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Establishing Relationships Between
Pavement Roughness and Perceptions of
Acceptability
AnuN Ganc, AraN Honowrrz, eNp Fnro Ross

A psychological scaling experiment rvas conducted in Wiscon-
sin to establish relationships between pavement roughness and
users' perceived need to improve the road. A total of 32 road
segments were selected for user evaluation. Dxcept for their
surface, they had very similar characteristics (speed limit, length,
terrain, trafäc volumes, scenery, etc.). Physical roughness was
measured rvith both a response-type instrument (roadmeter)
and a profilometer. Fifty paid subjects were selected randomly
from the general population. They rvere asked to rate ride
quality on both the traditional Weaver/AASHO categorical
scale and on a newly designed magnitude estimation scale. In
addition, subjects were asked, using a Likert scale, about their
willingness to resurface and were asked to estimate the amount
of extra time they would be willing to spend to avoid a par-
ticular segment, considering its roughness. The experirnent
yielded several useful mathematical relations between physical
roughness and userst willingness to resurface. It rvas found
that the magnitude estimation scale was preferable lo the Weaver/
AASHO scale for measuring subjective roughness. Surpris-
ingly, the roadmeter rvas better than the profilorneter for mea-
suring physical roughness.

For the most part state DOTs assign dollars for pavenrent
resurfacing on the basis of the statistical distribution of rough-
ness across the highway system, political considerations, and
budgetary limitations, rather than on rigorous consideration
of highway users' satisfaction. There is a consensus of previous
studies that the definition of a roughness standard should
reasonably be guided by the degree of user satisfaction or
dissatisfaction that can be expected at any particular level of
roughness (/-5). Indeed, several studies have established a

relationship between mechanical measures of roughness and
the percentage of users saying that the road should be resur-
faced (1-3, 6, 7). From the public's viewpoint pavement
roughness, more than structural adequacy, drives the desire
for pavement improvement.

In Wisconsin, the present serviceability index (PSI) is used

to establish a standard for pavernent roughness, called a "ter-
minal" roughness level. The terminal roughness level is defined
as the roughness level (expressed in PSI) at which a pavement
is considered to be deficient ancl hence in need of improve-
ment. The terminal levels in Wisconsin are 2.5 for the Inter-
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state system, 2.25 on principal arteries, and 2.0 on other roads.
PSI, in Wisconsin, is determined by converting the output of
a roadmeter (a response-type instrument that yields inches
per mile) to a 0 to 5 scale.

The objectives of this study were to establish more precise
relationships between pavement roughness, user satisfaction
with ride quality, and the perceived need to improve the road
(willingness to incur costs to make the pavement smoother).
In order to meet these objectives, a psychological scaling
experiment was conclucted. Fifty Wisconsin drivers, selected
randomly, were asked lo rate 32 r'oad segments. Rather than
being representative of all Wisconsiu roads, most test seg-
ments were selected to have PSIs of 1.0 to 4.0. The segments
were chosen to be similar in length, speed limit, terrain, traffic
volume, and scenery. Subjects rated several different aspects
of ride quality on both traditional scales (such as the Weaver'/
AASHO scale) and on scales specifically designed to achieve
a better undelstanding of terrninal roughness.

PSYCHOLOGICAL SCALING ISSUBS

Of most interest here are automobile users' perceptions of
pavement roughness. Although the manner in which human
beings rate pavement roughness is necessarily an empirical
problem, the known facts of psychophysics set certain valu-
able guidelines. An observer is sensitive not only to the phys-
ical stimuli he or she is trying to measure, but also to a large
number of other factors that can distort judgment to varying
degrees (5). This makes the task of subjectively measuring
ride quality more difficult, although it is still quantifiable.
Since human observers are susceptible to external influences
in communicating their psychological impressions, most psy-
chophysical studies use a scale to measure psychological expe-
rience and relate this to physical measurement. Then, psy-
chological measurements can be estimated from measurements
of the physical correlate. The original PSI (4 was developed
within this type of framework. However, it appears that this
subjective measurement procedure was developed without
full cognizance of the basic principles of subjective rating scale
construction (5).

Although sorne attempts have been made to correlate ride
quality (a subjective measure) with pavement roughness (an
objective measure), little information exists to define this rela-
tionship. Nearly all studies (2, 3, 6,7) have used a category
rating scale, usually the Weaver/AASHO scale, which was
the original basis for PSI. Most of these scales suffer from
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the erlor of leniency, the halo effect, and the error of central
tendency (5). The Weaver/AASHO scale uses five categories,
and there is additional concel'n that the scale does not effec-
tively use a subject's power of discrimination. Hutchinson (5)
suggests that cues of a very general character such as "excel-
lent," "poor," etc., should be avoided. Further, if the scale

is to be manipulated mathernatically (as in ride quality studies),
one must be able to measure psychological ratios (ratio scale)
or at least differences (interval scale). In other words, a linear
relationship should exist between the different sets of scale
values. Hutchinson (5) suggests that such a relationship is not
possible with the Weaver/AASHO scale. Based on a study of
different scales, Holbrook (1) suggested that for predicting
ride quality fi'om physical measures of pavement roughness,
magnitude estimation scales are preferred over categorical
scales. This suggestion has not, as yet, been rigorously tested.

