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In the age of mobile and self-service technologies, human-computer interaction (HCI) often takes place in public settings. Such interactions can be considered a performance in front of others, when the relationship with potential observers may affect user preferences for different interaction styles. From a psychological perspective, public interactions may feel embarrassing or disturbing, but they also provide the opportunity for favorable self-presentation or connection with others. The present study investigated how the presence of different observers (i.e., acquaintance, stranger) emphasizes different psychological needs and, in turn, affects preferences for more or less expressive interactions with a service robot. Results show that users’ need for relatedness was higher when imagining a robot interaction with close observers, while popularity was more important with unknown observers. Relatedness was directly linked to a preference for more expressive interactions, regardless of the expected outcome. In contrast, popularity led to stronger expressivity preferences only when users anticipated a successful interaction for which they could take credit. Our research provides valuable insights into the impact of user-observer-relationship on public HCI, and can inspire designers to take into account how present others and users’ expectation of successful outcomes may call for different degrees of expressivity in interaction design.
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1 INTRODUCTION
A major theme of modern life is our increasing reliance on technologies. In addition to the myriads of personal devices that shape our private lives, we also encounter more and more innovative and unfamiliar technologies in public spaces. Companies are already using ticket machines, ordering terminals, or self-checkouts to replace human staff and empower the customer, while the service robot market is predicted to grow by a multiple in the next few years (Tojib et al., 2022).
Accordingly, users increasingly interact with more or less unfamiliar devices while other people are around, potentially witnessing, judging, or even joining them. Therefore, those interactions become akin to public performances. Such performances may evoke feelings of embarrassment or pride, depending on whether we struggle or succeed, but they may also create a sense of shared experiences. Those feelings are grounded in the basic psychological needs for popularity and relatedness, two inherently social needs, whose fulfillment during product interactions supports positive and meaningful user experiences (Hassenzahl et al., 2010).
Research addressing human-computer interaction in public space or context often treats present others as a potential risk or problem as they can disturb or be disturbed by the user interaction. Social acceptability often dictates the design of public technologies (Koelle et al., 2020), resulting in subtle or covert interaction patterns. However, we propose that the presence of others can also be a source of positive experiences in public, if they provide the opportunity to fulfill needs that require other people, like popularity or relatedness. But for these needs to be fulfilled, others must witness our interactions, which is why their expressivity, i.e., how extensive and noticeable they are, becomes paramount. In other words, interaction expressivity refers to how perceptible a user’s interaction is to an audience, influencing social dynamics. High expressivity, such as a loud, animated conversation, attracts attention, while low expressivity, like a quiet, private discussion, keeps the interaction more contained.
At the same time, when our interactions are more expressive, and thus may be witnessed by others, how we relate to those others becomes increasingly important. We suppose that individuals place greater importance on gaining acceptance and recognition (need for popularity) with strangers, i.e., observers they do not know, while prioritizing building and maintaining relationships (need for relatedness) with acquaintances, i.e., people who are emotionally closer to them.
To explore the impact of observer relationships on user experience, we conducted a vignette study that examined interactions with a service robot in a café setting. Service robots may be considered a subtype of self-service technologies, as they are “technological interfaces that enable customers to produce a service independent of direct service employee involvement” (Meuter et al., 2000, p. 50). However, compared to traditional self-service technologies such as check-out terminals or ticket machines, robots can engage with consumers on a social level (van Doorn et al., 2017; Mende et al., 2019) and are becoming increasingly common in public places like restaurants (Pieska et al., 2013).
In our study, we asked participants to indicate what would be crucial for an ideal interaction with a service robot in a public scenario when being observed by a person either close or unknown to them. Preferences for the fulfillment of different psychological needs (i.e., relatedness and popularity) and expressivity (i.e., how extensive, obvious, and/or noticeable the interaction should be) were assessed, as well as people’s cognitive appraisals of the expected encounter (i.e., success expectation and its attribution). We then take these insights and discuss implications for theoretical research and practical design, presenting service robots not just as functional tools but as facilitators of meaningful and context-sensitive user experiences. Finally, we address the study’s limitations and propose directions for future research.
2 RELATED WORK AND RESEARCH GAPS
Understanding how social context shapes interaction preferences with service robots is crucial for designing technologies that align with user expectations and thus foster acceptance. While extensive research has examined the factors influencing the dyadic interaction of humans with robots, the impact of adding different observers to these situations and how they may affect users’ needs and preferred interaction styles remains underexplored.
2.1 Observers' effect on technology interactions
Self-service technologies (SSTs), including service robots, are increasingly deployed in public environments, where users interact under varying social influences. While studies have investigated individual acceptance factors such as ease of use, prior experience, and perceived risk, research on contextual influences remains limited. Meta-analytic evidence suggests that public settings significantly alter acceptance patterns, with technological anxiety intensifying in crowded or time-constrained environments (Gelbrich and Sattler, 2014; Blut et al., 2016). These findings highlight the need to examine observer effects in public technology interactions.
Insights from social psychology suggest that passive observers shape behavior through the “mere presence effect” (Guerin, 1986), where individuals modify their actions based on being watched. Similarly, social facilitation theory (Zajonc, 1965; Aiello and Douthitt, 2001) suggest that observer effects exist and that they depend on task difficulty. More recent research in consumer psychology also demonstrates that even non-participating social entities can influence service experiences, modifying user preferences and decision-making processes (Argo et al., 2005; He et al., 2012; Argo, 2020).
Despite growing interest in service robot acceptance, research on the impact of social environments on the interaction with service robots is scarce. Some human-robot-interaction (HRI) studies suggest that the presence of observers influences user perceptions of robots, yet comparative analyses across different observer conditions are largely absent (Holthöwer and van Doorn, 2022). But initial evidence indicates that psychological motivations influence user preferences for human versus robotic service staff, depending on social comfort levels (Tojib et al., 2022). Additionally, observers seem to influence perceived trustworthiness and emotional responses in user-robot interactions (Delgosha and Hajiheydari, 2021).
Psychological research also suggests that people’s motivations and experiences will significantly vary not only depending on whether an observer is present, but also on how close they feel to those observers (Boothby et al., 2016; Dubois et al., 2016). But while the presence of more or less psychologically close others (e.g., friends vs. strangers) has already been shown to influence regular service encounters (He et al., 2012; Qiu et al., 2018), its influence on service HRI remains yet unexplored.
2.2 Psychological user needs and expressivity in public interactions
Another potentially crucial but underexplored factor in HRI, as soon as it happens in crowded places, is interaction expressivity—the extent to which a user’s interaction with a robot is visible and noticeable to surrounding observers (Bruns et al., 2021). For example, voice-command interactions tend to be highly expressive because they involve audible communication that others can easily hear and interpret, often attracting attention. On the other hand, touchscreen interactions are relatively private, as they occur through tactile input that is less perceptible to those nearby, thereby reducing the social visibility of the interaction. Interaction expressivity is distinct from robot expressivity, which focuses on the robot’s ability to convey social and emotional cues, whether subtle or explicit. More specifically, it can be defined as “the ability for a robot to successfully communicate dynamic emotional states and intent in a social context during human-robot interactions through embodied communication” (Gomez et al., 2020, p. 1970). When talking about expressivity, we refer to interaction expressivity, i.e., how publicly observable the user-robot interaction is.
