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Abstract
Security robots increasingly assume authoritative roles, but the
underlying mechanisms for why humans cooperate with them is
not well understood. This study proposed and tested a cooperation
model based on legitimacy theory, focusing on how distributive
fairness (outcome equity) and interactional fairness (treatment eq-
uity) influence robot legitimacy and cooperation. Using a 2 × 2
online video-based experiment with 372 U.S. participants, the au-
thors found that both fairness types promote cooperation through
value alignment, with a non-significant path through obligation to
obey; meanwhile, perceived effectiveness was strongly associated
with both value alignment and obligation to obey. These findings
extend legitimacy theory to human–robot interaction in a U.S. con-
text, emphasizing fairness and perceived effectiveness as key to
fostering cooperation and informing ethical robot design.
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computing → Human computer interaction (HCI).
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1 Introduction
The delegation of authority to robots represents a significant trans-
formation in human–technology interactions, highlighting the
evolving role of robots from assistive to authoritative positions
[1, 19, 25, 44, 94]. Authority is defined as the legitimate right to
command obedience or make decisions that affect others [96, 120].
Security robots, for instance, have been increasingly utilized to
maintain public order and deter crime in various settings such as
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malls, campuses, and urban areas [29, 56, 64, 68, 102]. These robots
function as institutional authorities, influencing human behavior
and resource access. As society increasingly empowers robots, un-
derstanding how they gain cooperation becomes critical, as their
effectiveness hinges on public support to respond to their directives.

A normative framework to understand cooperation with author-
ities is provided by legitimacy theory, which posits that perceived
fairness is central to legitimacy [50, 51, 100, 108, 115]. Legitimacy is
citizens’ belief that an authority has a rightful claim to power and a
corresponding moral duty to obey [50]. When authorities are seen
as fair, individuals aremore likely to cooperate willingly, rather than
out of fear of punishment, which has traditionally been a dominant
approach in social control models in the United States [77, 117].
Extending punitive authority to robots poses ethical and social
challenges [128]. However, research indicates that cooperation can
be fostered through perceptions of legitimacy when authorities are
viewed as fair, just, and aligned with societal values [50, 51, 115].
This suggests that legitimacy theory may offer a promising avenue
for understanding and enhancing human–robot cooperation.

While cooperation is essential for human–robot interaction (HRI)
generally, it is particularly crucial for the effective deployment of
security robots. Security robots deter unwanted activity through
their presence, surveillance, and ability to alert authorities to unau-
thorized personnel or actions [126]. Increasingly, these robots are
deployed to enforce rules, monitor spaces, and issue warnings, plac-
ing them in direct contact with the public [33, 62, 102]. However,
unlike law enforcement officers, security robots lack the established
customs, traditions, and social foundations that underpin legitimacy
in human social structures [39, 92]. Consequently, it remains uncer-
tain whether the fairness exhibited by security robots can cultivate
legitimacy and promote cooperation [85, 123], mirroring real-world
deployments such as the New York Police Department’s K5 pilot
that was discontinued following public concerns [103]. This raises
the central question: can fairness, as exercised by security robots,
generate legitimacy and foster cooperation? Addressing this ques-
tion is critical for ethically integrating security robots into society.

In this paper we investigated whether security robots can build
legitimacy and foster cooperation through fairness, mirroring the
dynamics with human authority. We proposed and tested a legiti-
macy model for security robots grounded in fairness. Through a
2 (Interactional Fairness) × 2 (Distributive Fairness) experiment
with 372 U.S. participants, we manipulated two dimensions of fair-
ness—distributive and interactional—in a realistic security robot
scenario. Using partial least squares structural equation modeling,
we examined how fairness shapes perceptions of value alignment
and obligation to obey, and how these, in turn, drive cooperation.
Our findings revealed that fairness enhances perceptions of value
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alignment but does not significantly increase obligation to obey. In-
terestingly, perceived effectiveness shows the strongest associations
with both value alignment and obligation to obey. This suggests that
both fairness and perceived effectiveness are key pathways to co-
operation. Fairness promotes cooperation through value alignment,
with a non-significant path through a sense of duty, highlighting a
key difference between human and robotic authority.

Our findings contribute to the literature in multiple ways. The-
oretically, we extend legitimacy theory to HRI, highlighting both
similarities and differences. In doing so, we establish boundaries
to legitimacy theory’s applicability in robotic contexts. First, they
reveal that fairness perceptions of robots mainly promote value
alignment rather than create a general sense of duty to obey. Second,
they show that the obligation to obey remains an important pre-
dictor of cooperative behavior even when it is not directly caused
by the robot’s fairness signals. Third, they emphasize that legiti-
macy judgments are influenced by broader institutional views (such
as perceptions of law enforcement) and by practical evaluations
of robot effectiveness. Overall, these findings suggest design and
policy considerations for deploying security robots: to encourage
cooperation, robots should be designed and operated to commu-
nicate fair treatment and outcomes that foster value alignment,
and institutional practices—including human policing—and proven
effectiveness should be taken into account to build public trust.

