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1.

Introduction

The existence of information technologies has radically transformed many aspects of
modern people’s life. As an example of such technology, we can consider a digital
personal assistant (DPA), like Apple’s Siri, Google Assistant, Microsoft’s Cortana,
Samsung’s Bixby, etc. DPA can help users on various tasks, such as shopping, playing
music, setting schedule, sending messages, using household appliances and electronic devices, and offering answers to simple questions, etc., by taking audio or
textual orders (Fruend, et al. 2001; Stucke & Ezrachi 2016; Tractica 2016).
The global market of special home devices with DPA function (smart speakers) is
expected to hit US$2 billion in revenues by 2020, almost a 500 per cent rise over
2015 (Gartner 2016). The number of individual consumer users of DPAs is predicted
to increase from 390 million to 1.8 billion worldwide from 2015 to 2021. Meanwhile,
the number of enterprise users is forecasted to grow from 155 million to 843 million
(Tractica 2016). Hence, in the nearest future, it is expected that the demand for DPAs
will only rise, not only increasingly densely entering into everyday life of ordinary
people, but also becoming business solutions in companies.
Considering the potential significant role, which DPA is going to play, the research
work on this field suffers from lacking economic scholars’ attention at the moment.
Papers that shed the spotlight on the topic of DPA are sparse and economic literature
is even less. To our best knowledge, the law-and-economics papers by Stucke and
Ezrachi (2016, 2018), which pointing out both competition issues and consumer welfare issues with DPAs, are the only papers directly addressing economic effects of
DPAs. Stucke and Ezrachi also addressed behavioral economic issues by arguing that
because of the emotional nature of interactions, trust will be established between
users and their DPAs, followed by decisions’ delegation from the user to DPA. Next
closest studies are focusing on the role of algorithms and their influence on the competition landscape of markets without directly addressing DPAs (Gal & Rubinfeld
2016, Gal 2018, Schwalbe 2018). As DPAs are also based on (similar) algorithms, the
insights from this literature are helpful for our analysis. The rest of the studies about
DPAs are from technology development and application points of view. For instance,
response correctness and naturality among Siri, Cortana, Google Assistant and Alexa
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is studied by López et al. (2018). DPA’s ability and improvement on managing tasks,
reminding specific memories and managing calendar are researched widely in recent
decade (Yorke-Smith et al. 2009; Yaghoubzadeh et al. 2013; Brewer et al. 2017; Rong
et al. 2017). Some researches focused on developing DPAs for helping elderly and
cognitive/physical impaired users (Fiol-Roig et al. 2009; Yaghoubzadeh et al. 2013;
Costa et al. 2014). Others devoted on specific functions as assisting maintenance of
household appliances (Fruend et al. 2001), telling customized stories to children
(Adam & Cavedon 2015), and planning activities aiming to build long-term relationship with users (Coon et al. 2013).
The purpose of this paper is to contribute to filling this gap in literature and explore
the emergent market of DPA, the important parties such as DPA suppliers and consumers, the opportunities and problems confronting family, state and society in the
coming future. As such, the paper is conceptual in nature and lays out important
research problems and programs in this relevant area. In order to serve this purpose,
it is organized as follows: in section 2, the definition of DPA and its features are
presented. In section 3, the description of DPAs’ market is given. In section 4, economic benefits of DPA usage are discussed, whereas section 5 provides the discussion of potential economic challenges. Section 6 concludes.

2.

Definition of Features of DPAs

Among current researches, which mentioned DPAs or similar concepts, there is no
unanimous definition of the term “DPA” since the research field is still on its early
stage. The reason is the novelty of the technology and the fact that a unified symbol
of these kinds of systems has not yet been formed. Names mentioned in the literature, which can be considered as digital assistants, include intelligent automated assistant (Gruber et al. 2017), intelligent virtual assistant (Lamontagne et al. 2014),
virtual personal assistant (Tur et al. 2014), intelligent personal assistant (Canbek &
Mutlu 2016), digital butler, digital helper, digital assistant (Stucke & Ezrachi 2018),
personal digital assistant (Fruend et al. 2001), speech-based natural user interface,
voice-activated intelligent personal assistant (López et al. 2018), virtual agent-based
daily assistant (Yaghoubzadeh et al. 2013), algorithmic assistant (Gal 2018), etc.
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In order to avoid possible discrepancies, we use the term “digital personal assistant”
(DPA), and modified the definition proposed by Gruber et al. (2017). A DPA is an
intelligent automated system that interacts with the user through a dialogue in natural language, and meanwhile applying third-party services to obtain information
and perform various actions.
DPA is an intelligent system because of its capability of finding information and solutions for a diversity of problems. In technical terms it uses machine-learning algorithms, which are based on the analysis of client’s requests and personal data collected by the system to enhance the quality and the individualization of DPA’s reactions (Actions on Google 2017; Amazon 2018a). These algorithms also support recommendation functions of different products and services (Amazon 2018b). Their
ability in precise and accurate predictions of a user’s behavior and preferences is
based on the collection of all-dimension data. Setting alarm, arranging calendar and
adjusting household appliances automatically involve information of a user’s life routine. Playing music, watching videos and doing shopping contains information of his
preferences on music genre, video categories and products he purchases, in total
giving a comprehensive picture of individual consumption patterns. Because of the
ability to provide natural interactive conversation, a DPA can serve its user as a daily
life butler, instead of a mere order-taking machine (Sayid 2016; Actions on Google
2017; Amazon 2018a). Hence, a user may prone to be less alert on giving up his
personal information with the butler. Moreover, an important characteristic of personal assistants is the nature of their interaction with third-party services, suppliers
of music, video content, food, clothes and household appliances, etc., which will also
be interested in the data collected by DPA. This state of affairs may have various
implications, which are discussed in the next sections.

