
INTRODUCTION

Do we Mirror Robots? A Grip Force Study on the 
Perception of Robotic Hand Movements

EXPERIMENTAL SET-UP

 

METHODS

EXPERIMENT 1

Mandana Sutter, Emily Evermann, Martin H. Fischer, and Katharina Kühne

H1: Grip force is greater when observing human (biological) hand 
postures compared to robotic (non-biological) ones.

● N = 27 students (85% f, 15% m)
● Mean age: 22.89 (SD = 5.24)
● Design: Within-subject design 

with 4 levels of humanlikeness:
○ human, robotic with  low 

(hl1), medium (hl2), high 
(hl3) humanlikeness

● Stimuli: 60 static images of right 
arm grasping one of 12 objects

● Analysis: repeated measures 
ANOVA (rmANOVA), paired t-tests

H2: Grip force increases with higher degrees of 
humanlikeness in robotic hand designs.

not sig., BF₀₁ ≈ 1.4 to 4.9 not sig., BF₀₁ ≈ 1.1 to 15.1

● The growing integration of robots into social environments has intensified 
research on human-robot interaction (HRI), particularly regarding the neural 
mechanisms of social perception. 

● In two within-subject experiments (N₁ = 27; N₂ = 24), we investigated whether 
robotic stimuli elicit similar mirror neuron system (MNS) responses to human 
stimuli using bilateral grip force as a proxy for covert motor resonance. 

● Participants viewed static images of human and robot hands performing grasping 
actions while bilateral grip force was recorded using force sensors. This enables 
the detection of subtle and real-time changes in hand muscle activity. 

● Images of robotic hands varied across three levels of humanlikeness in form and 
design (Experiment 1) and biomechanical plausibility of the depicted hand 
movements (Experiment 2).

RESULTS

(A) Set-up for bimanual grip force recording. (B) Grip force sensor (X – longitudinal, Y – radial, Z – compression forces), 
from Miklashevsky et al. (2020). (C) How participants held the sensor. (D) Time course of one Go and one No-Go trial.
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METHODS

EXPERIMENT 2 RESULTS

● N = 24 students (83% f, 17% m)
● Mean age = 23.29 (SD = 5.42)
● Design: 2x2 within-subject           

design:
○ movement repertoire: 

possible, impossible
○ humanlikeness: medium 

(hl2), high (hl3)
● Stimuli: 24 static images of right 

arm grasping one of six objects
● Analysis: rmANOVA, paired 

t-tests

H3: Grip force is reduced for movements 
outside the human motor repertoire 

(impossible) compared to biologically 
plausible (possible).

H4: Grip force is stronger for 
robotic hands with high 

humanlikeness than for those with 
low humanlikeness.

H5: There is a significant interaction with the smallest 
grip force being observed for impossible movements by 

low-humanlike robots, and the largest for possible 
movements by highly humanlike robots.

not sig., BF₀₁ ≈ 2.2 to 4.7 not sig., BF₀₁ ≈ 1.9 to 4.7 not sig., BF₀₁ ≈ 1.04 to 4.05

DISCUSSION REFERENCESLIMITATIONS
● No significant difference in grip force magnitude based on 

whether movements were within or outside the human 
repertoire, or based on the degree of humanlikeness of the 
robotic agent.

● Similar activation of the MNS, as measured by grip force, 
regardless of stimulus type.

● Results of experiments 1 and 2 suggest that the human 
MNS responds to robotic stimuli in a manner surprisingly 
independent of strict biological fidelity. 

● Future research should employ neuroimaging techniques 
alongside grip force measurements, incorporate 
questionnaires assessing ‘mind perception’ and  utilize 
dynamic stimuli like videos or real robot interactions.

● Static images restrict perception to 
two dimensions and prevent 
exploration of kinematic properties.

● Lack of neuroimaging limits the 
ability to draw direct conclusions 
about underlying neural processes.

● Small homogeneous sample - 
predominantly young, female 
students - restricts generalizability.

● Absence of a human control group 
and data on ‘mind perception’ 
hinders validation of top-down 
modulation effects.
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