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Abstract In the present research, we test the mechanisms (Studies 1a and 1b,
conducted online), consequences, and limitations (Study 2, conducted in the lab)
of anthropomorphizing autonomous (vs. manual) products. Building on previous
theoretical and empirical research on product anthropomorphism, we argue and
find that anthropomorphism is perceived to be more congruent with autonomous
products than with manual products. Furthermore, we show that anthropomorphism
increases the liking of autonomous products, given that consumers have no prior
experience with autonomous products. Increased liking of autonomous products due
to anthropomorphism, in turn, increases purchase intentions and positive evaluations
of outcomes obtained by the autonomous product. The findings are discussed with
regard to optimal marketing and design of autonomous products.
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Autonomous products are on the rise. With no human interference, these products
undertake an increasing number of tasks that had to be executed by humans in the
past. In domestic and professional environments, they clean floors and windows,
cut the grass, or transport goods from one place to another. It is projected that
32.4 million units of autonomous products only for domestic tasks will be sold by
2020, representing a market value of $11.3 billion and a growth rate of 30–35% per
year (Executive Summary World Robotics 2019 Service Robots, 2019). Additionally,
a study by the Boston Consulting Group in collaboration with the World Economic
Forum projects for 2035 that 25% of the car market worldwide will consist of
partially and fully autonomous vehicles (“Autonomous Vehicle Adoption Study”
BCG 2017).

Due to the increasing dissemination of autonomous products, developing suc-
cessful marketing and product strategies that take into account consumers’ needs
and expectations are becoming increasingly relevant. This addresses both the ad-
vertisement and design of autonomous products in order to increase consumers’
pre-purchase liking as well as their post-purchase satisfaction with the product. In
fact, understanding individuals’ perceptions of autonomous products and its conse-
quences for product evaluation and liking has been identified as one of the potentially
most growing topics of future consumer research (Rijsdijk and Hultink 2003, 2009;
Schweitzer and van den Hende 2016).

A prominent strategy of product marketing is the anthropomorphization of prod-
ucts. Previous research has shown that consumers perceive anthropomorphized
products more positively than non-anthropomorphized products (e.g., Chandler and
Schwarz 2010; Kim and McGill 2011; Touré-Tillery and McGill 2015). However,
little is known whether anthropomorphizing autonomous products also increases
product liking (Belk 2016; Goudey and Bonnin 2016) and, additionally, whether
this has secondary effects on purchase intentions and evaluations of the product’s
performance. In the present paper, we therefore theoretically analyze why and under
what conditions anthropomorphization could affect the liking of autonomous prod-
ucts. Building on schema congruity theory (Fiske and Linville 1980), we argue that
autonomous products are a particularly suitable product category to apply anthropo-
morphization in order to increase product liking. We also identify potential boundary
conditions of this effect, i.e., prior experience with autonomous products. We further
hypothesize that increased product liking due to anthropomorphizing autonomous
products may lead to greater purchase intentions and more positive evaluations of
the autonomous product’s task performance. We test and support our hypotheses in
two online studies (Studies 1a and 1b) and one lab study (Study 2).

Thus, our research contributes to the literature of schema congruity (Aggarwal
and McGill 2007; Fiske and Linville 1980; Mandler 1982; Meyers-levy and Tybout
1989) and anthropomorphism (Aggarwal and McGill 2007; Epley et al. 2007; Waytz
et al. 2014) by applying it to the growing field of autonomous products. In this vein,
we demonstrate that there are important conceptual differences in the effects of
anthropomorphizing autonomous vs. manual products. A more nuanced theoretical
and empirical overview leading to our hypotheses is provided in the next sections.
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1 Product Autonomy

Autonomy, which is the capability to carry out its own processes and operations
(Beer et al. 2014), can consist in virtual systems (often called agents) as well as
in physical products (often called robots) (Bekey 1998). The degree of a physical
product’s autonomy, which exists on a continuum from no autonomy to full auton-
omy, is determined by sensors and actuators, embedded in the particular product
(Ziemke 2008). The degree of autonomy can be defined as the extent to which
the product “can sense its environment, plan based on that environment, and act
upon that environment with the intent of reaching some task-specific goal (either
given to or created by the robot) without external control.” (Beer et al. 2014, p. 77).
For investigations in a consumer context, the level of the product’s autonomy is
of utmost importance, since it determines the tasks the product is able to perform
and therefore the level and frequency of interaction the product has with human
operators (Beer et al. 2014). The level and the frequency of consumers’ interac-
tion with the product, in turn, influence consumers’ perception of the product. For
example, consumers usually prefer a medium level of product autonomy, which re-
duces discomfort by overtaking monotonous work tasks, but which still leaves the
option for interaction and decisions taken by the consumer her-/himself (Rijsdijk
and Hultink 2003). It has been shown that a lack of interaction between consumer
and an autonomous product increases perceived disempowerment of the consumer,
which in turn decreases the intention to adopt the product (Schweitzer and van den
Hende 2016). Moreover, when consumers interact with autonomous products, they
usually apply a social model to explain and understand the behavior of the product
(Breazeal 2003). As a consequence, in combination with other characteristics of
autonomous products (e.g., human-like pace in movement), consumers might also
perceive anthropomorphic qualities in autonomous products (Aggarwal and McGill
2007; Epley et al. 2007; Goudey and Bonnin 2016). Hence, in the following sec-
tion we review the literature on the relation between (autonomous) technologies and
anthropomorphism.

2 Anthropomorphism and Technology

Anthropomorphism refers to the attribution of human traits, behavioral character-
istics, or even emotional states to nonhuman agents or objects (Epley et al. 2007)
and “has a major impact on human behavior [and] choices” (Złotowski et al. 2015,
p. 347). Humans have a natural tendency to anthropomorphize non-human objects,
for instance, by seeing human shapes in nature or creating miraculous creatures
with human traits (Waytz et al. 2010a). Psychologists and anthropologists explain
this proneness to anthropomorphize objects as means of increasing the feeling of
predicting the object’s future behavior, thereby reducing uncertainty (Waytz et al.
2010b).