2 Background
2.1 What is Authority
2.1.1 Authority in Human–Robot Interaction. Authority is com-
monly understood as the socially recognized right to command
and expect obedience [26, 120]. Authority spans multiple levels in
human societies. At the macro level, political authority is exercised
through governments, legal systems, and state institutions that reg-
ulate collective life [113, 120]. In Max Weber’s classic formulation,
power is the ability to impose one’s will on others, whereas author-
ity is power regarded as just and appropriate: “the probability that
a command with a given specific content will be obeyed by a given
group of persons” [120, p. 152]. At themeso level, authority operates
within organizations, communities, and social groups [7, 96], where
it is often defined as the power to make and influence decisions
that guide the actions of others [96]. At the micro level, authority
is enacted in everyday life, from family dynamics to professional
hierarchies, rooted in interpersonal power relations [35].

As robots become increasingly integrated into public and organi-
zational life, questions have emerged about whether and how they
can exercise authority [1, 25, 94]. In HRI research, robot authority
is understood as the capacity of robots to issue directives and influ-
ence human behavior [25]. Saunderson and Nejat [94] highlighted
two main forms that scholars have examined: formal authority,
when robots are assigned a specific identity or role associated with
authority within a given context [1, 2, 5]; and real authority, when
robots exercise direct control over human actions [25, 75].

Research on authority in HRI has developed along two primary
directions. The first concerns whether robots can actually embody
authority and elicit obedience. Empirical studies demonstrate that
people sometimes obey robots even in tedious or uncomfortable

tasks, suggesting that robots can exert compliance pressures simi-
lar to human authorities [25, 37, 38, 118]. Drawing on Milgram’s
paradigm, Geiskkovitch et al. [38] instructed participants to persist
in monotonous tasks at the request of a robot. Although obedience
rates were lower than with human experimenters, nearly half of
participants still complied until the end. Similarly, Haring et al. [45]
showed that participants often practiced longer than they desired
when prompted by robotic coaches, indicating that robots can ex-
ert meaningful social pressure. These findings suggest that, under
certain conditions, robots can function as authority figures capable
of shaping human behavior.

The second line of research examined the design features and con-
textual cues that shape compliance with robotic authority. Factors
such as embodiment [6], group membership [95], human-likeness
[45], and strategy (reward versus punishment) have been examined
to see how they influence compliance. For example, Sembroski et
al. [95] found that participants followed a robot more when it was
seen as in-group. Saunderson and Nejat [94] found the robot was
more persuasive when giving rewards compared to punishments.
Bainbridge et al. [6] found human compliance between the physical
and video robots was similar for simple tasks.

Taken together, robotic authority has emerged as an important
research focus. Findings suggest that robots can indeed function as
authority figures and elicit obedience, while design features play a
role in shaping how robotic authority influences compliance.

2.1.2 Authority in Security Robots. Security robots represent one
of the most visible and socially consequential forms of robotic au-
thority [29, 56, 57, 70, 86]. They are commonly defined as robots
"deployed to prevent unwanted activities through their presence,
surveillance, and ability to notify authorities of unauthorized per-
sonnel or actions" [126, p. 1]. Unlike service robots that primarily
assist with tasks, security robots are explicitly designed to moni-
tor, regulate, and enforce social order in public and organizational
spaces. High-profile examples include Knightscope K5 robots de-
ployed by the New York Police Department in Times Square and
railway stations, where they are tasked with deterring misconduct,
issuing warnings, and in some cases reporting or escalating inci-
dents to human officers [102]. Their presence in highly visible and
sensitive environments positions them as robots that visibly enact
legal authority in the public sphere.

What makes security robots distinctive among robotic authori-
ties is the nature of the authority they exercise. Whereas most dis-
cussions of robotic authority focus on the interpersonal level—such
as robots directing individuals in tasks or experiments [25, 37, 75,
94]—the authority of security robots is closely tied to law enforce-
ment and public safety [68], representing legal authority at the
societal level delegated from human officers to robots. However,
compared to human officers, whose authority is grounded in long-
standing institutional histories, legal mandates, and established
professional norms [50, 71], the authority of security robots can
be fragile and contested. Lacking institutional histories and legal
status, security robots introduce uncertainty about whether people
will cooperate with their directives. Unsurprisingly, their deploy-
ment has provoked public controversy [68, 103]. Ethical and societal
concerns have been raised about their use, ranging from surveil-
lance in enforcement to the potential reinforcement of inequities
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in public safety [85, 123]. These concerns make it imperative to
understand how security robots should be designed to ensure their
exercise of authority is both legitimate and socially accepted.

