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Abstract   
The aim of this article is to explore the self-efficacy of guide robot (GR) users as well as assess 

the value of integrating guide robots in organizational workflows.  The research covered in this 

article includes two studies, both conducted in Estonia. In the first study, the authors assessed user 

self-efficacy applying the Guide Robot User Self-Efficacy Scale (GRUSES) in controlled and 

uncontrolled environments, using variables such as age, gender, and prior experience. For the 

second study, semi-structured interviews were conducted with three stakeholder groups, including 

GR users, administrators, and retailers, to explore barriers to and propose solutions for a better 

adoption of GRs in organizations’ everyday routine. The findings of the first study revealed higher 

self-efficacy among younger, male, and experienced users, with a significant drop of the test scores 

in uncontrolled situations as compared to the controlled ones. The second study revealed barriers 

to including GRs into organizational workflows as well as allowed identifying enabling factors. 

The research has allowed drawing recommendations for robot manufacturers, distributors, as well 

as organizational workflow managers to support a wider use of guide robots in an organizational 

context. 
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1 Introduction 
Recent advances in robotics and artificial intelligence (AI) have given rise to the development of 

social service robots (SSRs) that are designed to provide various socially structured services while 

allowing meaningful interaction with humans (Lee, 2021). According to Darling (2012), a social 

robot can be defined as “a physically embodied, autonomous agent that communicates and 

interacts with humans”.  
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SSRs represent a particular type of social robots. Such robots are defined as “system-based 

autonomous and adaptable interfaces that communicate and provide services to the organization’s 

customers” (Wirtz et al., 2018). SSRs have the potential to learn from previous interactions and 

adapt to new situations (Pagallo, 2013). They are seen as machines capable of carrying out 

complex series of actions (Singer, 2009). SSRs have many potential benefits, such as contributing 

to improving productivity, providing consistent service quality, and lowering staffing costs. Such 

robots can enable companies to quickly collect data from the environment, analyze it, and adjust 

their operations to changing customer needs (Lee, 2021).  

The use of modern AI-supported and machine learning technologies has allowed increasing SSRs’ 

capabilities in human-robot communication, enabling robots to engage in increasingly complex 

interactions (Dautenhahn, 2007; Leite et al., 2013). For example, robots such as Pepper and NAO 

can be used in educational settings to support learner engagement (Belpaeme et al., 2018), and the 

Care-O-bot robot has been used as a home assistant that enables elderly and disabled individuals 

to live independently (Asgharian et al., 2022; Bražinova et al., 2024; Graf et al., 2004). For these 

benefits, SSRs are increasingly used in sectors that traditionally suffer from workforce deficiency, 

such as healthcare, education, hospitality, and retail. In these sectors, SSRs provide various 

services, such as guidance, information delivery, companionship (Lee, 2021; Wada & Shibata, 

2008; Fasola & Matarić, 2013), and virtual care (Turja, et al., 2019a). SSRs increase organizational 

efficiency, improve user/visitor experience in organizations, and help reduce labor shortage.  

In spite of successful implementation of service robots in some controlled environments, for 

example, in manufacturing, implementing them in publicly accessible environments requires 

overcoming several obstacles (Zeller & Dwyer, 2022). Adopting robots in organizations with less 

predictable patterns of interaction is still challenging (Dautenhahn, 2007). Ensuring successful 

integration of robots into existing practices and minimizing possible disruptions requires assuming 

a structured approach. Accordingly, while guide robots (GRs) have significant potential for 

application, their actual areas of use remain narrow, and their further adoption poses several 

challenges, especially in organizational settings that aim to include SSRs in their everyday 

workflow. 

Following the hypothesis that SSRs represent higher potential than their current level of use would 

suggest, we conducted a two-phase research project in 2023 and 2024. The first phase focused on 

the robots’ nonverbal behavioral capacities, considering the limited attention paid to this particular 

aspect of human-robot interaction (HRI) (Leoste, et al., 2023; Leoste et al., 2024). One of the main 

conclusions from the first phase was that nonverbal behavior is an important factor for improving 

the self-efficacy of robot users in conjunction with other aspects of HRI, to allow integrating GRs 

in organizations’ workflows.  

Accordingly, a wider set of impact factors needs to be considered if robots are to be adopted outside 

of experimental or research settings, including in real-life organizational workflows. In the second 

phase of our research project, we adopted a more systematic approach to examine the roles of 

various factors in enhancing users’ satisfaction as well as assess organizational acceptance of 

robots, focusing on one type of the SSR-s - GRs. The second phase of our research project, the 

results of which are presented in this article, was guided by the following aims:   

a) Identifying factors that enhance GR users’ self-efficacy. 

b) Assessing the value for organizations of integrating robots in their workflows. 



c) Drawing recommendations to organizations for practical steps integrating GRs in their 

everyday work routine. 

2 Conceptual model and previous studies 
The design of our second study was grounded in the traditions of HRI research, contextualized 

specifically within organizational environments. HRI as a field of study examines the dynamics of 

interactions between humans and robots, encompassing aspects such as communication, 

collaboration, and mutual adaptability. While much of the existing HRI research focuses on 

individual-level interactions or is carried out in controlled experimental settings, fewer studies 

explore these interactions within real-life organizational contexts. In the latter case, additional 

difficulties emerge from GR’s integration in actual workflows and are caused by the complexities 

of multi-stakeholder dynamics as well as organizational goals. At the same time, further 

development and wider adoption of GRs represent a growing opportunity for organizations to 

innovate and optimize their workflows.  

To meet the mentioned challenges and in agreement with the objectives of our research agenda to 

identify factors that enhance users’ self-efficacy and increase the organizational value of GR, we 

proposed a three-actor model, including robots, users, and organizations. This approach contrasts 

with earlier studies, where organizations were often treated merely as the backdrop or context for 

HRI. Here, organizations are conceptualized as active agents that have made investments, possess 

distinct interests, and exert efforts that influence the successful adoption and integration of GRs. 

To assess the acceptance of GRs, we used two evaluation criteria: self-efficacy from the user’s 

perspective and organizational value representing the organization’s viewpoint. Such dual 

perspective has allowed us to more comprehensively analyze the acceptance of GRs, addressing 

both individual and organizational factors. Three main dimensions of influence were outlined for 

each actor, expecting their role as facilitators or barriers in the process of RG acceptance in an 

organizational context.  

The conceptual model we employed for this study is presented in Figure 1. The model represents 

a multidisciplinary approach that combines technological advancements, user-centered design, and 

organizational change management, paving the way for robots to become important contributors 

to modern work processes.  



 

 

Figure 1. Conceptual model of guide robot acceptance in organizations. 

 

The constructs outlined in the conceptual model are described in detail below, supported by 

references to prior studies.  

2.1 Guide robots 
GRs are SSRs that are specifically designed to assist users in navigating and finding their way in 

public places. The concept of the GR dates back to the 1970s, when projects such as MELDOG 

(1976) were developed to assist visually impaired individuals navigating their environments (Tachi 

& Komoriya, 1985). Over the decades, GRs have found use in various settings. They have been, 

for example, integrated into museums, where they provide interactive guided tours; or to healthcare 

facilities, where they alleviate shortage of guide dogs and human guidance personnel (Thrun et al., 

2000; Degeurin, 2024). 

Recently, the advancements in artificial intelligence (AI) and machine learning have significantly 

enhanced GR capabilities, making them viable in various fields. These include hospitals, 

universities, libraries, tourist attractions, theme parks, shopping malls, and museums (Adetaio et 

al., 2023; Lio et al., 2020; Ogle & Lamb, 2019; Shahzad et al., 2024; Gasteiger et al., 2021; 

Maniscalco et al., 2024). Contemporary GRs have sophisticated navigation systems, interactive 

interfaces, and context-aware functionalities that allow them to offer more seamless and 

personalized assistance to users. The future of GRs appears promising as these technologies 

continue to evolve, increasing the GRs usability in different tasks and environments (QViro, 2024). 

However, despite this growth of GRs capabilities and applications, there are still barriers that limit 

their broader adoption and use:  technical limitations, lack of functional flexibility, and inadequate 

support and service systems. 
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Technical challenges are one of the most perceivable barriers to GR adoption that influence HRI 

and user self-efficacy directly. Common technical issues include, for example, system 

malfunctions – for example, software problems or hardware failures that can be critical in dynamic 

and unpredictable public spaces. In addition, GRs can struggle with navigation, especially in 

complex environments that have obstacles such as narrow corridors, uneven flooring, or crowded 

areas. User interfaces that are sometimes non-intuitive, can amplify these challenges for people 

that lack experience with advanced technology, creating thus accessibility issues and hindering 

effective interaction (Ogle & Lamb, 2019). In order to address these limitations, ongoing 

improvements are needed in robot reliability, navigation systems, and the development of user-

friendly interfaces to ensure that GRs meet the needs of diverse user groups. 

