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Abstract— Human-robot interaction is increasingly likely in workplaces in the 

near future. In “co-working” relationships, humans may appreciate socially inter-

active robots for their anthropomorphic likeability, or functional robots for their 

strict task orientation. The current study examines the comparative perceived ad-

vantages of robots that behave interactively or functionally towards humans dur-

ing a task with a superordinate goal. Survey results from 33 participants assessed 

perceptions of, and perceived cooperation with, robots during the task. Results 

indicated that participants stood physically closer to and rated Interactive robots 

as more anthropomorphic, sympathetic, and respected than Functional robots, 

but they did not rate the two types of robots differently in terms of cooperation. 

The more participants anthropomorphized, sympathized with, and respected the 

robots, the more willingness they reported to working with robots in the future. 

INTRODUCTION 

In contrast to earlier visions of industrial robots as isolated machines replacing hu-

man labor, contemporary plans to develop robots as “co-workers,” “co-explorers,” and 

“co-inhabitants” in everyday contexts involve humans and robots working side by side, 

and even in direct collaboration with each other [1, 2]. In scientific competitions like 

Robocup@Home and Robocup@Work, service robots for the home are expected to be 

anthropomorphic and interactive, whereas robots in work contexts are expected to look 

more mechanical and be more functionally autonomous [3]. Initial studies of people’s 

perceptions and evaluations of co-robots like Baxter in work environments, on the other 

hand, suggest that people would like even industrial robots to be more social [4]. Col-

laborative roles for robots and relationships between robots and humans introduce ques-

tions about appropriate ways to design robots as co-workers. If robots and humans are 

working towards a common goal, how should the robots behave? This paper examines 

one set of variables in this domain, namely whether robotic co-workers should be de-

signed to be merely functional or to have some level of interactivity with humans as 

they work on a mutual task. 
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Background 

Practitioners have recently begun introducing robots into the everyday workplace. 

Researchers are still examining how to facilitate this integration by focusing on how 

people perceive robots based on their design and behavior.  

Social Robots in the Workplace 

Research indicates that people prefer robots’ appearance and behavior to match the 

tasks they perform [5]. For example, on fun and social tasks, people preferred socially 

interactive robots, and on serious tasks, they preferred serious robots [6]. However, it 

is unclear which situations fall into these categories. For example, it is not obvious if 

humans “co-working” with robots during a cleaning task would prefer a socially inter-

active robot or a functional robot only focusing on the task.  

Initial studies of robots in the workplace showed that participants reacted more pos-

itively to socially interactive rather than merely functional robots, and made robots even 

more social by giving them names and relating their experiences with the robots in 

social terms [7]. Workers related to “co-robots” socially even in industrial settings, 

wanting to chat with them or “shoot the breeze” [4]. When competing with robots with 

a mechanical appearance, people suggested that the future designs of the robot include 

more humanlike characteristics, such as “talking trash” during the game [8].  

Introducing robotic technology as social and interactive, and adapting the attributes 

of service robots, may improve HRI in which robots work side by side humans. 

Anthropomorphism and Similarity  

Social psychological literature has found that perceived similarity between two hu-

mans correlates with individuals perceiving the other as more humanlike and liking the 

other more (e.g., [9, 10]). Even sharing something arbitrary in common such as a “team 

color” increases liking (i.e., minimal groups paradigm [11]). These findings are similar 

to those of anthropomorphism and HRI.  

Anthropomorphism of an entity refers to how humanlike it is in appearance (e.g., has 

eyes) or behavior (e.g., has good etiquette). Like in social psychology, when machines 

share traits with humans (e.g., by exhibiting anthropomorphic capabilities), people at-

tribute more mental capability to them [12]. This also occurs for qualities that are spe-

cific to the perceiver, rather than to humans in general. For example, participants an-

thropomorphized and liked robots more when they perceived the robot’s voice to match 

participant’s own gender [13]. 

Emotion and proximity 

The distance people stand from other social actors can also signify how well they 

know the other actor, and how positively they evaluate them. Researchers suggest that 

there are four types of spaces: public, social, personal, intimate [14]. Standing close to 

social actors increases positive emotions and liking, and vice versa [15]. 

Cooperation 

Previous HRI literature has examined the effects of humans directing robots [16] as 

well as robots directing humans [17, 18]. When a robot directed humans, humans ex-



pected their attitudes to fit the task at hand [5]. Participants complied more with a seri-

ous robot directing an exercise task and a playful robot directing a jellybean tasting 

task. This data indicates the importance of robot behavior during cooperative tasks that 

the robot directs. The current study examines the effect of robot behavior when the 

robot is working alongside the human instead of being in a managerial position.  