At the same time, recent HRI research has begun to investigate
security robots directly, examining whether and how they can elicit
behavioral compliance [1, 2, 10, 59, 73] and foster perceptual accep-
tance [36, 48, 66, 67, 124–126, 128, 129]. Compliance can be defined
as people’s behavioral adherence to issued directives [108], whereas
acceptance refers to people’s intention or willingness to use and
rely on security robots [28]. Studies on compliance indicate that the
mere presence of a security robot can increase adherence to rules
[2, 59, 73]—for example, by making people more likely to adhere to
mask-wearing policies during COVID-19 [59]. Cross-cultural work
further shows that compliance varies by national context: Chinese
participants residing in the United States exhibited the highest
compliance with peacekeeping robots, whereas Americans living
in China showed the lowest [10]. Beyond behavioral outcomes, a
larger body of research has explored perceptual acceptance, focus-
ing on the influence of human attributes [31, 36, 48, 91], robot design
features [65, 67, 124, 125], and contextual factors [60, 68, 125]. A
recent paper reviewed human–security robot interaction literature
in the field and highlighted the diverse factors that have been ex-
plored to shape human performance, perceptions and acceptance of
security robots [126]. However, to be notice, cooperation—defined
as people’s willingness to "assist the agent with crime prevention,
such as by reporting crime or calling for help" [100, p. 466]—has
not yet been systematically examined in this context.

Taken together, this growing body of work demonstrates that
security robots have become an increasingly important focus of HRI
research. Yet, to fully understand how people respond to security
robotic authority, it is essential to move beyond compliance and
acceptance and systematically investigate cooperation.

2.2 Tyler’s Legitimacy theory
A central question in the study of authority is not only what au-
thority is, but why people choose to follow it. Classic psychological
research has demonstrated that individuals often comply with au-
thority figures, sometimes even against their own preferences or
values [9]. Stanley Milgram’s [72] obedience experiments famously
showed that ordinary people could be induced to administer what
they believed were harmful electric shocks when instructed by an
authority figure. These findings underscore that authority is not
merely a structural position but also a psychological force shaping
compliance and cooperation [55].

Building on this, Tom Tyler [108] proposed the legitimacy model
to explain why people cooperate with the police and obey the law.
Since then, it has become one of the most influential frameworks
for understanding why people follow authority [50]. His model
emphasizes that legitimacy serves as the key predictor of people’s
cooperation: individuals comply and cooperate with legal authori-
ties when they ascribe legitimacy to them [100, 108, 110, 115]. At the
same time, legitimacy is rooted in fairness—people are more likely
to comply when they perceive authority as fair, just, and aligned
with shared values [61, 106, 113, 115, 117]. This approach stands
in contrast to traditional deterrence models, which posit that com-
pliance arises from fear of punishment or negative consequences

[27, 83]. Instead, the legitimacy model highlights perceptions of
fairness and legitimacy as the foundation of enduring authority.

Tyler’s legitimacymodel emphasizes process-based fairnesswhen
citizens encounter and interact with authorities (often referred to
as procedural justice) [61] , and identifies two central criteria for
evaluating it: (1) the quality of decision-making, which concerns
whether authorities explain their reasoning during the interaction
and allow individuals the opportunity to express their views; and (2)
the quality of interpersonal treatment, which concerns whether au-
thorities show respect, courtesy, and helpfulness [97, 100, 106, 116].
Therefore, to evaluate process-based fairness, people judge whether
they were treated with dignity, approached in a friendly manner,
and given clear explanations for decisions [113]. Notably, what
Tyler termed the two-dimensional "process-based fairness" paral-
lels what organizational scholars have classified as "interactional
fairness" [40]. Interactional fairness is defined as encompassing
both interpersonal fairness—“the degree to which employees are
treated with respect and dignity”—and informational fairness—“the
degree to which information is provided to help employees un-
derstand the processes that determine outcomes” [90, p. 547]. In
this paper, we adopt this terminology and refer to process-based
fairness as interactional fairness, encompassing its two dimensions
of interpersonal and informational fairness.

Subsequent legitimacy research extended Tyler’s model by incor-
porating distributive justice—whether authorities allocate outcomes
such as arrests, citations, protection, and services fairly across so-
cial groups—into the framework [47, 71, 121]. In this view, people
not only assess the fairness of treatment but also evaluate the fair-
ness of outcomes when forming judgments about the legitimacy of
authority. Although distributive justice contributes to legitimacy
and cooperation, it has generally received less attention, and its
effects are often found to be weaker than those of procedural jus-
tice [71, 88, 101, 121]. Interestingly, this concept closely parallels
the notion of distributive fairness in organizational research [40],
which refers to “fairness with respect to the allocation of outcomes
such as pay and other resources” [90, p. 547].

In practice, Tyler’s legitimacy model has profoundly shaped insti-
tutional practices within the U.S. legal system [114]. Traditionally,
U.S. policing was guided by deterrence-based approaches, relying
on strategies such as expanding police presence to discourage crime
and imposing harsher punishments on convicted offenders to deter
future offenses [54, 133]. Over the last two decades, however, the
legitimacy model has gained increasing influence, shifting reform
efforts toward emphasizing the fairness of authority [50, 78, 114].
The President’s Task Force on 21st Century Policing explicitly iden-
tified legitimacy as the foundational pillar of policing and promoted
process-based justice as the key pathway to achieving it [79].