Another barrier to the GR adoption is their limited functional flexibility. Many currently available 

GRs have been designed for specific tasks and cannot be implemented in different environments 

to conduct various tasks, all this because they lack the necessary adaptability. For example, a GR 

that was constructed for museum guidance, is not automatically suitable for hospital work, as it 

requires using different navigation manners and following different interaction protocols. For 

improved flexibility, GRs need to be customizable for specific tasks, and they need to be able to 

navigate complex uncontrolled environments seamlessly. These abilities would allow GRs to be 

used in different roles in different settings, widening the range of their usage possibilities (Frieske 

et al., 2024).  

The lack of robust support and service systems is also a critical barrier to GR adoption. Many 

distributors and retailers are currently not able to offer comprehensive maintenance, repair, and 

customer support services, which are essential for any organization that seeks to integrate GRs into 

their work processes. Without effective support, organizations face increased operational risks that 

leads to diminishing confidence in the technology. Addressing this challenge requires that 

structured after-sales support infrastructures are established, including regular maintenance 

services, troubleshooting protocols, and training programs for both direct end-users and 

organizational staff. Improved collaboration between manufacturers, distributors, and end-users is 

needed to ensure that GRs are consistently functional and aligned with the specific needs of their 

usage environments (García et al., 2020).  

2.2 Users of guide robots  
GR users are typically individuals who collaborate with a robot to perform specific tasks, e.g., 

navigating to a destination, obtaining information about an exhibit, or scheduling activities in 

transport hubs (Lio et al., 2020; Shiomi et al., 2008). The interaction with GRs takes place in 

diverse settings, including museums, libraries, hospitals, and public spaces. Available data 

suggests that GR use is more prevalent among younger individuals, urban residents, and 

professionals in the service sector, underscoring demographic patterns in robot adoption 

(Carradore, 2022).  Prior experience with robots is important in shaping user interactions, as 

familiarity with robotic systems enhances confidence and reduces apprehension (Savela et al., 

2017).  

User-related issues represent some of the most complex factors that affect GR adoption and self-

efficacy. These challenges arise from individual perceptions, behavioral tendencies, and attitudes 

toward technology. Negative attitudes, often driven by technophobia or unfamiliarity with robots, 

can hinder acceptance and willingness to interact with robots (Nomura et al., 2006). Concerns 



regarding job displacement exacerbate resistance if employees perceive robots as potential threats 

to their roles (Turja et al., 2019a). Trust in robot reliability is another critical factor; users are less 

likely to engage with robots perceived as prone to errors or ineffective in fulfilling tasks. 

Behavioral expectations are central to user acceptance. Users expect robots to exhibit appropriate 

behaviors and communication capabilities, including maintaining personal privacy, observing 

proxemic norms, and using expressive nonverbal cues, such as touch, gaze, and gestures (Yi & 

Park, 2024). Privacy concerns are increasingly relevant as robots collect, store, and process user 

data. Transparent policies and robust ethical guidelines addressing data security and respecting 

user autonomy and dignity are essential for building trust (Vincent et al., 2015; Sharkey & Sharkey, 

2012). 

Nonverbal behavior is emerging as a critical component of HRI, with growing recognition of its 

importance in building user engagement, trust, and self-efficacy (Chaminade & Cheng, 2009; 

Saunderson & Nejat, 2019). Gestures, facial expressions, gaze, proxemics, and other nonverbal 

cues significantly enhance the  perception of a robot’s social presence and natural feel of 

interaction (Breazeal, 2003; Spatola et al., 2021) – for example, proxemic behaviors, such as 

maintaining an appropriate personal distance, help users feel more comfortable during interactions. 

Takayama and Pantofaru (2009) have pointed that people are more likely to engage with robots 

that exhibit patterns of proxemic behavior like their own. Robot’s expressions are also important 

in interpreting their responses and improving coordination – for example, eye contact and gaze 

behaviors can make robots appear more attentive and responsive (Mutlu et al., 2009). Gestures and 

body movements can aid communication, making messages clearer and more engaging (Salem et 

al., 2012). Robot’s expressiveness, including its facial expressions and body language, has been 

linked to increased empathy and social presence (Liu et al., 2008).  

Previous works indicate that approrpiate nonverbal cues increase user satisfaction and their 

confidence in robots (Li et al., 2022). For example, animated facial expressions, smooth 

movements, and responsive behaviors help users feel more at ease, thereby increasing their 

willingness to engage with the robot. Also, nonverbal behaviors tailored to cultural norms and 

social expectations can further contribute to trust and comfort, making the interaction more 

intuitive and natural (Leoste et al., 2024; Baxter et al., 2016). 

2.3 Organizational context 
Organizations are increasingly seeking to integrate GRs into their workflows, driven by their 

potential to deliver strategic value through optimizing workflows, enhanced customer experiences, 

and the cultivation of an innovative and forward-thinking reputation (Dautenhahn, 2007).  

Guide robots can be attributed different roles in organizations. GRs may perform routine, 

repetitive tasks with consistent efficiency, offering a compelling value proposition for 

organizations.  Such tasks include visitor guidance, information provision, and logistical 

management, which allow streamlining operations and free staff to focus on more complex, higher-

level responsibilities. For example, in libraries and hospitals, GRs have the potential to alleviate 

administrative burdens while enhancing user experiences through intuitive navigation and 

personalized interactions (Leoste et al., 2024; Jadad-Garcia & Jadad, 2024; Turja et al., 2019a).  

Integrating GRs seamlessly in workflows, the use of robots does not only allow increasing 

operational efficiency but also contributes to creating an innovative organizational image. Despite 

these advantages, achieving the full potential of GRs necessitates addressing significant barriers. 



Organizational readiness plays a critical role, encompassing infrastructural compatibility and the 

willingness of staff to embrace technological changes (Dautenhahn, 2007). Moreover, clearly 

defining the roles of GRs within the workflows and establishing robust support systems, such as 

training, maintenance, and troubleshooting mechanisms, are essential for ensuring their acceptance 

and long-term usability (Vincent et al., 2015). 

Adapting to diverse tasks and cultural contexts. GRs can adapt to a variety of tasks and cultural 

contexts. Modular designs and AI-driven personalization enable GRs to cater to specific needs, 

from assisting elderly patients in hospitals to guiding multilingual international visitors in cultural 

institutions (Bražinova et al., 2024; Adetaio et al., 2023). User trust and satisfaction increase when 

robots demonstrate adaptive behavior and nonverbal communication skills tailored to their specific 

roles (Saunderson & Nejat, 2019). Effective use of nonverbal cues, such as proxemics and 

expressive displays, adds to the naturalness of human-robot interactions, fostering trust and 

improving user satisfaction (Takayama & Pantofaru, 2009). Ultimately, the value GRs potentially 

bring to organizations transcends their strictly functional contributions. By aligning their technical 

capabilities with organizational workflows and user expectations, GRs can contribute towards 

transforming traditional service models, making them more adaptive, efficient, and user centric. 

Robot-friendly physical environment. The adoption of GRs demands significant adjustments to the 

physical environment, which can pose challenges for organizations. GRs frequently encounter 

difficulties with navigation and functionality caused by environmental obstacles and 

infrastructural incompatibilities. Features such as narrow corridors, door thresholds, stairs, uneven 

floors, and crowded areas can hinder their operational effectiveness and limit their usability in 

complex real-world environments (Gross et al., 2017; Moro et al., 2019). Organizations need to 

invest in creating robot-friendly environments by addressing these challenges. For instance, 

ensuring spacious layouts, installing ramps instead of stairs, and minimizing clutter can enhance 

the robot’s navigation and interaction capabilities. In addition, signage and markers tailored to the 

robot’s sensors and navigation systems can further improve their operational efficiency. 

User-friendly organizational context. Adopting RGs also requires providing a user-friendly 

environment to facilitate the integration of robots (Tan et al., 2016). This would include visitor 

education, employee training, and establishing robust support systems. Informing visitors about 

the robot’s functionalities and role within the organization can allow setting clear expectations and 

reduce user anxiety. Employee training programs can ensure that staff members are adequately 

prepared to interact with, manage, and maintain the robots effectively. These programs should 

address both technical aspects, such as troubleshooting and operation, and non-technical 

considerations, such as understanding the robot’s behavioral patterns and communication methods. 

Maintenance routines and protocols for resolving emergencies, such as system malfunctions or 

user safety concerns, should also be established to ensure the seamless operation of GRs. 

