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Robots Influence Service Experiences and
Elicit Compensatory Consumer Responses

Martin Mende, Maura L. Scott, Jenny van Doorn, Dhruv Grewal,
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Abstract

Interactions between consumers and humanoid service robots (HSRs; i.e., robots with a human-like morphology such as a face,
arms, and legs) will soon be part of routine marketplace experiences. It is unclear, however, whether these humanoid robots
(compared with human employees) will trigger positive or negative consequences for consumers and companies. Seven
experimental studies reveal that consumers display compensatory responses when they interact with an HSR rather than a human
employee (e.g., they favor purchasing status goods, seek social affiliation, and order and eat more food). The authors investigate
the underlying process driving these effects, and they find that HSRs elicit greater consumer discomfort (i.e., eeriness and a threat
to human identity), which in turn results in the enhancement of compensatory consumption. Moreover, this research identifies
boundary conditions of the effects such that the compensatory responses that HSRs elicit are (I) mitigated when consumer-
perceived social belongingness is high, (2) attenuated when food is perceived as more healthful, and (3) buffered when the robot is

machinized (rather than anthropomorphized).
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Humanoid service robots are an emerging reality that will
increasingly replace human service providers in numerous
industries (Harris, Kimson, and Schwedel 2018). Accordingly,
customer—humanoid encounters in the marketplace are not as
futuristic as they might seem, and they represent a primary area
for innovation in services and shopper marketing (Murphy,
Hofacker, and Gretzel 2017; Van Doorn et al. 2017). Although
technology continuously influences customer service experi-
ences (e.g., Giebelhausen et al. 2014; Huang and Rust 2013;
Meuter et al. 2005), the emergence of humanoid robots is
among the most dramatic evolutions in the service realm, and
it is already under way (see Table 1).

For example, more than 10,000 humanoid “Pepper” robots
have been sold worldwide since their launch in 2014, repre-
senting sales and related services of $140 million (Tobe 2016).
Pepper helps sell coffee machines at 1,000 Nescafé stores in
Japan (Nestlé 2014) and has worked as a waiter at Pizza Hut in
Asia (Curtis 2016) and in a restaurant at the Oakland Interna-
tional Airport, taking orders and interacting with customers
(e.g., offering food recommendations; Heater 2017a).

The emergence of humanoid service robots (HSRs) reflects
mantras in the business press about how companies can stay
competitive by engaging customers through technology. For
example, Bloomberg (2017) suggests that humanoid robots
allow companies to create positive buzz because they are “easy
to relate to thanks to their human-like mannerisms and
emotions.” In other words, HSRs critically differ from tradi-
tional self-service technologies (which are beyond the scope of
this article) in that they can more meaningfully engage consu-
mers on a social level (Van Doorn et al. 2017). However,
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Table 2. Literature Review of Robots in Service Settings.

Source

Method and Participants

Robot Type

Findings

Dining Services

Foster, Gaschler, and

Giuliani (2017)
Hospitality / Travel
Pan et al. (2015)

Pinillos et al. (2016)

Retail

Gai, Jung, and Yi (2016)
Kanda et al. (2010)

Sabelli and Kanda

(2016)

Shiomi et al. (2013)

Health Care

Baisch et al. (2017)

éaié, Odekerken-
Schréder, and Mahr

(2018)

Hebesberger et al.

(2017)

Hudson, Orviska, and
Hunady (2017)

Jayawardena et al.

(2010)

Lee et al. (2017)

Liu et al. (2018)

Looije et al. (2016)

Piezzo and Suzuki

(2017)

Pulido et al. (2017)

Experiment, employees

Field experiment, hotel
guests

Field experiment, hotel
guests

Experiment, consumers

Field experiment,
consumers
Qualitative, consumers

Field experiment,
consumers

Experiment, elderly
individuals

Qualitative, elderly
individuals

Field experiment, older
patients and hospital
staff

Secondary data, residents
of EU member states

Experiment, elderly at a
living facility
Experiment, patients

Experiment, not specified

Experiment, children with
diabetes

Experiment, elderly
individuals

Experiment, children age
5-7

Nonhumanoid

Humanoid

Humanoid

Nonhumanoid
Humanoid

Humanoid

Humanoid

Nonhumanoid

Humanoid

Nonhumanoid

Not specified

Nonhumanoid

Humanoid

Nonhumanoid

Humanoid

Humanoid

Humanoid

Presents software strategies that allow a robot bartender to estimate the
social states of humans in dynamic environments.

Direct verbal interaction with hotel guests (e.g., greeting or asking if any
help is needed) works better for hotel assistive robots than if the
robot recites information.

Accompanying guests to an area of the hotel and providing news service
(e.g., displaying news headlines) were the highest demanded services.
Touchscreen was the most common way of requesting information.
Guests were reluctant to talk to the robot.

A shopping cart service robot is feasible, resulting in accurate real-time
localization of the multicart system.

A robot in a shopping mall increased visiting frequency and shopping
frequency relative to an informational display.

In a study of a robot in a shopping mall, trends among visitors included
believing that the robot was aimed at children, feeling surprise that the
robot had an operator, connecting the robot with its location, and
assigning future roles to the robot.

A study of coupon-giving robots in a shopping mall found that a small (vs.
large) robot led to consumers printing coupons.

In high functioning scenarios, elderly people with lower social support
showed higher acceptance rates for a less intuitive social robot (that
required instructions for use, named “Giraff”). In low functioning
scenarios, low psychological well-being resulted in lower acceptance
of Giraff. Lower life satisfaction was related to lower acceptance of the
more intuitive (i.e., no instructions required) robot, “Paro.”

Suggests that assistive robots could have three support roles in elder
care: physical, psychosocial, and cognitive health. The robot’s support
roles may contribute more to the individual (e.g., extended-self), the
in/formal network of caretakers (replacement), or the individual and
network (enabler, intruder).

An examination of a long-term robot at a hospital demonstrated that
staff and seniors were excited about the robot; however, the staff was
reluctant to share their workspace with a robotic aid.

Focused on attitudes toward robots caring for the elderly. Most people
are against robotic care for the elderly; however, younger participants,
males, and individuals who are more educated had more favorable
attitudes.

A robot is feasible to use for long time periods and is reliable in aiding the
elderly. Elderly participants rated the robot positively overall.

A study of robots in a healthcare setting showed that increased
politeness negatively affects intention to comply and the amount of
benefit patients perceived.

An exoskeleton robot that can replicate human arm reaching
movements did not accurately imitate the motion of the ESP joint but
was able to execute five reaching movements similarly to a human
arm.

In a study investigating the influence of a social robot on the progress of
self-management of children with diabetes, results found that the
children and their caregivers built a relationship with the robot and
experienced small increases in knowledge.

In a study examining the feasibility of a robot (Pepper) walking guide for
the elderly, the walker trainer robot helped elderly individuals
preserve or correct their gait.

Participants in a pediatric rehabilitation center enjoyed training with a
robot called “NAQO.” They were able to figure out how to train with
the robot without help.

(continued)
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Table 2. (continued)

Source Method and Participants ~ Robot Type

Findings

Song et al. (2016) Experiment, patients Nonhumanoid

Wada and Shibata Field experiment, Nonhumanoid

(2007) individuals in an elderly (animal)
care house
Household
Ferris and Somonte Qualitative, customers Various
(2016)

Vaussard et al. (2014) Experiment/qualitative, Nonhumanoid

households

Education

Aziz et al. (2015) Field experiment, autistic  Humanoid
children

Conti et al. (2017) Experiment, students and Humanoid

educators

Fernandez-Llamas Experiment, children Nonhumanoid

etal. (2017)
Kanda et al. (2007) Field experiment, children Humanoid
Kanda et al. (2002) Evaluation, students Humanoid
Reich-Stiebert and Survey, online participants Humanoid

Eyssel (2015)

Current Research
Four different
humanoids

Experiments, students,
MTurk participants

Results of a study on a telerehabilitation robot showed improved
productivity of rehabilitation training, which may help with the lack of
therapists.

“Paro,” designed to look like a seal, encouraged residents to
communicate with each other and resulted in physiological
improvements. Reactions of vital organs to stresses also improved.

Consumers prefer a household robot that works independently in the
home with low amounts of maintenance and intervention.

In an investigation of robotic vacuum cleaners in the home ecosystem,
concerns of the participants included the amount of energy used. Six
of the nine households stopped using the vacuum due to lack of
functionality within the ecosystem.

Showed that different interactions resulted in different emotions in
children with autism. Singing and dancing resulted in the highest rating
of emotional response.

