible to reach all older people in Germany, only part of the population was surveyed using a sample. A non-random and conscious selection was used in the
selection process, as was the case in similar studies (Guner and Acarturk 2018; Lai 2018).
The data were collected between February 27th and April 30th, 2019, using a paper questionnaire. The participants were recruited personally in Bayreuth, a medium-sized town in the
Upper Franconian administrative region with 74.657 inhabitants in southeast Germany. Participation in the survey was completely voluntary. After consenting to participate, each test
person was informed about the general procedure of the survey and data protection issues at
the beginning. Afterward, the functioning of Digital Voice Assistants was explained to each
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test person both verbally and in a video using Alexa as an example. Only after querying the
individual constructs were sensitive data such as age and income queried. Based on current
studies on technology acceptance among older people, surveyed women and men were 55
years old and over (Guner and Acarturk 2018; Lai 2018; Ma et al. 2016; Macedo 2017).
In the course of the study period, a total of 225 people took part in the survey, of which two
questionnaires had to be removed from the sample afterward because they were too young.
On average, a personal interview lasted around 30 minutes. At the end of the study period,
the data collected was transferred to the Qualtrics survey platform, enabling automatic export
to the SPSS statistics software. After the data cleansing, a final data set of 223 participants
remained. Concerning the gender ratio, the overall sample shows a balanced ratio of 99
male (44.39%) and 124 female participants (55.61%). The mean age is 65.7 years (SD =
8.6), the minimum: 55 years, and the maximum: 91 years.

Table 3: Constructs and Items of the research model
Source: Own depiction
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The proportion of respondents decreases with increasing age, which roughly corresponds to
the population. While 72 respondents are between 55 and 64 years old (32.29%), there are
88 people in the age group between 65 and 74 (39.46%). Another 63 respondents are over
75 years old (28.25%). As expected for the age group, almost half (45%) of the respondents
have an apprenticeship / vocational training as the highest educational qualification, 26.7%
with a university degree, and 11.7% with a (technical) A-Level. As expected, with a view to
the current professional situation, pensioners form the largest group with 47.5%, followed by
employees with 30%. Only a few respondents are looking for work or are homemakers. Concerning monthly net income, the majority of respondents can fall back on a medium to high
income. The largest percentage of respondents (31.7%) earn € 1,001 to € 2,000 per month,
followed by 28.3% who have € 2,001 to € 3,000 per month and 15.8% with a net income between € 3,001 and € 5,000. Only a small number of the surveyed people earn less than €
500. Another interesting finding when looking at the descriptive results, which primarily concerns the use of Digital Voice Assistants specially developed for the home environment, is
that the majority of the test subjects (87.5%) have an Internet connection (WLAN) at home. It
is a basic requirement for using DVAs. Concerning other characteristics such as income or
educational qualifications, we found no other notable differences.
Since gender plays an important role in the subsequent multivariate analysis of non-users,
the two groups' most important gender-specific descriptive results are also briefly explained.
Looking at the level of education, it becomes clear that far more men than women have a
university or technical college degree (34.7% compared to 13.0%). Among women, respondents with an apprenticeship / vocational training make up the strongest group. There are also
differences in disposable monthly net income in that women earn less than men on average.
For example, while 33.3% of women have less than € 1,000 a month at their disposal, only
4.1% of the male respondents. The opposite is true for earnings of over € 3,000. While only
13.0% of the female respondents can fall back on more than € 3,000 per month, the figure is
30.7% for men.
As part of the descriptive results, the analysis finally answers the question for which tasks the
respondents would use a Digital Voice Assistant. Specifically, the test subjects had the opportunity to choose from a series of preselected answer categories. They could imagine using a DVA (multiple answers were possible). The most common answer was playing music/radio mentioned with an approval rate of 61.2%, followed by retrieving various information
in search engines with 60.2%. The lowest agreement, with 42.7%, was for sending and listening to messages. 16.5% of those questioned would not use DVAs for any of the tasks
mentioned. It has been shown that smart home applications such as controlling lights and
operating appliances in the household are less popular than basic tasks such as playing music or querying information in search engines. It also becomes clear that tasks that require
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the entry of personal data, such as managing calendar entries and appointments and sending and listening to messages, are less popular. Since the present work is a complex research model consisting of several causal relationships between latent variables, structural
equation modeling (SEM) is chosen as a second-generation multivariate analysis method for
the statistical examination of the connections (Chin 1998; Hair et al. 2014).