Common Ground Theory suggests that teammates sharing more similarities, relates 

to greater cohesion when completing a task. A more equal, “co-working” relationship 

between a human and a robot may eliminate hierarchy and suggest more similarity be-

tween the human and robot, thus increasing cohesion. Creating a more anthropo-

morphic robot, or a robot that behaves more interactively than functionally might also 

increase perceived similarity between teammates and maximize cooperation.  

Present Study 

This study investigates whether functional or interactive robot behavior is appropri-

ate during a task that simulates cleaning, organizing, or construction (i.e., box-sorting 

task) in which robots and people work toward a shared goal rather than toward divided 

responsibilities. This redefines “co-working” from solely working in hierarchal scenar-

ios to collaborating on an equal plane to achieve a common goal. This may influence 

human attitudes toward robots, cooperation with them, and willingness to interact with 

them in various workplaces. We hypothesized that: 

H1. Participants will view Interactive robots as more humanlike and Functional ro-

bots as more machine like. 

H2. Participants will perceive Interactive robots as more cooperative than Functional 

robots. 

H3. Participants will be more willing to interact in the future with Interactive than 

Functional robots. 

Method 

Study Design 

This experiment involved a between-subjects design with two conditions: robots 

showed either Interactive or Functional behavior when completing a box-sorting task 

alongside participants (see behavioral differences between conditions in Table 1).  
 

(Table 1. Differences in Robots’ Behavior Between Conditions) 

 

Functional	 Interactive	

• Only approached participants at very begin-

ning of first task 

• Did not nod or look around at boxes or partici-

pants 

• Did not yield to participants during task 

• Remained still during intermission 

• Approached participants and nodded 

• Nodded to participants when they passed 

• Looked from side to side at boxes and partici-

pants 

• Approached and nodded to participants during 

intermission 



Robot 

In this study, we used a robot with a form that was neither too anthropomorphic nor 

too mechanomorphic to keep participants from using appearance as a cue for how so-

cially to view the robots, as in previous research [19]. In this way, the robot behavior 

(functional or interactive) might be more salient.  

We used the “minimally social” Sociable Trash Box (STB) robots (Figure 1) [20] 

which have anthropomorphic traits (e.g., eye, arms), but are still far from humanlike. 

The STBs have no legs, but their motion is a gentle left-and-right that mimics swaying 

back and forth from small steps forward. We expected that these minimal social cues 

would not overly bias participants to respond socially or non-socially toward the robots, 

allowing us to examine the effects of manipulating only the robots’ behavior. 

 

(Figure 2. The three STBs used in the study.) 

Procedure 

The experiment took place in the R-House Living Lab. Participants entered the lab 

individually, and the experimenter read a script: 

  

Experimenter: “More robots are being produced every day, to help in factories, but 

also to teach children, to give company to the elderly, and to help with everyday 
tasks like cooking and cleaning. Because people will soon interact with more robots, 

it is our goal to understand what people think about the robots and how useful the 

robots will be in particular situations.” 

 

[Introduce both robots to Participant]  

Experimenter: “This is Red [point to first robot] and this is Blue [point to second ro-

bot]. Robots, this is (participants name). The three of you will go through two tasks 

together. To simulate a situation in which humans and robots might work on some 

of the same tasks simultaneously, all of you will be doing the same task at the same 

time.” 

 



In this exposition, two important concepts were conveyed to the participant. Firstly, 

examples of human centered HRI were listed to give participants a broader scope re-

garding the usefulness of robots. Secondly, the experimenter avoids defining the rela-

tionship between the robots and human as “co-working” in order to see how the task 

might develop the participants’ perceptions of cooperation organically. 

 

  Box sorting tasks  

The study involved a box sorting task, a subsequent intermission, and a second box 
sorting task. The layout consisted of 11 boxes scattered in the middle of the room (there 

was a variety of light or dark and big or small boxes). The surrounding four walls each 

had one checkpoint and one goal, each identified by a specific box category (light 

boxes, dark boxes, big boxes, and small boxes; see Figure 2).  

Task 1. For the first task, participants and STBs sorted the boxes by color, taking the 

boxes from the middle of the room to either the light or dark checkpoint (robots could 

skip the checkpoint), and finally, to the corresponding goal opposite it (see Figure 2). 