Examined professionals’ acceptance of educational robots and found that
only perceived helpfulness of the robot influenced intention to use.
A study of the influence of a machine-like, industrial robot teacher versus
a human teacher found that the type of teacher did not affect students’

scores.

Elementary school children who treated the robot as a peer level friend
created friendly relations and interacted with it the entire time.
Children who did not consider the robot as a partner became bored
with the robot after five to seven weeks.

Showed that people interacted with the robot in a similar style as they
would interact with other humans (e.g., communicated with eye
contact).

Gender, age, need for cognition, and technology commitment predicted
attitude toward engaging in the learning process with educational
robots.

First to empirically show that consumers respond to HSRs with
compensatory behavior, specifically: (1) status consumption, (2)
increase in food consumption, and (3) increase in desire for social
affiliation.

Demonstrates that an increase in discomfort mediates the increase in
compensatory behavior.

Shows that social belongingness and healthy food moderate this effect.

Shows that machinization alleviates the increase in food consumption,
whereas anthropomorphism increases the effect.

companies that intend to use HSRs face a potential conundrum:
Although creating robots that appear as much like humans as
possible is the “holy grail” in robotics (Rubin 2003), there is a
risk that consumers may find dealing with highly human-like
robots uncomfortable. This is a phenomenon known in robotics
as the “uncanny valley” (Mori, MacDorman, and Kageki 2012).
To date, human reactions to robots have largely been studied in
the robotics field (see Table 2). However, specific reactions to
humanoid versus human service providers have not been
widely examined. Furthermore, Table 2 shows that empiri-
cal studies of the uncanny valley concept from a consumer
perspective in commercial service settings are scarce. It
would also be important to understand what types of
consumption-related behaviors would be evoked by HSRs.

Herein, we report the results of seven studies that use four
distinct HSRs as stimuli. These studies collectively examine
whether HSRs elicit compensatory consumer responses (e.g.,
status-oriented consumption, social affiliation, and increased
food consumption) and whether such compensatory responses
might be driven by consumers perceiving an HSR as eerie and
as eliciting a threat to their human identity.

By addressing these questions, we make three contributions
to the marketing literature. First, our research is among the first
in marketing to examine the concept of the uncanny valley,
testing how customers respond to HSRs. Consistent with the
idea of the uncanny valley, we show that interacting with HSRs
(vs. humans) both increases consumers’ discomfort with the
service provider and elicits compensatory consumption (e.g.,
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food intake). We demonstrate the robustness of this compen-
sation effect for four different HSRs and across various con-
sumption categories (e.g., premium-priced products, multiple
foods).

Second, we reveal important aspects of the process driving
the compensatory effect. Consistent with the notion that a
robot’s highly human-like appearance can backfire, we find
that HSRs trigger discomfort, which functions as a mediator
linking HSRs and customers’ responses (i.e., decreased favor-
ability toward the robot but increased food intake).

Third, after demonstrating our basic effect, we investigate
the moderating roles of (1) social belonging, (2) healthy food,
and (3) machinizing the robot as boundary conditions of the
adverse response to HSRs. Specifically, we show that the com-
pensatory consumption effect is alleviated when customers
experience high levels of social belongingness and when they
perceive the focal food as healthy. Moreover, we find that the
effects of HSRs on customers are related to the anthropomor-
phization (i.e., imbued with human-like characteristics) of the
robot. Although anthropomorphization can elicit desirable
marketing outcomes (Aggarwal and McGill 2007), we find the
opposite, such that machinizing the robot (i.e., reminding con-
sumers that it is merely a machine) mitigates customers’ com-
pensatory response. Taken together, these studies not only
extend theoretical insights into the impact of technology on
customer service experiences but also offer actionable manage-
rial implications.

HSRs, Customer Discomfort, and
Compensatory Responses

Firms may employ HSRs if they infer that customers will relate
easily to the HSRs because of their human-like features
(Bloomberg 2017). Although a review of the robotics literature
is beyond the scope of our discussion (see Table 2 and Kanda
and Ishiguro 2013), we note that robots with human-like fea-
tures are designed with the goals of inspiring trust, being more
sociable, and encouraging humans to bond with them (Broad-
bent et al. 2008; Li, Rau, and Li 2010). Thus, firms may deem it
beneficial to use HSRs on their frontlines.

However, an alternative theoretical lens suggests that syn-
thetic agents with highly human-like attributes are likely to
elicit aversive responses in humans (Moosa and Ud-Dean
2010). Specifically, a humanoid robot that imitates but fails
to attain humanness fully might trigger feelings of discomfort
(e.g., eeriness), because people perceive a mismatch between
the robot’s anticipated human qualities and its actually imper-
fect, nonhuman qualities (i.e., the uncanny valley; Mori, Mac-
Dorman, and Kageki 2012). Notably, the empirical evidence of
the uncanny valley in response to a variety of artificial agents
(e.g., animated movie characters, gaming characters, or digi-
tally created faces) is inconsistent (for a discussion of possible
reasons for this inconsistency, see Kitsyri et al. 2015; Piwek,
McKay, and Pollick 2014; Wang, Lilienfeld, and Rochat 2015).
However, regarding human—robot encounters, more recent
research supports the idea of the uncanny valley. Specifically,

in a comprehensive investigation, Mathur and Reichling (2016)
examined how humans responded to the faces of 80 real-world
robots positioned on a continuum from highly mechanical to
highly human-like. The authors show that humans found
robotic faces more likeable as they became less mechanic and
more human-like; however, as the robot faces appeared nearly
human, the participants found them unlikeable.

The accounts for why humanoids cause discomfort typically
draw on evolutionary mechanisms and can be unified by the
idea that people feel threatened by humanoids (Gray and
Wegner 2012). For example, MacDorman (2005) draws on
terror management theory to propose that androids can elicit
mortality salience by violating norms of human appearance and
movement. Other research, consistent with the idea that eeri-
ness is an instinct that protects people from danger (Mori,
MacDorman, and Kageki 2012), posits that people associate
robots with a threat to human identity related to fears of loss
of control, job loss, robotic dysfunction, or scenarios in which
intelligent robots overthrow humanity (Ray, Mondada, and
Siegwart 2008).

In summary, the uncanny valley concept suggests that peo-
ple respond to humanoids with “an undercurrent of apprehen-
sion or unease” (Gray and Wegner 2012, p. 125). Therefore,
adopting a risk-sensitive approach to the employment of HSRs
at organizational frontlines, we predict that consumers will
experience discomfort—specifically, feelings of eeriness and
a threat to their human identity—when dealing with HSRs.

If HSRs elicit discomfort, how might consumers cope? To
address this question, we draw on the notion of compensatory
consumption, which refers to consumption “motivated by a
desire to offset or reduce a self-discrepancy” (Mandel et al.
2017, p. 134). A self-discrepancy is a threatening incongruity
between one’s ideal and one’s perceived self (e.g., an identity
threat related to one’s sense of power, control, mortality, or
social belonging; Higgins 1987; Mandel et al. 2017). Because
self-discrepancies are typically psychologically aversive, peo-
ple aim to reduce them. Notably, according to self-completion
theory, people whose self is threatened are motivated to acquire
symbols to offset the threat (Wicklund and Gollwitzer 1982).
Relating these ideas more directly to the realm of marketing,
the concept of compensatory consumption suggests that con-
sumers can respond to threatening self-discrepancies by
“acquiring, thinking about, and consuming products that are
imbued with symbolic properties” (Lisjak et al. 2015, p.
1187). Empirical research has provided broad support for this
idea and identified numerous compensatory consumer beha-
viors. For example, consumers have been shown to respond
to self-threats related to their social standing with an elevated
willingness to spend money on status-signaling products (e.g.,
premium products like a silk tie; Rucker and Galinsky 2008).
Other research found that threats to peoples’ social belonging
motivate consumption behaviors that lead to social affiliation
(e.g., signaling group membership and in-group loyalty; Mead
et al. 2011). Finally, another major response to self-identity
threats is the increased consumption of unhealthy food (e.g.,
“junk food” such as pizza, cakes, or cookies; Cornil and
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Chandon 2013; Heatherton, Herman, and Polivy 1991). Draw-
ing on these conceptual and empirical insights, we hypothesize:

H,: Consumers who are served by an HSR (vs. a human
employee) will be motivated to engage in compensatory
behaviors (status signaling, social belonging, or increased
food consumption).

H,: There is a serial mediation such that consumers will
respond to an HSR (vs. a human employee) with
increased levels of eeriness and a perceived threat to their
human identity, which drives their compensatory
response.

