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Evaluating Theories Guiding  

Human-Robot Interaction with Implications for Ethics 
 

Jessica K. Barfield and Jiangen He 

 

Abstract. This chapter reviews the role of theory in guiding research on human-robot interaction (HRI) 

with a discussion of how the theories relate to the design and use of robots from the perspective of ethics. 

As discussed in the chapter, studies on HRI are often based on a theoretical framework derived from the 

disciplines of psychology, communication, information science, robotics, and marketing. Each of these 

disciplines have either directly developed theory to guide research on HRI or in a different context have 

developed theory to study human behavior which was then adopted for use in robotics by the HRI 

community. After a discussion of the benefits of using theory to guide research on HRI a conceptual 

framework is proposed to categorize theories which have been previously used to explore different aspects 

of HRI. In addition, summary tables are provided which presents key aspects of HRI theories and with 

implications for ethics. The chapter concludes with a critical review of how to review theories and a 

discussion of future directions in the use of theory to guide HRI research. 
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1. Introduction 

 

This chapter summarizes theories which have been used to evaluate human interaction with robots 

experienced in different social contexts. Throughout the chapter an attempt is made to relate the theories to 

issues of ethics for the design and use of robots. As the chapter discussion and summary tables show many 

theories guiding research on human-robot interaction (HRI) were developed primarily within the academic 

disciplines of communication, psychology, robotics, and marketing (Asemi, Ko, and Nowkarizi, 2021; 

Manthiou et al. 2021; Prewett et al. 2010; Ullrich and  Diefenbach, 2017; Walther, 1992). Robotics 

researchers either used prior theory to guide research on HRI or they developed new theory to describe 

broad principles of human behavior with applications to HRI. In either case, numerous theoretical 

approaches have been used to guide HRI research offering the robotics community different theoretical 

assumptions and predictions for HRI. Concerning the scope of the chapter it presents a review of HRI 

theories by summarizing two main theoretical approaches for investigating HRI and includes a discussion 

of how selected theories relate to issues of ethics in the design and use of robots when experienced in social 

contexts. The chapter concludes with a critical evaluation of HRI theories and comments on future 

directions in the use of theory when investigating issues of ethics for human interaction with robots.  

The term, “theory-based approach” (Auttin et al. 2023; Hmelo, Gotterer, and Bransford, 1997) is a 

common term used among researchers and for this chapter has applications to ethics offering several distinct 

advantages to the robotics community (Hoorn, 2020a,b). More specifically,  by using the term theory-based 

approach, we refer to HRI studies that that were guided by the  assumptions and predictions of a theory 

(thus, the approach is theory-based). For example, the use of theory allows researchers to propose 

hypothesis which can be tested within a particular theoretical framework thus providing a context in which 

to make predictions for human interaction with robots (Barfield, 2023a; Trafton, Raymond, and Khemlani, 

2021). Further, a theory-based approach to guide HRI research is useful for connecting researchers from 

different academic disciplines interested in the same or a similar topic within HRI thus providing the 

opportunity for interdisciplinary collaboration between researchers. Additionally, there are other benefits 

associated with the use of theory to guide ethics considerations in HRI research. For example, Teo et al. 

(2017) describing the value of theories for human interaction with robots commented that theories can help 

organize the body of knowledge in a particular field, provide direction for HRI research, and importantly, 

contribute to additional theory building. And from an applied perspective, a theory-based approach for HRI 

https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/46893022
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/5283601
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/46888505
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/46888505
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/46888505
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/28199325
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/28199325
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/36052410
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may help researchers focus on identifying the key performance indicators which may guide ethical 

interactions between humans and robots and in fostering the development of robots that interact with people 

based on the ethics principles of transparency, repeatability, reproducibility, and trust (Marvel, et al. 2020). 

In addition, discussing the benefits of using theory to guide research in HRI, Teh and colleagues (2021) 

concluded that theory could be used to provide first-cut insights into large-scale HRI scenarios that 

otherwise could be too costly or challenging to perform with computer simulations or with observing robots 

in the wild. 

Some additional background on what constitutes a theory and its elements is useful to set the stage 

for the chapter. However, we should note early in the chapter that there is no one definition of what a theory 

is within or between academic disciplines, and this has historically been a topic of discussion within the 

philosophy of science literature (Cover, Curd, and Pincock, 2012; Popper, 2014). For example, Karl Popper 

offered unique perspectives on the nature of scientific inquiry and advocated for the idea of falsificationism 

in which scientific theories cannot be proven true, but they can be falsified through empirical testing 

(Popper, 2014). The current chapter adopts Popper’s approach for the conceptualization of a theory and as 

a useful guide for selecting the theories in the summary tables presented below. From Popper, the theories 

presented in this chapter should meet the criteria that they can be subjected to rigorous testing and scrutiny, 

and they should be open to revision or rejection based on empirical evidence. Popper’s emphasis on 

falsifiability is particularly relevant for HRI research and robot ethical design where hypotheses can be 

posed and directly tested in the laboratory or in a field-study evaluating robots in the wild. Thus, a theory 

usually includes some predictive capacity and attempts to explain the causal mechanisms of implementing 

the theory in a particular context (Hantula, 2011; Kwon et al, 2020; Shalley, 2012). To provide more 

perspective on what constitutes a theory according to Nilsen (2015) a theory consists of “analytical 

principles or statements which structure our observations, understanding, and explanation of the world” 

(pg. 2).    

More on focus for this chapter, “ethical theory” refers to the study of morality, exploring what 

actions are considered right or wrong, and provides frameworks for making moral decisions. In addition, 

building ethical robots involves the process of design, and Jones and Gregor (2007) discussed components 

of design theories which included: (1) the purpose and scope of the theory, (2) its constructs, (3) principles 

of form and function defining the theory, (4) using testable propositions, that is, using a theory-based 

approach for design, and (5) considering principles of implementation. Additionally, in the field of design, 

Friedman (2003) commented that the process of design involved solving problems noting that theories need 

to be developed which focus on exploring how designs work using a theory-based explanation of the design 

process. In another discipline, Love (2000) discussing the philosophy of design commented that a critical 

analysis of design should clarify the relationships between individual design concepts including the 

underlying assumptions comprising the design. In another discipline the philosophy of design explores the 

fundamental questions surrounding design's purpose, ethics, and implications for society. Guided by the 

philosophy of design, the process of design is examined critically, often in conversation with aesthetics, 

ethics, and knowledge. Thus, the philosophy of design investigates the foundational concepts, assumptions, 

and implications of design itself. It examines design in relation to fundamental philosophical questions like 

ethics (how design impacts society), aesthetics (what makes a design good or beautiful), and epistemology 

(how we gain knowledge through design). Additionally, Weng and Hirata (2022)  indicated that designers 

of socially intelligent machines should consider Value-Sensitive Design which is a theoretically grounded 

approach to the design of technology that accounts for human values in a principled and comprehensive 

manner. And in the field of engineering, design theory adopts the engineering design process which 

includes a series of steps that involve problem definition, brainstorming, prototyping, and testing with the 

application of fundamental engineering principles. Further, engineering design incorporates design theories 

in order to create safe, efficient, and reliable solutions to real-world problems.  