Checkpoints served as a handicap for the participants because the STBs were consider-

ably slower in performing the task than the humans. Participants were instructed to 

move the boxes by using a shuffling motion with their feet (rather than using their hands 

or kicking), similar to dribbling a soccer ball, in order to mirror how the STBs sorted 

the boxes. Participants completed sorting one box before they could sort another box. 
The experimenter explained the task, instructed one STB to demonstrate how it would 

sort of box, asked participants to practice sorting one box, and then left the room for 

the duration of the task. 
Intermission. After the first task, the experimenter reentered the room for an inter-

mission to give participants and robots “reward” tokens supposedly based upon perfor-

mance.  In actuality, participants always received two tokens following the first task to 

indicate they were in the top 50% of participants and four tokens following the second 

task (described below) to indicate that they are in the top 40% of participants. This was 

to suggest that their collaboration with the robot was successful. 

Task 2. In the second task, boxes were sorted by size instead of color. Using the 

same rules, participants and robots sorted the boxes to their corresponding goals. Once 
both tasks were complete, the experimenter again rewarded robots and participants for 

their performance with tokens. Then Interactive (but not Functional) robots nodded 

goodbye to participants, and the experimenter led participants into the next room to 

complete a series of questionnaires about the experience. 

 

(Figure 1. Task 1 Flow Chart)  



*boxes are taken to their corresponding colored checkpoint then the corresponding 

colored goal  

 

 

Materials 

ii.  Control of Robots 

Because the robots did not have the functional and interactive capabilities to perform 

in the study on their own, two researchers (experimenter and assistant) controlled the 

Sociable Trash Box (STB) robots using the Wizard of Oz paradigm. Drivers viewed the 

task through a live feed camera and controlled the robots wirelessly. The assistant con-

trolled both robots while the experimenter introduced the robots. During the task, the 

assistant and the experimenter each drove one robot. 
Drivers were instructed to drive the robots towards boxes that were closest to them 

and to sort them to the nearest goal. Interactive robots were made to nod or look around 

as they passed participants. Functional robots did not respond to participant presence. 
When there were no more boxes to sort, the robots stopped moving. During the inter-

mission, Interactive robots approached participants and nodded. Functional robots 

stood still and occasionally turned left or right to maintain a similar level of animation 

without interacting directly with participants. 
ii.  Survey 

Following the task, a survey was administered to participants electronically via Qual-

trics. Participants were asked to describe the STBs with free-response adjectives. Then 

they rated the robots using seven-point Likert scales from 1 Strongly Disagree to 7 

Strongly Agree on the measures described below. 

Robot autonomy/design check. Participants rated how they thought the robots were 

acting (e.g., “pre-programmed,” “on their own,” “as a group,” “controlled remotely”). 
This question was asked last to avoid biasing how participants thought of the robots, 

but it is reported first to examine if participants thought they were interacting with ro-

bots or indirectly with humans (“controlled remotely”). 

How Participants viewed the robots. Participants were asked to “describe the ro-

bots with three descriptive words or phrases”. Reoccurring words were measured for 

frequency in the participant responses. 

Anthropomorphism. Participants rated the STBs on Ezer analogy statements (e.g., 

the STB is “like a pet” or “like a toy”) [21]. 

Emotion toward Robots. Participants reported their attitudes and emotions toward 

STBs, with statements like: “I feel disgust toward the robots,” “I respect robots,” [22].   



Proximity to robots. To determine comfort standing near robots, researchers meas-

ured how close participants stood to robots between tasks from recorded interactions. 

Cooperation. Participants were asked whether they believed they cooperated or 

competed with the robots and whether or not the participants or the robots contributed 

to completing the tasks. Participants also indicated whether they would want to work 

with or avoid the STBs in the future (e.g., “I felt that the STBs and I cooperated during 

the tasks,” “I would feel happy to work with these robots on future tasks”). 

Prisoner’s Dilemma. To measure behavioral cooperation, participants played a Pris-
oner’s Dilemma Game with the STBs, using the tokens they had won during the box-

sorting task. If participants gave no tokens to the robots and the robots gave no tokens 

to the participants, then the participants would receive $0.60.  If participants gave no 

tokens to the robots but the robots gave have their tokens to the participants, then the 

participants would receive $2.00. If participants gave half their tokens to robots and the 

robots gave no tokens in return, the participants won $0.20. If participants gave half 

their tokens to the robots and the robots gave half their tokens to the participants, the 

participants won $1.20. The robots could not make this decision on their own in the 

study, so the experimenter actually told the participants that the robots made the same 

decision as the participants did to either give or not give tokens. 

Willingness to Interact in the Workplace. Participants reported their willingness 

to work with robots across contexts (e.g., “I think robots should work in classrooms”).  
Demographics. Finally, participants answered demographic questions (e.g., age, 

gender, technical experience). 