Consumer behavior research has primarily focused on effects of anthropomor-
phized brands (Aaker 1997; Aggarwal and McGill 2012; Fournier and Alvarez
2012). Yet, marketers and product designers may also encourage anthropomorphism
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of products. For instance, friendly or aggressive facial expressions in product shapes
of, for instance, cars, cell phones, or computer interfaces increase liking of the prod-
uct (Burgoon et al. 2000; Gong 2008; Koda and Maes 1996) and may even have
an impact on sales (Landwehr et al. 2011) or the willingness to replace a product
(Chandler and Schwarz 2010). Anthropomorphism of products may also affect how
individuals perceive the risk and control of products (Kim and McGill 2011). There-
fore, anthropomorphism is a design approach that has been adapted to technologies
to overcome potential technology aversions and perceived lack of control (Jörling
et al. 2019). However, when considering research from management, marketing, and
psychology journals on this topic (see Table 1), the impact of anthropomorphism on
consumers’ perception of technology is mixed (Goudey and Bonnin 2016; Kim and
McGill 2011; Lee et al. 2011; Mende et al. 2019).

Some investigations find a positive impact of anthropomorphism on technology
perceptions, like increased trust (Hancock et al. 2011; Waytz et al. 2014), increased
liking (Broadbent et al. 2013), or higher failure tolerance (Fan et al. 2016). Other
papers, in contrast, find a rather negative relation, like increased eeriness (Gray and
Wegner 2012) or higher perceived risk to use a machine (Kim and McGill 2011).
And still other research does not find an effect of anthropomorphism on liking of
technology at all (Lee et al. 2011). So, what explains these contradictory findings?

First, results differ depending on the investigated technology (Fan et al. 2016).
Previous research has mainly investigated professional robots of which some had
a low level of product autonomy (Fan et al. 2016; Kim and McGill 2011) or which
already had an anthropomorphic design by construction (Goudey and Bonnin 2016;
Mende et al. 2019). Domestic robots, which represent the majority of robots that
consumers interact with in everyday life, are usually constructed in a non-anthropo-
morphized way. These products have been widely ignored in previous research.

Second, there could be hidden moderators that need to be considered (Kim and
McGill 2011). We propose that the consumers’ prior experience with the technol-
ogy could be of particular relevance. Prior experience is a superordinate construct,
which should affect other moderating constructs, such as uncertainty (de Visser
et al. 2016) or perceived power in interactions with technology (Fan et al. 2016).
However, the construct has been mainly neglected by prior research or was included
only as a proxy (i.e., “internet usage through smartphones”; Goudey and Bonnin
2016). Therefore, we investigate prior experience with the technology as a relevant
construct, potentially influencing the effect of the schema that may be triggered in
users interacting with autonomous products (Epley et al. 2007).

3 Schema Congruity

A schema is a framework which covers knowledge of and information about topics,
concepts, or categories (Aggarwal and McGill 2007; Fiske and Linville 1980). In
a simple way, a schema can be defined as a concept that “describes how data fit
an existing pattern” (Fiske and Linville 1980, p. 552). Congruity is given when
attributes of a product or stimulus match the relevant schema (Meyers-levy and
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Tybout 1989), such that a given product information corresponds to consumers’
expectations (Peracchio and Tybout 1996).

What are the implications of schema congruity when it comes to liking of anthro-
pomorphized autonomous vs. manual products? As described above, autonomous
products are characterized as being largely self-reliant, independent in their move-
ment and/or decision-making, work target-oriented, and are often described as intel-
ligent (Goudey and Bonnin 2016). Consider the example of an autonomous vacuum
cleaner. This device moves at a human-like pace around the floor and indepen-
dently makes decisions about where to go, giving the impression of basic cognitive
abilities like these of human beings. In contrast, the manual counterpart, i.e., a stan-
dard vacuum cleaner, appears rather dumb and lifeless, becoming useful only with
active human support. Accordingly, it could be expected that actively projecting
“humanlike properties, characteristics, or mental states” (Epley et al. 2007, p. 865)
to autonomous products and, therefore, anthropomorphizing them (Breazeal 2003;
Epley et al. 2007; Waytz et al. 2014; Złotowski et al. 2015) will be perceived as
more congruent with these products’ characteristics compared with manual products
(Aggarwal and McGill 2007). We therefore hypothesize:

H1: Autonomous products are perceived as more congruent with anthropomor-
phism than their manual counterparts.

The relation between schema congruity and product liking has been extensively
investigated in the marketing literature (Aggarwal and McGill 2007; Mandler 1982;
Meyers-levy and Tybout 1989; Peracchio and Tybout 1996). Theory proposes
“schema congruity leads to a favorable response because, other things being equal,
people like objects that conform to their expectations and allow predictability”
(Meyers-levy and Tybout 1989, p. 40). Yet, people do also find incongruity inter-
esting and are motivated to engage cognitively with the product and its incongruity
when the level of incongruity does not exceed their cognitive abilities (Meyers-levy
and Tybout 1989). Thus, many findings indicate that people like a product more
when it is slightly incongruent to an activated schema rather than products that
are highly congruent or highly incongruent to an activated schema (Mandler 1982;
Meyers-levy and Tybout 1989). However, it has also been shown that this non-
monotonic effect disappears when consumers are knowledgeable, as consumers are
about a common human schema (Aggarwal and McGill 2007). Hence, we propose
that congruent anthropomorphic product stimuli increase consumers’ liking of the
product and consumers are more likely to evaluate the product positively (Aggarwal
and McGill 2007; Peracchio and Tybout 1996). We hypothesize:

H2: Given that anthropomorphism is indeed perceived as being congruent with
autonomous products (H1), anthropomorphism should, in turn, increase the liking
of autonomous products.

