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•A PRIMARY PURPOSE in measuring road profiles (either elevation, slope, accelera
tion, or jerk) is to predict their effect on driver response. Studies of human response 
to motion have often been confi ned to purely laboratory investigations directly r elating 
known physical inputs (acceleration) to their physiological or psychological consequences. 
Experiments such as those conducted in the AASHO Road Test (1) have sought to em
pirically establish the relationships between physical road prope rties and subjective 
driver response. These experiments differ in two important ways from traditional re
search: 

1. The physical input (road profile) is not experienced by the subject (driver) di
rectly, but through the complex modifying machinery of the automobile. Thus, even if 
the road input were originally known, it would be substantially transformed by the in
terposition of a vehicle between road and driver. Depending on vehicle speed and reso
nance, the longer, gently rolling profile elevation differences (long wavelengths) would 
cause the driver to experience very low frequencies (in cycles per second), whereas 
the short, choppy differences would result in relatively high frequencies, most of which 
would be attenuated by the vehicle and human body itself. 

2. The human response to this band of frequencies is both physiological and psycho
logical. Although some research has been devoted to the physiological aspects (2 ), the 
AASHO-type studies and the present investigation seek to measure the psychological. 
The reason for this emphasis is that, regardless of the motions to which drivers are 
subjected, it is their subjective opinion or response that counts. As this report and 
others (3) show, measurement of subjective response has both limitations and pitfalls. 
Nevertheless, it is a goal of sufficient importance to warrant continued effort. 

In this study, the interposition of vehicle between subject and road will be acknowl
edged only to the extent that different vehicles are used. No vehicle characteristics are 
examined, because our purpose is to examine possible relationships between road pro
file per se and subjective response. The Michigan Rapid Travel Profilometer (RTP) is 
ideally suited to the measurement of road profiles for the r easons dis cussed by Darling
ton and Milliman (4). Some of the pertinent advantages are r eviewed here . 

A serious probiem with moving-straightedge profilometers is that they introduce 
distortions into the measured profile. Put another way, these instruments do not have 
"flat" frequency (cycles per foot) response characteristics. The RTP frequency re
sponse is flat for a much larger range than required by roughness research. 

Many of the problems discussed in the roughness literature center around the question 
of which profile frequencies are relevant to road roughness (5, 6). Clearly, those low 
frequencies induced by the long, "hill-valley" profile wavelengths, while passed by the 
vehicle and experienced by the driver, are not responsible for what we call "roughness". 
Similarly the very short, "choppy" wavelengths induce such high frequencies that they 
are largely damped or filtered out by the vehicle-human body system. There is, then, 
a middle range of profile wavelength, whose amplitude best relates to roughness. At
tempts to filter profiles have usually been aimed at eliminating the long waves (detrend
ing) and have required arbitrary decisions on method and degree. Moreover, these methods 
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often color the resulting profile, thereby compromising its value. The RTP can be pre
set to recover from the total profile only those frequencies thought relevant to roughness. 

The resulting filtered profile is then analyzed by examining elevation deviations from 
an average elevation base line. It is mathematically convenient to square these devi
ations, sum them, and divide by the profile length. The resulting quantity (parameter) 
is called mean square deviation or variance. However, the total variance is composed 
of contributions from each wavelength found in the filtered profile. By a suitable tech
nique called power spectral density (PSD) analysis the contributions to total variance 
made by the various wavelength regions can be estimated. The value of PSD analysis 
is that these variance contributions can be independently examined for their relevance 
to subjective response. Once the desired range of frequencies is determined, RTP 
equipment can be adjusted accordingly, thereby producing a profile specifically of inter
est to ride research. 

Even if roughness can be satisfactorily obtained from profiles, there remains the 
question of how to measure subjective response. Highway and automotive researchers 
have generally used category scales. These scales require the subject to pick a cate
gory in a manner consistent with the degree of subjectively experienced roughness 
(some studies ask for judgments on "serviceability"). A special case of the category 
scale, the graphic rating scale, has achieved considerable popularity in road service-:: 
ability and automobile ride studies, following the lead of the AASHO Road Test (7, 8, 9, 
10). Briefly, the subject is required to mark on a line his response to highway rough-: 
ness or serviceability. 

