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In our society interaction with robots is becoming more and more frequent since robots are not only used in the industry, but increasingly often in assistance and in health system. Perception of robots and their movements is crucial for their acceptance. Here we shortly review basic mechanisms of perception of actions, and then of perception of robotic and human movements. The literature demonstrates that there are commonalities, but also differences in the perception of human and robotic movements. Especially interesting are biologic gender differences in the perception of robotic movements. The results show that males seem to be more sensitive to the differences between robotic and anthropomorphic movements, whereas females seem not to perceive such differences. However, females transfer more anthropomorphic features to robotic movements. While looking at the brain activation during perception of humanoid and robotic movements in different genders one can conclude that different strategies are used; female seem to analyse robotic movements online, while male seem to use previous knowledge from interaction with robots. Further research is needed to specify more such gender differences.
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Action perception and the mirror neurons system

Action perception has gained much attention during the last decades. The so-called mirror neuron system (MNS) has been recognized as the major player in action perception, action understanding and action imitation (Rizzolatti and Craighero, 2004). The MNS includes the ventral premotor cortex (vPMC), inferior parietal cortex (IPC), the supplementary motor area (SMA) and to some extent the superior temporal cortex (Di Pellegrino et al., 1992; Gallese et al., 1996; Rizzolatti and Craighero, 2004; Fogassi et al., 2005; Kaysers and Gazzola., 2010; Mukamel et al., 2010). Areas within the MNS have been found to be involved in both performing a specific goal-directed action and observing/recognizing the same or a similar action, when performed by another individual (Di Pellegrino et al., 1992; Gallese et al., 1996; Rizzolatti and Craighero, 2004). At least in humans, there is evidence that areas within the MNS are also involved in motor imagery, when individuals are requested to imagine goal directed actions in the absence of any motor output, and language processing, when individuals attribute meanings to read or heard language items, especially expressing a motor content (Buccino et al., 2016; Hardwick et al., 2018). As a whole, experimental evidence suggest that the MNS is responsible for the matching of sensory information (visual, acoustic) about motor actions with the motor representations of those actions in the perceiver’s brain. In this respect, one can also speak of the translation of a perceived action into one’s own motor processes. According to current studies, this should make it possible to assess both the further actions and the intention of the counterpart. In particular, it was found that the MNS is more activated when the observed movement is familiar to the motor repertoire of the beholder (Buccino et al., 2004a). For example, in a fMRI study it has been shown that the MNS becomes active when human individuals observe an action like biting, regardless of the acting individual (a human individual, a monkey or a dog). This because biting is an action shared with other species. In contrast with this, when human individuals observe actions like silent speech, barking or lip-smacking (an action that monkeys use in an affiliative manner), then only silent speech recruits the sensorimotor areas of the MNS. No recruitment occurs during the observation of lip-smacking or barking. Indeed, these are actions that are not part of the human motor repertoire and hence not shared. This evidence suggests that a direct experience and a motor competence of the observed actions are fundamental pre-requisites for the MNS to be recruited. In a similar vein, Calvo-Merino et al. (2005) found a stronger involvement of the MNS in the observation of capoeira dancing movements by capoeira dancers than by classical ballet dancers and vice versa. Similar results were obtained by Haslinger et al. (2005) when studying the perception of piano players. Again, higher MNS activations were found when the observing subjects were themselves professional piano players as opposed to amateur players. In summary, actions that are part of the observer’s motor repertoire are mapped onto his or her own motor system and stimulate stronger activations in the MNS. Actions that are not part of the repertoire seem to excite the motor system less and elicit lower activations in the MNS. Complementary to this evidence, when human individuals have to learn novel actions (think of learning how to play a musical instrument, to dance and so on) or face new situations, besides and beyond the MNS, other areas in the brain become active. In an fMRI study (Buccino et al., 2004b), when naïve participants had to learn some guitar accords presented through a videoclip by an expert guitarist, areas in the prefrontal cortex became active. Interestingly, the prefrontal cortex was not active if the same accords were observed by expert guitarists or even by naïve participants, after an appropriate training (Vogt et al., 2007).