However, since the “schema concept refers to cognitive structures of organized
prior knowledge, abstracted from experience with specific instances” (Fiske and
Linville 1980, p. 543), the schema of consumers, who have prior experience with
autonomous products, might differ to the schema of consumers, who do not have
such experience. There is indeed some evidence that the evaluation of products

K



492 Schmalenbach Bus Rev (2020) 72:485–510

differs between experts and novices (Hekkert et al. 2003). In general, consumer sat-
isfaction is a function of expectation and expectancy disconfirmation (Oliver 1980).
This corresponds to prior findings that consumers, who have had prior experience
with technology, rated a robot with an anthropomorphic design less favorably than
consumers, who have not had such experience (Goudey and Bonnin 2016). In detail,
when mothers were asked about the intention to use a low-, medium-, or high-an-
thropomorphized robot as a companion for their children, intentions were moderated
by the mothers’ prior technology experience (Internet use through smartphones was
used as a proxy for experience with technolgy): Mothers with more experience re-
ported a higher usage intention for the robot with medium anthropomorphic design
in comparison to the robot with high anthropomorphic design. When mothers had no
prior technology experience, in contrast, they preferred the high-antrophomorphized
over the medium-anthropomorphized robot (Goudey and Bonnin 2016). Based on
these seminal findings, we hypothesize the following:

H3: Anthropomorphism increases the liking of autonomous products only if con-
sumers have no prior experience with the product.

Moreover, of particular interest for marketers is the question of whether changing
the product’s description or appearance increases consumers’ purchase intentions.
To evaluate purchase intentions, several researches have applied the theory of rea-
soned action (Bosnjak et al. 2006; Kang and Lakshmanan 2017; Summers et al.
2006). The theory of reasoned action (Fishbein and Ajzen 1975) explains the in-
tention of showing a specific behavior (e.g., buying a product) as a function of an
individual’s attitude toward the behavior and subjective norms associated with the
behavior. Intention, as a central aspect in the model, describes “how hard people are
willing [...] to perform the behavior” (Ajzen 1991, p. 181). Following this perspec-
tive, purchase intention describes how “hard” people are willing to buy a product.
Since our research proposes that anthropomorphized autonomous products are liked
more than non-anthropomorphized autonomous products, we also hypothesize:

H4: Increased liking of anthropomorphized autonomous products increases the
purchase intention of this product.

Finally, of course autonomous products perform certain tasks, e.g., a vacuum
cleaner cleans the floor and a lawn mower mows the grass. When consumers evaluate
an object’s performance, this is subject to biases (Wherry and Bartlett 1982) and
influenced by affects (Abelson et al. 1982; Bower 1987; Clark 1982; Isen et al. 1985).
Indeed, liking has been emphasized as a major influencing factor for the evaluation of
performances and outcomes (Cardy and Dobbins 1986; Dipboye 1985). Therefore,
we additionally hypothesize:

H5: An increased liking of an anthropomorphized autonomous product will, in
turn, also increase the evaluation of the outcome obtained by the autonomous prod-
uct, e.g., how well the floor is cleaned and the lawn is mowed.

We conducted three studies to test our hypotheses. Studies 1a and 1b test hypoth-
esis 1. Study 2 tests hypotheses 2–5.
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4 Study 1

The goal of our first study was to determine whether anthropomorphism is perceived
to be more congruent with autonomous versus manual products. This allows us to
test the hypothesis that consumers associate autonomous products more than manual
products with a human schema.

It is a common approach to manipulate anthropomorphism on the basis of given
traits (e.g., ambitious, ignorant, unemotional), which are perceived as more or less
human (Ferrari et al. 2016; Haslam et al. 2005; Loughnan and Haslam 2007). Note,
however, that human traits might be perceived as more positive than nonhuman
traits in general (Haslam 2006). When autonomous products are perceived as more
positive than manual products as well (Rijsdijk and Hultink 2003), trait valence
would confound the effect of human (vs. nonhuman) traits on congruity perceptions.
Even when statistically controlling for trait valence when determining the effect of
the traits’ anthropomorphic character on congruity, multicollinearity of the predictors
could be an issue when trait valence and anthropomorphic character are highly
correlated (Farrar and Glauber 1967). Therefore, we aimed to use both human and
nonhuman trait stimuli that are perceived as positive or negative, respectively. Traits
were selected based on the results of a pilot study.

In Study 1b, we tested whether anthropomorphic product descriptions are more
congruent with autonomous products than with non-anthropomorphized products.
Thus, we aimed to conceptually replicate the findings of Study 1a and show how to
apply these results in a consumer-relevant context. In Study 1b, we therefore manip-
ulated anthropomorphism in a textual way by using product descriptions that differ
in the speaker’s perspective; they were either from the first-person perspective, as if
the product was speaking (e.g., “I work in households.”), or from the third-person
perspective (e.g., “It works in households.”). This approach represents a common
manipulation of anthropomorphism (Aggarwal and McGill 2007; Touré-Tillery and
McGill 2015). To test the generalizability of the hypothesis, we used two different
product categories in both sub-studies, i.e., vacuum cleaner and car.

4.1 Study 1a

4.1.1 Pilot Study

Participants (N= 36 English speaking individuals; Mage= 30.64, SD= 10.61, 77.8%
female) were recruited via the online recruitment platform Prolific Academic, which
has been shown to produce high-quality response data (Peer et al. 2016). They eval-
uated 23 preselected traits with regard to both perceived anthropomorphic character
(human vs. non-human) and valence (positive vs. negative). To enforce one decision
for every trait, the evaluation was conducted on the basis of a four-category matrix
representing the possible combinations of the characteristics of the two dimensions,
i.e., category 1: positive and human; 2: negative and human; 3: negative and non-
human; 4: positive and non-human. Participants had to select one of the four cate-
gories for each trait (see Table A.1 in the supplementary material). Afterwards, for
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each category, participants were asked to rank the selected traits in relation to which
traits fit this category best.

