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Abstract

Research background: Progress in artificial intelligence (AI) and robotics is reshaping the
service landscape and driving technological innovation. Service robots are increasingly intro-
duced to improve performance and support frontline employees in mitigating emotional and
physical strains. However, evidence remains limited on whether service robots truly protect
employees from stressors such as customer incivility. Drawing on the conservation of re-
sources (COR) theory, this study addresses this gap by conceptualizing service robots as
context-dependent technological resources and examines how their efficacy depends on or-
ganizational support and employee knowledge in robot-enabled environments.

Purpose of the article: This study examined how customer incivility depletes frontline em-
ployees’ resources and when these adverse effects can be mitigated in human-robot contexts.
We assessed the mediating role of work engagement between customer incivility and in-role
service performance and customer-helping behavior, and the moderating effects of service
robot support and robot knowledge.

Methods: We collected data from 200 frontline employees in South Korea, a region with rapid
service robot integration. We utilized a two-wave survey design with a two-month interval to
minimize common method variance. Hypotheses were tested via path analysis in Mplus using
bootstrapping (N = 5,000).

Findings & value added: Work engagement mediated the negative relationships between
customer incivility and both in-role service performance and customer-helping behavior. We
observed a significant three-way interaction among customer incivility, service robot support,
and service robot knowledge on work engagement. When both service robot support and
robot knowledge were high, the negative effects of customer incivility on work engagement
and indirect outcomes were weakest. This study advances research on technology-enabled
work by demonstrating that service robots function as context-dependent technological re-
sources. Our findings highlight the importance of robot support and employee robot-related
knowledge in buffering resource depletion and enhancing resilience in robot-enabled envi-
ronments.

Introduction

Rapid advancements in artificial intelligence (AI) and robotics are funda-
mentally transforming the service landscape and reshaping employees’
skills and well-being (Cramarenco et al., 2023). Beyond enhancing opera-
tional efficiency, service robots are increasingly being integrated into roles
that support service employees in managing the emotional and physical
demands that arise during customer interactions (Shin ef al., 2025; Yang &
Wu, 2026; Yu et al., 2026). Yet, the successful adoption of such innovations
is not solely a matter of technological deployment (Balcerzak et al., 2026)—
it is equally contingent on the knowledge that employees develop, apply,
and leverage in robot-enabled work environments (Le & Cayrat, 2025;
Paluch et al., 2022; Saiyed et al., 2026). Accordingly, understanding how
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employee knowledge shapes the outcomes of service robot innovation con-
stitutes a pressing and underexplored question at the intersection of inno-
vation management and knowledge application.

Recent studies have widely discussed the potential of technological ad-
vancements to alleviate emotional labor and reduce customer-related stress
(Gong, 2025; Shin et al., 2025). However, empirical evidence regarding the
extent to which service robots shield employees from interpersonal stress-
ors remains limited. In particular, in human-robot coworking service envi-
ronments, it remains unclear whether employees who interact with service
robots are genuinely protected from customer-induced stress or whether
customer incivility continues to undermine their job performance. Address-
ing this question is not only theoretically significant but also practically
urgent, as organizations worldwide are investing heavily in service robot
innovation without fully understanding how employee knowledge medi-
ates the translation of these technological investments into performance
outcomes.

Customer incivility refers to low-intensity negative interpersonal behav-
iors perpetrated by customers, including rude language, interrupting em-
ployees, or expressing complaints aggressively, which disregards or disre-
spects employees (Sommovigo et al., 2025). In typical service settings, the
asymmetric power afforded to customers can justify or tolerate uncivil
behavior toward employees, creating a routine source of stress for service
workers (Zhu et al., 2019). Prior research has shown that customer incivility
exacerbates emotional exhaustion (Hur et al., 2016), increases turnover in-
tention, and reduces job satisfaction (Alola et al., 2019). Moreover, these
negative experiences can spill over beyond the workplace (Zhu et al., 2021),
ultimately impairing employees’ psychological well-being and overall
work-related quality of life (El-Sherbeeny et al., 2024; Baker & Kim, 2020).
However, previous studies have primarily focused on establishing these
detrimental effects, with limited attention paid to how technology-based
resources, such as service robots, may buffer these negative processes.

In particular, existing research has emphasized human-centered and re-
lational resources, including supervisor and coworker support (Baker &
Kim, 2020; Im et al., 2024; Zhu et al., 2019), job crafting (Zahoor & Siddiqj,
2023), person—job fit (Shin et al., 2024), individual-level traits such as resili-
ence and religious beliefs (Al-Hawari et al., 2020; Nguyen-Viet & Nguyen,
2026), and mindfulness (Gaan & Shin, 2024; Tam ef al., 2025), as key buffer-
ing mechanisms. While these studies have highlighted the importance of
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socio-psychological resources in protecting employees from customer inci-
vility, our understanding of how technology-based resources—particularly
service robots—reshape resource depletion processes remains limited. No-
tably, when employees lack sufficient knowledge to understand and utilize
technological resources, such technologies may function not as support
mechanisms but rather as additional sources of cognitive burden and tech-
nostress (Liu & Kamioka, 2025). This suggests that employees” knowledge
and capabilities may be more critical than the mere presence of technologi-
cal systems.

This study addresses this gap through the lens of the conservation of re-
sources (COR) theory. The COR theory posits that individuals are motivat-
ed to acquire, retain, protect, and foster resources that they deem valuable,
and the depletion of key resources can accelerate further losses (Hobfoll,
2001). This study conceptualizes work engagement as a core psychological
resource and argues that customer incivility depletes this resource, thereby
undermining service performance and customer-helping behaviors. Simul-
taneously, this study conceptualizes service robot support as a job resource
and service robot knowledge as a personal resource, proposing that their
combination can effectively buffer the negative effects of customer incivili-
ty. In particular, service robot knowledge is viewed as not merely technical
proficiency but a critical mechanism that enables employees to activate and
effectively utilize technology-based resources in their work.

Furthermore, this study recognizes that technology-based resources do
not always function positively. For instance, when employees possess high
levels of robot-related knowledge but organizational-level robot support is
insufficient, they may be required to independently manage system errors
or technological limitations. This can increase technological complexity and
overload, generating additional cognitive strain and stress (Agarwal et al.,
2025; Trougakos et al., 2015). Consequently, technological stress com-
pounds emotional strain from customer incivility rather than alleviating
resource depletion. This highlights the fact that the effectiveness of tech-
nology-based resources depends on the alignment between organizational
support and employee knowledge.

