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Summary 
 

The term 'haptic perception' refers to an active type of touch perception in which the 

perceiver derives an object’s properties by exploring it with his (or her) hand. These 

exploratory movements can consist of holding the object and moving it with the hand, 

or they can consist of moving the hand over the object. Haptic perception thus differs 

from tactile perception in that it comprises the tactile sensory input as well as 

information about the hand movements. In this thesis I addressed the question: do the 

characteristics of the exploratory hand movements affect the haptic information 

content and thus the reported haptic perceptual estimates? The thesis consists of two 

parts that concern the influence of exploratory movements on the precision (i.e., 

random variability) of and biases (i.e., systematic errors) in haptic perceptual 

estimates, respectively.  

 

Exploratory movements and haptic precision 

In Chapter 2 we studied a well-known haptic task: perceivers judge the length of an 

unseen rod that they hold and wield in their hand. Previous studies have shown that 

the perceivers base their length judgments on three inertial rod properties: (1) the 

rod’s mass, (2) its first moment of mass distribution, and (3) its moment of inertia. 

This study was designed to unravel whether the characteristics of the exploratory 

movements affect how much each of these inertial properties contributes to the length 

estimates. We used rods whose inertial properties were carefully manipulated, so that 

we could relate a change in one specific rod property to a change in the length 

judgment. Participants were instructed to explore each rod by wielding it with 

different levels of force. We recorded the rod’s movements and from that we 

calculated the amount of force that the participants exerted on the rod. We dissociated 

the total force into three components that relate to the three inertial rod properties and 

we determined the relative contribution of these force components to the total of 

forces. We found a clear relationship between the relative force contributions of each 

inertial property and its contribution to perceived rod length. This finding first 

quantitatively demonstrated that exploratory movements determine how much each 

inertial property influences haptic length perception. Moreover, this experimental 



 

 

	  
Summary 

	  
	   	  

116  

finding suggested that haptic rod length perception can be described as optimal 

sensory integration: a weighted averaging of the length cues whereby the force 

components determine the length cues’ precision and thus their weights. To test this 

hypothesis we developed a cue integration model for haptic rod length perception and 

compared its predictions with the experimental data. The model was based on an 

educated guess for the length cues (i.e., three ratios of the inertial properties) and their 

weights (derived from the force contributions), and there were no fit parameters. We 

found a remarkably good fit between the model predictions and the experimental data. 

In sum, Chapter 2 strongly suggests that exploratory movements affect the relative 

weighting, and thus the precision, of haptic cues in rod length perception.  

Although the findings in Chapter 2 provided a clear indication that 

exploratory movements affect the precision of haptic cues, the evidence was indirect 

because the perceptual precision was not assessed. Therefore, Chapter 3 was designed 

to quantify the relationship between exploration force and the perceptual precision in 

a head-on manner. To reduce the complexity of the haptic task, we mounted a rod on 

an axis through its center of mass, thus eliminating all information about two of the 

three inertial rod properties (i.e., mass en first moment of mass distribution). 

Participants were instructed to rotate the rod with different levels of force and to 

judge its moment of inertia (i.e., ‘angular mass’ or resistance against angular 

acceleration). From these judgments we determined the Weber fraction as a measure 

for the participants’ perceptual precision. The different levels of exploration force 

coincided with different levels of the rod’s angular acceleration. Information on both 

these forces and the angular accelerations are needed by the nervous system to 

estimate moment of inertia. Importantly, one can assume that the absolute noise on 

both signals increases linearly with an increase in the signals’ magnitudes, while the 

relative noise (i.e., noise / signal) decreases non-linearly with an increase in signal 

magnitude. In a first experiment we found that a low (high) exploration force resulted 

in a high (low) Weber fraction, indicating a low (high) perceptual precision. In a 

second experiment we found that the relationship between exploration force and 

Weber fraction had a similar shape as the theoretical relationship between signal 

magnitude and relative noise. In sum, Chapter 3 demonstrated that the force 

characteristics of exploratory movements can profoundly influence the precision of 

haptic perceptual estimates.  
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The aim in Chapter 4 was to develop an experimental setup that allows for 

maximally precise recordings of rod length estimates. In studies on haptic rod length 

perception, participants conventionally report their length estimates by placing a 

visual landmark at a position equal to the unseen rod’s perceived endpoint. We 

hypothesized that using a visual landmark substantially increases the variability of the 

recorded length judgments. Such additional variability is disadvantageous when 

studying cue integration because it obscures the potential effect of subtle experimental 

manipulations. We developed a virtual reality length judgment apparatus for which 

we hypothesized that it would provide better (i.e., more precise) visual information. 