In a classical magnitude estimation experiment subjects rate
a series of comparative stimuli as a fraction or multiple of a

given rating for a single, standard stimulus (8). For example,
a subject may be asked to rate the brightness of lights. The
subject is first presented a standard amount of light and is
told that this amount of light has a rating of 10. The subject
is then presented a comparative stimulus. If the subject thinks
that the light is one-half as bright, it would be rated "5."
Conversely, if the subject thinks that the light is twice as

bright, the rating should be "20." Thus, a magnitude esti-
mation scale has a minimum value of zero and a maximum
value of infinity. Extensive tests of magnitude estimation scales

have demonstrated that they possess the ratio property.
Magnitude estimation is best implemented in a laboratory

where both standard and comparative stimuli can be alter-
nately presented to subjects in rapid succession, This proce-

dure cannot be implemented on a road course because it is

not possible to find a sufficient number of identical road seg-

ments to serve as standard sti¡nuli. An alternative procedure,
adapted for this study, is to first train the subjects about
characteristics of the standard stimulus by repeated exposure.
Then, subjects are presented several comparative stimuli, again
presented the standard stimulus, again presented several more
comparative stimuli, etc.

In order to implement this procedure, the comparative seg-

ments (stimuli) were organized into loops with all loops orig-
inating and terminating at the standard segment. Figure 1

shows the thlee loops used in this study. Since it is important
that the standard segment remain distinct in the subjects'
minds, one of the rougher segments (PSI : 1.6) was chosen.

The standard segment was given an arbitrary value of 10.

EXPERIMENTAL DESIGN

The unusual requirements of this experirnent necessitated the
adoption of different procedures than have been used in pre-
vious studies. These procedures are briefly reviewed here.

Road Segment Selection

The study was conducted in rural Sheboygan County near
Plymouth, Wisconsin. As shown in Figure 1, the course for
the study was divided into three loops (4, B, and C). The
foops A, B, and C included, respectively, 9,72, and 11 com-

FIGURE I Geographical location of road
segments.

parative segments. In addition, a "standard segment" was

located near the center ofthe course; thus, there were a total
of 33 segments. All segments were 0.5 mi long. Of the 32

comparative segments, 11 were portland cement ancl 21 were
bituminous concrete. Only six comparative segments had four
lanes; the remaining twenty-six had two lanes. The standard
segment was portland cement and hàd two lanes,

The comparative segments were selectecl to represent dif-
ferent levels of pavement roughness, with PSIs ranging from
i.1 to 3.9. Successive segments were close to each other so

as to minimize driving time and associated physical and mental
fatigue to the subjects. All segments had a posted speed limit
of 55 miles per hour. None of the segments was on freeways.

Vehicle Selection and Operation

A single, mid-sized car was selected because it is most rep-
resentative of a typical car driven on Wisconsin highways.
The car speed was maintained at 50 mph on test segments
using cruise control. Windows were always rolled up to min-
imize road noise and wind effect on the subjects. Air con-
ditioning was used as needed. Subjects were passengers and
were required to wear seat belts. No smoking was allowed in
the car.

Subject Selection

It was deemed critical to this study that the panel be repre-
sentative of Wisconsin road users. Potential subjects were
recruited at a nearby driver's license office and were asked

several background questions. This background information
was later used to select fifty subjects, twenty-five males and

twenty-five females. The subjects represented a variety of age

groups, family income groups, occupations, and places of res-
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idence (rural versus urban). Subjects were paid to participate
in the study.

Data Collection Forms

Three different forms were filled out by the subjects. Infor-
mation about each subject was collected on the Background
Information Form. A Road Segment Evaluation Form was
used to rate subjective ride quality and related issues for each
comparative segment. A Course Evaluation Form was used
to rate passenger comfort, personal well-being, weather con-
ditions, and driver skill. Thus, for each subject the Back-
ground Information Form was completed once, the Road Seg-
ment Evaluation Form was completed 32 times, and the Course
Evaluation Form was completed three times, once for each
loop. All three forms and instructions were assembled in loose-
leaf notebooks.

The Background Information Form was used to obtain
information on subjects'backgrounds (age, sex, formal edu-
cation, household income, etc.), driving habits (type of car,
years of driving, miles driven/week, etc.), overall impression
of Wisconsin highways, and relative importance of a number
of variables related to subjects' satisfaction with an auto-
mobile ride. A total of 25 different pieces of information were
collected on subjects' backgrounds.

