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Collaborative robots are increasingly used in domestic, public, and industrial settings. This study investigated the human 

user's safety perception and acceptance of robots that use different modalities to communicate with users. A survey study 

was conducted to compare potential robot users' perceived safety and acceptance of three robot-to-human communication 

modalities, including visual display, visual light, and auditory beep. The results showed that the perceived safety of a 

robot is associated with the user's acceptance of the robot, suggesting that if human users feel safer around a robot, they 

are more likely to use it. Among the three interface modalities, participants showed higher perceived safety and 

acceptance for the robots using visual modalities than the auditory modality. Furthermore, this study examined whether 

the perceived safety and acceptance of the three modalities differ when human users interact with robots in different 

contexts. Our results also showed that perceived safety and acceptance for visual display were lower for an industrial 

robot than a home service robot. The levels of robot autonomy and severity of risks involving a robot did not have 

significant impacts on the perceived safety and acceptance of the three modalities. Our findings suggest that the design 

of robot-to-human communication is vital as it is related to users' perceived safety and acceptance, and the users' 

perception and acceptance of a robot communication modality may vary when interactions with a robot change.     
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The number of robots in workplaces continues to increase, and 

approximately 2.7 million industrial robots are estimated to operate 

worldwide in 2019 (IFR, 2020). Within these increasing numbers, 

there is a growing proportion of collaborative robots that are 

designed to work alongside people and perform collaborative tasks 

with human workers. Although collaborative robots are designed to 

be as safe as possible, the risk of worker injuries involving robots 

may increase as the level and frequency of interaction with these 

robots increases (Murashov et al., 2016; Choi & Swanson, 2020). 

It is vital that every aspect of the human-robot collaborative process 

be well-understood to improve human user safety and promote 

more efficient human-robot collaboration. One of the critical 

aspects for more streamlined and safer human-robot collaboration 

is effective communication between humans and their robot 

counterparts (Lee & See, 2004; Hoffman, 2019; Haddadin, 2009). 

Understanding communication from robots to humans is central to 

successful human-robot collaboration as collaborative robots are 

part of the workplace team and will need to convey information to 

their team members during the course of task completion.  

When robots need to convey information to a user, robots must 

be able to communicate their current status to the user clearly, 
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including the progress of the task they are completing and any 

errors that need to be resolved (Mavridis, 2015). Robots can 

communicate with users through a variety of methods and channels, 

such as voice messages, lights, and motions and gestures; however, 

three modalities stand out because of their simplicity and 

commonality of use, which includes visual display, visual light, and 

auditory beep (Ray, 2008). Visual display modalities come in the 

form of a screen displaying the robot's status to the human user 

through text, symbols, or other graphical forms. Visual light 

modalities use flashing light frequency or different colors to 

indicate the status of the robot through light rings or light-emitting 

dots around the joints and on the body of a robot. Auditory modality 

uses a method of producing sound and communicates status and 

errors through a series of beeps.  

In preparation for the current study, a brief search was 

conducted to determine the interface modalities most widely used 

in robots that are currently available. The search was constrained to 

collaborative and mobile robots because these two types of 

emerging robots interact with human users more frequently and 

closely than traditional industrial robots. Although documentation 

on the applications of robot-to-communication was scarce, we 
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examined ten collaborative and seven mobile robots that 

implemented robot-to-human communication methods in their 

designs. Each of these robots was selected from a different 

manufacturer to provide a broader picture of the robots on the 

market. Out of the 17 robots, one robot employs a visual display, 

17 utilize visual lights, and three robots use auditory beeps. Only 

four robots examined in this search used more than one interface 

modality.  

While only a few particular types of robot communication 

modalities are universally used, human-robot interactions may vary 

widely and depend on environmental and contextual factors. These 

factors may determine which types of robot-to-human 

communication modalities are most appropriate and effective 

(Mavridis, 2015). For example, auditory modalities are particularly 

useful for emergency warnings or other safety-critical 

communications as auditory alerts can immediately bring the user's 

attention to the intended messages (Ray, 2008). This is especially 

the case when a robot operates outside the areas that are visible to 

human users. Visual channels (e.g., display screen, light rings) 

might be more effective for communicating with users in a noisy 

environment where other sounds might interfere with an auditory 

warning, such as environmental noise. Furthermore, visual displays 

may be most effective for conveying complicated information.  