The central contribution of this study lies in identifying the boundary
conditions under which technology-based resources can effectively buffer
the resource depletion process—and, more critically, in illuminating the
pivotal role of knowledge as the activating mechanism that determines
whether technological innovation translates into tangible human resource
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outcomes. Grounded in COR theory, this study focuses on the interaction
between a job resource (service robot support) and a personal resource
(service robot knowledge). In COR theory, personal resources are internal
characteristics, such as skills or self-efficacy, that enable individuals to exert
control over their environment and successfully leverage available job re-
sources (Islam et al., 2023; Kong et al., 2026). In the service robot context,
service robot support acts as an instrumental resource by providing a psy-
chological space for recovery (Yue et al., 2017). However, this job resource
cannot be fully effective unless employees possess the requisite robot-
related knowledge—a form of task-specific technological knowledge that
governs how effectively individuals can harness innovation to their benefit.

This focus on knowledge is particularly germane to contemporary de-
bates on digital transformation and the future of work. As service organiza-
tions adopt increasingly sophisticated robotic technologies, a critical gap
has emerged between the availability of technological innovation and em-
ployees’ capacity to benefit from it (Christ-Brendemiihl & Schaarschmidt,
2020). Knowledge —specifically, employees” understanding of how to oper-
ate, collaborate with, and derive value from service robots—functions as
the critical bridge between technological investment and human perfor-
mance outcomes. Without sufficient knowledge, the presence of service
robots may inadvertently increase cognitive demands or trigger “tech-
nostress,” potentially exacerbating rather than mitigating resource loss.
This phenomenon underscores the importance of viewing knowledge not
merely as a personal attribute, but as a strategic organizational resource
that must be actively cultivated alongside technological innovation to real-
ize its full potential (Liu & Kamioka, 2025).

Therefore, this study investigates the process through which customer
incivility affects service performance and customer helping behavior via
work engagement and examines the conditions under which technology-
based resources—service robot support and service robot knowledge—
attenuate or amplify this process. Specifically, this study tests the mediat-
ing role of work engagement in the relationship between customer incivili-
ty and service outcomes, examines whether service robot support moder-
ates the negative effect of customer incivility on work engagement, and
assesses a three-way interaction between customer incivility, service robot
support, and robot-related knowledge to identify the conditions under
which technological innovation resources operate effectively.
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The findings integrate the protective and conditional roles of technolo-
gy-based resources and highlight employee knowledge as a key mecha-
nism linking technological innovation to human performance. In doing so,
this study extends the literature on customer incivility and provides practi-
cal implications for how organizations can strategically develop employee
knowledge to maximize the effectiveness of service robot innovation. To
this end, a two-wave time-lagged survey was conducted among full-time
frontline service employees working with service robots in South Korea.
This study further emphasizes the importance of employee knowledge as
a central mechanism connecting technological innovation and human per-
formance, offering implications for organizational behavior and human
resource management research, as well as digital transformation practices.

The remainder of this paper is organized as follows: Section 2 reviews
the literature and develops the hypotheses; Section 3 describes the method-
ology; Section 4 presents the empirical results; and Section 5 discusses the
theoretical and practical implications and limitations and concludes the

paper.

Literature review and hypothesis development
Conservation of resources theory

COR theory posits a motivational framework for explaining individual
behavior, assuming that people strive to acquire, maintain, protect, and
enhance the resources they value (Hobfoll, 2001). Resources encompass
awide range of forms, including physical objects, conditions, personal
characteristics, and energy, and are not only defined at the individual level
but also exhibit supra-cultural properties shaped by social and cultural
contexts (Zhu et al., 2021). COR theory provides a useful lens for under-
standing the impact of customer incivility on employees (Alola et al., 2019;
Xie et al., 2023).

According to COR theory, stress arises in situations of resource loss,
threat of resource loss, or failure to gain resources following resource in-
vestment, with resource loss exerting far more potent psychological and
behavioral effects than resource gain (Hobfoll, 2001). From this perspective,
incidents of customer incivility can deplete employees’ psychological re-
sources, such as self-efficacy (Hur et al., 2022b), self-esteem (Sommovigo et
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al., 2025), and affective states (Alola et al., 2019; Xie et al., 2023), potentially
reducing job engagement and resilience over time (Jang et al., 2020).

COR theory further emphasizes that resources do not exist in isolation
but are interconnected, forming 'resource caravans' that move collectively
(Hobfoll, 2001). Individuals generally possess multiple linked resources,
and conversely, resource deficiencies tend to co-occur. Resource caravans
act as protective buffers that help individuals and groups recover from
losses and respond to stressors. Individuals use optimization and compen-
sation strategies in response to resource losses or threats (Hobfoll, 2012).
Optimization involves maximizing an individual’s remaining resources to
minimize loss, whereas compensation entails supplementing deficits or
inadequacies with alternative resources to maintain functionality. Through
proactive coping, individuals and groups acquire, maintain, and enhance
resources in advance, thereby mitigating potential losses by adjusting the
fit between resources and environmental demands.

Prior research has applied COR theory to clarify the negative effects of
customer incivility on employees. Al-Hawari et al. (2020) proposed that
customer incivility and abusive supervision increase emotional exhaustion,
which undermines service performance and customer satisfaction. In this
process, individual resilience buffers the relationship between resource loss
and emotional exhaustion, with employees with low resilience exhibiting
stronger negative effects. Sommovigo et al. (2019) found that repeated ex-
periences of customer incivility lead to accumulated resource loss through
emotional labor, ultimately impairing job satisfaction and psychological
well-being. Similarly, Hur et al. (2022b) and related studies have presented
a loss spiral model, demonstrating that customer incivility depletes per-
sonal resources, such as self-efficacy and self-esteem, thereby decreasing
work engagement and performance. However, prior research has largely
overlooked the conflicting effects of multidimensional contextual factors,
particularly technology-based resources, while focusing on resource loss
induced by customer incivility. The literature presents a tension in how
service robots are conceptualized: On the one hand, they are regarded as
valuable job resources that alleviate employees” workload; on the other
hand, they are viewed as potential sources of cognitive overload in the
form of technostress arising from adaptation to new technologies (Sharif et
al., 2025; Zhang et al., 2025). Against this theoretical inconsistency regard-
ing whether technology functions as a resource or an additional stressor,
this study seeks to clarify that service robots function as genuine protective
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resources only when organizational support and employees’ technological
knowledge are jointly present and aligned.

