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PREFACE 

The ability to perform activities while traveling on long and 

intermediate distance trips may be an important factor in the 

passenger's acceptance of and satisfaction with a mode or 

particular system of transportation. Activities such as reading, 

writing, eating, drinking, and sleeping relieve boredom during 

travel and may be required behaviors for passengers wishing to 

conduct business during their trips. The present research effort 

was conducted to determine which activities passengers wish to do 

while in transit, and how the ride environment, which includes 

such factors as vibration, noise, temperature, humidity, 

illumination, and crowding, facilitates or inhibits passengers' 

performance of these behaviors. 

The success of this series of passenger activi.ty studies may 

be attributed to the effort and hard work of a number of people. 

Most special thanks go to E. Donald Sussman (DTS-532), Technical 

Monitor of the Behavioral Aspects of Transportation Systems 

Design project (RS904 R9502), for his expert technical guidance 

and support. I also wish to thank Robert J. Ravera (DBP-50), 

past sponsor of the Transportation Advanced Research Project 

(TARP) of the Office of the Secretary, for his encouragement and 

guidance in the Course of the work; Brooks Bartholow (DPB-25), 

the present ~ponsor of the Behavioral Design project, for his 

programmatic support of this study; and Harold P. Bishop (DTS-
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532), Chief of the Human Factors Branch, for his technical 

guidance throughout the course of this work. 

The contributions of Anthony J. Healey, Joseph Priest, and 

Malcolm Dukler of Anthony J. Healey Associates, ~ustin, rx, in 

assisting in the measurement, recording, reduction, and analysis 

of the ride motion data used in this study are most gratefully 

acknowledged. Many thanks also go to Thomas Hayes (DTS-743), who 

was a most valuable member of the test team participating in this 

work. 

Finally, this research could not have been conducted without 

the cooperation of Amtrak, the National Railroad Passenger 

Corporation. Special thanks go to Ross A. Higginbotham, Manager 

of Car Planning and Engineering, J. J. Schmidt, Vice Presi~ent of 

Operations, and their train crews and trainmasters for their help 

and cooperation in facilitating the data collection efforts. I 

would also like to extend my appreciation to Leon Jackson, 

Manager of Quantitative Market Analysis, and to Alfred A. 

Michaud, Vice President of Marketing, for arranging the logistics 

of our test schedule and for the printing and dissemination of 

the passenger activity/ride quality questionnaire. 
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1. INTRODUCTION 

A common goal of federal transportation authoI:ities and 

others involved in the implementation of advanced transportation 

systems is the development of a methodology for the design of 

cost-effective transportation systems which will provide an 

acceptable level of public satisfaction and utilit~y. Passenger 

comfort and satisfaction with the ride environment~ have long been 

acknowledged in the field of transportation systems design to be 

important factors in determining the over-all accE!ptability and 

utility of such systems to the public (Solomon, Solomon, and 

Silien, 1968). In particular, passengers' comfort. ratings of a 

system's ride environment have been found to be the factor most 

highly correlated with their willingness to ride again, which may 

be considered as an index of passenger satisfaction (R'ichards and 

Jacobson, 1975; Jacobson and Richards, 1976). 

Cost analyses of recently implemented advanced transportation 

concepts, such as the San Francisco Bay Area Rapid Transit (BARr) 

System and the Morgantown, West Virginia High Performance 

Personal Rapid Transit (HPPRT) System, have demonstrated the 

excessive costs involved in providing a high quality ride 

environment. These costs are largely attributable to the design 

and construction of the guideway. Since guideway design 

characteristics have been shown to play a dominant role in 

determining the ultimate ride quality of the system, significant 

efforts have been made by the u.S. Department of Transportation's 
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Transportation Advanced Research Project to develop cost/ride 

quality trade-off methodologies, which provide guidance for 

minimizing the expense of guideway design and construction while 

maximizing the resultant ride quality (Wormley, Hedrick, Eglitis, 

and costanza, 1977). 

The ride quality/cost trade-off problem may also be addressed 

from a complementary pOint of view; i.e., the question may be 

asked as to how smooth the ride must be to be acceptable to the 

passenger. Thus, the costs of providing technology to insure an 

adequate level of ride quality may ultimately be reduced through 

an accurate determination of the passenger response to various 

types of ride environments. Once the minimum level of ride 

quality which is judged as acceptable by the user population is 

determined, costs may then be held down by designing to me~t the 

mi~imum acceptable level. Any expenditure to provide a more 

comfortable environment would not be cost-effective, since 

passenger satisfaction and ridership would not increase in 

proportion to any additional increment in ride quality. 

In order to determine the minimum level of ride quality for 

passenger acceptance, a significant effort sponsored by the 

Transportation Advanced Research Program has been undertaken to 

define quantitative relationships between subjective passenger 

comfort responses and various aspects of the ride environment 

which contribute to ride quality in various modes of 

transportation. This effort has resulted in the development of 

2 



mode-specific mathematical models of ride quality, incorporating 

such factors as vibration and noise to predict passenger comfort 

on intercity trains, city buses, and airplanes (pe:pler, Vallerie, 

Jacobson, Barber, and Richards, 1978). These mode:ls allow the 

designers of advanced systems to trade off a number of physical 

ride quality variables and still have confidence t.hat the 

resulting design will satisfy the ride quality requirements of 

whatever proportion of passengers they choose. This work is 

currently being extended to several other transportation modes, 

including luxury charter buses, hovercraft marine systems, high 

speed intercity trains, and rapid rail transit systems. 