In addition to environmental factors, a robot and robot use 

characteristics such as robot type, autonomy level, and associated 

risks may also change how humans want to interact and 

communicate with robots. Robots are developed and implemented 

for different usage types, such as commercial, industrial, public, 

and personal use (Thomson, 2019). Robots are widely used in 

industrial settings (Fryman, 2012), but as robots become more 

advanced and widespread, they are making their way into homes 

(Cross, 2020; Dario et al., 2001). While industrial robots primarily 

serve roles such as assembling parts, moving large objects, and 

completing tasks that could be dangerous to human workers, home 

robots help users with everyday tasks such as cleaning, dispensing 

medication, and controlling the home (Ray, 2008; Dario et al., 

2001). Due to the different tasks that the robots perform, the type 

of robot may affect what types of robot communication modalities 

the users prefer. Furthermore, home robots could be more easily 

personalized. For example, users in home environments can change 

specific settings for robot-to-human communication, such as colors 

of visual lights and frequency and volume of auditory warnings. In 

contrast, personalization might not be available or could pose 

additional risks to users in workplaces due to inconsistencies.  

Robots also vary in terms of their level of autonomy. Autonomy 

in robots is defined as the extent to which a system can carry out its 

own processes and operations without external control  (Beer et al., 

2014)).  For example, traditional, automated robots are designed to 

complete what they are specifically programmed to do. However, 

emerging types of robots, such as collaborative robots, are highly 

autonomous and often equipped with artificial intelligence, which 

allows them to learn from what they have experienced and adapt to 

dynamic changes (Harbers, 2017). The level of autonomy may 

change the level of responsibility and control that the human has 

when collaborating with a robot. For example, the user's role can 

be mainly of a monitoring task if the robot is highly autonomous 

and intelligent because the robot is able to perform the entirety of 

the task and adapt to any changes that arise (Kortenkamp, 1997). 

This may influence the types of messages the users want to receive 

in specific modalities from the robot. For instance, human users 

may prefer visual light or auditory modality when interacting with 

highly autonomous robots because those modalities are more 

effective in delivering brief information, which might be the only 

information the human users need during the interactions.  

Another potentially relevant human-robot interaction 

characteristic is the severity of risks involving the interactions. 

Robots malfunction or fail to complete tasks from time to time, 

whether resulting from a human error or a robot's design or system 

flaw (Ogorodnikova, 2008). If an error occurs and is not mitigated, 

it can result in varying levels of consequences ranging from an 

incomplete task to an injury of the human operator (OS&H, 2019). 

The projected consequence of an error that could occur during 

human-robot interaction and its severity may impact the user's 

attitudes and need for human-robot communication. For instance, 

people may prefer auditory modality to visual modality in a high-

risk environment because auditory modality can be more efficient 

in conveying time-sensitive, safety-critical warnings.  

The current study examined the user's perceived safety and 

acceptance of the three robot-to-human communication modalities 

of visual display, visual lights, and auditory beeps, which are 

commonly used in the currently available robots (Mavridis, 2015). 

Furthermore, different robot types, levels of autonomy, and 

severity of risks may influence the human user's perceptions and 

acceptance of robot-to-human communication modalities. Our 

objective was to examine how users' perceived safety and 

acceptance of the three interface modalities may differ in varying 

human-robot interaction contexts across different robot use types 

(work and home), levels of autonomy, and risk severities. 

Method 

Participants. A total of 77 participants were recruited from an 

undergraduate student population of Texas Tech University. 