Empirical Overview

We test our hypotheses in a series of seven experiments (see
Table 3 for an overview). Studies la—1c provide an initial
examination of how consumers respond to HSRs in different
service settings (medical, educational, and dining) and in
terms of three distinct compensatory behaviors. These studies,
all of which include consequential choices or actual behavior,
show that HSRs motivate consumers to engage in compensa-
tory behavior such as spending their own money to purchase a
premium (vs. nonpremium) product (Study la), choosing
social affiliation (vs. not) (Study 1b), and engaging in com-
pensatory eating (Study 1c). Then, Study 2 not only examines
how an HSR influences consumers’ food choices but also
reveals serial mediation, establishing that the HSR elicits
eeriness and a threat to consumers’ human identity, which
triggers compensatory consumption (in this case, increased
caloric intake).

Our subsequent studies (3a, 3b, and 4) investigate the mod-
erating roles of social belonging, healthy food type, and machi-
nizing the robot, according to hypotheses that will be
introduced in conjunction with these studies. Specifically,
Study 3a sheds greater light on the role of compensatory social
bonds (see also Study 1b) and tests the moderating effect of
social belonging, which prior research suggests helps people
cope with identity threats (e.g., Shnabel et al. 2013). Indeed, the
analysis confirms that high levels of social belonging mitigate
the compensatory food consumption that HSRs can elicit. Next,
Study 3b shows the moderating role of food type such that the
compensatory responses to HSRs (e.g., increased food con-
sumption) are also attenuated when consumers perceive food
to be positioned as relatively healthy. Then, Study 4 further
draws on the uncanny valley concept to mitigate compensatory
food consumption in response to HSRs. Specifically, reversing
the concept of anthropomorphization, Study 4 shows that
machinizing the HSR (i.e., highlighting its nature as a lifeless
machine) alleviates the compensatory increase in food con-
sumption. Finally, we include a within-paper meta-analysis to
test the basic effect in aggregate across all studies. The within-
paper meta-analysis confirms a robust effect of compensatory
responses when consumers perceive an HSR (vs. a human pro-
vider) in the service context.

Study |: Do HSRs Trigger Compensatory
Consumer Behavior?

To test Hy, the first set of studies provides an initial examina-
tion of how consumers respond to HSRs across three
compensatory behaviors. Each study employs a one-way
between-subjects design, with two service provider levels
(HSR and human). We filmed videos using an actual HSR
(or human) to create three different service situations in which
the provider gives instructions to consumers. Specifically, the
video for Study la is set in a medical context, the video for
Study 1b is in an educational context, and the video for Study
Ic is in a dining context. In the field, robots are already being
tested in all three contexts (e.g., Conti et al. 2017; Curtis 2016;
Hoorn and Winter 2017). We examine whether consumers, in
response to the HSR, engage in compensatory behavior when
making consequential choices such as buying a premium (vs.
nonpremium) product (Study la), choosing social affiliation
(vs. not) (Study 1b), and engaging in compensatory eating
(Study 1c). Moreover, to further generalize the results, these
studies use different robots: Studies la and 1b use one huma-
noid robot, and Study 1c uses a different humanoid robot (see
Figure 1, Panels A and B). In all our studies, we control for
gender and age (Briers and Laporte 2013; McCrory et al. 1999;
Romero and Craig 2017), factors that influence compensatory
behaviors; we also control for the perceived novelty of the
service experience to rule out mere novelty effects related to
robots (Roehrich 2004)." As Web Appendix A details, the set of
control variables used in our research is consistent with prior
literature.

Study |a: Video-Based Encounter with an HSR
and Status Consumption

Eighty undergraduate students participated in the study for
course credit (Myge = 20.34 years, 41 women). The study was
implemented as two ostensibly different studies. Upon check-
ing into the laboratory, each participant was given an envelope
containing $2.00 as a “thank you” for participating. Several
bottles of premium-priced Fiji water and generic bottled water
were displayed at the check-in station in full view.

Next, participants were seated at a computer station and
were randomly assigned to watch a video that featured a med-
ical service encounter with either an HSR or a human provider
(see Figure 1, Panel A). Specifically, participants were asked to
imagine that they had an appointment for a routine medical
visit and the (HSR or human) medical service provider came

! Study 1a (water choice) also controls for thirst, and Studies 1¢—4 also control
for dieting and hunger because the main dependent variable is food
consumption (actual eating in Studies lc and 4, consumption intentions in
Studies 2 and 3a) (Briers and Laporte 2013). Studies lc and 4 (actual food
consumption studies) also control for time of day (Boland, Connell, and Vallen
2013) because these studies took place over multiple days. We report adjusted
means in the body text; Web Appendix B provides adjusted means (standard
errors) and raw means (standard deviations). Patterns hold with and without
control variables (see Web Appendices C and D).
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Table 3. Overview of Studies.

Study Design and Stimuli

Response
Type

Dependent Variable

Findings

Model Including Control Variables (Adjusted
Mean and SE)

Sla 2 (HSR, human)
between-subjects,

video stimuli

SIb 2 (HSR, human)
between-subjects,

video stimuli

Slc 2 (HSR, human)
between-subjects,
video stimuli

S2 2 (employee: HSR,
human) between-
subjects, photo
stimuli

S3a 2 (HSR, human) x 2
(control, social
belongingness)
between-subjects,

video stimuli

S3b 2 (HSR, human) x 2
(food type: control,
healthy) between-
subjects, photo

stimuli

S4 3 (humanajex, HSRAlex:
machinized
HSRxT1000)
between-subjects,

video stimuli

Actual
behavior

Actual
behavior

Actual
behavior

Intentions

Intentions

Actual
behavior

Actual
behavior

Status consumption:

spending of own

money to purchase a

status product

Social affiliation: actual
choice of working
on task with a team

or alone

Compensatory food

consumption:
cheese eaten

Compensatory food

consumption

intentions: calories /

servings selected.

Compensatory food

consumption
intentions:
chocolate cake

Compensatory food

consumption:
cheese eaten

Compensatory food

consumption:
Cheese eaten

Participants were
more likely to
choose the
premium (vs.
generic) product
with an HSR (vs.
a human).

Participants were
more likely to
choose a group
(vs. individual)
task with an HSR
(vs. a human).

Participants
consumed more
food with an HSR
(vs. 2 human).

Participants served
by the HSR (vs. a
human) selected
more food. Serial
mediation via
eeriness, human
identity threat.

Participants in the
control
condition
intended to eat
more cake when
served by the
HSR (vs. a
human). This is
attenuated in the
belongingness
condition.

With regular food,

participants ate
more with an
HSR (vs. a
human). When
the food is
positioned as
healthy, the
effect is
attenuated.
Participants ate
more food with
the named HSR
than the
machinized HSR.
No difference for
human and
machinized HSR.

HSR = 31.41% versus Human = 7.41%,
Hi: Wald X* = 5.01, p < .05

HSR = 37.63% versus Human = 25.87%,
Hi: Wald X? = 3.83, p < .|

HSR = 7.35 (.47) versus Human = 5.99 (.48),
H: F(I, 196) = 4.03, p < .05

HSR = 1858.88 (142.22) versus Human = 1421.02
(148.70),
H,: F(I, 93) = 407, p < .05

HSRcontrol = 76.53 (4.34), Human gnero) = 64.36
(448)v HSRbeIonging = 62.51 (560),
Humanyeionging = 71.18 (5.27)

Interaction: F(I, 171) = 4.43, p < .05,

Hi: F(l, 171) =3.79,p < .1

HSR ontrol = 8.28 (.73), Human oo = 5.88 (.75),
HSRheaIthy food = 6.77 (.75), Humanhealchy food =
7.35 (.72).

Interaction: F(I, 193) = 3.97, p < .05

Hy: F(l, 193) = 5.04, p < .05

HSR = 9.43 (.67), Human = 6.87 (.68),

HSR machinized = 741 (66)
H,: HSR versus Human: F(1, 218) = 7.18, p < .01,
Hs: HSR versus HSRachinized: F(I, 218) = 4.62,

p < .05

into the exam room. In the video, the service provider said,
“Please have a seat so that I can take your temperature, pulse,
and blood pressure.” After watching the video, participants

briefly described what they imagined the experience to be like.
As a manipulation check, they reported the extent to which the
service provider seemed robotic (“The medical service
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robot/actor. The screen captures are from Study 1a).

HSR

Human

A Studies la and 1b (The studies used different videos with same

B: Studies 1c and 4 (screen captures from videos).