Organizations must adopt a proactive approach, soliciting user feedback and continuously refining 

their workflows to integrate GRs effectively (Turja et al., 2020). By fostering a supportive 

environment and emphasizing collaboration between human staff and robots, organizations can 

maximize the potential of GRs while mitigating resistance to technological adoption. 

2.4 Self-efficacy 
As robots become integrated in human environment, it is crucial to evaluate the interaction 

between robots and people to ensure that robots remain effective, acceptable, and useful to people 



(Chaminade & Cheng, 2009).Various criteria have been proposed to be considered as a basis for 

assessment, for instance,  anthropomorphism, behavioral realism, sociability, warmth, 

competence, emotional acceptance, agency, human-likeness, communication quality and 

nonverbal behavior (Mandl et al., 2022; Spatola et al., 2021; Leoste et al., 2024). Other aspects 

include attitudes towards technology (Savela et al., 2022) and trust in technology within specific 

contexts (Pinto et al., 2022) as well as the confidence of an individual in their ability to control 

robotic technologies (Rosenthal-Von Der Pütten & Bock, 2018), i.e., user self-efficacy (Bandura, 

1977).  

An increasing number of studies apply robot users’ self-efficacy as a criterion for assessing the 

level of readiness to accept robots (e.g., Lin et al, 2024; Liao et al., 2023). Self-efficacy, defined 

as the belief of an individual in their ability to perform specific tasks in a specific environment 

(Bandura, 1986), is particularly important in the context of various SSRs, where the users must 

feel confident in their ability to interact effectively with robots (Robinson et al., 2020).  

Self-efficacy, a term coined by Albert Bandura (1977, 1986, 1997), refers to an individual’s belief 

in their abilities in a particular context or domain. It is a person’s subjective assessment of their 

ability to perform tasks or achieve goals in specific situations. According to Bandura (1997), “The 

stronger the perceived self-efficacy, the higher the goal challenges people set for themselves and 

the firmer is their commitment to them.” Bandura’s social cognitive theory (2005) emphasizes that 

self-efficacy influences people’s choices, their efforts, their resilience to challenges, and the 

outcomes they expect. Unless people believe they can produce desired effects by their actions they 

have little incentive to act or to persevere in the face of difficulties (Bandura, 2018). High self-

efficacy can lead to greater engagement and persistence, resulting in better performance and 

satisfaction (Heslin & Klehe, 2006). For HRI, users with higher self-efficacy are more likely to 

have positive relationships with robots, adapt more quickly to new technologies, and use robots 

more effectively performing particular tasks. 

Self-efficacy plays a crucial role not only in shaping users’ initial willingness to engage with robots 

but also in influencing their long-term adoption, satisfaction, and overall experience with these 

technologies. As Li et al. (2022) aptly note, “Self-efficacy helps determine how much effort 

individuals expend on an activity, how long they persevere when confronting obstacles, and how 

resilient they are in the face of unfavorable situations, which overall influence an individual’s 

thought patterns.” This underscores how self-efficacy impacts both the practical and emotional 

dimensions of HRI. In our research, we deliberately employed self-efficacy as an integral indicator 

to evaluate not only users’ ability to effectively navigate tasks with GRs but also their subjective 

well-being during such interactions. By focusing on self-efficacy, we aimed to capture a holistic 

image of users’ competence, resilience, and satisfaction while using GRs, offering valuable 

insights into both individual and organizational perspectives. 

User self-efficacy is a pivotal factor influencing GR integration. Higher self-efficacy among users 

correlates with greater trust, engagement, and willingness to adopt robots, addressing the need for 

training programs that demystify robot functionality and mitigate technophobia (Bandura, 1986; 

Robinson et al., 2020). 

Robinson et al. (2020) have developed a robot self-efficacy scale to assess people’s confidence in 

interacting with robots. Their study found that robot-delivered instruction increased participants’ 

self-efficacy, agreeableness, and willingness to interact with robots. Similarly, Leoste et al. (2024) 



investigated how the nonverbal behavior of social robots affects user perceptions and self-efficacy, 

finding that appropriate nonverbal cues can increase user trust and satisfaction. The research by 

Kennedy et al. (2017) and Belpaeme et al. (2018) have highlighted the importance of social 

feedback and cultural context when interacting with robots, especially in educational settings.  

Following the TELIP model, introduced by Leoste et al. (2021), the robot users’ self-efficacy in 

organizational contexts is shaped by different factors that, in principle, can be grouped into three 

categories:  technical factors (the robots’ technical aspects); organizational factors (the readiness 

of an organization and its robot use scaffolding); and  user-related factors (users’ expectations for 

collaboration with robots). The adaption or robots in an organization is also influenced by several 

barriers, typically categorized into technical, ethical, and social dimensions, each presenting 

unique obstacles that hinder the integration of these robots into everyday workflows (Bražnikova 

et al., 2024; Vincent, et al., 2015; Turja et al., 2019a). 

2.5 Organizational value of social robots 
From an organizational perspective, the value of integrating GRs in organization’s workflows 

transpires across three main dimensions: operational efficiency, enhanced user satisfaction, and 

strategic branding. Operationally, GRs improve workflow reliability and scalability, particularly 

in high-traffic environments, such as museums, universities, and healthcare facilities (Maniscalco 

et al., 2024; Van Wynsberghe, 2016). Their ability to consistently perform routine and repetitive 

tasks offers a clear value proposition by freeing human staff for higher-level responsibilities and 

reducing operational bottlenecks.  

In addition to operational benefits, GRs contribute significantly to increasing user satisfaction 

through improved quality of interaction. (Ogle & Lamb 2019; Ruggiero et al. (2022), in their field 

study of service robots in fast-casual dining, demonstrated how these robots contribute to 

utilitarian value and positively influence customer loyalty. Similarly, Belanche et al. (2020) found 

that service robots enhance customer experiences by providing consistent and efficient service, 

thereby bolstering an organization’s innovative image. This dual benefit of operational efficiency 

and improved customer interaction underscores the strategic importance of GRs in modern 

organizations. However, successful implementation of GRs depends on overcoming technological 

and organizational challenges. Technological limitations, such as navigation issues, 

communication barriers, and hardware malfunctions, can undermine user trust and satisfaction, 

directly affecting the robots’ perceived reliability and users’ self-efficacy. For example, user 

discomfort with technical glitches can diminish trust in the robot, reducing both the user’s 

willingness to engage and their collaborative effectiveness. From an organizational standpoint, 

supportive work culture is vital to facilitate the integration of robots in workflows. This requires 

employees to embrace professional changes and for organizations to foster an environment that 

encourages technological adaptability (Turja et al., 2019). 

Research on the adoption of GRs has been usually carried out in controlled experimental settings 

where participants voluntarily engage with robots, frequently in a playful manner or following 

low-stakes scenarios. While these studies provide valuable insights, they fail to capture the 

complexities of real-world organizational contexts where interaction with robots is often 

mandatory. In such environments, users are compelled to engage with GRs to complete specific 

tasks or achieve particular goals. Studies suggest that user self-efficacy and the effectiveness of 

collaborations decline significantly in uncontrolled, real-life settings. For instance, students and 



faculty members interacting with robots in higher education report high self-efficacy in 

experimental setups (Leoste et al., 2024), but this confidence diminishes in real-world settings, 

such as hospitals or offices (Hung et al., 2019; Lee, 2021). 

Additional challenges in real-world settings include trust issues, communication breakdowns, and 

technical failures, which negatively impact users’ perceptions of robots’ reliability (Turja et al., 

2019a; Vincent et al., 2015). Ethical considerations, such as concerns regarding dignity, privacy, 

and autonomy, are also critical. Addressing these issues requires transparent policies and 

guidelines being in place to ensure that the integration of robots aligns with ethical standards and 

user expectations (Sharkey & Sharkey, 2012; Sorell & Draper, 2014). 

3 Empirical studies 
To achieve the aims of our research project, two empirical studies were conducted in Estonia. In 

the first study, the self-efficacy of GR users was assessed both in real-life and experimental 

situations. The second study consisted of interviews with representatives of three stakeholder 

groups: GR distributors, end-users, and organizational administrators responsible for integrating 

GRs in organizational workflows, aiming at mapping practical steps of the process and identifying 

further actions that might facilitate better integration of GRs into organization’s everyday work 

routines.  

Taking into consideration that some of the most important criteria for assessing the suitability of 

GRs for performing their expected tasks are related to their perceived user-friendliness (i.e., how 

simple, pleasant, and useful their interaction with robots is perceived to be), the first study aimed 

to assess the users’ subjective self-efficacy in using GRs. In addition, the study examined whether 

self-efficacy ratings depend on the users’ gender, age, and prior experience with robots. We also 

sought to determine whether self-efficacy is influenced by the nature of the setting of using GRs, 

being either experimental (controlled) or real-life (uncontrolled).  