5.7. Results
5.7.1. Results based on the structural equation model
Since our study deals with two complex research models consisting of several causal relationships between latent variables, structural equation modeling (SEM) is chosen as a second-generation multivariate analysis method for the statistical examination of the models
presented in this study (Chin 1998; Hair et al. 2014; Rigdon 2016). Based on Venkatesh et
al. (2012), the method of partial least squares structural equation modeling (PLS-SEM) is
chosen because, in addition to the numerous causal relationships, there are several moderating effects in the model, and this method can estimate such a complex model (Hair et al.
2014; Venkatesh et al. 2012). PLS-SEM is also appropriate because it is a relatively small
sample, and it delivers significantly better and more robust results than the covariance-based
structural equation modeling (CBS-SEM), which is also often used in the context of the SEM
(Choudrie et al. 2018; Hair et al. 2014).
Before the relationships in the structural model can be tested and interpreted for their relevance and significance, the measurement models must first be checked for their reliability
and validity, as described in the previous chapter (Fornell and Larcker 1981; Hair et al.
2014).
The first step is to check whether the measuring instrument is free from random errors and
always delivers the same results when measurements are repeated under the same conditions (Campbell and Fiske 1959). Since the measurement models are reflective specified, the
internal consistency of the multi-item scales at construct level can be tested with the help of
the statistical test criteria Cronbach's alpha and composite reliability (Hair et al. 2014). In the
present research model, all Cronbach's alpha values exceed the recommended limit of 0.7
(Nunnally and Bernstein 1994), and all composite reliability values exceed the recommended
threshold of 0.6 (Bagozzi and Yi 1988). In this way, a high degree of internal consistency
reliability can be guaranteed for each construct. A summary of the results can be found in
Table 4. After considering Cronbach's alpha and the composite reliability, the reliability of
each indicator is also checked with the help of the outer loadings (Hair et al. 2011; Hair et al.
2017). All but one of the indicators meet this criterion.
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In a second step, the validity of the measurement model is examined (Straub 1989). The
convergence and discriminant validity of the individual constructs are listed above (Hair et al.
2014; Macedo 2017). This can be seen from the average variance extracted (AVE). As can
be seen in Table 4, this applies to all AVE values, which means that the respective construct
is able, on average, to explain more than half of the variance of its indicators (Chin 1998).
Consequently, each construct can be assigned a high degree of convergence validity.
To be able to check the discriminant validity in the next step, three methodological approaches are selected, which are explained in detail below and applied to the measurement
model (Hair et al. 2019). First, the loadings and cross-loadings of the individual indicators on
the constructs are compared (Hair et al. 2014). In both samples, the loadings are higher than
the cross loadings in all cases, and thus discriminant validity can be proven based on the
cross loadings. Another method of evaluating discriminant validity is based on the FornellLarcker criterion. According to this, a construct should share more variance with its indicators
than other constructs (Owusu Kwateng et al. 2019). As shown in table 5, the presence of
discriminant validity can also be confirmed by this quality criterion.
Since both the application of the cross-loading and the Fornell-Larcker criterion show weaknesses in the assessment of discriminant validity under certain conditions, according to
Henseler et al., a third test criterion can be used - the heterotrait-monotrait criterion (HTMT),
which measures the ratio of the average heterotrait-heteromethod correlations to the average
monotrait-heteromethod correlations (Henseler et al. 2015). Table 6 shows that this is the
case for the measurement models.
In conclusion, it can be stated that both the reliability and the validity of the measurement
models can be confirmed since all the values used for testing achieve good to very good
results. Furthermore, the values of the VIF in both investigation models are below the limit
value of 5. Thus, the collinearity between the exogenous constructs in the structural model
can be excluded. Next, the relationships in the structural model are checked (Hair et al.
2014).
For the present model, the estimates reveal moderate relationships. The bootstrapping
method is used to check whether the respective path coefficient is statistically significant
(Owusu Kwateng et al. 2019). It shows that Performance Expectancy, Social Influence, Facilitating Conditions, and Hedonic Motivation significantly influence the Behavioral Intention to
use DVAs. Thus, four of the six hypotheses can be confirmed in the investigation models
(H1, H3, H4, and H5). No significant influence can be demonstrated for Effort Expectancy
and Price Value. Since the coefficient can be statistically significant, but the level of the influence can only be small, in a further step, the relative importance and the relationship between them are determined for all significant relationships (Hair et al. 2014). In both samples,
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only small to medium influences on the constructs can be spoken of. Within the sample, Facilitating Conditions had the greatest effect on Behavioral Intention with β=0.386. Further
most important constructs are: Social Influence (β=0.257), followed by Performance Expectancy (β=0.256) and Hedonic Motivation with β=0.225.

