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Subjective Ride Quality Testing Procedures 
LARRY G. RICHARDS 

This paper describes the problems of obtaining passenger ratings of their sub­
jective reactions to different vehicle environments. The rationale for assessing 
subjective reactions is discussed. Several methods of measuring passenger com­
fort are noted, and two common methods are described in detail, along with 
the base for choosing between them. Practical and psychometric considera­
tions governing the use of rating scales are reviewed, and the importance of in­
dividual differences is noted. Finally, a standard sequence of steps is presented 
for analyzing subjective data and deriving comfort models. 

Since the first National Aeronautics and Space Ad­
ministration (NASA) symposium on ride quality in 
1972 <!>• there has been concern about the inclusion 
of subjective factors in ride quality research. 
Much of this concern has been expressed as suspicion 
about the legitimacy of subjective factors and the 
desire to eliminate them from studies in this area. 
Thus, there have been attempts to build ride quality 
meters and attempts to establish ride quality stan­
dards. Neither of these efforts have proven com-
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Figure 1. Research strategy for determining the passenger transfer function. 

PHYS I CAL INPUTS 

e.g. MOTION 
NOISE 
TEMPERATIJRE 

I 
MEAS RED BY u 

PORTABLE ENVIRONMENTAL 
MEASURING SYSTEM 

(PEMSI 11 

• 
PHYSICAL VARIABLES 

HYPOTHESIZED 
RELATIONSHIP 

LINEAR ACCELERATIONS ~-------­
ANGULAR RATES 
dB(AI 
DEGREES C 

SUBJECT! VE REACTIONS 

e. g. COMFORT 
ACCEPTANCE 
SATISFACTION 

I 
MEASURED BY 

RATINGS 

SUBJECT VARIABLES 

RATED COMFORT 
RATED SATISFACTION 

pletely satisfactory--largely because their results 
do not agree with those of human judges in test sit­
uations. Ride quality meters and standards should 
follow from an understanding of human reactions to 
vehicle environments, not precede it. 

An essential component of ride quality research 
is the passenger transfer function (Figure 1). This 
is an equation or set of equations relating physical 
aspects of a vehicle's internal environment (motion, 
noise, pressure, etc.) to passenger reactions to 
that environment (comfort, acceptance, etc.). There 
has been substantial disagreement about which sub­
jective factors (outputs) to measure and what mea­
suring techniques to use. Many of these disputes 
are unnecessary because the choice of a testing 
method is often dictated by different test situa­
tions, subject populations, and the information re­
quirements specific to the research problem. Fur­
thermore, the results obtained by using different 
methods in different situations are generally com­
patible. 

RATIONALE FOR STUDYING SUBJECTIVE REACTIONS 

Ride quality is one of many factors that determine 
passenger acceptance of transportation systems. The 
viability of a transportation system or mode is 
largely dependent on how people react to it. Mode 
choice and decision processes are cognitive opera­
tions that depend on other subjective reactions, 
such as perceptions, preferences, motivations, eval­
uations, attitudes, and beliefs. Thus to understand 
transportation choice and use, many psychological 
concepts and principles must be involved. 

The assessment of ride quality is basically a 
problem in complex psychophysics. Internal states 
of the person (subjective reactions) must be related 
to physical inputs (environmental variables). What 
a person perceives or feels may be assessed most di­
rectly by asking him or her about it. There are 
many ways to ask a person about their subjective re­
actions; several such methods will be described 
below. 

Why not simply use behavioral or physiological 
measures instead of reports of subjective reac­
tions? There are several reasons. The most impor­
tant is that the relevance of either behavioral or 
physiological measures must be established by their 
correlation with the appropriate subjective states. 
What behavioral or physiological manifestations re­
flect a person's level of comfort? The only way to 
answer this question is to assess comfort indepen­
dently and, thereby, see which variables or behav­
iors correlate with it. Thus, the subjective as­
sessment of comfort is logically prior to, and nee-
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essary for, establishing the validity of behavioral 
or physiological measures. But if the subjective 
reactions must be assessed, there is no real reason 
to obtain the other indices. 