Accordingly, this study addresses these gaps. By conceptualizing work
engagement as a core psychological resource and empirically examining
how customer incivility diminishes engagement, this study extends the
focus beyond emotional exhaustion to include behavioral performance
outcomes, specifically in-role performance and customer helping behav-
iors. Furthermore, this study integrates technology-based resources, name-
ly, service robot support, within a resource caravan framework as a condi-
tional buffering mechanism. This theoretical integration highlights a path-
way through which repetitive work demands can be mitigated, thereby
enabling employees to allocate their limited resources to productive en-
gagement.

Mediation role of work engagement between customer incivility and employee
behaviors

Work engagement is a positive and fulfilling work-related state that re-
flects the investment of psychological energy and dedication in one’s tasks,
including vigor, dedication, and absorption (Schaufeli et al., 2017). COR
theory (Hobfoll, 1989, 2001) posits that individuals are motivated to ac-
quire, maintain, and protect valued resources and that psychological stress
occurs when these resources are threatened or lost. Resources include per-
sonal assets, such as physical strength, self-efficacy, and self-esteem, as well
as social resources, including support from colleagues and supervisors and
feedback in the workplace (Zhu et al., 2021).

Customer incivility is a critical occupational stressor that can trigger re-
source loss. Emotional resources are depleted when employees regulate
their emotions and maintain courtesy in interactions with rude customers,
while cognitive and psychological resources are consumed when handling
customer requests and resolving problems (Grandey et al., 2004). Consider-
ing the unpredictable nature of customer incivility, employees must remain
vigilant to protect their resources, which leads to additional resource ex-
penditure (Hobfoll et al., 2018). Such cumulative resource loss reduces
work engagement and, if repeated, can form a loss spiral that progressively
diminishes engagement levels (Hwang et al., 2022).

Employees can fully invest in their work only when sufficient psycho-
logical availability is maintained (Kahn, 1990). Repeated low-intensity
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stressors, such as customer incivility, gradually deplete emotional and cog-
nitive resources. Resource-depleted employees adopt defensive strategies
to avoid further losses, which naturally leads to decreased work engage-
ment. Consequently, depletion of an employee’s engagement reservoir may
impair positive task-related behaviors, including high-quality service de-
livery and discretionary customer helping behaviors.

Studies have demonstrated that work engagement mediates the rela-
tionship between customer incivility and various performance outcomes.
For instance, Hwang et al. (2022) reported that work engagement mediates
the relationship between customer incivility and job crafting; Mostafa
(2022) found mediation between customer incivility and service-oriented
organizational citizenship behaviors, while Jang et al. (2020) and Zhu et al.
(2019) empirically confirmed mediation between customer incivility and
proactive service performance or extra-role customer service. However,
existing research has yet to comprehensively examine the mediating role of
work engagement on intra- and extra-role performance outcomes. Recent
studies indicate that frontline service employees (FSEs) who experience
customer incivility ultimately face emotional resource depletion, which
decreases work engagement (Jin et al., 2025; Khanam & Tarab, 2025). Ac-
cordingly, this study investigates the negative impact of customer incivility
on service performance and customer helping behavior.

Hypothesis 1: FSEs’ work engagement mediates the negative relationship between
experiences of customer incivility and service performance.

Hypothesis 2: FSEs’ work engagement mediates the negative relationship between
experiences of customer incivility and customer helping behavior.

Three-way interaction between service robot support, service robot knowledge, and
customer incivility

According to COR theory, acquiring supplementary resources can miti-
gate the adverse effects of resource loss (Hobfoll, 2001). Technological sup-
port, such as service robots, can function as a supplemental resource by
alleviating repetitive and depleting work demands, thereby protecting
employees’ core psychological energy and sustaining their work engage-
ment (Gong, 2025). For example, in hotel and restaurant settings, when
robots handle functional tasks, such as delivery and basic customer service,
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employees can focus more on high-value tasks, including emotional labor
and customer interactions (Shin et al., 2025). When employees perceive
service robots as providing reliable support, they can integrate them into
existing resource caravans, enhancing their resilience against stressors by
buffering the negative impact of resource depletion.

Previous research has shown that person—job fit serves as a buffering
factor that mitigates the psychological rumination caused by customer
incivility (Shin et al., 2024). Similarly, studies on job crafting have demon-
strated that job design and social-structural resources can act as buffers,
reducing the emotional exhaustion resulting from customer incivility (Za-
hoor & Siddiqi, 2023). Research on employee resilience (Al-Hawari et al.,
2020) and managerial support (Baker & Kim, 2020) indicates that individual
resilience or supervisory support can buffer the negative effects of custom-
er incivility on emotional exhaustion and performance. At the organiza-
tional level, studies on collective mindfulness (Gaan & Shin, 2024) and or-
ganizational control (Hur et al., 2022b) have demonstrated the buffering
effects of organizational resources.

Extending this research stream, perceived service robot support repre-
sents a technologically embedded buffering resource that operates directly
during service encounters. Unlike dispositional or relational buffers, per-
ceived robot support reduces employees’ immediate exposure to emotion-
ally taxing customer interactions by offloading repetitive, confrontational,
and high-demand tasks. From a COR perspective, such support helps con-
serve employees’ finite emotional and cognitive resources and creates op-
portunities for short-term disengagement from stressors, which is essential
for resource recovery. Accordingly, perceived service robot support is ex-
pected to function as a critical moderator, weakening the negative relation-
ship between customer incivility and work engagement.

Hypothesis 3: FSEs’ perceived service robot support moderates the negative rela-
tionship between experiences of customer incivility and work engagement. This
relationship is less pronounced when perceived service robot support is high than
when it is low.