Two different psychophysical scales were used to rate pave-
ment ride quality. One was the traditional five-point Weaver/
AASHO scale, the other a newly designed magnitude esti-
rnation scale where the standard segment was arbitrarily
assigned a ride quality rating of 10.

The acceptability of pavement ride quality was determined
using two different scales. The first question asked subjects
to agree or disagree with this statement: "State and/or county
money should be allocated within the next year to resurface
or reconstruct this road in order to improve its ride quality."
The second question determined how much extra time sub-
jects would be willing to spend to avoid this type of pavement
over a 50-min trip.

Previous studies had used a two-point (yes, no) scale for
determining the acceptability of pavements, whereas this study
has adopted a five-point Likert scale ("strongly agree" to
"strongly disagree"). A five-point scale allows subjects to
avoid definitive statements when the ride quality is neither
very smooth nor very rough. Furthermore, a Likert scale can
better provide a statistical relation between acceptability rat-
ing and pavement roughness.

In addition to ride quality and acceptability, the subjects
were asked to rate other aspects of the ride (amount of traffic,
appearance of the road surface, scenery, safety of the road
and importance of the road) on five-point semantic differ-
ential scales. It was believed that some of these factors, along
with subjects' background, could have some effect on ride
quality and acceptability ratings, in spite of efforts to minimize
such effects.

The purpose of the Course Evaluation Form was to deter-
mine if the subjects felt well, if the seats were comfortable,
if the seating room was sufficient, and if they were satisfied
with the driver. These ratings were collected in order to deter-
mine if adverse conditions influenced subjects' ratings of ride
quality.
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Data Collection Procedures

Each subject was randornly assigned a passenger seating posi-
tion in the car. A research assistant drove over the standard
segment six times, so that subjects were fully aware of the
ride quality offered by that segment. Then the research assis-
tant started evaluation of one of the three loops (A, B, or
C). The order of the loops was randomly preselected. After
each segment, the research assistant made a safe stop so that
subjects could fill out the Road Segment Evaluation Form.
The research assistant drove the car to a nearby rest area for
a short break; then the procedure was repeated for the
remaining loops.

Course Evaluation

In general, seating room, comfort of seats, interaction with
other passengers, skill of the driver, personal well-being and
weather conditions received very favorable responses from
the subjects. Mean ratings for the six variables and the three
courses ranged from 1.5 to 1.9, where "1" was most desirable
and "5" was most undesirable. Thus, it would seem that none
of these six variables had an adverse effect on ride quality
and acceptability ratings.

Physical Road Roughness Measurement

Physical roughness of each segment was measured three times
with the Wisconsin DOT response-type instrument-a road-
meter. The roadmeter yielded inches per rnile, which was
transformed into PSI. In addition each segment was measured
by Michigan DOT with its profilometer. The profile was con-
verted into a 0 to 100 scale of roughness called the Ride
Quality Index (RQI). Michigan actually uses two versions of
RQI; this study used the newer, more sophisticated version,
so it is referred to here as "new RQI." No attempt was made
to find an optimal transfer function between road profile and
subjective evaluation of roughness.

MAJOR FINDINGS

Physical and Subjective Measures of Road Roughness

In the past, studies on road roughness have used averages (or
mean values) for each segment to determine correlation coef-
ficients and to perform regression analysis. However, statistics
based on raw data are more desirable and powerful. All the
statistics reported in this study are based on raw data unless
otherwise stated. Correlations based on average values from
the subjects will, in general, be substantially higher than those
based on raw data. For example, Table I compares correlation
coefficients based on raw data with those based on mean
values.

Throughout this discussion, "ride quality rating" refers to
the results of the magnitude estimation experiment.

Besides those correlations found in Table 1, extensive cor-
relation analysis was performed on all variables from the Road
Segment Evaluation Form. Most interestingly, road surface
appearance was found to be highly correlated with all mea-
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TABLE 1 COMPARISON OF CORRELATIONS BASED ON RAW DATA WITH THOSE BASED ON MEANS FROM THE
FIFTY SUBJECTS

Varl abl e Correlatlon on 8aw !¡tE Correìatfon on lleans
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Varlable
No. Varlable Ìlo.

234
varlable ¡lo.

234

I

2

3

4

5

Rlde Quallty Ratlng

Heaver/A^SH0 Ratlng

PSI

Neur RQI

¡loney Alìocated

-0.7r -0.58

r 0.53

I

0.48 0.5ì

-0.46 0.68

0.85* 0.49

I -0.42

ì

-0.96 -0.85

I 0.80

I

0.70 -0.93

-0.68 0.93

0.85* 0.9?