Perception of robotic actions

It is hard to imagine today’s society without robots. Among other things, they are firmly established in industry, in business, but also in healthcare (Karwowski, 1991; Maier, 2022; Michalos et al., 2022). Nowadays, there are many different types of robots. Among others, there are stationary robots, which are popularly used in industry, autonomous robots, such as toy robots, and humanoid robots. Humanoid robots are most similar in appearance and structure to a human form. However, robots also differ in the way they move. Here, a distinction is made between classical robotic movements and humanoid (anthropomorphic) movements. Anthropomorphic means the simulation of human characters by robots (Duffy, 2003; Kuz et al., 2013). The classical robotic movements are point-to-point movements, whereas the human movements describe a bell shaped trajectories of motion. The anthropomorphic movements follow a digressive (concave) curve whereas, the robotic movement follow a progressive (convex) curve. The type of movement influences the comfort factor of a human interacting with a robot (Huber et al., 2008; Kuz et al., 2013). Hugues et al., 2016 found that the target of a movement could be better predicted when the movement is performed in a human-like manner, so that people in a co-working scenario with a robot feel more confident, less stressed and more willing to work together with the robot. Especially the identification with a robot as a co-worker is based on the attitude toward a robot, technological expertise, and personality (Savela et al., 2021). Dubois-Sage et al. (2023) describe a large interindividual variability in anthropomorphism that depends on age, gender, personality, culture, previous experience with technology, level of education, degree of social isolation, and the developmental type of the individual.

As described above, the mirror neuron system is particularly active in the perception of familiar movements. However, recent studies have also demonstrated that specifically the action observation network, a network of parietal, premotor, and occipitotemporal regions in the human brain, is involved in not only perceiving but also understanding the observed movements of others (Gallese and Goldman, 1998; Gallese et al., 2004) and is closely linked to the mirror neuron system.

Cross et al. (2012) showed that specifically the action observation network is active not only during familiar movements, but also during the observation of robotic movements that do not describe a human trajectory. They investigated the activation of the action observation network when viewing human and robotic movements. They were able to show that the action observation network is active both when observing familiar and unfamiliar movements, independent of the actor of the movement. Further studies could show that the action observation network is particularly activated when observing goal-directed and contextually familiar movements (Hamilton and Grafton, 2008; Liepelt et al., 2010; Ramsey and Hamilton, 2010). Liepelt et al. (2010) examined imitation of movements that were human or non-human. They were able to show that both human and non-human movements were better imitated when they were goal-directed. Ramsey and Hamilton (2010) support these results by showing in an fMRI study activation of the inferior parietal cortex to distinguish the goals of human hand actions. They concluded that the understanding of an action is more important than the form of the acting actor (e.g., human or robot).

The theory of higher involvement of the action observation network and the mirror neuron system in goal-directed movements is supported by the results of other studies showing that when movements were not goal-directed, no difference was found in the perception of robotic or anthropomorphic movements (Gazzola et al., 2007; Chaminade et al., 2010; Urgen, 2015; Hoenen et al., 2016). Gazzola et al. (2007) conducted an fMRI study in which they showed subjects humans and robots performing different movements. They were able to show that the goal of a movement is more important for the activation of the mirror neuron system than the type of gestalt performing the movement. However, it has also been shown that the greater the anthropomorphic features of a movement, the greater the activation of the mirror neuron systems (Krach et al., 2008). Thus, it can be stated that for the activation of the MNS the human resemblance of a movement and the orientation toward a goal is important (Gazzola et al., 2007; Krach et al., 2008; Abel et al., 2020).



Gender influence on perception of robotic actions

Previous studies investigated the influence of the robot’s gender on how humans perceive the robot. For example, smart home devices, such as Google’s Alexa or Apple’s Siri, have a female identity by being assigned a female voice to convey a sense of comfort and security (Stroessner and Benitez, 2019). In contrast, robots that are meant to appear more sinister or powerful are assigned male names and roles, such as Terminator. Overall, robots with a female figure or face are judged to be warmer (Benitez et al., 2017; Carpinella et al., 2017). Stroessner and Benitez (2019) support this hypothesis by showing that anthropomorphic female robots are judged to be warmer than machine-like robots in a male figure, which are viewed with more of an uncomfortable feeling. In general, anthropomorphic robots are judged to be more competent. However, the Uncanny-Valley-Theory (Mori, 1970) describes an effect that turns to the opposite when a robot has too many anthropomorphic features, i.e., if a robot is assigned too many anthropomorphic features, it is no longer judged as positive or perceived as too real. Many authors discuss the relationship of the degree of anthropomorphism and the acceptance of the service robot (Bartneck et al., 2009; Belanche et al., 2020). Lu et al. (2019) were able to show that customer satisfaction increases when the service robot has a high degree of anthropomorphic characteristics. The service robot is then trusted more and people are more satisfied with the robot’s service. However, the gender of the robot is also a decisive factor, since the same expectations and requirements are placed on it as on a real person. Seo (2022) examined emotional responses to a service robot, varying gender (female/male) and degree of anthropomorphism. He was able to show that gender stereotypes are also present in service robots and that the gender of the robot influences the satisfaction in the interaction. In summary, this means that if the robot takes on a role or position that is otherwise more likely to be performed/occupied by women, it is beneficial if the robot is then also attributed female characteristics to increase user acceptance, familiarity, and likability in the co-working scenario (Seo, 2022).