An entirely different approach to the problem of psychological measurement-often 
used in psychophysics-is found in the magnitude estimation methods. These require 
the subject to compare several objects or experiences and report their subjective ratio. 
Often one experience is held constant and called the standard, although this is not neces
sary. Unfortunately, the category and magnitude methods do not always produce the 
same scales. If only a ranking of psychological responses is desired, choice of scal~g 
techniques makes little difference; i.e., both methods should generate the same rela
tive subjective order. If, however, we wish to manipulate the scale mathematically, we 
must be able to measure psychological ratios or at least differences. Under these con
ditions, choice of scaling methods could affect the mathematical relationship between 
subjective response and road roughness, whether measured by roughometer or profi
lometer. If, in turn, we expect to relate subjective response in terms of either rough
ness or serviceability, which are closely related (9) to design and construction variables, as 
in the AASHO Road Test, these relationships could also be affected. The implication is 
that for this type of experiment, the relative importance of the various design factors 
may depend on the scaling method used in measuring human judgments. 

In order to explore these problems, two field experiments were conducted (Fig. 1). 
The first consisted of 96 observers rating 16 roads and was designed to (a) examine 
differences among types of category rating scales, (b) examine the difference between 
subjective responses under normal driving conditions and under conditions of restricted 
sight and sound (blindfolds and earphones), and (c) examine the effects on subjective re
sponse of different passenger car sizes. The category scales selected (Fig. 2) were 
(a) a graphic rating scale used with 32 observers rating each of 16 roads, (b) a series 
of photometrically evenly spaced gray papers arranged as sectors of a circle repre
senting nine categories of ride roughness from "excellent" to "unbearable", and (c) a 
sequence of eleven words pre-ranked by a rating panel to represent the ride continuum, 
again from" excellent" to "unbearable". In addition the three scales were cross-classified 
with eight different passenger cars (spanning the range of automobile weight found 
on American roads today). As a check on visual and aural "halo" effects-contamina
tion of subjective response caused by stimuli other than those under measure (3, 11)
half of the 96 subjects were blindfolded and half were provided with sound-insulating 
earphones. The 96 subjects were able to use the three category scales with equal ef
fectiveness; the agreement among subjects, as measured by the coefficient of concor
dance, was about the same (W = 0.85) for all scales. Also, the three category scales 
agreed very closely on the ranking of the 16 roads. Consequently, no evidence was 
found to suggest that the type of category scale selected has any bearing on either 
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subjective road rating agreement or position. Differences on the same scale caused by 
blindfolds and earphones were not measurable. Differences caused by cars were mea
surable but not of sufficient magnitude to significantly affect the main issue of this 
report. 

In the light of these findings, it seemed reasonable to combine the data from the three 
category scales into a common scale based on 96 subjects. The three scales cannot be 
combined directly into an overall scale because category sizes and meanings are not 
comparable. However, there is a technique whereby information from each of the three 
scales can be merged into a common scale. The method, first developed by Thurstone 
(11, 12, 13), is generally lmown as "pair comparison" scaling and is developed from the 
fOiiowinglormula of basic statistics: 

S , 2 2 2 
1. - SJ· = z1· J. ,.. • + ,.. · ,.. · ,.. r v 1 u] - u 1 u j ij 

where 

Si = subjective r esponse to stimulus (road) I, 
Sj = subjective response to stimulus {road) J, 
cri2 = var iance of s ubjective response Si to stimulus (road) I, 
a{· = variance of subjective r esponse Sj to stimulus (road) J, 
rij = correlation between subjective response Si and subjective response Sj, and 

(1) 

Zij = standardized normal deviate representing with a normal curve of unit variance 
the proportion of times Si is greater than Sj· 

Thus, by knowing only the proportion of s ubjects stating that Si is greater {rougher) 
than Sj we can generate the distance on the subjective scale between Si and Sj. 1 This is 
true only if the other variables in Eq. 1 are known, or if they can be assumed constant 
or zero. The correlation term in Eq. 1 is generally assumed to be zero or constant. 
To test this assumption, the linear scale responses for 32 subjects were intercorrelated 
for all 120 road combination pairs in Test Series I. It is recognized that these intercor
relations are produced by means of a scaling procedure at issue in this report. However, 
comparison of scaling procedures using and excluding the correlation term in Eq. 1 in
dicates that it is of minor importance. Consequently, the approximate correlation values 
obtained by virtue of the linear scale should be adequate . 