Human

@

P

-

as pictured, and Study 3b used a white background.
HSR Human

C: Studies 2 and 3b (photos). Study 2 was in the restaurant context

Figure I. lllustrative video screen captures and photos of the four robots used across studies.

provider is like a person” [reverse coded]/*“The medical service
provider is machine-like”; 1 = “strongly disagree,” and 7 =
“strongly agree”) and novel (“I have not been to a medical
practice like this before” and “This medical practice is
unusual,” random presentation; 1 = “strongly disagree,” and
7 = “strongly agree”).

The second part of the study examined participants’ compen-
satory consumption. Participants completed what appeared to be
a different study about product choices related to the $2.00 they
were given and the water they saw upon entering the lab. Fol-
lowing Romero and Craig’s (2017) procedure, participants were
shown a photo of a bottle of Fiji water for $1.50 and a bottle of
generic water for $.95 and were asked to select one of the bottles
to purchase using the $2.00 they received. After indicating which
bottle of water they wanted to purchase, participants indicated
their age and gender, their level of thirst (Crolic and Janiszewski
2016), and whether they had brought a beverage with them to the
lab. At the end of the study, all participants were informed that
they could simply keep the $2.00.

Results

Manipulation check. An analysis of variance (ANOVA) for the
robot manipulation check revealed a main effect of service
provider type (Mysg = 6.08, Mpyyman = 2.75; F(1, 78) =
122.95, p < .001). Thus, the manipulation was effective, as
participants perceived the HSR as a robot.

Compensatory behavior: purchasing a status product.’ A binary
logistic regression controlling for age, gender, thirst, and
novelty showed that participants chose the premium Fiji water
more often when the medical provider was an HSR rather than
a human (Mysg = 31.41%, Mpuman = 7.41%; Wald 3 = 5.01,
p < .05, m% = .09). This choice behavior indicates that con-
sumers in the HSR condition engaged in compensatory (status)
consumption.

Study Ib: Video-Based Encounter with an HSR and
Social Affiliation

Two hundred fifty-three undergraduate students participated in
this study for course credit (M,ge = 21.07 years, 130 women).
As participants entered the lab, signs guided them to a room
where they sat at a computer station and watched a video of a
lab service employee (HSR or human; Figure 1, Panel A) greet-
ing them and asking them to turn off their mobile phones, to
read the informed consent form, and to sign it. They were asked
to watch a second video of the same (HSR or human) lab
employee saying, “We now invite you to participate in a task.

2 Twenty-six participants had brought their own beverage with them to the
study session and therefore would not need to purchase a beverage. We
excluded them from the beverage choice analysis; 54 participants were
included in the beverage choice analysis.
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Please take this seriously and give it your best effort.” Partici-
pants then completed the same unrelated tasks.

The second part of the study examined participants’ com-
pensatory behavior. To do this, we gave participants the fol-
lowing instructions: “For the next task, you can choose
whether you prefer to do it by yourself or with a group.” Our
variable of interest was whether participants chose to work on
the task with other people or alone. We theorized that in
response to receiving instructions from the HSR, participants
might compensate by seeking social affiliation (i.e., contact
with others). After participants made their choice, they were
informed that they would receive more information on this
task later. They then answered additional questions about the
extent to which the lab employee seemed robotic (“This lab
employee is like a person [reverse coded]”; “This lab
employee is machine-like”) and novel (“This seems to me like
a novel type of lab employee”). Participants also indicated
their age and gender. Finally, we told participants that they
would not need to perform the individual/group task. We
removed four participants who reported encountering techni-
cal difficulties with the video.

Results

Manipulation check. An ANOVA for the robot manipulation
check revealed a main effect of service provider type (Mysr
= 6.00, Mpyman = 2.81; F(1, 247) = 429.13, p < .001). Thus,
the manipulation performed as intended.

Compensatory behavior: choosing a group task. A binary logistic
regression controlling for age, gender, and novelty revealed
that participants chose a group task more often with an HSR
serving as the virtual lab employee than a human (Mpsg =
37.63%, Mpuman = 25.87%; Wald 3> = 3.83, p < .1, 1> = .02).

Study I c: Video-Based Encounter with an HSR and
Compensatory Eating Behavior

Two hundred fifteen undergraduate students participated in the
study for course credit (M, = 21 years, 114 women). We
examined actual eating by inviting participants to a cheese taste
test. They sat at individual computer stations, each with a box
containing 20 uniformly cut cubes of Gouda cheese. Before
they began eating, participants indicated their hunger level
(“How hungry are you at this moment?” 1 = “not at all,” and
7 = “very much”).

We manipulated service provider type (HSR vs. human) by
informing participants that they would taste a new type of
cheese prepared in a test kitchen and that, “This cheese was
prepared and sliced for you by this employee of our test kitchen
as you can see in the video below.” Participants then watched a
video with either a humanoid robot or a human behind a table
with a cutting board and cheese cubes, holding a knife (see
Figure 1, Panel B). In the video, the service provider said,
“Hello. Welcome to the test kitchen. This is cheese I prepared
for you today. Please try a sample. You are welcome to eat as

much of it as you would like.” Then, participants watched a
brief history video (unrelated to cheese or technology) and
answered questions. The main dependent variable was the
number of cheese cubes eaten by each participant. After parti-
cipants left the lab, an assistant, blind to our hypotheses, docu-
mented the number of cheese pieces eaten by each participant.
As a manipulation check, we used agreement measures to
determine the extent to which the employee seemed robotic
(“The kitchen staff member is like a person [reverse coded];
The kitchen staff member is machine-like”). We controlled for
hunger, dieting status, age, gender, and novelty. Because the
data collection sessions took place over multiple days, we also
controlled for the time of day (Boland, Connell, and Vallen
2013). We removed five participants from the analysis: three
who participated twice and two who did not eat any cheese for
health reasons.

Results

Manipulation check. The ANOVA for the robot manipulation
check revealed a main effect of service provider type (Mpusr
= 5.74, Mpuman = 2.26; F(1, 208) = 577.49, p < .001). Thus,
the manipulation performed as intended.

Quantity consumed. We conducted an analysis of covariance
(ANCOVA) on the number of cheese cubes eaten as a function
of provider type. Participants ate more when the cheese was
prepared by an HSR rather than a human service provider
(Musr = 7.35, Mupuman = 5.99; F(1, 196) = 4.03, p < .05,
n® =.02).

Discussion

Studies la—Ic suggest that encountering an HSR (vs. a
human) causes consumers to engage in compensatory beha-
vior, including a focus on status products (Study la), a
desire for social affiliation (Study 1b), and compensatory
eating (Study lc). These findings support the idea that
humanoids activate human defensive mechanisms (MacDor-
man 2005). Next, we deepen our empirical investigation of
this phenomenon by examining its underlying process and
by focusing on compensatory consumption of food (in line
with Study 1c).

Whereas our initial three studies demonstrated a variety of
compensatory behavior, our subsequent studies focus on food-
related compensation for two important conceptual and
managerial reasons. First, from a conceptual lens, research on
compensatory behavior suggests that consumers often respond
to aversive states by directing their attention elsewhere in an
effort to distract themselves. This so-called escapism fre-
quently manifests in people turning their attention to food when
they experience a threat to their ego in order to, at least momen-
tarily, “reduce the salience of any activated self-discrepancy”
(Mandel et al. 2017, p. 139; also, Cornil and Chandon 2013).
This explanation is consistent with emotional eating theory,
which also conceptualizes eating as an instrumental behavior
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to reduce negative affect (Groesz et al. 2012).> In short, nega-
tive affect is linked to eating because food can shift attention
away from an ego-threatening stimulus (Heatherton, Herman,
and Polivy 1991; Wallis and Hetherington 2004).

Second, from a managerial lens, we note that HSRs are
increasingly used in restaurants and food services (see Table
1). However, the robotics literature has not focused on this
important service setting that is common in most consumers’
lives (see Table 2). Therefore, we examine the effects of HSRs
in a food context and expect that customers who are served by
an HSR (vs. a human) will compensate by turning to food to
offset their discomfort.

Study 2: The Effect of HSRs on Customer
Food Consumption

Study 2 is set in a restaurant context and examines compensa-
tory food consumption. It also investigates the mediating roles
of eeriness toward the service provider and human identity
threat, and it uses an HSR with a different appearance than
those used in Studies 1a—1c to generalize the results. To exam-
ine whether interacting with an HSR (vs. a human) influences
food choices (H;) and customer eeriness and human identity
threat (H,), Study 2 employs a one-way between-subjects
design, with two service provider levels (HSR vs. human).
Consistent with the previous studies, we control for age, gen-
der, and novelty. In the remaining studies, the main dependent
variable pertains to food consumption (i.e., actual eating or
eating intentions); thus, we control for hunger (Poor, Duha-
chek, and Krishnan 2013) and dieting (Briers and Laporte
2013; VanEpps, Downs, and Loewenstein 2016).