Prior research suggests that users adjust their behavior based on the observability of their interactions (Koelle et al., 2020). Expressive interactions can be socially rewarding when users seek validation or shared experiences (Desmet and Fokkinga, 2020). However, they may also trigger self-presentation concerns, particularly in unfamiliar social contexts (Goffman, 1959; Leary, 2019). For instance, while a user may comfortably place an order via voice with a waiter robot in a social setting, they might prefer a less conspicuous touchscreen interface in a pharmacy with strangers nearby. Despite these dynamics, little research has examined how observer presence influences user preferences for expressive interactions with service robots.
As humans, we have an innate human desire for a positive self-image (in terms of approved social attributes) that we want others to share (Goffman, 1955). This fundamental human need for social approval may well extend to technology interactions, where users engage in impression management—adjusting behaviors based on social visibility and evaluation in hopes of positive self-presentation (Leary, 2019). Public technology interactions introduce self-presentation risks, influencing whether users engage with or avoid technology in front of others (Koelle et al., 2020). However, prior research primarily emphasizes negative effects such as embarrassment and discomfort. Traditional perspectives on social acceptability in technology interactions focus on minimizing visibility to reduce negative judgments (Koelle et al., 2020). This approach overlooks potential benefits, such as enhanced social validation, status signaling, or collective experiences (Hassenzahl et al., 2010; Desmet and Fokkinga, 2020).
User experience (UX) research suggests that technological interactions fulfill fundamental psychological needs, including relatedness and popularity (Hassenzahl et al., 2010; Desmet and Fokkinga, 2020). Relatedness, i.e., the desire for social connection and shared experiences, and popularity, i.e., the motivation to gain recognition and validation, have both been shown to be an integral part of various positive technology interactions in public (von Terzi et al., 2021).
However, both needs are inherently different. When being observed, sharing an experience to foster relatedness becomes easier as interactions become more expressive and thus more noticeable. But a feeling of popularity is more contingent. Of course, others witnessing the interaction is still a requisite for gaining recognition. But we also have to succeed at it and be responsible for our success.
According to the control-value theory of achievement emotions (Pekrun, 2000; Pekrun, 2006) anticipated emotions and behavioral choices depend on perceived control and subjective value, i.e., is the task at hand important to us and do we feel able to successfully manage it (Pekrun et al., 2007). Applied to the feeling of popularity in public HRI, this suggests that a user’s preference for more expressive interactions is dependent on their expectation to successfully interact with the robot and whether they can take credit for this success (or blame for failure). This aligns with recent findings highlighting the role of performance expectations (Fan et al., 2020; Tojib et al., 2022) and blame attributions (Belanche et al., 2020a; Fan et al., 2020) in service robot interactions.
Current research in robot design has increasingly recognized the importance of affective and contextual factors, expanding beyond traditional models such as the Technology Acceptance Model (TAM; Davis, 1989). While service robots are generally expected to perform well on pragmatic measures by default, recent studies have begun to highlight hedonic factors as essential drivers for service robot adoption and use, particularly in public spaces (Lu et al., 2019; Alotaibi et al., 2022; Molinillo et al., 2022). This study contributes to this evolving research agenda by examining how observer presence shapes users’ needs for relatedness and popularity, and in turn expressivity preferences, offering new insights into the reason behind positive experiences of HRI in public spaces.
3 HYPOTHESES
Public settings are defined by the presence of others, which shapes individuals’ behaviors and interactions (Goffman, 1959). The presence of others can fulfill social needs by providing social interaction, e.g., support or validation. According to Deci and Ryan (2000), social interactions are key to fulfilling basic psychological needs like relatedness, which in turn can enhance motivation and satisfaction. The fulfillment of psychological user needs is a central aspect of good user experience, which is closely linked to the acceptance of technologies like service robots. For example, Hassenzahl (2010) emphasizes that designing user experiences is grounded in meeting users’ needs, leading to higher satisfaction and positive experiences, and Hornbæk and Hertzum (2017) discuss the strong connection between user experience and technology acceptance. Specifically, in the context of HRI, current research underscores the importance of placing psychological needs at the core of design processes (Janssen and Schadenberg, 2024) and the relevance of environment-related factors, such as public vs. private settings (Honig et al., 2018).
Given the outlined research gaps above regarding social context and experiential qualities, we set out to investigate the public interaction with service robots in a study that integrated the three basic pillars of service robot implementation (Belanche et al., 2020b): service encounter characteristics (here: the relationship to observers), customer features (here: the users’ dominant psychological needs), and robot design (here: the degree of expressivity of an interaction). Based on the reviewed literature we scrutinized the following assumptions.
3.1 Observer relationship and psychological user needs
The presence of close vs. unknown observers influences social motivations in public interactions. When interacting in front of close others, individuals prioritize relatedness, seeking shared experiences and social connection. In contrast, when observed by strangers, individuals are more likely to focus on popularity, aiming to enhance status or manage impressions. Thus, we expect that users interacting with a service robot in the presence of a close observer will express a stronger need for relatedness (H1a), while those interacting with a stranger will place greater emphasis on popularity (H1b).
H1a. Users express a higher need for relatedness when interacting with a service robot in presence of a close person (compared to an unknown person).
H1b. Users express a higher need for popularity when interacting with a service robot in presence of an unknown person (compared to a close person).
3.2 Psychological user needs and expressivity
An interaction’s expressivity determines how noticeable and socially engaging a user’s interaction with a service robot is. When individuals prioritize relatedness, they are motivated to create shared experiences, which are best facilitated through higher expressivity to enhance social bonding. Similarly, when individuals seek popularity, they aim to attract attention and reinforce social visibility, making highly expressive interactions more desirable. Thus, we expect that a higher need for relatedness (H2a) and a higher need for popularity (H2b) will both be associated with a stronger preference for expressivity.
H2a. A higher need for relatedness is associated with a higher preference for expressivity.
H2b. A higher need for popularity is associated with a higher preference for expressivity.
3.3 Observer relationship, psychological user needs, and expressivity
Relatedness is prioritized in interactions with close others and is positively associated with expressivity, as noticeable interactions enhance shared experiences. Given that observer relationship influences relatedness needs, it follows that relatedness serves as a mediator between observer relationship and expressivity. Thus, we expect that the need for relatedness will mediate the effect of observer relationship on expressivity (H3).
H3. The need for relatedness mediates the effect of relationship to the observer on expressivity.
Building on prior arguments, popularity serves as a mediator between observer relationship and expressivity, but its effect is contingent on additional conditions. Since popularity is driven by social validation, individuals will prefer more expressive interactions only when they anticipate success and believe it reflects their own merit rather than external factors. Thus, success expectation and external attribution moderate the mediation of popularity, shaping whether individuals engage in noticeable interactions. Accordingly, we expect that popularity mediates the effect of observer relationship on expressivity (H4a), but this effect is moderated by success expectation (H4b).
H4. A moderated moderated mediation model adequately describes the relationship between observer, popularity, success expectation, external attribution, and expressivity:
o (a) Mediation: The need for popularity mediates the effect of relationship to the observer on expressivity.