I -0.7t

I

tlndependent of subJect varlablllty

sures of road roughness (subjective, physical, and accepta-
bility). The measure of road roughness with the highest cor-
relation with road surface appearance was the WeaveriAASHO
scale (0.72). A lower correlation (0.59) was found between
the ride quality rating and road surface appearance. It is

understandable that the Weaver/AASHO scale would be highly
correlated with the road surface appearance because of the
general nature of the cues; the scale tends to capture other
aspects of the road in addition to physical roughness. How-
ever, the ride quality rating does not have general cues, so it
is less sensitive to other aspects of the road, such as road
surface appearance, safety features, etc.

A typical objective of a ride quality study is to determine
a quantitative relationship between subjective perceptions and
physical measures of pavement roughness in order to make
routine psychological estimates from measurement of the

FIGURE 2 Relationship between
mean subjective ride quality rating
and PSI. (The regression shown is on
the mean ride quality rating from the
50subjects;r=0.85.)

physical correlate. Least-squares regression analysis resulted
in the following equations:

Ride Quality Rating : 13.76 - 2.33 PSI

(r = 0.s8 SE : 2.56) (1)

Ride Quality Rating : -4.31 + 0.187 New RQI

(r = 0.48 SE = 2.78) (2)

Weaver/AASHO Rating = 1.48 + 0.637 PSI

(r = 0.503 sE : 0.78) (3)

Weaver/AASHO Rating = 6,44 - 0.051 New RQI

(r = 0.46 sE = 0.82) (4)

These relationships are illustrated in Figures 2-5. Note that

FIGURE 3 Relationship between mean
subjective ride quality rating and new
RQI. (The regression shorvn is on the
mean ride quality rating from the 50
subjects; r = 0.70.)
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FIGURE 5 Relationship between mean
ride quality rafing on Weaver/AASHO
scale and PSI. (The regression is shorvn
on the mean Weaver/AASHO rating from
the 50 subjects; r = 0.68.)
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FIGURE 4 Relationship between mean
Weaver/AASHO scale and PSI. (The
regression shown is on the mean Weaver/
AASHO rating from the 50 subjects; r =
0.80.)

TABLE 2 RESULTS FOR STEPWISE FORWARD REGRESSIONS OF SUBJECTIVE MEASURE OF RIDE QUALITY
AGAINST PSI AND OTHER ASPECTS OF THE RIDE

Correìatlon
Dependent
Va ri abl e

Road Surface
Constant Appearance PSI

Amount of
Safety Trafflc

Coefficlent
(r)

Standa rd
t rror

Rtde Quaìity Ratlns 2.44

8.08

7.81

8.55

I .92

| .?9

0.96

0.99

-t .52

-l .69

-l .72

0. 62

0. 59 -0. 35

0. 59

0.67

0.69

0. 70

2.54

2.33

2.21

2.25

Heaver/^^SHO Scale Ratlng 5 .05

4.06

4.14

4.04

-0. 70

-0. 59

-0. 49

-0.49

0.21

0 .32

0. 32

-0.19

-0.t8 0.0s

0.72

0.75

0.77

0.77

0. 64

0.6l

0.59

0. s9

only the mean values from the fifty subjects for the ride quality
and Weaver/AASHO ratings are plotted in Figures 2-5; the
regression lines in these figures were found from mean values
and differ slightly from Equations 1-4.

Based on the above linear regressions, it appears that road
roughness is best estimated by using the magnitude estimation
type of scale for the psychophysical measure (ride quality
rating) and PSI for the physical measure. The above rela-
tionship resulted in a correlation coefficient of 0.58 on raw
data and 0.85 on mean values from the fifty subjects. The
linear relationships between the subjective measures (ride
quality and Weaver/AASHO ratings) and new RQI was found
to be good, but not as strong as between the subjective mea-
sures and PSI.

Several other regressions were attempted to improve the
relationship between ride quality rating and PSI. These in-
cluded log transformation, polynomial equations, and others.
However, none of those equations resulted in a significant
improvement.

It is particularly interesting to note that PSI does not cor-
respond closely to the Weaver/AASHO scale, as it should.
Given the origins and interpretation of PSI, the y-intercept
of equation 3 should have been about 0.0, and the slope should
have been about 1.0 (dotted line on Figure 4). Either Wis-
consin's method of measuring PSI no longer replicates PSI
from the AASHO Road Test or the type oi panel used in this
study (a random sample of road users) differs substantially
from the type of panel selected for the AASHO Road Test.
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On balance, subjects were fat'less willing than the Wisconsin
l'oadmeter to rate a road as "poor."

Since appearance of the road surface, scenery, amount of
traffic, safety of the road, and importance of the road had

significant correlations with the subjective road roughness

ratings, forward stepwise linear regressions were performed
between the subjective measures, these variables, and PSI.