Yet, our understanding of whether legitimacy theory can be ap-
plied to enhance cooperation with robots remains unexplored, yet
the topic seems of vital importance to security robots. Prior work
has only investigated isolated design features, such as politeness or
communication style, and explored their influence on perceptions
and acceptance of security robots [48, 49, 63]. While these studies
can be interpreted as engaging with subdimensions of interactional
fairness, especially interpersonal fairness, they remain fragmented
and lack a unifying theoretical framework that explains why these
features matter. More importantly, they have not been linked to
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Figure 1: Tyler’s legitimacy model

the broader questions of legitimacy and cooperation that are cen-
tral to authority research. At the same time, existing HRI fairness
research—such as work on teammate fairness [17, 18], group dynam-
ics [21, 22], and fairness-aware behaviors [16]—has not examined
diverse fairness dimensions or linked them to legitimacy or coop-
eration with robotic authority. To address these gaps, the present
study drew on fairness and legitimacy theory to experimentally ma-
nipulate distributive and interactional fairness in a security robot
scenario to investigate how different forms of fairness influence
legitimacy and cooperation with security robotic authority.

3 Research Model and Hypotheses
We propose a legitimacy model for security robots in which two
forms of fairness—interactional and distributive fairness—together
with perceived effectiveness, shape two legitimacy-relevant con-
structs—value alignment and obligation to obey—that, in turn, drive
cooperation with the robot authority (Figure 1).

Interactional fairness concerns the fairness of how individuals
are treated in encounters with authority. Extensive legitimacy re-
search, conducted across the United States [100, 107–109, 116] and
more than seventy other countries [11, 12, 47, 80, 81], consistently
shows that interactional fairness is the strongest and most reliable
predictor of perceived legitimacy. People evaluate their experiences
with authorities based on whether they were treated fairly and form
judgments about the legitimacy of those authorities.

But what is legitimacy? Scholars distinguish it into two pri-
mary dimensions: obligation to obey and normative alignment
[14, 43, 47, 51, 52, 105]. Tyler [110] argued that legitimacy arises
from a sense of obligation that transcends material incentives or
self-interest. Rather than stemming from an authority’s capacity
to reward or punish, legitimacy is grounded in qualities that lead
people to view the authority as entitled to make decisions and
command obedience. Tyler later expanded this conception to in-
clude moral alignment—the perception that the authority shares
core values with the public [111, 112]. Such alignment provides a
normative foundation for institutional authority [51]. In this way,
legitimacy represents a normative judgment about the rightfulness
of authority, encompassing not only a felt obligation to obey but
also perceptions of value congruence with that authority [50, 112].

Building on this framework, we extend the legitimacy model
to robotic authority. When security robots operate as institutional
authorities in public spaces, interactional fairness is expected to play
a pivotal role in shaping perceptions of legitimacy. People are likely
to scrutinize whether these robots communicate clearly, deliver
instructions respectfully, and treat individuals with dignity during
encounters such as monitoring, issuingwarnings, or enforcing rules.
These evaluations, in turn, shape whether security robots—like
human officers—are regarded as legitimate authorities:

H1: Greater interactional fairness increases (a) obli-
gation to obey and (b) value alignmentwith security
robots.

Distributive fairness focuses on the equity of results and the
consistency with which authorities apply rules and sanctions. In
human authority contexts,it signals impartiality and adherence to
shared standards of justice, thereby reinforcing legitimacy [30, 71].
While interactional fairness has been consistently identified as the
strongest predictor of legitimacy, distributive justice remains an
important factor shapingwhether people regard authorities as legiti-
mate [46, 88, 97]. Extending this logic to robotic authority, we expect
distributive fairness to similarly influence legitimacy perceptions.
When security robots enforce rules or make decisions—such as issu-
ing warnings, reporting incidents, or restricting access—people are
likely to evaluate not only how they are treated but also whether
the outcomes are fair and consistent. If security robots distribute
sanctions or benefits equitably, individuals may infer that the robots
embody shared principles of justice, thereby strengthening both
perceived value alignment and the felt obligation to obey:

H2: Greater distributive fairness increases (a) obli-
gation to obey and (b) value alignmentwith security
robots.

Perceived effectiveness represents an instrumental pathway to
legitimacy, focusing on whether authorities are seen as capable of
achieving desired outcomes [8, 47, 52, 100]. Unlike fairness-based
judgments, which are normative in nature, effectiveness reflects
a utilitarian calculation [47, 58, 101]: people are more likely to re-
gard authorities as legitimate when they believe those authorities
can “get the job done.” Research on policing consistently finds that
perceptions of effectiveness—such as the ability to deter crime or
respond promptly to incidents—contribute significantly to legiti-
macy, sometimes even outweighing procedural fairness in particular
socio-political contexts [58, 98, 101]. In China and South Korea, for
example, police effectiveness emerged as the strongest predictor
of legitimacy, suggesting that citizens evaluate legitimacy not only
through fair processes but also through whether authorities demon-
strate competence in fulfilling their responsibilities [58, 98, 99].
When it comes to security robots, we expect perceived effective-
ness to play a similarly important role, because it signals that the
robot is fulfilling its rightful role in providing safety, thereby shap-
ing people’s perceptions of legitimacy.