The second study aimed to collect the GR users’ assessments of the process of using GRs, as well 

as the views of GR distributors and those responsible for the adoption of robots. The goal was to 

map key barriers to GR adoption in public spaces from the perspectives of different stakeholders 

and to formulate recommendations for the stakeholders involved in GR adoption to address these 

challenges and improve the integration of GRs into their operational environments. 

3.1 Study 1. Self-efficacy of guide robot users 

3.1.1 Research questions 

In this study, we sought to answer two research questions (RQs) related to the self-efficacy of GR 

users: 

RQ1: How do GR users assess their self-efficacy, and does this assessment depend on their gender, 

age, and previous experience with robots? 

RQ2: Does users’ self-efficacy differ in situations where they are using GR controlled or 

uncontrolled life situations?  



3.1.2 Instrument 

Although there are other instruments for assessing robot users’ self-efficacy (e.g., the RUSH-3 

scale by Turja et al., 2019b), these are not taking into account the use of GRs in public spaces. 

Therefore, we had to construct a new scale, recording the GR user’s assessments of their self-

efficacy in the indoor public areas of an organization. While developing the scale, we followed 

Bandura’s (2006) guidelines to ensure that the scale was context-specific (“self-efficacy measures 

should be tailored to the selected domain rather than cast as a one-size-fits-all trait”), reflected 

the construct (“efficacy items should accurately reflect the construct... Perceived self-efficacy is a 

judgment of capability to execute given types of performance”), and was empirically validated 

(“Pretest the items. Discard those that are ambiguous or rewrite them...”) (Bandura, 2006, 312). 

Accordingly, our  Guide Robot User Self-Efficacy Scale (GRUSES) was developed in three steps: 

(1) Expert panel: the panel of three experts proposed an initial 17-item questionnaire that assessed 

self-efficacy while using GRs; (2) Pilot testing and refinement: a pilot survey was conducted 

(N = 28), ambiguous statements were reworded and one statement was added; (3) Validation and 

administration: the validation process included factor analysis and reliability testing, leading to 

the emergence of the 9-item GRUSES scale (see Appendix 1). 

The questionnaire (Appendix 1) used in this study included GRUSES and information about the 

respondents’ gender, age, and previous experience with robots. 7-point Likert scales were used to 

evaluate the efficacy statements. 

 

3.1.3 Study design 

GR users’ self-efficacy was assessed in two situations to evaluate the participants’ experiences and 

self-efficacy when using the TEMI v3 guide robot: controlled environments and uncontrolled real-

life situations. These settings were designed to capture differences in user interactions and 

perceptions based on the context in which the robot was deployed. However, both controlled and 

uncontrolled settings were located in host organizations’ premises, as opposed in a simulated lab 

environment. 

Controlled environments. In the controlled environment, the participants performed tasks under 

the guidance of researchers. The interaction followed a predefined scenario where the participants 

were instructed step-by-step on how to use the robot. They were informed about the tasks, such as 

selecting the language of communication, choosing the robot’s destination, and completing actions 

such as calling the secretary or accessing information through the robot’s interface. This setup 

allowed the participants to explore the robot’s functionalities in a structured and supportive setting, 

ensuring clear guidance was available throughout the process. Importantly, the controlled 

environment emphasized the voluntary use of robots, as the participants were aware that they could 

complete the tasks with the help of the robot but were not strictly required to rely on it. 

Uncontrolled environments.  In an uncontrolled environment, the GR was performing practical 

tasks without direct assistance from the researchers. The robot was stationed in a public area and 

waited for visitors with an animated face. When a person approached, the robot greeted them and 

activated the user menu. The participants independently selected the communication language and 

their desired destination from the menu. After the destination was chosen, the robot provided 

instructions and guided the participant to the selected location. Once the robot reached the 



destination, it announced the completion of the task, wished the participant goodbye, and returned 

autonomously to its starting position. Thus, in the uncontrolled environment, the participants were 

obliged to follow a predefined scenario of interaction, where the successful completion of the task 

depended entirely on their ability to use the robot effectively. After the participants had finished 

their activities with the robot, they were asked if they were willing to fill in the feedback 

questionnaire and if they had time to do it. Researchers observed the interactions and collected 

feedback through a questionnaire at the end of the session. 

Key differences from the user perspective. From the participants’ perspective, the key distinction 

between the two modes appears on the level of the provided guidance and the participants’ 

autonomy. In the controlled environment, the presence of researchers and the voluntary nature of 

robot use allowed the participants to feel supported, thus potentially reducing stress. In contrast, 

the uncontrolled environment required the participants to rely solely on the robot while completing 

the assigned task, creating a more autonomous yet potentially challenging interaction experience. 

The latter appears as a situation that models the use of robots in an organization’s everyday 

operations as opposed to conducting an experiment in a controlled setting. The dual-mode 

approach allowed the study to develop a comprehensive understanding of how the context 

influences user self-efficacy, trust in technology, and user experience while interacting with GRs. 

3.1.4 Procedure 

The experiments were conducted from December 2023 to May 2024 in six different public areas. 

Five experiments were carried out between December 2023 and February 2024 in various relevant 

environments: on the first floor of the Ülemiste City office building, on the administrative floor of 

the IT College at Tallinn University of Technology, at the sTARTUp Day fair in Tartu, at the 

TalTech conference at Mektory, and at the Industry 5.0 conference in Tartu. Two additional 

experiments took place between March and May 2024 in uncontrolled environment: on the first 

floor of the Ülemiste City office building and at the Academic Library of Tallinn University of 

Technology. 

The experiments consisted of three distinct steps (1-3 for controlled and 2-3 for uncontrolled 

experiment), designed to assess the participants’ self-efficacy in interacting with GRs and to 

capture user responses, enabling the researchers to compare user experiences across controlled and 

uncontrolled settings. 

Step 1: Preparation. Before the controlled experiment commenced, the researcher provided 

detailed instructions to each participant. These instructions outlined the sequence of actions they 

would need to perform during the interaction with the robot. The tasks included approaching the 

robot, selecting the communication language and destination, navigating to the chosen destination, 

selecting the secretary’s location from the house manager’s menu, initiating a call to the secretary 

through the robot, accessing the institution’s website on the robot’s screen, navigating to the 

relaxation area, and concluding the interaction. Once the participant confirmed their readiness, 

they approached the robot, which was positioned along the corridor wall. 

Step 2: Interaction. The interaction (Figure 2) began when the robot detected the participant within 

its field of view at an angle of 90 degrees at the distance of one meter or closer for at least two 

seconds. The robot displayed a curious expression on its screen, greeted the participant with an 

animated face, and activated its menu. The participant was informed about the available menu 

options and the possibility of changing the communication language. 



 

Figure 2. Experimental setup. 

After the participant made a menu selection, the robot provided step-by-step information regarding 

the subsequent actions. For instance, it instructed the participant to choose a destination from the 

menu, follow the robot to the destination, initiate a call, wait 30 seconds during the call, and then 

end the call. Participants could also perform other tasks, such as filling out a questionnaire or 

accessing the institution’s website on the robot’s interface. If the participant paused for more than 

10 seconds or failed to interact, the robot politely said goodbye and returned to standby mode. This 

stage aimed to simulate real-world interactions and evaluate how the participants navigated tasks 

with the robot’s assistance. 

Step 3: Feedback collection. After completing the interaction with the robot, the participants were 

asked to provide feedback through a paper-based questionnaire. The questionnaire captured their 

experiences, perceptions, and self-efficacy ratings. The researcher observed the interaction 

throughout and ensured that all feedback was collected. Once the questionnaires were completed, 

the researcher digitized the responses using Microsoft Excel for further analysis. 

3.1.5 Robots 

For conducting the experiments, we used a semi-autonomous social service robot TEMI v3 

(Figure 3). The TEMI robot is an AI-assisted robot that offers various functions, such as voice 

recognition, pre-set location recording, autonomous navigation, and human-robot communication 

capabilities. These includes nonverbal behaviors, such as expressive facial animations on the 

screen, responsive movements, and appropriate proxemics (Leoste et al., 2024). A crucial aspect 

of TEMI’s functionality is the TEMI Center Pro service, which is necessary to unlock the robot’s 

full capabilities. This includes features such as room mapping, mobile app integration, Alexa/Hey 

functionality, video calls, and much more. TEMI Center Pro is essential for various applications, 

thereby enhancing the overall user experience. TEMI robot also has the capability to act as a 

telepresence robot, enabling remote participation via the robot and functioning as a personal AI 

assistant, autonomously interacting with people and performing simple tasks (Leoste et al., 2024). 