A level of significance of 0.01 was used for inclusion of an

independent variable. The resulting regression equations are
given in Table 2. It is clear from Table 2 that appearance of
the road surface has a strong effect on the ride quality rating
and an even stronger effect on the Weaver/AASHO scale

rating. Road surface appearance and PSI explain 45 percent
and 56 percent of the variation in ride quality rating and

Weaver/AASFIO rating, respectively. Thus, while PSI is
important in determining subjective measures of ride quality,
appearance of the road surface plays an equally important
role.

The effect of road surface appearance on ride quality ratings
is readily seen in Figure 2. There are three cornparative seg-

ments that received particularly favorable ride quality ratings
(about 3.0) but had PSI values of less than 4. These segments

deviate substantially from the regression line. All three seg-

ments had new surfaces (two portland cement and one bitu-
minous concrete) at the time of the experiment. There were
no cracks, patches, discoloration, or any other evidence of
deterioration. Objectively, howevet, there was some rough-
ness to the surface.

The ride quality ratings show that subjects were significantly
influenced by the excellent appearance of the road. The effect
of appearance is even more pronounced when the ride quality
rating is comparecl with new RQI (Figure 3).

Acceptability Measures

A series of linear regressions was performed to relate physical

measures of road roughness to acceptability measures (for
example, "money should be allocated"). Those regressions
included a number of subject background variables such as

seating comfort, use of seat belts, helpful road signs, per-
centage of miles driven on highways, privacy in vehicle, years

of formal education, sex, weather, lack of construction, etc.

However, the contribution of a single background variable
was very small, and the number of variables was very large.
By and large, little was learned from these regressions beyond
the information contained in Table 1. That is, both PSI and

new RQI are strongly related to the acceptability measures,
with PSI providing a somewhat better fit. The fit could not
be substantially improved by inclusion of information about
the subjects' backgrounds. This result is important because it
means that the results of this study (and similar studies) are

likely to be insensitive to the location from which the sample

is drawn.

Terminal Roughness

The major objective of this study was the determination of a
terminal roughness, in other words, a value of PSI, that causes

a predictable percentage of drivers to become dissatisfied with
the road surface. In the past, this dissatisfaction has been
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measured by asking the subjects to answer yes or no to a

question about spending tax dollars to improve the ride quality
of a given road. Some studies have used a third category of
undecided. In this study, however, a Likert scale ranging from
1 (strongly agree) to 5 (strongly disagree) was used.

It is first necessary to establish a single criterion for dis-

satisfaction; in other words, which value on the Likert scale

should be used to represent the "money-should-be-allocated"
level of dissatisfaction with road roughness. For example, the
value can range from 1 (strong agreement with the statement
that "money should be allocated") to 3 (neutral point). Ide-
ally, the cutoff value for "money should be allocated" should
depend upon several factors, such as percentage of drivers
dissatisfied, class of road (freeway versus local road), volume
of traffic served, importance of the road to the travelling
public, resources available, and so on. For the following dis-

cussion the criterion for dissatisfaction is set at 2.5. A value
of 3.0 must be interpreted as ambivalent, and a value of 2.0

is too strict, considering the likelihood of central tendency in
the scale. A value of 2.5 can be interpreted as being in slight
to moderate agreement with the idea of spending money to
resurface the road.

The percentage of subjects with a rating of.2.5 or less for
"money should be allocated" is plotted against PSI in Fig-
ure 6. The linear correlation coefficient between the per-
centage of subjects and PSI was 0.89. In addition to a linear
regression, curvilinear regressions were also tried. The linear
regression resulted in a slightly better fit. The following equa-

tions can be used to estimate percent dissatisfied (PD) from
PSI for a value of 2.5 for "money should be allocated."

PD = 72.49 - 19.74 PSI

(r : 0.89, SE = 8.2) (5)

PD=-19.81 +95.48/PSI

(r = 0.87, SE = 8.7) (6)

Equation 6 is recommended for determining the relation-
ship between PSI and the percent of dissatisfied subjects.
Equation 6 is recommended over equation 5 only because

FIGURE 6 Relationship between
percentage of subjects dissatislied with
ride quality based on a rating of 2.5 or
less for "rnoney should be allocated"
and PSI.
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TABLE 3 PSIs AS A FUNCTION OF PERCENTAGE OF RATERS DISSATISFIED
AND LEVEL OF DISSATISFACTION

Percent of Raters PSI
Dissatisfied

Í 2.5

50

45

40

35

30

25

20

t.36

1 ,47

r.60

I .74

I .9t

2.t3

2. 39

it appears to fit better at lower values of PSI (between 1

and 2).
If desired, terminal roughness can easily be determined for

any percentage of subjects dissatisfied from the graph, from
Equations 5 and 6, or from Table 3. For example, the terminal
roughness is 1.36 (PSI) for 50 percent of the Wisconsin drivers
to be dissatisfied (as estimated by a value of 2.5 or less on
the scale used for "money should be allocated"). This terminal
roughness is considerably lower than those currently used by
the Wisconsin DOT (2.0 to 2.5).