o (b) Moderation: The effect of need for popularity on expressivity is moderated by success expectation.
o (c) Moderation: The moderation of the effect of need for popularity on expressivity by success expectation is in turn moderated by external attribution.
The model of H4 as well as all other hypotheses are summarized in Figure 1.
[image: Figure 1]FIGURE 1 | Summary model of study hypotheses.
4 METHODS
4.1 Participants
The initial sample consisted of 367 German-speaking participants from Germany, Austria, and Switzerland, who were compensated €0,80 for approximately 5 min of participation (equivalent to the German minimum wage). The participants were recruited via Clickworker (clickworker.de), a crowdsourcing platform for scientific studies, and were informed about the compensation amount before the study. Following pre-registered exclusion criteria, participants who either failed the attention check (i.e., a question on the situation they ought to imagine), expressed trouble imagining the situation (i.e., a rating of less than four on a seven-point scale), or fell out of the admissible time to completion (i.e., below 180 or above 720 s) were excluded. This resulted in a final sample of 228 people. Of those, 58% were male, 42% female, and one person identified as non-binary. The average age was 40 years (M = 40.28; SD = 12.47; Med = 38), with the youngest participants being 18 and the oldest 73 years old.
4.2 Experimental design and Procedure
The experiment was conducted online as a between-subjects design with two conditions, close vs. unknown observer. Consequently, participants read one of two vignettes, describing the encounter with a talking service robot in presence of either a close or unknown person. This situation was additionally illustrated with a schematic sketch to support imagination and establish a common notion among participants (Figure 2). In general, the hospitality sector is a popular context in human-robot interaction research (Vishwakarma et al., 2023; Liu et al., 2024). We chose a café as it is a relatable public service setting that is not primarily associated with pragmatic concerns like privacy and performance (e.g., hospitals, offices) but foremost with experiential qualities like social exchange, leisure, and pleasurable goods (Hedaoo et al., 2019; Park et al., 2021).
[image: Figure 2]FIGURE 2 | Schematic sketch of the described situation.
After giving a consent agreement according to data protection laws, participants were asked to imagine one of the following two situations with a service robot in public.
4.2.1 Close observer condition
You are in a café, where orders are taken by a talking robot. You are there in company, because a person close to you (e.g., a friend) is sitting at the table with you. S/he watches with interest as the robot approaches you, stops in front of you and asks, “May I take your order?”. Please take a moment to put yourself in the situation as you talk to the robot while being watched by the person close to you.
4.2.2 Unknown observer condition
You are in a café, where orders are taken by a talking robot. You are there alone, but a person unknown to you is sitting at the opposite table. S/he watches with interest as the robot approaches you, stops in front of you and asks, “May I take your order?”. Please take a moment to put yourself in the situation as you talk to the robot while being watched by the stranger.
First, participants rated their ability to put themselves in this situation, and how much they expect a successful interaction with the robot. Subsequently, participants had to rate various statements according to how much they describe their ideal experience in that situation, i.e., the interaction experience they wish for. Then participants rated the situation according to who they would attribute an interaction failure to, themselves or the robot. Those central measures were the basis of the later analysis. Further exploratory items capturing additional needs, hedonic interaction qualities, comfort and social acceptability, impact of the observer, and alternative services, as well as attention check items are included in the openly available data set (see Data Availability Statement).
4.3 Key measures
All items were measured on a seven-point scale. Needs for relatedness and popularity in the imagined scenario were measured with four well-established items adapted from previous works (Sheldon et al., 2001; Hassenzahl et al., 2010). Expressivity, i.e., how noticeable participants would like their interaction to be, was also measured with four items (e.g., “Others shall experience how I interact with the robot”). Success expectation was assessed by means of three statements, for example, “I think the interaction with the robot will cause me no problems”. Participants’ tendency for external attribution was measured with three items (e.g., “It is not my fault if the order fails”). As no established scales existed for measuring those constructs in HRI, we created tailored items and preregistered our item analysis approach (see Data Availability Statement):
“Cronbach's α will be used to assess internal consistencies across all items pertaining to a construct. For psychological needs, if Cronbach's α is below .70, we will exclude items until that threshold is surpassed. For all other constructs, i.e., those with self-created scales, we will exclude items if their exclusion would lead to a higher Cronbach's α of the overall scale. If those prerequisites cannot be attained, we will still continue with our analysis based on the item aggregations that yield the largest internal consistency.”
No adaptations to the respective scales were necessary based on the data set. Table 1 shows an overview of these variables and corresponding measurement items. Descriptive statistics can be found in Table 2.
TABLE 1 | Overview of key variables and corresponding items.
[image: Table 1]TABLE 2 | Overview of internal scale consistencies and means (standard deviations).
[image: Table 2]5 RESULTS
5.1 Preliminary analyses
Internal scale consistencies (Cronbach’s alpha) as well as means and standard deviations for the measured variables, in each condition and overall, are displayed in Table 2. All scales met the pre-registered requirements and showed good to excellent internal consistency according to common conventions.
5.2 Group comparisons and correlations (H1 & H2)
First, we conducted an independent samples t-test to examine whether users in the close person condition express a higher need for relatedness (H1a). We found support for this assumption (t (226) = 5.09, p < 0.001, d = 0.67). Conversely, we expected them to express a lower need for popularity than people in the unknown person condition (H1b), which has not been the case (t (226) = 0.06, p = 0.95, d < 0.01). However, when conducting an exploratory within-subjects comparison with dependent sample t-test, people within the unknown person condition expressed a higher need for popularity than relatedness (t (109) = −2.63, p = 0.01, d = 0.25), while people within the close person condition expressed a higher need for relatedness than popularity (t (117) = 6.36, p < 0.001, d = 0.59). This indicates that while both groups did not differ in their need for popularity, people in the close person condition valued relatedness even higher than popularity, with the opposite being true for the unknown person condition.
Furthermore, we also found support for our second set of hypotheses that the needs for relatedness (H2a) and popularity (H2b) are associated with the preference for a more expressive interaction. The desired expressivity of the interaction significantly correlates with the need for relatedness (r (226) = 0.39, p < 0.001) as well as popularity (r (226) = 0.38, p < 0.001), see Table 3.
TABLE 3 | Correlations between variables.
[image: Table 3]5.3 Mediation and moderation analyses (H3 & H4)
Building on the former observations that the need for relatedness differed between conditions and is associated with higher expressivity, we continued by investigating our assumption that it serves as a mediator between the relationship to the observing person and expressivity preference. For this, we used the PROCESS macro, version 4.0, model 4 (Hayes, 2022) with bias-corrected 95% confidence intervals and 5,000 bootstrap samples. A graphical depiction of the resulting mediation model can be found in Figure 3.
[image: Figure 3]FIGURE 3 | Mediation model according to H3.
The analysis showed no total effect of observer relationship on expressivity (B = −0.34, SE = 0.18, t = −1.89, p = 0.06), which also applies to the direct effect within the mediation model (B = 0.00, SE = 0.18, t = 0.02, p = 0.99). More importantly, analyzing the indirect effects, relatedness significantly mediates the effect of observer relationship on expressivity, supporting H3 (B = −0.34, SE = 0.10, 95% CI [-0.55, −0.18]). Dissecting the indirect path also corroborates the hypotheses H1a and H2a, since relatedness is significantly lower with unknown observers (B = −0.95, SE = 0.19, t = −5.09, p < 0.001) and relatedness positively affects expressivity (B = 0.36, SE = 0.06, t = 6.07, p < 0.001).
We also expected popularity to mediate between observer relationship and expressivity (H4a), but this mediation or the path between popularity and expressivity to be moderated by an interaction effect between success expectation (H4b) and external attribution of the outcome (H4c). In other words, we assumed that the user’s need for popularity is higher with an unknown observer. However, whether this popularity need also leads to a preference for expressivity is mainly dependent on, first, whether one expects to succeed in this situation and, second, whether one feels responsible for it (Figure 1). To this end, we applied the according model 18 in PROCESS (Hayes, 2022), again with bias-corrected 95% confidence intervals and 5,000 bootstrap samples.
