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Abstract.  
The following study investigates the dynamics of human-robot interaction 

(HRI) by examining how a robot’s behavior (fair vs. unfair) and its perceived age 
(adult vs. child) influence the attribution of mental states and moral judgment in 
a competitive game. Using an immersive virtual reality environment, a between-
subjects design was employed in which participants interacted with a robot under 
four different conditions, manipulating the robot’s behavior and perceived age. 
Participants' psychological and social responses were assessed through question-
naires. Results indicate that perceived age affects responsibility and intentionality 
attributions, with younger robots judged less morally accountable. Additionally, 
unfair behavior reduces trust and likability, decreasing the interaction enjoyment. 
These findings emphasize the importance of designing social robots that behave 
in ways that are morally aligned with human expectations to foster trust and co-
operation.  

 

Keywords: human robot interaction, virtual reality, mental state attribution, 
perceived morality. 

1  Introduction  

The field of Human-Robot Interaction (HRI) has expanded rapidly, integrating robots 
into various aspects of human life, from healthcare and education to customer service 
and entertainment [8]. Beyond technical development, understanding how humans at-
tribute agency, intentionality, and morality to robots is crucial, as these perceptions 
influence trust and cooperation [3, 8]. Such attributions are shaped not only by a robot's 
behavior but also by its physical and social characteristics, including apparent age [14, 
18, 22, 27, 35, 36]. 
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Anthropomorphism plays a central role in shaping these perceptions, as humans in-
stinctively ascribe mental states and social attributes to robots based on their appearance 
and behavior [11, 13, 14, 18, 27, 32, 41]. In particular, the perceived age of a robot—
whether it appears child-like or adult-like—may influence how people attribute respon-
sibility and moral agency to its actions [22, 35, 41]. While prior research has extensively 
examined factors such as human-likeness, trust, and ethical decision-making in HRI [6, 
27, 38, 46], the role of perceived age in shaping moral attributions remains largely un-
explored. Given that younger individuals are often judged as less accountable for moral 
transgressions in human interactions [22], we hypothesize that this bias may extend to 
social robots. 

To test these hypotheses, we employed immersive virtual reality (VR) to simulate 
realistic interactions, allowing participants to engage with virtual robots in competitive 
game scenarios [9, 17, 18, 26, 40]. Our findings indicate that perceived age significantly 
modulates moral attributions [22], with child-like robots judged as less responsible for 
their actions. Additionally, physical design characteristics influence perceptions of 
agency and trust, highlighting the importance of robot morphology in human judg-
ments. This research contributes to a deeper understanding of the cognitive and ethical 
dimensions of HRI, offering practical insights for designing socially acceptable and 
trustworthy robotic agents. The results have direct implications for developing robots 
in education, healthcare, and assistive technologies, where perceptions of agency and 
moral responsibility can affect user trust and long-term adoption [1]. 

2 Related work  

Social robots are designed to interact naturally with humans, adapting to social norms 
and expectations [3, 8]. Beyond their functional roles, social robots evoke cognitive, 
emotional, and moral responses, influencing how humans trust, cooperate, and attribute 
intentionality to them. One of the central challenges in HRI is understanding how hu-
mans ascribe mental states and agency to artificial agents [14, 18, 22, 28, 35, 36]. This 
process is deeply influenced by anthropomorphism, the tendency to attribute human-
like qualities to non-human entities [14,18]. Anthropomorphism facilitates interaction 
by making robotic behavior more predictable, but it also leads to complex social and 
moral judgments, particularly when robots engage in unfair or ethically ambiguous be-
haviors [11, 13, 28, 32, 41]. 

2.1 Embodiment and Anthropomorphism in HRI  

A crucial element in HRI is embodiment, which refers to the physical presence and 
perceived sensorimotor capabilities of a robotic system [8]. According to Glenberg 
[20], cognitive processes are inherently shaped by bodily morphology, sensory-motor 
systems, and emotional responses. Thus, how humans analyze and respond to a robot 
is closely linked to its physical presence and interactive capabilities. Embodiment is 
also tightly connected to anthropomorphization. When robots enter human social 
spaces, humans naturally project their interpretations onto robot actions [11, 13, 14, 18, 
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28, 32, 41, 42]. Research suggests that the more a robot appears human-like, the 
stronger the tendency to apply social norms and expectations to it [6]. However, high 
anthropomorphism can also create unrealistic expectations regarding a robot’s compe-
tence, emotions, and morality. The Uncanny Valley Hypothesis [31] suggests that as 
robots become more human-like, they initially elicit positive emotional responses, but 
beyond a certain threshold, they provoke discomfort or repulsion. 