Among the 77 survey responses, ten were excluded due to 

incomplete answers. We also excluded one response from an 

individual who only answered the demographic questions. One 

additional participant was excluded because the individual gave 

answers of "strongly agree" to the first two questions and 

subsequently answered "strongly disagree" to the remaining 46 

questions, which indicates potentially invalid responses. Among 

the final sample of 65, there were 46 females and 19 males, with an 

age range of 18 – 44 (M = 19.94, SD = 2.40). Fourteen participants 

had prior experience with robots in an industrial setting or with an 

assistive home robot. The types of robots they indicated that they 

had prior experience with included assistive or service robots, 

traditional industrial robots, collaborative robots, mobile or 

autonomous ground vehicles, aerial robots or drones, and wearable 

robots or exoskeletons. Five of the fourteen indicated that they had 

a range of 2 – 40 (M = 12.6) hours of experience working with their 

respective robot.  
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Materials. An online survey was created using Qualtrics and 

included the presentation of varying human-robot interaction 

scenarios and robot-to-human communication interface modalities, 

perceived safety and acceptance questions, and prior robot 

experience and demographics questions.  

Human-robot interaction scenarios. Eight human-robot 

interaction scenarios were created with a combination of two robot  

usage types (home service robot vs. industrial robot), two levels of 

robot autonomy (high vs. low), and two severity of risks (high vs. 

low) (Table 1).  

 

Table 1. Human-robot interaction scenarios. 

 

Robot-to-human communication interface modalities. Three 

modalities were included: visual display, visual light, and auditory 

beep. For each of the three modalities, we provided a description 

and a sample image or sound. For the visual display robot, the 

description illustrated that "this type of robot has a display screen 

that lets you know the current status and any errors or failures 

during performance tasks. The display screen can present 

graphics/pictures or text to communicate with you." A picture of an 

example robot that has a visual display was provided. The robot 

featured arms and a screen with the number three, representing 

where text would be displayed to the user (Figure 1, left). For the 

visual light modality, the survey included the description of "This 

type of robot shows you the current status and any errors or failures 

by a ring of light on its limbs. These lights change colors depending 

on how the robot is doing during operation." The participant was 

shown an image of two robot arms with blue lights wrapping 

around the end of the arm. Each of the lights was circled to indicate 

the communication lights (Figure 1, right). For demonstrating an 

auditory modality, a 7-second sound sample was provided. 

Participants were instructed to click the play button and listen to 

the sound. The sound began with four slow beeps and then several 

more in quick succession after the original four. The audio stimuli 

used the warning sounds of a smart suitcase found in a YouTube 

video (Carnegie Mellon University, 2019). Accompanying the 

sample sound was this description: "This type of robot 

communicates its status and any errors or failures through auditory 

sounds. Auditory sounds may include beeps, bells, or dings." 

 

Figure 1. Images of visual display (left) and visual lights (right).  

Note. The robot on the left is the Baxter robot built by Rethink Robotics 

(Malewar, 2016), and the robot on the right is M0609 built by Doosan 

Robotics (Crowe, 2019). We added visual graphics to the images.  

 

Perceived safety and acceptance questions. Participants were 

asked to respond to the two questions: the extent to which they feel 

safe using the robot in the presented scenario (i.e., perceived safety 

question); and the extent to which they would like to use the robot 

in the presented scenario (i.e., acceptance question). Both 

perceived safety and acceptance questions were rated on a 5-point 

Likert scale (1-strongly disagree and 5-strongly agree).  

Prior robot experience and demographics questions. A survey 

included a list of questions for prior experience with robots, 

negative attitudes towards robots (Nomura, 2006), gender, and 

age. If any participants had prior experience with robots, the 

survey also asked about the length and types of experiences. 

Procedure. Participants read and agreed to the informed 

consent before the survey. In the online survey, participants were 

first provided one of the eight human-robot interaction scenarios 

that describe varying interactions with a robot in either home or 

workplace, that is either automated, machine-like vs. autonomous 

Context Condition Description 

Robot 

Type 

Home  This robot is a home service robot. It is used to 

do various tasks around the house to assist you 

and your family. The tasks could include doing 

laundry or dishes, or helping prepare a meal, or 

tidying up and cleaning the house. This robot 

can be adjusted to perform specific tasks in 

particular ways as the family needs or prefers. 

Industrial  This is a collaborative industrial robot. 

Industrial robots perform various workplace 

tasks such as assembly, during which the robot 

works collaboratively with workers to assemble 

parts. For example, you hand over parts to a 

robot, then the robot puts them together to 

complete the task and produce a finished 

product.  