Table 5: Discriminant validity – Fornell-Larcker Criterion

Table 6: Discriminant validity – HTMT Criterion

Table 4: Reliability and validity of the constructs

After examining the path coefficients' significance, relevance, and relation, the structural
model is examined for various quality criteria to assess the model's predictability (Hair et al.
2014). First, the coefficient of determination R² is considered a fundamental and widely used
criterion in evaluating structural models (Chin 1998). The research model shows a moderate
forecasting ability with an R²=0.507. The adjusted R² is R²adj=0.493. In contrast to the R²,
which enables a prediction within the sample, the Q² offers a measure of the out-of-sample
prognosis capability (Sarstedt et al. 2014). Looking at the blindfolding procedure results for
the established research models, Q²=0.451. As a result, the model has a high level of prognostic relevance for the endogenous construct of intended use.
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The analysis of the moderation effect of gender (divided in men and women) and age (divided in two age groups: 55-64 years and 65+ years) show that the Performance Expectancy is
much more important for the younger of the two age groups (Venkatesh et al. 2003). While
the time is important for working people and Digital Voice Assistants can help increase
productivity, these practical benefits are not relevant for older people. For those over 65, Social Influence and Facilitating Conditions are more important. These results are consistent
with the findings of Venkatesh et al. (2012). For older people, the availability of supportive
framework conditions, such as aids or technical support, as well as the opinion of someone
close to them, is important.
To show the gender-specific differences, the total sample is divided into groups analogously
to age. The results show that Social Influence plays a more important role for women than for
men, as the path coefficients are 0.354 (female) and 0.290 (male). These results are in line
with Venkatesh et al. 2003. Accordingly, women tend to include the opinion of other people in
their decision-making process using technology (Venkatesh et al. 2000).
The results show that eight hypotheses can be confirmed (H1, H3, H4, H5, H1a, H3a, H4a
and H3b. Performance Expectancy, Social Influence, Facilitating Conditions and Hedonic
Motivation significantly influence Behavioral Intention to use DVAs, whereas no statistical
significance could be found for the Effort Expectancy and Price Value. The relationship between Performance Expectancy and Behavioral Intention to Use is moderated by age, in
such a way that this effect is stronger for the age group of 55 to 64-year-olds. Social Influence is moderated by age and gender so that the relationship is stronger for women over 65
years. Ultimately, the relationship between the Facilitating Conditions and Behavioral Intention to Use is moderated by age so that a stronger effect can be attested for people aged 65
and over. In our study, Performance Expectancy has a greater influence on Behavioral Intention for men, while Social Impact dominates for women. Concerning age, the effect of Facilitating Conditions on Behavioral Intention is greater for those over 70 than in the younger
study group.