Inevitably, this led to a rather complex model (for a comprehensive introduction to the concept of a moderated moderated mediation, see Hayes, 2018). Therefore, we report all results in Table 4 and concentrate here on the core results as well as a visual inspection of the relationships among the multiple variables. In sum, the model explains over 25% of the variance in expressivity (R2 = 0.26, MSE = 1.43, F (8,219) = 9.51, p < 0.001). There was neither a significant direct effect (B = −0.28, SE = 0.16, t = −1.77, p = 0.08), nor an indirect mediation effect on any inspected level of the moderators. However, as expected, there is a significant three-way interaction between the mediator, i.e., need for popularity, with the moderators success expectation and external attribution, partially supporting H4.
TABLE 4 | Results for the regression model (H4) with expressivity as criterion.
[image: Table 4]As can be seen in Table 4, there are also two-way interactions between the mediator and moderators as well as a main effect of external attribution. But given the significant higher order three-way interaction, those lower order effects have to be interpreted in context. To this end, a visual inspection of interaction plots at different levels of the predictors is pertinent to gauge the direction and magnitude of effects.
5.4 Visual inspection of moderated Moderated mediation effects (H4)
We used the code generated by PROCESS to visualize interactions and plotted three graphs with need for popularity on the x-axis and expressivity on the y-axis (Figure 4). Each of those graphs is based upon a different level of external attribution and contains three lines, each for one level of success expectation (PROCESS divides those moderators at the 16th, 50th, and 84th percentiles). This allows us to visually inspect tendencies that do not reveal themselves right away from the complex three-way interaction effect.
[image: Figure 4]FIGURE 4 | Graphical depiction of the moderated moderated mediation model of H4.
Figure 4 provides three observations that stand out and call for interpretation. First, all lines rise from left to right, indicating that, regardless of moderators, popularity is already positively related to expressivity, which is in line with H2b. Second, looking at the individual lines representing different degrees of success expectation, there tends to be a clear order with the circle line (high expectation) surmounting the triangle one (medium expectation), and the triangle line surmounting the square one (low expectation). This implies a higher preference for an expressive interaction at higher success expectations–in most ranges of popularity and at different degrees of external attribution. Third, however, this observation does not apply when there is a high need for popularity and external attribution is relatively high, as there is a near overlap of lines in the bottom graph at the right. Here, the lines seem to approach each other, indicating less of an influence of success expectation under these conditions. This aligns with the notion behind the whole interaction model: A higher need for popularity might lead to a higher preference for expressivity. However, if the outcome is externally attributed, success or failure probably have less influence on the user’s impression towards others, which attenuates the effect of success expectation on expressivity. In other words, those who do have lower success expectations have less reason to fear a suboptimal public interaction, and those with higher success expectations have a lower incentive to display their achievement. This is corroborated by the circle lines (displaying high success expectation), whose slope increases from the bottom to middle to top graph, i.e., with lower degrees of external attribution.
In sum, the assumed moderation of popularity need’s effect on expressivity by success expectation and external attribution is found within the data and supported by visual inspection.
6 DISCUSSION
This research is motivated by the question of what the ideal interaction with service robots in public settings should look like. Our study shows that the expression of two different social needs varies with the relationship to the observer (close vs. unknown), which is in turn associated with the preference for the interaction’s expressivity. Depending on the respective need, however, this association may be moderated by certain preconceptions about the success and attribution of an interaction.
In line with our proposition, people express a higher need for relatedness when imagining an ideal interaction with a service robot in the presence of a (emotionally) close person compared to a stranger. We attribute this to the presence of another person being a necessary but not sufficient prerequisite for drawing pleasure from a shared experience. While people are motivated to share experiences with others, sharing itself does not automatically provide hedonic value (Jolly et al., 2019). As expected, the expressed need for relatedness also correlates with the preference for expressivity, i.e., an interaction that is noticeable and can be witnessed by others. Both observations point towards the conclusion that people are aware of the amplifying potential of co-experiencing a fairly new situation with a close other (Boothby et al., 2016) and therefore appreciate an interaction that involves more than themselves. In accordance with these observations, we could show that it is the psychological need for relatedness that mediates the effect between the relationship with the observer and the user’s wish to engage in an expressive interaction.
Regarding unknown observers, we assumed that the key source of a positive experience is the opportunity to present oneself favorably, leading to a higher need for popularity. Contrary to our proposition, participants did not express a higher need for popularity with an unknown observer compared to a close one. In other words, people were just as keen to present themselves favorably towards close others as they were towards strangers. However, when comparing the two needs within instead of between both experimental groups, results indicate that relatedness and popularity play different roles based on the relationship with the observer. When observed by strangers, people express a higher need for popularity than relatedness when asked about their ideal interaction. Moreover, we found support for our assumption that popularity as well is positively associated with the preference for an expressive interaction, as a perceivable interaction is a necessity to present oneself to others.
We anticipated that the connection between observer relationship and expressivity preference is not as simple when it comes to popularity compared to relatedness. While an interaction can fulfill one’s need for relatedness even if it does not go as preferred (Boothby et al., 2016), the need for popularity requires a successful interaction to experience achievement emotions from making a good impression on present others (Pekrun, 2000; Pekrun, 2006). Our findings support the assumption that the need for popularity resulting from being observed by a stranger mainly manifests in the preference for an expressive interaction if the user (1) tends to expect a successful interaction and (2) does not attribute this to external factors. This theoretical model accounted for more than 25% of the variance in expressivity, which seems like a moderately high share, given the fact that human behavior in social settings is subject to a myriad of potential factors.
In summary, the present study highlights the influence of the observer relationship on psychological needs and desired expressivity during service robot interactions. Understanding these dynamics can enhance the design and implementation of innovative technologies in public spaces.
6.1 Theoretical contributions
Our research contributes to the current literature in several regards. First of all, we investigated the effect of user-observer-relationship for a service experience from an ideal, positive perspective. Studies on how passive observers affect service experiences are still limited and they mostly consider instances of service failure (Fan et al., 2015; Weber et al., 2016; Qiu et al., 2018). On the contrary, we addressed a research gap by examining how those present others might enrich the service experience, which puts a new spin on this field of research and service robot encounters in particular. Notably, we investigated a situation that was inevitably non-private, i.e., people may have generally preferred an interaction with no present others. But as this is hardly attainable in public situations, our work can contribute to making the best out of these situations by understanding the psychological impacts of different observers on interaction preferences.
This also counterbalances the predominant pragmatic, aggregate-across-episodes approach to technology adoption represented by the TAM (Hornbæk and Hertzum, 2017). While its utilitarian focus on arguments like a product’s usefulness is indisputably valuable, our study adds to an increasing amount of current literature focus on hedonic determinants in service robot use (Lu et al., 2019; Alotaibi et al., 2022; Molinillo et al., 2022).