For research on HRI, it is often based on the assumption that rules and theories that apply to 

interpersonal interactions between people should also apply to human interaction with social robots. This 

observation is particularly relevant for the role of ethics in HRI. Essentially, that people interact with robots 
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as they do people is the Computers as Social Actors (CASA) paradigm proposed by Nass and Brave (2005) 

and Nass, Steuer, and Tauber (1994). Supporting this notion, Fox and Gambino (2021) commented that 

social robots should mimic humans in form and behavior such that human interaction with robots is more 

likely to resemble human-human interaction. They discussed several theories which could be used to 

investigate HRI which included resource theory (Martini, Buzzell, and Wiese, 2015), 

interdependence theory (Wagner and Arkin, 2008), equity theory (Fox and Gambino, 2021), and social 

penetration theory (Fox and Gambino, 2021). Critiquing the theories, Fox and Gambino considered whether 

they were viable frameworks for studying HRI given their theoretical assumptions and claims. With 

relevance for ethics, they concluded that the above listed theories on interpersonal behavior might be 

unsuitable for examining current human-robot interactions given their view that current robots often fail to 

achieve social actor status and thus may not be considered co-actors in a social exchange (Fox and Gambino, 

2021). However, most researchers within the HRI community have concluded otherwise. For example, 

numerous researchers have successfully used communication, management science, and behavioral science 

theories to guide research on HRI and to investigate issues on ethics related to HRI (Barfield,  2023b). As 

an example, Teh, Hu, and Soh (2021) used a theory-based approach to explore how humans and robots 

might adapt to one another over time. To investigate this topic, they used the Theoretical Human-

Robot Scenarios (THuS) framework to evaluate the interactions between groups of humans with robots that 

were programmed with the ability to learn. More specifically, Teh and colleagues successfully used ThuS 

as a tool to quantitatively compare HRI scenarios that involved different agent types.  

Not surprisingly, the field of psychology has provided the robotics community a rich set of theories 

which have been used to guide research with relevance to ethics and HRI (Ullrich and Diefenbach, 2017). 

For example, research on moral psychology has investigated HRI in moral contexts, and has asked how 

these results may impact debate in ethical theory. Interestingly, “HCI ethics” typically involves applying 

moral standards to the design, use, and management of technology, focusing on human welfare, privacy, 

ownership, bias, usability, trust, autonomy, and accountability. An example of this approach is seen through 

the use of the Semiotic Inspection Method as applied to HCI and HRI (de Souza, et al. 2006) which is based 

broadly on Semiotic Engineering theory (which uses concepts from semiotics and computer science to 

investigate the relationship between user and designer) (de Souza, et al. 2001). Bento and colleagues (2009) 

argued that the Semiotic Inspection Method is an example of an approach that has been successfully used 

in HCI research and adopted for the design of human-robot interfaces. Additionally, Gonsior et al. (2012) 

discussed the transfer of psychological knowledge, particularly on prosocial behavior from social 

psychology to the domain of HRI. More specifically, they investigated human helpfulness behavior towards 

a robot and found that situations evoking empathy and similarity between human and robot led to increased 

helpfulness towards the robot. Additionally, theories used to explain human-computer interaction (HCI) 

have often been adopted by the robotics community and widely used to guide research on HRI (Allan, et 

al., 2022 a, b; Higgins, 1997, 2005). Given the numerous benefits of using theory to guide research on HRI 

this chapter extends the discussion on the use of theory for evaluating HRI by presenting the results of a 

literature search broadly relating HRI theories to ethics and by presenting a summary table listing 

representative theories which have been used previously by scholars in different disciplines to guide 

research on HRI with implications for ethics. 

 

1.1 Searching for HRI Theories  

 

The search for HRI theories with implications for ethics was guided by the PRISMA statement and its 

extension (PRISMA, 2024; see also Hirvonen et al. 2024) which describe a systematic approach and 

reporting procedure for literature reviews. The approach consists of: (i) identifying candidate articles to 

review, (ii) a screening process applied to the articles found, and (iii) the use of criteria to select the articles 

used to summarize the search. Based on this procedure, and following Hirvonen et al. (2024), the following 

process was used to search for theories guiding HRI research.  

https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/48169113
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/6657013
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/3756905
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/5724312
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/1905115
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/28199325
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/36052410
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/762141
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1.1.1 Identifying Articles for Review 

 

The first phase of the literature review consisted of identifying theories relating to the topic of HRI which 

could then be analyzed from the perspective of ethics and HRI. The process was based primarily on the use 

of the Web of Science, IEEE/ACME, and Google Scholar databases and a search for peer reviewed articles 

or papers from conferences proceedings focusing on the topic of HRI. Further, an effort was made to locate 

IEEE and ACM conference papers relating to HRI and to identify and search relevant journals on HRI.  

In the first phase of the literature review the search parameters used to locate theories which guided 

HRI research were initially broad and returned thousands of records (see Table 1). For example, at the time 

of the search,  using high-level search terms on HRI shows that 15,276 records were produced using the 

Web of Science database and 123,783 records were returned using Google Scholar. Thus, the search was 

refined such that it was more focused on articles which used a theoretical approach to investigate HRI and 

other criteria discussed below. This was done primarily by narrowing the terms used in the search query. 

For example, using the Web of Science database and using “robot anthropomorphism” as a search topic 

returned 996 articles. However, when the search was narrowed even further using the following search 

terms “robot anthropomorphism AND experiment” 205 records were returned. Further, refinement of the 

search queries produced less returned articles in a search, but more on point for the topic of the chapter. For 

example, “robot anthropomorphism AND  experiment AND theory” produced 2 records and both were 

found to be relevant for the chapter topic. Additionally, using the Web of Science and Google Scholar 

databases and ̀ using the above refinement procedure terms such as “gender”, “race”, and “ethnicity”, given 

they may relate to issues of ethics in the design and use of robots, were paired to the terms “robot” or 

“human-robot interaction” and used to guide the search. Another search method was to search using the 

names of prominent researchers in HRI which were identified by looking at paper citations for relevant 

articles and chaining respective articles’ references in key areas of HRI research.  

 

1.1.2 Screening Process 

 

After the above search procedure which initially resulted in several thousand returned records, in the second 

phase of the search process for HRI theories the articles were screened for relevance based on inclusion and 

exclusion criterion. Additionally, for searches that produced several hundred articles their abstracts were 

first reviewed to check whether they used a theory-based approach to investigate HRI and if so, the article 

was downloaded for further screening. For all articles and paper abstracts, screening occurred by the first 

author reviewing the records found. For inclusion, the theory had to relate to human interaction with robots, 

could represent any application area, and the theory stated assumptions that could be tested empirically 

through the use of hypothesis testing (see Popper, 2014); in either case a quantitative or qualitative study 

was deemed appropriate for the literature review.   

Based on the above approach for the review, several criteria were used to select the articles which 

were placed in summary tables (presented below) organized around two conceptual themes that have 

prominently guided HRI research. As the main criterion the article had to include a human and robot 

engaged in a social context. Further, the article had to identify a theory and make a theoretical contribution 

to HRI and have implications for human-robot interface design and ethics.  Table 1 provides examples of 

keywords and databases used to guide the search and Table 2 presents some key researchers doing theory- 

guided HRI research.   
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Table 1. Example of literature search queries, prompts,  and search parameters used across online databases 

with key articles found. 
Search Method or 

Database 

Example of Keywords 

Used 

Key Articles Found 

   
University Online Databases: 

Web of Science 

“robot AND ethnicity” and 

“robot ethnicity” 49 records 

each 

 

 “human-robot interaction 

AND ethnicity” 12 records  

 

“culture AND robot” 1,059 

records   

 

“human-robot interaction 

AND theory” 869 records  

 

“uncanny valley” 714 records 

 

“robots AND uncanny 

valley” 351 records 

 

“humanistic theory AND 

robot” 6 records 

 

“communication theory AND 

robot” 1,979 records 

 

“social role AND robot” 

1,886 records 

 

“robot anthropomorphism” 

996 records 

 

 “robot anthropomorphism 

and communication theory” 

16 records 

 

“robot anthropomorphism 

and experiment” 205 records 

 

Fox, J.,  Gambino, A., Relationship Development with 

Humanoid Social Robots: Applying Interpersonal 

Theories to Human/Robot Interaction, Cyberpsychology 

Behavior and Social Networking,  Vol. 24(5), 294-299, 

2021. 