Study 2 adopts an HSR designed to look like its human
counterpart, which helps rule out the appearance differences
that were present in the previous studies as an explanation for
the results (see Figure 1, Panel C). The focal HSR has already
functioned as a service employee in real-world settings (e.g.,
receptionist and guide in a Tokyo museum; Demetriou 2014).
The participants were 100 Amazon Mechanical Turk (MTurk)
participants (Mg = 34.37 years, 54 women). We asked them
to imagine going to dinner at a new all-you-can-eat restaurant.
We manipulated the server type by presenting pictures of either
a human or a humanoid server, described as either a woman or
a humanoid robot, respectively. The server was pictured in the
context of the restaurant.

The main dependent variable was the caloric intake
selected. The all-you-can-eat restaurant format allowed patrons

3 Similar explanations conceptualize eating as a strategy to mask a stressor
(Polivy and Herman 1999) or as a way to escape aversive self-awareness
(Heatherton and Baumeister 1991). However, we also note that the link
between negative affect and eating is complex and can be influenced by
various factors (e.g., gender, dieting status, types of affect, type and intensity
of a stressor, duration of exposure to a stressor, type of food, etc.; Greeno and
Wing 1994; Groesz et al. 2012; Macht 1999, 2008; Wagner et al. 2012; Wallis
and Hetherington 2004). For this reason, Study 3b further examines type of
food as a meaningful moderator in our conceptual model.

to indicate the amount of each food item they desired (selecting
between zero and two servings of each food item). One serving
of each entrée item was described as 5 ounces, and one serving
of each side item was described as 3 ounces. Participants con-
sidered six entrée items (grilled chicken breast, broiled salmon,
grilled steak, lasagna, bacon cheeseburger, and chicken tenders,
in random order) and six side items (side salad, grilled aspara-
gus, steamed broccoli, French fries, baked macaroni and cheese,
and mozzarella sticks, in random order), and they could select as
much or as little of each item as they wanted. Similar to Aila-
wadi, Ma, and Grewal (2018), we calculated the caloric content
of the food using the website www.CalorieCount.com (accessed
2017). After making their food choices, participants indicated
their sense of eeriness and identity threat. Eeriness was measured
as: “This server is creepy/eerie/unnatural” (1 = “not at all,” 7 =
“very much so0”). Building on prior literature on robot-induced
threat to humans (Yogeeswaran et al. 2016; Zlotowski et al.
2017), participants indicated human identity threat by respond-
ing to the following items: “This service provider threatens my
very existence,” “This service provider makes me worry about
my place in the world,” “This service provider makes people like
me less important,” “This service provider makes me worry
about my own job security,” and “This service provider seems
to lessen the value of my existence” (1 = “strongly disagree,” 7
= “strongly agree”). They also answered the manipulation check
as in the previous studies and indicated their hunger, age, gender,
dieting, and novelty of the service experience.

Results

Manipulation check. An ANOVA of the manipulation check
revealed the expected main effect of service provider type
(Mgysr = 5.85, Mpyman = 3.23; F(1, 98) = 55.61, p < .001).

Eeriness of service provider. In support of H,, an ANCOVA
revealed that consumers felt greater eeriness (o0 = .96) when inter-
acting with the HSR rather than the human service provider (Mpggr
= 5.17, Mhuman = 3.21; F(1, 93) = 29.75, p < .001, n* = .24).

Human identity threat. An ANCOVA revealed that consumers
felt greater identity threat (o = .97) when interacting with the
HSR rather than the human service provider (Mysg = 4.21,
Mpuman = 1.98; F(1, 93) = 40.91, p < .001, n* = .22).

Food consumption intentions. An ANCOVA on the calories of the
food selected from the menu indicated that consumers selected
more calories when served by the HSR rather than the human
(Mysr = 1858.88, Myyman = 1421.02; F(1, 93) = 4.07,p <
.05, n? = .04), in support of H;. To be complete, we also note
that ANCOVA on the total number of servings selected showed
that participants selected more servings with the HSR (vs. human)
server Mysgr = 9.37 vS. Mpyuman = 7.17; F(1,93) = 4.86, p < .05).

Mediation analysis. We conducted a serial mediation analysis to
examine whether eeriness and identity threat mediated the rela-
tionship between server type and caloric consumption (Hayes
2015, Model 6). The results revealed the expected serial
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mediational path (HSR — greater eeriness — increased identity
threat — increased calories selected) at the 95% confidence inter-
val (CI) (a x b = 84.80,95% CI: 6.71, 280.82); furthermore, the
mediators rendered the direct effect non-significant (a x b=2.53,
95% CI: —525.82, 530.88). Thus, this suggests full mediation
through consumer-perceived eeriness and human identity threat.

Discussion

In support of H; and H,, Study 2 shows that an HSR (vs. a
human) triggers greater feelings of eeriness and identity threat,
which leads consumers to cope through selecting more calories.
As such, Study 2 replicates the compensatory customer
response and sheds light on the underlying process and the
chain of effects that links HSRs and consumers’ food choices.

Study 3: The Moderating Roles of Social
Belonging and Food Type

As demonstrated, HSRs cause consumers to engage in compen-
satory behavior (Studies la—1c) and elicit feelings of eeriness
and human identity threat (Study 2). This next set of studies
examines how the consumption effects resulting from exposure
to an HSR can be attenuated. First, Study 3a examines the
moderating role of social belonging. Then, Study 3b investi-
gates the moderating role of healthy food, which is a manage-
rially relevant aspect because firms can design and position
their offerings to be more focused on health benefits.

The Moderating Role of Social Belongingness

One effective way for people to buffer the impact of a stressor
is to affirm the self (Cornil and Chandon 2013; Shnabel et al.
2013). Self-affirmation, the process by which people reinforce
their self-integrity and image as effective and able, increases
psychological resources for coping with a threat (Cohen and
Garcia 2008); consequently, a focal threat becomes less psy-
chologically dire, which leads a person “to acknowledge the
threat without negative effects on psychological well-being”
(Shnabel et al. 2013, p. 664).

Recent theoretical advances suggest that social belonging
(i.e., feeling more connected with other people) is a crucial
ingredient for self-affirmation in the face of an identity-
related threat. Reflecting on social belonging can affirm the
self, “because fitting into social groups is an important aspect
of human adequacy” (Shnabel et al. 2013, p. 672). In short,
reminding themselves of their meaningful social connections
with others can bolster people’s self-integrity, which in turn
makes them more resilient in situations that may seem other-
wise dire (Shnabel et al. 2013). Therefore, we expect that if an
identity-related threat of an HSR drives the compensatory
increase in consumption, social belonging will attenuate this
outcome. In other words, affirming a consumer’s sense of
social belongingness may be an alternative means to face the
threat elicited by an HSR, which should mitigate the need to
cope through food.

Study 3a

Participants were 180 MTurk workers in the United States
(M,ge = 36.22 years, 108 women). The study employed a 2
(service provider: HSR, human) x 2 (social belongingness,
control) between-subjects design.

We manipulated social belonging based on prior literature
(DeWall, Baumeister, and Vohs 2008; Lambert et al. 2013). In
the social belonging condition, we asked participants to
“Describe in several sentences a time when you felt socially
connected to another person or group of people. Describe the
person/people you felt connected to. Why did you feel con-
nected to them? How did this social connection make you
feel?” In the control condition, we asked participants to
“Describe in several sentences a television program you
watched recently and what you remember about it. What was
the television program? What do you remember most about it?
Will you watch it again?” A pretest confirmed that the belong-
ing manipulation elicits a greater sense of belongingness com-
pared to the control condition (see Web Appendix D).

We next manipulated service provider type via a video of an
actual robot (or person) in an actual restaurant (Figure 1, Panel
D). We asked participants to imagine going to this restaurant
and encountering the service provider. Participants watched a
video that showed either an HSR or a human employee as the
greeter in the focal restaurant. In the video, the HSR or human
said, “Hello and welcome. Would you like a table or a booth?
Please have a seat and look at the menu. Your server will be
right over.”

Our dependent variable was chocolate cake consumption
intentions. Participants were asked to imagine ordering a cup
of coffee and a piece of chocolate cake. Participants saw a
photo of the chocolate cake and then indicated how much of
the cake they would eat (on a sliding scale from 0% to 100%).
Because we wanted to consider positive affect as an alternative
explanation, participants also completed a corresponding ten-
item measure (Watson, Clark, and Tellegen 1988). Finally,
participants completed the manipulation check and control
variables (age, gender, novelty, dieting, and hunger).