For each of the 23 traits, we analyzed which category the participants have chosen
most (see Table A.2 in the supplementary material). Thereby, we got a selection of
traits representing every category. To reduce this selection to the two best fitting
traits, we additionally calculated the ranking average and chose the two traits with
the highest ranking when there were more than two traits predominantly selected in
a given category.

We obtained “pleasant” (percentage of participants who selected this category:
80.6%) and “supportive” (97.2%) for category 1 (positive and human), “aggressive”
and “stubborn” (both 88.9%) for category 2 (negative and human), “intractable”
(50.0%) and “lifeless” (52.8%) for category 3 (negative and non-human), and “mul-
tifunctional” (63.9%) and “convenient” (55.6%) for category 4 (positive and non-
human).

4.1.2 Methods

Participants, Design, and Procedure For the main study, we gathered responses
of N= 85 English speaking participants (Mage = 33.02, SD= 9.53, 74.1% female) via
Prolific Academic. To assure high quality of the data, we assessed participants’ com-
pletion time and their attention by including attention-check items (Oppenheimer
et al. 2009). Participants provided informed consent that they would only be eligible
for a flat-fee payment if their completion time was within reasonable and predefined
boundaries as well as if they passed the attention checks; they also agreed to their
responses being used for scientific purposes.

We applied a within-subjects design, that is, participants rated the eight traits as
selected in the pilot study (pleasant, supportive, aggressive, stubborn, intractable,
lifeless, multifunctional, and convenient) in a randomized order. At the beginning
of the study, participants received a short introduction about and definition of au-
tonomous products (including exemplary pictures) to make sure that all participants
had common knowledge about autonomous products and the main differences to
manual products (see Table A.3 in the supplementary material). This description
covered two kinds of autonomous products (lawn mower, vacuum cleaner) to ensure
that participants think about autonomous products in a general way and not only
about one specific product category.

Measures For each trait, participants answered questions about the anthropomor-
phic character, valence, and congruity with autonomous versus manual products. In
detail, we measured anthropomorphic character with a semantic differential asking
for: “Please rate, whether the word ‘[...]’ fits better to the characteristics of ‘objects’
or ‘human beings’. The word fits better to ...”. Anchor points of the seven-point
semantic differential were “very much better to objects”, “much better to objects”,
“slightly better to objects”, and “neutral” as well as “slightly better to human beings”,
“much better to human beings”, and “very much better to human beings”. We also
measured valence on a seven-point semantic differential ranging from “extremely
negative” to “extremely positive”, where “neutral” represented the middle of the
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differential. Finally, congruity with autonomous versus manual products was mea-
sured on a seven-point semantic differential, too. We asked: “Please rate, whether
the word ‘[...]’ fits better to the characteristics of a ‘manual’ or an ‘autonomous’
product. The word fits better to ....”. The anchor points of the seven-point semantic
differential have been “very much better to manual products”, “much better to man-
ual products”, “slightly better to manual products”, and “neutral” as well as “slightly
better to autonomous products”, “much better to autonomous products”, and “very
much better to autonomous products”.

4.1.3 Results

Because each participant rated all traits, trait ratings are nested within participants.
To account for the interrelated error terms of responses from the same participant,
we predicted perceptions of congruity using a mixed-effects regression. Perceived
anthropomorphic character and valence of each trait were entered as fixed effects and
the participant was modeled as a random effect (random intercept model; Pinheiro
and Bates 2000).

On average, the traits were perceived to be somewhat more congruent with au-
tonomous than with manual products, M= 4.36, SE= 1.59; scale: [1, 7]. More im-
portantly and supporting H1, we found that with increasing values of a humanlike
description of a trait, i.e., high anthropomorphic character, perceived congruity with
autonomous products increases as well, B= 0.09, SE= 0.03, p< 0.001. Traits which
are perceived as more positive were also seen as more congruent with autonomous
products, B= 0.19, SE= 0.03, p< 0.001. Note that, as intended by the selection of
traits via the pilot study, the within-subjects correlation of anthropomorphic char-
acter and valence was positive but weak (r= 0.11). Hence, multicollinearity of the
predictors was no issue of concern. Moreover, the results remain virtually the same
when controlling for participants’ age and gender.

4.2 Study 1b

4.2.1 Methods

Participants, Design, and Procedure Study 1b was conducted online and gath-
ered responses of N= 121 English speaking participants (Mage= 33.12, SD= 11.85,
57.9% female) via Prolific Academic. As in Study 1a, we assessed participants’
completion time and their attention by including attention-check items. Payment
conditions have also been the same and participants agreed to their responses being
used for scientific purposes.

We applied a 2 (product description: first-person perspective vs. third-person
perspective)× 2 (product category: vacuum cleaner vs. car) between-subjects design.
Every participant was randomly assigned to one of the described conditions, in which
(s)he received four product descriptions in a randomized order, e.g., first-person
perspective for car: “I am a car”, “I drive on the streets”, “I transport passengers to
their destination”, “I work with gasoline”, and “I use my power to accelerate”.
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Measures We measured perceived anthropomorphic character and perceived con-
gruity to autonomous or manual products with the same measures as in Study 1a.

4.2.2 Results

In a first step, we tested whether the manipulation of anthropomorphism was suc-
cessful. As intended, product descriptions (Cronbach’s α= 0.72) using the first-per-
son perspective were perceived as more anthropomorphic than product descriptions
using the third-person perspective both for the vacuum cleaner, Mfirst-person= 3.55,
SD= 1.34 vs. Mthird-person= 2.48, SD= 0.85; F(1, 61)= 13.70, p< 0.001, f= 0.48, and
the car, Mfirst-person= 3.30, SD= 1.25 vs. Mthird-person= 2.63, SD= 1.19; F(1, 58)= 4.45,
p= 0.039, f= 0.29.