3.

Markets and Business Models of DPA-Services

3.1 The Market of DPAs
The market development began with the invention of the first DPA (Siri by Apple) in
2011, which was a part of an operating system for phones, tablets and laptops, etc.,
providing a hand-free solution to operate with them. Later on, DPAs in different
4

forms came to existence: 1) as a pre-installed part of the operating system for different devices 1, which are owned by or cooperate with the DPA’s supplier (Google Assistant by Google, Bixby by Samsung, Cortana by Microsoft, Xiaomi Voice Assistant
by Xiaomi, Duer by Baidu, etc.); 2) as an application for different operation systems 2
and smart speakers, which are produced by the DPA’s supplier (Alexa by Amazon,
Clova by Line, Kakao I by Kakao, AliGenie by Alibaba, Alice by Yandex, etc.); 3) purely
as applications for different operation systems (Hound by SoundHound, Lyra Virtual
Assistant by Artificial Solution, etc.). According to publicly available information, in
2017, Amazon (Alexa) was clearly leading the worldwide market with an estimated
share of 62 percent, while Google with about 25 percent (Statista 2017). This result
could be due to first-mover advantages since Amazon was the first company, which
offered smart speaker for its Alexa in 2014 with Google offering its solution in 2016
and Apple following in 2017. Additionally, the business model of Amazon is based
on its shopping platform and Google has its long-existing and dominant search engine, so the popularity of these services may contribute to the popularity of ‘their’
DPA via positive network effects. According to the quoted statistics, the DPA market
currently has a duopoly structure (with Amazon’s Alexa probably being a dominant
supplier) accompanied by a variety of fringe competitors. Notably, the fringe both
consists of small and young (innovative) companies and entails solutions by big tech
companies with considerable financial power. Therefore, it looks likely that the leading duopolists will experience relevant competitive pressure from fringe competitors
despite their currently small market shares.
Generally, market dynamics are still very high since the DPA market is still young and
in its turbulent expansion phase. Therefore, it can be expected that the frequency of
new market entries will remain significant for the upcoming next years. Moreover,
hitherto different applications such as chatbots could be turned into DPAs. Furthermore, some companies focusing their business so far on certain regions (e.g. Xiaomi,
Baidu, Alibaba, Yandex) are likely to expand into international markets in the near
future. The ongoing technology dynamics make it likely that there will be some maverick competitors among the existing or new-coming market players, considerably
1
2

For example, phones, tablets, laptops, smart speakers.
This a type of program that is available to be downloaded in App stores from different suppliers.
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altering competition dynamics and the market structure. This goes along with expectations that in the near future the range of DPAs’ services will be expanded. For instance, all players work on an enlargement of this market. There is increasing attention to smart home technologies, aiming primarily at expanding the ecosystem of
DPA-controlled devices. It should be noted that suppliers are interested in ecosystems, in which their devices could exclusively play the main role. This includes, for
instance, the possibility for cooperation with automotive suppliers in order to integrate DPA solutions into new cars. 3
The nature of DPA-services implies that a number of markets are vertically-related or
neighboring the DPA-market. For instance, if a DPA is used as an assistant for daily
routine or non-routine shopping, then the respective retailing markets become (vertically) interrelated and its effects on the respective product markets become possible. If a DPA is integrated into a smart home or a car, then markets for software
services like navigation systems, or markets for goods like heating systems or refrigerators, etc. become neighboring the DPA market. When analyzing the economic
effects of DPA-services, the interrelations to these markets matter along with the
competition on and the structure of the DPA market itself. In particular, market
power of DPAs may negatively influence the competition on such related markets.

