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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 
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Figure 1. Analysis method used to assess ride comfort. 
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the use of three transfer functions as well as spec
ification of the arbitrary inputs. The input due to 
the air environment can be represented by selection 
of appropriate statistical models of atmospheric 
turbulence, several of which have been published 
(3,4). Since these models depend on factors such as 
typ; of terrain, altitude, season of the year, etc., 
it may be necessary to divide a given evaluation 
into a number of trip segments. Vehicle transfer 
functions are definable (~) and are usually docu
mented by the major aircraft manufacturers as part 
of their vehicle development programs. However, 
such is not always the case with all of the smaller 
aircraft used by commuter air carriers. In this re
spect it should be pointed out that the procedure 
can bypass the vehicle transfer function by using 
measured values of motion inputs, or by postulating 
a reasonable range of arbitrary inputs. 

The development of the subjective transfer func
tion has evolved over a period of many years and re
flects the contributions of many investigators. In 
the early period of this research most of the work 
was focused on motion, but, as the importance of 
other vehicle parameters such as pressure, tempera
ture, noise, and seating became evident, these pa
rameters also began to command attention. However, 
it is not within the scope of this paper to refer 
directly to all of this work, although the reader 
may wish to note that a state-of-the-art evaluation 
of the field was made in 1974 by Jacobson (~) , and 
since that time a series of symposia and workshops 
conducted with the cooperation of the U.S. Depart
ment of Transportation, NASA, and the Transportation 
Research Board Committee A3Cll update current re
search problems and issues in the field <2-10) • 

'l'ec hnigues 

The literature shows that experimental research in 
ride quality (this term is used synonomously with 
ride comfort) has involved four basic techniques. 
The first of these techniques has been the labora
tory study of the effect on motion on humans: the 

.great majority of these studies use motion tables, 
limited to sinusoidal motions in one or two degrees 
of freedom, and are often conducted at or near the 
discomfort level. The basic objective of such stud
ies is to understand the physiological effects of 
motion, or the effect on ability to perform tasks: 
hence, little attention has been paid to psycholog
ical factors inherent in any association with a true 
passenger vehicle environment. 

A second technique is the use of vehicle simula
tion devices in the laboratory. This attempts to 
provide an element of realism and relationship to 
the particular type of vehicle involved. However, 
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it is unable to address the possible differences in 
the response of a test subject to a series of events 
taking place while actually airborne, and similar 
events re-created on the ground, at best in a mock
up of an aircraft cabin. Nevertheless, this tech
nique does provide considerable sophistication in 
adding three or more degrees-of-freedom in motion: 
in addition, other simulation devices could be added 
to provide the effects of noise , temperature, seat
ing, and visual cues. It is also a relatively in
expensive technique and is readily adaptable for use 
with a large number of test subjects. In general, 
however, motion combinations that can be produced on 
laboratory simulators are not necessarily faithful 
reproductions of what is experienced in an actual 
vehicle. In fact, attempts to drive such simulators 
with input spectra taped during actual flights 
clearly demonstrate this deficiency. 

Anothe r evaluative approac h is the use of a spe
cial purpose airborne vehic l e. Such vehicles are 
limited in number, but during the 1970s several air
craft capable of generating prescribed motion in all 
degrees of fr eedom did exist. These vehicles pro
vided appropriate motion combinations with all the 
realism of actual flight, but were also extremely 
expensive and inconvenient to use. Scheduling prob
lems essentially restricted the experimenter to a 
limited group of test subjects who were used pri
marily to obtain data on motions near the extremes 
of those usually encountered in regular air carrier 
vehicles. 

The final technique used is the collection of 
data during regularly scheduled flights of air car
riers. This turns out to be relatively inexpensive 
and provides all of the desired realism. Most air
lines are cooperative when properly approached, and 
data can be obtained from special test subjects on 
board the flight, as well as from all of the passen
gers. The basic shortcoming of this method, how
ever, is that the flight environment (e.g . , motion 
and temperature) cannot be prescribed in advance. 
The experimenter must therefore use whatever ex
ists. Also, extreme data points are difficult to 
obtain as the airline and crew do everything pos
sible to avoid such occurrences. 