In certain circumstances, behavioral or physio­
logical measurements may be valuable, especially as 
related to heal th and safety. However, whether or 
not a passenger vomits is an insensitive measure of 
discomfort because it is an all-or-none measure. 
Whether or not he or she uses the vehicle is an in­
sufficient measure of preference. An individual may 
be very dissatisfied with the local transport sys­
tem, but still use it because it is all that is 
available. However, a designer who knows of this 
dissatisfaction might be able to develop an alterna­
tive system to attract a substantial portion of the 
ridership away from the existing system. 

COMFORT AND RIDE QUALITY 

Ride quality research has generally involved the 
measurement of passenger comfort. Comfort would 
seem to be the direct psychological correlate of 
ride quality. If all other conditions are accept­
able and the ride is good, the passenger is comfort­
able; if it is bad, the passenger experiences 
discomfort. Thus, comfort reflects all the environ­
mental factors that may act on a passenger. 

Why not simply have the passenger assess the 
"ride quality" of the vehicle? What the passenger 
is asked to assess depends on what we wish to know. 
An individual considering the ride quality of a ve­
hicle may make different assumptions about what he 
or she shouid attend to and assess than if he or she 
were considering a personal level of comfort. In 
the first situation, the individual may attend to 
the vehicle, but not to his or her reaction to the 
vehicle. Under these circumstances, the individual 
may assume that ride quality is directly related to 
the amount of motion present: The more motion there 
is, the poorer the ride quality. If taken to an ex­
treme, the best vehicle would be the one with the 
least motion. Such a person would behave like an 
accelerometer in his or her judgments about the ve­
hicle. The absence of motion would define good ride 
quality, and any detectable motion would degrade the 
quality of the ride. 

But is this the kind of ride quality evolution we 
want? If the person judging ride quality behaves as 
an accelerometer, there is no further need to obtain 
judgments on ride quality since a real accelerometer 
would do a better job. 

If human reactions to the vehicle are of primary 
interest to the researcher, it is necessary to first 
focus the passenger's attention on those reactions. 
Comfort reactions are the appropriate states to as­
sess because passengers can be asked to report how 
comfortable or uncomfortable they are in various en­
vironments and the physical correlates of comfort 
can then be determined. Other subjective reactions 
may also be assessed and related both to physical 
variables and to comfort. The research strategy for 
determining the passenger transfer function is il­
lustrated in Figure l. Passenger reactions are as­
sumed to be related to physical inputs from the ve­
hicle environment. The vehicle environment is 
measured by using the appropriate instruments, and 
subjective reactions are assessed from passenger 
judgments and reports. These two sets of measure­
ments are then related to each other. 

Assessment of Comfort 

Any of a variety of psychophysical methods could be 
used to assess comfort. For example, binary judg­
ments could be obtained from passengers placed in 
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various environments and asked to indicate simply 
whether they were comfortable or uncomfortable. Al­
though some modeling is possible with such data, 
better models will result from more quantitative in­
formation concerning comfort. Rating scales have 
been used in field research to generate ride quality 
models for diverse vehicles (2,3). Magnitude esti­
mation has been extensively- used in laboratory 
studies of human comfort (4). Ranking methods and 
paired comparison technique;have been used only in­
frequently. They have not seemed to provide any 
notable advantage. 

Rating scales require absolute judgments from the 
research subject involved, while ranking and paired 
comparison tasks involve comparative judgments. 
However, comparative methods present problems for 
domains in which the stimuli cannot be experienced 
simultaneously. For example, sequential presenta­
tion of ride segments requires the subject to com­
pare his or her experience of one segment to the 
memory of his or her experience with the previous 
one. Yet the extent to which people can remember 
motion experiences is unknown. 