H3: Perceived effectiveness of the security robot is
positively related to (a) obligation to obey and (b)
value alignment.

In Tyler’s model, cooperation represents a broader form of sup-
port that goes beyond obedience [100, 112]. Legitimacy theory
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posits that when people view an authority as legitimate, they feel
an intrinsic obligation to obey and regard the authority’s goals
as worthy of support [50, 108, 113]. This sense of legitimacy mo-
tivates not only passive compliance but also active cooperation,
such as reporting crimes, providing information, or testifying in
court [106, 107, 109]. We therefore hypothesize that if individuals
perceive robot authority as legitimate, they will be more willing to
voluntarily cooperate in achieving institutional objectives.

H4: Obligation to obey is positively related to coop-
eration with security robots.

At the same time, legitimacy also rests on perceptions of value
alignment—the belief that an authority shares and upholds people’s
core values and principles [51, 112].When individuals perceive such
normative alignment, they view the authority’s goals as morally
justified and socially beneficial, and are therefore more willing to
support that authority [51, 74, 76, 87, 111, 112]. Applied to robotic
authority, if people see security robots as value-aligned, they should
go beyond compliance and actively cooperate to promote collective
safety and order. Thus, we hypothesize:

H5: Value alignment is positively related to cooper-
ation with security robots.

4 Methods
To test our hypotheses, we conducted a 2 (interactional fairness: low
vs. high) × 2 (distributive fairness: low vs. high) between-subjects
experiment. Participants were randomly assigned to one of four
conditions, where they viewed a real-world video clip of a hu-
man–security robot interaction and then responded to a survey
about the interaction. The study protocol was reviewed and ap-
proved by the university’s institutional review board. The study
was not pre-registered. All study materials (video clips, vignettes,
and measures) are available in the supplementary material.

4.1 Participants
A total of 399 participants were recruited through Prolific. 27 cases
were excluded prior to final analysis: seven failed an instructed-
response attention-check question, eight failed a video memory-
check designed to ensure careful viewing of the stimulus, and twelve
exhibited excessively long completion times (over one hour). The
final valid sample consisted of 372 participants (180 women, 182
men, 10 identifying as other), ranging in age from 19 to 83 years (M
= 47, SD = 16). Participants were randomly assigned to one of four
experimental conditions, with 93 participants per condition. All
participants completed the study and received $8 USD in compen-
sation. Mean completion time was 16 minutes. Eligibility criteria
required participants to be at least 18 years old, fluent in English,
and residing in the United States. Demographic characteristics were
as follows: 20% resided in the Midwest, 16% in the Northeast, 43%
in the South, and 21% in the West; 60% identified as White, 15% as
Hispanic or Latino American, 14% as Black or African American, 7%
as Asian, and 4% as other or multiracial. A post-hoc power analysis
(G*Power 3.1; f2 = 0.05, N = 372, predictors = 5) confirmed adequate
power (0.93) to detect small-to-medium effects.

Figure 2: Screenshots of videos

4.2 Scenario, Task, and Procedure
Participants first completed a pre-questionnaire to provide demo-
graphic information. They were then randomly assigned to one of
the experimental conditions and watched a real-world video (see
Fig. 2 for example screenshots) depicting an interaction between
a security robot (Knightscope K5) and a citizen, Tom, who was at-
tempting to park his car for a scheduled appointment at a company.
In the video, the robot approaches Tom’s vehicle while patrolling
the parking lot and denies entry, followed by a brief exchange of
dialogue. After the video, participants were presented with a short
vignette describing subsequent events at the gate, in which Tom
remained in his car as two other vehicles attempted to enter. Finally,
participants completed a post-questionnaire about the interaction.
Participants were free to withdraw from the study at any time.

4.3 Experimental Design
We employed a 2 (interactional fairness: low vs. high) × 2 (distribu-
tive fairness: low vs. high) between-subjects design. Participants
were randomly assigned to one of four conditions and took part in
the study as third-party observers. Each participant first viewed a
real-world interaction videomanipulating interactional fairness and
then read a post-video vignette manipulating distributive fairness.
This procedure yielded four distinct experimental conditions. Such
mixed-modality manipulation has been widely used [4, 15, 41, 130].

4.3.1 Interactional Fairness. Interactional fairness was manipu-
lated through its sub-dimension informational fairness, operational-
ized as the presence or absence of an explanation. Participants
watched one of two videos depicting a security robot interacting
with a citizen. The videos were identical in setting, dialogue, and
outcome, except that in the high-interactional fairness condition
the robot explained why access was denied, whereas in the low-
interactional fairness condition the robot did not explain.

4.3.2 Distributive Fairness. Distributive fairness was manipulated
based on whether the security robot delivered equal or unequal
outcomes. In the high distributive fairness condition, the robot
denied access not only to the citizen in the video but also to two
additional unregistered vehicles, ensuring equal outcomes. In the
low distributive fairness condition, the robot denied access to the
citizen but granted temporary entry to two unregistered high-end
vehicles, creating unequal outcomes.
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4.4 Measures
4.4.1 Manipulation Check Measures. Perceived informational fair-
ness was measured using a 5-item scale adapted from [23]. The scale
was reliable (Cronbach’s 𝛼 = .90). Perceived distributive fairness
was assessed using a 4-item scale adapted from [71] (𝛼 = .95).