3.2 The Stylized Business Model of DPA-Services
In regard to many of its functions, in particular the more commercial ones, a DPA
may be framed as a digital platform that operates as a two-sided market (see generally on platform economics, inter alia, Rochet & Tirole 2003, 2006; Armstrong 2006;
Evans & Schmalensee 2007; Haucap & Heimeshoff 2014; Haucap & Stühmeier 2016;
Budzinski & Kuchinke 2018). Through its assistance function for consumption and
shopping routines, a DPA effectively provides a matching platform for users and
third-party suppliers of commodities and services (see Figure 1), each of which offers
positive network externalities to the other.

3
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At the CES tech show, tech giants have announced that they will add DPAs to new cars. Thus,
Nissan and BMW have Microsoft Cortana or Apple’s Siri (via CarPlay software) on some models,
Ford has a cooperation with Apple and Amazon (Alexa), Hyundai, by its turn, integrated Google
Assistant and Apple’s Siri in some vehicles, Daimler provides only Google Assistant (Baraniuk 2017).

DPA
Data flow

Data flow
Content to offer

Service

Content and service providers

End user
Network effects

Figure 1: DPA as a platform
Source: adapted from Dewenter & Rösch (2015, p. 119)
Platforms generally entail the danger that a single company dominates the market.
While this may be efficient in terms of allocation, negative dynamic welfare effects,
as well as negative static welfare effects from an abusive exercise of the resulting
market power may easily overcompensate the allocative benefits. Therefore, competition among platforms is socially desirable but the probability of its sustainable
emergence depends on a number of factors. Among such factors increasing the
probability of single-firm dominance in platform markets, we should mention strong
and/or symmetric indirect network effects (INE), strong direct network effects (DNE),
small size of market, supplier-side economies of size, homogeneity of customers’
preferences and platform services, incompatibility among platforms (e.g. absence of
interconnectivity of users of different platforms), high switching costs, single-homing
by consumer/user groups, low innovation dynamics, etc. (inter alia, Haucap &
Heimeshoff 2014; Haucap & Stühmeiner 2016; Budzinski & Kuchinke 2018).
DPA as a platform provides strong and symmetric INE because users are interested
in high quality of services, and suppliers are interested in access to potential consumers. Consequently, an increase in the number of DPA users for consumption purposes
will lead to an increasing number of commodity and service providers wanting to
offer their goods via DPA. The other way around, DPA users derive a higher utility of
search and recommendation services, entertainment offers and shopping opportunities if more suppliers are available through DPA. Thus, an increasing number of
users leads to an increasing amount of suppliers, and vice versa. A mitigating factor
may surface when it comes to frequently repeated routine shopping activities where
DPA users may actually derive their utility from not-choosing by themselves, so that
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the variety of suppliers may have no effect. A typical variant of commercialization for
such platforms would be advertisement, which displays positive INE from platform
users to advertisers but often negative INE the other way around. Currently, direct
advertising (like advertising breaks) is not part of the business models of DPAs. However, advertisement can also happen indirectly and, for instance, have the appearance of recommendations (which may be biased towards the goods of the advertiser). In such cases, users may not perceive the advertising as manipulating their
opinions, thus may not cause negative INE and an outflow of customers. Nevertheless, if advertisement was more intrusive, the negative INEs would be significant.
In contrast to INE, DNE should not be strong in DPA markets. Direct network effects
arise when the benefit of the users of a platform depends on the number of other
users. This is common situation for communication networks (such as social networks, telephone services, messaging services, etc.), where user’s utility increase with
enlargement of network in which he can interact with others. However, DPA itself
does not provide such place of communication among users.
The actual and possible size of the market should not be a restrictive factor as the
tasks are diverse and widespread and there is no geographic limitation. If we include
potential customers of DPA-services, the estimated market will be large and go across
generations. As noted by Stucke & Ezrachi (2016, p.3), parents started to use technology to care for children and to help themselves at home. Thus, the next generation is integrated into such an environment since childhood. Taking into account the
advantages (see section 4), the probability that users will not stop using this type of
service increases. While the access to DPA is provided with a device like mobile phone,
tablet, laptop and smart speaker nowadays, the developers are attempting to integrate this function in more and more devices, i.e., to build an ecosystem covering an
entire house.
The DPA market is characterized by relevant supply-side economies of size. The
growth of number of users leads to improvement of the service. The reason is that a
DPA platform processing more requests has a bigger database with more variance of
users and can better use machine-learning algorithms and data mining to increase
its ability to cater various needs from different users. This also enhances the quality
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of its service for each individual user. However, while these economies support market concentration, they will probably not be so strong that only one DPA supplier
can exploit them. There will be decreasing returns to a further increasing (historical)
database once a certain level of data has been collected. Consequently, every supplier
with datasets exceeding a certain minimum volume can be competitive. The competence for sophisticated pooling and analysis of consumer data may become the actual scarce good (Schwalbe 2018). Furthermore, a considerable fixed-cost digression
effect (lower average costs of supplying DPA service for each additional consumer)
also will favor a concentrated market structure.
Preferences of consumers using DPAs are heterogeneous. One group of them may
focus on organizing their smart home, a second group may just use the assistant as
an entertainment device, a third group may predominantly need an assistant for calendar and travel organization, etc. For instance, it is conceivable that some users
would never use their DPAs for shopping purposes because they enjoy shopping
themselves. Others may be happy to get rid of routine shopping but keep doing the
extraordinary consumption (for example, fashion, holidays, furniture, cars) themselves – and even others may be happy to rely fully on a DPA shopping service. Consequently, there exists a possibility of specialization for DPA suppliers. If the quality
of service provided by companies will be different for different DPAs’ functions, then
different types of consumers will use various DPAs creating scope for specialized offers. However, the fundamental idea of any DPA is interaction with its user in a native
way and finding solutions for a fundamentally open-ended diversity of problems.
Thus, this fact may imply that comprehensive services thrive, rather than specialized
solutions, rendering the competition-enhancing effect of heterogeneous preferences
rather ineffective.
The nature of a DPA as a comprehensive assistant to all personal needs should point
to single-homing on the side of the users. However, on the market side of commodities, services and content providers incentives for multi-homing are strong, so that
all consumers can be reached irrespective of which DPA they are using. Thus, if multihoming is not strategically (artificially) limited for anticompetitive purposes by a DPA,
third-party providers will strive to multi-home.
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Another factor in this market are innovation dynamics. Currently, innovation dynamics are very high in the market as it is still a very young technology-driven market.
This is a procompetitive factor as long as DPAs have not reached a more mature level
of technology. After that, it is possible that big companies will slow down the output
of innovative products in order to get the most from the previous innovations.
According to these elements of the DPA market, the economic forces driving this
market towards a (quasi-) monopolistic structure (i.e. single-firm dominance) are not
too strong and countervailed by other factors. Thus, from the nature of the DPA
market, sustainable competition among several DPA service suppliers should be possible. Due to the factors favoring company size, the structure of a narrow oligopoly,
i.e. competition among few DPA-platforms, appears to be more likely in future than
competition among a multitude of suppliers. This result does not preclude companies from trying to actively monopolize this market. However, if this happens, competition policy must step in and prevent a tipping of this market into single-firm
dominance or a quasi-monopolistic structure. In order to further assess the welfare
effects of DPA-services, we now focus more closely on the economic benefits (section
4) and challenges (section 5) from DPAs.