The linear models of passenger comfort are undoubtedly a 

giant step in the quantification ot the psychophysical, 

relationships between human response and the physical ride 

environment. These IOOdels, however useful they may be to the 

designers of advanced transportation systems technology, are 

limited in the sense that the dependent variable used to 

operationally define passenger satisfaction is based upon the 

subjective comfort rating of the passenger. Speci.fically, the 

models were developed from the correlations betweEm the measured 

levels of the physical ride environment and subjects' comfort 

ratings on a seven-point scale. 
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The administration of subjective comfort scales to passengers 

in field experiments such as those conducted by pepler, et al., 

(1978) to develop ride quality/comfort models is an extension of 

a traditional psychophysical methodology, adapted from earlier 

experiments on human response to whole-body vibration conducted 

in laboratory environments on shake tables and other, more 

sophisticated types of motion simulators. This type of 

methodology requires the previous consent and knowledge of the 

subject, who is required to behave as a "human accelerometer" and 

rate the ride. Subjects in such experiments are frequently self­

selected, or come from specific groups recruited ~ masse by the 

experimenter to take a "free ride" if they are willing to 

participate in the experiment. Subjects may therefore arrive at 

the scene of the experiment with various preconceived notions of 

what the experimenter wants them to do, a classic example qf 

subject bias. Furthermore, it is often the case that subjective 

opinions do not necessarily reflect actual behavior; thus, even 

if public opinion of a system is favorable, the public may not 

actually ride the system consistently, as in the case of BART in 

San Francisco (Lindsey, 1975). Therefore, it is important to 

investigate other behavioral correlatives of the physical 

parameters of ride quality besides the subjective comfort 

ratings, to obtain a more complete knowledge of human response to 

transportation ride environments. 
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passenger activity has received some recognition in the ride 

quality literature as a human response pattern which might depend 

upon or be in some way related to comfort. The ability to 

perform these voluntary behaviors, including reading, writing, 

eating, drinking, and looking out the window, undoubtedly 

contributes to passengers' feelings of satisfaction and well­

being during their trip. It has been suggested by Stone (1972) 

that activity factors are among the most probable human factors 

elements associated with ride quality, and hence, comfort. Allen 

(1975) indicates that the most common type of discomfort 

experienced by passengers is probably caused by interference with 

activity. The only internationally recognized guideline for 

evaluation of human response to whole-body vibration, ISO 

Document 2631 (International Organization for Standardization, 

1974), also implicates activity interference as a source of 

discomfort in its description of the Reduced Comfort Boundary, 

which is "related to difficulties in carrying out such operations 

as eating, reading, and writing" (p. 5). 

Thus, it is generally agreed upon by the experts in the field 

of ride quality that passenger activities may play an important 

role in determining passenger comfort. Traditionally, however, 

passenger comfort has been related to subjective measures of 

human response to vibration or ride environments, while task 

performance, or activity, has been related to operator 

efficiency. The relationship between activity or task 

performance and the physical ride environment has not been 
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sufficiently explored in either laboratory or field studies of 

ride quality to provide insights into its role in passenger 

satisfaction. 

The following sections of this introduction will be devoted 

to a critical summary of past research on human response to 

whole-body vibration and other environmental variables, as these 

studies relate to passenger comfort and task performance in 

transportation situations. The few studies which have 

specifically addressed the issue of passenger activities will 

then be reviewed, and a systematic approach to the study of these 

behaviors in actual transportation systems will be outlined. 

1.1 Assessment of Comfort in Vibration Environments 

Extensive research has been conducted in both laboratory and 

field settings to determine human subjective response to whole­

body vibration environments. A number of thorough literature 

reviews of this research (e.g., Shoenberger, 1972i Oborne, 1976i 

MCCullough and Clarke, 1974; and Allen, 1971) have also been 

recently published in the psychological and human factors 

literature. This is fortunate, since many of the original 

studies of human response to whole-body vibration were published 

in the form of technical reports for private industries, which 

are not readily available to the general reader. The present 

discussion will deal with the major findings of this body of 
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research and the more serious criticisms which have been levelled 

against many of these studies. 

1.1.1 Laboratory Experiments Qll Humau Re§ponse to Whole­

Body Vibration. In general, there is little agreE~ment between 

researchers in the field of vibration research re9arding the 

levels of whole-body vibration which reliably elicit particular 

types of human subjective response (Allen, 1971; Shoenberger, 

1972; Oborne, 1976). A number of early research E~fforts 

attempted to discover the amplitudes of vibration corresponding 

to the thresholds of perception, annoyance, discomfort, 

intolerability, and a number of other subjective responses. rhe 

scaling of such responses generally involved diverse semantic 

labels as descriptors of sensation, which often di.d not uniformly 

relate to a distinct psychological dimension. Furthermore, for 

any given semantic label, there were differences in the results 

of various studies in both the absolute level or amplitude of 

vibration related to that label, and in the shape of the response 

curve as a function of vibration frequency (ObornE~, 1976). These 

differences may be attributed to variations in experimental 

design (Shoenberger, 1972). 

other experimenters took a more basic psychophysical approach 

to the problem of quantifying human response to vibration. These 

researchers were interested in identifying equal sensation or 

equal comfort relationships over various frequencies and 

intensities of vibration, to generate families of curves, power 
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functions, and other quantitative descriptions of human response. 

Some of these studies were associated with particular subjective 

responses (e.g., the threshold curves of Miwa (1967) and the 

Dempsey and Leatherwood (1975) Discomfort curves); others (e.g., 

Shoenberger and Harris, 1971) dealt simply with the scaling of 

equal sensations. 

In general, the results of these experiments conflict 

regarding the frequency range of maximum sensitivity to vertical 

vibration. Some studies show maximum sensitivity between 6-15 

Hz, with a slow decrease in sensitivity above and below these 

frequencies, while others show the maximum response between 4-6 

Hz, with a rapid decrease in sensitivity beyond this range 

(Oborne, 1976). Most studies, however, show that human 

sensitivity is greatest to vibration between 1-20 Hz (Horn~ck and 

Lefritz, 1966), in the range of the major body resonances. The 

slopes of power functions developed to describe sensations 

resulting from whole-body vibration vary somewhat with the 

frequency of the stimulus (Shoenberger and Harris, 1971) but 

hover about a value of 1, reducing the psychophysical 

relationship between vibration and sensation to a simple 

logarithmic function. 