The major ride quality research projects have 
used either rating scales or magnitude estimation to 
assess human comfort. When a rating scale is used, 
the person is asked either to place a stimulus 
(e.g., a ride segment) into a category or to assign 
a number to it reflecting the magnitude or level of 
an attribute displayed by (or resulting from) the 
sti.mulus. In ride quality research at the Univer­
sity of Virginia, passengers rated ride segments by 
using a seven-point rating scale as follows: 

Verbal Comfort Rating 
Very comfortable 
Comfortable 
Somewhat Comfortable 
Neutral 
Somewhat uncomfortable 
Uncomfortable 
Very uncomfortable 

Scale Value 
1 
2 
3 
4 
5 
6 
7 

In the standard magnitude estimation task, the 
subject is given a stimulus and told that it repre­
sents some magnitude of a property (say 10 units of 
comfort). Then a second stimulus is presented and 
the person must assign a number to it reflecting how 
much of the property it displays. Magnitude estima­
tion methods seek to produce numerical responses 
satisfying the properties of a ratio scale. Such a 
scale has a zero point and thereby permits the in­
vestigator to meaningfully compare the ratios of 
numerical judgments. This type of data also allows 
the investigator to determine the coefficients for 
the power law, which is presumed to be the psycho­
physical law (5). 

Up to the present, the bases for choosing between 
these two methods have been largely determined by 
the research setting favored by the investigator. 
Laboratory studies, with captive or paid subjects 
who are available for large blocks of time, have 
generally used magnitude estimation procedures. 
Field studies, with regular commercial passengers or 
respondents hired for a brief time, have generally 
used rating scales. Thus, the choice of methods has 
~een tied up with two types of distinctions, depend­
ing on whether a laboratory or field setting is in­
volved, and whether subjects are captive (and 
relatively sophisticated about the experimental 
technique) or regular passengers. When regular com­
mercial passengers are surveyed, it is necessary to 
use simple experimental techniques that capitalize 
on passengers' knowledge and use of everyday terms 
and that do not require much time to explain or ac­
complish. Thus for field studies, rating scales 
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seem to be the most reasonable procedure to use. 
The two approaches described above are complemen­

tary and each may be used to deal with specific 
types of questions. Field work is necessary to de­
termine how people react to real-world vehicles and 
what physical factors influence their comfort and 
well-being. Laboratory work can be pursued to sepa­
rate out various motion components, extend the range 
of motions studied, explore unique motion combina­
tions, and simulate nonexistent vehicles. A great 
deal of work has been accomplished with each ap­
proacn, and an analytic research errort should be 
undertaken to try to integrate the results from both. 

Some Considerations on Use of Rating Scales 

The first consideration in designing any rating 
scale is to determine what needs to be rated. It 
was argued above that, although ride quality may be 
the attribute of interest, passengers' ratings of 
comfort provide the best dependent variable for 
developing ride quality models. The second consid­
eration is to ensure that the terms used to de­
scribe the rating scale are readily understood by 
subjects in the population to be studied. The terms 
should be unambiguous so that the subject will know 
what he or she is being asked to rate. Common 
terms, such as "comfort," are less ambiguous for 
most people than specialized terms such as "ride 
quality." 

A third consideration is to ensure that the scale 
is unitary; the scale description should not combine 
dimensions, mix criteria, or confound various attri­
butes. The seven-point comfort scale described 
above is such a unitary scale--it measures only one 
dimension of experience. Comfort is a unitary sub­
jective reaction even though it is influenced by a 
large number of factors. If, on the other hand, the 
scale descriptions were more elaborate and compli­
cated, they might involve multiple criteria. For 
~xample, if the endJ;W:'ints of a ~cal~ w~r~ "verv com­
fortable, ••• I could ride here all day," and· "very 
uncomfortable, ••• ! could not stand this ride for a 
minute," then the scale is confounded; it mixes as­
sessments of comfort and judged duration of toler­
ance for the motion. These two attributes may be 
highly correlated, but they should not, without evi­
dence, be assumed to be measuring the same thing. 
If the two attributes were assessed independently 
and found to be perfectly correlated with each other 
and similarly related to input variables, then they 
could reasonably be taken as measures of the same 
subjective reaction. However, without such prior 
study, separate judgments should be obtained for 
various criteria of interest: comfort, acceptabil­
ity, judged tolerance for exposure duration, and 
juclye<l ability tu peLfOLm al!tivilies. In studies of 
aircraft passenger comfort, Richards and Jacobson 
(.§.,2> assessed both overall trip comfort and mode 
satisfaction in terms of willingness to use it 
again. They were then able to show the empirical 
relationship between these two variables and estab­
lish that comfort does in fact influence mode ac­
ceptability. Figures 2 and 3 show this relationship 
for two sets of aircraft data. Similar results have 
since been obtained for various ground-based vehi­
cles. Likewise, the other subjective reactions and 
judgments mentioned above may be empirically separ­
able from, but related to, the person's subjective 
experience of comfort. Discovering the appropriate 
relationships is a matter for research. 