As Foner [18] pointed out, in human-computer interaction, excessive anthropomor-
phism may lead to disillusionment when the system fails to meet human-like expecta-
tions. Beyond behavior, a critical factor shaping human perceptions of robots is their 
physical design, particularly their perceived age [22, 35, 41].  

2.2 Theory of Mind and Perceived Moral Agency in HRI 

A fundamental cognitive framework for interpreting robot behavior is Theory of Mind 
(ToM), which refers to the human ability to infer the mental states of others, including 
beliefs, intentions, and desires [4, 37]. Research in cognitive neuroscience has shown 
that the same neural circuits involved in human social cognition—such as the temporo-
parietal junction (TPJ) and medial prefrontal cortex—are also activated during interac-
tions with robots [24, 12, 25]; this suggests that, under specific conditions, humans 
process robots in ways similar to human agents.  

While ToM focuses on cognitive attributions of intentionality and agency, a related 
concept in HRI is Perceived Moral Agency (PMA), which refers to the extent to which 
humans attribute moral responsibility to artificial agents based on their behavior [44]. 
Research suggests that robots demonstrating ethical behavior foster greater trust and 
social acceptance, whereas those engaging in deceptive or morally ambiguous actions 
may trigger negative perceptions while also increasing engagement [2, 10, 44].  A key 
study by Short et al. (2010) [39] investigated how people react to deceptive robot be-
havior in a competitive game (rock, paper and scissors). Their findings revealed that 
action-based deception (cheating through movement) elicited stronger attributions of 
intentionality and moral responsibility compared to verbal deception. Interestingly, de-
spite perceiving the deceptive robot as untrustworthy, participants engaged more with 
it, suggesting a paradox where morally ambiguous behavior enhances social interaction. 
However, Short et al. (2010) [39] did not consider whether the robot’s perceived age 
modulates these moral judgments—a gap this study aims to address.  

2.3 Physical Design and Perceived Age of Robots 

More recent studies [22, 32, 35] demonstrate that subtle morphological variations —
such as head-to-body ratio — can significantly influence perceptions of age and mind 
attributions. Guidi et al. (2021) [22] explored the impact of robot proportions on per-
ceived age, showing that increasing the head-to-body ratio makes robots appear 
younger and cuter. The features that give robots a human-like appearance is analysed 
in the ABOT (Anthropomorphic roBOT) dataset, which is a systematically curated col-
lection of images representing real-world humanoid robots [36]. Research using this 
dataset [35] has shown that head-to-body ratio, limb proportions, and facial expressivity 
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significantly shape how humans interpret a robot’s age; for instance, robots with larger 
heads relative to their bodies are often perceived as younger and more child-like, 
whereas those with more proportionate or elongated features are associated with an 
adult-like appearance. Further studies have shown that higher perceived age of robots 
is associated with higher perceived agency and lower perceived experience [32]. How-
ever, the implications of perceived age for moral attributions and trust remain largely 
unexplored.  

2.4 Importance of Virtual Reality in HRI Research  

Virtual Reality (VR) has emerged as a powerful tool in HRI research, offering immer-
sive environments where human-robot interactions can be studied under controlled yet 
ecologically valid conditions [9, 17, 19, 26, 40]. VR allows researchers to manipulate 
robot attributes, such as appearance and behavior, in a systematic manner, providing 
insights into how these factors influence moral attributions and trust. However, despite 
its advantages, VR presents challenges. The lack of physical embodiment may alter 
user responses compared to real-world interactions. Additionally, immersion levels, av-
atar realism, and motion fidelity influence user perceptions of agency and trustworthi-
ness in virtual robots [15]. Nevertheless, VR remains an invaluable tool for exploring 
human responses to robotic agents, allowing for precise control of experimental varia-
bles while avoiding limitations associated with physical robot interaction. 

2.5 The study  

While previous research has examined robot deception [2, 10, 39, 44] and physical de-
sign’s effect on perceived age [22, 35], the intersection of these two domains remains 
underexplored. Specifically, how does a robot’s perceived age influence moral attribu-
tions, agency judgments, and trust when engaging in unfair behavior? By integrating 
insights from moral psychology, ToM research, and robot design, this work offers new 
perspectives on HRI and provides practical implications for developing robots that 
align with human social and ethical expectations. 