The existence of road intercorrelation can be explained by the well-known fact that 
subjects tend to impress personality and experience on the response scale. For ex
ample, if some subjects generally rate roads rough, and others tend to rate roads 
smooth, this will show up as positive correlation among the road ratings. Figure 3 
shows the relationship between all possible S intercorrelations and the ratio of the cor
responding roughness values, R greater/R lesser. Apparently, for roads comparable 
in roughness, subjective responses tend to correlate positively, whereas roads having 
great roughness differences are not subject to intercorrelation at all. For this study, 
the correlation coefficient in Eq. 1 is computed from the following equation determined 
by least squares from the data shown in Figure 3: 

r = -0.56 log {R0 /RL) + 0.59 (2) 

1The scale developed from Eq. 1 does not follow the conventional procedure expounded by Thurstone. 
The matrix of all possible proportions P was converted to the z matrix as usual. This matrix was then 

multiplied by the~ cri2 +crj2 - 2ai crj rij matrix. This provided 16 road scales each based on relation

ships to a given road. The 16 scales were then regressed on each other providing revised estimates of 
road separations. This process was iterated several times unti I the correlation matrix converged to an 
average value of 1.0. 
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Figure 4 shows that the conventional linear scale (Fig. 2), as used in the AASHO 
study, can be reproduced by Eq. 1 when the variance terms cri2

, cr/ are held constant 
and equal. Equation 1 then becomes 

Because i"2C is a factor in all scale separations (Si - Sj), it is omitted and Eq. 1 
becomes 

(3) 

The units in Figure 4 are unimportant because these are interval subjective scales, 
and have no meaningful zero point. Consequently, · the slope and intercept are irrelevant. 
What is important, however, is the degree of fit exhibited by the two scaling methods. 
Figure 4 shows excellent agreement (correlation of 0.99) between these two methods. 
Therefore, it is evident that the linear scale is a special case of the pair comparison 
scale when the variances of subjective response are assumed constant throughout the 
full roughness range. 

We are now in a position to examine the effects of roughness level on response vari
ance, and consequently, the subjective scale itself. Attempts by others to assess response 



,... 
z 
~ 
"' z 
8 
a 
-' w 
I 

~ 
a: 
w ,... 

~ 
<( 
a: 
~ 
I ,... 
~ 

• 

TEST SERIES I 
NUMBER OF SUBJECTS 

PAIR COMPARISON SCALE ' 96 
GRAPHIC RATING SCALE' 3Z 
r• 99 

• 

.. 

SUBJECTIVE RESPONSE, GRAPHIC SCALE 

• 

Figure 4. Relationshipbetweengraphic rating scale 
and pair comparison scale of Eq. 3. 

TEST SERIES I 

NUMBER OF SUBJECTS : 32 

>-,... 
:::; 
iD 
< 

" < > 
w 

"' z 
0 • "-
"' w • a: • w 
> • ;: 

~ 
"' ::> 
"' • w 
...J • • < u 
"' u 
~ 
< • a: 

"' 

SUBJECTIVE RESPONSE, GRAPHIC SCALE 

Figure 5. Relationship between subjective response 
variabi lityand scale position as measured by graph

ic rating scale. 

217 

variability have been made by directly taking 
the individual linear scale responses for a 
given road and directly forming their vari
ance. Plots of a2 vs mean panel rating tend 
to showthata2 is greatest in the midrange of 
roughness . Yoder and Milhous (9) suggest 
that panel rating variation is a mTuimum for 
very rough and very smooth pavements. For 
the data of Test Series lthe linear scale re
sponses were first standardized to eliminate 
individual idiosyncracies, and a common 
measure of variability (the inner-quartile 
range) was plotted against median responses 
(Fig. 5 ). This procedure shows the same 
contraction of dispersion at the scale end 
points as suggested by Yoder and Milhous (9 ). 
The question arises as to whether these -
results are inherently characteristic of 
human response to road roughness, or are 
merely due to the distortion introduced by 
an inadequate scaling procedure. 