4.

Benefits of DPAs

Despite of their inconsequential nature, mundane daily tasks take our time and efforts. With DPAs functioning as human-like butlers, users can benefit from several
aspects by relinquishing daily chores to them.
The first beneficial effect from using a DPA is a significant reduction of transaction
costs. With a voice-command feature looking for information with DPA is quicker
and easier than typing requests and searching on internet by users’ own. As a result,
information-searching cost is significantly lowered. Since DPA functions are based
upon personal data, their algorithms try to predict users’ preferences (Linden et al.
2003) and adjust search results accordingly. Obviously, accuracy of preference approximation depends on the richness and quality of available user data. With rich
consumer behavior data, accuracy will increase tremendously. This phenomenon is
well-known from databased internet platforms like Google’s search engine, who
10

once became market leader due to providing more accurate (to the individual preferences) search results than its competitors.
Furthermore, consumer welfare may be promoted by increasing information about
consumption options that the user otherwise would not detect. For instance, Amazon’s success to a considerable extent derives from superior databased search and
recommendation services compared to its traditional competitors (Budzinski & Köhler 2015). Regarding streaming platforms like Netflix, it is commented “The algorithms know you better than you know yourself”. This comment was given by Xavier
Amatrian, former Netflix data scientist as the number of users increased significantly
after the platform started to give recommendations basing on algorithms, instead of
letting users plan their watching schedule by themselves (Lebowitz 2017). DPAs have
the potential to further enhance these benefits by basing their recommendations on
more and better personal data, and by being available and accessible more directly
and more ubiquitously. By taking accurate individualized suggestions, users’ decision-making cost can be reduced immensely.
Besides reduced information-searching cost and decision-making cost, transaction
cost can be lowered also in other ways. As voice input is faster than keyboard input,
it sets up an opportunity for parallelization of work, facilitating users’ multi-tasking,
which makes their life more efficient. Functions of DPAs providing control of smart
home devices, calendar management, entertainment, etc. will enable consumers to
spend less time to perform these actions. Moreover, because communication with a
DPA does not require any special knowledge or skills (the only requirement is the
ability to maintain a conversation), which allows interaction with them without any
difficulties, children, elderly people and people with disabilities can access different
services more easily than before (Fiol-Roig et al. 2009; Yaghoubzadeh et al. 2013;
Costa et al. 2014).
A second benefit could be enhanced organization efficiency. By replacing personal
secretaries with DPAs in organizations, which can be able to work faster and longer
than humans, i.e., 24 hours per day and seven days per week, many of the repetitive
and administrative tasks can be finished a lot quicker. Additionally, wage cost will be
lowered, since this means there will be less need to hire human secretaries. As a
11

