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of the finger, they were instructed afterward to stroke the surfaces 
using left to right sweeps in a single direction perpendicular to the 
long axis of the index finger. The subjects were free to use the 
velocity of their choice to stroke each surface with the same finger 
in a predetermined pseudorandom order. 

Each subject was then asked to indicate where the sensation 
produced by each surface should be placed on a visual analogue 
scale (VAS ) represented by an 18.0-cm line labeled with the words 
“most slippery’ ’ on one end and “most sticky” on the other. A 
new scale was provided for each surface. The subjective estimates 
of friction were quantified by measuring the distance along the 18- 
cm line indicated by each subject for each surface. 

The kinetic friction of each surface was subsequently evaluated 
by asking the subjects to stroke the surfaces for 5.0 s again with 
the index finger as if they were assessi ng its slipperiness. Because 
the degree of moisture on the skin varies greatly between subjects 
and has a significant effect on the skin-surface friction (see Johans- 
son and Westling 1984b), it was important to obtain an estimate 
of friction for each subject on each surface. The forces and torques 
recorded by the load sensors as the subjects stroked each surface 
were digitized at 250 Hz (resolution for force was 0.006 N/unit 
and for torque was 0.0006 Nm/unit) and stored on a laboratory 
computer. The signals were filtered with a double-pass Butterworth 
filter with a cutoff frequency of 25 Hz (Winter 1990). The position 
and instantaneous velocity of the subject’s fingertip were not com- 
puted directly. Instead, the center of pressure of the fingertip on 
the force plate was computed and its velocity derived (see Winter 
1990 for details of methods). The finger forces, and velocity as 
well as the coefficients of friction were first displayed graphically 
using MATLAB software. The instantaneous coefficient of friction 
was computed by dividing the tangential force by the normal force. 
The mean coefficient of kinetic friction for each surface was com- 
puted by averaging the instantaneous coefficient of friction when 
the contact force of the fingers exceeded 0.10 N and the finger 
velocity was X.0 cm/s for a distance of 5.0 mm. These cutoff 
criteria removed the transients associated with starting and stopping 
the finger movement at the initial and terminal phases of the stroke. 
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FIG. 1. Normal and tangential forces, finger velocity, and the force ratios 
generated by a single subject stroking the satin-finished aluminum. The 
instantaneous ratio of the tangential force to the normal force was used to 
calculate the coefficient of friction. 

A recent factor analytic study of subjective texture percep- 
tion (Hollins et al. 1993) asked subjects to sort 17 tactile 
stimuli into categories on the basis of their perceived similar- 
ity. Multidimensional scaling techniques were then used to 
position the stimuli in a perceptual space determined by the 
adjectives used to described the surfaces. They suggested 
that, although a slippery-sticky dimension might be one com- 
ponent in the multidimensional subjective experience of tex- 
ture, it could not be adequately differentiated from the two 
principal subjective dimensions of smooth-rough and hard- 
soft (Hollins et al. 1993 ) . They concluded, not unreason- 
ably, that high friction is associated with roughness, and low 
friction with smoothness in the minds of most subiects. The 
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All subjects were unpaid students or faculty at the Universite de 
Montreal who consented to participate in the study. Subjects were 
asked to wash and dry their hands 5 min before starting the experi- 
ment. In this experiment, four women and six men (ages 30-51) 
were asked to use the tip of the index finger to stroke six 8 X 3- 
cm smooth surfaces mounted on a three-dimensional force plat- 
form (F/T, Assurance Technologies). The six macroscopically 
featureless, flat surfaces were composed of rosin-coated glass, 
glass, satin-finished aluminum, poly-vinyl chloride (PVC) plastic, 
Teflon, and nyloprint (polyamide plastic). 

Before each test session, all the surfaces were cleaned with 
alcohol and dried. For one of the surfaces, a thin coating of rosin- 
lacquer thinner solution was applied to a microscope cover glass 
and allowed to dry for 10 min. The dried rosin gave the smooth 
glass a tacky sensation to the touch. Each subject was given a 
familiarization phase in which they had the opportunity to see and 
touch all the surfaces with the index finger as often as they desired. 
Although most subjects preferred to use a back and forth motion 
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FIG. 2. Relationship of the normal and tangential forces for a single 
subject stroking a high friction surface (glass) and a low friction surface 
(nyloprint) . The intermittent fluctuations in the relationship between tan- 
gential and normal force is caused by the stick and slip motion of the finger 
on the glass. 