Willingness To Spend Extra Time

Subjects were asked to estimate the amount of time they
would be willing to spend to avoid each segment, assuming
they were to make a 50-min trip. The results are summarized
in Figure 7. In addition, extra time may be computed from
the following:

Extra time = 8.68 - 2.13 PSI

(r = 0.32, SE : 4.85) (7)

It is seen that the amount of extra time is small, but significant.
For example, Equation 7 shows that subjects were willing to

PSI

FIGURE 7 Relationship betrveen extra
time, in minutes, for a 50 min road trip
and PSI.

spend 5.5 minutes (or 11 percent) more time to avoid a road
with a PSI of 1.5.

These extra-time evaluations are analogous to time savings
benefits. They can be converted to monetary units by using
accepted values of time. Knowing the traffic volumes and
speeds on a road, and the rate of pavement deterioration, it
would be possible to compute total benefits of a new surface
and to compare them with project costs.

CONCLUSIONS

Analysis of subjects' evaluations of ride quality leads to the
following conclusions.

A number of subjects' personal and background variables
had statistically significant effects on both the subjective mea-
sures ofroad roughness and the acceptability ¡neasures. How-
ever, these variables were found not to be of practical sig-
nificance as they explained very little variation in either road
roughness or acceptability measures. This suggests that the
results of this study are generalizable; that is, they are not
dependent on the location from which the sample is drawn.

Even though magnitude estimation is most easily accom-
plished in a laboratory, it is possible to successfully use this
technique for measuring ride quality.

PSI has a higher correlation with the rnagnitude estimation
scale (ride quality rating) than with the Weaver/AASHO scale.
The magnitude estimation scale appears to have a greater
power of discrimination between various roads, and it is less
influenced by road surface appearance. Magnitude estimation
is the preferred method of rneasuring subjective ride quality.

The best physical measure of road roughness appears to be
PSI. PSI has the highest correlations with both the ride quality
rating and the Weaver/AASHO scale. In a completely hands-
off comparison, the less expensive roadmeter was found to
be superior to the profilometer in predicting both subjective
road roughness and the acceptability of the road. However,
both instruments failed to relate with subjective measures of
ride quality for those segments judged to be very good by the
subjects.

Appearance of the road surface is extremely important to
subjects rating ride quality.
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People are willing to spend approximately 1l percent (5.5
minutes on a 50-min load trip) mol'e time to take a better
ride quality road and avoid a road with PSI of 1.5. This rep-
l'esents a significant t'esource expenditure. It is recommended
that such time savings benefits be incorporated into evalt¡a-
tions of road resurfacing plans.

PSI, as measured in Wisconsin, does not closely ap-
proximate the We¿rver/AASHO scale. There can be two
explanations:

1. The measurement of PSI has sornehow changed since it
was first established, or

2. The subjects in this experiment differ considerably from
the subjects in the AASHO Road Test.

If the latter explanation is true, then it is likely that PSI,
regardless of where it is currently being measured, is not
properly reflective of the opinions of roacl users.

A panel can provide detailed information about the need
for road resurfacing. In order to properly use this inforrnation,
it is necessary to establish both a criterion level of dissatis-
faction and a percentage of roacl users who would be so
dissatisfied.
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DISCUSSION

MrcHepl S. JeNopr
JMJ Research, P.O. Box 144, Newtown, Pa. 18940.

This is a well written paper that presents potentially valuable
inforrnation. However, because of some omissions, misinter-
pretations, and possible mistakes, the results are not readily
applicable. The authors have not considered the results of
recent work by NCHRP ancl by Ohio DOT and have incor-
rectly interpreted a number of their references.

1. The authors state that little infolmation is available to
define the relationship between ride quality and roughness.
This is false. Studies conducted in Texas, Ohio, Louisiana,
New Mexico, Michigan, New Jersey, and Pennsylvania define
such relationships quite well (1-5). The data from Ohio, New
Jersey, Michigan, New Mexico, and Louisiana also reveal that
the relationship between roughness measured with a profi-
lometer ancl subjective ratings of ride quality are nearly iden-
tical for each of the five different states.