The laboratory studies of human response to whole-body 

vibration using the psychophysical methods have been thoroughly 

analyzed and criticized for their contradictory results and 

methodological problems. In general, small numbers of subjects 
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were used, sometimes repeatedly, as in the case of Miwa (1967, as 

described by Shoenberger, 1972). Sequence and order effects were 

often ignored, and vibration frequency and intensity levels 

confounded in naive experimental designs (Shoenberger, 1972). 

Motion parameters were often not fully specified or were 

specifie1 i~ widely varying units. ~i~ally, few experiments of the 

psychophysical type controlled or even made note of the amount of 

time subjects were exposed to vibration stimuli (Oborne, 1916), 

although exposure duration was widely acknowledged to be an 

important factor in subjective response to vibration (von Gierke, 

1975) • 

In terms of the actual stimUli, almost all experiments used 

simple vertical sinusoidal vibration. Lateral vibrati~n, which 

is a major motion component in ground transportation systems, and 

longitudinal motions have received little attention (Shoenberger, 

1972). Similarly, random waveforms, which usually occur in 

transportation vehicle rides, were rarely used in these studies, 

although it has been argued that some of the results may be 

generalizable to situations of random motion (Shoenberger, 1972). 

Most important, the amplitudes or intensities of vibration used 

in the vast majority of these studies exceed, often by a factor 

of 10 or more, the levels of motion commonly encountered in 

modern ground transportation vehicles. The vibration amplitudes 

used in these studies may have been chosen on the basis of 

previous research, convenience, or limitations in the motions 

which the available equipment could produce. However, the fact 
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that these motion stimuli used in the laboratory are so unlike 

those in actual vehicles severely limits the applicability of the 

results of these experiments to the specification of ride quality 

in actual transportation systems. 

1.1.2 Field studies of Comfort in Transportation Vehicles. 

Field studies of vibration in moving vehicles have also been 

undertaken by a number of researchers. Oborne (1976) has 

provided a review of some of the earlier studies (1930's-1960's) 

conducted in aircraft and automobiles which are not readily 

available in the literature. In general, although few 

experimental details were provided in the technical reports, the 

results of these studies are remarkably consistent in terms of 

the amplitudes and frequencies of vibration which were judged to 

have similar subjective effects. The results of these stuqies 

show that vibration levels exceeding about 0.1 g (.071 rms g) at 

frequencies up to 20 Hz are considered uncomfortable, rough, and 

unsatisfactory, while vibration levels lower than this value are 

considered comfortable, smooth, and satisfactory (Oborne, 1976). 

High positive correlations were also consistently found between 

meaqured vibration inputs from automobiles and subjective 

responses using cross-modality matching techniques and comfort 

rating scales. 
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More recent field studies conducted by the uni.versity of 

Virginia and Dunlap and Associates for the Transportation 

Advanced Research Project have extended the use of correlation 

analyses to develop a more sophisticated metric for evaluating 

ride quality in various modes of transportation. In a series of 

studies which began using Short Take-off and Landi.ng (STOL) 

aircraft flights, an attempt was made to determine, through the 

use of surveys administered to actual passengers CLnd paid 

subjects on the ground and in the air, what factoz's were 

important in airline passenger comfort and satisfaction (Jacobson 

and Martinez, 1974). It was subsequently found that subjective 

ratings of comfort on a seven-point bipolar scale provided a 

stable measure of the subjective concept of comfort over the 

flying population. The ratings were not greatly influenced by 

individual differences such as age, sex, trip purpose, 

occupation, income level, or flight history. Furthermore, these 

comfort ratings were highly correlated with passengers' 

willingness to fly again, which was considered to be an index of 

passenger satisfaction (Richards and Jacobson, 1975). 

Using standard least-squares techniques, linear and non­

linear equations were developed for use as mathematical models to 

predict passenger comfort, based on the comfort responses of paid 

subjects who rated a number of different aircraft rides and 

physical measures of vibration made simultaneously (Jacobson and 

Richards, 1976). In general, it was found that vertical and 

transverse motions were Jthe most important predictors of subject 
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comfort. Further study of passenger comfort using a revised 

questionnaire on four types of short-haul aircraft revealed seat 

factors, noise, temperature, and motion to be the primary 

determinants of comfort as perceived by passengers (Richards and 

Jacobson, 1977). Rudrapatna (1977) later developed linear models 

of aircraft passenger comfort which included noise in addition to 

motion factors, significantly improving the predictability of 

subjects' comfort responses. 

These modeling efforts were extended to intercity trains and 

city buses by pepler, et al. (1978), using subjects selected to 

represent a cross-section of the population in terms of age, sex, 

and trip experience. In the initial phase of the bus study, the 

route was carefully selected to contain a representative cross­

section of road surfaces, curvature, and terrain type. Subjects 

rated several 1 min ride segments on buses with both good and 

poor suspensions. Duration of vibration exposure and sequence 

effects were controlled in the experimental design. Motions in 

six degrees of freedom, temperature, speed, and noise were 

measured simultaneously during each test segment. 

Multiple regression procedures were used to correlate subject 

responses with the physical variables. The comfort equation for 

straight and level roadways was: 

C ::: .87 + 1.05(") 
R 

a::: (.32) (.13) 
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where C = mean comfort rating, W = roll (X-axis rotational) rate 
R 

(O/sec), and (J = standard error of the coefficient. This equation 

clearly indicates that roll rate was the most important factor in 

predicting comfort levels on the bus, accounting for 58% of the 

variance (RZ = .58) in subjects' comfort ratings. Separate 

models were also developed for comfort on curved :roadways. 