2.6 Research Questions and Hypotheses 

This study is structured around two main axes: the impact of robot behavior (fair vs. 
cheating) and the role of perceived age (adult-like vs. child-like appearance). We for-
mulated the following research questions and hypothesis: 

RQ1.1: To what extent fairness (as opposed to unfairness) in the behavior of a robot 
influences attributions intentionality, mental states, and humanlikeness to the robot? 
H1.1: Participants who interact with cheating robots will attribute more intentionality 
and mental states to the robot, and will consider it more similar to a human than partic-
ipants who interact with a robot that acts fairly. 

RQ1.2: To what extent are the attributions of moral abilities and rights to a robot 
influenced by the fairness of its behavior?    H1.2:  Levels of perceived morality of the 
robot will be lower when the robot is cheating than when it’s acting fairly. 
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RQ1.3: To what extent the fairness of a robot's behavior influences the evaluation 
of the overall interaction experience with the robot and the desire for future interac-
tions? H1.3: The overall interaction experience will be evaluated less positively when 
the robot behaves unfairly. 

These first three questions aim to assess the impact of robot behavior on users’ cog-
nitive and emotional responses. A second set of research questions concerns the role of 
the robot’s perceived age: 

RQ2.1: To what extent the perceived age of a robot influences the attributions of 
intentionality, mental states and humanlikeness? H2.1: A child-like robot will receive 
significantly lower attributions of intentionality, mental states and humanlikeness than 
an adult-like robot. 

RQ2.2: To what extent the perceived age of a robot influences the attributions of 
moral abilities and rights to the robot? H2.1: A child-like robot will be judged as less 
morally responsible for its action than an adult-like robot. 

RQ2.3: To what extent does the perceived age of a robot moderate the assessment 
of its behaviour? H2.3:  Participants who interact with a child-like robot that cheats will 
perceive the interaction less negatively than those who interact with the cheating adult 
- like robot. 

A third set of questions concerns the effect of the individual tendency to anthropo-
morphisms in the evaluation of the robot.  

RQ3.1: To what extent the individual tendency to anthropomorphism influences the 
attributions of mental states, moral capabilities and rights to a robot, and the overall 
evaluation of the users’ interaction with it? H3.1: Participants with a higher tendency 
to anthropomorphism will attribute more mental states, moral capabilities and rights to 
the robots, and will evaluate more positively the interaction with it. 

RQ3.2: To what extent does the individual tendency to anthropomorphism moderate 
the effect of robot behavior and age on the attributions of mental states, moral capabil-
ities and rights to a robot, and the overall evaluation of the users’ interaction with it? 
This question was exploratory, and therefore we do not have specific predictions to test. 

3 Methods 

3.1 Experimental Design 

The experiment was structured following a 2x2 between subjects factorial design with 
two independent variables: the behavior of a robot in a series of rounds of a competitive 
game (fair or occasionally cheating), and the perceived age of the robot (child or adult). 
The game was rock, paper and scissor, and was adapted from [39]. The Rock-Paper-
Scissors game was chosen due to its strong precedent in HRI research, particularly in 
the study by Short et al. (2010), allowing for direct comparison with prior findings. 
Additionally, its simplicity and visual clarity made it well-suited for immersive VR, 
where hand-tracking and gesture-based interaction could enhance the realism of the 
robot’s behavior. 
The robots used in this study were adapted from the first and fourth conditions of Guidi 
et al. [22], a study investigating the influence of body proportions on perceived robot 
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age and agency. The original study demonstrated that changes in head-to-body ratio 
and limb proportions significantly affect the perceived cuteness and maturity of human-
oid robots. For this experiment, two robot models were employed: 

1. Adult-like robot: based on the control condition (group 1) of Guidi et al. [22], origi-
nally 170 cm tall, but modified to 190 cm for this study. The head-to-body ratio and 
limb proportions remained unchanged to maintain an adult-like appearance. 

2. Child-like robot: based on condition 4 of Guidi et al. [22], originally 120 cm tall. 
The model was adjusted to 100 cm, with an increased head-to-body ratio (+30%) 
and reduced limb size (-20%) with respect to the adult-like robot, enhancing its child-
like features. 

These physical modifications were validated through a pre-test that involved 20 partic-
ipants, ensuring that they recognized the age differences between the two robots. The 
design and proportions of the robots used in the present study are illustrated in Figure 
1, showing the distinct characteristics that define the adult and child conditions.  