Study 3a Results and Discussion

Manipulation check. The ANOVA for the manipulation check
index revealed a main effect of service provider type (Mpuman
=291, Mygr = 6.15; F(1, 176) = 215.44, p < .001). The other
effects were not significant. Thus, the provider type manipula-
tion performed as intended.

Consumption intentions. We conducted an ANCOVA on the per-
centage of chocolate cake selected as a function of social
belongingness, server type, and their interaction, while control-
ling for age, gender, hunger, dieting, and novelty. The analysis
revealed the expected social belongingness x server interac-
tion (F(1, 171) = 4.43, p < .05, 0> = .03; Figure 2, Panel A).
The belongingness and service provider type main effects (Fs
< 1) were not significant.
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Figure 2. Study 3. Panel A: Study 3a: Consumption intentions (service
provider type X social belongingness). Panel B: Study 3b: Cheese
cubes eaten (service provider type x food healthfulness).

Contrasts showed that when the service provider was an
HSR, consumption intentions decreased under high social
belonging (Mconrol = 76.53, Mpclonging = 62.51; F(1, 171) =
3.88, p < .1, n? = .02). However, with a human employee,
social belonging had no effect on consumption intentions
(Mcontrol = 64.36, Mpcionging = 71.18; F < 1). In other words,
in the control condition, participants intended to consume more
food from the HSR (Mysr = 76.53, Mpyman = 64.36; F(1, 171)
=3.79,p < .1, n2 =.02), which is consistent with H; and the
previous studies. However, this effect was attenuated with
higher social belonging (Mysg = 62.51, Myuman = 71.18;
F(1, 171) = 1.26, p > .25), which is consistent with our
theorizing.

Finally, in terms of exploring positive affect as an alterna-
tive explanation, an ANCOVA with positive affect as the
dependent variable revealed no effects as a function of belong-
ing, HSR, or the two-way interaction (o« = .91, ps > .33).

Discussion. In the control condition, participants had greater
consumption intentions with an HSR (vs. a human), in support
of H,. Importantly, when participants had a greater sense of
social belonging, the effect of the HSR on consumption was
attenuated. Consistent with our theorizing, when participants
encountered the HSR, inducing social belonging (vs. control

condition) buffered the compensatory response, and their con-
sumption intentions decreased significantly.

The Moderating Role of Perceived Healthfulness of Food

Whether eating more occurs as a way to cope with the discom-
fort elicited by HSRs may also depend on the type of food. Prior
research suggests that identity-related threats increase eating, but
not for food that is perceived as healthy (Cornil and Chandon
2013; Heatherton and Baumeister 1991). For example, Zellner
et al. (2006) show that stress causes a shift in food choice away
from healthy, low-calorie foods (e.g., fruits) to less healthy,
high-calorie foods (e.g., chocolate), which is consistent with the
idea that high-calorie “comfort foods” (relative to healthy foods)
reduce discomfort and make consumers feel better. More
broadly, escape theory (Heatherton and Baumeister 1991) sug-
gests that high-calorie palatable food (rather than low-calorie
healthy food) allows consumers to shift their attention away
from the aversive self-appraisal triggered by an ego-
threatening stimulus (Wallis and Hetherington 2009). Against
this background, we propose that the effects of HSRs on com-
pensatory food consumption may be mitigated when the food is
perceived as more healthful; that is, we expect that healthy food
attenuates consumers’ use of increased caloric intake as a coping
mechanism.

Study 3b

The study employed a 2 (service provider: HSR, human) x 2 (food
type: regular, healthy) between-subjects design. Participants were
203 business students who took part in the study for course credit
(Mgge = 21.06 years, 78 women). We used organic food as the
operationalization of healthy food because it is produced without
artificial inputs such as pesticides, chemical fertilizers, or chemical
food additives that may be harmful to one’s health (Paul and Rana
2012). Therefore, consumers tend to strongly associate organic
food with health benefits (Brantseter et al. 2017; Magnusson
et al. 2003; Schuldt and Schwarz 2010), and various studies have
shown that good health “is the strongest motive for purchasing
organic food” (Aertsens et al. 2009, p. 1143). Furthermore, con-
sumers view organic foods as being higher in nutritional value and
lower in calories than their conventional counterparts (Lee et al.
2013; Schuldt and Schwarz 2010).

We examined actual eating behavior by inviting participants
to a cheese taste test. They sat at individual computer stations,
and each station had a box containing 20 uniformly cut cubes of
Gouda cheese. Before they began eating, participants indicated
their hunger level (“How hungry are you at this moment?” 1 =
“not at all,” 7 = “very much”).

We manipulated server type by informing participants that
they would taste a new type of cheese and that “This cheese
was prepared and sliced for you by the [humanoid robot/
woman] pictured below” while showing the corresponding
photo (Figure 1, Panel C). In the same description, we
manipulated food type (healthy vs. regular) as described sub-
sequently. A pretest confirmed that the food described as
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healthy was perceived as significantly healthier (see Web
Appendix D).

Healthy: “You will have the opportunity to taste a new type of
organic cheese from local farms. This cheese is all-natural,
calcium-rich, packed with vitamins and minerals. This cheese has
a delicious natural flavor.”

Regular: “You will have the opportunity to taste a new type of
cheese from local production facilities. This cheese is enriched
with added calcium, vitamins, and minerals. This cheese is
enhanced with natural and artificial ingredients for a delicious
flavor.”

After being exposed to the background and photo of the
(HSR or human) service provider and reading the description
of the cheese, the participants were invited to eat as much
cheese as they wanted while watching a brief video (unrelated
to cheese or technology). The dependent variable was the num-
ber of cheese cubes eaten. After participants left the lab, an
assistant, blind to our hypothesis, documented the amount of
cheese each participant ate. Participants also rated the novelty
of the experience and provided demographics (age, gender,
hunger, and dieting status) as control variables. One vegan
participant was removed from the analysis.

Study 3b Results and Discussion

Quantity consumed. An ANCOVA on the number of cheese
cubes eaten revealed the predicted server type x food type
interaction (F(1, 193) = 3.97, p < .05, n* = .02; see Figure
2, Panel C). The main effects were not significant (p > .22).
The contrasts revealed that with the regular cheese in the con-
trol condition, consumers ate significantly more cheese cubes if
those cubes had been prepared by the HSR rather than the
human (Mysr = 8.28, Muuman = 5.88; F(1, 193) = 5.04, p <
.05, m? = .03), which is consistent with our previous findings.
However, when the cheese was described as healthy, this effect
was attenuated Mysr = 6.77, Mpuman = 7.35; F < 1). Thus, we
find that food perceived as more healthful mitigates the
increase in consumption that customers otherwise display when
they are served by an HSR.

Discussion. Study 3b again replicates the compensatory effect
with actual eating behavior and investigates another boundary
condition—it shows that the perceived healthfulness of food
functions as a moderator. When food is perceived as healthy
(e.g., organic food), consumers do not eat more of it to deal
with the discomfort elicited by an HSR. Although more
nuanced distinctions could be considered in future work (e.g.,
whether food is healthy by nature or science; Andre, Chandon,
and Haws 2019), our finding is in line with prior research that
shows indulgent, unhealthy food serves as a relatively more
effective coping mechanism (Cornil and Chandon 2013;
Heatherton and Baumeister 1991).

Machinizing the Humanoid Robot to
Maneuver the Uncanny Valley

Our results show that consumers do not respond favorably to
HSRs as compared with human service providers. In parallel,
the uncanny valley premise predicts a nonlinear effect of a
robot’s human-like appearance on how people respond to it;
that is, a robot that approaches humanness but fails to fully
attain it triggers discomfort because of the mismatch between
the anticipated human qualities of the robot and its actually
imperfect, nonhuman qualities (Mori, MacDorman, and Kageki
2012). Thus, we expect that consumers will respond more
favorably to a service robot that seems /ess (vs. more)
human-like. Our idea of making the HSR less human-like rep-
resents an antonym to the concept of anthropomorphization;
specifically, we study the role of machinizing the robot, which
refers to “the action or process of making into a machine (literal
and figurative)” (www.oxforddictionaries.com/definition/
machinization).