4.4.2 Control Variables. We measured participants’ age, gender,
ethnicity, and region. Expectations toward security robots used a 4-
item scale from [132] (𝛼 = .97), and perceptions of law enforcement
officers’ fairness used a 4-item scale from [71] (𝛼 = .95).

4.4.3 Dependent Variables. Perceived effectiveness (4 items; [98];
𝛼 = .87), obligation to obey (3 items; [71]; 𝛼 = .93), value alignment
(3 items; [98]; 𝛼 = .94), and willingness to cooperate (3 items; [98];
𝛼 = .93) were assessed in the post-questionnaire.

5 Results
In this section, we report the study results. Main analyses were
conducted with PLS-SEM in SmartPLS 4.1 [89], and manipulation
checks with R. Figure 3 displays the detailed results of the final
model, including standardized path coefficients (𝛽), their corre-
sponding standard errors (𝑆𝐸), and the explained variance of the
endogenous constructs (𝑅2). Demographic factors (age, gender, re-
gion, ethnicity) were tested as controls but were non-significant
and thus excluded from the final model.

5.1 Manipulation Check
To ensure the effectiveness of the experimental manipulations,
independent-samples 𝑡-tests were conducted. Assumptions includ-
ing independent samples, equality of population variances, and
normality were checked and satisfied. For informational fairness,
participants in the high condition (M = 5.47, SD = 0.87) reported
significantly higher perceived informational fairness than those in
the low condition (M = 4.54, SD = 1.06), 𝑡 (370) = -6.76, 𝑝 < .001,
Cohen’s 𝑑 = 0.70, 95% CI [0.49, 0.91].

Similarly, for distributive fairness, participants in the high con-
dition (M = 5.66, SD = 0.93) reported significantly higher perceived
distributive fairness than those in the low condition (M = 3.63, SD =
1.13), 𝑡 (370) = -13.43, 𝑝 < .001, Cohen’s 𝑑 = 1.39, 95% CI [1.16, 1.62].
These results confirm that the manipulations were successful.

5.2 Measurement Validity
Factor analysis was conducted to evaluate the measurement model.
All items loaded strongly on their intended constructs (≥ 0.70),
with no cross-loadings above 0.40, except for the first item of the
perceived effectiveness scale ("The robot responds swiftly to calls
for need"), which was removed. Convergent validity was confirmed
using the Fornell–Larcker criterion [34], with all average variance
extracted (AVE) values—willingness to cooperate (0.88), perceived
effectiveness (0.80), value alignment (0.90), and obligation to obey
(0.87)—exceeding the 0.50 threshold. Discriminant validity was fur-
ther supported, as the square roots of the AVEs were consistently
greater than the inter-construct correlations (Table 1). Finally, in-
ternal consistency was established through internal composite re-
liability (ICR), with values of 0.96 (willingness to cooperate), 0.92
(perceived effectiveness), 0.96 (value alignment), and 0.95 (obliga-
tion to obey) all well above the 0.70 threshold.

5.3 Hypothesis Testing
Hypothesis 1 predicted that distributive fairness would positively
influence perceptions of value alignment and obligation to obey.
The results partially supported this hypothesis. Distributive fairness
condition had a significant positive effect on value alignment (𝛽 =

0.25, 𝑆𝐸 = 0.04, 𝑝 < .001), but its effect on obligation to obey was
not significant (𝛽 = 0.07, 𝑆𝐸 = 0.04, 𝑝 = .08). Thus, H1a was
supported, whereas H1b was not supported.

Hypothesis 2 proposed that informational fairness would posi-
tively influence value alignment and obligation to obey. Consistent
with expectations, informational fairness significantly increased
value alignment (𝛽 = 0.11, 𝑆𝐸 = 0.03, 𝑝 = .001), but its effect on obli-
gation to obey was not significant (𝛽 = −0.07, 𝑆𝐸 = 0.04, 𝑝 = .08).
Therefore, H2a was supported, but H2b was not supported.

Hypothesis 3 stated that perceived effectiveness of security robots
would positively relate to value alignment and obligation to obey.
The results supported this hypothesis: effectiveness significantly
predicted both value alignment (𝛽 = 0.57, 𝑆𝐸 = 0.04, 𝑝 < .001) and
obligation to obey (𝛽 = 0.58, 𝑆𝐸 = 0.06, 𝑝 < .001).

Hypothesis 4 posited that obligation to obey would increase
cooperation, whereas Hypothesis 5 predicted the same effect for
value alignment. The results showed that both value alignment (𝛽 =

0.16, 𝑆𝐸 = 0.06, 𝑝 = .004) and obligation to obey (𝛽 = 0.24, 𝑆𝐸 =

0.06, 𝑝 < .001) significantly predicted cooperation, fully supporting
H4 and H5. Taken together, these findings provide partial support
for our proposed theoretical model. Table 2 summarizes the results.