In the cheating condition, the robot initially plays honestly. However, in certain 
rounds, after one or more losing turns, if its current move turns out to be a losing one it 
performs a rapid arm movement to change it into the winning move, and finally declares 
the false victory.  

 

 
Fig. 1. Screenshot of the 3D models of the robots for the adult (left) and child (right) conditions. 

3.2 Participants 

The study involved a total of 82 participants, primarily recruited from the student body 
of the Anonymous University. The recruitment process was managed through the uni-
versity’s online platform, which allowed for participant registration and scheduling of 
experimental sessions. The decision to recruit primarily university students was based 
on logistical constraints related to the use of immersive virtual reality headsets, which 
required in-person participation. University students were readily accessible and repre-
sented a population accustomed to using digital technologies, which helped ensure a 
smooth and reliable VR experience. Moreover, the use of student samples is a well-
established practice in experimental psychology, particularly in exploratory studies in-
volving emerging technologies such as virtual reality. Participants received €8 as a 
compensation for their participation in the study. The average age of participants was 
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23.2 years (SD = 2.86). Despite attempts to maintain gender balance, the final sample 
consisted of 62.2% female and 36.6% male participants, the rest chose not to answer. 
Regarding educational background, most participants (47.6%) held a high school di-
ploma, likely due to the predominance of undergraduate students in the sample. Addi-
tionally, 36.6% had obtained a bachelor’s degree, while 12.2% held a master's degree.  

3.3 Materials: Virtual Reality Setup and Questionnaires 

The experiment was conducted using Meta Quest 2 and Meta Quest 3 VR headsets, 
which allowed a high level of immersion and experimental control. The VR Lab at 
Anonymous Lab (Anonymous University) developed the virtual environment to mini-
mize external interference and ensure a consistent experience for all participants. After 
the interaction in VR, participants completed an online questionnaire divided into five 
sections  which is reported in the “Post-interaction questionnaire” found in the supple-
mentary material. The first measured the attribution of mental states to the robot using 
18 items derived from Gray et al. [21] answered on 7-point Likert scales to investigate 
how individuals attribute mental states, emotional experience, perceived agency and 
sociability to robotic agents. 11 items measured perceived Experience (the ability to 
have feelings) and 7 items measured perceived Agency (having intentions, free will, 
and being able to pursue goals) [21]. The second section included the Perceived Moral 
Agency Scale, a tool developed to assess how people perceive moral agency in interac-
tive systems such as chatbots or social robots [5], which comprises 10 items rated on 
7-point agreement scales, which measure two constructs: perceived Morality (6 items) 
and Dependency (4 items). The third section investigates the moral status and rights of 
robots with questions drawn from a study by Lima G. et al. [29], it employs 11 items 
answered on 7-point agreement scales. The fourth section includes 5 items on a seman-
tic differential scale designed to assess the robot's impression of likeability [7] and 4 
items asking about trust, desirability of interaction, acceptability of collaboration, and 
realism on 7-point Likert scales [33]. In the last section of the questionnaire there are 
questions about the socio-demographic information of the participants accompanied by 
5 items from the standardized IDAQ - Individual differences in anthropomorphism 
questionnaire to measure the tendency to anthropomorphize technological systems. 
[43]. 

3.4 Experimental Procedure   

Prior to the main experiment, a pilot study was conducted with 8 participants to test the 
smoothness of the procedure and solve any technical problems.  

The experiment received ethical approval (Opinion No.60/2024) from the University 
Ethics Committee. 
The experimental procedure was divided into three main phases.  Initially, participants 
received a general explanation of the study and an informed consent form was signed 
by them, guaranteeing anonymity and the possibility of withdrawal. In the second 
phase, the actual virtual reality interaction took place in which participants played sev-
eral rounds of Rock-Paper-Scissors against a virtual robot. The number of rounds was 

https://drive.google.com/drive/folders/1IASP5Ij858-AdFWA6l5LWyxY_b37cnUV?usp=sharing
https://drive.google.com/drive/folders/1IASP5Ij858-AdFWA6l5LWyxY_b37cnUV?usp=sharing
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fixed to 20 in the fair robot condition, and varied in the cheating condition, in which 
sometimes the robot would show a first move and, if losing, perform a rapid arm move-
ment to modify it. The “action cheat” follows a pseudo-random logic, inspired by the 
study of Short et al. [39], but adapted to avoid predictable patterns. More specifically, 
cheating occurs between rounds 5 and 42; a variable delay regulates cheating: first 
cheating: 5th round, second: after 3rd round, third: after 4th round, fourth: after 2 
rounds. fifth: after 5 rounds, if necessary. If the robot wins honestly in the rounds sched-
uled for cheating, cheating is postponed to the next round lost. A more detailed descrip-
tion is available 1 in the supplementary material The cheating algorithm.  