The next section of this paper presents the de
tails of a model for measuring the subjective reac
tion of airline passengers. The model was developed 
at the University of Virginia (with the financial 
support of the NASA/Langley Research Center) from a 
series of experiments performed between 1970 and 
1976. Most of the data were obtained from regularly 
scheduled airline flights, although they were sup
plemented by experiments in both laboratory and 
flight simulators. The Passenger Ride Quality Appa
ratus (PRQA) at NASA/Langley was the laboratory sim
ulator used, while flight simulations were made with 
the General Purpose Airborne Simulator (GPAS) opera
ted by the NASA/Dryden Research Center, and the 
Total In-Flight Simulator (TIFS) operated by Calspan 
Inc., under contract with NASA/Langley. 

Some comments on the process of relating comfort 
evaluation to overall passenger satisfaction, as 
well as some general comments on the overall subject 
of ride quality modeling are then presented. The 
validity of using the model as a predictive tool 
will be demonstrated by comparing it with results 
obtained in actual field tests. Finally, the inter
ested user will be introduced to SEGMENT, a FORTRAN 
program developed to implement easy application of 
the model under a variety of circumstances. 

The Comf ort Model 

As shown by a schematic representation of the model 
in Figure 2 (~), the mean subjective comfort rating 
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Figure 2. Procedure for determining the subjective transfer function for 
comfort. 
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is controlled by three factors essentially indepen
dent in their influence on the passenger. Thus, the 
passenger will make the rating judgment on the basis 
of the maximum number provided by any of these 
groups. The remaining groups do not contribute to 
the quantitative rating. If two or all three groups 
give the same maximum number, then that will be the 
rating value. The model is calibrated to provide a 
numerical value of subjective comfort rating, CE, 
on a seven-point scale, where low values are "most 
comfortable" and a value of 4 is the neutral point. 
Analytically, the model may be expressed in the form: 

where 

CE comfort rating value for a unique ride 
event, 

Cenv Comfort rating value due to environmen
tal factors for that event= f(motion, 
noise, temperature, rate of altitude 
change) , 

(1) 

Cman Comfort rating value due to vehicle 
manuevers during that event = f(motions 
induced by particular maneuver performed, 
noise, temperature, rate of altitude 
change) , and 

Cseat = Comfort rating value due to seat and 
seating space during that event= f(seat 
width, seat leg room). 

The detailed relations for each of these factor 
groups are presented in Appendix A, while Appendix B 
defines the many symbols used. 

The reader should note that the acceleration 
terms describing motion in the vertical, transverse, 
and longitudinal modes are expressed in terms of 
a, the standard deviation of acceleration. This 
has the effect of removing steady changes in accel
eration, which are then treated in the maneuver fac
tor. The relationship between ax and aa,x is 
given by Equation 2: 

T 
Oa,x = [(1/T) J

0 
(ax -µx) 2dt) \\ 

where 

T = period of the motion, 
Ux ~ mean of the x component, 
ax acceleration at any instant of time in the 

x direction, and 
t time. 

(2) 
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For large T and in the absence of maneuvers, 
Ux : 0. 

These expressions are used to calculate the con
tribution of any of the factors present during a 
unique flight event. When the group rating with the 
maximum value for that event is determined, it be
comes the comfort rating for that event in accor
dance with Equation 1. The manner in which these 
event ratings are combined by the passenger to pro
vide an overall comfort rating, C, for the entire 
trip, remains to be determined. The data indicate 
that a memory decay does indeed occur during t:ne 
final rating and that passengers generally attach 
less signiricance to events occurring at the begin ·· 
ning of the flight than to those occurring near the 
end. A 3/4 power decay was found such that C is re
lated to CE by the expression contained in Equa
tion 3: 

( }; E'4 cE)i'( }; E'4) 
E=l E=l 

(3) 

The derivation of this relationship is explained in 
more detail by Jacobson and Richards (11). 