   

Figure 3.  TEMI v3 robot (left) and its main components (right). 

3.1.6 Sample 

Participants were recruited from among university students and staff, healthcare professionals, and 

public event participants who interacted with the robot following a specific scenario where the 

robot acted as a GR. A total of 226 individuals participated in the study, out of which 110 were 

men and 106 were women. 10 participants did not indicate their gender. The participants were 

divided by age groups: up to 30 years old (N = 78), 31-50 years old (N = 108), and 51 and older 

(N = 30). The participants’ previous experience with robots varied from no experience (N = 103) 

to frequent users (N = 9). The experiment was conducted with 144 participants in a simulated 

environment and 82 participants in a real-life environment.  

3.1.7 Ethics 

Written consent was obtained from all participants before the experiment. The participants signed 

a consent form, stating that no personalized data would be collected. The form also stated that all 

photos would be blurred for research purposes, and videos would be deleted after analyzing 

observation data. As no personalized data was collected and no vulnerable people were involved 

then, according to national legislation, the ethics committee permit was not required. 

3.1.8 Results 

Psychometrics of the GRUSES scale. The descriptive statistics of the 9-item GRUSES measure 

indicate some positive bias while assessing self-efficacy in using the GR, with means of the single 

items ranging between 4.68-5.77. Descriptive statistics for the GRUSES items are presented in 

Table 1. 

Confirmatory factor analysis indicates three underlying factors (dimensions) of this scale (Table 

1). We categorized them as follows: (1) Comprehensibility (items 1-3), evaluating how 

understandable and straightforward interacting with the robot is for the users; (2) Effectiveness 

(items 4-6), assessing the perceived efficiency and speed in accomplishing tasks with the robot; 



and (3) Subjective pleasantness (items 7-9), measuring comfort, safety, and enjoyment during 

interactions.  

Table 1. GRUSES measure items descriptive statistics. 

 

 

 

 

 

 

 

 

 

The subscales demonstrated acceptable internal consistency, with Cronbach’s alpha values ranging 

from 0.76 to 0.81. The overall GRUSES measure had a Cronbach’s alpha of 0.89, indicating high 

reliability of the scale. At the same time, high inter-correlations among the three subscales (ranging 

from 0.60 to 0.69) suggest that it is appropriate to use the GRUSES measure rather than focusing 

on individual subscales. 

Based on the results of the GRUSES survey, RQ1 and RQ2 were answered as follows. 

RQ1. How do GR users evaluate their self-efficacy, and does their evaluation depend on their 

gender, age, and previous experience with robots? 

As already mentioned, the overall evaluation of self-efficacy was comparatively high, users 

consider themselves able to manage the robot and enjoy their interaction with the GR. According 

to the t-test, male participants reported higher self-efficacy (M = 5.56) than female participants (M 

= 5.22), with the difference being statistically significant (t(213) = 2.92, p < 0.01). 

Also, younger participants exhibited higher self-efficacy scores compared to older participants. 

Using the one-way ANOVA test, a significant difference in scores was detected between younger 

(up to the age of 30 years) and older (51 years and older) respondents, F(2, 42) = 6.42, p < 0.05.  

As expected, participants with a prior experience of using robots reported higher self-efficacy (M 

= 5.69) than those without previous experience (M = 5.09). A comparison between experienced 

and inexperienced users also showed a significant difference (t(219) = 3.47, p < 0.01).  

RQ2. Does users’ self-efficacy differ in controlled situations compared to uncontrolled situations?  

Participants reported higher self-efficacy when interacting with the robot in controlled 

environments (M = 5.68) compared to uncontrolled environments (Mean = 5.05), with the 

difference being statistically significant (t(219) = 4.91, p < 0.01). This pattern was consistent across 

the GRUSES measure as a whole and within each subscale, indicating that the situational context 

significantly influences users’ self-efficacy. 

Item Mean Min Max Std. Dev. 

1. Complexity 5.75 2.00 7.00 1.07 

2. Understandability 5.77 2.00 7.00 1.10 

3. Confidence 5.26 2.00 7.00 1.38 

4. Effectiveness 5.29 1.00 7.00 1.10 

5. Comfort 5.44 2.00 7.00 1.14 

6. Speed 4.68 1.00 7.00 1.26 

7. Safety 5.56 2.00 7.00 1.04 

8. Reliability 5.29 2.00 7.00 1.13 

9. Pleasantness 5.60 2.00 7.00 1.17 



 

3.2 Study 2. Adoption of guide robots in organizations: barriers and 
possible improvements 

3.2.1 Research questions 

This study had two aims. The first aim was to identify the barriers hindering the effective 

integration of GRs into the everyday workflows of an organization, identifying users’ and 

administrators’ expectations regarding their interactions with a GR, but also to determine what 

measures could be taken to improve user engagement and satisfaction, ultimately ensuring the 

wider adoption of GRs. Specifically, we sought answers to the following research questions (RQs): 

RQ3: What are the expectations for GR features, and in what direction should GRs’ capabilities, 

skills and qualities be developed to ensure their better integration into an organization’s workflow? 

RQ4: What are the main barriers that currently limit GR user effectiveness in a workplace context? 

What are the users’ behavioral expectations for a GR? 

RQ5: What are the potential application areas of GRs in organizations? What tasks could GRs 

potentially perform, and what roles or jobs could be entrusted to them? How should organizations 

adjust themselves to the new workforce of GRs? 

3.2.2 Instrument 

Semi-structured interviews with representatives of three groups of individuals was used as the 

method to answer  our research questions : (a) end-users of  GRs: library, hospital and care facility 

employees, and office workers who interacted directly with the robots; (b) administrators of 

organizations: heads of departments and decision-makers responsible for the implementation of 

robots into the workflows of their organization; and (c) retailers and suppliers: representatives of 

companies selling or renting GRs.  

The interview designed for users and administrators aimed at understanding the role, user-

friendliness, and developmental needs of GRs within organizations. Participants reflected on the 

tasks GRs are suited for, identifying activities unsuitable for robots and envisioning their future 

role within the organization. Discussions covered the user-friendliness of GRs, including the 

appropriateness of their use by different employees and visitors, user concerns about current 

models, and fears like technophobia and privacy issues. The importance of training and support 

services was highlighted to encourage acceptance. Regarding development, participants 

highlighted technical and organizational barriers, proposed solutions, and outlined desired 

additional skills and functionalities for GRs. Finally, participants were invited to describe their 

vision of an "ideal robot," detailing how it should differ from current models to enhance 

effectiveness and user satisfaction. 

The second aim was to gather knowledge regarding the users’ behavioral expectations, including 

robot's non-verbal behavior. Participants reflected on how certain aspects such as body language, 

movement speed, distance, facial expressions, and gestures influenced their confidence and trust 

in the robot. Discussions also centered on improving behavioral patterns to enhance user 

confidence and cooperation, identifying specific aspects that could be refined for better interaction. 

Looking toward future developments, participants considered ways to improve GRs’ behavioral 



patterns to increase user satisfaction and expand the robot's role in organizational workflows. 

Topics included the prospects for robots to engage in physical touch, the importance of adhering 

to cultural norms, and the need for user training on key aspects of robots' non-verbal behavior. 

The interview with distributors focused on post-sale communication, factors promoting wider 

adoption, and obstacles to the inclusion of guide robots (GRs) in organizational workflows. 

Participants described how communication occurs after the sales process, including the training 

offered, common customer questions, and the support provided for integrating GRs into specific 

tasks. Discussions covered ways to increase GR adoption by improving robot design to better meet 

customer expectations, enhancing functionality, and making robots more understandable. 

Suggestions included training programs to reduce technophobia, improved instructional materials, 

and strategies for seamless integration into daily workflows. Participants also analyzed obstacles 

to GR inclusion, such as technical issues, environmental or cultural barriers, reluctance stemming 

from mistrust, and user discomfort. They proposed solutions to address these challenges and 

encourage greater use of GRs in organizational settings. 

3.2.3 Sample  

The interviews, aimed at understanding the role, user-friendliness and development needs of GRs 

in organizations, and to gather knowledge about how the robot's non-verbal behavior affects the 

users' self-efficacy or the acceptance of the guide robots, were attended by representatives of robot 

retailers and organizations where a social service robot had acted as a guide robot. A total of 26 

participants were interviewed from various organizations such as hospitals, nursing homes (Tartu 

University Clinic, East-Tallinn Central Hospital Nursing Clinic, East-Tallinn Central Hospital, 

Pihlakodu nursing home), university (Tallinn University of Technology IT College), library 

(Tallinn University of Technology library) and corporate public spaces (Ülemiste City).  