Intuitively, it would seem that subjective 
response dispersion should not increase, 
reach a maximum, and then decrease as 
indicated by Figure 5. Rather, judgment 
difficulty, and hence response dispersion, 
should increase with roughness, the maxi
mum occurring at the rough end of the 
scale. ("Dispersion" and "variability" are 
general terms referring to the spread of 
data; variance and inner-quartile range 
are each mathematical measures of it.) 
Moreover, there is a wealth of psycho
physical experience that conflicts with the 
curve of Figure 5. (Weber's law states 
that the "just noticeable difference" be
tween two stimuli increases in proportion 
to the stimulus magnitude; i.e., ~M =KM. 
Weber's law and its variations are reputed 
to be applicable over a very large range 
of psychophysical phenomena.) Thus, we 
have good reason to doubt the uniform 
variance assumption of Eq. 3, and hence 
the validity of the linear scale itself. These 
comments notwithstanding, the scale pro
duced by Eq. 3 is plotted against the rough
ness level in Figure 6. Notice that the re
lationship is of the form 

S = A log R (4) 

Equation 4 is predictable (14) and is 
generally found when categoryscaling is 
plotted against physical input (15 ). For 
example, the log of slope variance was 
selected as the best predictor of "service
ability" in the AASHO Road Test (_!). 
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The second test series of this 
study was designed to contrast the 
scale produced by magnitude esti
mation techniques with that of the 
category methods discussed pre
viously. In this series, 37 test sec
tions were evaluated by 40 observ
ers by requiring them to report the 
ratio of the riding quality of each 
section to the preceding one ; 20 
subjects rated "roughness" and 20 
rated "smoothness" in order to re
move possible bias associated with 
the direction of ratio estimation. 
Because the responses are ratios, 
they must be multiplied sequentially 
(the first road is defined as 1.0 on 
the subjective scale) to generate 
scale values (10, 17). This pro
cedure, although yielding magnitude 
estimates, is subject to consider
able error in view of the number of 
multiplications necessary (37 for the 
last ratio in Test Series Il). Ran
domization of test roads would dis
tribute these errors; however, it 
was found administratively neces
sary to present the roads in the 
same order to each subject. It 
would not be possible to present 
all combinations of roads directly 
without contaminating the ratio 
judgments with irrelevant inter-
vening roadway. Nevertheless, a 
large variety of roughness ratios 
were available from the 37 roads. 

It has been found (15, 18, 19, 20) that magnitude estimates of subjective response ratios 
are related to physical input \rOughness) ratios by the power law: 

(5) 

or in general 

S =KR¢ (6) 

where K is a scale factor and ¢ is an exponent related to the type of physical input. 
Equation 6 can be used for both estimates of r oughness and smoothness ratios. 

Figure 7 s hows the distribution of 36 estimates each of ¢s and ¢R· Median ¢R for " r ough
ness" is 1.10 and median ¢s for ttsmoothness" is - 1.10. It appears that ther e is little, 
if any, difference in "rouglmess" rating as opposed to "smoothness" r a ting, a nd that the 
two values can be averaged to provide an overall estimate of 1.10 for roughness. This 
means that subjective response is directly related to roughness: 

S = KR1 .io 

S~R (7) 
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This result is contra.ry to that obtained with linear or category scaUng (compare 
Eq. 4). Although not discussed here, it can be shown that Eq. 1 can reproduce Eq. 7 
when the subjective response standard deviations are set equal to the roughness values, 
i.e., 

(8) 

Thus, when i·oughness figures are substituted in Eq. 1, the resulting scale turns out to 
be of the form S = R (rather than S = log R) as found by ratio scaling. The correlation 
of this subjective response scale with roughness is shown in Figure 8 and should be com
pared to the correlation with log roughness shown in Figure 6. 

Analog processing of RTP data provided sufficiently filtered profiles to permit com
putation of power spectral density plots (amplitude variance spectrum). Spectra for 
each wheel-track profile and its first three derivatives were computed from automati
cally digitized RTP data. Generally, the two wheel tracks for each road were similar, 
with the high-frequency amplilude va1·iance always somewhat greater for the outside 
wheel track, 

Wheel-track spectra were averaged and plotted with wavelength (>..)on log-log coordi
nates as shown in Figure 9. As is generally known, these plots are well approximated 
by a straight line; hence, 

AVD = cxx (9) 

where AVD is amplitude variance density (power), and C is a constant reflecting the 
general variance density level (probably the best overall parametric correlate of sub
jective response). Correlations of AVD parameters with subjective response a.re C = 
-0.88, x = 0.54, and multiple of C and x = 0.89. The exponent x, ranging from about 1.5 
to 2. 5, is essentially unrelated to subjective 
response. Linear correlations of log AVD 
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and log X ave1·aged 0.98 for the 16 roads of Test Series I. Total amplitude variance 
(within the limits of measurement) of the profile or its derivatives is often used as a 
ride indicator (1, 5, 9). However, this method ignores the unequal variance contributions 
of wavelength intervals to subjective response and is therefore an imperfect indicator. 
Because roughometer measurements correlate well with subjective response (r = 0.98), 
this instrument can be used to select the wavelengths best relating to ride. 