Results 

Data were analyzed in SPSS, using primarily independent-samples t-tests. Values of 

p < .050 were considered statistically significant. 

Robot Autonomy/Design Check 

Most participants across conditions thought robots were preprogrammed (N = 19). 

The next most frequent choices were that the robot was autonomous (N = 7), controlled 

as a group (N = 3) and remotely controlled (N = 2). A chi squared test found no differ-

ence in ratings between conditions (p > .100). 

How Participants Viewed the Robots 

In free response questions, participants most commonly described the robots as help-

ful (61%). The next most common description was slow (42%). These adjectives did 

not differ across condition (p > .100). This was measured by counting the frequency of 

which these words appeared in participant responses. 

Anthropomorphism 

On Ezer’s scale, participants rated STBs in their similarity to animate and inanimate 

descriptors. Participants viewed Functional STBs as more like appliances, (Functional 

M = 3.83, SD = 0.92; Interactive M = 3.18, SD = 0.95; t(32) = 2.03, p = .050), and less 

like friends (Functional M = 2.22, SD = 1.06; Interactive M = 2.94, SD = 0.97; t(32) = 

-2.12, p = .042), and teammates (Functional M = 2.56, SD = 1.20; Interactive M = 3.53, 

SD = 1.01; t(32) = -2.96, p = .006) than Interactive STBs. No other differences were 

found on Ezer’s analogies. 



Emotions toward robots. Participants reported feeling more sympathetic, (t(32) = -

2.27, p = .03) and respectful, (t(32) = -1.76, p = .065) towards Interactive (M = 3.24, 

SD = 1.20; M = 4.00, SD = 0.71 respectively) than Functional STBs (M = 2.33, SD = 

0.97; M = 3.44, SD = 0.92 respectively). No other emotions showed significant differ-

ences between conditions. 

Proximity to robots. By dividing the floor space into a 4x5 grid (with boxes approx-

imately 2’ x 3’) during video coding, the distance between participants and the robot 

was measured by spaces between the “co-workers” after the first task. Participants 

stood closer to Interactive robots (M = 1.36, SD = 0.96) than Functional robots (M = 

2.07, SD = 1.20, F(1,28) = 4.68, p = 0.39, np
2= .143). After the intermission and after 

the second task, however, the difference between Functional (M = 2.22, SD = 0.95; M 

= 2.15, SD = 1.06, respectively) and Interactive (M = 1.65, SD = 1.18; M = 1.81, SD = 

1.03, respectively) was not significant. 

Cooperation ratings 

Robots were rated more cooperative (Functional M = 5.89, SD = 0.90; Interactive M 

= 6.06, SD = 1.20) than competitive (Functional M = 3.56, SD = 1.62; Interactive M = 

2.77, SD = 2.08) overall. T-tests indicated no significant differences for cooperation or 

competition between conditions (ps > .050).  
Prisoner’s Dilemma 

    Most participants gave their tokens to the robots (Functional 74%, Interactive 

76%). A chi squared test showed no difference in behavioral cooperation as measured 

by the PDG (i.e., participants were similarly likely to give their tokens to the robots 

both conditions p > .100). 

Willingness to Interact in the Workplace 

 Participants rated their desire to interact with robots in eleven different work 

contexts (e.g., food establishments, exercise facilities) on a scale from 1-7. A series of 

t-tests found no differences between conditions (ps > .100). 

Because conditions did not directly affect willingness to work with robots, Pearson’s 

correlations were run between willingness to interact and the following: cooperation, 

Ezer’s analogies, and emotions. Cooperation and willingness to interact showed no sig-

nificant correlation (p > .100). Results from the Ezer’s Analogies indicated moderate 

positive correlations with willingness to interact and rating robots as friends (r = .424, 

p = .001) and as teammates (r = .596, p < .001). Emotions showed some correlation 

with willingness to interact; respect towards robots had a moderate positive correlation 

(r = .472, p = .004), but sympathy showed no correlation (p > .100). 

Discussion 

Robot Autonomy/Design Check 

A majority of participants reported believing that robots were pre-programmed. Only 

two participants reported believing that the robots were remotely controlled. This sug-

gests most participants behaved toward the robots as though they were autonomous 

(despite the use of the WoZ technique), and indicates that participants did not behave 

as though they were interacting with humans behind the robots.  