5.7.2 Results based on open questions
In contrast to the closed questions, no predefined answer alternatives are provided for the
open questions. However, these results provide more profound insights into the participants'
ideas, needs, and fears and can be added to the quantitative analysis. It makes it possible to
uncover potential deficits in the model and to understand relationships better. Since answers
to these questions were not necessary, data only exist for some of the respondents. To be
able to evaluate the open-ended responses, the data are first viewed, and a category
scheme is developed from this (Berekoven et al. 2009). Specifically, the test subjects had the
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opportunity to express their opinion on three questions at the end of the survey. The first two
questions relate to the use of Alexa or Digital Voice Assistants in general. Since the participants answered either one or the other question, the results are summarized for better clarity. The third question deals with the feedback on the survey and provides additional important insights into the design of the questionnaire.
By far, the most frequently cited answers relate to the privacy and data protection category.
In connection with digital technologies, data protection issues play an important role for consumers (Arpaci et al. 2015; Weinberg et al. 2015). Mani and Chouk (2017) were able to show
in their study that privacy concerns increase consumers' resistance to smart technologies.
Miltgen et al. (2016) conducted a negative effect of data protection concerns on the intended
use of innovative technologies, mediated by trust and risk perception. When looking at the
individual answers, it becomes clear that the test persons do not want their data to be collected and stored by large corporations. The fear of data abuse by third parties and surveillance by corporations is also great.
The second most frequently mentioned category, technophobia relates to a person's negative or fearful behavior towards technological products. Similar to privacy and data protection,
this construct harms the acceptance process and can be seen as a factor that inhibits acceptance (Sinkovics et al. 2002). When analyzing the answers, it becomes apparent that two
aspects of technophobia play an important role - the fear that Digital Voice Assistants will
replace human communication and those technologies will instead dominate daily interaction
(Sinkovics et al. 2002).
In addition, the following categories were occasionally mentioned: state of health ("Voice
assistants can harm memory performance and independence, especially in old age"), technology-related self-efficacy (conviction of a person being able to use technologies independently (cf. Compeau and Higgins 1995) and resistance to change. The repeated mention
of usefulness and safety when driving a car should also be emphasized. It shows that, in
particular, the ability to manage several things simultaneously and save time in everyday
tasks has a positive influence on the intended use.

5.8 Discussion
Results of the structural equation modeling show that in contrast to the majority of previous
studies (Cimperman et al. 2016; Diño and Guzman 2015; Gao et al. 2015; Hoque and Sorwar 2017; Macedo 2017; Venkatesh et al. 2012). Facilitating Conditions and Social Influence
have the greatest effect on Behavioral Intention. This finding is in line with the results of Lai
(2018) and emphasizes the importance of close people (family and friends) in the ac100

ceptance process, especially of older people and women. A qualitative study based on open
questions by Luijkx et al. (2015) showed that spouses, children and grandchildren in particular play an important role in the decision-making process. It must be remembered that everyone has different goals and that the opinions of the grandchildren are often particularly important.
Facilitating Conditions have the strongest influence on Behavioral Intention, which is also in
line with the results of Lai (2018). Macedo (2017) was also able to show this factor as one of
the strongest predictors of Behavioral Intention. This shows how important is the availability
of necessary resources and support for older people. In addition, there is the intensifying
effect of age in the present model, so that this effect is stronger the older the respondent is. It
is important that older people in particular find adequate support and receive help in using
Digital Voice Assistants.
While Performance Expectancy turned out to be the most important predictor of intended use
in previous studies (Diño and Guzman 2015; Hoque and Sorwar 2017; Macedo 2017; Suta et
al. 2018) turns out to be the third strongest predictor in the present research model. Older
people see the more Digital Voice Assistants as beneficial for their everyday lives, the more
willing they are to use the devices in the future. However, caution should be exercised in the
general assumption of what older people find useful. There is a difference in living conditions
and related needs between employed and retired people. It can be seen in the moderating
effect of age so that the influence of the expected benefit is stronger for the younger age
group of 55 to 64-year-olds. This reinforcing effect of age is also in line with the findings of
Venkatesh et al. (2003). In particular, temporal aspects and productivity play a completely
different or subordinate role in the advanced age. Several times in the survey, test persons
aged 65 and over said that time and efficiency are not relevant factors in their everyday lives.
In contrast to most of the previous studies (Arenas-Gaitán et al. 2015; Choudrie et al. 2018;
Cimperman et al. 2016; Diño and Guzman 2015; Hoque and Sorwar 2017; Macedo 2017),
but in line with the results of Lai (2018), Effort Expectancy has no significant influence on
Behavioral Intention. A possible explanation can be seen in the fact that the test subjects
(current non-users) rated the use as very easy. Still, this assessment is based purely on the
imagination and not on actual practical experience. The results might be different if the test
subjects had already had experience with the devices.
In the same way, as for the expected effort, no statistical significance can be determined for
Price Value in the context of the present study. This finding is in line with the results of
Macedo (2017) but in contrast to the studies by Arenas-Gaitán et al. (2015) and Venkatesh
et al. (2012). In the case of Arenas-Gaitán et al. (2015) the difference can be explained because the studies were not based on the same multi-item scale, and therefore, different con101