The robot in the cheating condition is programmed to cheat 5 times before ending 
the game and starts cheating only after actually losing a series of rounds so that it ap-
pears to be an intentional and not a random choice; the 'cheating took place at predeter-
mined times (e.g. 5th, 8th, 15th rounds). The final phase involved computer administra-
tion of post experience questionnaires in which participants rated the robot and overall 
interaction. 
 

4 Results  

4.1 Group Equivalence and Design Checks 

Following the random assignment of participants to the experimental conditions, 20 
participants were assigned to each of the adult robot conditions, and 21 to each of the 
child robot conditions. We compared participants’ age, gender distribution, familiarity 
with technologies and tendency to anthropomorphism across experimental groups. For 
none of the variables the distribution or the mean scores varied across groups. 

4.2 Scales Consistency 

We assessed the internal consistency of the robot perception scales, computing 
Cronbach's alpha for each scale or subscale. For all the variables except likeability (𝛼 
= .71), alpha was higher than .84, showing good consistency. We therefore computed 
the scores for each variable averaging the scores of the corresponding items. 

4.3 Effects of Robot Behavior and Age 

Statistical analysis was conducted using a series of two-way factorial ANOVAs, ex-
ploring the main and interaction effects of the independent variables: Robot Behavior 
(control vs. cheating); Robot Age (adult-like vs. child-like). The dependent variables 
considered (in different models) include all the scales about the robot perception: Ex-
perience; Agency; Perceived Moral Agency subscales (Morality and Dependency); Ro-
bot Moral Rights; Godspeed Likeability (pleasantness and trust in the robot); Trust and 
Interaction Enjoyment; Humanlikeness (perceived humanity of the robot).  

https://drive.google.com/drive/folders/1IASP5Ij858-AdFWA6l5LWyxY_b37cnUV?usp=sharing
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   In the following paragraphs we report the results for the significant effects. The re-
sults for the tests of all the main effects and interactions for all the dependent variables 
are reported in Supplementary Table 1 in the supplementary material. 
The results showed significant main effects of robot behaviour on perceived Experience 
(F = 4.50, 𝜂p2 = .055, p = .037), desire for future interactions with the robot (F = 7.36, 
𝜂p2 = .086, p = .008) and willingness to accept help from the robot (F = 7.78, 𝜂p2 = 
.091, p = .007). The main effect of behaviour was also marginally significant on per-
ceived likeability (F = 2.83, 𝜂p2= .034, p = .096) and trust (F = 3.35, 𝜂p2 = .043, p = 
.064). For all the variables, the mean ratings were lower for the cheating (MExp = 1.73, 
MLike = 3.08, MTrust = 2.94, MInter = 3.54, MHelp = 3.95) than for the fair robot (MExp = 
2.36, MLike = 3.36, MTrust = 3.61, MInter = 4.61, MHelp = 5.22). The plots of the marginal 
means as a function of robot behaviour are presented in figure 2 below. 

 
Fig. 2. Plots of the marginal means of the dependent variables as a function of Robot Behavior. 
Error bars are 95% confidence intervals for the means. A. Experience, B. Agency, C. Human-
likeness. D. Likeability. E. Trust, F. PMA Morality, G. PMA Dependency, H. Robot Moral 
Rights, I. Desire for future interactions, J. Desire for future help.  

Concerning robot age, the results (Figure 3) showed a significant main effect of age 
on perceived morality (F = 4.29, 𝜂p2 = .052, p = .042), resemblance to a human being 
(F = 4.75, 𝜂p2 = .057, p = .032), and, marginally, perceived experience (F = 3.09, 𝜂p2 
= .038, p = .083). The child robot was considered having less perceived morality (M = 
2.36), less resembling a human being (M = 1.9) and having less experience (M = 1.79) 
than the adult robot (MMorality = 3.02, MHuman = 2.5, MExp = 2.3). No other significant 
main effect or interaction was found on any of the dependent variables considered.  