It is now interesting to investigate to what extent the biological sex of the interacting human also has an influence on the perception of a robot actions. Evidence exists that biological females and males could perceive certain details of robotic actions in a different way (Abel et al., 2020). Furthermore, in the field of human-robot interaction, there is a large debate on the role of sex differences in operators on the perception of robots. It is reported that females generally show more positive attitudes toward anthropomorphic robots (Lee, 2008; Abel et al., 2020, 2022). Males, on the other hand, have more positive attitudes toward classical robots (Cameron et al., 2018). Differences in the perception of robotic and humanoid movements were shown by Abel et al., 2020. They figured out that males seem to be more sensitive to the differences between robotic and anthropomorphic movements, whereas females showed no difference between them. However, females transferred more anthropomorphic features to robotic movements. Abel et al. (2020) investigated in a behavioral experiment the perception of anthropomorphic and robotic movements performed by a robot model and a digital human model in biological females and males. They demonstrated that males were more sensitive to the differences in robotic and anthropomorphic movements than women. Whereas women attributed more anthropomorphic characteristics to the robotic movements. These differences were found independent of the kind of actor that performed the movements. To date, there has been little investigation of neuroanatomical differences between males and females in human-robot interaction. A further study by Abel et al., 2022 investigated the neuroanatomical correlates in perception of robotic and anthropomorphic movements between biological males and females. In an fMRI experiment, they again investigated the perception of robotic and anthropomorphic movements performed by a robotic model and a digital human model. They presented to the subjects video clips with the four different types of movements (robot model—anthropomorphic vs. robotic movements; human model—anthropomorphic vs. robotic movements) in an MRI environment and investigated the underlying brain activity related to the observation of the different movements. Abel et al. (2022) were able to show that males and females use different processing pathways in the brain when processing the perception of robotic and anthropomorphic movements. Females showed activations of the left hemispheric primary and secondary visual areas while observing the robot model. Regarding the difference between anthropomorphic and robotic movements, female participants demonstrated significant activations in the right hemisphere in the primary sensory cortex, the superior parietal lobule, and the visual motor cortex. Male participants, however, showed activations in the movement coding areas in the posterior parieto-temporal cortex while observing the robot model and the robotic movements. All the activation sites (for female and for male) were localized in the dorsal stream of processing of visuomotor information (Goodale and Milner, 1992). In the classical view of Goodale & Milner the dorsal stream was a unified structure. Newer research has demonstrated that the dorsal stream is rather subdivided into the dorso-dorsal and ventro-dorsal substreams (Binkofski and Buxbaum, 2013). Along these lines, the activation sites in females were localized in the dorso-dorsal substream. The activation site in male, however, was localized in the ventro-dorsal substream. The two substreams of the dorsal stream of processing of the visuomotor information have distinct characteristics: the dorso-dorsal stream is processing online information and has a small working memory capacity, whereas the ventro-dorsal stream has much more working memory capacity and is using previous knowledge about actions in the action processing. The results of Abel et al. (2020) allow the following conclusions to be drawn (Abel et al., 2022): Females analyse different movements “online” via the dorso-dorsal stream, whereas males process these movements via the ventro-dorsal stream and use more working memory capacity and rely on their prior knowledge when analyzing movements. They seem to have a higher sensitivity to differences between robotic and anthropomorphic movements and employ their expert MNS for perception of robotic movements using their previous experiences in such situations.

These results are quite promising and shed first light on gender differences in perception of robotic movements. Nevertheless, further research is needed to get deeper insights into this issue.



Conclusion

It can be stated that a working environment in which humans and robots interact with each other should be well thought out. More and more robots are being used to interact with humans, not only in industry but also in the healthcare sector. Hence, it is important to investigate how the respective acceptance of the robot is and which factors influence this. This can depend to large extent on the area of employment. There are various parameters that have an influence on the acceptance of human robot interaction. Besides the shape of a robot, the type of movement seems to be an important component. However, biological sex also seems to play a role in human robot interaction. It should be interesting to conduct further studies here to investigate the different influences, such as gender, previous experience, movement type, shape, and others, on human robot interaction in more detail. In particular, field studies that investigate human robot interaction in a real-world condition are of great relevance here. A laboratory condition, as in the studies described in this article, provide a foundation on which to build. In this context, it is also interesting to investigate the underlying neuroanatomical correlates. In addition to the MNS, the action observation system is also a relevant system which should be considered in more detail in the field of human robot interaction. In particular, fiber connections between neuroanatomical structures are also of interest here in order to better understand the systems and thus improve conditions in co-working scenarios between humans and robots. This can also be explored in field studies, e.g., with the utilization of portable functional near-infrared spectroscopy (fNIRS) technology.
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