result, organization performance will be improved. Moreover, as DPAs either come
together with existing devices or are easily portable, locations of the tasks will not
be a problem anymore. Hence, organizations' economic activities can benefit from
using DPA as a secretary creating positive growth effects on the economy. 4
Thirdly, there is a procompetitive effect. It is worth mentioning that this service can
find the best offers for consumers via algorithms. This conclusion is based on considering the decision-making features of the digital assistant. So, it far surpasses a
human not only in terms of the amount of information that can be taken into account when preparing a solution, but also by higher speed of data processing. This
allows DPAs to analyze over the same period of time more options for solving the
problem, which significantly improves the quality of the final solution (in other
words, the probability to make a better decision increases). By increasing market
transparency, the use of an assistant may lead to a reduction of searching cost, consumer biases and help to avoid marketing manipulation efforts of suppliers (Nowag
2016; Gal 2018; Gal & Elkin-Koren 2017; Mehra 2017). This situation creates procompetitive effects among stores, which are forced to provide better prices and quality to customers (Gal & Rubinfeld 2016; Mehra 2017), further enhancing the users’
welfare.
A more far-reaching implication would be that DPAs make better decisions than the
user himself not only by providing more information but also by “knowing better”
than the user. For instance, Gal (2018) argues that the black box character of the
DPA algorithm-based decision helps to avoid biases that would taint the optimal
decision when done by the user himself. The exact working properties of the algorithm (using its information processing power to best guess the preferences of its
user) are unknown for the user, which may be understood to be a more objective
interpretation of the users’ preferences than the human user can do by himself. So,
there are no any biases influencing an objective decision-making (Gal 2018). However, if decisions by a DPA are assessed to be superior to human consumer decision,

4

12

A lower demand of human secretaries at the labor market is likely to be overcompensated by
increasing labor demand in the context of supplying and maintaining DPA-services as well as by
the growth effects. However, notwithstanding, in a sclerotic labor market with significant involuntary unemployment, it may come along with temporary labor market frictions.

this clearly departs from methodological individualism, i.e. from the notion that the
individual is the only source for his wants and needs – and consequently from the
paragon that each individual has the right to make his own decisions. Thus, it creates
significant scope to manipulate and overrule consumers in the name of various commercial and political interests, injected into that black box. So, from an economics
perspective, this welfare promise is doubtful at best (see also section 5).
Fourthly, DPAs may boost the e-commerce economy. As a DPA allows a user to conduct tasks by daily dialogs, it will ease online shopping by skipping a number of
complex ordering and billing steps, which have prevented certain consumer groups
from buying goods or ordering services online. With the popularization of DPAs,
more consumer groups may turn towards e-commerce. Thus, DPAs may have a stimulating effect on the e-commerce economy. If the growth in e-commerce overcompensates losses for traditional business, i.e. there are additional transactions and not
only shifts from off- to online, then this boosts the overall economy and consumer
welfare.

5.

Challenges from DPAs

Besides benefits, however, adopting DPAs in life may also contain some risks and
downsides, which may reduce the positive welfare effects or even lead to decreasing
welfare from an economics perspective. Consumer behavior considerably matters for
the welfare effects as does the workability of competition in the market for DPAs and
related markets. If users are assumed to be perfectly informed and to be acting hyper-rationally with DPAs competing on a poliopolistic, contestable and non-integrated market, then the scope for negative welfare effects from DPAs is virtually zero.
However, modern economics have long departed from such a simplistic behavioral
model due to its lack of empirical reliability in many cases as it has departed from
assuming “perfect competition”-markets. Instead, boundedly-rational or naïve consumers use limited cognitive capabilities to deal with incomplete and distorted information. They are susceptible to emotions, external environment and different biases,
and decision-making of which deviates from expected utility theory (Jolls et al. 1998;
Kaufman 1999). Consequentially, behavioral limitations along with imperfection and
13