Humans have a deeply rooted tendency to anthropomor-
phize objects; they “imbue the real or imagined behavior of
nonhuman agents with human-like characteristics, motiva-
tions, intentions, or emotions,” which influences how they
interact with those agents (Epley, Waytz, and Cacioppo
2007, p. 864). Anthropomorphization can affect how consu-
mers respond to products (e.g., Aggarwal and McGill 2007).
For example, anthropomorphizing products can elicit more
positive emotional responses (e.g., products seem more
endearing), which drives consumer preference for the offer-
ings (Wan and Aggarwal 2015). These positive responses
arise because attributing human-like qualities to a nonhuman
entity helps make that entity seem more familiar, explainable,
or predictable (Epley, Waytz, and Cacioppo 2007). Notably,
developers of HSRs frequently use anthropomorphization
such as giving robots human names rather than a model num-
ber (e.g., Aiko Chihira is the name of a robot that works in a
Tokyo department store and looks like a 32-year-old woman
dressed in a kimono; Hu 2015). Hanson Robotics Ltd. named
one of its most advanced humanoids Sophia and systemati-
cally speaks about it as being “alive,” being “born,” and hav-
ing feelings (hansonrobotics.com). Yet, in contrast with the
positive outcomes often associated with anthropomorphiza-
tion, the uncanny valley concept suggests that a robot
endowed with such human cues can make consumers feel
more uncomfortable than one that appears more machine-
like. Accordingly, we propose that machinizing the robot
(e.g., giving it a model number rather than a human name)
reemphasizes that it is a lifeless object. Thus, when customers
interact with such a machinized (vs. humanized) robot, we
expect that the compensatory increase in food consumption
will be attenuated.

Hj;: Consumers increase their food consumption when
they are served by an HSR (vs. a human) service provider;
machinizing the HSR mitigates this effect.
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Study 4: The Effects of a Machinized HSR on
Actual Food Consumption

Study 4 employed a 3 (service provider: human, HSR, machi-
nized HSR) between-subjects design with 250 students who
participated for course credit (Mg = 22 years, 127 women).
As in Studies 1c and 3b, this study examines actual eating
behavior by inviting participants to a cheese taste test. The
manipulation of the service provider differed slightly from the
other studies to include the three separate levels. Specifically,
we began by providing the following introductions to partici-
pants in the three randomly assigned conditions:

Human: “This cheese was prepared and sliced for you by this
employee of our test kitchen. He is called Alex, as you can see
in the video below.”

HSR: “This cheese was prepared and sliced for you by this
employee of our test kitchen. He is called Alex, as you can see
in the video below. Alex is a humanoid robot born and raised in
[university city]. Alex looks and behaves like a human and enjoys
preparing food, which he can do as well as humans do.”

Machinized HSR (XT 1000): “This cheese was prepared and sliced
for you by this robot owned by our test kitchen. It is called XT
1000, as you can see in the video below. This humanoid robot was
assembled in [university city]. XT 1000 is designed to look and
behave like a human and can provide the same functions as humans
when it comes to food preparation.”

Next, participants watched the same videos as in Study lc
(Figure 1, Panel B). The service provider used the same script:
“Hello. Welcome to the test kitchen. This is cheese I prepared
for you today. Please try a sample. You are welcome to eat as
much as you would like.” A pretest confirmed that the manip-
ulation performed as intended (see Web Appendix D). Again,
the main dependent variable was the number of cheese cubes
eaten, and an assistant, blind to our hypothesis, documented
this variable. We removed 18 participants from the analysis
because the video did not play; four participants indicated that
they did not eat cheese for health reasons and were removed as
well. Thus, 228 participants were included in the main study
analyses.

Results

Quantity consumed. We conducted an ANCOVA on the number
of cheese cubes eaten as a function of provider type, controlling
for age, gender, hunger, dieting, novelty, and time of day.
There was a main effect of server type (Mpuman = 6.87, Mysr
= 9.43, Mysr-xt1000 = 7.41; F(2, 218) = 4.02, p < .05, n*> =
.04). Participants ate more cheese prepared by the named HSR
than by the machinized HSR (Model XT 1000) (Mysgr = 9.43
vs. Musr.xT1000 = 7-41; F(1, 218) = 4.62, p < .05, 0 = .02)
or the human (Mysg = 9.43 vs. Mpuman = 6.87; F(1, 218) =
7.18, p < .01, n? = .03). There were no differences in con-
sumption between the machinized HSRxt1999 and the human
(Musr-xt1000 = 7.41 vS. Mpyyman = 6.87; F < 1).

Discussion

In support of Hs, Study 4 shows that humanizing an HSR by
giving it a name, speaking of it using personal pronouns, or
giving it a birthplace aggravates rather than mitigates consu-
mers’ reactions to HSRs. Machinizing an HSR (i.e., emphasiz-
ing that it is merely a machine) mitigates compensatory
consumption given our finding that food consumption does not
differ significantly between a human and a machinized robotic
service provider.

Meta-Analysis: Testing the Robustness of the
Results Across Studies

To test the overall validity of H; (that consumers served by an
HSR versus a human will engage in compensatory consump-
tion), we performed a single paper meta-analysis (SPM;
McShane and Bockenholt 2017) on the five studies that
included continuous dependent variables, all of which involved
food (Studies 1c—4). We standardized the dependent variables,
and for Studies 3a, 3b, and 4, we only included the control
condition (HSR vs. human), in which the effect was not atte-
nuated by social belongingness, food type, or machinizing the
robot (McShane and Bockenholt 2017). The SPM showed that
across the five studies, consumers had greater actual consump-
tion or consumption intentions when they were served by an
HSR (vs. a human) (Estimate = .3244, SE = .0761; z=4.26,p
< .0001), in support of our theory.* This is a conservative test,
as it does not include any of the (theory-based) control vari-
ables in the SPM.

General Discussion

This research examines how HSRs influence customer experi-
ences. It is inspired by two insights: First, service robots are
estimated to become a billion-dollar business by 2020 (Busi-
ness Insider 2015), so service robots will soon be a new normal
(Frey and Osborn 2013). Second, human-like robots are con-
sidered the “holy grail” in robotics (Diller 2011), which sug-
gests that designers assume human-likeness encourages
humans’ adoption of robots. Against this backdrop, we offer

4 We also performed a meta-analysis of the results for all seven studies
(standard procedures reviewed by Grewal, Puccinelli, and Monroe 2018).
The effect sizes were from the results not including control variables. The
seven effect sizes from the seven studies were positive, as the HSR resulted
in greater consumption (see Web Appendix B), were homogeneous (x%(6) =
3.81, p > .70), and significant (n = .15, z = 4.72, p < .001). Rosenthal and
Rubin’s (1982) binomial effect size display (BESD), indicates that HSR would
result in 36% greater likelihood of consumption behavior relative to human or
control condition. Furthermore, the Rosenthal and Rosnow (2008) file drawer
technique suggests that it would take over 55 null results to reduce the overall
directional significance to the .05 level, further reinforcing the generalizability
of the HSR effect. Web Appendix E provides a summary of four studies not
included in this article. Including these four studies results in very similar
results, and over 100 null studies would be needed to reduce the overall
directional significance to the .05 level.
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new theoretical and managerial implications as well as avenues
for research.

Theoretical Insights

HSRs can elicit eeriness and human identity threats. Expanding
research on technology-related consumer discomfort (e.g., Gie-
belhausen et al. 2014; Mick and Fournier 1998), we find that
HSRs can elicit eeriness and a threat to human identity. Con-
ceptually, this insight has implications for research on cus-
tomer—employee interactions. Consumers make spontaneous
inferences about frontline employees, often before any verbal
exchange occurs (Ambady, Krabbenhoft, and Hogan 2006),
which can affect customers’ loyalty intentions (Scott, Mende,
and Bolton 2013). Therefore, marketers need to further inves-
tigate when and why customers perceive HSRs to be eerie and
with which consequences. On the latter point, we reveal initial
insights, as discussed next.

HSRs can elicit compensatory behaviors. Our studies show that
consumers cope with HSRs by choosing a status product, seek-
ing social affiliation, and increasing their caloric intake. The
compensatory effects of status and food consumption are note-
worthy given the prevalence of households with debt and
nearly 70% of U.S. consumers being overweight (Centers for
Disease Control and Prevention 2014; Mende and Van Doorn
2015). HSRs might undermine efforts to help people control
their spending or food consumption, such as requiring restau-
rants to include caloric data on their menus (e.g., Kozup,
Creyer, and Burton 2003). In this sense, our findings are rele-
vant from a consumer well-being perspective. However, in
terms of financial performance (e.g., Mittal et al. 2005), our
results suggest that HSRs benefit firms when customers pur-
chase more expensive products and consume more.

Contextual cues influence how consumers respond to HSRs.
Because firms should deliver positive customer experiences
(Lemon and Verhoef 2016), marketers need to understand the
circumstances in which consumers have adverse experiences
with HSRs. We show that compensatory effects are moderated
by social belongingness (Study 3a), the perceived healthfulness
of food (Study 3b), and the extent to which HSRs are machi-
nized (Study 4). As marketers venture into the realm of service
robots, they need to account for the contexts in which HSRs are
being used and consider contextual facets that drive or mitigate
consumer responses.