2. Perhaps the greatest problern in this paper. is the rela-
tively poor correlations that the authors have found between
physical measures of pavernent roughness and subjective ride
quality ratings. For profile-derived roughness measures the
authors have found correlations of at most .7 with (rnean)
ride quality ratings, which are far lower than the col.relations
found between profile measures of roughness and ride quality
ratings in Ohio, New Jersey, Michigan, New Mexico, Loui-
siana, and Texas. For four different models of profile-derived
roughness used in these other states, correlations between the
roughness and ride quality ratings were always in excess of
.9, and for the data from five states combined they were better
than .93. A numbel' of explanations for the authors' low cor-
relations can be suggested.

First, the instru¡nent used to collect profiles was the older
one-wheelpath unit of Michigan DOT, which is not as accurate
in measuring profiles as the more common two-wheelpath
velsions used in the states mentioned above. Although the
profile frorn one wheelpath can be accurately used to predict
rideability (3) the instrument used to collect this one-wheel-
path profile must provide accurate data; it is suspected that
the instrument used by \{isconsin DOT was not. In tests
conducted as part of the NCHRP research (3, ó) the older
one-wheelpath profilometer yieldecl correlations between RQI
and ride quality of .85, while for the two-wheelpath profilo-
metel these correlations between RQI and ride quality rose
ro .93.

Second, the magnitude estimation scale, which the authors
believe is preferred to the similar interval scale, may not be
yielding accurate and consistent rating data. As the authors
point out, magnitude estimation is best suited to laboratory
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research where the "standard" level can be presented to the
test subjects along with each test condition. Was this scale

pretested in any way to determine if it was suitable for such

ratings of ride quality? (It appears that the raw rating data
obtained with the magnitude estimation scale, as illustrated
in their final report, appeared to have rather high rater
variability, indicating a lack of consistency in the rating
procedure.)

Both Flolbrook (7) and Janoff and Nick (5) have shown
that the choice of rating scale has no effect on the quality of
the subjective ratings. The analysis by Hutchinson that the
authors use to support their selection of the magnitude esti-
mation scale as the preferred one was shown to be unimpor-
tant in panel ratings of ride quality (5). Although I believe
that Hutchinson is correct in theory, in application drivers
can use almost any scale to accurately and consistently rate
ride quality, as demonstrated by Holbrook and by Janoff and
Nick.

The instructions to the raters could also have had a signif-
icant effect on the quality of the ride quality ratings. In the
past research for Pennsylvania DOT (5) three different rating
scales were tested, and it was disclosed that with proper
instructions to the raters either one could be used to derive
accurate and consistent ratings of ride quality. This same result
was also found by Holbrook. Did the authors test their instruc-
tions in any way?

The authors' finding that surface appearance is affecting
the ratings of ride quality may also be a result of the instruc-
tions; Holbrook showed that the use of blindfolds had no
effect on such subjective ratings, hence with proper instruc-
tions appearance should have no effect on ride quality (7).

3. PSI is not a physical measure of roughness but a value
derived from a regression equation that relates a physical
measure of roughness (typically an RTRRMS inclex) with a

subjective rating of ride quality (such as mean panel ratings
or PSR). That the authors found a correlation of .35 between
their magnitude estimation scale and PSI and a correlation
coefficient of .9 between PSI and the Weaver/AASHO rating
is not unexpected. When RTRRMS data from New Jersey,
Ohio, and Louisiana were compared to ride quality ratings a

correlation of .79 was found for the Weaver/AASHO scale,
almost identical to the authors' results. Unless the surfaces
are separately analyzed for each type (BC, PCC, composite)
no better results can be expected.

The problem is that RTRRMS instruments do not provide
roughness data that are highly correlated with ride quality
ratings except for BC surfaces.(actually such instruments fail
to respond to all of the roughness frequencies present in PCC
or composite surfaces). On surfaces other than BC, and when
the range of ride quality is great, the correlations fall to very
low values. The authors should have analyzed the surface
types individually to disclose the effect of surface type on the
correlations.

The authors' conclusion that PSI, therefore, no longer
approximates the Weaver/AASHO scale is conjecture only.
A better explanation is that when RTRRMS are used, cor-
relations of .8 to .85 are typical; to increase the correlation
it is necessary to use profiles to measure roughness.

4. The Weaver/AASHO scale used bi, the authors (and

illustrated in their final report) is not the same scale that was

used by either Carey and Irick (8), Weaver (9), Janoff and
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Nick (5), or NCHRP (2,3); it is a cornpletely different type
of scale. The Weaver/AASHO scale is a vertical line, typically
5-in long, with major subdivisions at 1-in intervals (labelled
0,'1,2,3, 4, and 5) and minor subdivisions at 7z-in points
labelled "very poor" (at Vz-in) "poor" (at 1,Yz-in), "fair" (at
2t/z-in), "good" (at3%-in), "very good" (at4%-in), "perfect"
(at the top) and "impassable" (at the bottom). The authors'
scale includes the word and number cues but not the vertical
line. In addition, the instructions to the raters used by the
authors do not explain how to even mark this scale. In past
uses of the Weaver/AASHO scale the raters were told to place
a horizontal rnark across the scale (in other words, across the
vertical line) at the point that they feel best describes the ride
quality ofthe test section. It appears that on the authors'scale
the subject is instead placing a mark into one of the categories
defined by the 7z-in divisions. This is completely different
from past applications and hence the data (that the authors
refer to as Weaver/AASHO ratings) may be incomparable to
past applications of this scale.