 

Bernotat, J., Eyssel, F., and Sachse, J., Shape It - The 

Influence of Robot Body Shape on Gender Perception in 

Robots, 9th International Conference on Social Robotics 

(ICSR), 75-84, 2017. 

 

Otterbacher, J and Talias, M., S/he's too Warm/Agentic! 

The Influence of Gender on Uncanny Reactions to 

Robots, 12th Annual ACM/IEEE International 

Conference on Human-Robot Interaction (HRI), 214-223, 

2017. 

 

Eyssel, F., and Hegel, F., (S)he's Got the Look: Gender 

Stereotyping of Robots, Journal of Applied Social 

Psychology, Vol. 42(9), 2213-2230, 2012.  

 

Sparrow, R., Do Robots have Race? Race, Social 

Construction, and HRI, IEEE Robotics and Automation 

Magazine, Vol. 27(3), 144-150, 2020. 

 

 

 

 

 

 

For anthropomorphism these search terms provide an 

example of the refinement search process used to produce 

a more focused search]  

Google Scholar “robot  

anthropomorphism” 39,300 

records 

 

“robot anthropomorphism 

and communication theory 

and experiment” 3,160 

records  

 

“social construction theory 

AND robot” 23 records 

Tajfel, H., Turner, J. C., Austin, W. G., and Worchel, S., An 

Integrative Theory of Intergroup Conflict, 

Organizational identity: A Reader, 56-65, 1979. 

 

Duffy, B. R., Anthropomorphism and the Social Robot, 

Robotics and Autonomous Systems, Vol. 42 (3-4), 177-

190, 2003. 

  

https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/1652260
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/8024025
about:blank
about:blank
about:blank
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/3894494
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/21487425
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/13921181
https://www-webofscience-com.utk.idm.oclc.org/wos/woscc/full-record/WOS:000449941100008
https://www-webofscience-com.utk.idm.oclc.org/wos/woscc/full-record/WOS:000449941100008
https://www-webofscience-com.utk.idm.oclc.org/wos/woscc/full-record/WOS:000449941100008
https://www-webofscience-com.utk.idm.oclc.org/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22CF%22,%22rowText%22:%229th%20International%20Conference%20on%20Social%20Robotics%20(ICSR)%22%7D%5D
https://www-webofscience-com.utk.idm.oclc.org/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22CF%22,%22rowText%22:%229th%20International%20Conference%20on%20Social%20Robotics%20(ICSR)%22%7D%5D
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/29488696
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/1637107
https://www-webofscience-com.utk.idm.oclc.org/wos/woscc/full-record/WOS:000463724200024
https://www-webofscience-com.utk.idm.oclc.org/wos/woscc/full-record/WOS:000463724200024
https://www-webofscience-com.utk.idm.oclc.org/wos/woscc/full-record/WOS:000463724200024
https://www-webofscience-com.utk.idm.oclc.org/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22CF%22,%22rowText%22:%2212th%20Annual%20ACM%2FIEEE%20International%20Conference%20on%20Human-Robot%20Interaction%20(HRI)%22%7D%5D
https://www-webofscience-com.utk.idm.oclc.org/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22CF%22,%22rowText%22:%2212th%20Annual%20ACM%2FIEEE%20International%20Conference%20on%20Human-Robot%20Interaction%20(HRI)%22%7D%5D
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Table 2. Key HRI researchers identified. 

Key researchers identified 

from conferences 

participation and literature 

review 

Robert Sparrow; Fredirike 

Eyssel; Christoph Bartneck; 

Kerston Haring  

Eyssel, F., and Loughnan, S., It Don't Matter if You're 

Black or White? Effects of Robot Appearance and User 

Prejudice on Evaluations of a Newly Developed Robot 

Companion, 422-433, In: Herrmann G., Pearson M. J., 

Lenz A., Bremner, P., Spiers A., & Leonards U. (eds) 

Social Robotics, ICSR 2013, Lecture Notes in Computer 

Science, Vol. 8239. Springer, Cham, 2013. 

 

Sparrow, R., Robotics Has a Race Problem, Science 

Technology & Human Values, Vol. 45 (3), 538-560, 2020. 

Bartneck, C., Nomura, T., Kanda, T., Suzuki, T., and 

Kennsuke, K., Cultural Differences in Attitudes Towards 

Robots. Proceedings of the AISB Symposium on Robot 

Companions: Hard Problems And Open Challenges In 

Human-Robot Interaction, Hatfield, 1-4, 2005. 

 

Bartneck, C., Yogeeswaran, K., Ser, Q-M., Woodward, G., 

Sparrow, R., Wang, S., Eyssel. F., Robots and Racism, 

Proceedings of ACM/IEEE International Conference on 

Human Robot Interaction (HRI ’18), 1-9, 2018. 

 

Eyssel, F., and Kuchenbrandt, D., 

Social Categorization of Social Robot: 

Anthropomorphism as a Function of Robot Group 

Membership, British Journal of Social Psychology, Vol. 

51 (4), 724-731, 2012a. 

  
1.2 Organization of the Theories 

 

In order to provide a conceptual framework to organize the theories discovered through the search 

procedures, Table 3 presents a description of two broad conceptual areas which were used to categorize and 

group individual theories which have been used previously to investigate HRI. Based on the above search 

procedure, the framework emerged from a comprehensive review of the HRI literature and prior HRI 

research by the Barfield (2021 a,b, 2023a,b,c). While there is some overlap between the two conceptual 

areas, the categories reflect a broad framework around which to organize HRI theories and are useful in 

identifying the general characteristics of theories evaluating human performance and ethical interactions 

with robots. To start, the process of anthropomorphism for robots is a well-replicated finding within HRI 

research and several theories have been proposed to describe the processes leading to robot 

anthropomorphism (Jones, Niichel, and Armstrong, 2018; Kühne and Peter, 2023). Given the important 

finding that people evaluate robots in a similar manner as they do humans it is expected that more research 

and theory development will be done to explore the factors which influence how robots are 

anthropomorphized based on different characteristics of the robot. In addition, the Uncanny Valley effect 

first discussed by Mori (1970) which describes the negative or eerie reaction among humans for robots 

approaching, but not quite reaching, human levels of appearance has been broadly used to study HRI and 

has served as framework to develop theories to guide HRI research. The Uncanny Valley effect suggests a 

non-linear relationship between a robot’s anthropomorphism and reaction to the robot and proposes that by 

increasing the human likeness of robot appearance such that it is no longer perceived to be within the dip 

of the Uncanny Valley, there will be an increased affinity towards the robot (Seymour et al. 2019).  