Moreover, the experiential approach applied by us instead of a pragmatic focus can serve as an example and inform further research, as it is better suited to some kinds of service environments. Usefulness has been shown to be a significant factor in people’s attitude toward service robot adoption in credence settings, e.g., hospitals, but not in service settings with an experience attribute, e.g., cafés (Park et al., 2021). As soon as service robots are able to provide the same quality of service a human would, the additional experiential value of interacting with an innovative technology might be a decisive factor in their adoption, especially if pragmatic considerations are not paramount.
By building on the premise that present others can also positively contribute to the experience of a service robot interaction, we added to strands of research that provide a counterpart to the often-applied social acceptability lens on public technology interactions (von Terzi et al., 2021). Socially acceptable design is to a large degree centered on reducing the negative effects that might come with public interactions, like disturbing others or looking awkward (Koelle et al., 2020). These concerns about how one’s technology use might affect others become even more relevant in service settings, like hotels, restaurants, or cafés, as they typically take place in public spaces (Qiu et al., 2018). Our study, however, emphasizes that the interaction expressivity, i.e., its capacity to be witnessed by others, is not inherently bad. On the contrary, while there are definitely concerns about one’s own impression toward others, as seen in the need for popularity, the fulfillment of those needs is a source of positive experiential value from a meaningful interaction (Hassenzahl et al., 2010). This contrasts the avoiding perspective implicitly dominant in social acceptability approaches and is in line with current insights on how not only failure avoidance but also positively framed achievement motivations can affect service robot adoption (Tojib et al., 2022).
Our study on service robot interaction also contributes to the larger field of user experience research. One pertinent theory of user experience builds on the proposition that a positive, meaningful interaction originates from the fulfillment of psychological needs that the respective context brings to the fore (Lenz et al., 2017; Hassenzahl et al., 2021). This fulfillment can emerge from the way an interaction is performed, i.e., if how it is done fits why it is done (Diefenbach et al., 2013). Our study is a well-fitting example of this approach and provides evidence for this theory. Regardless of whether people were more inclined to experience relatedness or popularity (i.e., the why), they also expressed a higher preference for expressivity (i.e., the how) when asked for an ideal interaction. This supports the notion that congruency between the reason for an interaction and the way it is performed creates positive experiences.
We also provided evidence that highlights the importance of theoretically differentiating the social needs an interaction responds to. Depending on the person present, people either prioritize need fulfillment from a shared experience or a favorable impression. While the former is straightforward, the latter calls for the consideration of circumstantial conditions. For popularity, in line with control-value-theory of achievement emotions (Pekrun, 2000; Pekrun, 2006), we could show that there are at least two circumstantial factors (i.e., success expectation and external attribution), which shape whether people, who wish to present them favorably, actually want their ideal interaction to be expressive. This not only supports control-value theory within a new application context but also highlights the relevance of context-sensitive design for creating positive user experiences.
6.2 Practical implications
The implications for context-sensitive design of service robots are one of the main contributions of our empirical exploration. Context sensitivity in this case is twofold: first, it demands awareness that the social environment affects user experiences from outside the typical interaction paradigm between user and technology. Second, it implies that there are factors within that social environment that people may react to differently. This in turn calls for customizable interactions, as service robots mostly operate in environments with a variety of potential users, observers, and thus user requirements, and it is still unclear how those interactions can be designed accordingly (Kong et al., 2018).
Service robots provide the sophisticated, specific skills needed to enable such customized interactions that reflect the customers’ needs and demands (Belanche et al., 2020b), but research is still focused on individual characteristics that may shape their general acceptance (Belanche et al., 2019). We aim to shed light on the importance of considering the social context in the design of public interactions and the potential to create more engaging, satisfying, and meaningful experiences–even if the people around us are strangers. In response, our study promotes expressivity as a key design factor that characterizes public interaction with a robot.
This provides implications for how robots in service settings should be designed. The service robot in our café scenario may react to whether the customer is sitting alone or in company and may adapt the expressivity of an interaction accordingly. For example, Pepper, a popular robot for social purposes (Pandey and Gelin, 2018), usually speaks with its users but may also communicate through texts on a display mounted on its chest. These modalities are inherently different in how expressive and therefore noticeable corresponding interactions are, which allows adjusting expressivity to whether the customer is alone or in company. Interventions with expressivity in mind could also be more fine-grained. Font size and graphics of a terminal could be enhanced to be visible from afar. Displays could be curved to be visible to people not directly in front of it. Or the volume of voice interfaces could be regulated situationally. As soon as it is clear that people may embrace the fact that their interaction is noticeable, this results in a range of conceivable design implications.
The possibility to adjust the expressivity of an interaction (or at least the opportunity to opt out of a spoken dialogue) seems especially important as we identified not only relatedness with known others but also popularity in front of unknown observers as a source of positive experiences. Even if one may enjoy a service alone, they might still be inclined to let others witness their interaction. A potential pitfall in this situation, however, can be the possibility of something going wrong while ordering and thus embarrassing the user, which is reflected in the moderating effects of success expectation and its external attribution. But within this insight, there also lies a solution through considerate interaction design. In the pilot phase of introducing service robots, their adoption could be fostered by letting the robot take accountability. We suppose that people will be less concerned about the expressivity of their interaction if the service robot approaches them by explaining that they are still in the early stages of their training and therefore apologize in advance for any inconvenience. This can take pressure off the user by fostering external attribution (also for the people within earshot) and may even enhance the feeling of personal achievement if everything goes as expected. All in all, the study results stress the importance of designing service robots (interactions) that facilitate success and positive attribution, especially when interacting in front of strangers.
6.3 Future research and limitations
Limitations of the current study and resulting further research questions refer to two broader aspects. The first aspect concerns the study’s design. We conducted a vignette study to explore the fundamental notion of the positive potential of expressivity in a public service robot interaction. Even though vignette studies are a valid source of systematically investigating effects in a controlled manner (Aguinis and Bradley, 2014), the hypothetical nature of our survey calls for more realistic follow-up studies where people actually encounter the pros and cons of interacting in a public setting. This would mean that expressivity could also be experienced instead of having potential users indicating their desired degree of it. Since we provided a low-detailed sketch and description of the robot in our study to facilitate participants’ ability to put themselves in the described scenario, we also somehow limited the room for imagination regarding its expressivity. Allowing an actual, broad-range variation of this expressivity in future experiments would provide an opportunity to further scrutinize our conclusions regarding the design of expressive features of the human-robot-interaction.