Participants performed a rod length perception task in both the conventional apparatus 

and the virtual reality apparatus, and we determined the variability of the length 

judgments as a measure for precision. We found that the variability of the length 

judgments was higher in the conventional apparatus than in the newly developed 

virtual reality apparatus. As the haptic task was identical in the two apparatuses, the 

difference in precision must be due to the visual aspects of the length judgment 

apparatus. Chapter 4 thus demonstrated that the virtual reality apparatus is more 

suitable for studying subtle effects in haptic rod length perception. 

 

Exploratory movements and haptic biases 

It may seem a simple haptic perceptual task to trace an unseen straight-line segment 

in the horizontal plane and to give an estimate of its length. However, there is ample 

evidence showing that perceivers make systematic errors in this task. In particular, 

perceivers were found to overestimate the length of a segment that is oriented in a 

radial direction (i.e., toward and away from their body) relative to a segment that is 

oriented in a tangential direction (i.e., parallel to their body and orthogonal to the 

radial direction). This haptic bias, which is referred to as the radial-tangential illusion, 

illustrates that perceivers are inaccurate in judging the extent of their own arm 

movements. In Chapter 5 we propose that the bias in perceived arm-movement extent 

is related to the muscular torque that the perceiver needs to exert to counteract the 

gravitational force that is pulling the arm down. In particular, we hypothesize a 

positive relationship between the strength of the bias and the difference in 

gravitational torque between the start and end of the movement (∆Torque). In order to 

test whether this ∆Torque hypothesis is plausible, we built a simplistic model of a 



 

 

	  
Summary 

	  
	   	  

118  

two-segment arm to simulate three different experiments as reported in the literature. 

These experiments cover the effect of stimulus size and stimulus orientation. We 

found that changes in gravity-counteracting muscular torque can explain the 

previously reported pattern of biases. Chapter 5 thus demonstrates that that our so-

called ∆Torque-hypothesis is a valid hypothesis. 

In Chapter 6 we tested the ∆Torque hypothesis experimentally by 

manipulating the magnitude of ∆Torque. Participants were asked to trace the two 

segments of an L-figure in the horizontal plane (i.e., one segment is oriented in de 

radial direction, the other in the tangential direction) and to report which of the two 

segments felt longer. We varied the length of the radial segment from trial to trial, and 

thus we could determine the radial length at which the radial and tangential segments 

were judged to be equally long. This measure quantifies the strength of the radial-

tangential illusion. We increased the magnitude of ∆Torque by adding mass to the 

participants’ wrist. The ∆Torque hypothesis predicts a stronger illusion in this 

condition than in a baseline condition without additional mass. In a control condition 

we added the mass to the participants’ elbow, thus increasing the overall level of 

gravitational torque without affecting ∆Torque. The ∆Torque hypothesis predicts no 

difference in the illusion’s strength between this control condition and the baseline 

condition. The experimental findings were in agreement with both predictions, thus 

suggesting that biased perception of arm-movement extent in the horizontal plane is 

related to the change in muscular torque that is needed to counteract gravity.  

 

Final remarks 

In Chapter 7 I discuss the implications of the work presented in this thesis. The 

precision by which certain perceptual information can be obtained is generally 

considered to be a fixed percentage of the perceptual stimulus’ intensity (Weber’s 

law). That is, it is thought that for a given – haptic – task the perceptual precision is 

fixed. In contrast to this view, part I of this thesis demonstrates that the characteristics 

of the exploratory movements can greatly influence haptic perceptual precision and 

the weighting of haptic cues in an integrated perceptual estimate. This finding implies 

that the perceiver has the ability to actively promote certain haptic cues over others by 

means of adjusting the exploration style, thus optimizing perceptual performance. 

Such an active optimization strategy might explain the stereotypical coupling between 
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exploration style and perceptual task. The studies presented in part II of this thesis 

indicate that the biased perception of arm-movement extent seems to be related to 

forces needed to counteract gravity. This finding adds to the current literature about 

the influence of gravity in proprioception, and it seems to finally provide an 

explanation for the haptic radial-tangential illusion. In general, the knowledge gained 

in this thesis could be applied in teleoperation, where the haptic interfaces need to be 

designed in such a way that they transfer the most useful haptic information from the 

slave-robot to the human operator.  

 