A fourth consideration is whether the rating 
scale should be bipolar (i.e . , a scale proceeding in 
two directions from a neutral point) or unipolar. 
This issue may often be resolved by a linguistic 
analysis of the terms used for the scale. There is 
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good reason, based on our use of the language, to 
assume that people can distinguish ordered levels of 
comfort from "extremely comfortable" through "neu­
tral" to "extremely uncomfortable." Richards (8) 
has proposed that the passenger's experience of com­
fort/discomfort always involves effect, and, there­
fore, will correlate highly with the semantic dimen­
sion of evaluation (e.g., good, bad). While comfort 

Figure 2. Percentage of aircraft passengers satisfied as a function of comfort 
level, 1975 data (18). 
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Figure 3. Percentage of aircraft passengers satisfied as a function of comfort 
level, 1977 data (18). 
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Figure 4. Distribution of comfort 40% 
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is clearly bipolar, peoples' reactions to motion en­
vironments might be either all negative or a mixture 
of positive and negative experiences; that is, mo­
tion might produce only discomfort, or both comfort 
and discomfort. Whether passengers' responses to 
vehicle environments are unipolar or bipolar is an 
empirical question, which can only be answered by 
presenting bipolar rating scales to them. If a per­
son experiences only discomfort, he or she may re­
veal that with a bipolar scale, but a person who has 
only a discomfort scale cannot reveal levels of com­
fort he or she may experience. The unipolar/bipolar 
scale issue may be resolved by examining the actual 
response distributions passengers produce during the 
field study or experiment. Distributions from two 
separate aircraft studies (6, 7) are shown in Figure 
4. Passengers in actual travel situations freely 
respond that they are comfortabl-e in moving vehi­
cles; some are even "very comfortable.• "Very com­
fortable" of course could not be measured on a "uni­
polar• discomfort scale. 

A fifth necessary consideration in the develop­
ment of a rating scale is to determine how many 
scale steps (levels) to use. For reasons that will 
be more fully developed below, seven categories is 
the minimum that should be used with a bipolar at­
tribute. More levels are preferable in most situa­
tions since subjects tend not to use the end points 
of a rating scale. Thus, the effective length of 
the scale is oJ;teri less than the actual number of 
categories. Obviously, a very large number of 
points might intimidate the respondent. 

Psychometric Properties of Rating Scales 

Psychological measurement techniques are usually 
evaluated in terms of their reliability, validity, 
norms (response distributions), and meaningfulness 
(theoretical and empirical relevance). The issue of 
reliability may be dealt with in two ways: (a) 
there are general psychometric results that deter­
mine the possibility of attaining reliable judg­
ments, and (b) there is the empirical question of 
whether subjects in a particular experimental situa­
tion can or do use a rating scale reliably. The 
possibility of obtaining reliable judgments is re­
lated to the number of levels (steps) in the rating 
scale; from the perspective of psychometric theory, 
the greater the number of response categories, the 
more accurate is the scale. Increasing the number 
of scale steps creates the possibility of more reli­
able judgments at least up to a degree. There is 
considerable literature regarding this point. From 
the perspective of information theory Eriksen and 
Hake (9), Garner (10), and Bendig (11) have shown 
that the amount of information transmitted by a sub­
ject who uses a rating scale increases with the num­
ber of categories for scales up to 20 steps. The 
theoretical reliability of individual rating scales 
is a monotonically increasing function of the number 
of scale steps (12,13). This increase is very rapid 
in the range from-2to 7 steps; it is much less in 
the range from 7 to 11 steps; and it is negligible 
beyond 11 steps. From the framework of mental test 
theory, as the number of scale steps increases, both 
true score variance and error variance increase. 
However'· initially the increase in true score var i­
ance is very rapid in comparison with error vari­
ance. The increasing contribution of true score 
variance is greatest in the range up to 7 steps; 
beyond 11 steps the relative contribution of error 
variance is usually greater. In terms of correla­
tion theory, reliabilities based on a few scale 
steps are more influenced by the number of steps and 
by the marginal distributions of judgments than are 
those based on more scale steps (_!!) • 
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Figure 5. Distribution of comfort 
responses on 7-point scale for two 
aircraft studies (18). 
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Figure 6. Comparison of mean comfort ratings to 24 motion segments during 
two test periods (18). 
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Ideally, a rating scale should allow a subject to 
make all the discrimination he or she is capable of 
making. If too few scale steps are used, we lose 
available and potentially valuable information. 
Finer categories can always be collapsed into 
coarser ones if it seems that the subjects failed to 
use the additional categories, or perhaps used them 
unreliably. But there is no way to extract finer 
discriminations from coarse categories. 

