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standing posture during the HRI can be the participants’ 

unintentional effort to minimize their physical footprint in the 

environment, minimizing potential collisions with the retail robot, 

and ensuring timely responses to the unexpected actions executed 

by the retail robot.  

3.2 Muscle Activity 

There was no significant difference found in the levels of muscle 

activation of the latissimus dorsi, anterior deltoid, and bicep brachii 

muscles between two robot conditions (Table I). Overall, the three 

muscles that are evaluated had low levels of muscle activation (less 

than 10%), which is expected as normal retail tasks that do not 

generate intense short-term muscle strains. The presence of a robot 

did not lead to muscle activity changes in the three muscles. 

According to 3.1, the reduction in the right shoulder flexion angles 

may be related to the changes in the activation level of other muscle 

groups, for example, pectoralis major and coracobrachialis [20], 

rather than the anterior deltoid. Also, it might be the case that the 

co-existence of a mobile cobot could strongly influence personal 

physical behavior at some critical moments (e.g., when the two 

agents interact or surpass) and their EMG patterns, but not so at the 

whole trial level. In order to investigate this, we plan to conduct 

more detailed analysis with a higher resolution and sensitivity. 

3.3 Pupillary Response 

In terms of pupillary responses caused by the robot, no significant 

difference was found in the pupil diameter measure between “with 

robot” and “no robot” conditions. Pupil diameter is commonly 

regarded as a physiological measure of an individual’s cognitive 

workload, which tends to increase as the workload increases [14]. 

Although no difference was observed in the pupil diameter in this 

experiment, our previous research efforts have shown that 

participants’ workload was negatively affected when they were 

interacting with a robot in the WRT environments [7], [21]. The 

conflict in results is probably due to different sets of tasks designed 

in the human-robot interaction environment. Further follow-up 

studies can take this into consideration and investigate individuals’ 

pupillary response to robots while they were performing tasks at 

varied engagement levels.  
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