5. The authors use a five-point Likert scale instead of a

two-point yes versus no rating to indicate need for improve-
ment, claiming that such a scale is better for the intended use.

Again no pretest or pilot results are shown, and it is suspected
that the results may suffer the same problems as those related
to the magnitude estimation scale.

6. In summary, the authors conclude that magnitude esti-
mation is the preferred rating plocedure and that PSI (or
actually RTRRMS indexes) are preferred to profile-derived
roughness for predicting ride quality. The opinion of this writer
is that these conclusions are unsupported. The correlations
between the roughness and rating data are too low in com-
parison to other recent ride quality research to draw such

conclusions and the authors' lack of attention to and misin-
telpretation of past research sheds serious doubts on the valid-
ity of their results.
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AUTHORS'CLOSURE

The basis of Mr. Janoff's criticism is that our results are in
disagreement with his own work. Such criticism is a two-edged
sword; it can raise doubts about the validity of Mr. Janoff's
earlier efforts in measuring ride quality. Indeed, the principal
reason for our conducting a ride quality experiment was dis-
appointment with the experimental design of the NCHRP
study to which Mr. Janoff refers. We chose not to make an
issue of Mr. Janoff's work in our paper. However, we were
particularly disturbed by the subject selection procedures,
instructions to subjects, the way stimuli were presented, and
the rating scales in the NCHRP study. That the results of the
two studies are different is unremarkable; we attempted to
correct problems in the NCHRP study design that we believe
could have skewed the results.

We believe the low correlations between subjective mea-
sures of ride quality and physical measures of ride quality
stem from the "hands-off" nature of our study design. We
chose to take physical measures from other sources so that
their transferability could be evaluated. The physical measure
from the response-type instrument (PSI in our case) behaved
as expected. The performance of the profilometer (new RQI)
was much poorer than expected. Based on ¡nany earlier stud-
ies (including Mr. Janoff's) we do ¡rot feel that the problem
stemmed from the quality of either equipment or data anal-
ysis. One-wheelpath profilometers have served quite nicely
in the past. Instead, it appears that cornplex transforrnations
of profilometer data are not applicable when there are sig-
nificant variations in study design (for example, location, sub-
ject selection, or stimuli presentation). A major lesson of
these comparisons is that engineers cannot take any physical
measure of ride quality at face value; they must fully under-
stand the conditions under which panel data were assembled.

Magnitude estimation is one of the most respected psycho-
physical measurement techniques. Its use in ride quality mea-
surement has been suggested by many authors, and an abbre-
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viated version was tried by Holbrook with very encouraging
results. Mr. Janoff has seriously misrepresented Holbrook's
conclusions. Holbrook states, "'lhe equations predicting ride
from physical input by means of magnitude estimation are to
be preferred" (Janoff's reference 7 , page 255). A magnitude
estimation scale is quite different from any of the three cat-
egorical scales tested by Janoff and Nick. Their conclusions
are not relevant.

Our experience indicates Hutchinson's criticism of the
Weaver/AASHO scale is correct in practice as well as in the-
ory. It is unfortunate that Mr. Janoff decided to disregard
Hutchinson's advice.

We found intersubject variability to be about the same for
magnitude estimation and for the Weave¡/AASHO scales. We
did not address this issue in our paper because it is uninter-
esting. Mr. Janoff's erred during his casual inspection of sum-
mary data from our full report.

PSI is a physical measure of ride quality; its peculiar his-
torical origins cannot alter the fact that only mechanical data
are used to cornpute it.

Our conclusion that Wisconsin's PSI no longer approxi-
¡nates the V/eaver/AASHO scale is based on Figure 4 in our
paper. Regardless ofsurface type, the regression line is plainly
at the wrong angle.

Mr. Janoff has apparently received incorrect information
about our depiction of the Weaver/AASHO scale. It was
purposefully identical to the one used in his NCHRP study.
In regard to another scaling issue, we are perplexed why Mr.
Janoff believes an ad hoc 2-point scale of acceptability is
inherently superior to a Likert scale-a standard tool of
psychometrics.

We appreciate Mr. Janoff's interest in our research. How-
ever, we do not feel that his discussion is helpful for either
understanding or extending our work.

Publication of this paper sponsored by Committee on Surface
P r op e r t ies-V e h ic Ie I nte ract io n.