4.4 Effects of the Tendency to Anthropomorphism 

To explore the effect of the tendency to anthropomorphism on judgments about the 
robot, we first computed the correlations between participants’ IDAQ scores and the 

https://drive.google.com/drive/folders/1IASP5Ij858-AdFWA6l5LWyxY_b37cnUV?usp=sharing
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ratings for all the robot perception variables.  The IDAQ was significantly and posi-
tively correlated with the levels of experience (r = 0.51) and agency (r = 0.42) attributed 
to the robot, with the perceived morality (r = 0.42) and with the level of moral rights (r 
= 0.48). It was instead negatively correlated with the (PMA) perceived dependency (r 
= -0.57). 

We then repeated the ANOVAs including participants’ standardized IDAQ score as 
a covariate.  The table with the tests of all the effects is reported in the supplementary 
material (Supplementary Table 2). The results of the ANCOVAs showed that IDAQ 
was significantly associated with all the dependent variables but likeability. When con-
trolling for the tendency for anthropomorphisms, significant main effects of robot be-
havior were found only for willingness to interact with the robot (F = 6.30, 𝜂p2 = .076, 
p = .014) and willingness to accept help from it (F = 6.68, 𝜂p2 = .080, p = .012), and 
marginally also for perceived experience (F = 3.37, 𝜂p2 = .042, p = .070). The main 
effect of age, instead, was only marginally significant for human-likeness ratings (F = 
4.29, 𝜂p2 = .052, p = .081). No other significant main effect or interaction was found 
on any other dependent variable in the ANCOVAs. 
  

 

  

Fig. 3. Plots of the marginal means of the dependent variables as a function of Robot Age. Error 
bars are 95% confidence intervals for the means. A. Experience, B. Agency, C. Humanlikeness. 
D. Likeability. E. Trust, F. PMA Morality, G. PMA Dependency, H. Robot Moral Rights, I. 
Desire for future interactions, J. Desire for future help.   

Lastly, to explore the possible moderating role of the tendency to anthropomorphisms 
on the effects of the robot behavior and age, we first classified participants as having 
low or high tendency to anthropomorphisms based on the comparison of their IDAQ 
scores to the median score for that variable on the sample (M = 1.8). We then conducted 
a further series of ANOVAs (one for each dependent variable), including the IDAQ 

https://drive.google.com/drive/folders/1IASP5Ij858-AdFWA6l5LWyxY_b37cnUV?usp=sharing
https://drive.google.com/drive/folders/1IASP5Ij858-AdFWA6l5LWyxY_b37cnUV?usp=sharing
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level (low vs high) as a predictor, and allowing it to interact with the other design fac-
tors. The table with the tests of all the effects is reported in the supplementary material 
(Supplementary Tables 3A and 3B).  

The results showed a significant robot behaviour by IDAQ level interaction on the will-
ingness to accept help (F = 5.43, 𝜂p2 = .068, p = .023), and significant robot behaviour 
by robot age by IDAQ interactions on experience (F = 4.15, 𝜂p2 = .053, p = .045) and 
moral rights (F = 5.44, 𝜂p2 = .068, p = .022). Concerning the willingness to accept help 
(Figure 4.A), pairwise comparisons of the marginal mean (averaged across robot age) 
showed that only for participants with low IDAQ the ratings were significantly lower 
for the cheating robot (M = 3.21, SE = 0.38) than for the fair robot (M = 5.20, SE = 
0.44, t(74) = -3.43, p = .001), while no differences were found for high-IDAQ partici-
pants (Mcheat = 5.33, SE = 0.53, Mfair = 5.24, SE = 0.43, t(74) = 0.14, p = .887).  

 
Fig. 4. Plots of the marginal means of (A) Desire for future help as a function of robot behavior 
and tendency for anthropomorphism, (B) Experience and (C) attribution of moral rights as a 
function of robot behavior, robot age and tendency for anthropomorphism. Error bars are 95% 
confidence intervals for the means. 

Concerning the three-way interactions, the test of the simple effects of robot behav-
ior on experience showed (Figure 4.B) that only for participants with high IDAQ the 
adult cheating robot (M = 2.02, SE = 0.44), but not the child one, was rated as having 
significantly less experience than the fair robot (M = 3.66, SE = 0.39, t(74) = -2.77, p 
= .007).  The tests of the simple effects of robot behavior on the attributions of moral 
rights to the robot (Figure 4.C), instead, showed that only for low-IDAQ participants, 
and for an adult robot, were attributed more rights to the cheating robot (Mcheat = 3.5, 
SE = 0.37) than to the fair robot (Mfair = 2.31, SE = 0.40, t(74) = 2.19, p = .031). This 
difference (for the adult robot) was not significant for high-IDAQ participants, and it 
was in the opposite direction (Mcheat = 3.38, SE = 0.45, Mfair = 4.31, SE = 0.40, t(74) = 
-1.55, p = .124) while for a child robot it was not significant neither for high-IDAQ (p 
= .685) nor for low-IDAQ participants (p = .552). 