asymmetries of information offer a scope for DPA-services exploiting consumers. Furthermore, oligopolistic market structures or even single-firm dominance in the market for DPAs as well as vertically and conglomerately integrated companies enhance
the scope for anticompetitive strategies reducing consumer welfare. Under this condition, the risks DPAs may bring come to existence. We categorize these potential
risks into five directions.
Firstly, biased services. Boundedly rational or naïve users may develop trust in their
digital butlers more easily and through different ways than sophisticated users. While
with traditional webpage-based e-commerce it still leaves consumers the necessity
to search and read information on their own, voice-controlled DPAs may easily become an information gate-keeper for boundedly rational or naïve users. Under this
situation, DPAs are likely to be employed to induce their customers’ purchasing behavior according to the interests of their suppliers. In the case that DPAs recommend
products of their own subsidiaries or business partners and at the same time ostensibly matching customers’ preferences, in contrast with super-rational consumers,
naïve consumers may tend to simply rely on their butlers’ suggestions or even relinquish their decision rights to the DPAs without further concerns. Moreover, imperfection and asymmetries of information may prevent even more rational consumers,
i.e. “principals”, from exercising sufficient control over their digital “agents”, which
also creates a scope for DPA suppliers to make DPAs suit their business interests at
the expense of the user’s welfare. Since DPAs function based upon individualized
data and algorithm, the hidden agenda may be difficult to detect. This may be aggravated if users get locked-in to the services of a given DPA, i.e. switching to another
DPA becomes disincentivized. For instance, DPA-suppliers may block the transferability or portability of data among different assistants for strategic reasons, so that
users must spend significant additional time and effort on training a new assistant
(in this situation, time and effort represent switching costs). On the side of the users,
such incompatibilities among different DPAs increase switching costs and, thus,
cause lock-ins (dependence on one supplier).
Secondly, market power of a dominant DPA. The DPA market has the same features
like many others digital platforms. In particular, as it’s mentioned in section 3, the
current DPA market is a duopoly market with various fringe competitors. The incumbent
14

players build strategies, targeting on each expanded field (e.g., the development of
smart speakers, the integration of DPAs with cars). The contestability of the market
is hampered by the presence of entry barriers, supported by network effects, supplier-side economies of size, incompatibility among platforms, switching costs, intellectual property law and ability to investment which associates with the scale of research and development costs. The high possibility that the market for DPAs will
display a rather narrow oligopoly structure in coming future is not necessarily a problem, as long as competition intensity among the oligopolists remains strong. Notwithstanding, if the number of relevant competitors becomes very narrow, incentives
to enter into a collusive equilibrium (so-called coordinated effects) increase and DPAsuppliers may coordinate their behavior by means of tacit collusion or cartel-like
structures instead of competing with each other – at the cost of consumer welfare.
Furthermore, if the market tips into a monopoly-like structure with one dominant
supplier – be it by strategic monopolization efforts from one company or through
other avenues – then the dominant DPA experiences scope for (i) exploit the dependency of consumers by increasing prices and/or reducing service quality as well as (ii)
exploit the economic dependency of third-party suppliers, who require access to the
DPA (and its search, recommendation, and decision-making services) in order to have
access to a relevant number/share of consumers. If one DPA becomes an essential
gatekeeper, for instance for shops or content and service providers, to reach their
customers or audience, like the Google search engine or Amazon currently tend to
be for online shopping (Bougette et al. 2018), it can force unfair conditions upon
them and appropriate considerable parts of their economic margins and rents.
Thirdly, potential leveraging of DPA suppliers’ market power into neighboring markets. If DPA suppliers enjoy market power, then they may use it to discriminate
amongst third-party services (music and video streaming services, shops, etc.) in order to favor their own activities in these markets through either subsidiaries or partner companies. In the case of goods providers, this would imply that a consumer
using a specific DPA cannot buy from shop A but only from shop B (so that shop A
cannot get access to the users of this DPA). As a result, access to the DPA becomes
important for being able to compete on the neighboring markets of the goods that
are searched for, recommended or shopped via it. If suppliers of such products are
15