COR theory further emphasizes that resource loss is most severe in the
absence of protective resources (Hobfoll, 2012). Extending this line of rea-
soning, this study assumes that the effectiveness of technology-based re-
sources is determined not only by their presence but also by the alignment
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between organizational support and individuals” capability to utilize them.
In particular, robot-related knowledge is conceptualized as more than
a simple personal resource; it functions as a form of functional competence
that enables the understanding and effective use of technology. From the
COR perspective, it operates not only as a psychological resource but also
as an enabling mechanism that determines the usability of technology-
based resources (Halbesleben et al., 2014).

When both service robot support and robot-related knowledge are high,
employees can seamlessly understand and utilize technological systems,
whereas organizational support simultaneously reduces technological un-
certainty and operational burden. Under such conditions, the potential of
technological resources is fully activated and the cognitive load is mini-
mized, thereby effectively buffering the resource depletion triggered by
customer incivility. This implies that when resources are sufficiently “acti-
vated,” they can function as protective resources that effectively interrupt
COR-based resource loss processes (Ma et al., 2021). By contrast, when both
service robot support and robot-related knowledge are low, employees are
unable to fully leverage technological resources and must cope with cus-
tomer demands using limited personal resources. This state of resource
scarcity intensifies the negative effects of customer incivility and may ac-
celerate the loss spiral through continuous resource depletion (Hwang et
al., 2022).

More importantly, an asymmetric effect emerges under mixed condi-
tions. When robot-related knowledge is high but organizational service
robot support is low, employees are likely to act as informal troubleshoot-
ers who must independently resolve the errors, limitations, and operational
issues of service robots. This expanded role increases both technological
responsibility and task demands, which may, in turn, increase cognitive
strain and stress responses through technological overload and complexity
(Tarafdar et al., 2007). Conversely, when service robot support is high but
robot-related knowledge is low, employees may be unable to fully under-
stand or effectively utilize the provided technological resources, thereby
increasing uncertainty in technology use. In other words, the mere pres-
ence of technological resources does not guarantee their protective effects.
Rather, their effectiveness is conditioned by individual capabilities. Conse-
quently, even when organizational support is sufficient, the expected buff-
ering effect may be weakened because of constrained resource utilization
(Balcerzak et al., 2026; Kong et al., 2026).
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This study suggests that the effects of technology-based resources vary
depending on how organizational support and individual knowledge lev-
els are combined. This refines the core proposition of the COR theory that
resource effects are determined not by mere possession but by usability.
Furthermore, it demonstrates that technology adoption does not always
lead to positive outcomes; instead, its effects depend on the degree of
alignment between organizational conditions and individual capabilities
(Balcerzak et al., 2026). Accordingly, service robot support and robot-
related knowledge are expected to function as key moderators conditional-
ly influencing the negative effects of customer incivility on employees’ job
engagement. This relationship is hypothesized to be the strongest when
both service robot support and robot-related knowledge are low.

Hypothesis 4: FSEs’ perceived service robot support and knowledge moderate the
negative relationship between experiences of customer incivility and work engage-
ment. This relationship is most pronounced when both service robot support and
robot-related knowledge are low.

Despite the growing body of research examining technology-enabled
environments, several empirical and methodological limitations remain
unresolved. First, prior studies rely on cross-sectional and single-wave
survey designs, which raise concerns regarding common method variance
(CMV), particularly when psychological perceptions and behavioral out-
comes are measured simultaneously (Podsakoff et al., 2012). Second, exist-
ing research often overlooks contextual heterogeneity across service set-
tings in which service robots are implemented, potentially biasing the es-
timation of technology-related interaction effects. Because organizational
support systems, technological infrastructure, and employee capabilities
may differ substantially across industries, the effectiveness of technology-
based resources may not be uniformly manifested across contexts (Shin et
al., 2024; Agarwal et al., 2025). These limitations suggest the need for a more
rigorous research design capable of capturing the context-dependent na-
ture of technology-enabled resources. Accordingly, the present study
adopts a time-lagged survey design and incorporates industry-level con-
trols to improve internal validity and more accurately examine the joint
moderating effects of service robot support and robot-related knowledge.
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Method
Sample and procedure

The participants were recruited from a professional online research panel
in South Korea, specifically targeting full-time FSEs. We applied several
screening criteria to ensure the quality and relevance of the sample. Partic-
ipants were required to have at least one year of experience in their current
role and direct experience working alongside service robots. The sample
represented a diverse range of service industries, including retail, finance,
hospitality, and food services. Before the survey, all participants were in-
formed of the study objectives and provided consent with strict guarantees
of anonymity and the right to withdraw voluntarily.

Data were collected in two distinct phases with a two-month interval
(November 2023 to January 2024) to minimize common method bias and
examine time-lagged relationships. At Time 1 (T1), 300 of the 399 initially
recruited employees completed the survey, providing data on customer
incivility, service robot support, service robot knowledge, work engage-
ment, and demographics. Two months later (Time 2; T2), we contacted
these individuals again to measure their service performance and customer
helping behaviors. Responses from both waves were integrated using
unique email identifiers, resulting in a final longitudinal sample of 200
participants (50.1% retention rate).

The final group was 60% male, with an average age of 35.24 years
(SD =7.62) and a mean tenure of 4.59 years (SD = 3.78). The industry distri-
bution included retail (43.0%), food service (36.5%), hospitality (11.5%), and
banking (9.0%). Most respondents (79.0%) held a bachelor’s degree. A one-
way ANOVA was performed to compare T2 respondents (N = 200) with
non-respondents (N = 100), addressing potential attrition bias. The results
showed significant differences in gender (F = 4.93, p <.05) and job tenure
(F=4.78, p <.05), leading us to include these variables as covariates in sub-
sequent analyses. Although the attrition bias tests showed significant dif-
ferences in gender and tenure between T1 and T2, their impacts on the final
results were negligible. Gender significantly predicted T1 work engage-
ment (b = -.19, p < .05), with female participants reporting higher engage-
ment, but it had no significant effect on T2 service performance (b = —.08,
p > .05) or customer helping behavior (b = -.07, p > .05). This indicates that
attrition did not systematically bias the primary outcome variable. To en-
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sure statistical rigor, gender and tenure were included as control variables
across all paths, thus confirming the robustness of the hypothesized model.
Based on G*Power 3.1.9.7, our final sample of 200 exceeded the recom-
mended range of 153-184 required to achieve a power of .95 and a medium
effect size (Cohen, 1988; Faul et al. 2009).