https://drive.google.com/drive/folders/1IASP5Ij858-AdFWA6l5LWyxY_b37cnUV?usp=sharing
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5 Discussion 

The present study was conducted to test a series of research questions and associated 
hypotheses about the role of robot behavior and robot perceived age on the attribution 
of mental states, moral capabilities, moral rights to the robot, and on several HRI di-
mensions.  

We predicted that a robot behaving unfairly (e.g. cheating in a game) could be at-
tributed more mental states intentionality and humanlikeness (H1.1), less morality and 
rights (H1.2), and would be more negatively evaluated in the interaction and in general 
(H1.3) than a fair robot. The first two predictions were not confirmed by the results, 
which actually found that a cheating robot was seen as having less capability to feel 
and have emotions (Experience mind dimension) than a fair robot, but not different 
agency, humanlikeness and morality.  

Interestingly, the hypothesis that deceptive behavior would increase attributions of 
intentionality (H1.1) was not supported by our data. While previous studies [39] re-
ported stronger intentionality attributions in response to robotic deception, these diver-
gences may stem from methodological differences. In our study, mental state attribution 
was assessed using a standardized self-report instrument [21], whereas Short et al. em-
ployed a modified version of the Interactive Experiences Questionnaire by Lombard & 
Ditton [30], analyzing open-ended responses coded by human raters. Thus, the two 
studies likely capture different facets of the construct of intentionality, and the discrep-
ancy in findings reflects these conceptual and methodological distinctions. 

It was also not attributed less rights than the fair robot. H1.3 was instead fully con-
firmed, as the cheating robot was liked and trusted less than the fair robot, and partici-
pants expressed less desire to interact with it or receive help from it. This is consistent 
with previous research that [39] showed how cheating robots reduce human trust and 
are perceived as less agreeable.  
The second set of research questions concerned the effects of the robot age. We pre-
dicted that a child-like robot would be attributed less mental states, intentionality and 
humanlikeness (H2.1), and less morality and rights (H2.2) than a fair robot. The first 
prediction was partially confirmed by the results, which found that a child-robot was 
seen as less like a human and tended to be attributed less experience (but not less 
agency) than an adult robot.  

This is partially in contrast with previous findings [23] that did not find differences 
in the perceived levels of agency and experience of child-like and adult robots. How-
ever, in that study the interaction with the robot was extremely limited, and thus it is 
possible that the effect of age requires an extended and more complex interaction to 
manifest itself. This finding, interestingly, contrasts with the results of [34] which found 
a negative relationship between the age and perceived experience of 80 robots from the 
ABOT database. This inconsistency could be due to the different type and range of 
stimuli used in the experiments.   
 Evidence for H2.2 was mixed, as a child robot was indeed attributed less morality, but 
not less moral agency or rights than an adult robot, although the pattern of means was 
in line with the hypothesis for all the variables. We then predicted (H2.3) that robot age 
could moderate the effect of robot behavior, but this hypothesis was not confirmed by 
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the results, which did not find any significant interaction between robot age and robot 
behavior.  
The third set of questions regarded the role of the tendency for anthropomorphism on 
robot perception and interaction evaluation. We predicted that participants higher in 
this individual trait could express higher ratings for all the variables (and lower for 
dependency) (H3.1), and this prediction was clearly confirmed by the significant asso-
ciation of IDAQ with almost all the dependent variables, consistently with previous 
research [23, 34, 45]. The size of these effects, moreover, tended to be moderate and 
strong.   
Lastly, we were interested in the possible moderating role of the tendency for anthro-
pomorphism in the effects of behavior and age on the robot perception. The results of 
the analyses uncovered interesting significant interactions that are worth considering. 
First of all, the perceived experience level of the robot decreased with cheating only for 
high IDAQ participants, and only for the adult robot. The pattern of means in Figure 
4.B seems to indicate that perceived experience was in general low, and only for an 
adult robot behaving fairly, it was significantly increased by the tendency to anthropo-
morphize. The second result is that the attributions of rights to the robot were signifi-
cantly higher in participants high on this trait than in participants low on it, except for 
an adult cheating robot. It is not clear, however, why a low tendency for anthropomor-
phism would bring participants to attribute an adult cheating robot more rights than to 
the same adult robot behaving fairly.  Lastly, the results showed that willingness to 
accept help from the robot was reduced by the robot cheating (regardless of age) only 
for participants with low tendency to anthropomorphize. It is possible that anthropo-
morphizing the robot would make participants more tolerant of the robot's cheating 
behavior, but it is not clear why no significant effect of cheating was found in partici-
pants having greater tendency for anthropomorphism.  We must however notice that 
we did not have predictions related to the moderating role of the tendency for anthro-
pomorphism, and therefore these results are only exploratory and should be further in-
vestigated and empirically tested. 