A validation study was also conducted with re'lTenue passengers 

who were allowed to ride for free on a reserved bus of the same 

type used in the initial study. The correlation between the 

actual responses of passengers in the validation :study and 

"predicted responses", which were computed using ,the above 

comfort equation and the roll rates measured in the validation 

study, was .69 (p<.00002), which indicated significant, agreement 

between the preliminary model and the validation data. 

Similar studies were conducted using paid subjects and 

revenue passengers on Amtrak intercity trains. T1wO matched 

groups of subjects were used in the initial phase of this study 

to rate the comfort of a number of 1 min ride segments in four 

different passenger coaches varying in suspension characteristics 

between Stamford and New London, Connecticut. Since a fixed 

route was used, it was not possible to control tr,ack type to any 

great extent, although the authors maintain that the route 

contained "a good cross-section of track characteristics" 

(pepler, et al., 1978, Vol. II, p.7). Subject selection and 
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environmental measurement techniques ~ere similar to those used 

in the bus studies. 

Roll rate and noise ~ere sho~n to be the dominant factors 

influencing ride comfort on trains, according to the following 

ey'uation: 

C = .73 + .10 (dB.A-60) 

(J = (.96) (.01) 

+ .96wr R 

(.21 ) 

R = .71 (p<. 001) 

where dB.A = noise and w = roll rate. Comparison of the roll 
R 

coefficients in the bus and train equations revealed a 

statistically non-significant difference bet~een these values, 

suggesting that an individual's response to roll was the same 

regardless of the vehicle in ~hich the motion was experien~ed. 

A number of difficulties were experienced in conducting the 

train validation study on revenue Amtrak passengers. Thus, 

reliable data from only a small number of test segments were 

available, and the noise range in these samples ~as severely 

restricted. The authors reported that the correlation between 

the actual ratings of passengers in the validation study and the 

"predicted responses" (computed from the above comfort model 

using the roll and noise measurements made in the validation 

study) is .44 (p<.06). Thus, it could be argued that the 

original model predicts only about 20' of the variance in the 
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validation passenger ratings. However,this conclusion is 

questionable on the basis of so few data. 

Equations were also generated for various sub9roups of 

subjects, according to age, sex, and trip experience. Comparison 

of the roll coefficients on the train and bus comfort equations 

revealed that infrequent riders were more sensitive to roll 

motion than frequent riders. Similarly, the equat.ions for older 

riders and female subjects had larger roll coefficients than the 

equations for younger subjects and male sUbjects. On the trains 

where noise was an important determinant of subjects' comfort 

ratings, males seemed to be more sensitive than f.~males and 

subjects aged 25-48 seemed to be less sensitive than younger or 

older subjects to the effects of roll rate amplitude. " The noise 

coefficients for frequent and infrequent riders wl~re 

approximately equal. 

The approach and methodology used by these researchers 

resulted in the development of a potentially useful metric for 

the assessment of ride quality in actual transpor1:ation 

situations. Instead of developing an abstract cw~ve of comfort 

or sensation based upon a limited number of stimuli at only a few 

frequencies and intensities of vibration, the modE~ling method 

allows for the subjective assessment of the entire range of 

motions produced by operational vehicles. A second advantage of 

this approach is that it allows for the inclusion of a number of 

environmental variables into the equation which pl~edicts comfort. 
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Thus, the concept of ride quality is not restricted to mere 

descriptions of the motion environments of various vehicles, but 

could theoretically include any variables which could be 

quantified or categorized for the purposes of multiple 

regression. Third, the models generated allow for the 

specification and evaluation of ride variables in a relative 

rather than an absolute sense, since this type of compensatory 

modeling approach allows different ride quality factors to be 

traded off within certain limits to produce a similar level of 

subjective comfort. Finally, the end-product of this process is 

a linear equation which is relatively simple to comprehend and 

apply in a variety of situations. 

Methodologically speaking, the field experiments conducted in 

this research effort were carefully designed, controlled, and 

reported. The stimuli used were valid representations of those 

commonly encountered in transportation situations, in terms of 

their intensity and frequency ranges. Exposure time of the 

subjects to vibration, sequence effects, individual differences, 

and a number of other aspects of experimental design were 

controlled in the present research. Furthermore, the efforts to 

validate the comfort models add credibility to the results for 

their application to solving real-world design problems, 

especially in light of the extreme inconsistencies which have 

been found in the results of previous laboratory studies in this 

field. 
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Of course, these studies are not completely f.t"ee of 

conceptual and methodological problems. First, unlike some of 

the earlier studies of ride quality which asked subjects to 

describe vibration in terms of semantic labels such as 

"perceptible" or "intolerable", the use of the term "comfort" is 

more elusive. "Comfort" undoubtedly means differ.,mt things to 

different people, and may even mean something different to the 

same person depending upon the situation. In field studies, it 

is difficult to give subjects physical stimuli which may serve as 

anchor points for their scaling judgments, as might be done in a 

laboratory situation. It might be argued that since the comfort 

ratings measured in this series of experiments wel:e highly 

correlated with passenger satisfaction in terms of willingness to 

ride again, whatever feelings about the ride the Elubje,cts were 

expressing in terms of their comfort ratings is rE!ally a moot 

pOint. However, this relationship between the subjective ratings 

of comfort and satisfaction was formally demonstra.ted only in 

airline passengers (Jacobson and Richards, 1976); it was merely 

assumed to be valid for passengers on other modes of 

transportation as well by pepler, et ale (1978, Vol. II, p.67). 