Measures

We followed the back-translation protocol established by Brislin (1970)
to ensure the linguistic and conceptual equivalence of the instruments.
Most variables were assessed using a 5-point Likert scale, ranging from
“strongly disagree” (1) to “strongly agree” (5), whereas a different scaling
method was applied to the customer incivility measure (refer to the Ap-
pendix for the complete list of items). All variables possessed a reliability
score greater than .70 (Nunnally, 1978).

Customer Incivility. Customer incivility was measured using 10 items
from Wilson and Holmvall’s (2013) scale. Response options ranged from 1
(never) to 5 (very often). A sample item is “How often have customers con-
tinued to complain despite your efforts to assist them?” Cronbach’s alpha
for this scale was .94.

Service robot support. We measured service robot support by modify-
ing six items of the instrumental support scale (Settoon & Mossholder,
2002; Tews et al., 2013) (e.g., “My service robots assist me with heavy work-
loads”), substituting the term “my coworkers” with “my service robots.”
Before the study, we conducted a pre-test to obtain feedback from five ser-
vice industry experts and three scholars (not including the authors) who
reviewed the perceived service robot support scale to test and enhance the
study’s face validity. Cronbach’s alpha for this scale was .86.

Service robot knowledge. Five items on service robot knowledge were
adapted from Chiu et al.’s (2021) scale by substituting the term “Al” with
“my service robots.” The theoretical justification for this adaptation lies in
the conceptualization of service robots as embodied Al that is, the core
operational capacity of service robots fundamentally relies on Al systems
(Wirtz et al., 2018). In this study, “knowledge” specifically refers to the em-
ployees’ functional and interactional knowledge —that is, their understand-
ing of how to interact with the robot, utilize its functions for service deliv-
ery, and handle basic problem-solving in front of customers, rather than
technical programming or engineering knowledge. Before the study, we
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conducted a pre-test to obtain feedback from five service industry experts
and three scholars (not including the authors) who reviewed the perceived
service robot support scale to test and enhance the study’s face validity.
A sample item is, “I know pretty much about service robots.” Cronbach’s
alpha for this scale was .87.

Work engagement. Consistent with previous studies (e.g., Hwang et al.,
2022; Osmanovic et al., 2024), work engagement was assessed using three
items from Schaufeli et al.’s (2017) ultrashort measure of work engagement
(Utrecht Work Engagement Scale-3; UWES-3). The UWES-3 represents the
full work engagement scale (UWES-9), as demonstrated by Schaufeli et al.
(2017), who reported a high correlation (.80-.85) between the UWES-3 and
the UWES-9 in a multi-country study. A sample item is “At my work, I feel
bursting with energy.” Cronbach’s alpha for this scale was .82.

Service performance. We evaluated service performance using four
items from Liao and Chuang’s (2004) service performance scale. Sample
answers include “I was friendly and helpful to customers.” Cronbach’s
alpha for this scale was .80.

Customer Helping Behavior. We evaluated customer helping behavior
utilizing a three-item instrument developed by Yue et al. (2017). A repre-
sentative item is, “I voluntarily assist customers even if it means going
beyond my job requirements.” The scale demonstrated acceptable internal
consistency, with a Cronbach'’s alpha of .77.

Control Variables. Several demographic characteristics (age, gender,
and job tenure) and affective traits (positive and negative affectivity) were
included as covariates to ensure the robustness of our findings and account
for potential confounding influences (Hur et al., 2026). This decision was
based on prior evidence suggesting their impact on work engagement (Hur
et al., 2024; Hwang et al., 2025), service performance (Hur et al., 2022a;
2022b), and helping behaviors (Lee et al., 2023). Furthermore, to account for
potential heteroskedasticity across different sectors, and consistent with
previous methodologies (e.g., Kang et al., 2023; Hur & Shin, 2024), we ad-
justed for industry-specific effects using three dummy variables represent-
ing retail, banking/finance, food/beverage, and hospitality/tourism indus-
tries. Participants’ affective dispositions were captured using a six-item
version of Watson et al.’s (1988) scale. A full list of the measurement items
is provided in the Appendix.
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Analytic strategy

We examined our hypothesized model using path analysis with the
Mplus-based PROCESS macro (i.e., Models 1, 3, 4, 7, and 11) as developed
by Stride et al. (2015), utilizing the standard maximum likelihood estimator.
This approach enabled the simultaneous testing of direct, mediating, and
moderated mediation effects. In accordance with Hayes (2022), all exoge-
nous variables were mean-centered before the analysis to minimize multi-
collinearity. Furthermore, we used a bootstrapping procedure with 5,000
resamples to determine the statistical significance of the mediation and
moderated mediation pathways (Hayes, 2022).

Results
Reliability and validity

Descriptive statistics and correlation matrices for all study variables are
presented in Table 1. Skewness and kurtosis values ranged from -.33 to
2.89 and from -2.02 to 6.40, respectively. All values fell within the accepted
criteria for normality (Iskewness| < 3 and lkurtosis| < 10; Kline, 2016),
indicating that the distributions did not deviate substantially from normali-
ty. We performed a confirmatory factor analysis (CFA) using Mplus 8.10 to
verify the psychometric integrity of the measurement model (Muthén &
Muthén, 2017). We also used the item-to-construct balance method (Little et
al., 2002) to mitigate the risk of misestimating validity, particularly when
the ratio of sample size to free parameters is low and a large number of
measurement items are included (Bentler & Chou, 1987). Specifically, we
made parcels with more than six items for variables, creating three-item
parcels for the customer incivility and service robot support measures (Lit-
tle et al., 2002). The CFA results confirmed that the hypothesized eight-
factor model, comprising customer incivility, service robot support, service
robot knowledge, work engagement, service performance, customer help-
ing behavior, and positive and negative affectivity, exhibited a robust fit to
the data: (x2(296) = 420.57, p < .05, comparative fit index [CFI] = .96, Tuck-
er-Lewis index [TLI] = .95, root mean square error of approximation
[RMSEA] = .05, standardized root mean square residual [SRMR] = .05).
These indices support the sound psychometric properties of the scale. As
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Table 1 shows, all variables exceeded the established thresholds of .70 for
composite reliability and .50 for the average variance extracted (AVE), with
composite reliability ranging from .77 to .94 and AVE from .51 to .85 (For-
nell & Larcker, 1981). Additionally, discriminant validity was confirmed,
with the average variance extracted for each construct surpassing the
squared correlations between that construct and all others (Fornell &
Larcker, 1981).