Correlations between roughometer measurements and AVD were poor for low: fre
quencies (1 to 5 cps) and improved to a maximum (r =0.99) for the 18 to 36 cps range. 
Because this frequency range (for the vehicle speeds used, 25 to 60 mph) results from 
a very narrow band of road wavelengths, it was possible to simplify the analysis by re
lating subjective response directly to the profile. 

Figure 10 shows the correlations of the variance contributions of the 3-ft wavelengths 
for the profile and its first three derivatives with roughometer figures. The lines are 
parallel and separated roughly by a multiplier of four. Successive differentiation of 
(sin wtf indicates that they should be in tJ1e ratio 1: 3: 9: 27 because X = 3. Moreover, 
the slopes show the general equation relating amplitude variance to roughness (in./mi) 
to be 

R = K (AVD) 0
"
395 (10) 

where K depends on the derivative order. The exponent of 0.395 compares with 0.365 
given elsewhere {21). At X = 3, correlations are all high, but this is not true for the 
g1·eater wavelengths. Figure 11 shows that the fall-off of correlation with subjective 
response is greatest for the third derivative and least for the first derivative. As far 
as total variance is concerned, it appears that the slope profile is best suited for ride 
predictions. However, the best correlations are obtained with the very short wavelengths 
for all derivatives. There seems to be little point in measuring variance contributions 
from wavelengths much above approximately 5 ft as far as ride research is concerned. 

If graphic or category rating scales are used to measure subjective response, we 
find (Fig. 12) by substituting Eq. 10 in Eq. 4 that 
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The log transform of slope variance (of unpublished wavelength composition) appears 
in the PSI equations and can be expected to appear in any ride or serviceability experi
ment where category scaling is used. Serviceability is properly introduced into this 
discussion because it is so highly correlated with roughness (9 ). When magnitude scal
ing is used (or category scaling is accomplished with Eq. 1 utilizing the dispersion re
lationship c = R ), the results agree with Eq. 7 (i.e., S = R) because R = K (AVDP' and 
S = K (AVD)x (Fig. 13). 

At this point the possible reasons for the different functional forms obtained by the 
two scaling methods will be discussed. Suppose that subjects find it easy to discrimi
nate small roughness differences at the smooth end of the scale and difficult at the rough 
end. The effect on the category scale will be as follows. At the smooth end where dis
crimination is best, a large portion of the scale will be used to reflect small but per
ceivable differences in roughness, whereas at the rough end where discrimination is 
poorest, the same small roughness differences are less easily detected and will tend 
to be lumped into a single category or confined to a small scale range. For example, 
the difference between 100 and 200 in. per mile is easily detected and would, therefore, 
show up as a sizable scale separation consistently reported. However, the difference 
between 600 and 700 in. per mile, although arithmetically the same, is more difficult to 
detect and consequently will show up as a small scale difference not consistently re
ported (Fig. 14). In addition, if many subjects are used and their judgments combined 
into a single average for each road, disagreement and hence variance differences may 
result from differential sensitivity to frequency. For example, subjects might respond 
similarly to low-frequency vibrations, but differently to high frequencies. The result 
would be good agreement at one end of the scale and poor agreement at the other. If 
one of these conditions exists, the resulting category scale will probably not be a linear 
transform of a scale based on direct estimates of psychological magnitude utilizing 
ratios. This is because the magnitude methods produce scales whose mathematical 
properties are free of the effects of subjective response variance. 

Because the level of inter- atid intra-subjective response agreement determines the 
disparity between the magnitude and category scales, one can theoretically produce an 
infinity of category scale transforms by merely controlling the background factors that 
affect subjective response agreement. For example because one person is usually more 
consistent than several, a category scale produced from replicated judgments of a single 
individual would probably not be linearly related to a scale produced from the combined 
judgments of a group. Consequently, the exact mathematical form of the relationship 
between subjective response as measured on category scales and physical input may 
depend on experimental conditions and technology. Should changes in experimental con
ditions or improvements in technology alter the functional relationship between response 
agreement and input level, laws depending on the affected variables would have to be 
updated accordingly. This defines the first disadvantage of measuring subjective re
sponse to roughness with category scaling methods. 