 

 

 

https://www-webofscience-com.utk.idm.oclc.org/wos/woscc/full-record/WOS:000479417800001
about:blank
about:blank
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/21487425
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/10326888
https://www-webofscience-com.utk.idm.oclc.org/wos/woscc/full-record/WOS:000312141400015
https://www-webofscience-com.utk.idm.oclc.org/wos/woscc/full-record/WOS:000312141400015
https://www-webofscience-com.utk.idm.oclc.org/wos/woscc/full-record/WOS:000312141400015
about:blank
about:blank
about:blank
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/2604438
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/43462868
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/31764313
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/49876793
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/27599287
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Table 3. Two conceptual categories for conceptualizing HRI theories. 

.  
Theory 

Categorization 

Description Relevance for Ethics and 

HRI 

Example 

Theories based on 

the process of robot 

anthropomorphism 

 

Theories describing HRI may be based on 

the perceptual and cognitive processes 

associated with interpreting the features and 

behavior of a robot in human terms. Further, 

anthropomorphizing robots has been shown 

to lead to an emotional response from users; 

therefore, among others, theories dealing 

with human affect have been used to evaluate 

the process of robot anthropomorphism.      

The process of 

anthropomorphism allows 

relationships to be formed 

between humans and 

robots. Humanoid robots 

especially have the power 

to convince their user that 

they are able to provide 

them with genuine, 

reciprocal affection and 

real social relations. 

Anthropomorphism can 

distort moral judgments 

about AI, such as those 

concerning its moral 

character and status, as 

well as judgments of 

responsibility and trust. 

Fraune (2020) investigated 

whether robot 

anthropomorphism 

decreased differences 

between humans and 

robots on in-group 

favoritism. Generally, 

participants favored the in-

group over the out-group 

robots in various 

scenarios.  

Theories based on 

the Uncanny 

Valley effect 

The Uncanny Valley, the eerie feeling 

elicited when humans evaluate robots that 

approach but not reaching humans in 

likeness, has been replicated in numerous 

studies; such studies often vary the physical 

appearance and behavior of the robot and its 

voice characteristics.  

The Uncanny Valley effect 

refers to the unsettling 

feeling evoked by 

humanoid robots that 

appear almost, but not 

quite, human, and its 

ethical implications in 

robot design and 

interaction are significant, 

impacting moral 

expectations, decision-

making, and potential 

misuse. In moral 

psychology there are 

several outstanding 

questions on how robot 

appearance and other 

perceived properties of the 

robots influences the way 

their decisions are 

evaluated.  

Thepsoonthorn, Ogawa, 

and Miyake (2021) 

examined the influence of 

the robot's nonverbal 

behavior on the Uncanny 

Valley effect. They 

observed a relationship 

between the participants' 

ratings on human-likeness 

of the robot's nonverbal 

behavior and affinity 

toward the robot's 

nonverbal behavior. 

 

1.3 Comments on Theories for HRI 

 

To summarize the above discussion, Figure 1 suggests that Robot Anthropomorphism and the Uncanny 

Valley effect can serve as broad conceptual frameworks to guide HRI research and specifically to frame 

issues of ethics, and as such, they have both led to the use, development, and adoption of other theories 

from different disciplines which have been used to study HRI. For example, from Figure 1 this includes the 

use of theories accounting for social roles adopted by robots in social interactions, theories related to how 

people categorize robots, humanistic theories which focus on how robots are experienced by users in social 

contexts, and theories from psychology, communications, and information science which focus on the 

communication process between human and robot. In addition, the other topics shown in Figure 1 have also 

played an important role in guiding HRI research; for example, people may place robots in social categories, 

or react to robots as if they had a race, gender, or ethnicity which of course implicates issues of ethic in 
HRI. In these areas most often HRI researchers have adopted theories from other fields to guide their 

research. There is also a relationship between robot anthropomorphism and the Uncanny Valley effect in 

https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/5099960
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/6558003
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/1942344
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/1942344
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/42024621
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that robots perceived to be in the dip of the Uncanny Valley are attributed fewer human characteristics than 

robots perceived to be outside of the Uncanny Valley. On this point,  Kühne and Peter (2023) commented 

that anthropomorphism plays a prominent role in HRI stating that robot shape, which is a factor in 

determining whether a robot is perceived to be in the Uncanny Valley, is a potential precursor of 

anthropomorphism.  

 

Figure 1. Robot Anthropomorphism and the Uncanny Valley effect can be used as conceptual frameworks to guide 

HRI research. Further, their broad conceptualizations have influenced different theoretical approaches for HRI derived 

from theories on social role, robot categorization, humanistic, psychology, communication, and information 

processing approaches.  

 

2. Summary of Theories for Ethical HRI Design 

 

Based on the above two classifications schemes which can be used to categorize theories that have 

guided HRI research, and on a comprehensive search of the HRI literature over a period of months, Tables 

3 and 4 list different theories that were identified meeting the above search criteria and which have 

previously been used to guide HRI research. From the tables it is interesting to note that most theories 

identified were adopted from the fields of psychology, information and communication sciences, and to 

some extent, marketing which is not surprising given a main goal within these disciplines is to understand 

human behavior in a particular context.  To reiterate, what follows next are tables which organizes theories 

which have previously been used to guide research on the topic of HRI based on the Uncanny Valley Effect 

and robot anthropomorphism. The tables provide a brief description or explanation of the theory, its relation 

to HRI and to ethics, and a standard reference in which the theory was used to explore HRI. Finally, we 

should note that there are other theories which could be included in the following summary tables; for 

brevity, what are listed are representative theories for each conceptual framework.  
 

 

 

 

 

 

 

 

Table 3. The Uncanny Valley Effect used to guide HRI research. 

https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/49876793
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/27599287
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Mail Theory Uncanny 

Valley Effect 

Description or Explanation Relation to HRI and Ethics Reference 

Uncanny Valley Effect The uncanny valley reflects the relation 

between a robot’s degree of 

resemblance to a human being and the 

emotional response to the robot. The 

concept suggests that humanoid robots 

that imperfectly resemble actual human 

beings provoke feelings of eeriness and 

revulsion in observers 

Robots that appear human 

but not quite so have been 

found to result in negative 

evaluations of the robot. This 

implicates moral and ethical 

issues in robot design.  

Mori (1970) 

 

Terror Management 

Theory (TMT) 

TMT proposes that humans may feel 

threatened by humanoid appearing 

robots 

Humanoid robots may 

violate norms of human 

appearance and movement 

thus influencing human 

moral and ethical behavior 

towards robots. 

Gray and 

Wegner (2012)  

 

Appraisal Theory Appraisal theory is derived from 

psychology research which states that 

emotions are extracted from our 

evaluations of events that cause specific 

reactions in different people. Our 

appraisal of a situation can cause an 

emotional or affective response  

For  robots varying levels of 

human-likeness of attributes 

(i.e., visual, vocal and 

verbal) influence 

consumption outcomes (e.g., 

service encounter evaluation, 

revisit intentions and 

positive word of mouth 

intentions). By appraising a 

situation an emotional 

response may be generated 

and can lead to the ethical or 

unethical treatment of robots. 

Lu, Zhang, 

and Zhang  

(2021) 

 

Demutti et al  

(2022) 

Theory of Mind 

Perception 

Mind perception entails ascribing 

mental capacities to other entities 

Mind perception is linked to 

individual differences and to 

design features of a robot 

which may affect the 

evaluation of its mental 

capacities and may help to 

explain the Uncanny Valley 

effect. The mental attributes 

ascribed to robots may 

influence its treatment as 

ethical or unethical. 

 

 

Schein and Gray 

(2015) 

 

Rabe et al. 