6 Conclusions 

The study is part of a strand of research examining the attribution of mental states to 
robots and the influence of their behavior on social trust and acceptance. The results of 
this study highlight that robot behavior is a determining factor in human perception. 
Confirming findings from previous research on transparency and honesty in human-
robot interactions, we showed that a robot’s cheating has a negative impact on the trust 
and likability of the interaction.  

Recent work by Dula, Rosero & Phillips (2023) [16] on dark patterns in social robots 
warns that a child-like appearance can be exploited to conceal manipulative behavior 
and engender undue trust. We therefore argue that designers should avoid using youth-
fulness as a strategy to mask deception, and instead adopt ethical guidelines—such as 
behavioral transparency, clear indication of scripted behaviors, and user briefing—to 
prevent misuse in HRI applications. 
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We extend previous findings showing that a cheating robot is also seen as having less 
experience, and that is less wanted for future interactions or assistance. Moreover, the 
fact that we replicated in an immersive VR environment findings obtained with real 
robots indicates that VR can be a valuable tool for the study of human-robot interaction, 
as it allows highly controlled experiments without the limitations of interaction with 
physical robots. However, it is necessary to investigate how also the new findings ob-
tained in VR in our study are transferable to interactions with real robots. 

One of the most interesting findings in our study concerns the effect of the robot's 
perceived age. The data show that robots with childlike features are perceived as less 
morally capable than adult robots, suggesting a parallel with social judgment mecha-
nisms applied to humans. This result extends previous findings about the perception of 
agency in artificial agents. Age, however, does not seem to significantly mitigate the 
negative judgment toward cheating, suggesting that dishonesty is perceived as an in-
herent characteristic of the agent, regardless of its apparent maturity. But the fact that 
child-like robots tended to be seen as having less experience and less moral capability, 
suggest that child robots could also be seen as less responsible and accountable for 
violations and misconduct than adult robots. 

 
The results of this study have important implications for the design of social robots, 

especially in contexts where trust and transparency are crucial (e.g., health care, educa-
tion). A robot designed to interact with humans must meet human moral expectations. 
Our research shows that robot behavior significantly affects trust, indicating that inter-
actions must be clear and honest to avoid negative effects on agent perception. In addi-
tion, the design of a robot influences how it is perceived and judged. A robot with 
childlike features may be seen as less responsible for its actions, which may be relevant 
in educational or therapeutic applications. However, if the goal is to promote interaction 
based on social rules and shared morality, a design that is too childlike may reduce the 
perception of its accountability. 

Limitations 
This study has some limitations. First, the sample is small and not very diverse be-

cause the participants were mainly college students, with relatively high familiarity 
with technology. This may have influenced the perception of the robot, reducing the 
generalizability of the results. Additionally, the gender imbalance (62% female) and 
the relatively homogeneous demographic characteristics of the sample may have intro-
duced further biases in perception and judgment. These aspects should be taken into 
account when interpreting the findings. Future research should aim to include more 
diverse and balanced samples in terms of gender, age, cultural background, and tech-
nological familiarity in order to increase the external validity and generalizability of the 
results. 

 A second factor concerns the length of the interaction as some participants inter-
acted with the robot for a longer number of rounds than originally planned, which may 
have affected their level of attention and involvement. Another limitation lies in the 
fact that we only used two robots, and this limits the generalizability of our findings. A 
last factor concerns the type of task used, a game typically played among children. It 
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remains to be seen, in future studies, whether the effect of deception or misconduct on 
the perception of robots, could be also found in other tasks, more collaborative and 
having higher stakes than the competitive game used in our experiment; further studies 
should try to replicate this one with different tasks.  Future research could also test these 
models in clinical or educational settings to see if the perceived age of the robot also 
affects interaction in more complex environments. 
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