6 Discussion
In this study, we aimed to understand why people cooperate with
security robotic authority by applying the lens of legitimacy theory.
We investigated whether robot fairness can generate legitimacy and,
in turn, foster cooperation, based on a U.S. sample and online video
interactions. Our results found that interactional and distributive
fairness improved perceptions of value alignment and promote
cooperation but did not significantly strengthen the obligation to
obey. In contrast, perceived effectiveness robustly predicted both
value alignment and obligation, and promoted cooperation.

6.1 Contributions
First, this paper extends legitimacy theory, traditionally applied
to human authority [26, 113, 120], into the realm of HRI, demon-
strating its relevance in explaining how individuals perceive and
respond to robotic authority. Specifically, we demonstrate that the
perceived interactional and distributive fairness of a security robot
promotes cooperation primarily through value alignment; while
perceived effectiveness through both aligned values and a sense of
duty. This is significant because while prior work has shown that
robots can elicit obedience [25, 37, 38, 131], our work helps explain
why humans choose to cooperate.

Second, our research reveals a critical divergence from traditional
legitimacy theory [106, 107, 109]. While fairness promotes value
alignment, it does not significantly lead to a sense of obligation to
obey the robot. Instead, the obligation to obey appears to operate
as an independent pathway to cooperation. This contrasts with
human authority, where fairness often fosters both value alignment
and a sense of duty or obligation [61, 100]. This pattern aligns with
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Table 1: Descriptive statistics and correlation matrix

Variable M SD 1 2 3 4 5 6 7 8

1. Cooperation 4.54 1.69 (0.94)
2. Distributive Fairness 0.50 0.50 0.08 (N/A)
3. Law Enforcement Distributive Fairness 4.60 1.47 0.28** -0.03 (N/A)
4. Effectiveness 4.77 1.30 0.56** 0.33** 0.19** (0.89)
5. Informational Fairness 0.50 0.50 -0.03 0.00 -0.01 0.09 (N/A)
6. Value Alignment 4.27 1.61 0.50** 0.43** 0.24** 0.74** 0.16** (0.95)
7. Obligation to Obey 4.87 1.50 0.52** 0.26** 0.29** 0.65** -0.02 0.63** (0.94)
8. Expectations 4.20 1.48 0.59** -0.04 0.27** 0.50** -0.00 0.41** 0.38** (N/A)

Notes: 1. N = 372. Significance of correlations: *p < .05; **p < .01.
2. Values on the diagonals (in parentheses) represent the square root of the average variance extracted (AVE).
3. Experimental conditions “Distributive Fairness” and “Informational Fairness” were coded as 0 = low and 1 = high.
4. Control variables “Law Enforcement Distributive Fairness” and “Expectations toward Robots” were included as
observed composite scores (mean values of the respective items).
5. Values are rounded to two decimals; ‘-0.00’ indicates a small negative value (>-0.005).

Figure 3: Results of PLS analysis

Table 2: Results of Hypothesis Testing

Hypothesis Results

H1) Greater interactional fairness increases (a) obligation to obey and (b) value alignment with security robots. Partially Supported
H2) Greater distributive fairness increases (a) obligation to obey and (b) value alignment with security robots. Partially Supported
H3) Perceived effectiveness of the security robot is positively related to (a) obligation to obey and (b) value alignment. Supported
H4) Obligation to obey is positively related to cooperation with security robots. Supported
H5) Value alignment is positively related to cooperation with security robots. Supported

[38]’s findings that robots elicit weaker obedience than humans,
suggesting potential inherent limits on robots’ ability to generate a
sense of duty. The findings strengthen the importance of refining
and applying legitimacy theory to specify HRI context. At the
same time, the finding that fairness promotes cooperation through
shared values helps explain why prior studies identified design
features—such as politeness [48, 49]—as influential in HRI: such
features may have signaled fairness and thereby fostered value
alignment. Our results also highlight and expand the importance of
fairness in HRI beyond team dynamics [17, 18, 21] to the domain of
robotic authority, deepening fairness’s multifaceted treatment and

linking it to robot legitimacy. Future research could investigate the
independent obligation-based pathway and the conditions under
which instilling a sense of obligation to obey in robots is effective.

Third, the findings highlight the significance of external per-
ceptions in shaping attitudes toward security robots. Our findings
suggest that perceptions of fairness in law enforcement have a pos-
itive influence on value alignment and the obligation to obey the
robot. This demonstrates that legitimacy judgments about robots
are shaped by broader institutional contexts and instrumental as-
sessments, extending prior HRI work on contextual and design cues
that affect compliance (e.g., embodiment [6], group membership
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[95]). This suggests that public trust in broader institutional author-
ities can spill over and influence perceptions of robotic authority.
This underscores the need for a holistic approach to deploying se-
curity robots, considering not only the robot’s design but also the
broader social and institutional context in which it operates.