Furthermore, we asked for psychological need fulfillment in an ideal interaction with rating scales, which allowed people to rate relatedness and popularity independently. However, this may not fully account for practical limitations in the design of interactions, as the fulfillment of one need may inhibit that of another (Hassenzahl et al., 2010). While evidence supported our assumptions regarding the paramount role of each one of those needs under different observer conditions, our approach of analyzing them independently does not take into account the interaction effects that could arise when both needs are simultaneously active. Similarly, the topic of incommensurability may also apply to user and observer needs. Future research should additionally measure the observer’s needs in the respective situation, since the fulfillment of a user’s need for relatedness, for example, may inhibit an observer’s need for autonomy.
The second aspect relates to the generalizability of results. There are several ways our applied scenario may vary in a real-life setting and those variations have to be further examined. Although we justified our focus on a café as an experiential setting rather than a credence setting like a hospital, it remains unclear whether the interaction is more outcome-focused (e.g., receiving treatment or service) rather than process-oriented (e.g., having a pleasant experience). Gonzalez-Aguirre et al. (2021) provide a review of the uses and applications of service robots across various operational areas, offering further inspiration for alternative settings. We also did not consider individual, intrapersonal factors in our study. Previous research has shown that, e.g., the emotional state of a user, influences how satisfied they are with the service of a robot (Lajante et al., 2023). Therefore, future studies could investigate the influence of user factors on the associations we found.
Furthermore, audiences may vary and we do not know yet how this affects the optimal user experience. We applied a stripped-down design with a single observer (whose presence can already have decisive effects; Guerin and Innes, 1984) and manipulated the user-observer relationship. However, users may be accompanied by someone they barely know, or by several people, or find themselves in a crowded environment, all of which influence the ratio of close to unknown observers. People may also differ, for example, in their age, gender, appearance, or cultural background, and may therefore behave differently in the examined service setting (Fan et al., 2015). It seems promising here to focus less on the sheer endless number of possible combinations but on the strength of emerging psychological needs. For example, applying social impact theory (Latané, 1981), future research could focus on how the need for relatedness and popularity is a function of the strength (i.e., importance), number (i.e., how many persons), and immediacy (i.e., proximity) of the social source or the potential audience (Qiu et al., 2018).
Similarly, our study did not account for the potential absence of any observer as a reference scenario. Our study focused on service robot interactions specifically in public settings where the presence of at least one observer is highly probable. While prior HRI research has primarily focused on user–robot dyads in a vacuum, we aimed to extend these insights by examining how even a single observer affects user motivations and preferences in inevitably non-private interactions. We would anticipate that, in the absence of any observers, users would place less emphasis on being noticed (popularity) or sharing experiences (relatedness). Future research could include such a baseline to more definitively quantify the influence of any observer’s presence.
7 CONCLUSION
The current research explored the ideal interaction with a service robot in a public setting from a performative perspective. It provided support for the notion that an expressive, thus noticeable interaction is not necessarily unpleasant but may allow people to fulfill their basic psychological needs of relatedness or popularity, depending on who witnesses their interaction. At the same time, we discovered potential pitfalls and design implications that must be addressed when people seek to draw pleasure from presenting themselves favorably when interacting with a public technology. While our focus was on service robots, these insights on HCI in a public setting may also encourage fellow researchers and designers to explore expressivity in the interaction with other innovative technologies, considering the presence of others less as a constraint and more as a resource of positive user experiences.
DATA AVAILABILITY STATEMENT
The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found below: https://osf.io/v54qk/.
ETHICS STATEMENT
The studies involving humans were approved by Ethics Committee of the Faculty of Mathematics, Informatics and Statistics (LMU Munich). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS
ST: Conceptualization, Formal Analysis, Investigation, Methodology, Project administration, Validation, Writing – original draft, Writing – review and editing. PT: Conceptualization, Methodology, Validation, Writing – original draft, Writing – review and editing. SD: Funding acquisition, Resources, Supervision, Writing – review and editing.
FUNDING
The author(s) declare that financial support was received for the research and/or publication of this article. This project was funded by the Deutsche Forschungsgemeinschaft (DFG, German Research Foundation) as part of the Priority Programme SPP 2199 “Scalable Interaction Paradigms for Pervasive Computing Environments” in the project “Aesthetics of Performative Interaction for Pervasive Computing Environments in Public Spaces” (Grant No. 425827565).
GENERATIVE AI STATEMENT
The author(s) declare that no Generative AI was used in the creation of this manuscript.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Aguinis, H., and Bradley, K. J. (2014). Best practice recommendations for designing and implementing experimental vignette methodology studies. Organ. Res. Methods 17 (4), 351–371. doi:10.1177/1094428114547952
 Aiello, J. R., and Douthitt, E. A. (2001). Social facilitation from Triplett to electronic performance monitoring. Group Dyn. Theory, Res. Pract. 5 (3), 163–180. doi:10.1037/1089-2699.5.3.163
 Alotaibi, S., Shafieizadeh, K., and Alsumait, K. (2022). Customers’ perceptions toward service robots at restaurants: the moderating role of consumer innovativeness and the mediating role of perceived hedonic benefits. J. Qual. Assur. Hosp. and Tour. 0 (0), 1465–1487. doi:10.1080/1528008X.2022.2161693
 Argo, J. J. (2020). A contemporary review of three types of social influence in consumer psychology. Consum. Psychol. Rev. 3 (1), 126–140. doi:10.1002/arcp.1059
 Argo, J. J., Dahl, D. W., and Manchanda, R. V. (2005). The influence of a mere social presence in a retail context. J. Consumer Res. 32 (2), 207–212. doi:10.1086/432230
 Belanche, D., Casaló, L. V., and Flavián, C. (2019). Artificial intelligence in fintech: understanding robo-advisors adoption among customers. Industrial Manag. and Data Syst. 119 (7), 1411–1430. doi:10.1108/IMDS-08-2018-0368
 Belanche, D., Casaló, L. V., Flavián, C., and Schepers, J. (2020a). Robots or frontline employees? Exploring customers’ attributions of responsibility and stability after service failure or success. J. Serv. Manag. 31 (2), 267–289. doi:10.1108/JOSM-05-2019-0156
 Belanche, D., Casaló, L. V., Flavián, C., and Schepers, J. (2020b). Service robot implementation: a theoretical framework and research agenda. Serv. Industries J. 40 (3-4), 203–225. doi:10.1080/02642069.2019.1672666
 Blut, M., Wang, C., and Schoefer, K. (2016). Factors influencing the acceptance of self-service technologies: a meta-analysis. J. Serv. Res. 19 (4), 396–416. doi:10.1177/1094670516662352
 Boothby, E. J., Smith, L. K., Clark, M. S., and Bargh, J. A. (2016). Psychological distance moderates the amplification of shared experience. Personality Soc. Psychol. Bull. 42 (10), 1431–1444. doi:10.1177/0146167216662869
 Bruns, M., Ossevoort, S., and Petersen, M. G. (2021). “Expressivity in interaction: a framework for design,” in Proceedings of the 2021 CHI conference on human factors in computing systems (yokohama) , 1–13. doi:10.1145/3411764.3445231
 Davis, F. D. (1989). Perceived usefulness, perceived ease of use, and user acceptance of information technology. MIS Q. 13 (3), 319–340. doi:10.2307/249008
 Deci, E. L., and Ryan, R. M. (2000). The “what” and “why” of goal pursuits: human needs and the self-determination of behavior. Psychol. Inq. 11 (4), 227–268. doi:10.1207/S15327965PLI1104_01
 Delgosha, M. S., and Hajiheydari, N. (2021). How human users engage with consumer robots? A dual model of psychological ownership and trust to explain post-adoption behaviours. Comput. Hum. Behav. 117, 106660. doi:10.1016/j.chb.2020.106660
 Desmet, P., and Fokkinga, S. (2020). Beyond Maslow’s pyramid: introducing a typology of thirteen fundamental needs for human-centered design. Multimodal Technol. Interact. 4 (3), 38. doi:10.3390/mti4030038
 Diefenbach, S., Lenz, E., and Hassenzahl, M. (2013). An interaction vocabulary. Describing the how of interaction. CHI’13 Ext. Abstr. Hum. Factors Comput. Syst. (Paris) , 607–612. doi:10.1145/2468356.2468463
 Dubois, D., Bonezzi, A., and De Angelis, M. (2016). Sharing with friends versus strangers: how interpersonal closeness influences word-of-mouth valence. J. Mark. Res. 53 (5), 712–727. doi:10.1509/jmr.13.0312
 Fan, A., Mattila, A. S., and Zhao, X. (2015). How does social distance impact customers’ complaint intentions? A cross-cultural examination. Int. J. Hosp. Manag. 47, 35–42. doi:10.1016/j.ijhm.2015.03.001
 Fan, A., Wu, L., Miao, L., and Mattila, A. S. (2020). When does technology anthropomorphism help alleviate customer dissatisfaction after a service failure? – The moderating role of consumer technology self-efficacy and interdependent self-construal. J. Hosp. Mark. and Manag. 29 (3), 269–290. doi:10.1080/19368623.2019.1639095