Autonomy High This robot is an intelligent, autonomous robot. 

This robot can be programmed to achieve 

specific goals. If a new scenario or variation is 

encountered, the robot can detect surroundings 

and make new judgments to achieve the goals. 

Low This robot is an automated machine. It can be 

precisely programmed to perform a specific set 

of tasks by an operator or a user. The robot will 

only perform the tasks it has been told to do and 

will not understand or adapt to dynamic 

environments or tasks unless otherwise 

programmed. 

Risk 

Severity 

High This robot involves high risks. The robot may 

malfunction while performing a task. And, due 

to the malfunctions, such as mechanical or 

electrical errors, the robot may operate and 

move in ways that are not intended. In the 

process, it may cause severe damages to objects 

and collide with the users, which are located 

near them. The users may be at risk of injuries 

or even death because of this error. 

Low This robot involves low risks. The robot may 

malfunction while performing a task. And, due 

to the malfunctions, such as a low battery, 

obstacles in its path, and mechanical errors, the 

robot fails to finish the task. However, the users 

would not be at any risk of severe injuries or 

death because of this error.   
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and intelligent, and that involves high or low risks. Participants 

were instructed to imagine that they interact with a robot in the 

specific situation being described. After reading each scenario, the 

descriptions and sample images or sound was presented for three 

robot communication interface modalities (i.e., visual display, 

visual light, and auditory beep). The three modalities were 

presented in the order of visual display, visual light, and auditory 

beep on one survey page. For each of the three modalities, 

participants were asked to answer the perceived safety and 

acceptance questions. After answering the two questions for the 

first scenario, the next scenario was presented. The eight scenarios 

were presented in random order, and there was no time limit for the 

survey questions. After the survey was repeated eight times, they 

were asked to complete the demographic questionnaire, questions 

about previous robot experience, and the negative attitudes towards 

robots questionnaire. The average time for completion was 15.96 

minutes, with the fastest time being 2.43 minutes and the longest 

time for completion being 2.89 hours. 

Results 

Correlations between Perceived Safety and Acceptance. 

Table 2 presents perceived safety and acceptance ratings across 

three modalities and across the eight human-robot interaction 

situations. Bivariate correlational analyses were conducted to 

examine the overall relationship between perceived safety and 

acceptance of robots. The results indicated that overall perceived 

safety is positively correlated with the overall acceptance rating, r 

= .79, p < .05. (Figure 3). The correlation coefficients between the 

perceived safety and acceptance for each of the 24 conditions 

ranged between 0.52 and 0.80 and were statistically significant. 

This result suggests that the users' perception of risks involving a 

robot is associated with how willing they are to use the robot.   

 

Figure 2. Perceived safety and acceptance between the robot type, 

autonomy, and risk severity conditions. 

 
Note. Error bars indicate ±1SE.  

 

Effects of Robot-to-Human Communication Modalities on 

Perceived Safety and Acceptance. We conducted Friedman’s 

ANOVAs to examine the effects of the three communication 

modalities on the participants' perceived safety and acceptance of a 

robot. Given the ordinal data, non-parametric tests were 

administrated for the primary analyses. The results indicated 

significant differences in perceived safety across the three 

communication modalities, χ2(2) = 30.06, p < .05. Wilcoxon tests 

were used to compare the three modalities. A Bonferroni correction 

was applied; thus, all effects are examined at a .0167 level of 

significance. Perceived safety was significantly higher for visual 

display (M = 3.54, SD = .70) than visual light (M = 3.35, SD = .76), 

T = 353.50, p < .0167, r = -.26, as wll as than auditory beep (M = 

2.80, SD = .78), T = 159.00, p < .0167, r = -.47. The perceived 

safety for visual light was also significantly higher than that for 

auditory beep, T = 326.50, p < .0167, r = -.39. The modalities also 

have significant effects on acceptance, χ2 (2) = 37.21, p < .05. 