Our data were derived from self-reports; therefore, we addressed poten-
tial common method variance (CMV) issues (Podsakoff et al., 2012). First,
Harman’s single-factor test demonstrated that the eight-factor model fit the
data significantly better than a single-factor model, where all items loaded
onto one factor (x2(324) = 2186.35, p <.05, CFI = .36, TLI = .31, RMSEA = .17,
SRMR = .16; Ax2(28) = 1765.78, p < .01). Second, we introduced a latent
common method factor (LCMF) into the baseline model. The LCMF ac-
counted for less than 7% of the total variance, which is well below the 25%
threshold typically observed in self-report studies (Williams et al., 1989).
These results suggest that CMV did not pose a significant threat to our
findings.

Hypothesis testing

Hypotheses 1 and 2 stated that the negative relationship between FSEs’
experiences of customer incivility and service performance/customer help-
ing behavior was mediated by work engagement. The results of the media-
tion analyses showed that work engagement significantly mediated the
negative relationship between FSEs’ experiences of customer incivility and
service performance (b = —.023, 95% CI [-.074, —.001]; Table 2), supporting
H1. Furthermore, the negative indirect effect of FSEs’ experiences of cus-
tomer incivility on customer helping behavior via work engagement was
statistically significant (b = -.027, 95% CI [-.083, —.001]; Table 2), supporting
H2.

Hypothesis 3 posited that service robot support moderates the negative
relationship between customer incivility and work engagement. Service
robot support significantly mitigated the negative relationship between
customer incivility and work engagement (b = .20, p < .01; Table 3), sup-
porting Hypothesis 3. We plotted this relationship at high, mean, and low
levels of (+ 1 SD) the moderator (Aiken & West, 1991). As illustrated in
Figures 1 and 2, the negative relationship between customer incivility and
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work engagement was significant among FSEs who had a low level of ser-
vice robot support (b = -.32, p < .01), whereas customer incivility was not
related to work engagement among FSEs who reported a high level of ser-
vice robot support (b =-.03, p > .05).

Hypothesis 4 proposed a three-way interaction among customer incivil-
ity, service robot support, and service robot knowledge on work engage-
ment. As Table 3 shows, the three-way interaction was significant (b =-.17,
p < .01). This three-way interaction is illustrated in Figure 3. The results
indicated that customer incivility was negatively associated with work
engagement only when both service robot support and service robot
knowledge were low (b = —.56, p < .01). When either service robot support
or service robot knowledge was low, the relationship between customer
incivility and work engagement was not statistically significant. These find-
ings suggest that service robot support and robot-related knowledge func-
tion as technological resources that buffer the detrimental effects of cus-
tomer incivility on work engagement. Specifically, the negative relation-
ship between customer incivility and work engagement emerged only
when both service robot support and robot-related knowledge were low. In
contrast, when either service robot support or robot-related knowledge was
high, the negative relationship was no longer significant. These findings
indicate that the availability of at least one technological resource may help
employees better cope with stressful customer interactions and protect
them from resource depletion. These findings support Hypothesis 4.

Post hoc analysis

Building on the primary results, we conducted a moderated mediation
analysis using Models 7 and 11 of the PROCESS macro (Hayes, 2022). Spe-
cifically, we examined whether the mediating role of work engagement in
the relationship between customer incivility and the two outcome variables
(service performance and customer helping behavior) was contingent on
the level of technological resources provided by service robots. Table 3
shows that the moderated mediating effects of service robot support were
both significant (b Customer incivility x Service robot support — Work
engagement — Service performance = .042, 95% CI [.008, .102]; b Customer
incivility x Service robot support — Work engagement — Customer help-
ing behavior =.049, 95% CI [.008, .126]; Table 3). This finding indicates that
the positive effect of customer incivility on service performance and cus-
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tomer helping behavior through performance pressure is less pronounced
for employees reporting higher levels of service robot support than for
those reporting lower levels of service robot support.

Furthermore, we explored whether the indirect effect of customer inci-
vility on service performance and customer helping behavior through work
engagement varies depending on the levels of service robot support and
knowledge. We found that the three-way moderated mediation effects of
customer incivility, service robot support, and service robot knowledge on
service performance (b = —-.035, 95% CI [-.095, —.003]) and customer helping
behavior (b = -.042, 95% CI [-.111, —.004]) through work engagement were
statistically significant (Table 3).

Discussion

Drawing on COR theory, this study demonstrates that customer incivility
undermines FSEs’ behavioral performance, primarily by depleting work
engagement as a core psychological resource. Specifically, the findings
show that work engagement mediates the negative effects of customer in-
civility on service performance (in-role behavior) and customer helping
behavior (extra-role behavior). These results highlight that repeated low-
intensity stressors, such as customer incivility, not only influence employ-
ees’ affective states but also translate into observable declines in required
task execution and discretionary customer-oriented behaviors through
resource depletion.

Beyond establishing this mediating mechanism, this study identifies
perceived service robot support as a critical technological buffer in service
encounters. The results indicate that when employees perceive high levels
of service robot support, the negative relationship between customer inci-
vility and work engagement is significantly attenuated. In contrast, cus-
tomer incivility is strongly associated with reduced engagement when per-
ceived robot support is low. These findings position service robots as in-
strumental resources that help conserve employees’ emotional and cogni-
tive energy by reducing their direct exposure to taxing customer interac-
tions, thereby sustaining engagement under adverse conditions.

Moreover, the buffering effect of service robot support is not uncondi-
tional. The three-way interaction results reveal that the protective role of
robot support depends on employees’ service robot knowledge. Customer
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incivility exerts the strongest negative effect on work engagement when
both perceived robot support and robot-related knowledge are low, there-
by leading to poorer service performance and reduced customer helping
behavior. Conversely, high robot support coupled with sufficient
knowledge weakens this negative pathway. Collectively, these findings
underscore that technology-based resources function most effectively as
part of a broader resource caravan, operating as conditional buffers rather
than as automatic safeguards against customer-induced resource losses.