(2022) 

 

 

   

  

https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/33771474
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/7605543
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/7605543
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/34751838
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/3132833
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/806244
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/806244


 
 
 

10 
 

The next summary table emphasizes that anthropomorphism, ascribing human characteristics to 

robots has been a lead to numerous theories to guide HRI research and has implications for ethnics in 

robot design and use. 

Table 4. The construct of anthropomorphism used to guide HRI research and theory development.  

Anthropomorphism Description or Explanation Relation to HRI and 

Ethics 

Reference 

Anthropomorphism 

Theory 

Anthropomorphism is the extent to 

which people attribute human 

characteristics to a non-human entity 

The human-like appearance 

of a robot has a direct effect 

on the robot’s evaluation 

and may trigger moral, 

ethical, or unethical 

treatment of robots. 

Epley, Waytz, and 

Johnn (2007)  

 

Humanized-AI Social  

Interactivity Framework 

This framework extends previous 

studies in the consumer behavior 

literature by offering an increased 

understanding of how individuals 

choose to interact with robots in 

domestic environments based on 

humanness and social interaction  

Different levels of robot 

interaction can affect an 

individual’s liking of robots 

and the moral and ethical 

treatment of robots. 

Letheren, Jetten, 

Roberts, and 

Donovan (2021) 

 

Emotion Theory 

. 

 

 

 

 

 

Generally, theories of emotion present 

broad theoretical perspectives 

representing all major schools of 

thought on the study of the nature of 

emotion 

 

There are different roles 

that emotion plays in 

decision-making, learning, 

communication, and 

social interactions; thus 

robots that collaborate with 

people should consider 

human affect so that robots 

are treated morally and 

ethically.  

Breazeal (2004)  

 

 

SEEK Theory of 

Anthropomorphism 

SEEK states that anthropomorphism 

occurs subconsciously within moments 

of interacting with a non-human agent, 

here an individual’s mind shifts, 

recognizing for example, that a service 

is not being delivered by a something 

but rather by someone 

Anthropomorphism can 

lead to the impression that 

the robot will operate 

similarly to a human and if 

so, issues of ethics and 

morals are implicated.  

Epley, Waytz, and 

John (2007) 

 

Theory-Context-

Characteristics-

Methodology (TCCM)  

 

 

A TCCM approach uses qualitative 

input from researchers who are active in 

HRI and helps identify where 

opportunities for further development 

and growth lie.  

TCCM assists in the design 

of service robots by 

comparing 

service robots with humans, 

thus representing a major 

design oriented method to 

create  ethical robots. 

de Keyser 

and Kunz (2022) 

Theory of Affective 

Bonding 

In psychology an affectional bond is a 

type of attachment behavior one 

individual has for another, e.g., a 

caregiver for her or his child in which 

the two partners tend to remain in 

proximity to one another 

People may experience a 

mediated or simulated 

interaction with a 

social robot such that the 

more emotionally aroused, 

the more likely to develop 

an affective relationship 

with a robot and engage in 

more ethical treatment of 

the robot.  

Hoorn (2020 a,b)  

 

  

3. Analysis of Theories for Robot Design: Issues of Ethics 
 

In addition to the above summary of theories presented in Tables 3 and 4, we conducted an in-depth 

analysis of the articles citing the ten seminal papers on the Uncanny Valley effect and the Theory of 

https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/369348
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/1994066
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/1994066
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/48783968
https://en.wikipedia.org/wiki/Psychology
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/1492622
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Anthropomorphism. This was done to assess the influence of these theories specifically on robot design- a 

central focus of this chapter. To perform this analysis we harvested 6,411 articles that cited the twelve 

articles listed in Tables 3 and 4 using the Dimensions Analytics API, which enables full-text search, data 

retrieval, and supports data analyses and visualizations. Given the large volume of articles resulting from 

the analysis, we employed a two-stage filtering process to pinpoint those articles with a primary focus on 

robot design. In the first stage of our process, we leveraged the GPT-4.1 language model via the OpenAI 

API. For each article, we concatenated its title and abstract and supplied them to the model, along with a 

detailed system prompt outlining clear inclusion and exclusion criteria for robot design studies. The system 

prompt was as follows: 

 

You are an expert in robotics research. Your task is to analyze research articles and determine if 
they are specifically studies about "robot design". 

 
Robot design studies include but are not limited to: 

- Physical robot design 

- Robot morphology and embodiment 
- Robot appearance and aesthetics 

- Human-robot interaction design 
- Robot prototyping and development 

 

Robot design studies DO NOT include: 
- Pure software/algorithm development 

- Robot control systems (unless specifically about design implications) 
- Theoretical robotics without design aspects 

- Studies that only use robots as tools but don't design them 

- General AI or machine learning without robot design focus 
 

Respond with a JSON object containing: 

- "is_robot_design": boolean (true if this is a robot design study) 

- "confidence": float between 0 and 1 (how confident you are in this classification. Below 0.5 means 

you recommend to manually check the article) 
 

Response format: {"is_robot_design": boolean, "confidence": float} 
 

The model returned, for each article, a result which contained a boolean flag (is_robot_design) 

indicating whether the study focused on robot design, and a corresponding confidence score between 0 and 

1. The confidence score provided an estimate of the model's certainty in its classification for each article. 

In the second stage of our filtering process, we automatically accepted the classification if the model's 

confidence was at least 0.7. Articles with lower confidence scores were flagged for further manual review. 

Through this two-stage screening process, we ultimately identified 974 articles that met our criteria of 

focused studies on robot design.  Additionally, to understand the research landscape of the robot design 

studies that applied to the theories summarized in Table 3 and 4, we conducted computational topic analysis 

using the BERTopic framework (Grootendorst, 2022). BERTopic is a topic modeling approach that 

leverages transformer-based language models to generate document embeddings, which are then clustered 

to identify coherent topics. For this analysis, we used SPECTER2 (Singh et al., 2022), a model specifically 

pretrained on scientific literature, to generate document embeddings from each article’s title and abstract. 

Document embeddings are numerical representations of the articles in a multi-dimensional space. These 

representations capture the semantic meaning of the text (titles and abstracts), so that articles with similar 

topics or content are located closer together in this space. Based on training with scientific literature data, 

SPECTER2 can provide embeddings that enable more accurate and meaningful clustering when analyzing 
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research articles. The document embeddings of the 974 articles generated by SPECTER2, were used for 

the topic modeling (BERTopic). The BERTopic modeling pipeline included standard steps to extract and 

label meaningful research themes, such as dimensionality reduction, clustering, and keyword selection. To 

generate interpretable topic labels, we employed GPT-4.1 within  the BERTopic pipeline to analyze the 

titles and keywords of articles within each identified topic (see  

https://maartengr.github.io/BERTopic/getting_started/representation/llm.html#openai). All topic labels 

were required to be more specific than generic “robot design” to ensure meaningful differentiation between 

research areas. The system prompt for labeling is as follows: 

 

I have a research topic from robot design studies that includes the following research papers with 

these titles: 
[TITLES]. Keywords: [KEYWORDS] 

 
Please provide one short topic label (as short as possible). All the papers are about robot design, 

so the topic should be more specific than "robot design". 