structs were measured. In relation to the study by Venkatesh et al. (2012), the lack of influence of the Price Value in this study could be attributed to the fact that the test subjects had
great difficulty assessing the price of Digital Voice Assistants because they are non-users. In
Venkatesh et al. (2012), only users of the technology were involved. Furthermore, a lack of
significance can be attributed to the fact that many of the test subjects were surprised at the
low price of Digital Voice Assistants in the survey course. A comparison was often made with
high-priced smartphones, and the price for Digital Voice Assistants was therefore classified
as very low.
During the evaluation of the open questions, it became clear that two categories in particular
function as relevant barriers due to the frequency they are mentioned. On the one hand,
there are privacy and data protection issues, which were mentioned by far the most frequently. Another barrier is the negative and fear-shaped behavior of the test persons concerning
technical products, which was summarized under the category technophobia. Since these
constructs are not included in UTAUT2, they should be checked for their statistical significance in further studies.

5.9 Limitations
This study is the first to examine the acceptance of DVAs among the older generation at a
point in time when the spread of the technology within the target group can be regarded as
low so that a discussion of the restrictions and limitations is essential for the classification of
the results.
It must be noted that there is no standardized definition for “older people”; different age limits
are used as selection criteria (Mostaghel 2016). With increasing life expectancy due to medical progress and the gradual increase in retirement age, the limits of when a person is considered old are shifting upwards. Therefore, results with other studies should be compared
with caution.
Since no studies were available in this context, our study was designed using a generic
model (UTAUT2), adjusted to the examined age group. In further studies, the role of DVAs
should be worked out in a stronger and more targeted manner. Ideally, own models for explaining the Behavioral Intention should be developed.
For the sample, a survey was carried out in two districts: Upper Franconia (southern Germany) and Oder-Spree (north-east Germany). The study is therefore tied to specific geographical conditions. The gender distribution roughly corresponds to that of the population. However, this cannot be transferred to the entire German population. The exclusion of West
German citizens, in particular, can distort the results because they came into contact with
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technologies earlier than, e.g., the East German population. As a result, the generalizability
of the study should be carefully considered. Conducting the survey in other parts of Germany
may lead to different results.
Concerning the research model, it must also be stated that this work focuses exclusively on
the intended use (Nutzungsabsicht), which is referred to in the literature as the so-called
“pre-implementation stage” (Luijkx et al. 2015). However, the results of Wu and Du (2012)
show that the Behavioral Intention cannot predict the actual system use precisely, and therefore, the main focus should always be on the Use Behavior in combination with the Behavioral Intention. In our study, the focus on the intention to use DVAs can be traced back to the
small number of current users (14.2%) compared to the non-users (85.8%). The results of
this work must also be interpreted with caution since the non-users often had difficulties putting themselves in the position of a user and consequently found it difficult to answer the
questions about the constructs.
Moreover, the study was based on a relatively small sample due to the extensive interview of
the test persons. Although misunderstandings could be minimized by answering additional
questions, this behavior can also cause distortions in understanding the topic. Studies with
more resources should reduce the influence of an interviewer through other types of surveys.
A final limitation regarding the generalizability of the results is the concentration of the study
on a special technology – DVAs. A transfer to other digital technologies, or generally – information and communication technologies, is therefore questionable.