To test our hypothesis, we performed an analysis of variance (ANOVA), us-
ing product description (first-person perspective vs. third-person perspective) and
product category (vacuum cleaner vs. car) as predictors of perceived congruity to
autonomous vs. manual products. Supporting H1, participants perceived anthropo-
morphic (first-person) product descriptions more congruent with autonomous prod-
ucts than non-anthropomorphic (third-person) product descriptions, Mfirst-person= 4.42,
SD= 1.06 vs. Mthird-person= 4.04, SD= 0.95; F(1, 120)= 4.67, p= 0.033, f= 0.19. We
find no effect of product category on perceived congruity, Mvacuum cleaner = 4.11,
SD= 1.05 vs. Mcar = 4.37, SD= 0.98; F(1, 120)= 2.26, p= 0.136, f= 0.13. More-
over, the interaction effect of product category and product description is also not
significant, F(1, 120)< 1.

4.3 Discussion

We provide seminal support for hypothesis 1. Study 1a demonstrates that more hu-
manlike traits are perceived as more congruent with the description of autonomous
(vs. manual) products, irrespective of the valence of the trait. Study 1b provides
additional support for hypothesis 1, by demonstrating that participants perceive
anthropomorphic product descriptions to be more congruent with autonomous prod-
ucts than with manual products. This effect is independent of the product category.
However, it is not clear whether anthropomorphic descriptions and displays of au-
tonomous products have an impact on product liking, purchase intention, and product
(performance) evaluations. This was addressed in Study 2.

5 Study 2

In Study 2, we build on the previous findings that anthropomorphism is perceived as
more congruent with autonomous products than with manual products. As displayed
in Fig. 1, we investigate whether increasing anthropomorphism of autonomous prod-
ucts also increases product liking (direct effect) and, in turn, purchase intention and
evaluation of the product’s outcomes (indirect effects via product liking).

In the context of autonomous products, the evaluation of an obtained outcome
is of particular interest. After all, autonomous products are independent in their
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Fig. 1 Research model tested in Study 2

movement and/or decision-making and fulfill their tasks self-reliantly. Hence, an
outcome produced by an autonomous product should be attributed to the autonomous
product, since no interference with human operators takes place. Whether these
outcomes are evaluated more positively, when the product is perceived as more
anthropomorphic has important consequences for the consumers’ post-purchase and
long-term satisfaction with the product.

Study 2 was conducted as a lab experiment. We manipulated anthropomorphism
of a real autonomous vacuum cleaner at different levels. Study 1 manipulated anthro-
pomorphism in a textual way. We use this approach again, but extend it by adding
a visual manipulation in one of three conditions. Thus, we complement our first two
studies as well as previous research (Aggarwal and McGill 2007; Kim and McGill
2011; Landwehr et al. 2011) by investigating the effects of anthropomorphism of an
actual physical product.

5.1 Methods

Participants, Design, and Procedure Participants were N= 172 students
(Mage = 24.40, SD= 3.61, 33.7% female) of a large German university. Partici-
pants were registered at the university’s participant pool and were invited via the
online registration software ORSEE (Greiner 2015). They received a flat-fee com-
pensation of five Euro for participation in the 20-minute experiment. There were
fifty experimental sessions with one to four participants each, which took place on
six separate days.

We applied a one-factorial between-subjects design. Experimental sessions were
randomly assigned to one of three experimental conditions: In the low anthropomor-
phism condition, participants saw a standard autonomous vacuum cleaner, which
was labeled with a fictitious technical name, i.e., “KX903”. In the medium anthro-
pomorphism condition, the vacuum cleaner had the same optical appearance, but
was labeled with an anthropomorphic name, i.e., “Bob”. Finally, in the high anthro-
pomorphism condition, the vacuum cleaner had the anthropomorphic name “Bob”,
too, and additionally was dressed in a custom-built anthropomorphic cover (visual
manipulation, see Fig. 2). Manipulating anthropomorphism by name and design has
been proven successful in prior research (Aggarwal and McGill 2007; Kim and
McGill 2011; e.g., Vaes et al. 2016; Waytz et al. 2014).
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Fig. 2 Vacuum cleaner dressed in a custom-built anthropomorphic cover as used in the high anthropo-
morphism condition in Study 2

Fig. 3 Ground plot of the lab composition in Study 2. Note. Vacuum cleaner was covered at the beginning
of each experimental session
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The procedure was as follows: Having arrived at the laboratory, participants were
randomly seated at one of four computer stations (for the experimental set-up, see
Fig. 3). In the middle of the room, we placed two equally sized tables, which had
been identically strewn with finely ground bark mulch. On one of the tables, we
placed the vacuum cleaner, which was covered by a blanket at the beginning of
every experimental session. Thus, at the beginning of the study, participants could
not see the vacuum cleaner and were consequently not influenced by its appearance.

The study consisted of three parts: In the first part (vacuum cleaner covered),
participants answered questions about their current mood. After all participants had
completed this part, the study director uncovered the vacuum cleaner and participants
had to proceed with the second part of the study. Here, they received a description
of the product from a first-person perspective (for a stimuli overview by condition,
see Table B.1 in the supplementary material):

“Hi my name’s [KX903/Bob] and I’m a household robot. I’m here on the table
right beside you and you can take your time having a look at me. I’d like to ask
you to make some judgments about my appearance. Afterwards, I’ll start to clean
the surface of the table for 1min and then I’ll ask you to evaluate me and my
performance. Now, please take an unhurried look at me and tell me what you think.”

After reading this description and having the possibility of inspecting the vacuum
cleaner, participants answered questions about perceived anthropomorphism as well
as product liking. In the third part, the experimenter started the vacuum cleaner,
which cleaned the table for exactly one minute (the second table was not cleaned
but served as a comparison to the other table). Afterwards, the vacuum cleaner was
switched off, the experimenter removed it from the table and asked the participants
to proceed with the survey. Participants answered questions about their mood again,
evaluated the outcome, i.e., how well the table had been cleaned, and stated their pur-
chase intention regarding the vacuum cleaner. When all participants had completed
these questions, they were paid and allowed to leave.

Measures In the first and third parts, we measured participants’ mood with four
items on a five-point semantic differential proposed by Allen and Janiszewski (1989),
requesting: “Please rate your current mood”. The anchor points of the items were
“Good/Bad”, “Pleasant/Unpleasant”, “Happy/Sad”, and “Positive/Negative”.