 
Return the result in JSON format as follows: 

{ 
  "label": "<short robot design topic label>", 

} 

 

Figure 2 shows a visual representation of the major research topics identified from the 974 articles 

focusing on robot design and their engagement with the key theories of anthropomorphism and the Uncanny 

Valley effect. The visualization was created by using DataMappPlot (see 

https://datamapplot.readthedocs.io/en/latest/demo.html). In the figure, each dot represents a paper on “robot 

design” and each cluster represents a distinct topic area, labeled according to the most salient theme derived 

from the contents of the corresponding articles. The spatial relationships between clusters reflect semantic 

similarities, with related topics appearing closer together. This map illustrates how different aspects of 

anthropomorphism and design theory are distributed across contemporary robot design research.   
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Figure 2. Topic map of robot design studies citing foundational theories on anthropomorphism and the 

Uncanny Valley effect. Each dot represents a study and colored cluster represents a research topic, with 

labels generated using GPT-4.1 for clarity and specificity. The distance between clusters indicates the 

semantic relatedness of the topics. 

 

For each research topic in Figure 2, we randomly sampled 50 articles to identify ethical issues in 

robot design and develop ethical design guidelines to mitigate these issues. From this, we identified several 

common ethical concerns across different research topics in robot design and also analyzed the unique 

issues, guidelines, and recommendations specific to individual research topics or design contexts.  

Concerning common ethical issues and recommendations for robot design a major recurring issue 

is the risk of reinforcing social stereotypes through robot appearance, voice, or behavior, especially 

regarding gender, race, and ability (Paterson, 2025; Perugia et al., 2023; Bernotat et al., 2021). Many studies 

warn that anthropomorphic cues can inadvertently perpetuate gender or racial biases, particularly when 

default designs for robots are white, able-bodied, or male-presenting (Perugia et al., 2022; Eyssel et al., 

2012 a,b). From the literature it has been recommended that designers use gender-neutral or androgynous 

designs for robots experienced in social contexts and to involve diverse stakeholders in the design process 

to promote inclusivity and representation in HRI. From our analysis, privacy and data protection are also 

major concerns across design contexts, particularly when considering service and emotional robots. The 

collection and use of personal or physiological data (e.g., facial recognition, voice, EEG) can infringe on 

user privacy and autonomy, especially among vulnerable groups (Xie and Lei, 2022; Henkel et al., 2019; 

Wu et al., 2025). Ethical design should emphasize minimizing data collection to what is strictly necessary, 

ensuring informed user consent, and implementing robust data security and transparency measures (Li et 

al., 2022; Salvini et al., 2010). 
 Additionally, as noted in the chapter, the Uncanny Valley effect is another well-studied issue in 

HRI and plays a role in ethical interactions in HRI. Excessive or ambiguous anthropomorphism can reduce 
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trust, acceptance, and even influence the emotional well-being of users (Strait et al., 2017; Zhang et al., 

2023). Many studies recommend moderate or context-appropriate anthropomorphism, congruence between 

appearance and behavior, and iterative user testing to avoid negative emotional responses (Akdim et al., 

2023; Nakane et al., 2014). Further, transparency and prevention of deception are critical issues to consider, 

especially as robots become more emotionally expressive or autonomous. Overly human-like cues can 

mislead users about a robot’s true capabilities, agency, or sentience (Balkenius and Johansson, 2022; 

Akbulut et al., 2024). Best practices call for clear communication about robot limitations and artificiality, 

avoiding cues that might suggest consciousness or deep emotions, and making reasoning and decision 

processes explicit (Datey et al., 2023; Papagni and Koeszegi, 2021). From our analysis we note the 

following points and guidelines. 

 

● Cultural insensitivity and lack of contextual adaptation frequently undermine user acceptance and 

equity. Many emotional or social cues, colors, and gestures do not have universal meanings; robots 

designed for one context may cause confusion or exclusion in another (Liu et al., 2025). 

Participatory and cross-cultural design, as well as customizable features, are recommended to 

ensure local relevance and accessibility by existing studies (You et al., 2025; Wang et al., 2024). 

 

● Ethical Issues in Specific Design Contexts. While many ethical issues, such as privacy, bias, and 

transparency, are present across various domains of robot design, unique challenges arise in specific 

contexts. Recognizing these distinct issues is essential for developing context-sensitive and 

ethically robust design guidelines. We identified numerous issues in specific design contexts shown 

in Figure 2 as follows: 

 

- Service Robots (Workplace, Hospitality, Retail). A unique ethical issue in the service robot 

context is the threat to job security and its impact on worker morale. The presence of service 

robots may evoke fears of displacement, social comparison, and declining job satisfaction 

among human employees (Tojib et al., 2023, Liu et al., 2025; Wang et al., 2023). Additionally, 

service robots are vulnerable to misconduct, vandalism, or abuse in public-facing and low-

supervision environments, necessitating robust and resilient design as well as consideration of 

social status and setting (Wan and Chen, 2024). These concerns are less prominent in social or 

therapeutic robot research. 

 

- Social Robot Embodiment (Elderly, Children, Therapy). In social robot embodiment, 

especially for long-term companionship or assistive contexts, a unique challenge is the 

potential for deception through emotional mimicry, which means robots simulating emotions, 

agency, or sentience may lead users (notably older adults or children) to over-attribute human-

like qualities, which can affect attachment and well-being (Henkel et al., 2019). Misalignment 

between developer and user values is also highly prominent in this domain, as designers’ 

priorities may not reflect the needs or sensitivities of vulnerable users (Bradwell et al., 2019). 

The risk of erosion of human agency and over-reliance is heightened in social robot 

embodiment, as users may become dependent on robots for social or emotional needs (Osawa 

et al., 2011). 

 

- Social and Emotional Robot Design (Healthcare, Education, Marketing). Within emotional 

robot design, a unique concern is the ethics of emotional feedback and manipulation, the use 

of facial expressions, vocal tone, or affective cues to influence user emotions or behaviors, 

which may be especially problematic in healthcare or educational settings (Yan et al., 2024; de 

Melo et al., 2023). Overreliance and dependency on emotional robots is also more acute in 

these contexts, as they may inadvertently substitute for human relationships and affect users’ 

social development or mental health (Terada and Takeuchi, 2017). In addition, emotional 
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authenticity and transparency take on special importance: users may mistake artificial 

emotional displays for genuine human empathy, potentially impacting expectations and 

therapeutic outcomes (de Melo et al., 2023). 

 

- Appearance and Interaction (Sex, Intimacy, and Identity). In domains involving sex robots or 

identity exploration, unique ethical issues include the objectification and sexualization of 

embodied robots, particularly female-presenting forms, which can reinforce harmful gender 

stereotypes and raise complex questions about consent, agency, and social impact (Borau et al., 

2021). The potential for abuse and discrimination—both toward robots and through robots as 

instruments—emerges strongly in these contexts (Winkle and Mulvihill, 2024). Additionally, 

the risk of overgeneralization and lack of individuation—where users treat robots as 

undifferentiated members of a category—can undermine trust and appropriate human-robot 

teaming (Abubshait et al., 2023). 

 

- Human-robot and AI Agent Interaction (Conversational Agents, AR/VR, Digital Companions). 