5.10 Conclusion and implications
The research goal of our study was to investigate the acceptance of Digital Voice Assistants
by older people. To work out the most important influencing factors on the behavioral intention to use DVA, both a quantitative approach based on UTAUT2 and a qualitative approach
in the form of open questions were chosen for both samples. This combination of the two
methods allowed a deeper understanding of the complex processes than the pure focus on
quantitative results within the structural model framework. The statistical analysis results of
the structural model show that the model has moderate predictive capabilities (R²=0.507,
R²adj=0.493). As part of the statistical examination of the significance and relevance of the
causal relationships in the structural model, statistical significance (p <0.05) could be
demonstrated for four of the six relationships. The most important influencing factors in predicting behavioral intention are: Performance Expectancy (β=0.256, t=3.680, p=0.000), Social Influence (β=0.257, t=4.088, p=0.000), Facilitating Conditions (β=0.386, t=6.888,
p=0.000) and Hedonic Motivation (β=0.225, t=3.533, p=0.000). The hypotheses H1, H3, H4,
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and H5 can thus be confirmed. No statistically significant relationships can be found for Effort
Expectancy and Price Value, which leads to a refutation of the hypotheses H2 and H6.
Regarding the moderating effects of age and gender on these relationships, four of the
twelve postulated hypotheses can be confirmed with the help of multi-group analyses (H1a,
H3a, H4a, and H3b). The analysis shows that the effect of Performance Expectancy on Intended Use is stronger for the age group of 55 to 64-year-olds. In contrast, Social Influence
and Facilitating Conditions strongly affect the Intended Use in the older age group. Gender
can only be confirmed within the framework of Social Influence. The statistical results show
that other people's opinion plays a more important role for women than for men. As part of
the evaluation of the open questions, issues such as privacy and data protection, technophobia, technology-related self-efficacy, and resistance to change can act as barriers in the
acceptance process.
An important contribution of this work is the demonstration of the importance of social influence and the facilitating conditions in the decision-making process of older people for or
against the use of a Digital Voice Assistant. These factors play a more important role than
the usefulness for everyday life and the fun of using DVAs. Older women, in particular, are
influenced in their decision-making by the opinion and behavior of their friends and family
members. Future research should start here, examine the factors and their determinants
more closely, and show the role, for example, of family members or loved ones in the decision-making process. It should also be questioned which basic framework conditions must be
created so that older people decide to use a DVA. The analysis also shows differences between people of working age (55 to 64 years) and those of retirement age (65 years and older). As a result, older people cannot be seen as a largely homogeneous group. Future studies can start here and work out other important differences based on larger samples. Another
relevant finding from this study relates to the issues of privacy and data protection. The results of the qualitative analysis indicate a necessary revision of UTAUT2. Individual studies
have shown significant relationships between privacy, security, and trust in behavioral intention and user behavior. Future studies can achieve better results by including such previously
neglected constructs. Above all, attention should be paid to the effect relationships emanating from the individual constructs and whether they act, for example, as moderators or determinants of the behavioral use or use behavior.
The knowledge about the acceptance process among older people, which was gained
through empirical research from this study, can also provide important clues for managerial
practice. People mustn't be left alone when setting up the devices and through the whole use
period. Long-term support is particularly important because even after a successful setup,
older people repeatedly encounter difficulties when trying to set up new devices on their own.
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Technical support can be provided, for example, by family members or professional technical
advisors. Business models of this type already exist on the market (Consena 2019). Another
possibility or extension of such individual consultation would be to hold workshops and training units in groups. In this way, both technical support can be guaranteed, and loneliness in
old age can be prevented through group dynamics. The intensive exchange with people of
the same age or people of different age groups can also generate new ideas for using DVAs
in everyday life. Another finding of the present study is that when developing new technologies and applications, a stronger focus must be placed on the needs of older people, as their
everyday lives differ from that of younger age groups. Another option is to focus more on
age-related needs in marketing and advertising (Lai 2018). However, when choosing suitable
communication measures, care must be taken to avoid stereotyping and ultimately stigmatizing older people, as this can lead to rejection and even resistance.
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5.11 Appendix
Appendix 1: Technology acceptance by older people – state of the art; Source: Own depiction
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6 Conclusion
New technologies and innovations increasingly shape today's world. Digital Voice Assistants
represent one of the most important changes in the interaction with technologies. However,
there has not yet been sufficient scientific research into the current acceptance level in private use. What drives individuals to use a particular technology? Research into usage of
DVAs and user acceptance represent a central field of investigation in the IT context and is