Also, subjective assessments of comfort were corr€'lated with 

subjective assessments of willingness to ride again (Richards and 

Jacobson, 1975), not actual frequency of repeated airline 

flights. 
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Because of the controlled experimental design used in these 

studies, it was difficult to arrange for naive revenue passengers 

to act as subjects. Thus g in general, either experienced paid 

subjects were recruited in advance, or groups of passengers 

traveling together from some organization (e.g., football club) 

were solicited and allowed to ride for free as an incentive for 

participation. These subjects and passengers either rode 

specifically for the purpose of testing or were isolated from 

other, non-participating passengers in special vehicles set aside 

for the tests. This arrangement was necessary in order to 

administer the experimental procedures, which often took 1 hr or 

more. 

The fact that the subjects were previously experienced in 

ride quality testing and the passengers usually had knowleqge of 

the purpose of the experiment well in advance leads to 

speculation about the motivations and expectations of the people 

rating the ride comfort. Jacobson and Richards (1976) admit that 

their aircraft subjects were not as fearful or anxious as many 

revenue airline passengers. Also, the test subjects undoubtedly 

had a broader range of ride experiences than revenue passengers, 

which they could use as a baseline to assess the ride quality of 

the test segments. Revenue passengers receiving a free ride for 

their efforts may be more positively disposed to the ride 

environment, especially if they do not travel (and pay) regularly 

on a mode. Further, it is difficult to break through the social 

atmosphere of a large group of people on a pleasure trip, in 
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order to get unbiased individual comfort ratings rather than a 

group consensus of ride quality. 

The above criticisms of this body of research are relatively 

minor compared to those which have been made of the vast majority 

of studies in this field, and are not meant to detract from the 

originality of approach or the usefulness of the results. 

Rather, they simply pOint out the difficulty of conducting 

controlled field experiments using subjective measures as the 

dependent variable. 

1.1.3 Standards for comfort !g Vibration Environments. At 

the present time, the most widely used and only internationally 

recognized standard for human exposure to whole-bt:>dy v;ibration is 

the ISO Document 2631, "Guide for the Evaluation of Human 

Exposure to Whole Body Vibration" (International Organization for 

Standardization, 1974). This guideline, which required 10 years 

of work in preparation by the members of the ISO Subcommittee on 

Human Exposure to Mechanical Vibration and Shock, incorporates 

the findings of nearly 20 different research groups around the 

world. It has been accepted by 20 member nations of the 

International Organization for Standardization. l The objective of 

ISO 2631 is to provide the system designer or sys1:em evaluator 

lMuch of the following material describing the ISO guideline has 
been excerpted directly from Sussman, E. D. and Jankovich, J. "ISO 
Vibration Guidelines and the Transit Environment"" presented at 
the American Society of Mechanical Engineers (ASME) Session on 
Mechanical Shock and Vibration, Chicago, Ill., sept., 1977, with 
the permission of the senior author. 
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with provisional guidelines on acceptable levels of vibrations to 

which humans may be exposed. Acceptability is defined in terms 

of safety, work efficiency, and comfort. Applicability of the 

standard is limited to linear vibration transmitted to the body 

as a whole through a supporting surface when in the standing or 

seated positions. 

The recommended limits on vibration vary according to four 

physical parameters of hwnan vibration exposures: 

1) Direction: The document uses a coordinate system which 

is fixed with respect to the human body rather than based on 

external references. Therefore, vibration along the X, Y, and Z 

axes must be evaluated relative to the passenger's position 

rather than the vehicle's axes. 

2) Frequency: The range of application is limited to those 

frequencies which have primarily mechanical effects on the hUman 

body. Therefore, the basic frequency range covered in the 

document extends from 1.0 through 80.0 Hz. 

Human response to vibration is assumed to vary with 

frequency of stimulation. In turn, the most sensitive 

frequencies are assumed to vary depending upon the axis, or 

direction, of vibration. Thus, two shapes of sensitivity curves 

are presented in the guideline. The curve for response to 

transverse {X- and Y-axis} vibration is lowest (most stringent) 
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in the 1-2 Hz frequency range. The curve for response to Z-axis 

vibration (usually labeled "vertical" but here called 

"longitudinal") is lowest in the 4-8 Hz range. 

3) Intensity: The document describes three conditions 

under which differing intensities of vibration arE~ acceptable: 

a. The exposure limit. This is the highest 

intensity of vibration to which humans may be 

safely exposed. 

b. The fatigue-decreased proficiency boundary. 

This indicates the range of vibration amplitude 

which can be expected to result in a decr~ase 

in work performance, depending upon duration 

of exposure. 

c. The reduced comfort boundary. This boundary 

was "derived from various studies conducted for 

the transport industries" (ISO 2631, 1974, p.4) 

with the intention of defining minimum speci­

fications for human comfort. Acti vi t.ies such 

as reading, writing, and eating are considered 

to be possible at the vibration levels encom­

passed by this boundary. 
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It is assumed that human sensitivity to vibration of 

different frequencies varies in the same manner over a wide range 

of vibration intensities. Frequency dependent curves of the same 

shape as described previously are drawn for the three intensity 

boundaries, simply by transposing the same curves up or down a 

vertical axis of vibration amplitude. Thus, the values of the 

three boundaries can be computed from one another. The reduced 

comfort boundary is derived by reducing the fatigue-decreased 

proficiency boundary by 10 dB or dividing by a factor of 3.15, 

while the exposure limit is computed by increasing the fatigue­

decreased proficiency boundary by 6 dB or multiplying by a factor 

of 2. 

4) Duration: Durat_Lon is defined as the length of time the 

human body is exposed to vibration. Tolerance for the vib~ation 

environment, whether defined in terms of safety, task efficiency, 

or comfort, is assumed to decrease as a function of time. Thus, 

human response curves are drawn for various time durations of 

exposure. Exposure time, however, is considered in terms of a 

daily "dose"; therefore, for a commuter who makes two daily 30-

min trips, the curves corresponding to a 1-hr duration of 

exposure would be appropriate. 