For anthropomorphic AI agents and virtual companions, a unique challenge is overload and 

distraction—overly visual or persistent agents can fatigue or distract users, especially in 

multitasking or augmented reality environments (Reinhardt et al., 2020). Contextual 

inappropriateness is also a distinctive concern, as agents designed for one domain (e.g., home) 

may not translate well to another (e.g., workplace or healthcare), potentially causing confusion 

or ethical breaches (Xie et al., 2023). The erosion of human rights and dignity—notably in care 

and religious roles—has particular salience in highly humanlike AI agent deployments (Miller, 

2020). 
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

4. Conclusions 

 

The design of robots include the consideration of ethical challenges that arise from integrating robots into 

human social environments, and among others, involves issues such as fairness, dependency, autonomy, 

and the risk of potential harm to humans. As discussed within the chapter, research on the role of ethics in 

HRI is multidisciplinary involving researchers from various fields working to develop ethical frameworks 

and guidelines for the design and use of robots. One reason why ethics is important to consider during the 

design process for HRI is that robots are becoming equipped with sophisticated social skills and operating 

in a range of applications from retail and education to healthcare. From this observation, there are numerous 

opportunities for ethical issues to be considered when designing human-robot interfaces. Among others, 

this means that theories from psychology, robotics, communication, information science, and management 

have been applied to different human-robot scenarios and with varying degrees of success. To some extent 

the wide range of theories that apply to ethics and HRI is explainable by considering the complexity of 

human and robot behavior during social interactions. Simply put, the complexity of human behavior results 

in numerous ethical issues when humans interact with robots.  

In terms of the use of theory to guide HRI research (and with implications for ethics), from the 

above literature review and Tables 2, 3, and 4 in our view there are two main theories which stand out- 

these are the theory related to the Uncanny Valley effect and the theory which addresses the 

anthropomorphism of robots. The reason is that both of these theories tie the appearance and behavior of a 

robot to its perception and evaluation which has been a topic of interest amongst HRI researchers since the 

early days of robot development. Additionally, there are other areas where theories have been successfully 

applied to HRI in the context of ethical considerations and among others, they have focused on robots 

serving a particular social role during social interactions with a person. For example, considering ethics, 

theories which apply to the social categorization of robots such as by their perceived race, ethnicity, or 

gender have guided HRI research and has shown that biases may be directed against robots. Additionally, 

other studies exploring ethics and HRI have adopted a humanistic perspective and have sought to determine 

how robots are experienced by users in social contexts.   
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Considering the two conceptual frameworks used to categorize the theories presented in Tables 3 

and 4 we note that there is some redundancy among the theories presented which is to be expected. For 

example, the Uncanny Valley effect and the Terror Management Theory both address human reaction to 

robots approaching the dip of the uncanny valley. However, Terror Management Theory has the 

requirement that people may feel threatened by humanoid appearing robots (which raises numerous issues 

of ethics for HRI). It could be argued that the Uncanny Valley effect makes the same prediction. Thus, as 

a call for action there is: (i) a need to critically evaluate the theories guiding HRI research in terms of their 

usefulness for HRI, (ii) a need to determine whether there is redundancy among the theories, and (iii) a 

need to begin the discussion of deciding whether the theories can be combined into broad conceptual 

frameworks that not only reduce the redundancy and number of theories applied to HRI but also provide 

explanatory power across a range of applications. This recommendation is supported by the conclusion of 

other researchers such as Trafton, Raymond, and Khemlani (2021) who argued that to advance our 

understanding of HRI we should focus not only on the results of individual studies but also on developing 

a theoretical framework to guide research on HRI.  

In addition, in many examples of robotics, the robot is designed to replace the role of a human, thus 

to some extent there is a need to replicate classic studies on human behavior and ethics which originally 

examined human-human interaction to determine whether the results of such studies can be extended to 

human-robot interaction. Of course, studies on HRI that are replications or extensions of previous studies 

have already been attempted and have provided a valuable knowledge base for HRI researchers 

(Leichtmann, Nitsch, and Mara, 2022). As an example see the work by Wullenkord and Eyssel (2020). 

However, determining the extent to which theories that relate to human behavior or human-human 

interactions should be replicated within the domain of HRI requires a careful evaluation of which studies 

actually need to be replicated, else we run the risk that literally hundreds of theories would be replicated 

within the context of HRI.    

From the literature review and from recent developments in robotics, we can ask- What are the 

implications of the HRI theories for future research especially when ethical issues are concerned? As one 

answer, there is a current trend for robots to be equipped with the latest techniques of artificial intelligence, 

including large language models. Thus, robots are becoming smarter, displaying more sophisticated social 

skills, and conversing with individuals in an expanding range of applications. This will necessarily produce 

gaps in our understanding in how humans interact with increasingly smart robots and will require an 

examination of current theories, conceptual frameworks, and models to determine whether they might apply 

to robots equipped with the latest techniques of artificial intelligence. In terms of how to conceptualize 

theories, while we think the categories that were used to group the theories in Tables 3 and 4 have face 

validity, the authors would argue that a new overarching category is necessary due to the increasing use of 

artificial intelligence in HRI. Thus, we conclude from a review of theories guiding research on HRI that 

there is a current gap in the literature explaining how artificial intelligence influences performance in HRI. 

This is essentially a “pacing problem” caused by technology advancing so quickly that if theory is not 

forward-looking enough it may quickly be outpaced by developments in technology.   

From the above discussion and summary tables an important question to ask is how to conceptualize 

and think about the role of theory in guiding HRI research? While the literature search resulted in a summary 

table consisting of several theories, there are surely more theories in the literature that have been used to 

guide research on HRI given the goal of researchers to provide a theoretical framework on how humans 

interact with robots. And given that robots equipped with machine learning algorithms are beginning to 

display sophisticated social skills, some HRI researchers are applying theory to conceptualize robot 

behavior that is becoming autonomous in its decision making and behavior; among others, this approach 

applies to robots, automated cars and digital robo-assistants. From the literature (Dennis et al. 2016) the 

ethical issues implicated by autonomous systems are well known. Given the many theories guiding HRI 

research which were presented in summary Table 3 and 4, as a call for action, we advocate for more 

discussion and efforts aimed at developing conceptual frameworks which integrate theories which focus on 

a similar topic or make the same predictions to understand the factors thought to influence HRI.  As an 

https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/25646949
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/3110631
https://www-webofscience-com.utk.idm.oclc.org/wos/author/record/3857770
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example, say a researcher proposes a theory predicting that robots with a humanoid appearance will be 

evaluated as having a higher level of mental agency than robots that are more mechanical in appearance. 

Reviewing Tables 3 and 4, the Theory of Mind and Damasio’s Theory of Mind/Consciousness combined 

with the theory related to robot anthropomorphism would be good starting points to explore the idea that 

the perception of robot agency may to a large extent, depend on robot design, It would be interesting to 

look carefully at the theories and see what their common features are and how they could be coalesced into 

a conceptual framework to advance research on HRI, ethics, and robot agency. From this approach, basic 

research could be conducted to establish how different levels of human appearance in robot design could 

affect the evaluation of robot agency- which we note is an emerging topic of interest within the HRI 

community that has implications for ethics. In addition, such a framework would have value for smart 

robots that interact with humans in tasks which require the robot to have control over its actions and 

knowledge of its action’s consequences.  

It is also evident from the review of the literature and theories presented in the summary tables that 

while much of the research on HRI is empirical based, people who interact with robots can be thought to 

experience the robot in a social context and through HRI construct a social reality in which the negotiation 

of a common meaning of reality occurs. Given the importance of epistemology and phenomenology in 

understanding how humans may perceive and experience robots, more humanistic theories such as 

Aesthetic Theory or Cultural Theory need to be considered for HRI. Further, the use of qualitative research 

methods need to be considered more carefully to uncover how individuals actually experience robots in 

different social contexts. Thus, as a call for action there needs to be greater effort among HRI researchers 

to employ a humanistic perspective to human interaction with robots, especially as robots are experienced 

in the wild, implicate ethical issues, and lived with for extended periods of time.  