Relationship of Comfort to Overall Satisfaction 

Knowledge of the ratings assigned by passengers for 
the ride quality (or comfort) of a given vehicle is 
not without value. If these ratings are low (i.e., 
"very comfortable"), then the manufacturer or the 
operator can rest assured that the comfort of the 
vehicle is a positive factor in the service being 
offered. However, this gives no information about 
the cost/benefit trade-off between what might be 
saved in vehicle costs by sacrificing a little com
fort, nor whether this money might be better in
vested in improving other operating parameters as 
far as influencing the overall satisfaction of the 
passenger is concerned. 

Likewise. if comfort ratings are hiqh (i,e., "un
comfortable"), then, although the model will indi
cate where improvements should be made to have the 
most effect on passenger comfort, there is still no 
basis for judging the relative importance of making 
these improvements. Some of the other factors that 
must be considered in making such a decision are 
shown in Figure 1. 

We addressed this question ih 1972 using a factor 
analysis of a large number of returns of question
naires from the general traveling public ( 12 ,_!l) • 
It was found that the variables associated with the 
passenger's degree of satisfaction with air travel 
experience could be distinguished on the basis of 
four principal dimensions: (a) Dimension 1 (A 
safety dimension)--this includes reliability of the 
vehkle; (l..J) Dim.,nsion 2 (A cost/benefit dimen
sion)--Cost alone is not the prime quantity in
volved; convenience and time saving must be consid
ered in a trade-off with cost; (c) Dimension 3 (A 
"luxury" dimension) --This dimension includes a mix 
of comfort, convenience, on-board services, and aes
thetics; and (d) Dimension 4 (An in-flight dimen
sion)--This characterizes the passenger's preference 
for how flight time will be spent, and is influenced 
strongly by comfort. 

Thus, if comfort information is to be used to de
termine the market attractiveness of a given vehi
cle, then it must be combined with other service at
tributes. However, even in those cases where an 
evaluation of comfort is the primary objective, it 
is important to take the process one step further 
and translate this information into terms of passen
ger satisfaction. A diverse group of individuals 
providing subjective interpretations of comfort in 
the absence of other service attributes can be ex-

--
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pected to have a variety of interpretations of how 
comfort affects their willingness to use the vehicle 
on a regular basis. Also, when the above model is 
used, the comfort rating obtained represents a mean 
of the jlldgments of a group of individuals. Cer
tainly there are some individtJals in this group who 
were not comfortable. On the other hand, some who 
are comfortable may not be willing to continue to 
use this vehicle. Richards and Jacobson have ex
amined this problem in detail, and they have com
piled a transfer function [see Figure 3 (~)] relat
ing mean comfort rating as obtained from the model 
and the percentage of passengers satisfied (14) • 
This particular function is determined by using data 
obtained from commuter and local service air carrier 
flights. 

GENERAL COMMENTS 

There are several issues in the study of passenger 
ride comfort that deserve brief comment. The first 
relates to the form of the model selected to express 
the contribution of the motion terms. The model 
presented in this paper turns Ollt to be a simple 
linear relationship between comfort rating and rms 
accelerations. However, it was developed on the 
basis of determining a general power law involving 
all six degrees-of-freedom and their cross correla
tions. This is essentially an extension of the ap
proach originally used by Van DetJsen (15). A sta
tistical analysis of the results does ---;;ot justify 
retaining any additional terms or using other ex
ponents. Many experimenters have favored a model 
based on the power spectral density of the accelera
tions, an example of which is presented by Rllsten
berg (16). A model was developed from the same data 
set using this approach, and still another model was 
based on a power law approach recommended by Stevens 
(17). For a comparison of the models, see Jacobson 
and Richards (11) i essentially there was an insig
nificant improvement in correlation when using any 
of the models rather than the simple linear ap
proach, despite the greater complexity of the 
former. The simplicity of the linear approach seems 
to justify its use when it has been determined that 
there is little sacrifice in accuracy. 