either integrated with the DPA supplier or if the two form a collusive arrangement,
then incentives to foreclose this part of the market surface – and the market power
from the DPA market may be leveraged onto the related goods’ market. For instance,
if users organize their routine shopping via Amazon’s Alexa, this may be bundled
with buying from Amazon’s (online and offline 5) stores. Similarly, search results and
recommendations may favor products and offers through Amazon’s shops. Amazon
owning the DPA and retailing shops represents a vertical integration, if the DPA is
viewed to be a part of the supply-chain. If the two markets are viewed to be distinctive then such scenario is considered as conglomerate integration. In any case, under
the aforementioned conditions, anticompetitive effects become possible with negative consumer welfare consequences. Similar effects follow from a collusive arrangement like Google (with its DPA Google Assistant) and Walmart entering in the U.S
(Lore 2017). In these scenarios, the combination of biased services and foreclosure
may create significant negative welfare effects.
Fourthly, personalized data (ab) use and privacy. Close interaction between user and
DPA enables a huge amount of user data accumulation. The welfare effects of using
personalized data are controversial and crucially depend on the underlying scenario
(inter alia, Taylor 2004; Acquisti & Varian 2005; Acquisti et al. 2016; Brown 2016;
Kerber 2016; Budzinski & Kuchinke 2018; Budzinski & Stöhr 2018). The naturally close
relation between a user and his DPA implies privacy concerns. In general, there
should be no problem as long as the personal data is used to improve the DPA service
and the user is well-informed about the data usage (Acquisti & Varian 2005). However, if users experience information deficiencies about the use of their personal data,
DPA suppliers may gain a scope for employing consumer welfare-reducing strategies
(Taylor 2004; Acquisti & Varian 2005; Hermalin & Katz 2006). This includes data trading, i.e. the DPA supplier sells the collected personalized data to third parties without
users’ knowledge, consent, and participation in revenue. Similarly, the DPA supplier
and his subsidiaries themselves may employ the personalized data for purposes outside the DPA service itself. Eventually, the device may collect data from sources the

5
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Amazon has recently bought the U.S. supermarket chain Whole Foods and, in a parallel movement,
opened its own supermarket in the U.S. (Amazon 2017; The Guardian 2018).

user is not aware of. 6 Resulting consumer-harming strategies may involve increasing
advertising attacks (target advertising, but also spamming) on the user (Hui & Png
2006; Anderson & de Palma 2012; Hoffmann et al. 2014) or price discrimination from
other services where the user cannot expect them to be based on his personal data
(Heidhues et al. 2016; Heidhues & Köszegi 2017). In addition to strategically misleading information of users, empirical research on commercial internet platforms shows
that users often ignore provided information on data usage terms and conditions
(Obar & Oeldorf-Hirsch 2018). Reasons include incomprehensible and extensively
long terms and conditions (often due to legal requirements 7) as well as a lack of
choice and alternatives, i.e. less-data-intrusive options in the market (because of insufficient competition), perhaps combined with a higher monetary price. Furthermore, naïve users may simply act overly trustful. It is likely that these insights fit into
DPA scenarios as well, with naïve trustfulness perhaps playing an even bigger role
due to the interaction/communication effect. Another issue relates to the risk of data
theft. As a number of economic agents are interested in this kind of data, it can cause
serious issues, e.g. information leakage. Since such interest will only grow in the future, the security of personal data is incrementally important.
Fifth, media bias and manipulation of public opinion. Personalized data can also be
employed to influence or manipulate political opinions of users. For instance, a recent scandal linked the outcome of political elections in the United States with advertising on Facebook based upon (leaked or even stolen) personalized data of users
(Rosenberg et al. 2018). This example can serve as a warning of potential capability
of platforms forming beliefs and values of users by providing different features and
recommendations. Detection of a similar act in DPA usage may be even more difficult
than in any cases of social network like Facebook. While this new type of media bias
concern entails many non-economic dimensions, it may also include relevant welfare
aspects for society.

6

7

This is the core of the German Facebook antitrust case, alleging that Facebook collects user data
from third party applications, pooling them with their own personalized data (Bundeskartellamt
2017).
Some of this is caused by (so-called) consumer protection laws.
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6.

Conclusion and Further Research

With the rapid development of new technologies, our life is influenced and daily
habits are changed bit by bit. Emergent products like DPAs, which aim to perform as
intelligent butlers helping consumer’s daily life from entertainment to work, from
controlling household appliances to shopping, determine to gain users’ trust on all
sorts of problems and tasks in life and become the bridge between consumers and
all other third-party service providers. On one hand, modern life can enjoy the convenience, lower-cost and improved efficiency DPAs bring. On the other hand, it can
also pose significant challenges and risks that we must be alert to.
DPA usage entails concerns of potential market power (also in neighboring markets)
and the subsequent negative effects on welfare. DPAs, on one side, reduce consumers’ information-searching and decision-making costs, possess the potential to encourage and intensify competition on goods markets at the benefit of consumers, as
well as, may contribute to optimizing decision-making. On the other side, they create
a scope for abusing personalized data and privacy, restricting competition at the
expense of consumers, and public opinion manipulation. Thus, a widespread use of
DPAs would not per se be positive or negative from an economics perspective. Instead, it depends on the features and characteristics of (i) DPA market and (ii) consumer behavior, whether the benefits will dominate or the disadvantages may prevail.
(i)