3.2.4 Procedure 

Interviews were conducted from June to December 2024. Participants were invited by e-mail, 

explaining the purpose of the interview and the use of collected data. The interview started with 

not recorded part where the interviewee was asked for consent to participate and to publish. The 

interviews lasted 35-45 minutes, either in person or via e-channels. Interviews were audio recorded 

with the consent of the participants and transcribed using a paraphrased transcription. Two 

interviews were conducted in writing. An open-ended interview protocol was used to explore 

participants' experiences, perceptions, and propositions related to GR.  

3.2.5 Data analysis 

We used thematic analysis (Braun & Clarke, 2006) to systematically identify, analyze, and present 

patterns within the data. This method offered a rich, detailed, and nuanced understanding of 

participants' experiences, allowing us to explore both explicit and underlying themes in depth. The 

process began with familiarization, where two independent coders thoroughly read and re-read the 

recorded texts to immerse themselves in the data. The next step involved generating initial codes. 

Coders systematically highlighted relevant segments of text, assigning descriptive labels that 

captured the essence of each data fragment. These codes were then reviewed and refined through 

discussions between the researchers to ensure clarity and consistency. Regular meetings and 

consensus-building sessions between the coders enhanced reliability and helped resolve 

discrepancies in interpretation. 



Table 2. Identified codes and themes. 

Category Sub-Theme Description 

Technical 

Capabilities 

Technical Reliability Ensuring reliable, malfunction-free 

operation of GRs. 

Smooth Navigation Facilitating effective movement through 

various physical environments. 

Language/Communication 

Interface 

Providing user-friendly interaction in the 

preferred language and intuitive interface. 

Customization to Tasks Adapting GR functionalities to specific 

tasks and user needs. 

  

User’s Expectations Privacy Ensuring that GR interactions respect 

personal data and intimacy. 

Proxemics Maintaining appropriate spatial distance 

and positioning in user interactions. 

Gaze Orienting visual sensors respectfully, 

making appropriate eye contact. 

Organizational 

Arrangements 

GR Role in Organizational 

Workflow 

Defining clear roles and responsibilities 

for GRs within workplace processes. 

Customized Infrastructure Adjusting the physical setting to 

accommodate GR operations (e.g., space, 

signage). 

Training and Support Offering adequate preparation, instruction, 

and ongoing assistance to users and staff. 

 

Once coding was completed, the researchers moved on to theme development. Codes were 

grouped into broader categories based on patterns and relationships within the data (Table 2). 

Themes were iteratively refined to ensure they were both distinct and representative of the data set 

as a whole. This involved reviewing themes against the coded data and the original transcripts to 

ensure alignment and accuracy. Next, the three broader categories of codes are described: 

Technical Capabilities. This category focuses on the challenges posed by the current design and 

functionality of GRs. Participants repeatedly cited reliability issues, such as frequent malfunctions 

and instability, which led to frustration and reduced trust in the technology. Navigation challenges 

were also significant, with GRs struggling to operate in environments with narrow foyers, uneven 

floors, and obstacles like carpets and thresholds. A lack of language support and intuitive user 

interfaces further alienated users, particularly those unfamiliar with advanced technology. To 

address these limitations, participants suggested developing more natural nonverbal 

communication capabilities and ensuring GRs are customizable to fit specific organizational 

needs. 

Users’ expectations.  The final category captures the barriers stemming from user perceptions and 

readiness. Many participants described technophobia as a significant obstacle, with some users 



avoiding GRs altogether out of fear of making mistakes or damaging the equipment. Privacy 

concerns also emerged prominently, with users hesitant to engage with GRs due to fears of 

surveillance and data misuse. Proxemics, or the robot's ability to maintain an appropriate physical 

distance, was highlighted as crucial for user comfort. Participants noted that distances of around 

one meter were generally well-received, while closer proximity could feel intrusive, and further 

distances diminished the sense of engagement. Dynamic adjustments to maintain this ideal 

distance were especially valued in crowded environments. Similarly, the robot’s gaze played a 

significant role in building trust and fostering connection. Eye contact, or the appearance of the 

robot “looking at” the user, was perceived positively, as it reduced uncertainty and made 

interactions feel more natural. Participants emphasized the importance of training and support 

mechanisms to improve user confidence and self-efficacy, suggesting tailored programs and 

ongoing assistance to address these issues. 

Organizational Arrangements. Barriers in this category arise from the interplay between GRs and 

workplace dynamics. Participants highlighted the limited integration of GRs into workflows, 

leading to underutilization and unclear responsibilities. Organizational resistance was another key 

theme, driven by staff fears of job displacement and discomfort with adapting to new technologies. 

Environmental compatibility issues, such as buildings not designed for robot navigation, 

compounded these challenges. Operational challenges, including insufficient support for 

maintenance and troubleshooting, further hindered the long-term adoption of GRs. 

3.2.6 Results 

RQ3: What are the expectations for GR features; in what direction should GRs’ capabilities, skills 

and qualities be developed to ensure their better integration in an organization’s workflow? 

Participants identified several areas for improvement to enhance GR functionality and integration. 

Enhanced language support was a recurring theme, with one participant noting, “Better language 

support, improved SDK to control the robot functions, more standards” [P6]. 

Advancements in facial expressions and gestures (Figure 4) were also seen as critical for creating 

more engaging interactions: “Develop robots with a friendlier and more human-like appearance 

and behavior, making them more pleasant and less intimidating to users” [P8] or “A smiley face 

or a questioning look on the screen helps build trust” [P20]. For the interviewees, it was important 

that the robot could make animated expressions such as smiling or raising eyebrows, or that the 

robot could establish eye contact: “I liked it when the robot moves the screen, so it looks like it’s 

looking at you” [P21]. 



 

Figure 4. TEMI emotions. 

Customization and modularity were also highlighted as priorities. Participants emphasized the 

need for robots tailored to perform specific tasks, operate in different environments, and allow 

adjusting user preferences: “Users should be able to easily customize the robot’s appearance and 

behavior. Modular design allows for easy addition or replacement of components” [P8]. The 

distributors highlighted that language models are important and that the robot should be able to 

communicate with users in their native language: “… quite often a customer’s wish is that I want 

a robot attendant that speaks Estonian” [P2]. 

There are several categories of barriers that must be addressed in order to improve GR users’ self-

efficacy. Technological barriers included frequent malfunctions, limited navigation capabilities in 

complex environments, and insufficient (nonverbal) language support. For example, one 

participant remarked, “These products are so raw; they are not ready” [P2]. The user interface 

design was also criticized for being unintuitive, which reduced accessibility for less tech-savvy 

users. 

RQ4: What are the main barriers that currently prevent users to be effective in using GRs in a 

workplace context? What are the users’ behavioral expectations for a GR? 

Among user-related issues, technophobia, fear of making mistakes, and privacy concerns were 

mentioned. Some users hesitated to interact with robots due to a lack of confidence: “Some people 

have a fear of technology. They are afraid of touching things they do not know” [P12]. Privacy 

concerns further discouraged users, with participants expressing unease about surveillance and 

data security: “People said, ‘No, I do not want to interact with it because I don't know who’s 

watching from inside or who’s monitoring'” [P9]. 

Context dependent proxemics issues were raised. Tasks requiring contact demanded closer 

proximity: “The robot could come closer to allow pressing the screen but kept a greater distance 

between customers” [P24]. Users emphasized the importance of proactive adjustment of distance 

when people approach quickly, particularly in crowded environments: “The robot should be able 

to quickly assess how to pass a person in space” [P24]. The interviewees mentioned considering 

cultural norms as an important aspect in improving the adoption of GRs. Inability to adapt to 

cultural norms, such as maintaining personal space or respecting social customs, could hinder the 

acceptance of a GR. “It must be taken into account. It causes discomfort when you have to change 

your habits, and it limits the use” [P23]. 



The interviews revealed the users limited prior expectations for GRs’ non-verbal behavior. To 

better understand the GR’s behavior, some respondents recommended offering a short training 

session on robots’ non-verbal behavior and felt that, in addition to the technical manual, there 

should also be a manual for better understanding the robot’s behavioral patterns. To accelerate 

establishing effective HRI, the participants expressed a need for training before using a robot: “I 

would even expect prior training or instructions” [Katrin A], or “The robot could say: I’ll tell you 

about myself. How I behave, move, why I do something, etc. What should you consider when 

communicating with me? What I can do better, but where I still need to practice” [P23]. 

The participants were asked for their views on a robot possibly touching them at some future point. 