People making judgments sometimes complain about 
the subjective difficulty of making fine discrimina­
tions. 11.ccording to Johnson, one could argue that 
all the discriminations a judge makes should be dif­
ficult, because only then do we benefit from all of 
his or her discriminative power (15). In addition, 
Johnson argues that the subjective difficulty of 
making judgments is usually not reflected in the ac­
tual data. Even if the judgments were difficult to 
make, they may still be reliable. 

The empirical question then is whether the com­
fort ratings given by passengers experiencing seg­
ments of a ride are reliable. Various early studies 
with ground-based and in-flight simulators estab­
lished that subjects could reliably rate their com­
fort in response to motion i nputs. The data of 
Brown (16), shown in Figure 5, provide one example. 

The °iSsues of val i dity and meaningfulness are 
generally related in psychological studies. In our 
cases, comfort ratings are taken as indicator re­
sponses (indices) of the hypothesized subjective 
reactions. The validity of comfort ratings is es-
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tablished by the fact that they behave as our theo­
retical notions about comfort predict they should 
(BJ • In particular, comfort ratings relate to mo­
tion inputs, noise levels, and seating and space 
variables in meaningful and consistent ways; this 
permits the development of ride quality models 
(2,17,19). Furthermore, comfort ratings are related 
to passenger's ratings of their ability to perform 
certain tasks in motion environments and to their 
actual performance of those activities (19). And, 
as noted above, comfort ratings and passengers' 
judgments of mode acceptability are consistently and 
reasonably related to each other. Both are also 
meaningfully related to input variables. 

Finally, the response distributions of comfort 
judgments behave in reasonable ways across different 
vehicles and situations. (See Figure 6.) Large 
planes are rated more comfortable than small ones, 
compact cars are more comfortable than .subcompacts, 
and luxury buses with an improved suspension system 
are rated more comfortable than regular buses (1_) • 

When street segments were driven over repeatedly in 
automobile comfort studies with a different set of 
three passengers each time, the same segments were 
rated poorly by each group. The distribution of 
ratings over segments was consistent with the sev­
eral sets of subjects. 

Thus, comfort ratings display the appropriate 
properties of reliability, validity, distributional 
consistency, and theoretical relevance that we de­
mand of any measure of a psychological state or pro­
cess . 

Individual Differences and Sampling Subjects 

Ratings depend on (a) the object to be rated, (b) 
the scale used for ratings, and (c) the person doing 
the rating. Ratings are a type of human judgment, 
and so may vary with the person making the judg­
ment. Thus, we may find systematic differences in 
rating" as a function of who is doing the rating. 
This is illustrated by the fact that judgments vary 
as a function of experience and familiarity with the 
objects to be rated and with the rating scale. 
Ratings will thereby depend on the amount of infor­
mation an individual has about the object to be 
rated. Fortunately, responses to ride quality are 
often relating homogeneous with demographically de­
fined subgroups. 

In studies of passenger comfort, the distribution 
of comfort judgments may depend on various psycho­
logical, situational, social, and physical factors. 
If different groups of people respond to the same 
environment in different ways, then separate models 
must be derived for each group, and therefore dif­
ferent passenger transfer functions are necessary. 