The physical location of the motion sensors in 
the aircraft during the data-collection phases is 
another issue freqtJently encotJntered in motion mea
surements. The meastJrements llsed in developing the 
models presented earlier were made with the instru
ment located on the floor directly in front of the 
seat occupied by the seat subject. The instrument 
made hard contact with the strtJcttJral members of the 
floor. Whether this motion is representative of 
that experienced by the passenger after transmission 
through the seat cllshions has been questioned by 
some investigators. Leatherwood examined the trans
missability of aircraft seats in some detail (18). 
He determined that at frequencies at which most of 
the energy associated with aircraft motion is con
centrated, the seat has no appreciable effect on 
motion. That is, the seat is essentially a pass
through device at t:hese low frequencies. Since the 
power spectral densities do not vary appreciably 
among types of aircraft, a floor location for motion 
sensors within airborne vehicles seems reasonable. 

The stJbjective value fllnction is based on the 
relationship between data obtained during discrete 
events as provided by test subjects and a final 
overall sllbjective judgment made by both test stJb
jects and regular airline passengers. The question 
then arises as to the manner in which information 
provided by these two sources should be handled. 
This was sttJdied in detail and reported by Jacobson 
and Rlldrapatna (~), who found a direct relationship 
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(neither linear nor a one-to-one correspondence) be
tween the overall response of passengers and test 
subjects (see Figure 4) . 

The possibility of using laboratory simulation 
was established by the fact that the test subject 
responses had been shown to be transferrable to pas
sengers, but the validity of combining the quantita
tive values obtained by simulation with those ob
tained in flight still remained to be examined. The 
restJlts obtained from a carefully exectJted set of 
experiments on an in-flight simulator were compared 
with those obtained from the same set of test sub
jects experiencing the same set of motions in the 
laboratory simulator. In this manner, it was pos
sible to identify a transfer function to rotate the 
two sets of values and define the key aspects of the 
experimental procedure that should be followed 
(20,21). 

Recently, an extensive piece of work using the 
NASA/Langley PRQA laboratory simulator was reported 
by Leatherwood, Dempsey, and Clevenson (~). Models 
were developed from extensive tJSe of the PRQA with a 
large group of test· subjects. A llnipolar scale was 
used expressed in terms of discomfort only. The 
general trends of the results seem to agree qtJalita
tively with the reslllts of the model presented ear-

Figure 3. Relationship bet~een mean comfort rating and passenger satisfaction. 
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lier in this paper. However, it is doubtful whether 
quantitative agreement would necessarily occur. 
Generally, straightforward transmissions need to be 
applied in order to make the results indicative of 
how ride quality would be judged by passengers in 
aircraft. Incidentally, the choice or rating scales 
should not influence the results, as was shown by 
Dempsey and others (23). 

MODEL VALIDATION 

The Canadian Airtransit Short Take-Off and Landlng 
(STOL) Demonstration Program was used to validate 
the model. This was an exper lmentctl t;lly-Lo-cily 
operation between Montreal and Ottawa. DeHaviland 
DHC-6-300 aircraft (Twin Otters) were used, but they 
were specially modified to present a luxury image to 
the business traveler by using larger, more comfort
able seats, reducing the density of seating from 18 
to 11, and increasing the air-conditioning capac
ity. Ride environment measurements and responses 
from the passengers were obtained from 61 flights 
(24). As can be seen from Figure 5, the model did a 
reasonable job of predicting the passenger response 
on comfort rating. However, it should be noted that 
the model was conservative in predicting the percen
tage of passengers who would rate the ride quality 
in the very comfortable range. From the point of 
view of the designer or the operator of this vehi
cle, this is the preferred result. Perhaps the dif
ference between the two ratings is attributable to 
the many other passenger acceptance improvements 
that were inherent in the Airtransit program. These 
included improved airport access, time savings, and 
good scheduling--factors that might have precondi
tioned the passengers to the extent that they found 
it difficult to acknowledge small discomforts in 
ride quality. 