The respondents expressed the opinion that a robot should not touch a person: “I don’t dare shake 

the robot’s hand, because I know that there is no human brain but a machine.” [P20]. Instead, the 

situation where the robot offers a person the opportunity to touch itself was found more acceptable: 

“It’s not that it holds on, but the robot could have a place to lean on, if you wish. It offers the 

possibility to lean on, rather than holding on” [P26]. 

RQ5: What are the potential application areas of GRs in organizations? What tasks could GRs 

perform, and what roles or jobs could be entrusted to them? How should organizations adjust 

themselves to a new workforce like a GR? 

Our findings revealed that GRs are comparatively well-suited for performing routine and repetitive 

tasks that require minimal emotional intelligence or decision-making capacity (Figure 3). 

Commonly suggested roles include guiding visitors, providing information, managing logistics, 

and assisting with inventory tasks. For instance, one participant noted, “Robots are well-suited for 

performing repetitive and routine tasks, such as serving food/snacks in restaurants/events” [P8]. 

Another participant suggested, “If TEMI could guide the reader to the exact spot, say, ‘Look here, 

and there’s your book,’ that would be great” [P12]. A third participant’s suggestion was “While the 

human is waiting, the robot might say: ‘Take out these documents that need to be submitted’” [3]. 

However, GRs were seen as unsuitable for tasks requiring empathy or complex problem-solving, 

emphasizing the importance of clearly defining their roles within organizations. 

Organizational factors such as resistance from the part of staff members and unclear procedures 

were highlighted. Some staff members expressed fears of increasing workloads or even a job loss, 

with one person stating, “The receptionists did not want to show their faces during calls... The 

employee should understand that TEMI helps them” [P9]. Privacy and security improvements were 

considered essential for building user trust. Transparent data collection practices and robust 

security measures were also recommended: “Transparency about data collection is necessary to 

alleviate fears” [P9]. 

There were different opinions regarding the speed of movement of the robot. However, the 

interviewees agreed that the speed of movement depends on the task being performed: “There are 

different opinions in the hospital. There are those who thought it moved too slowly. Since it was 

necessary to reach a different ward quickly, the robot was too slow. But if it moves in such a way 

that it doesn’t have to follow orders but just patrols, then it can move at a leisure pace” [P26]. 

As a new suggestion for a potential further development, the robot’s ability to notice anomalies in 

human behavior and offer assistance was added. For example, in large buildings (hospitals, 

universities) where a person does not necessarily know where to go or is confused when entering,  

a robot could approach them and offer assistance : “A person does not understand, they can go to 



the robot by themselves, but  a robot perceives that they are standing there and looking at some 

board for 3 minutes and then goes and asks itself if it can help” [P20]. 

 

 

Figure 5.  TEMI V3 robot working in TalTech library. 

 

4 Discussion and recommendations 
Growing shortage of skilled workforce is a significant challenge for the European labor market 

(Thrun et al., 2000; Degeurin, 2024). One potential remedy to this might be a wider adoption of 

robots. Yet, current practice shows that simply selecting and purchasing robots would not be 

sufficient; integrating robots in organizational workflows is a long and complex process hindered 

by various obstacles and challenges. The aim of our research project was to explore the nature of 

this process and identify interventions with the potential to support the adoption of guide robots in 

organizations. In addition, we sought to determine factors that might improve the self-efficacy of 

robot users and increase organizations’ readiness to use robots as a substitute for human labor in 

certain tasks. 

Our first study   suggests that demographic factors such as gender and age, as well as prior exposure 

to technology, shape users’ self-efficacy. This aligns with some previous studies (Czaja & Lee, 

2007; Lattikka et al., 2021; Rakic et al., 2020) and suggests that while adopting GRs, it is important 

to consider the characteristics of the involved user groups and their previous experience in 

interacting with robots. 

Most significantly, we found that users’ self-efficacy significantly decreased when transitioning 

from a controlled/experimental scenario to a real-life situation where the use of GRs was 

unavoidable or mandatory. The optimistic conclusion drawn in many previous empirical studies 

regarding “high interest and acceptance of robots” is likely to lose its validity in real-life situations.  



Analogous differences between user experience in experimental and real-life situations have been 

described by other researchers, noting that users demonstrate higher self-efficacy in controlled 

settings due to the predictable nature of the environment and the availability of support (Hung et 

al., 2019; Lee, 2021). The realization that trying GRs “for fun” and using them in the context of 

routine workflows lead to significantly different user experiences was also one of the starting 

points of our second study. 

The aim of the second study was to identify barriers to effective integration of GRs in 

organizational workflows with the aim to determine whether adjusting the robot’s behavioral 

patterns might contribute towards increasing user confidence and a more efficient use of robots. 

The results of the study allow drawing important recommendations for a more successful adoption 

of GRs in organizational settings.  

A key finding from the study was that user self-efficacy plays a critical role in the successful 

integration of GRs, most likely because users with higher self-efficacy are more inclined to trust 

robots and operate them with a greater skill. Similarly, low self-efficacy is likely to strengthen 

existing barriers, such as resistance to adopting new technologies. Fear of making mistakes also 

appears as a likely cause of a reluctant attitude towards adopting robots, particularly in situations 

where no alternative is available. Another important conclusion was that improving some of the 

key features of robots, such as gestures, facial expressions, emotional expressions, the tone and 

speed of speech, patterns of movements, and social gestures, supports user’s self-efficacy and 

increases their trust in robots. This helps the user feel more comfortable while operating the robot, 

having a positive effect on integrating GRs in organizational workflows. Our respondents 

emphasized that tailored training and availability of support mechanisms are essential to building 

confidence and ensuring a positive user experience. These findings underscore the importance of 

designing GR-systems that not only address technical and organizational challenges but also 

actively support users in developing their self-efficacy. Similar suggestions have been made also 

by Turja et al. (2020). 

Some of the recommendations derived from the two studies and suggestions to various 

stakeholders in adoption of GRs are as follows.  

Recommendations to GR manufacturers and distributors. Manufacturers should focus on 

simplifying user interfaces, providing intuitive and user-friendly designs, and incorporating full 

language support for better accessibility in diverse settings (see also Leite et al., 2013). Enhancing 

nonverbal communication capabilities, including culture-specific gestures and facial expressions, 

is essential to creating robots that align with human social norms and expectations. Proxemics 

algorithms should also be improved to ensure robots maintain appropriate distances, thereby 

increasing user comfort (suggested also by Takayama & Pantofaru, 2009).  

Proxemics and gaze have a profound impact on human-robot interaction, shaping user comfort and 

engagement. Maintaining an optimal distance of approximately one meter was perceived as neither 

intrusive nor disengaging, while effective gaze behaviors (maintaining eye contact or orienting 

visual sensors toward the user) help foster a sense of connection and trust. Our findings regarding 

such preferable behavioral features align with the findings by Takayama and Pantofaru (2009), 

which emphasize the importance of robots mirroring human spatial norms to enhance social 

interaction and user confidence. 



Distributors and retailers should introduce after-sale support programs, including updates on 

software improvements related to robots’ nonverbal behaviors. Collecting clients’ feedback on 

their specific needs and challenges is also essential. By communicating user feedback to 

developers of robotic technologies, distributors can contribute towards further product 

development.  

Manufacturers should make available services such as user training, robot behavior customization, 

and technical support to improve the adoption of robots. Emphasis should be placed on modular 

designs of robots and improved nonverbal communication capabilities to enhance their usability 

and improve human interaction with robotic equipment.  

Addressing the specific aspects of desired technological improvements, training, privacy 

considerations, and advanced nonverbal communication can help robot manufacturers, 

distributors, and organizational stakeholders working together to improve GR integration in 

workflows of a wider variety organizations. It appears that the initial adoption of guide robots 

might be more feasible in larger organizations with high-volume workflows, as smaller 

organizations may find the related investment less cost-effective in the absence of further external 

incentives, such as for example government supported pilot projects. 

Recommendations to guide robot users. Users should be encouraged to adopt robots and be 

provided with additional information. Launching information campaigns in the media discussing 

the use of robots would be highly beneficial for the wider adoption of robotic technologies in 

society. Many potential users are still unaware of the possibilities that social robots offer, 

particularly in public spaces. Examples shared in social media and television, displaying how GRs 

assist in transport hubs, medical institutions, museums, and other settings, would undoubtedly 

increase the number of people who, without fear or uncertainty, are ready to turn to robots for 

assistance.  

Users wish to receive initial assistance as well as further training, but also to see ongoing support 

available before being ready to rely on GRs on a regular basis. Tailored training programs should 

address the needs of various user groups, including those with limited prior experience. Our 

research demonstrates the significance of user trust. This requires transparency in data collection 

and robust privacy safeguards being put in place. Issues such as technophobia, interpersonal 

communication preferences, and privacy concerns all require attention, with ethical considerations 

such as autonomy and dignity playing a vital role in fostering user acceptance. Similar observations 

have been previously made by Sharkey and Sharkey (2012) and Vincent et al. (2015). 