Document 2631 also provides recommendations for 

measuring vibration and for applying the guidelines to real world 

situations involving hum~1 exposure to whole-body vibration. 
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The ISO guideline has been criticized on a number of 

counts (Allen, 1971:1975): 

1) Inadequate population cover - The studies used as the 

basis for formulating the ISO guideline were geneJcally laboratory 

experiments conducted with young men as subjects. It is unclear 

whether the ISO curves can be generalized to othel~ segments of 

the population, such as children, the elderly, or pregnant women. 

Tolerances in the laboratory may also be greater 1:han in real 

life situations. 

2) ~ guidelines for rotational vibration - The ISO 

guideline is applicable only to situations involving linear 

vibration. At the present time, however, there is ver:'1 little 

data on human response to rotational motions, excE~pt for some 

work on thresholds of perceptions by Clark (1967)" which might be 

applied in safety, work efficiency, or comfort guidelines. 

3) Crest factors greater tha~ 1 not ~red - The term 

"crest factor" may be defined as the ratio of the power of peak 

vibration to the rms (mean) level of vibration, and is used to 

describe situations with particularly outstanding bumps or jolts 

which are salient above an average "baseline" level of vibration. 

A current proposal to extend the crest factor levE~l to 6 is being 

evaluated for inclusion as an amendment to the prE~sent guideline. 
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4) Shapes of curves assume single-Q£der biomechanical 

response to vibration - The shapes of the ISO curves imply that 

human response to whole-body vibration largely depends upon only 

one major resonance frequency range in each axis of vibration (4-

8 Hz in the Z-axis, 1-2 Hz in the x- and y- axes). Allen (1975) 

contends that the resonance frequencies of several important body 

subsystems (e.g., the eyes) are above these limits and may modify 

the ISO curves in the higher frequency ranges. 

5) Evaluation methods inadequate for mUlti-axis vibration -

If vibrations occur in se"eral axes simultaneously the current 

standard recommends evaluation of the motion in each axis 

separately. The fact that interactions could occur between the 

motions in different axes, however, has prompted the development 

of an ISO summation formula (Griffin, 1977) which has been \ 

proposed in an amendment to ISO 2631 as the preferred method of 

evaluation for broadband vibrations such as those encountered in 

transportation vehicles. The amendment provides the following 

multi-axis formula which sums the ISO-weighted linear 

accelerations to achieve an effective level of acceleration as 

follows: 

aeffective =j(l.4a )2 + (1.4a )2 + a 2 x y z 

(3 } 
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The effective level may then be compared with the recommended 

values for !-axis vibration given in Table 1 and Figure 2 of the 

Document 2631. Using this formula requires the wE!ighting of the 

vibration by means of the electronic weighting net~work described 

in the guide, or measurement of the vibration in E!ach of the 1/3 

octave bands for all three degrees of freedom and the subsequent 

weighting of each 1/3 frequency octave band as per the guide. 

6) Assumption of time dependence - Although the assumption 

that vibration tolerance decreases as a function of time makes 

intuitive sense, and in fact the compilation of da.ta in 1964 

showed this to be the case for physiological and subjective 

tolerance, work efficiency, and subjective fatiguE! (von Gierke, 

1975), there is an increasing body of evidence to cont~adict this 

assumption. Closer analysis of the original studies used in the 

development of the ISO standard indicate a number of 

methodological problems and test conditions inappropriate for 

application to vibration situations normally encountered in every 

day life (Clarke, 1916; Allen, 1915). 

Current research in the field of ride qua.lity in actual 

transportation situations which has addressed the issue of time 

dependence shows no significant difference in the subjective 

comfort responses of passengers exposed to vibration environments 

for durations of up to 4 hr (Clarke, 1976; Pepler, et al., 1978). 

Passenger activities, self-initiated movements, individual 

differences, and intensity of motion levels may influence the 
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time dependence of comfort reactions in actual transportation 

situations (pepler, et a 1., , 1978). 

other criticisms of the ISO guideline may also be made 

in terms of its application to ride quality assessment and design 

problems. First, the guideline is quite difficult to understand 

and use. Second, most vehicle rides contain important vibration 

components at a number of frequencies. The separate evaluation 

of these components, as recommended in the ISO guideline, assumes 

no interactions between vibration effects at different 

frequencies. However, r~!ent studies by Leatherwood, Dempey, and 

elevens on (1978) show thai: significant masking of one frequency 

of lateral roll vibration by power at other frequencies can 

result in a diminution of the subjective discomfort response in a 

multifrequency vibration environment. Non-additive effects. of 

multifrequency vertical ~)tion have also been observed. Thus, 

separate application of the ISO criteria to various frequencies 

may result in an overestimation or underestimation of the 

acceptability of a complex vibration environment. 

Finally, although the guideline mentions activities such as 

"eating, reading, and wri1:ing" in its characterization of the 

reduced comfort boundary, the vibration limits which are outlined 

in Document 2631 are not based upon any systematic studies of 

passenger behavior or activity performance in transportation 

situations. Rather, most of the studies referenced in this 

standard relate to operator performance in laboratory vibration 
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environments or in vehicles such as forklift trucks or diesel 

pile drivers (as in the Miwa studies described by Clarke, 1976), 

which provide much higher intensities of vibration than those 

normally experienced in passenger vehicles. This criticism, 

however, also applies in general to the majority of studies of 

human performance in vibration environments, which are reviewed 

in the following section of this report. 