In sludies or airplane comfort, Richard!! e.nd 
Jacobson found that attitude toward flying was an 
extremely potent variable influencing comfort 
ratings (_~). People who said they "love to fly" 
were generally more comfortable than those who said 
they "fly because they have to." Furthermore, evi­
dence of the role of attitude on comfort ratings has 
been found for ground-based vehicles (1_). A group 
of test subjects on the Port Authority Transit Cor­
poration (PATCO) system gave predominantly comfort­
able responses that had no relation to the motion of 
the vehicle, whereas a group of subjects riding a 
luxury bus gave very negative (uncomfortable) re­
sponses in the presence of extremely smooth ride 
segments. This luxury bus study was preceded by an 
unpleasant 1.5-h wait during which subjects were 
confined to the bus. Whereas the PATCO study was 
very pleasant for the subjects, the bus study was a 
negative experience. Thus, the effects of passenger 
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preconditioning were evident in the respective 
ratings of the vehicles. 

The sex of the respondent also influences comfort 
responses. Women in airplanes are generally more 
comfortable than men. Jacobson and Richards (18) 
attribute this to the fact that the women are 
usually more satisfied with their seats than men. 
Yet in ground-based vehicles, women appear to be 
more sensitive to the angular rates of motion than 
men (20). Thus, ride quality research should (a) 
includ;° both men and women as experimental subjects 
and (b) analyze the resulting data for differences 
due to the sex of the respondent. 

The nature of the subject population is another 
variable whose effects should be examined in de­
tail. That is, are the individuals doing the rating 
commercial passengers, paid respondents, or special 
test subjects? How familiar are they with the vehi­
cle and test situation? By virtue of their common 
experiences, special circumstances, and training, 
laboratory subjects may come to differ from people 
in the real world and may fail to show response pat­
terns that are commonly found for passengers of com­
mercial vehicles. This possibility has not been 
systematically examined, but it could account for 
some of the discrepancies found in the results of 
field and laboratory studies of passenger comfort. 

Analysis of Subjective Response Data 

Once rating scale data are obtained, the investiga­
tor can try to develop ride quality models. The ad­
equacy of the resulting models will depend on the 
adequacy of both the environmental (physical) var i­
ables and the subjective measurements. A standard 
sequence of steps has been developed to assess the 
reasonableness of data to derive comfort models 
( 21) • All of these steps are necessary to ensure 
that a modeling effort is reasonable and to guaran­
tee the adequate interpretation of the resulting 
model. These steps are briefly presented below. 

Step 1 

Histograms are obtained for both the comfort ratings 
and the physical variables. A distribution of com­
fort ratings is generated for each ride segment, as 
well as for the vehicle (aggregated over subjects 
and segments). Standard descriptive statistics 
(mean, median, mode, range, standard deviation, 
standard error, skewness, and kurtosis) are computed 
in each case. This information is then examined for 
peculiarities within the data, such as lack of vari­
ability or unusual response distributions. This 
step is essential because the possibility of devel­
oping regression models depends on the adequate 
variability of the data. Three sets of data men­
tioned above lacked this necessary variability, and 
this in turn precluded the development of appropri­
ate ride quality models. For example, the PATCO and 
luxury bus data mentioned above each displayed re­
stricted ranges of comfort values. Similarly, test 
flights on the Concorde provided little variation in 
either physical variables or comfort ratings (22). 

Another problematic data set was obtained on an 
HM2 Hoverferry. When the response distributions for 
comfort were compiled for eac~ segment, it was dis­
covered that most of the distributions were bimodal 
since approximately equal numbers of subjects found 
the segments comfortable as found them uncomfort­
able. Under these circumstances no meaningful model 
can be derived by using the mean comfort ratings: 
the mean is not representative of the behavior of 
most of the respondents. 
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Step 2 

Matrices of the intercorrelations of physical and 
subjective variables are computed, and scatterplots 
are made for each pair of variables. These graphs 
are then examined for non-linearities in the rela­
tions between variables, outliers or discrepant data 
points, and clusters of observations. Each of these 
phenomena suggests that the resulting correlations 
are either not meaningful or mean something dif­
ferent than they would with more typical data. 