Theoretical implications

First, this study advances customer incivility research by deepening the
theoretical understanding of how low-intensity routine interpersonal
stressors translate into distinct forms of behavioral performance through
resource depletion mechanisms. Although prior studies have established
that customer incivility undermines employee well-being and performance
(Alola et al., 2019; Hur et al., 2016; Zhu et al., 2019), they have often treated
performance outcomes in an aggregated or undifferentiated manner. By
simultaneously examining in-role service performance and extra-role cus-
tomer helping behavior, this study demonstrates that customer incivility
affects mandatory and discretionary service behaviors through the erosion
of work engagement. This distinction is theoretically important because it
reveals that resource loss not only reduces overall performance but also
reshapes how employees prioritize effort allocation under resource con-
straints, which is consistent with COR theory’s emphasis on defensive con-
servation strategies (Hobfoll, 2001).

Second, this study contributes to COR theory by positioning work en-
gagement as a core finite resource that functions as a key transmission
mechanism between interpersonal stressors and behavioral outcomes. Alt-
hough work engagement has frequently been examined as an outcome of
customer mistreatment (Hwang et al., 2022; Mostafa, 2022), this study con-
ceptualizes it as a central psychological reservoir that enables sustained
task execution and voluntary customer-oriented behavior. Accordingly,
this study extends loss spiral logic by showing that engagement depletion
precedes and explains declines in both in-role and extra-role performance,
thereby moving beyond emotion-focused outcomes, such as exhaustion.
This resource-based conceptualization offers a more behaviorally grounded
account of how incivility-induced resource loss unfolds in service work.
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Third, this study extends the COR literature by integrating service ro-
bots as technology-based instrumental resources within employees’ re-
source caravans. Prior incivility research has predominantly focused on
human-centered buffers, such as resilience, job crafting, supervisory sup-
port, and collective mindfulness (Al-Hawari et al., 2020; Baker & Kim, 2020;
Gaan & Shin, 2024; Zahoor & Siddiqi, 2023). In contrast, this study theoriz-
es and empirically demonstrates that perceived service robot support oper-
ates as an encounter-level buffering mechanism that directly reduces em-
ployees’ exposure to resource-draining customer interactions. This finding
broadens COR theory by illustrating how technological artifacts, not only
social or personal resources, can function as protective resources that con-
serve emotional and cognitive energy in high-contact service contexts.

Fourth, the findings extend the COR theory by elucidating the contin-
gent mechanisms through which technological resources operate. Specifi-
cally, the results empirically demonstrate that it is not merely the posses-
sion of resources that determines their effectiveness but rather the extent to
which individuals possess the knowledge and capabilities required to acti-
vate and utilize those resources. According to the COR theory, individuals
are motivated to acquire, retain, and protect valuable resources, and the
loss of such resources can trigger further resource depletion (Hobfoll,
2012). Extending this logic, the present study suggests that the effectiveness
of resources is determined not simply by their presence but also by their
availability for effective utilization.

More specifically, the findings showed that the negative relationship be-
tween customer incivility and work engagement emerged only when both
service robot support and robot-related knowledge were low. In contrast,
when either service robot support or robot-related knowledge was high,
the negative relationship was no longer significant. These findings indicate
that the availability of at least one technological resource may help em-
ployees better cope with stressful customer interactions and reduce vulner-
ability to resource depletion. Prior research has suggested that technologi-
cal complexity and insufficient technological support can increase employ-
ees’ cognitive strain and technostress (Tarafdar et al., 2007). From the per-
spective of the transactional stress theory, when individuals appraise tech-
nological demands as exceeding their coping resources, a stress-resource
imbalance arises, which in turn leads to anxiety and resource depletion
(Lazarus & Folkman, 1984). Consistent with these perspectives, the present
findings imply that employees may become more vulnerable to the detri-
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mental effects of customer incivility when both organizational technologi-
cal support and individual robot-related knowledge are lacking.

Taken together, these findings suggest that technological resources can
buffer the detrimental effects of customer incivility even when only one
form of resource is available. This finding extends COR theory by demon-
strating that technological resources do not necessarily need to coexist sim-
ultaneously to exert protective effects; rather, the presence of either organi-
zational technological support or individual robot-related knowledge may
help employees cope with stressful customer interactions. Furthermore, the
study supports prior research suggesting that the effectiveness of techno-
logical adoption depends on employees’ ability to access and utilize availa-
ble resources in workplace contexts (Balcerzak et al., 2026). Overall, the
findings advance the understanding of human-technology interaction by
highlighting the buffering role of technological resources in protecting em-
ployees from resource depletion.

Finally, this study advances theories at the intersection of service robot-
ics and employee psychology by shifting the focus from automation out-
comes or efficiency gains to resource dynamics within frontline service
work. Rather than treating robots as exogenous technological tools, this
study conceptualizes them as embedded components of employees’ psy-
chological resource systems, the effectiveness of which depends on percep-
tions, competencies, and situational demands. By linking service robots to
work engagement, behavioral performance, and COR-based buffering pro-
cesses, this study provides a more integrative theoretical framework for
understanding human-robot coexistence in service environments charac-
terized by chronic interpersonal stressors, such as customer incivility.

Practical implications

This study has several important practical implications. First, the find-
ings highlight the importance of managing customer incivility not only as
a customer relations issue but also as a resource management challenge
that directly affects employees” work engagement and service behaviors.
Managers should move beyond reactive responses to severe customer mis-
conduct and proactively address low-intensity incivility that occurs rou-
tinely at service touchpoints. Practical strategies include implementing
clear service protocols that legitimize employees’ right to disengage tempo-
rarily from hostile interactions, rotating frontline roles to prevent cumula-
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tive resource depletion, and establishing structured recovery practices (e.g.,
micro-breaks following difficult customer encounters). By recognizing
work engagement as a finite resource, organizations can design workflows
that prevent chronic depletion and sustain in-role service quality and dis-
cretionary customer helping behaviors.