1.2 Assessment of Human Performance b!! Vibration Environments 

There is also a significant amount of research on the effects 

of vibration on human performance. The majority of these studies 

were laboratory experiments conducted under highly controlled 

conditions with single axis sinusoidal vibration stimuli at 

particular frequencies and amplitudes. Small numbers of 

subjects, usually young male military personnel or students 

screened for health problems, were used in these Experiments. In 

general, the tasks which subjects performed were those commonly 

used in experimental psychology laboratory studies involving 

psychophysical judgments and simple psychomotor skills. These 

tasks relate more to operator efficiency in a vibration 

environment than to passenger activity in transportation 

vehicles. The intensities of vibration used in most of these 

studies were generally greater than those which would be commonly 

experienced by revenue passengers, although milita.ry pilots and 

other vehicle operators might be exposed to motion.s of this type. 
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Because there has been so much research in this area, and 

because vibration studies are generally quite expensive to 

conduct, there are also a number of literature reviews 

documenting the performance effects of vibration (e.g., Grether, 

1971; Shoenberger, 1972; collins, 1973). These reviews are quite 

thorough and readily available in the psychological and human 

factors literature. The goal of the present discussion is 

therefore to summarize their major conclusions regarding human 

performance and vibration, and to interpret the major 

experimental results included in these reviews and other, more 

recently published material in terms of their implications for 

the performance of passenger activities in actual transportation 

situations. 

The performance abilities which have been studied unde~ 

vibration conditions include visual acuity, tracking, perceptual 

motor functions, vigilance and pattern recognition, and higher 

cognitive abilities. In qeneral, vibration has consistently been 

shown to interfere with performance of the first three types of 

tasks, due to peripheral mechanical effects on vision and motor 

skills. The latter tasks, which depend more upon higher levels 

of central nervous system function, seem relatively impervious to 

the effects of vibration. 
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1.2. 1 Visual Acuity. Most studies of visual acuity and 

vibration have been conducted in the context of pE~rformance. 

Significant decrements in number-reading and dial··reading 

performance have been shown over a wide range of vibration con­

ditions, whether the target or the subject is vibrated (Grether, 

1971; Shoenberger, 1972). Although it haj previously been 

supposed that acuity decrements depended largely upon the 

relati ve displacement between the target :lnd the E~yeball 

resulting from the amplitude of vibration, acuity has also been 

shown to be affected by an interaction between the frequency of 

vibration and the distance between the subject and the target 

(Ohlbaum, O'Briant, and Van Patten, 1971). Thus, there is poor 

agreement as to the frequency of vertical vibration which 

produces the worst visual acuity, although there may b.~ 

significant decrements above 2 Hz (where reflex compensatory 

tracking movements break down at near reading dist:ances), at 14 

Hz (a major resonance frequency of the head), and between 20-30 

Hz (the resonance range for the eyeballs and supporting 

structures) (Shoenberger, 1972). 

Visual acuity in the vibration environment may play an 

important role in passenger activities such as reading, writing, 

and looking out the w~ndow. However, much of the visual acuity 

work has been done using intensities of vibration which are well 

above the average vibration intensities recorded in passenger 

vehicles. For example, Pepler, et ale (1978) computed the means 

of vertical vibration to be .082 • • 027 rms g for buses, .03 ! 
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.007 for trains, and .044 ~ .031 for commercial airplanes. 

Ohlbaum, et al., (1971) used a vibration stimulus equivalent to 

.53 rms g, which is several times as large as that normally 

experienced in passenger vehicles. 

In contrast, Griffin (1975, 1976) used a psychophysical 

approach to determine the minimum levels of Z-axis vibration 

which would produce blurring of visual images consisting of point 

sources of light. Subjects were told to adjust their postures to 

maximize or minimize vibration levels causing blurring. Mean 

vibration intensities of approximately .076 rms g measured at the 

seat were found to cause blurring at 7 Hz, the most sensitive 

frequency. Individual differences between subjects were 

extremely large, however (Griffin, 1975). No significant 

differences were found in vibration amplitudes producing b~ur for 

targets at 4 or 20 ft for vibration at 7, 15, 30, and 60 Hz 

(Griffin, 1976). 

Thus, it may be concluded from these results that significant 

decrements in visual acuity may occur at vibration levels 

comparable to those experienced by passengers on transportation 

systems, especially if there is a power peak in the 7 Hz range. 

However, there are great individual differences in the 

susceptibility of visual acuity to the effects of vibration. 

Subjects' posture, the use of restraints, and the size of the 

visual image may all serve to counteract the detrimental effects 

of vibration (Grether, 1971). Little work has been done on the 
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effects of X- or Y- axis vibration or multi axis vi.bration on 

visual acuity (Collins, 1973), which may also influence 

passengers' abilities to perform activities in moving vehicles. 

In experimental situations involving vibration (.2 rms g, 

presented singly and in combination with high levels of noise 

(105 dB) and heat (120 0 F), significant decrements in visual 

acuity have also been found compared to control conditions. 

However, the combined stress conditions did not de!grade 

performance more than when subjects were exposed t.o vibration 

alone, which shows the dominant effects of vibration on 

performance even in multiple stress environments (Grether, 

Harris, Mohr, Nixon, Ohlbaum, Sommer, Thaler, and Veghte, 1911; 

Grether, Harris, Ohlbaum, Sampson, and Guignard, 1972)~ 

1.2.2 Tracking. A large number of studies of tracking 

performance have been conducted in vibration environments, since 

tracking skills are necessary for the operation of many aircraft 

and ground system vehicles. Tracking tasks require a combination 

of visual and motor skills; with sufficient practice, 

overlearning of the task results in a high level of performance 

requiring minimal cognitive effort. 

In general, vibration has been shown to have a significant 

detrimental effect upon tracking performance, which is 

proportional to the intensity of the stimulus. The greatest 

decrements in performance have been found at 5 Hz for vertical 
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vibration and from 1-3 Hz for X- and y-axis vibration, which 

correspond to the major body resonance frequencies in these axes 

(Shoenberger, 1912). These relationships appear to hold 

regardless of whether vibration is sinusoidal or random. 