Broadly speaking, many of the theories provided in the summary tables focus on whether we 

consider robots to be part of an individual’s in-group or as an out-group member- the two prominent theories 

on HRI alluded to earlier, robot anthropomorphism and the Uncanny Valley effect apply here. However, 

from psychology there is also a theory on this very topic which has been adopted by HRI researchers 

(Barfield, 2023 a,b), the theory is termed- Social Identity Theory (SIT) (Tajfel, et al. 1979). SIT is used to 

specify the circumstances under which people think of themselves or others as individuals or as members 

of the same group (Edwards et al. 2019; Tajfel et al, 1979). Due to advances in artificial intelligence which 

have occurred over the last five years, robots now interact with individuals as group members in the role of 

problem solver and decision maker. Thus, SIT would be useful for determining whether the robot is 

accepted within a group and whether its contribution is given value during group decision making (Cao, 

Stewart and Leonard, 2008; Edwards et al, 2019). And if we consider theories related to anthropomorphism 

or the Uncanny Valley effect as fundamental theories guiding research on HRI, then SIT could be used to 

make predictions about whether group membership affects the process of robot anthropomorphism and the 

extent to which robots perceived as an out-group member are judged to be within the dip of the Uncanny 

Valley. This is another example where theories could be combined to create a broad conceptual framework 

in which to guide HRI research.  

As robots continue to gain in social skills and intelligence and take-on different roles within society 

there will continue to be a need to determine which existing theories from disciplines such as marketing, 

communication, psychology, and information sciences, are a good fit for HRI. However, many of the 

theories in Tables 3 and 4, whether redundant with other theories or not, have already been successfully 

applied to HRI and used to answer fundamental questions about HRI. Among others, such theories include 

telepresence and social presence theory which have been used to determine how robots influence the user’s 

sense of presence within an environment (see Biocca, Harms, and Burgoon, 2003; Lombard and Ditton, 

1997; Short et al., 1976) and the Computers as Social Actors theory which has shown that in many situations 

people react to robots as they do people (Nass and Brave, 2005; Nass, Steuer, and Tauber, 1994). And as 

another example of successfully adopting theories from other disciplines to study HRI, as discussed earlier 

in the chapter, the field of HCI has provided several theories that have been successfully extended to the 

domain of HRI. For example, Heuer and Stein (2020) when explaining how HCI theories are useful for 
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designing human-robot interfaces proposed a model which consisted of elements  thought to influence HRI 

based on factors found to be important for HCI such as a person’s attitude, experience, and situated 

knowledge. Other examples of theories which have been successfully used for HRI include Expectancy 

Violation theory which relates to how people respond to unexpected behaviors by robots (Burgoon, 2015), 

Communication Privacy Management theory which deals with how people maintain and coordinate privacy 

boundaries when interacting with robots (Petronio, 2012), and studies which focused on issues thought to 

influence HRI including robot uncertainty (Berger and Calabrese, 1975) and robot trust (Hancock, et al. 

2011).  Summarizing, many of the theories presented in Table 3 and 4 consist of a particular theoretical 

approach or have specific elements which may relate to a researcher’s interests; thus, the summary tables 

can serve as a useful resource for identifying theories which can be used to guide research activities in HRI. 

While the theories used to investigate HRI have proven beneficial to the research community, it is 

also necessary in providing the reader some insights into how to critically evaluate theories guiding HRI 

research which we will do by presenting guidelines and examples. To begin we note that critically assessing 

a theory will allow the researcher to determine if the theory offers a valid and reliable explanation for the 

phenomena it seeks to explain. For example, the Uncanny Valley effect is theorized to occur when an image 

approaches the dip in the uncanny valley curve and if so, will produce a feeling of unease or even revulsion 

(Mori, 1970). The data from numerous studies has shown that the theory reliably produces the predicted 

effect for computer-generated images and for android robots. However, the shooter bias paradigm described 

by Bartneck and colleagues (2018) predicts that a darker colored robot will be subject to more bias 

compared to a lighter colored robot. For this theory, the results of prior studies suggest that several 

unexplored factors may mediate the shooter-bias effect; thus, more data is needed to validate the theory and 

determine if the predictions of the theory are reliable and generalizable to real-world scenarios. Another 

guideline for the critical evaluation of a theory is to ensure that the research and knowledge from the theory 

are based on sound principles and evidence. To determine this, the method section of the paper (explaining 

the study design, participants, and procedure) should be critically reviewed and the statistical procedures 

used to test the predictions carefully evaluated to make sure the analysis is valid.  Further, in the discussion 

section of a paper, the discussion should clearly answer the question of whether the theory guiding HRI 

research was supported from the data. Here it is also important to determine whether the evidence for the 

theory is consistent with findings from other theories, this should also be addressed in the discussion section 

of a paper. However, some of the theories presented in Tables 3 and 4 were the first to explore a particular 

topic in HRI, in this case it may be possible to compare the results to other studies where the theory was 

used with similar technology. For example, CASA was developed for HCI, but it is reasonable to compare 

the results found within HCI to the domain of robots given features common to both technologies. In 

addition, to perform a critical evaluation of a theory we should ask what issue(s) does the theory seek to 

explain and was the theory successful in explaining the issue(s)? Typically, the introduction to a paper 

should clearly state the objectives of any theory to be tested in the research.  

As a critical review of a theory, it is also important to analyze the logical structure of the theory 

and to look for fallacies or inconsistencies in the reasoning that supports the theory. The scope of the theory 

is also important to consider, that is, the range of phenomena that the theory is designed to explain and 

whether the theory is too narrow or too broad in scope. For example, Lakoff’s Likeness Theory (Kumar et 

al. 2022) explicitly states that it emphasizes the importance of face-saving acts and to avoid impolite 

behavior. Also, it is important to critically evaluate a theory to consider the testability of the theory. The 

question is whether the theory can be tested with empirical evidence and are there specific predictions that 

can be tested to support or refute the theory? For example, self-determination theory (SDT) is used to 

explains how people's innate psychological needs and growth tendencies motivate their choices in the 

absence of external influences. SDT suggests that all people have three basic psychological needs that are 

universally important for psychological well-being, these include autonomy, competence, and relatedness. 

Finally, it is important to consider the implications of the theory and evaluate whether the theory has 

implications that are consistent with other well-established theories and whether the implications are 

supported by available evidence. 
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From the summary tables and literature review we present two main conclusions for the use of 

theories to guide HRI research and with implications for ethics. The first is that several of the theories 

presented in Tables 3 and 4 were developed to describe and/or guide HRI research with the goal to design 

robots that facilitate social interactions with people in different contexts. For that reason, numerous theories 

from psychology and communication sciences have been adopted by researchers to explore HRI. The 

second conclusion is that HRI researchers have adopted different theories with the goal to help design the 

actual physical features of a robot in order to influence how robots should be implemented in society as a 

form of technology. Here, theories on anthropomorphism and the Uncanny Valley effect have proved 

especially useful in guiding HRI research. We also conclude that as we go forward, we need to develop 

broad conceptual frameworks to guide HRI research especially for robots that are gaining in intelligence 

and social skills based on different AI techniques. Finally, we also need to shift through the numerous 

theories that thus far have been used to guide HRI research, and from this begin to develop broader and 

more comprehensive frameworks which include features of different theories which address the same 

phenomena.  
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