Should robotics be pursuing the “holy grail” of human-like
appearance? Supporting the idea of an uncanny valley (Mori,
MacDorman, and Kageki 2012), we find that consumers
respond more favorably to an HSR that is less (vs. more)
human-like (Study 4). However, robots can deviate from
human appearance and movement in many ways, some of
which might seem more “uncanny” than others (MacDorman
2005). Although we cannot speak to the plethora of design
features that could reduce consumer discomfort with HSRs
(e.g., facial features, colors, sizes, voices), the “sophistication

of humanoid robots has recently soared” (Feil-Seifer and Mata-
ric 2015, p. 5). Marketing scholars, as they gain a deeper under-
standing of how consumers respond to HSRs, can provide
valuable guidance to researchers in robotics and robot
developers.

Managerial Implications for the Deployment of HSRs

Service employees, whether they are human or robotic, repre-
sent the organization and can affect the customer—firm relation-
ship. Therefore, firms that use HSRs need to understand how
customers evaluate and respond to service robots. Against this
background, our findings have direct implications, and we sug-
gest a set of guidelines for employing HSRs (Table 4).

First, because HSRs can trigger discomfort, which could
undermine customer satisfaction and loyalty, managers should
track consumer responses to HSRs through marketing research.
Firms should also segment consumers on the basis of their
recorded response to HSRs or broader measures such as tech-
nology readiness (Parasuraman and Colby 2015) or technology
anxiety (Meuter et al. 2003). Companies might then assign
human employees to customers who are more likely to fall into
technophobe segments but offer HSRs to their technophile
peers. More broadly, firms should avoid forcing consumers
to interact with HSRs but allow consumers to self-select into
being served by an HSR (e.g., Reinders, Dabholkar, and Fram-
bach 2008).

Second, the implementation of HSRs should be guided by
strategies that are based on an understanding of the context in
which HSRs are employed and that are designed to reduce
consumer discomfort. Our Studies 1b and 3a suggest that
employing HSRs in settings in which they serve groups pro-
vides customers with a built-in coping mechanism.’ In addi-
tion, from a consumer well-being perspective, pairing HSRs
with healthy food settings could help prevent an increase in
caloric intake (Study 3b). Study 4 cautions against the common
approach of deliberately anthropomorphizing robots (e.g., giv-
ing them human names, using gender-specific personal pro-
nouns) in order to reduce negative reactions.

Third, although we advocate a marketing approach that pro-
vides positive customer experiences (Lemon and Verhoef
2016), we note that HSRs can drive revenue. We found that
HSRs nudge customers toward compensatory consumption
(premium-priced Fiji water in Study la and increased food
consumption in Studies 1c—4). As such, HSRs offer opportuni-
ties for upselling (e.g., in settings in which consumers choose
between base and premium products).

3 Notably, using HSRs in all-you-can-eat restaurants might not be beneficial
because they likely increase customers’ food consumption. However,
considering the moderating role of social belongingness, HSRs might be an
option in food settings that promote sociability (e.g., receptions, parties, happy
hours, sports bars). Our research does not account for more nuanced contextual
aspects, but the nature of the restaurant (e.g., fast-food drive-through vs.
sit-down, fine-dining experience) is also likely to influence how customers
respond.
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Table 4. Managerial Guidelines Related to the Deployment of HSRs.

Opportunities to Leverage Potential Benefits

Consideration of Potential Risks

Type of
Customer

Service Setting

Humanizing
Service
Robots

Product or
Service Type

Use HSRs for customer segments that have higher levels of
affinity with technology (e.g., technology/robot readiness).
Leverage existing customer segmentation insights (e.g., use
consumer demographics as proxies for robot readiness).
Give customers a choice between humans and HSRs so
that consumers who are uncomfortable with HSRs have
the option to interact with a human service provider
instead.

Use HSRs in social service settings (e.g., receptions,
parties, hotel lobbies, high-traffic areas in malls).
Consumers tend to cope with exposure to an HSR by
seeking out other people, and they may also feel greater
belongingness while in the presence of other people.
Creating a sense of social belongingness for consumers in
the service environment may help consumers cope with
the experience of interacting with an HSR and enhance the
experience for the customer.

Machinize robots as desired. Reminding consumers that
the HSR is only a machine will help reduce compensatory
consumption.

Anthropomorphizing HSRs (e.g., giving HSRs human
names, attributing human emotions to them, increasing
their human-like appearance) may lead to compensatory
consumption.

Utilize HSRs in the sale of status products, as consumers
cope with the experience of an HSR by purchasing status
products.

When consumers choose to consume unhealthy food
products (e.g., burgers, cake), the use of an HSR may
increase sales.

Highlighting a product’s/service’s health benefits (e.g.,
focusing on health functions or healthy ingredients) and
positioning the product around such benefits reduces
compensatory consumption.

e Forcing customers to interact with HSRs (i.e., without an
option for a human service provider) may lead to
unintended consequences such as increased consumption
levels.

e Consumers with a high tendency to anthropomorphize (a
trait variable) may tend to overconsume with humanoid
robots to the extent that they anthropomorphize HSRs.

e Service settings where compensatory consumption does
not translate into additional sales or can even drive
increased costs for the firm or harm consumers (e.g., all-
you-can-eat restaurants).

e In settings where consumers lack social belonging (e.g.,
elderly consumers living alone) or social belonging is not
reinforced (in which consumers tend to consume a service
alone), care should be taken with the use of HSRs.

e Anthropomorphizing HSRs can result in uncanny HSRs
that create discomfort. When introducing such HSRs,
reminding consumers that the HSR is a machine and that
the consumer can connect to other humans may help
alleviate unintended consequences.

e Pairing HSRs with unhealthy products such as food
perceived to be unhealthy results in increased
consumption, which may undermine consumer health and
well-being.

e Using an HSR to sell status products may cause consumers
to overspend, potentially decreasing consumer financial
well-being.

Limitations and Further Research

Limitations of our work open avenues for further research.
First, we used scenarios and videos as stimuli because access
to fully programmed HSRs is still limited. However, as more
robots enter the marketplace, researchers could examine actual
customer—HSR encounters. Second, while we find that consu-
mers respond to HSRs with an increased desire for food, some
research suggests the opposite stress—eating link (e.g., reduced
food intake or a general avoidance of the stressor; Macht 2008;
Moschis 2007). Because leaving a restaurant might be more
viable than leaving our studies was for our participants, we
recognize that consumers might choose other coping reactions
than the ones shown in this research. Third, we recognize the
need for a more nuanced examination of mediators. For exam-
ple, further research could examine fine-grained differences in
self-discrepancies and related consumer affect in customer—

HSR encounters (e.g., Will distinct forms of discomfort
emerge, such as anxiety, mortality salience, loss of control, fear
of job loss, or reactance to cost-cutting in companies? When
and why might social emotions [e.g., embarrassment, shame,
guilt, jealousy] occur in consumer—HSR encounters? Are con-
sumers distracted by HSRs, which might undermine self-
control and result in suboptimal choices?). Research should
also explore additional forms of compensatory consumption
driven by customer—HSR encounters (e.g., Mandel et al.
2017) such as a preference for familiar (vs. less familiar) brands.
We also note that our data do not address the effects for a company
or brand (e.g., repurchase, word of mouth). Although consumer
inferences about frontline staff affect the organization (Matta and
Folkes 2005), brand personality might moderate this effect
(Aaker 1997). Fourth, future studies could explore design-
related effects by comparing robots that have distinct features
with each other. For example, customer (dis)comfort with service
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robots might depend on a robot’s relative height (Hiroi et al. 2012)
or its cuteness (Nenkov and Scott 2014). Such research should
also take into account different service settings (e.g., medical vs.
security services) and corresponding stereotypes about such ser-
vice providers. For example, people perceive a male-looking
robot as more agentic than a female-looking robot, but they view
the female-looking robot as more communal. These appearance-
based inferences extend to the robot’s task because people believe
stereotypically male tasks are a better fit for male rather than
female robots, and vice versa (Eyssel and Hegel 2012). Such
insights raise the thought-provoking question of whether and
which human-related stereotypes (e.g., regarding gender or age)
influence how customers respond to HSRs. Finally, we study
first-time customer—robot encounters; we do not capture whether
our effects persist over multiple encounters with an HSR.
Although empirical work in this area is scarce (Dziergwa et al.
2018), examining customer—robot interactions over time (e.g.,
service relationships) is important.
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