also the main subject of this thesis. Factors that influence the acceptance of technology are
diverse and depend, among other things, on the age and interests of the examined target
group. Analyzing the predictors in the group of Millennials, Pastime is the most important
aspect that influences the acceptance of DVAs. Furthermore, Enjoyment, Image (Social Status), Expediency and Social Influence also play an important role in accepting DVAs. Nonetheless, privacy concerns and the fear of being intercepted negatively influence Millennials'
use of DVAs. While with Millennials, Enjoyment, Entertainment, and Image are decisive for
accepting a new medium such as DVAs, within the age group of the older people: Performance Expectancy, Facilitating Conditions and Hedonic Motivation are the most important
predictors for the acceptance of DVAs. However, it should be noted that there are noticeable
differences between people aged 55 to 64 years and people over the age of 65 years. For
this reason, older people cannot be seen as a largely homogenous group.
The analysis of the open questions has shown that DVAs will be already used by those two
examined age groups and they are helpful while quickly looking for some information, navigating a car, or traveling, especially when manual input is not possible. Customers mainly
use their DVAs for time-saving and to increase their image among friends and family. Many
users also turn to DVAs when they feel alone and are looking for a conversation with somebody. Within the age group of older people, the results of the moderation effects show that
especially older women are strongly influenced by the opinion and behavior of family and
friends. Family members or related persons play an important role in the decision-making
process.
While various research models have been developed over the years, the modified TAM and
the modified UTAUT2 have proven to be reliable theories for testing the acceptance of new
media. Both underlying models were adapted to include the research context worked out in
the theoretical part, i.e., constructs, specially adapted to the research area Conversational
User Interface. The degree of technological novelty played an essential role in the development of the model. Since the two models have a moderate to high effect on Behavioral Intention to Use, it cannot be clearly stated that one model fits noticeably better in the context of
DVAs than the other. Suppose one considers other variables (Q², f², etc.) and the accuracy
of fit of the gratifications. In that case, it can be concluded that UTAUT2 fits better into the
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context of the acceptance of DVAs by consumers. UTAUT2 established itself as a model
within research, either as a basis for constructive theories or for checking acceptance relationships (Tamilmani et al. 2017). The model was also used for different target groups, such
as tourists, end consumers or students in various technological contexts (Tamilmani et al.
2019; Tamilmani et al. 2018). UTAUT2 is also used in new technologies such as mobile
banking or augmented reality to measure acceptance and was able to achieve comparatively
similar values for the explanatory variance concerning the intended use, as in the initial study
by Venkatesh et al. (2003) (Chaouali et al. 2016; Harborth and Pape 2017). However, many
studies forego usage behavior in new technologies and are limited only to the intended use
(Tamilmani et al. 2019). Slade et al. (2015) justify this in their project with time and resource
restrictions at the study time (Slade et al. 2015). Completely new target variables, such as
purchase intention, are also possible (Degirmenci and Breitner 2017). Nevertheless, the
analysis of this thesis confirmed the predictive power of the modified TAM and the modified
UTAUT2. With these findings, this thesis joins the research into user acceptance and use by
the expanded TAM and UTAUT2 and provides another example with a new context for
these.
For future investigations, a more precise breakdown into different types of gratifications (e.g.,
hedonic, utilitarian or barriers) is recommended. Based on the proposals by Venkatesh et al.
(2016), detailed predictions can be made about the individual components of the respective
technology. However, it must always be borne in mind that the results obtained based on the
studies presented cannot be transferred one-to-one to other DVAs. The evaluation of the
technology users also depends on subtleties that are difficult to measure through a survey.
Moreover, future investigations could begin to identify optimal procedures and prove them
empirically.
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Appendix
Appendix A: Individual contributions to the included research papers

In the following, I will in detail describe the contribution of all four papers presented in this
thesis.
Research paper #1, which is presented in chapter 2, was authored by two authors. The idea
for the topic came from Prof. D. Baier. He also contributed through conceptual and methodological advice and multiple revisions of the paper. As the corresponding author, I was responsible for carrying out the literature review, developing the research design, conducting
the interviews, analyzing the data, writing the article, and managing the revision process.
Research paper #2 presented in chapter 3 and research paper #4 (chapter 5) were exclusively written by myself.
Research paper #3, which is presented in chapter 4, was authored by three researchers.
Nadine Höhn developed the survey and was responsible for the collection of the data. Prof.
D. Baier was contributed through constant conceptual and empirical advice and both revision
processes of the paper. I was the corresponding author of this paper and was responsible for
conceptualizing the study, carrying out the literature review, analyzing the data, writing the
article, and managing the revision process.
I would like to thank both co-authors – for your technical knowledge, professionality, help and
great ideas.
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