Step 3 

Principal component analyses are done on the inter­
correlation matrices for the physical variables to 
assess the number of independent dimensions of vari­
ation in the data ( 23). While the six degrees-of­
freedom of motion may be conceptually independent, 
they are often correlated in practice. For most of 
the vehicles studied to date, several motion vari­
ables define a single principal component. For ex­
ample, in these data, roll, pitch, and vertical ac­
celeration are strongly intercorrelated. Such 
dependencies must be known by the investigator in 
order to interpret the results of the modeling ef­
fort. 

Step 4 

For each vehicle, stepwise, simultaneous, and con­
strained multiple regression techniques are used to 
isolate the best model for the data set. The envi­
ronmental measurements are used as predictors, and 
the criterion is the mean comfort response (for a 
segment) taken over all subjects who rated the seg­
ment. 

Step 5 

Various partitions of the data by subject variables 
are examined to detect systematic effects due to in­
dividual differences (passenger characteristics). 
Thus, the data for men and women would be processed 
separately to see if separate models were needed. 
Other subject variables such as age, driver versus 
passenger status, and familiarity with the vehicle 
should also be examined. 

Step 6 

Usually a validation study is done to see if the 
model developed in step 4 holds for an independent 
group of subjects riding in the same vehicle. 

Step 7 

Data from any particular study are compared with the 
entire data base generated to date, and proposed 
composite ride quality models are assessed for their 
fit to the new data. 
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Ride Quality Evaluation in Transport Aircraft 
A. ROBERT KUHLTHAU AND IRA D.JACOBSON 

A complete procedure is described for obtaining an estimate by transport air­
craft passengers for the vehicle's comfort rating and its effect on overaff ­
acceptance of the flight. Passenger comfort is shown to depend on the state 
of the air through which the vehicle moves, the design characteristics of the 
vehicle, and the flight maneuvers involved. The comfo" ratings are stated in 
terms of the percentage of passengers who have a ce"ain probability of being 
sufficiently satisfied with their experience so as not to object to repeating it. 
Analytic expressions are included for the factors contributing to a passenger 
comfo" evaluation. An interactive FORTRAN program is presented that 
will allow repeated computations of acceptance to be easily made. The 
proceduru thus bt!cumus a valualil• tool fur designers and operators to use in 
the study of the effects of vehicle configurations and flight maneuvers on pas­
senger satisfaction. 

The quality of the ride as experienced and assessed 
by the passengers has a significant influence on the 
use and acceptance of a particular vehicle to 
achieve a particular transport mission. In this 
context ride quality is defined as the impact on the 
passenger of all aspects of the physical environment 
of the vehicle that have been found to influence ac­
ceptance. This paper presents a summary of a sys­
tematic quantitative procedure for evaluating the 
quality of a ride in a transport aircraft and of de­
termining the effects of this ride quality on the 
passenger's satisfaction with the ride. It should 
be mentioned that the basic approach of the process 
is general and applicable to all modes of transpor­
tation. It is the specification of quantitative 

values that is peculiar to the air transport mode. 
The evaluative procedure is not directly depen­

dent on the choice of aircraft or the specific char­
acteristics of the passengers, although these fac­
tors are accounted for indirectly, as they do indeed 
influence the results. Those aspects of the vehicle 
environment that influence acceptance can be grouped 
into three general categories: inputs to the vehi­
cle from its surroundings, flight operations, and 
inherent vehicle design configurations, Inputs from 
the surroundings depend on characterization of the 
state of the air through which the vehicle moves. 
This results in a set of six degree-of-freedom mo­
tions caused by the normal response of the vehicle 
in flight. Flight operations consist of motions in­
duced by maneuvers of the aircraft such as turns, 
climbs, descents, etc., and of resulting pressure 
changes that might occur in the cabin. The aircraft 
design inputs include such things as seating and 
passenger space limitations, noise caused by air­
craft engines or control motors, and cabin tempera­
ture extremes caused by inadequate or improperly ad­
justed air conditioning equipment. 

BACKGROUND 

A general description of the evaluative procedure 
can be found in the literature (_!,~) and is illus­
trated conceptually in Figure 1 (~) • It requires 