As already mentioned, user self-efficacy may be also improved by means of offering more 

effective nonverbal cues, such as proxemics and movement patterns (Lio et al., 2020; Li et al., 

2022). Considering cultural norms makes interaction with robots feel more natural and engaging. 

Gazes, eye contact, facial expressions, and expressions of positive emotions increase the user’s 

self-confidence and trust in the robot. On the negative side, factors such as the robot’s sudden 

movements or its lack of facial expressions can lead to discomfort and reduced trust. To address 

this, robot designs should prioritize human-like expressiveness and social norms, consistent with 

research on the importance of nonverbal cues in HRI (suggested also by Saunderson & Nejat, 

2019; Baxter et al., 2016).  

Recommendations to organizations considering adopting GRs or testing such equipment. From the 

organization’s perspective, the first step should be to define as precisely as possible the tasks or 



the role that a GR is expected fulfill within the organization. Currently, GRs are better suited for 

routine, repetitive tasks that require minimal emotional intelligence or decision-making capacity, 

such as guiding visitors, providing information, managing logistics, and assisting with inventory. 

The tasks assigned to robots and challenges experienced doing so are heavily influenced by 

organizational environments. In transport hubs, such as railway stations and shopping centers, 

robots are adjusted to the conditions of noisy surroundings while performing complex speech 

recognition tasks, yet they can still effectively disseminate information or provide guidance 

(Shiomi et al., 2008; Kanda et al., 2010). In museums, robots serve as tour guides, offering 

interactive experiences and information regarding the exhibits (Lio et al., 2020). In libraries, robots 

must function in quiet settings, requiring further measures to be taken, such as a noise-reducing 

carpet, to ensure that their operations do not disturb visitors. In hospitals, ethical and privacy 

considerations are paramount, particularly when addressing the needs of elderly individuals. At 

the same time, it is crucial to avoid creating an illusion that robots can replace human care and 

emotional connections (Turja et al., 2020; Sparrow & Sparrow, 2006).  

Adoption of robots and assuring effective HRI requires the involvement of entire organizations. 

Turja et al. (2020) have reached the same conclusion. Comprehensive, multi-level training 

programs tailored to specific organizational contexts are essential. Establishing transparent support 

protocols, such as maintenance and troubleshooting procedures, is also critical to ensuring that 

robots remain functional and accessible. Environments should be created that encourage user 

feedback and can lead to continuous improvements in robot design and integration. Successful 

integration of robots also requires paying attention to creating a robot-friendly physical 

environment. For example, problem-free navigation requires smooth and even flooring, easily 

opening doors and sufficiently wide doorways, and removal of obstacles or clutter from frequently 

traversed areas. In addition, installing ramps instead of stairs and maintaining proper lighting can 

significantly improve both robots’ mobility and user experience. 

4.1 Limitations and future research 
The limitations of the current research project include a relatively small interviewee sample size 

and a potential self-selection bias. The context-specific findings may not be universally 

generalizable across cultures and situations. More accurate information can be gathered through 

larger-scale studies with diverse populations of respondents in a wider variety of settings. This 

would allow to validate the findings of the current research as well as broaden the scope of the 

research. Longitudinal studies have the potential to provide further insights into the evolving user 

perceptions and self-efficacy, as well as assessing the impact of certain patterns of nonverbal 

behaviors on HRI during the continuous use of robots.  

Future research should distinguish between real-world and laboratory settings, while also focusing 

on the specifics of various environments, involving museums, transportation hubs, such as airports 

or rail stations, and hospitals. Regardless of the environment, it is critical to develop robots that 

are functionally designed to support human activities and whose HRI features are adjusted 

according to human needs and preferences in specific environments. Nonverbal behavior is one of 

the key factors of a robot in establishing contact with people in HRI. Exploring adaptive AI that 

personalizes the variety of robot behaviors, based on user preferences and contexts, may further 

improve user acceptance and satisfaction (Kanda et al., 2004; Van Assche et al., 2024). Further 



research in the area of ethical considerations related to privacy, data security, and user autonomy 

is essential for the responsible deployment of robots (Turja et al., 2019; Dignum, 2019).  
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Appendix 1 
Hello! 

Please rate your experience of interacting with the robot today! Answer the following questions by clicking on the appropriate answer option. If you don't want to or can't answer a 

question or statement, just skip it. Your answers will remain anonymous, it will take 6-7 minutes to answer. Please confirm with your signature and date that you agree to the use of the 

data collected from you through this questionnaire for the preparation of research articles and that you are participating voluntarily. 

Date: ......................    Name: ..............................   Signature: .............................. 

Thank you, IT Didactics Research Group, TalTech IT College. 

 

Thinking about your experience today, how do you rate your interaction/communication with the robot? 

 1 2 3 4 5 6 7 

Difficulty.  Communicating with the robot seem to you... Very difficult Difficult Rather 

Difficult 

So-so Rather Easy Easy Very Easy 

Understandability. How did you understand the robot’s 

messages/conversations?  

Very Badly Badly Rather Badly So-so Rather Well Well Very Well 

Location.  Was the location of the robot during communication...? Very Unsuitable Unsuitable Rather 

Unsuitable 

So-so Rather 

Suitable 

Suitable Very Suitable 

Security. Do you consider interacting with the robot... Very Unsecure Unsecure Rather 

Unsecure 

So-so Rather Secure Secure Very Secure 

Reliability. Do you consider the robot as a communication partner for 

you... 

Very Unreliable Unreliable Rather 

Unreliable 

So-so Rather 

Reliable 

Reliable Very Reliable 

Pleasantness. Do you consider the robot as a communication partner 

for you... 

Very Unpleasant Unpleasant Rather 

Unpleasant 

So-so Rather 

Pleasant 

Pleasant Very Pleasant 

Self-confidence. How confident or uncertain did you feel during your 

interaction with a robot? 

Very uncertain Uncertain Rather 

uncertain 

So-so Rather 

confident 

Confident Very confident 

 

Think about the tasks you solved in cooperation with the robot today. How would you evaluate the completion of these tasks (such as moving from one room to another, etc.) 

together with the robot? 

Effectiveness. Do you consider that collaborating with the 

robot helped to complete the tasks better or worse?  

Significantly 

worse 

Worse Rather worse So-so Rather 

better 

Better Significantly 

better 

Comfort. How convenient was it for you to solve today's 

tasks in cooperation with the robot? 

Very 

uncomfortable 

Uncomfortable Rather 

uncomfortable 

So-so Rather 

comfortable 

Comfortable Very 

comfortable 

Speed. Do you consider working with the robot make solving 

tasks faster or slower for you? 

Significantly 

slower 

Slower Rather slower So-so Rather 

faster 

Faster Significantly 

faster 



Suitability. Was the cooperation with a robot just for solving 

such tasks (like today's)... 

Very 

inappropriate 

Inappropriate Rather 

inappropriate 

So-so Rather 

suitable 

Suitable Very 

suitable 

Naturality. How natural was solving tasks with a robot for 

you? 

Very unnatural Unnatural Rather 

unnatural 

So-so Rather 

natural 

Natural Very natural 

 

While you were working with the robot, other people were also present in the room. What was their attitude towards the interaction between you and the robot and acting 

together?  

Attention. To what extent was attention paid to your and 

the robot's activities? 

No attention was 

paid at all 

In general, no 

attention was 

paid 

There was little 

attention 

So-so Some 

attention 

was paid 

attention was 

paid 

There was a lot 

of attention 

Intervention. To what extent did bystanders interfere in 

your and the robot's activities? 

Didn't interfere at 

all 

Didn't 

intervene 

Rather did not 

intervene 

So-so Rather 

intervened 

Intervened There was a lot 

of interference 

Acting in front of others. Was working with a robot 

under the eyes of other people for you... 

Very unpleasant Unpleasant Rather 

unpleasant 

So-so Rather 

pleasant 

Pleasant Very pleasant 

 

And finally! 

To what extent has your previous work or study included communication or cooperation with a robot? 1) not at all, 2) rarely, 3) so-so, 4) often, 5) constantly 

If in the future a robot could touch you (while acting together or solving tasks), would it be for you: 1) very unpleasant, 2) unpleasant, 3) so-so, 4) pleasant, 5) very pleasant 

Did you perceive today's robot more as a machine or as a person? 1) definitely as a machine, 2) rather as a machine, 3) so-so, 4) rather as a human, 5) definitely as a human 

You are: female male     Your age is between: up to 30 years, 31-50 years, 51 and more years   

THANK YOU! 