As a manipulation check of the independent variable, we assessed perceived
product anthropomorphism in the second part using the three-item scale of Kim and
McGill (2011), e.g., “[KX903/Bob] seems to have free will.” on seven-point scales
from 1= “strongly disagree” to 7= “strongly agree” (α= 0.85). Moreover, product
liking was measured with the ten-item scale of Carroll and Ahuvia (2006), e.g.,
“[KX903/Bob] is a wonderful product”, on seven-point scales from 1= “strongly
disagree” to 7= “strongly agree” (α= 0.91).

In the third part, purchase intention was measured with three items proposed
by Lepkowska-White et al. (2003), e.g., “If I were looking for this type of prod-
uct, the likelihood of my purchasing [KX903/Bob] would be high.” on seven-point
scales from 1= “strongly disagree” to 7= “strongly agree” (α= 0.94). Outcomes were
evaluated using four items from Tsiros and Mittal (2000), e.g., “I am happy with
[KX903’s/Bob’s] performance.” on seven-point scales from 1= “strongly disagree”
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to 7= “strongly agree” (α= 0.87). Lastly, we asked for demographics as well as
prior experience with the technology: “Do you already have experience with robotic
vacuum cleaners?” Due to the overall high internal consistency of the items for all
scales, we used the respective mean values in our analyses (see Table B.2 in the
supplementary material for a complete list of items).

Table 2 Moderated mediation analysis for the effects of product anthropomorphism on the dependent
variables (Study 2)

No prior experience
(n= 136)

Prior experience
(n= 36)

Test B SE 95% BC CI B SE 95% BC CI

Effects of independent variable on mediator

Medium anthropomor-
phism! Liking

0.01 0.22 –0.43 0.45 –0.04 0.41 –0.85 0.77

High anthropomor-
phism! Liking

0.56 0.21 0.15 0.98 –0.30 0.39 –1.07 0.48

Effects of independent variable on dependent variables via mediator

Medium anthropomor-
phism! Liking! Purchase
intention

0.05 0.10 –0.20 0.19 –0.02 0.21 –0.45 0.38

High anthropomor-
phism! Liking! Purchase
intention

0.28 0.13 0.06 0.58 –0.15 0.20 –0.56 0.25

Medium anthropomor-
phism! Liking!Outcome
evaluation

0.00 0.06 –0.13 0.13 –0.01 0.13 –0.31 0.22

High anthropomor-
phism! Liking!Outcome
evaluation

0.18 0.14 0.04 0.43 –0.10 0.14 –0.42 0.15

Effects of independent variable on dependent variables

Medium anthropo-
morphism! Purchase
intention

–0.12 0.28 –0.68 0.44 0.24 0.53 –0.80 1.28

High anthropomor-
phism! Purchase
intention

0.32 0.28 –0.22 0.87 –0.56 0.51 –1.57 0.45

Medium anthropomor-
phism!Outcome
evaluation

–0.15 0.26 –0.66 0.36 0.19 0.47 –0.75 1.13

High anthropomor-
phism!Outcome
evaluation

–0.12 0.25 –0.61 0.38 –0.29 0.47 –1.21 0.63

Note. Mediation analyses were conducted separately for each of the dependent variables, i.e., purchase
intention and outcome evaluation. 95% BC CI: bias-corrected 95% confidence intervals based on 10,000
bootstrap-iterations. Samples sizes of three different conditions: Low anthropomorphism (n= 51), refer-
ence group; medium anthropomorphism (n= 57); high anthropomorphism (n= 64)
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Table 3 Means and standard deviations of product liking, purchase intention, and outcome evaluation
(Study 2)

No prior experience Prior experience

Product
liking

Purchase
intention

Outcome
evalua-
tion

Product
liking

Purchase
intention

Outcome
evalua-
tion

n M (SD) M (SD) M (SD) n M (SD) M (SD) M (SD)

Low an-
thropomor-
phism

46 2.46
(1.06)

2.91
(1.32)

3.35
(1.29)

5 3.48
(1.36)

4.07
(1.30)

3.85
(1.62)

Medium
anthropo-
morphism

43 2.83
(0.97)

2.95
(1.50)

3.04
(1.50)

14 2.85
(1.18)

3.62
(1.61)

3.77
(1.39)

High an-
thropomor-
phism

47 3.20
(1.39)

3.26
(1.63)

3.09
(1.39)

17 2.72
(1.20)

3.18
(1.85)

3.50
(1.40)

5.2 Results

In a first step, we tested differences in participants’ perceived product anthropo-
morphism in the three experimental conditions. As expected, participants perceived
the lowest anthropomorphism when the product was described with a technical
name, followed by the condition where the product was described with a hu-
man name, and with the highest ratings when the product was described with
a human name and a humanlike appearance, Mlow anthropomorphism= 1.78, SD= 1.07
vs. Mmedium anthropomorphism= 2.24, SD= 1.50 vs. Mhigh anthropomorphism= 2.73, SD= 1.57; F(2,
172)= 6.42, p= 0.002, f= 0.28. Hence, the manipulation proved to be successful.

To test the hypotheses, we conducted mediation and moderation analyses using
maximum-likelihood estimations of indirect effects and reporting the corresponding
95% bias-corrected confidence intervals (95% BC CIs) based on 10,000 bootstrap-
iterations (see Table 2). The independent variable, i.e., anthropomorphism of the
vacuum cleaner, was used as a multi-categorical predictor, as suggested by Hayes
and Preacher (2014).