Second, this study suggests that service robots can be effective buffering
tools when strategically integrated into service operations. Managers
should deploy service robots in roles that directly reduce employees’ expo-
sure to emotionally taxing or repetitive interactions, such as handling rou-
tine inquiries, deliveries, queue management, and complaint triage. Nota-
bly, managers should frame robots not as performance monitors or re-
placements but as instrumental support resources that protect employees’
psychological energy. Clearly communicating this supportive role can en-
hance employees’ perceived robot support, which our findings demon-
strate to be critical for mitigating the negative effects of customer incivility
on work engagement. Organizations should also continuously assess which
service encounters generate the greatest emotional strain and prioritize
robotic assistance in these areas.

Third, the conditional nature of the buffering effect underscores the
need to invest in service robot knowledge and competence development.
Simply introducing robots is insufficient and may even backfire if employ-
ees lack the skills to use them effectively. Managers should implement tar-
geted training programs that focus on hands-on interactions with service
robots, troubleshooting common issues, and smoothly integrating robots
into service routines. These programs should be tailored to employees’
roles and technological proficiency levels, reinforcing confidence and re-
ducing cognitive burden. By aligning technological support with employee
capabilities, organizations can ensure that service robots function as part of
a broader resource caravan that sustains work engagement, preserves ser-
vice performance, and maintains employees’ willingness to go beyond
formal job requirements, even under conditions of customer incivility.

Limitations and future research opportunities
Despite its contributions, this study has some limitations that suggest
avenues for future research. First, although a two-wave time-lagged design

was employed to mitigate common method bias and strengthen causal
inference, data were collected through self-report measures from a single
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cultural context (South Korea). Cultural norms regarding customer—
employee interactions, power distance, and technology acceptance may
influence the prevalence of customer incivility and employees’ responses to
service robots. Future research should replicate and extend the model
across diverse cultural and institutional contexts to examine the generali-
zability of the findings. Furthermore, while this study focused on work
engagement as a core mediating resource, other psychological mechanisms,
such as moral disengagement, surface versus deep acting, and momentary
affective fluctuations, may operate in parallel and warrant further investi-
gation.

Second, this study examined perceived service robot support and
knowledge at an aggregated level, without distinguishing between differ-
ent types of robots or forms of support. Future research could differentiate
between functional and social robots, as well as instrumental and emotion-
al forms of robotic support, to clarify how specific technological attributes
shape resource conservation processes. Moreover, longitudinal or experi-
ence-sampling designs could capture dynamic resource fluctuations and
recovery cycles following episodes of customer incivility in real time. Such
approaches would allow scholars to explore how engagement depletion
and replenishment unfold across service encounters and shifts, offering
deeper insight into loss spirals, recovery trajectories, and the evolving role
of human-robot collaboration in frontline service work.

Conclusions

This study demonstrates that the effectiveness of service robots in safe-
guarding employee well-being and performance depends not merely on
technological deployment, but on how such technological resources are
organizationally supported and intellectually leveraged by employees.
Specifically, customer incivility depletes frontline service employees’ psy-
chological resources—namely, work engagement—which subsequently
impairs both in-role performance and customer-helping behavior. Howev-
er, this resource depletion process is significantly mitigated when organiza-
tional service robot support and employee service robot knowledge are
jointly high.

Integrating a three-way interaction within a conservation of resources
(COR) perspective, the findings illuminate how service robots function as
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context-dependent technological resources; only when combined with sys-
temic support and domain-specific knowledge is their stress-buffering ca-
pacity realized. Overall, this study extends theoretical insights into tech-
nology-enabled service work, while simultaneously underscoring the im-
portance of cultivating both robust organizational support and employee
robot-related competencies in order to successfully enhance employee resil-
ience and harness the transformative promise of robotic innovation in ser-
vice environments.

Although this study was conducted in the context of South Korea, its
findings offer important implications for developed economies in Europe
and Japan, which are simultaneously experiencing rapid population de-
cline and accelerating service automation. Beyond the deployment of tech-
nological infrastructure, the effective management of employees’
knowledge and competencies required to leverage such technologies will
become an increasingly critical challenge for future service management.
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Figure 1. Summary of the proposed three-way moderated mediation model
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Note: *p < .05, *p < .01. Control variables = gender, age, job tenure, positive and negative affect, and
industry dummies T1 = Time 1, T2 = Time 2.

Figure 2. Moderating effect of service robot support on the negative relationship
between customer incivility and work engagement
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Figure 3. Three-way moderating effect of customer incivility, service robot support,
service robot support on work engagement
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Appendix

Measurement items

Construct

Measurement items

Customer
incivility

How often have customers .......... (within the past one month)

...continued to complain despite your efforts to assist them?

...made gestures (e.g., eye-rolling, sighing) to express their impatience?

...grumbled to you about slow service during busy times?

...made negative remarks to you about your organization?

...blamed you for a problem that you did not cause?

...addressed you in an inappropriate manner (e.g., “Hey you”)?

...failed to acknowledge your efforts when you have gone out of your way to help them?
...grumbled to you that there were too few employees working?

...complained to you about the value of goods and services?

... made inappropriate gestures to get your attention (e.g., snapping fingers)?

Service robot

SHPPOI‘t

My service robots assist me with heavy workloads.

My service robots go out of their way to help me with work-related problems.
My service robots help me out when things get demanding.

My service robots help me when I'm running behind my work.

My service robots help me with difficult assignments, even when I do not directly request

My service robots show me where things are that I need to do my job.

Service robot

knowledge

I’ know a lot about my service robots.

I do not feel very knowledgeable about my service robots ®.

Among my circle of friends, I'm one of the “experts” on my service robots.
Compared to most other people, I know less about my service robots ®.

When it comes to my service robots, I really don’t know a lot ®.

Work
engagement

At my work, I feel bursting with energy.
I am enthusiastic about my job.

I am immersed in my work.

Service
performance

I am friendly and helpful to customers.
I am approaching customers quickly.
I am asking good questions and listening to find out what a customer wants.

I'am able to help customers when needed.

Customer
helping behavior

I voluntarily assist customers even if it means going beyond my job requirements.
I go out of my way to make a customer satisfied.

I go above and beyond the call of duty when serving customers.

Positive
affectivity

Inspired
Active

Interested

Negative
affectivity

Upset
Nervous

Afraid

Note: All items were measured on a 5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree), with the

exception of customer incivility, which was measured from 1 (never) to 5 (very often). Reversed coded = ®.