Acceptance was significantly higher for visual display (M = 3.47, 

SD = .69) than visual light (M = 3.27, SD = .74), T = 465.50, p < 

.0167, r = -.27, as wll as than auditory beep (M = 2.69, SD = .77), 

T = 173.00, p < .0167, r = -.48. The perceived safety for visual light 

was also significantly higher than that for auditory beep, T = 

218.50, p < .0167, r = -.40. Comparisons among the three 

modalities for peceived safety and acceptance are illustrated in 

Figure 4.  

 

Figure 3. Scatterplot between perceived safety and acceptance ratings. 

 
 

Figure 4. Perceived safety and acceptance across all robot-to-human 

communication modalities. 

 
Note. Error bars indicate ±1SE.  

 

Effects of Robot Usage Type, Level of Autonomy, and 

Severity of Risks. Follow-up analyses were conducted to examine 

whether the differences in perceived safety and acceptance across 

the three modalities vary depending on the three human-robot 

interaction characteristics (i.e., robot type, level of autonomy, and 

severity of risks). Two-way repeated measures ANOVAs were 

used to examine the main effects of each aspect of characteristics 

and the interactions on perceived safety and preferences of a robot.    
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Robot Type. Mauchly's test indicated that the assumption of 

sphericity had been violated for the interactions of communication 

modality and robot type, χ2(2) = 12.07, p < .05. Therefore, degrees 

of freedom were corrected using Greenhouse-Geisser estimates of 

sphericity. The results showed that there was no main effect of 

robot type on perceived safety, F(1, 259) = 1.13, p = .33, and no 

interaction between type of robot and modality on perceived safety, 

F(1.91, 495.352) = .54, p = .89. For acceptance, there was no main 

effect of robot type, F(1, 259) = 2.35, p = .21. However, there was 

a marginally significant interaction between robot type and 

modality, F(1.34, 504.71) = 1.99, p = .06, η2 = .01. While there was 

no significant difference in acceptance between home service 

robots and industrial robots for visual light and auditory beep 

modalities, acceptance for visual display was lower when the robot 

was used in an industrial setting (M = 3.37, SD = 1.22) than in a 

home environment (M = 3.57, SD = 1.28) (Figure 5). This result 

may suggest that users are less willing to use a robot with a visual 

display in workplaces than at home, while their acceptance of 

visual lights or auditory beeps remained the same regardless of 

where they interact with the robot.     

 

Figure 5. Acceptance across robot types and interface modalities. 

 
Note. Error bars indicate ±1SE.  

 

Level of Autonomy. There was no main effect of robot 

autonomy, F(1, 259) = .002, p = .96, and no interaction between 

level of autonomy and modality, F(2, 518) = .10, p = .20, on 

perceived safety. For acceptance, Mauchly's test indicated that the 

assumption of sphericity had been violated for the interaction of 

modality and autonomy, χ2(2) = 7.15, p < .05. Thus, the corrected 

degrees of freedom were used. The results also showed no main 

effect of robot autonomy, F(1, 259) = .85, p = .36, and no 

interaction of autonomy and modality on acceptance, F(1.95, 

504.22) = .85, p = .43.  

Severity of Risks. Mauchly’s test indicated that the assumption 

of sphericity had been violated for the interaction of modality and 

severity of risks, χ2(2) = 18.56, p < .05 for perceived safety and 

χ2(2) = 7.35, p < .05 for acceptance. A main effect of severity of 

risks on perceived safety was found significant, F(1, 259) = 168.00, 

p < .05, η2 = .39. Perceived safety was significantly higher in the 

low-risk condition (M = 3.72, SD = 1.14) than in the high-risk 

condition (M = 2.73, SD = 1.31). There was no interaction between 

severity of risks and modality on perceived safety, F(1.87, 484.38) 

= 1.33, p = .27. Similarly, severity of risks had a significant main 

effect on acceptance, F(1, 259) = 133.67, p < .05, η2 = .34.  

Specifically, a robot’s acceptance rating was higher in the low-risk 

condition (M = 3.57, SD = 1.13) than in the high-risk condition (M 

= 2.72, SD = 1.29). No interaction of severity of risks and interface 

modality on robot acceptance was observed, F(1.01, 506.844) = 

1.77, p = .17. The main effects of severity of risks on perceived 

safety and acceptance are illustrated in Figure 6.  

