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in Fig. 1. It can be seen that the perpendicular contact force 
remained between 0.20 and 0.30 N in this subject. These 
normal forces rarely exceeded 1.0 N in any subject. Each 
subject adopted a preferred stroking velocity that varied be- 
tween 8 cm/s for the slowest subject to 26 cm/s for the 
fastest subject with a mean of 15.6 cm/s. However, the stroke 
velocity for a given subject remained within a narrow range 
( t4.2 cm/s, SD). The mean coefficient of friction for each 
surface was computed from the average ratio of the instanta- 
neous tangential force divided by the normal force during 
the stroking movement. Graphically the kinetic friction can 
be displayed as the linear relationship between the normal 
and tangential forces. Figure 2 shows the kinetic friction for 
a single subject stroking glass (a high friction surface) and 
nyloprint (a low coefficient surface). The slopes, which are 
equal to the inverse coefficient of friction, of these force 
relationships are clearly different. 

The mean coefficient of friction for each of the six surfaces 
is shown in Fig. 3A. It can be seen that despite a fairly wide 
range of coefficients of friction tested, the coefficients of some 
of the surfaces were similar. Although a one-way analysis of 
variance used to test for differences in friction among the six 
surfaces indicated significant differences in surface friction 
(F = 28.98, P < 0.001)) a pair-wise comparison test subse- 
quently showed that the PVC plastic surface was not signifi- 
cantly different from aluminum, and that Teflon was not sig- 
nificantly different from Nyloprint. For this reason the plastic 
and Teflon surfaces were not included in the comparison of 
the subjectively ranked estimates of friction with the coeffi- 
cients of kinetic friction calculated from the ratio of tangential 
to normal forces shown in Fig. 3B. 

The scatter of individual judgments seen in Fig. 3B indi- 
cated differences in the subjective friction ratings among the 
10 individual subjects. Figure 3C shows the same data as 
Fig. 3B plotted on a log scale and with the data points for 
each subject connected and demonstrates that, in general, 
subjects scaled friction accurately. There were only 2/40 
errors or reversals in the VAS ratings of surface friction. 
That is, individuals seemed to be consistent in their relative 
judgments of the surface friction, but the absolute value of 
their estimations when measured on a common parametric 
scale varied in comparison with each other. It was therefore 
decided to calculate individual correlations between the sub- 
jective friction estimates based on the VAS and the measured 
coefficients of friction for each of the 10 subjects. These 
individual correlations were z-transformed and averaged 
across all subjects. The mean correlation for all subjects and 
all six surfaces was r = 0.85 (n = 10, P < 0.001). Because 
the glass and rosin covered glass had higher coefficients 
of friction than most commonly encountered objects, we 
recalculated the correlation between the ranked friction esti- 
mates and the measured friction for each of the 10 subjects 
without these surfaces. However, the correlation (r = 0.76, 

FIG. 3. A : mean kinetic friction +SE for 6 flat, macroscopically feature- 
less, smooth surfaces measured against the tip of the index finger of 10 
subjects. B: relationship between the subjective estimates and the mean 
measured friction for 4 surfaces having distinctly different coefficients of 
friction. C: same shown in B but with individual lines that connect the data 
points for each subject plotted on a log scale to differences at coefficients 
of friction < 1. 