MODEL APPLICATION 

In order to make the rather complex procedures for 
analyzing aircraft ride quality (as shown by Figures 
1 and 2) easy to use for vehicle or system designers 
and operators, a simple interactive computer program 
named SEGMENT was written in FORTRAN to accomplish 
the process (see Jacobson and McPherson) (~) . The 
program uses user inputs to construct a flight pro
file consisting of up to 200 straight and level 
flight segments, and up to 50 maneuver segments. 
Variables such as temperature, pressure, noise, and 
seating can be included as desired. If a rating is 
requested by the user, the inputs must consist of 

Figuro 6. Probable comfort and satisfaction distribution for 
a single flight segment. 
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the measured values of the variables in each segment 
used to make the comfort determination. When 
ratings distributions are desired, the user is asked 
to input the terrain, altitude, and season for 
straight and level flight segments, the type and 
characteristics of the maneuvers performed in each 
of these segments, and levels for the non-motion en
vironmental variables. The ratings or distributions 
of either comfort or satisfaction, or both, can be 
computed for each travel segment, or for the entire 
flight as desired. 

The program is composed of a mainline and many 
subroutines to perform the various functions. This 
modular Corm makes il simple for the user to change 
any or all of the subroutines to suit special 
needs. For example, a designer may wish to alter 
both the aerodynamic parameters used and the vehicle 
transfer function while monitoring passenger accep
tance as the vehicle performance/cost trade-offs are 
optimized. This approach would be extremely valu
able during the design of a new ride smoothing sys
tem. 

A simple example of the program's output is shown 
in Figure 6 (25). It shows probable comfort and 
satisfaction distributions during a single flight 
segment of a longitudinal deceleration and with a 
pitchover maneuver (the maximum aircraft pitch angle 
is -10 degrees) • The program produces these points 
automatically, using a CALCOMP or similar plotter. 
The results show that if the operator is interested 
in a 60 percent probability level, the comfort can 
be expected to be 5.5, and 55 percent of the passen
gers will be satisfied. Alternatively, there is 
only about a 5 percent c.hance of obtaining a neut!'.'.al 

Figure 5. Total trip ride comfort for Airtransit STOL demonstration . 
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comfort rating Ii>· Likewise, if the operator would 
like to have 80 percent of his or her customers 
satisfied, the likelihood of achieving this is only 
a little better than 5 percent. 
. A more detailed example illustrating the interac
tive nature of the program is included in Appendix C 
of this paper. 
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Appendix A: Model for Rating Mean Subjective Com
fort (based on cited research) 

Environmental Factors Group 

where 

~ot 18.9oa,v + 12.loa,t !oa,v ~ l.6oa,tl • 
l.62oa,v + 38.9oa t (oa,v ~ l.6oa,tl 
0.19[dB(A) - 85] ' 
0.005(n - 90)ofi 

ofi = 1 for n > 90 m/min 
oh = 0 for h < 90 m/min 

0.054 (T - 20.5)oT 
oT 1 for 2 + Cmot + Cno + Cfi > 3.4 
oT = 0 for 2 + Cmot + Cno + Cfi < 3.4 

Maneuvers Factors Group 

Cm an= Ciurn or Cpo or Cdc or C0 m (depending on type 

where 
of maneuver) 

Cturn 0.293 + 0.06651omaxl+ 0.071Pmax1 + Cno 
+ Cfi + CT 

Cpo • 1.75 + 22.l az,rms + Cno + Cfi + ~ 
Cdc • 0.151 + 0.09810max1- 0.118 Ymax + 0.019 

Vmax + Cno + Cfi + ~ 
Ccm 2 1.48 + ~2.3oa,l + 32.8oa,t + ll.6oa,v 

+ 0.22 firms + Cno + Cfi + ~ 

(A) 

(B) 
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Seati ng Space Group 

C,001 =I+ [0.0077 (63 -w)2 + 0.16 (30 -1)2 ] y, 

(for 30 < w .; 63 and 18 < I .; 30) 

Appendix B: Nomenclature 

a Acceleration 
C = Comfort rating on a seven point scale 

dB(A) A-weighted noise level, dB 
E .. Event (a given ride situation) 
g ,. Acceleration of gravity, 9.8 m/s' 
h Rate of change of altitude, m/min 
1 • Seat ley1oom, cm 
p Roll rate, deg/s 
s = Satisfaction 
T = Temperature, °C 
V • Indicated air speed, knots 
w Seat width between armrests, cm 
y • Flight path angle, deg 
6 Kroneker delta 
e = Pitch angle, deg 
cr ~ Standard deviation of acceleration, g 
' = Roll angle, deg 