 

Figure 6. Perceived safety and acceptance between low and high risk 

conditions. 

 

Discussion 

This study examined the user's perceived safety and acceptance of 

different modalities for robot-to-human communications and how 

they are impacted by varying human-robot interactions, using 

hypothetical human-robot interaction scenarios. The results suggest 

that how safe the users feel about a robot impacts their willingness 

to use the robot; thus, it is critical to design a robot and its 

communication interfaces to be perceived as a safe and reliable 

system for human users. Our findings also showed significant 

differences in users' perceived safety and acceptance for robots 

using different communication interface modalities. In general, 

users feel safer and prefer when robots use visual modalities to 

communicate with them, compared to the auditory modality (e.g., 

beeps). Between a visual display screen and visual lights, human 

users may prefer and feel safer using a robot with a visual display 

than a robot with visual lights. These findings have significant 

implications for the selection of a modality for robot-to-human 

communication. Specifically, the current study provides evidence 

that users will likely feel safer and more comfortable around robots 

that utilize a visual display screen for communication. Thus, 

collaborative robots with display screens are recommended to 

facilitate safer and efficient human-robot collaboration. 

Our results further suggest that users' perception and acceptance 

of robot-to-human communication interface modalities may vary 

depending on different human-robot interaction contexts. The 

results showed that although the users still prefer visual display 

over visual light and auditory beep as a robot modality for 

communicating with them, their acceptance for visual display 

modality was significantly lower when the robot is used in an 

industrial setting than when it is used in a home setting. This result 

may suggest that the users think the visual display is more effective 

and appropriate when the robot is used in a home because home 

service robots are more likely to perform a wide variety of tasks in 

less structured house environments, while industrial robots perform 
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repetitive tasks. Thus, users may prefer a visual display that can 

provide more detailed information regarding the robot's status, 

intention, and goals, which might be more relevant to home service 

robots. In addition, when users are in the workplace setting, they 

may have a lower preference for a visual display because it is more 

likely to present a large amount of information, requiring them to 

spend more time reading and interpreting the information. 

Additionally, complex visual information that appears on a display 

screen may be more difficult to process while performing 

demanding tasks in an industrial environment. In a home 

environment, however, users may be more willing and able to take 

time and make efforts to interact with a robot.     

The current study, however, did not find the impacts of the level 

of autonomy or severity of risks on the participants' perceived 

safety and acceptance of different robot communication modalities. 

These results may suggest that these two particular human-robot 

interaction contextual characteristics do not influence perception 

and acceptance regarding which robot-to-human communication 

modalities users perceive as adequate and appropriate. 

Alternatively, the descriptions used in the current study might not 

have effectively presented how a robot's level of autonomy and 

severity of risks meaningfully differ. Future studies may need to 

investigate other human-robot interaction characteristics to identify 

critical contextual factors that determine the users' preference and 

acceptance of robot communication interface modalities. The 

current study was a survey study, during which participants read 

the scenarios and then reported their perceived safety and 

acceptance based on the limited information. Future studies should 

use different methodologies, such as in-person demonstrations, 

videos of the scenarios, and simulations, so that participants 

understand human-robot interactions and robot-to-human 

communication designs more accurately. Another limitation of the 

current study was that participants were only asked one question 

pertaining to each perceived safety and acceptance measure. A 

single-question scale may not provide nuanced information about 

perceived safety or acceptance across different conditions.  

In conclusion, the use of different modalities to deliver safety-

critical messages to human users has differing impacts on how safe 

the user feels around a robot and to what extent they would like to 

use the robot. The current findings suggest that future collaborative 

robots may need to include visual display screens to convey 

important information to users, which could enable users to feel 

safer and be more accepting of robots. More interestingly, these 

modality-related differences in human users' acceptance and 

perceived safety may be situational and depend on the environment 

where the robot is being used. Thus, the design of communication 

interfaces likely needs to vary between use contexts. This study has 

both practical and theoretical implications and contributes to the 

robot communication designs and the development of a knowledge 

base for human-robot interaction. 
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