How People Generally Viewed the Robots 

When participants were asked to describe robots with three adjectives, the most com-

monly used were “helpful” and “slow.” That participants viewed the robots as helpful 

suggests that even despite the robots’ shortcomings, they appreciated their help. People 

may accept robots’ help even if the robots are not very efficient at the job. Descriptions 

of robots as slow may have been artificially elevated because during the task, the ex-

perimenter explains that the task is different for humans and robots due to the robots’ 

slow speed (i.e., only participants had to take boxes to checkpoints). 

Anthropomorphism  

The hypothesis (1) stating participants would view Interactive STBs as more human-

like than Functional STBs was supported; participants perceived Interactive STBs more 

as friends and teammates and perceived Functional STBs more as appliances. Partici-

pants also respected and sympathized with Interactive more than Functional robots. 

Further, participants stood closer to Interactive than Functional robots, suggesting that 

they were more comfortable with them. Taken together, these results suggest that In-

teractive robots were more likely to be viewed as humanlike or coworkers, whereas 

Functional robots are more likely to be used as tools. Even small interactive behaviors 

(e.g., nodding to participants) can increase anthropomorphic perceptions of robots. Par-

ticipants’ increased respect and sympathy for Interactive robots falls in line with results 

suggesting that humanization increases empathy toward a target [23]. Interactive robots 

may be more useful in situations where empathy can be used to enhance collaboration. 

This also supports literature suggesting that users would prefer co-working robots to be 

more socially interactive [24]. 

Cooperation 

Robots were rated as similarly cooperative and competitive across conditions, failing 

to support Hypothesis 2 (i.e., that people would view Interactive robots as more coop-

erative than Functional robots). Participant cooperation with robots, as measured by the 

Prisoner’s Dilemma Game, also showed no difference across condition. This suggests 

that the interactive robots did not elicit more cooperation than functional robots. How-

ever, some of the measures could be improved for future studies. It may be that in a 

low-stakes task such as in the present study, robot interactivity does not affect how 

cooperative participants find robots. In the PDG, the payout was between 20 cents and 

$2.00; a higher reward may have changed the results. Cooperation during the task could 

have been unacknowledged because of the intentionally undefined relationship between 

the robot and human. This suggests a cooperative relationship is not inherent when 

humans are simply told to “work alongside” a robot. Cooperative relationships might 

need to be explicitly described or more strongly implied. 

Willingness to interact 

Hypothesis 3, that Interactive STBs would increase participants’ willingness to in-

teract with robots in the future, was not supported directly. However, results indicated 

that the experimental condition affected willingness to work with robots in different 

work contexts indirectly, lending partial support to hypothesis 3; Interactive robots 

were anthropomorphized and respected more by participants than Functional robots, 



and anthropomorphism in respect positively correlated with desire to interact with ro-

bots in various contexts. Willingness to interact more strongly related to these human-

like emotions and attributions than to ratings of cooperation. This suggests that per-

ceived cooperation is not what affects humans’ willingness to work with robots, but 

human-like attribution shows a greater effect on workplace interaction, at least in co-

working tasks like the current study. 

Limitations 

While the current findings support the importance of designing interactivity into ro-

bots to increase willingness to interact with robots in the workplace, there are limita-

tions concerning the interpretation of participant intentions, technical limits, as well as 

participant confusion during the task experiment design.  

The briefings before the task informing participants of the usefulness of robots in non-

industrial settings may have influenced the participants’ perceptions of the STBs by 

priming participants to overestimate their usefulness in various work contexts that were 

significant in the results. In contrast, the STBs were much less effective at sorting boxes 

than humans due to slow motor capabilities. This was explicitly mentioned to the par-

ticipant and handicaps were put in place to control for this disadvantage (i.e., robots 

took boxes directly to the goal). This lack of efficiency could have decreased percep-

tions of human-robot cooperation or reduced the variability across conditions. 

Future work 

It would be interesting to perform the task with robots that could do the task more 

quickly to determine the effect of robot efficiency on participants’ perceived coopera-

tion and competition with the robots. We also suggest more closely examining the re-

lationship between participant respect toward robots, anthropomorphism, and willing-

ness to interact with them. Future studies might do so using more efficient robots.  

Conclusion 

Overall, participants responded to robots’ interactive behavior differently than to 

their merely functional presence, and robots’ interactive behavior enhanced human 

ability to imagine the robots as friends and teammates. Interactive behavior increased 

anthropomorphism of, respect toward, and sympathy with the robots, influence people 

to stand closer to them.  Additionally, people who reported feeling respect and sympa-

thy with robots also expressed more willingness to work with the robots. Overall, these 

findings suggest that even in some functional situations, robots can use cues of interac-

tivity to increase positive perceptions towards and willingness to interact with them.   
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