Furthermore, the study showed that perceived effectiveness of
the security robot more strongly promotes value alignment and
obligation to obey the robot, highlighting the importance of robots
that are both fair and efficacious. This pattern differs from findings
in human law-enforcement contexts in the U.S., where fairness
has consistently emerged as the stronger predictor of legitimacy
than effectiveness [100, 116]. This divergence highlights the unique
nature of robotic authority and points to the need for the field
to prioritize competence in the development of security robots. It
may also help explain prior findings that design features such as
reliability [67] increase security robot acceptance, likely because
they serve as cues of effectiveness.

6.2 Implications for Future Research
First, researchers should investigate design features that foster
value alignment. Given that fairness perceptions primarily drive
cooperation through value alignment, HRI design work should
prioritize interactional and distributive cues that communicate
respect, neutrality, and equitable outcomes. Experimental work
should further identify which specific communicative behaviors
[48, 49], decision-logic explanations, or outcome distributions most
effectively produce value alignment across diverse populations.

Second, researchers should test boundary conditions and general-
izability by assessing whether the primacy of value alignment holds
across different robot roles (e.g., care robots [84], education robots
[3]), task stakes (low vs. high risk) [130], scenarios (e.g., security-
initiated vs. citizen-initiated interactions) [127], and interaction
modalities (autonomous vs. teleoperated) [104]. Mixed-methods
and field designs will be valuable for external validity.

Third, researchers could explore pathways to a sense of obliga-
tion to obey. Because robot fairness did not significantly generate
an obligation to obey, researchers should investigate alternative
sources of felt obligation, such as legal mandates [53], anthropo-
morphic cues [82], or explicit authority labeling [59], and how these
sources interact with fairness to influence behavior.

Fourth, researchers should examine cross-institutional legiti-
macy dynamics. Our findings suggest that legitimacy perceptions
transfer across related human and robotic institutions. Future work
should investigate when and why trust or distrust in human in-
stitutions (e.g., police) amplifies or attenuates the effects of robot
legitimacy, including the moderating roles of prior experience, cul-
tural context [24], and threat salience [69].

6.3 Implications for Design
The findings also offer key design implications for security robots,
emphasizing fairness and perceived effectiveness.

1. Prioritize fairness signaling. This includes designing robot
behaviors that convey interactional fairness, such as polite, respect-
ful language; clear, nonjudgmental explanations for requests; and
attentive listening cues (e.g., prompts that acknowledge user per-
spectives), as well as communicating distributive fairness through

transparent, consistent, and justifiable allocation of benefits, bur-
dens, or sanctions (e.g., explicit rules, visible decision criteria, con-
sistent application across people).

2. Emphasize robot competence. Incorporate cues that signal
reliable, accurate, and timely task performance (e.g., clear status dis-
plays, confirmations of successful actions) to strengthen perceived
effectiveness and support cooperation.

3. Align robot goals with societal values. Security robots
should be designed to reflect the values of the communities they
serve. This could involve engaging with community stakeholders
during the design process to ensure that the robot’s objectives and
behaviors align with local norms [58, 59]. Values can also be made
salient and relatable during interaction by providing short, user-
facing rationales that connect robot actions to collective goods.

4. Leverage institutional context thoughtfully. This could
include coordinating robot behaviors and messaging with organi-
zational partners (e.g., security staff) [93] so robot actions align
with broader institutional norms and public perceptions of human
authorities. When operating in environments with low trust in local
institutions, emphasize transparency, neutrality, and community
engagement features to mitigate negative transfer.

5. Design for fairness across diverse populations. This could
involve testing interactions with diverse user groups to ensure
fairness cues are perceived consistently and incorporating culturally
sensitive language, multilingual options, and adaptable interaction
styles. Use participatory design [119] and community consultation
[13] to surface local norms about fairness and authority.

6.4 Limitations
This study has several limitations. First, our sample consisted of
U.S. participants. Prior research on legitimacy suggests that the
relative importance of antecedents varies across sociocultural con-
texts [58, 98, 101], so the cooperation pathways we identified may
be context-specific. Future research should employ cross-national
designs to test how the legitimacy model generalizes and shifts
across cultures. Second, we focused on security robots as one form
of robotic authority, yet authority can manifest in diverse domains
(e.g., healthcare triage [42], workplace supervision [122], education
[20]) with distinct stakes, beneficiaries, and accountability struc-
tures. Subsequent work should test the boundary conditions of the
proposed model across these contexts. Third, our experiment relied
on a video-based, third-party observer paradigm.While this method
has been validated as producing results comparable to in-person
approaches [32], it still poses ecological validity limitations that
may not fully capture behavioral dynamics or emotional responses
in in-situ encounters. Future in-person and longitudinal studies are
encouraged to further explore these aspects.

7 Conclusion
This study advances HRI scholarship by integrating legitimacy the-
ory into the study of robotic authority, disentangling internalized
and deference-based pathways to cooperation, and highlighting the
role of broader institutional and instrumental cues. These contribu-
tions open specific directions for experimental, design-oriented, and
cross-disciplinary research aimed at understanding and shaping
cooperative relations between people and security robots.
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