Subscripts 

cm = Compound maneuver 
de ,. Descent or climb maneuver 

E .. Event 

(C) 

env Environmental (factors other than maneuvers 
and seating) 

h Rate of change in altitude 
1 = Longitudinal direction 

man = Maneuver 
max Maximum 
mot = Motion 

no = Noise 
po " Pitchover 

seat Seating space 
'I' = TP.mperaturP. 
t Transverse direction 

trip 
turn 

v 
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Total trip 
Turning maneuver 
Vertical direction 

z = Normal direction to cabin floor 

Appendix C: Flight Profile 

An example of a more complex flight profile composed 
of maneuvers and straight/level flight can also be 
obtained from the SEGMENT program. As will be 
shown, there are 21 ride segments, 11 of which are 
::;;i:.Laiyht/l~vel J:.i..&.yuc.. This pLuL.L.u: Lepresents a 
typical flight with maneuvers at the beginning and 
end for take-off and landing. There are also maneu
vers in the middle of the profile for the altitude 
change. The flight profile is summarized below: 

Segment 
1 
2 

3 

4 

5-10 

11 
12 
13-17 

18 
19 

20 
21 

Segment Description 
Maneuver--steady descent/climb 
Maneuver--compound maneuver 
Maneuver--longitudinal dec.eleration 

with pitchover 
Maneuver--simple turn or s-turn 
Straight-level flight--terrain flati 

altitude = 5000 ft 
Maneuver--steady descent/climb 
Maneuver--steady descent/climb 
Straight-level flight--terrain 

wateri altitude = 5000 ft 
Maneuver--simple turn or s-turn 
Maneuver--longitudinal deceleration 

with pi tchover 
Maneuver--steady descent/climb 
Manuever--steady descent/climb 

Since all the segments must be of equal time dur
ation, a common denominator for the time of a seg
ment must be found. For example, the maneuver or 
straight/level flight with the shortest duration 
could be picked as the denominator if all other 
periods of flight character is tics are integer mul
tiples of this segment. 

Structural Models of Attitude-Behavior Relations 
for Intercity Rail Travelers 
PETER M. ALLAMAN AND TIMOTHY J. TARDIFF 

The interrelationship of various attitude and behavioral measures of intercity 
rail travel within a simultaneous equation, multiattribute formulation is ex
amined. The overall structure of perception influencing preference, preference 
influencing activity, and activity influencing perception has been established, 
although not for all dimensions of user evaluation. Satisfaction with the sched· 
ule, cost, speed, and physical design of the train seems to be the most impor· 
tant determinant of an overall positive evaluation of train travel, although the 
social environment inside the car and pretrip experiences also have an impact. 
Overall evaluation of train travel has a positive relationship to frequency, and 
frequency in turn influences satisfaction with schedule, and (very slightly) per
ception of the physical dimension of train travel. Satisfaction with schedule is 
influenced not only by frequency of travel but also by travelers' general evalu
ation of the train regarding cost, schedule, and comfort. Satisfaction with de
sign aspects of the train is influenced by perception of the physical qualities of 
the ride, as well as perception of the train's comfort. The image of the train 
tends to influence evaluation of the food and facilities available on the train. 
The major negative finding is the lack of significance of frequency in predict· 
ing more aspects of traveler perceptions or dimensions of satisfaction, in con
trast to its pivotal role for urban travel. These results indicate the role of 

traveler style, demographics, and trip characteristics in the formation of per
ceptions, the translation of perceptions into specific dimensions of satisfaction, 
and the translation of these components of satisfaction into overall effect and 
frequency. The use of a methodology such as this can aid decisionmaking for 
service offerings, advertising campaigns, and design studies. 

Over the past few years, transportation planners and 
researchers have been exploring ways to integrate 
consumer needs into the design process. A prime mo
tivating factor behind these efforts has been the 
desire to make cost-effective trade-offs among sys
tem features. Implicit in this approach is the as
sumption that the quality of trade-off decisions re
quired in designing these systems may be improved by 
a fuller understanding of which system features are 
important to users. There is a general consensus 
among researchers that it is necessary to obtain 