Table 3 provides the mean values of the dependent variables product liking, pur-
chase intention, and outcome evaluation by experimental condition and prior experi-
ence with the technology. Supporting H2, participants liked the autonomous product
more when it was anthropomorphized. Although this tendency exists for both the
medium anthropomorphism and the high anthropomorphism conditions, we only find
a significant difference regarding liking between the low anthropomorphism condi-
tion and the high anthropomorphism condition,Mlow anthropomorphism= 2.56, SD= 1.12 vs.
Mmedium anthropomorphism= 2.83, SD= 1.01 vs. Mhigh anthropomorphism= 3.08, SD= 1.35; OLS re-
gression low anthropomorphism vs. medium anthropomorphism: B= 0.27, SE= 0.23,
p= 0.235; f= 0.13; OLS regression low anthropomorphism vs. high anthropomor-
phism: B= 0.51, SE= 0.22, p= 0.022; f= 0.21.

H3 proposes that the effect of anthropomorphism on liking is moderated by prior
experience with the technology, i.e., anthropomorphism increases product liking
only if the consumer has no prior experience with the technology. We analyzed this

K



502 Schmalenbach Bus Rev (2020) 72:485–510

Fig. 4 Mean levels of product liking by product anthropomorphism and participants’ prior experience
with the technology in Study 2. Note. Error bars represent bootstrapped 95% confidence intervals

relation by utilizing a moderation analysis (Preacher et al. 2007). As expected, in the
high anthropomorphism condition we find an interaction effect of anthropomorphism
and experience, B= –0.86, SE= 0.39, p= 0.054 (there was no significant interaction
effect in the medium anthropomorphism condition, B= –0.05, SE= 0.46, p= 0.914).
As displayed in Fig. 4, this effect indicates that for participants without prior ex-
perience with the technology (n= 136), high anthropomorphism increased product
liking, B= 0.56, SE= 0.21, p= 0.008, f= 0.243 (the effect was not significant for
the medium anthropomorphism condition, B= 0.01, SE= 0.22, p= 0.966; f= 0.004).
In contrast, for participants who had prior experience with the technology (n= 36),
there was no positive effect of high anthropomorphism on product liking, in fact,
there was even the tendency of a negative effect, B= –0.30, SE= 0.39, p= 0.448,
f= –0.123.

To test hypotheses 4 and 5, we investigated whether product liking mediates the
effect between product anthropomorphism and purchase intention as well as out-
come evaluation, conditional on prior experience with the technology (moderated
mediation as displayed in Fig. 1; Hayes 2015). As hypothesized, we find that prod-
uct liking mediates the effect of product anthropomorphism on purchase intention,
but only if participants had no prior experience with the technology. Again, the
effect only reached significance for the high anthropomorphism condition, index of
moderated mediation= 0.42; SE= 0.25; 95% CI [0.01, 1.00] but not for the medium
anthropomorphism condition, index of moderated mediation= 0.03; SE= 0.23; 95%
CI [–0.43, 0.48]. In contrast, there were no significant indirect effects for participants
who had prior experience with the technology, high anthropomorphism condition:
B= –0.15; SE= 0.20; 95% CI [–0.57, 0.24], medium anthropomorphism condition:
B= –0.02; SE= 0.20; 95% CI [–0.44, 0.38].
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Regarding the evaluation of the outcome obtained by the autonomous product,
results are equivalent. That is, we find an indirect effect of perceived anthropomor-
phism via product liking on outcome evaluation, depending on prior experience with
the technology. Again, while this tendency persists for both anthropomorphic prod-
uct conditions when participants had no prior experience with the technology, it only
reaches significance for the high anthropomorphism condition, index of moderated
mediation= –0.29; SE= 0.18; 95% CI [–0.71, –0.01], but not for the medium anthro-
pomorphism condition, index of moderated mediation= –0.02; SE= 0.15; 95% CI
[–0.34, 0.25].1 For participants who had prior experience with the technology, none
of the indirect effects was significant, high anthropomorphism condition: B= –0.01;
SE= 0.14; 95% CI [–0.41, 0.15], medium anthropomorphism condition: B= –0.01;
SE= 0.13; 95% CI [–0.31, 0.23].

Although these analyses suggest that the increased purchase intention and more
positive outcome evaluation are due to an enhanced liking of autonomous prod-
ucts, alternatively, participants might just be in a more positive mood after seeing
the anthropomorphized vacuum cleaner, which could then spillover onto purchase
intentions and outcome evaluations. To exclude such an effect of emotional conta-
gion (Hatfield et al. 1993) as a potentially confounding process, we also measured
participants’ mood before and immediately after participants have been confronted
with the anthropomorphic product. A comparison of the mean values reveals no
significant difference; hence, emotional contagion can be excluded as an alternative
explanation for the observed effects, Mmood before= 2.00, SD= 0.64 vs. Mmood after = 2.01,
SD= 0.69, F(1, 171)< 1.

5.3 Discussion

Results of Study 2 provide support for our hypotheses H2–H5. That is, we show
that anthropomorphism implemented via a realistic (textual and visual) manipulation
increases liking of an autonomous vacuum cleaner, given that participants had no
prior experience with the technology. This, in turn, increases purchase intentions
and the evaluation of outcomes obtained by the autonomous product.

Thus, anthropomorphizing autonomous products may have a positive effect in
both the pre- and post-purchase phase, but only if consumers are not familiar with
the technology. Note, however, that these effects only appeared in the high anthro-
pomorphism condition, i.e., when the vacuum cleaner was labeled with a humanlike
name and dressed in a humanlike cover.

6 General Discussion

There is an increasing prevalence of autonomous products in various domains. From
a consumer perspective, autonomous products support the completion of a variety

1 Note that although we find support for the hypothesized indirect effects, we do not find a total effect of
experimental conditions on purchase intention or outcome evaluation (see Table 1). We further address this
finding in the General Discussion.
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of tasks in everyday life. From a company perspective, they represent a promis-
ing future market (Executive Summary World Robotics 2019 Service Robots 2019).
However, little is known about the psychological mechanisms underlying consumers’
perceptions of autonomous products and its implications for marketers (Kim et al.
2016), i.e., how to describe and design autonomous products in order to increase
consumers’ pre- and post-purchase satisfaction (Kiesler and Goetz 2002).