Effective competition on the DPA market plays a crucial role. Most challenges and possible negative effects from DPAs are associated with market
power on the DPA market. As long as a single DPA supplier or a collusive
collective of few DPA suppliers dominates the market, both users (including business customers and consumers) and third-party suppliers will become dependent on their DPA supplier: customers’ choice, then, is restricted to using a DPA or not at all (because of lacking competitive alternatives) and third-party suppliers will see the access to the DPA as a platform as an essential condition for doing business. Given that both customers and third-party suppliers can choose and switch among different, competing DPAs, any abuse of the DPA central position towards customers or
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third-party suppliers have to confront a strong reaction, which leads to
negative effects on its own business. Nevertheless, if there is virtually no
competition among DPA suppliers, the dominant one wins the scope for
abusing the locked-in customers and third-party suppliers and may even
leverage its market power into upstream markets.
(ii)

Additionally, consumer behavior and its rationality considerably impact the
welfare effects of DPAs. Under the circumstance when consumers are fully
rational and vigilant towards their DPAs, services of DPAs should be welfare-increasing in most of the cases. However, if consumers behave boundedly-rational or naïve with their DPAs, it is doubtful whether the challenges
we discussed can be offset by the benefits DPAs deliver. While it is an empirical question how rational or how naïve, respectively, users of DPAs behave, the daily-life situations are more likely to entail relevant elements of
the second scenario. In contrast, very trustful users would increase the
scope of DPA suppliers to exploit consumers – to some degree even despite
intense competition.

Obviously, a combination of market power and naïve consumer represent the most
problematic scenario, whereas effective competition and smart users would most
likely suffice to comprehensively limit negative effects.
As a consequence, protecting competition in the DPA market and combating concentration strategies (through mergers and acquisitions but also through entry deterrence, raising rivals’ costs and other deterrence strategies towards smaller competitors or strategic monopolization) by the means of an active competition policy
represents an important regulatory precondition for reaping the benefits of DPAs. In
contrast to conventional wisdom regarding many traditional markets, vertical integration and conglomerate power are very likely to cause negative welfare effects by
changing the incentive structures in the markets. Competition authorities need to
address the already visible issues in this regard. Since limited the scope for market
power is difficult to fully avoid in the DPA market due to its economic characteristics
(see section 3), the problem of economic dependence, exceeding the narrower understandings of abuse of market power prevalent in recent decades’ competition
policy, is of vital importance and needs to be actively and effectively addressed (as in
19

the digital economy in general: Bougette et al. 2018; Budzinski & Stöhr 2018). Moreover, the enforcement of compatibility and inter-operability may be of particular
prominence in the DPA market.
While the tools for an effective antitrust policy are available (and ‘just’ need to be
strictly employed), user behavior is more difficult to regulate or police. Consumer
protection policy may attempt to make users better informed and behave more rationally by information campaigns – but whether this is enough remains doubtful at
the least when looking at such phenomena as the privacy paradox or at the implications of modern behavioral economics researches. Additionally, data policies may be
rigorously regulated 8 as an element of consumer protection policy and justified by
the bounded-rational character of consumer behavior in this market. Notwithstanding the benefits of privacy protection, it must be noted that also the benefits of DPAs
rely on an extensive collection and use of personalized data, which in itself may limit
the possibility of combating the cons while keeping the pros of a widespread DPA
employment.
Shaping an appropriate institutional framework for DPAs, however, requires further
knowledge about the (anti-)competitive interrelations and strategies among the market players as well as, about the dependence of user behavior on the characteristics
of their interaction with the DPA. The existing literature on the economics of commercial online platforms provides first insights that need to be specified and deepened. Among the research issues that need to be tackled, we want to emphasize the
following: (i) how rational the users tend to behave with their DPAs and what are
the influencing factors of various types of non-rational consumer behavior, (ii) which
kinds of competition situation and company structures ((absence of) vertical and
conglomerate integration) frustrate anticompetitive incentives in the DPA and in
neighboring markets, (iii) which institutional framework best reaps the efficiencies
of commercially employing personalized data without exploiting DPA users and ensuring their data security. Further researches are necessary to provide suitable answers to these questions, which helps to deal with the possible challenges from DPAs

8
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Regulations can be, inter alia, data policy transparency, artificial barriers reduction, compatibility
of the algorithms. See Gal (2018).

as a specific type of digital innovation dynamics with the potential to considerably
change our daily life.
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