 Gelbrich, K., and Sattler, B. (2014). Anxiety, crowding, and time pressure in public self-service technology acceptance. J. Serv. Mark. 28 (1), 82–94. doi:10.1108/JSM-02-2012-0051
 Goffman, E. (1955). On face-work. Psychiatry 18 (3), 213–231. doi:10.1080/00332747.1955.11023008
 Goffman, E. (1959). The presentation of self in everyday life. New York: Doubleday Anchor Books. 
 Gomez, R., Szapiro, D., Merino, L., and Nakamura, K. (2020). “A holistic approach in designing tabletop robot’s expressivity,” in 2020 international conference on robotics and automation (paris: ieee) , 1970–1976. doi:10.1109/ICRA40945.2020.9197016
 Gonzalez-Aguirre, J. A., Osorio-Oliveros, R., Rodriguez-Hernandez, K. L., Lizárraga-Iturralde, J., Morales Menendez, R., Ramirez-Mendoza, R. A., et al. (2021). Service robots: trends and technology. Appl. Sci. 11 (22), 10702. doi:10.3390/app112210702
 Guerin, B. (1986). Mere presence effects in humans: a review. J. Exp. Soc. Psychol. 22 (1), 38–77. doi:10.1016/0022-1031(86)90040-5
 Guerin, B., and Innes, J. M. (1984). Explanations of social facilitation: a review. Curr. Psychol. Res. and Rev. 3 (2), 32–52. doi:10.1007/BF02686548
 Hassenzahl, M. (2010). Experience design: technology for all the right reasons. San Rafael, United States: Morgan and Claypool Publishers, 8. doi:10.2200/S00261ED1V01Y201003HCI008
 Hassenzahl, M., Burmester, M., and Koller, F. (2021). User experience is all there is: twenty years of designing positive experiences and meaningful technology. i-com 20 (3), 197–213. doi:10.1515/icom-2021-0034
 Hassenzahl, M., Diefenbach, S., and Göritz, A. (2010). Needs, affect, and interactive products – facets of user experience. Interact. Comput. 22 (5), 353–362. doi:10.1016/j.intcom.2010.04.002
 Hayes, A. F. (2018). Partial, conditional, and moderated moderated mediation: quantification, inference, and interpretation. Commun. Monogr. 85 (1), 4–40. doi:10.1080/03637751.2017.1352100
 Hayes, A. F. (2022). Introduction to mediation, moderation, and conditional process analysis: a regression-based approach. New York: The Guilford Press. 
 He, Y., Chen, Q., and Alden, D. L. (2012). Consumption in the public eye: the influence of social presence on service experience. J. Bus. Res. 65 (3), 302–310. doi:10.1016/j.jbusres.2011.03.014
 Hedaoo, S., Williams, A., Wadgaonkar, C., and Knight, H. (2019). A robot barista comments on its clients: social attitudes toward robot data use. 2019 14th ACM/IEEE International Conference on Human-Robot Interaction ( Daegu: IEEE), 66–74. doi:10.1109/HRI.2019.8673021
 Holthöwer, J., and van Doorn, J. (2022). Robots do not judge: service robots can alleviate embarrassment in service encounters. J. Acad. Mark. Sci. 51 (4), 767–784. doi:10.1007/s11747-022-00862-x
 Honig, S. S., Oron-Gilad, T., Zaichyk, H., Sarne-Fleischmann, V., Olatunji, S., and Edan, Y. (2018). Toward socially aware person-following robots. IEEE Trans. Cognitive Dev. Syst. 10 (4), 936–954. doi:10.1109/TCDS.2018.2825641
 Hornbæk, K., and Hertzum, M. (2017). Technology acceptance and user experience: a review of the experiential component in HCI. ACM Trans. Computer-Human Interact. 24 (5), 1–30. doi:10.1145/3127358
 Janssen, S., and Schadenberg, B. R. (2024). A psychological need-fulfillment perspective for designing social robots that support well-being. Int. J. Soc. Robotics 16 (5), 857–878. doi:10.1007/s12369-024-01102-8
 Jolly, E., Tamir, D. I., Burum, B., and Mitchell, J. P. (2019). Wanting without enjoying: the social value of sharing experiences. PloS one 14 (4), e0215318. doi:10.1371/journal.pone.0215318
 Koelle, M., Ananthanarayan, S., and Boll, S. (2020). “Social acceptability in hci: a survey of methods, measures, and design strategies,” in Proceedings of the 2020 CHI conference on human factors in computing systems (honolulu, HI) , 1–19. doi:10.1145/3313831.3376162
 Kong, P., Cornet, H., and Frenkler, F. (2018). “Personas and emotional design for public service robots: a case study with autonomous vehicles in public transportation,” in 2018 international conference on cyberworlds (Singapore: IEEE) , 284–287. doi:10.1109/CW.2018.00058
 Lajante, M., Tojib, D., and Ho, T. (2023). When interacting with a service robot is (not) satisfying: the role of customers’ need for social sharing of emotion. Comput. Hum. Behav. 146, 107792. doi:10.1016/j.chb.2023.107792
 Latané, B. (1981). The psychology of social impact. Am. Psychol. 36, 343–356. doi:10.1037/0003-066X.36.4.343
 Leary, M. R. (2019). Self-presentation: impression management and interpersonal behavior. New York: Routledge. doi:10.4324/9780429497384
 Lenz, E., Hassenzahl, M., and Diefenbach, S. (2017). Aesthetic interaction as fit between interaction attributes and experiential qualities. New Ideas Psychol. 47, 80–90. doi:10.1016/j.newideapsych.2017.03.010
 Liu, G. G., Benckendorff, P., and Walters, G. (2024). Human–Robot interaction research in hospitality and tourism: trends and future directions. Tour. Rev. 80, 847–870. doi:10.1108/TR-04-2024-0266
 Lu, L., Cai, R., and Gursoy, D. (2019). Developing and validating a service robot integration willingness scale. Int. J. Hosp. Manag. 80, 36–51. doi:10.1016/j.ijhm.2019.01.005
 Mende, M., Scott, M. L., van Doorn, J., Grewal, D., and Shanks, I. (2019). Service robots rising: how humanoid robots influence service experiences and elicit compensatory consumer responses. J. Mark. Res. 56 (4), 535–556. doi:10.1177/0022243718822827
 Meuter, M. L., Ostrom, A. L., Roundtree, R. I., and Bitner, M. J. (2000). Self-service technologies: understanding customer satisfaction with technology-based service encounters. J. Mark. 64 (3), 50–64. doi:10.1509/jmkg.64.3.50.18024
 Molinillo, S., Rejón-Guardia, F., and Anaya-Sánchez, R. (2022). Exploring the antecedents of customers’ willingness to use service robots in restaurants. Serv. Bus. 17, 167–193. doi:10.1007/s11628-022-00509-5
 Pandey, A. K., and Gelin, R. (2018). A mass-produced sociable humanoid robot: pepper: the first machine of its kind. IEEE Robotics and Automation Mag. 25 (3), 40–48. doi:10.1109/MRA.2018.2833157
 Park, S. S., Tung, C. D., and Lee, H. (2021). The adoption of AI service robots: a comparison between credence and experience service settings. Psychol. and Mark. 38 (4), 691–703. doi:10.1002/mar.21468
 Pekrun, R. (2000). “A social-cognitive, control-value theory of achievement emotions,” in In Motivational psychology of human development: developing motivation and motivating development ed , editors J. Heckhausen (Amsterdam: Elsevier Science Publisher), 143–163. doi:10.1016/S0166-4115(00)80010-2
 Pekrun, R. (2006). The control-value theory of achievement emotions: assumptions, corollaries, and implications for educational research and practice. Educ. Psychol. Rev. 18 (4), 315–341. doi:10.1007/s10648-006-9029-9
 Pekrun, R., Frenzel, A. C., Goetz, T., and Perry, R. P. (2007). “The control-value theory of achievement emotions: an integrative approach to emotions in education,” in Emotion in education ed . Editors P. A. Schutz, and R. Pekrun (Amsterdam, Boston: Academic Press), 13–36. doi:10.1016/B978-012372545-5/50003-4
 Pieska, S., Luimula, M., Jauhiainen, J., and Spiz, V. (2013). Social service robots in wellness and restaurant applications. J. Commun. Comput. 10 (1), 116–123. 
 Qiu, S., Li, M., Mattila, A. S., and Yang, W. (2018). Managing the face in service failure: the moderation effect of social presence. Int. J. Contemp. Hosp. Manag. 30 (3), 1314–1331. doi:10.1108/IJCHM-06-2016-0315
 Sheldon, K. M., Elliot, A. J., Kim, Y., and Kasser, T. (2001). What is satisfying about satisfying events? Testing 10 candidate psychological needs. J. Personality Soc. Psychol. 80, 325–339. doi:10.1037/0022-3514.80.2.325
 Tojib, D., Ho, T. H., Tsarenko, Y., and Pentina, I. (2022). Service robots or human staff? The role of performance goal orientation in service robot adoption. Comput. Hum. Behav. 134, 107339. doi:10.1016/j.chb.2022.107339
 van Doorn, J., Mende, M., Noble, S. M., Hulland, J., Ostrom, A. L., Grewal, D., et al. (2017). Domo arigato Mr. Roboto: emergence of automated social presence in organizational frontlines and customers’ service experiences. J. Serv. Res. 20 (1), 43–58. doi:10.1177/1094670516679272
 Vishwakarma, L. P., Singh, R. K., Mishra, R., Demirkol, D., and Daim, T. (2023). The adoption of social robots in service operations: a comprehensive review. Technol. Soc. 76, 102441. doi:10.1016/j.techsoc.2023.102441
 von Terzi, P., Tretter, S., Uhde, A., Hassenzahl, M., and Diefenbach, S. (2021). Technology-mediated experiences and social context: relevant needs in private vs. public interaction and the importance of others for positive affect. Front. Psychol. 12, 718315. doi:10.3389/fpsyg.2021.718315
 Weber, K., Sparks, B., and Hsu, C. H. C. (2016). The effects of acculturation, social distinctiveness, and social presence in a service failure situation. Int. J. Hosp. Manag. 56, 44–55. doi:10.1016/j.ijhm.2016.04.008
 Zajonc, R. B. (1965). Social facilitation: a solution is suggested for an old unresolved social psychological problem. Science 149 (3681), 269–274. doi:10.1126/science.149.3681.269
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2025 Tretter, von Terzi and Diefenbach. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/frobt-12-1538711-t001.jpg
Relatedness (I want to have a sense of ...)
. relatedness with people around me
. building a connection with those around me
. sharing a common experience with someone
. close intimacy with the people 1am with
Popularity (I want to have a sense of ...)