The second disadvantage of category scales is that measurements based on them will 
not confirm laws utilizing magnitude scales. The problem is especially acute for laws 
derived from intuitive formulations. These formulations generally involve variables 

that are traditionally measured on magni
tude scales. To be sure, a logically co
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SUBJECTIVE 
ROUGHNESS 
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Figure 14. Hypothetical relationship between sub
jective response variability and response level. 

herent system of laws based on either 
scaling system could be evolved; however, 
those based on category scale measure
ments would not benefit from intuitions 
growing out of everyday experience with 
the magnitude scales. 

A third disadvantage could occur if, 
with the use of a group of subjects in a 
ride experiment, several proved more 
tolerant of increased amplitudes at all 
frequencies. This might be due to the ride 
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Figure 15. Relationship between adaptation level and test 
series average. 

experience the subject brings with 
him to the experiment. Thus, if a 
subject is familiar with only very 
smooth Interstate roads, he will 
tend to "down-rate" the rougher 
roads more than a subject who 
has encountered the latter in his 
daily experience. On the other 
band, a subject habitually adapted 
to very rough gravel or secondary 
roads will necessarily view all 
primary and Interstate Highways 
as superior. The full range of test 
responses for this subject would 
show a bias toward the high or 
smooth end of the scale. In addi
tion, experience wilh the test 
sc'!ries of the experiment itself 
probably affects the distribution 
of subjective responses as well as 
their general location bias or 
"adaptation level" (22, 23, 24, 25, 
26, 27, 28). . - - - -
- Adaptation level ts defined as a 
neutral point from which psycho
logical judgments are made, and 
is defined as the midpoint of the 
category scale. It has been sug
gested that as far as a test series 

is concerned, tbis point corresponds to the geomeb.ic average on the physical scale of 
all the rated or judged objects in the experiment. Accordingly, the psychological neutral 
point will follow the mean of the serie·s, which, of course, is a function of the roads se
lected for test. In ride research one prefers that the psychological neutral point that is 
marked by the difference between, say, "acceptable" and "unacceptable" be independent 
of the experimenter's choice of test roads (Fig. 15}. It has been argued that the cate
gory scaling methods are particularly sensitive to these adaptation level problems. 

In the writer's opinion, some magnitude estimation methods are relatively free of 
adaptation level effects, for it is reasonable to assume that a subject can decide on the 
ratio of riding quality of two roads Without bias caused by other roads in the series. 

CONCLUSIONS 

1. When measurements of human subjective response to ride were made on category 
scales (with subjects choosing from categories provided), very little difference was de
tected between category scale types, automobiles, or perceptual conditions produced by 
various degrees of sight and hearing restrictions . Not only did subjects rank the test 
roads about the same for each test condition, but they closely agreed among themselves 
within each condition. These results are probably due to adaptation level problems often 
found with category scaling methods. 

2. When human subjective response to ride is measured by means of category rating 
scales, the relationship between subjective response and profile parameters is of the 
form (Subjective Response) = log (Physical Input). Physical input can be measured by 
roughometer roughness or the amplitude variance density of any of the commonly used 
profile derivatives. 

3. When human subjective response to ride is measured by means of magnitude 
estimation methods (subjects reporting ride ratios), the relationship between subjective 
response and rougllometer roughness is of the form (Subjective Res_Ponse) = (Roughness ). 
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For profile amplitude variance densities, the relationship becomes (Subjective Re
sponse) =K (Amplitude Variance Density}" where K depends on profile derivative order, 
and x is about 0.4. Slightly better correlation with subjective response is obtained when 
a small variance band is used rather than the density ordinate at a specific wavelength. 

4. The equations predicting ride from physical input by means of magnitude esti
mation scaling are to be preferred because (a) they give results that are independent of 
subjective disagreement or error variance; (b) theoretical formulations are generally 
based on variables measured on magnitude scales; and (c) there is reason to think that 
magnitude estimation procedures can be administered without adaptation level problems. 

5. Profile derivatives (slopes, acceleration, jerk) do not appear to offer any ad
vantage in predicting subjective response over the profile itself. Variance contributions 
of higher order derivatives tend to become unstable and correlate poorly with subjective 
response as profile wavelength increases. 

6. The best correlations of subjective response with profile variance is obtained for 
the profile wavelength region under about 5 ft. Little, if any, improvement is obtained 
from the inclusion of wavelengths greater than this figure. 

7. Prediction of subjective response was not significantly improved by utilizing ve
hicle speed data in a time-frequency analysis. Good results can be obtained from an 
examination of the road profile alone provided the test vehicle speed range is not large. 
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