6.1 Theoretical Contribution

Our research contributes to this important field of research of autonomous prod-
ucts (Rijsdijk and Hultink 2003; Schweitzer and van den Hende 2016; Waytz et al.
2014). In two online studies and one lab study, we identify anthropomorphism as
a promising brick for market placement and the design of autonomous products,
but we also show its limitations. Previous research revealed mixed effects regard-
ing the impact of anthropomorphism on the perception of technology. We argue
that autonomous products are perceived to be congruent with a human schema.
In other words, anthropomorphized autonomous products correspond to consumers’
expectations (Aggarwal and McGill 2007). In line with previous research on schema
congruity as a basis for product evaluation (Aggarwal and McGill 2007; Mandler
1982; Meyers-levy and Tybout 1989; Peracchio and Tybout 1996; van den Hende
and Mugge 2014), anthropomorphized autonomous products should be liked more
than non-anthropomorphized autonomous products.

Our results support this relation, but we find an important limitation. When con-
sumers have prior experience with the technology, anthropomorphism does not in-
crease product liking, but could even decrease it. This result corresponds to previous
findings, which have shown adverse effects of product anthropomorphism on the
evaluation of intelligent products, depending on consumers’ technological attitude
and usage (Belk 2016; Goudey and Bonnin 2016). We interpret this finding such
that consumers with prior experience with (non-anthropomorphized) autonomous
products might have a predefined expectation about these products, which is mostly
technical. Hence, these consumers have a schema of autonomous products, which is
less congruent to a human schema and different to the schema of consumers without
prior product experience.

In addition to the direct effect of anthropomorphism on product liking, we also
find indirect effects on purchase intention and, interestingly, on the evaluation of
outcomes obtained by the autonomous product. This indicates that anthropomor-
phizing autonomous products may not only have positive effect on the pre-purchase
phase but also on the post-purchase phase.

6.2 Managerial Implications

Taking these effects together, our research provides novel insights about anthropo-
morphizing products in general, and autonomous products in particular (Złotowski
et al. 2015). We suggest that marketers should seriously consider anthropomor-
phizing autonomous products, particularly in an early adoption phase, when many
consumers have no personal experiences with autonomous products yet. Anthropo-

K



Schmalenbach Bus Rev (2020) 72:485–510 505

morphizing autonomous products can help users to familiarize with the unknown
technology faster and overcome adoption barriers in the first place. Based on the
results of our studies, we outline some implications for managers and marketers of
autonomous products.

We recommend managers to segment their customers based on their prior expe-
rience with autonomous products. That means, currently, the majority of potential
customers is rather unexperienced with autonomous products. Our results indicate
that anthropomorphized autonomous products lead to higher liking of first-time or
less experienced customers. To provide an idea how such a “customization” based
on customers’ experience could work in practice, we suggest that companies could
provide customers with the option to select an individual design and name of their
product, e.g., when they order it online.

By targeting the less experienced customers, companies can anthropomorphize
autonomous products in different ways, for example, products such as lawn mowers
or vacuum cleaners can be advertised with a real name (“Bob”) instead of just
a technical description (“KX903”). The personification can be used in the promotion
of the product and also in the product description. In addition to the name, the design
of autonomous products can be adapted, for example adding a cute face or other
decoration on the product surface.

6.3 Limitations and Outlook

Although our studies provide important insights for both theory and practice, there
certainly exist some limitations and potential extensions for future research. Our
research indicates that only inexperienced consumer may increase the liking of au-
tonomous products when these are anthropomorphized. Yet, additionally, our results
could partly be driven by experienced consumers decreasing their liking of the an-
thropomorphized product due to a decreased competence evaluation. Future research
should therefore investigate in more detail how prior experience changes the percep-
tions of anthropomorphized products on different levels (e.g., liking, competence,
autonomy). Relatedly, it is interesting to investigate how the preexisting schema of
experienced consumers can be modified to make these people accessible for anthro-
pomorphization of autonomous products, too. Moreover, the identification of further
moderators (e.g., consumers’ attitudes toward the product and their technological
orientation) and their impact on the link between anthropomorphism and product
liking appears a promising area for future research.

Additionally, in Study 2 we manipulated anthropomorphism by giving the au-
tonomous robot a human name (medium anthropomorphism condition) and a human
costume in combination with a human name (high anthropomorphism condition).
Even though this manipulation is salient, the perceived anthropomorphism remains
on a quite low absolute level (Mhigh anthropomorphism= 3.08 on a 7-point scale). However,
stronger manipulations without restricting the functions of the investigated robots
seem to be limited. But even when this would be possible, the prominent model
of uncanny valley proposes that the relation between perceived anthropomorphism
and liking is non-monotonic and an anthropomorphic design that is too strong may
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backfire at some point (Mori et al. 2012). Future research as well as companies
should consider this when designing anthropomorphic domestic robots.

Finally, in Study 2 we do not find a significant effect of anthropomorphism on
liking in the medium anthropomorphism condition. While the medium anthropomor-
phism manipulation was probably not strong enough to significantly influence liking,
we would also like to emphasize the need to consider the main difference between
the medium and the high anthropomorphic manipulation. That is, we used a textual
and visual cue in the high anthropomorphism condition and a textual manipulation
in the medium anthropomorphism condition. We find it interesting to further study
the independent and joint effects of anthropomorphism manipulations in different
(textual vs. visual) domains.

Finally, future research may extend and generalize our findings to other au-
tonomous products. For instance, do consumers also evaluate a trip in an anthropo-
morphized autonomous car more positive than a trip in a non-anthropomorphized
autonomous car?

6.4 Conclusion

Overall and without a doubt, an increasing amount of tasks and duties will be
transferred from humans to autonomous products in the near future. It is important
for the further diffusion and success of autonomous products to better understand
consumers’ perceptions of such products, affecting the way in which these prod-
ucts are advertised. Our research provides important insights into how to increase
consumers’ positive pre- and post-purchase perceptions of autonomous products by
anthropomorphizing them.
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