... being someone, others look to for guidance

. making a good impression on others

... being admired by others

nspiring others with my behavior

Expressivity

Others shall experience how I interact with the robot
Others should be able to have a share in my interaction with the robot
1 want others to notice what I do
Twant others to witness how I interact with the robot
Success expectation
I think the interaction with the robot will cause me no problems
Tam sure that I can handle the robot
I think I will succeed at ordering without any problems
External attribution
Itis not my fault if the order fails

‘The robot is to blame, if the order goes wrong

It not up to me if the order does not work out





OPS/images/frobt-12-1538711-t002.jpg
Variable Cronbach'’s alpha Close observer Unknown observer

Relatedness 089 3.98 (1.49) 444 (1.42) 3.49 (1.40)
Popularity 0.86 3.74 (1.46) 375 (151) 3.73 (1.40)
Expressivity 092 3.29(1.36) 345 (1.41) 3.11(129)

Success Expectation 0.88 5.56 (1.03) 566 (0.99) 5.46(1.06)

External Attribution 0.84 4.48 (1.23) 449 (1.27) 4.48(1.20)





OPS/images/frobt-12-1538711-g003.gif





OPS/images/frobt-12-1538711-g004.gif





OPS/images/frobt-12-1538711-t003.jpg
Variable Relatedness Popularity Expressivity Success expectation External attribution

Relatedness -
Popularity 067" -

Expressivity 039" 038 -

Success Expectation 011 009 0310 -

External Attribution 004 007 0.00 0.06 -

*p < .001.





OPS/images/frobt-12-1538711-t004.jpg
SE

(Intercept) 7.36 -3.71 1.99 0.05
Observer* -028 016 -177 008
Popularity (POP) -171 093 ~184 007
Success Expectation (SUC) -073 064 -1L15 025
External Attribution (EXT) -157 073 -214 003
POP'SUC 033 016 213 003
POP'EXT 047 018 254 001
SUC'EXT 025 012 199 005
POP'SUC'EXT ~0.08 003 -250 001

Nl

: unknown = 1






OPS/xhtml/nav.xhtml
Contents

		Cover

		How the presence of others shapes the user experience of service robots		1 Introduction

		2 Related work and research gaps		2.1 Observers' effect on technology interactions

		2.2 Psychological user needs and expressivity in public interactions





		3 Hypotheses		3.1 Observer relationship and psychological user needs

		3.2 Psychological user needs and expressivity

		3.3 Observer relationship, psychological user needs, and expressivity





		4 Methods		4.1 Participants

		4.2 Experimental design and Procedure

		4.3 Key measures





		5 Results		5.1 Preliminary analyses

		5.2 Group comparisons and correlations (H1 & H2)

		5.3 Mediation and moderation analyses (H3 & H4)

		5.4 Visual inspection of moderated Moderated mediation effects (H4)





		6 Discussion		6.1 Theoretical contributions

		6.2 Practical implications

		6.3 Future research and limitations





		7 Conclusion

		Data availability statement

		Ethics statement

		Author contributions

		Funding

		Generative AI statement

		Publisher’s note

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Robotics and Al






OPS/images/frobt-12-1538711-g001.gif
Obserer

Pty
[ S






OPS/images/frobt-12-1538711-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Robotics and Al