Tracking decrements are the greatest when tracking must be 

performed in the same direction as the axis of vibration 

(Grether, 1971); thus, horizontal tracking is worst under Y-axis 

vibration, and vertical tracking is worst under Z-axis vibration. 

Vertical and horizontal tracking performance on a two­

dimensional compensatory task was degraded more under vibration 

conditions alone than under any other single environmental stress 

or control condition (Grether, et al., 1971). It was also found 

that tracking performance under vibration conditions alone was 

not significantly different from performance under a tripl~ 

stress condition including high levels of noise and heat in 

addition to vibration. Grether, et ale (1972) discovered an 

antagonistic interaction between the three stressors, such that 

tracking errors decreased with every additional environmental 

stress added to vibration. These results were attributed to 

increased effort on the part of the subjects as additional stress 

variables were added. 

In other studies, high levels of noise were found to interact 

subtractively with low levels of vibration to improve tracking 

performance over low noise-low vibration conditions. Sommer and 

Harris (1913) found that 60 dB noise combined with .07 rms g 
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vibration resulted in poorer tracking performance than 100 dB 

noise with the same level of vibration. The authors suggest that 

the high level of noise may distract subjects from the degrading 

effects of vibration by inhibiting perception of inputs from 

sensory modalities other than audition. Noise at 110 dB, 

however, was found to interact additively with vibration, to 

degrade tracking performance more than the 60 dB n.oise-vibration 

condition (Harris and Sommer, 1973). 

As in the studies of visual acuity, the intensities of 

vibration used in these tracking experiments were generally above 

the levels to which passengers would be exposed in transportation 

vehicles. The lowest intensities of vertical vibration presented 

in these studies were: (1) .12 rms g (Holland, 1967; Gl;"ay, 

Wilkinson, Maslen, and Rowland, 1976), which was found to produce 

tracking performance decrements compared to control conditions, 

and (2) .07 rms g in the Sommer and Harris (1973) and Harris and 

Sommer (1973) studies, which provided no zero level of vibration 

control condition, and therefore cannot be assessed for 

performance decrements due to vibration alone. ~lthough the 

levels of vibration used in many of these studies may be 

applicable to various operator tasks, it is difficult to 

generalize the results of such laboratory experiments to 

passenger activities which may involve tracking-type abilities, 

such as reading or looking out the window. 
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There is significant evidence that tracking performance is 

not degraded as a function of time spent in the vibration 

environment. Tracking errors did not increase significantly over 

a 6 hr experimental period when subjects were exposed to 5 Hz, 

.12 rms g vibration (Holland, 1967), which is equivalent to the 

ISO 1 hr fatigue-decreased proficiency limit. Gray, et ale 

(1976) found similar results over a 3 hr vibration period using 

the same motion stimulus; performance was actually found to 

improve over time due to learning effects, and this improvement 

was greater in the vibration than in the control condition. In 

their determination of optimal work-rest schedules for periods of 

prolonged vibration, Dudek, Ayoub, and EI-Nawawi (1973) found 

that boredom was actually reduced by the vibration stimulus, and 

that a 60 min workl60 min rest schedule was associated with 

better tracking performance than a 30 min work/30 min rest. 

schedule under vibration conditions. 

1.2.3 Perceptual Motor Skills. Several experiments 

involving human performance under vibration conditions have used 

tasks involving ~imple and choice reaction times, fine manual 

control, and precise musollar coordination. While most of these 

studies were conducted in the context of operator performance, 

many of the skills tested may relate to passenger activities such 

as handcrafts, writing, drawing, and playing games. 
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Most studies of hand and foot simple reaction times and 

choice reaction times show no decrement under vibration 

conditions regardless of the axis of motion (Shoenberger, 1972; 

Grether, 1971). Studies of choice reaction times under 

conditions of combined vibration, noise, and temperature stress 

showed increases in response times in the vibration alone vs. 

combined stress conditions or control condition (Grether, et al., 

1971, 1972); however, these studies used levels of vibration 

exceeding that usually experienced in passenger vehicles. 

Skills requiring fine manual dexterity, steadiness, or 

precision of muscular control are usually degraded under 

vibration conditions. When subjects are vibrated, hand steadiness 

and foot pressure have been found to decrease, and body sway has been 

found to inc~ease, compared to control conditions (Grether, 1971). 

Performance times for the operation of various types of switches 

have been found to increase with vibration amplitude for motion 

stimuli at certain frequencies (Dudek and Clemens, 1965). 

Handwriting is significantly impaired at 5 Hz, .12 rms g 

vibration (Gray, et al., 1976). 

Because most of these studies have been conducted in an 

operator context, often utilizing very high levels of vibration 

compared to those found in passenger vehicles and highly specific 

tasks, the results are difficult to generalize to the performance 

of passenger activities. Furthermore, they neglec·t a number of 

motor behaviors commonly performed by both operators and 
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passengers, such as eating, drinking, and walking in a vibrating 

vehicle. These activities involve balance, gross muscular 

coordination, and what might roughly be called "hand-mouth 

coordination. II As in most of the performance studies, single-axis 

vibration at discrete frequencies was often used as the motion 

stimulus, which precludes extensive generalization to the multi­

axis, broadband motion generated in transportation vehicles. 

1.2.4 Vigilance and Pattern Recognition. A number of 

tasks studied under vibration conditions involve perceptual 

discrimination and monitoring of stimulus pattern changes which 

are related to basic problems of vigilance and pattern 

recognition. These tasks are roughly related to operator 

performance using instrument panel displays and controls. These 

tasks do not generally resemble the types of activities wh~ch 

passengers might engage in on transportation systems. However, 

they may involve similar perceptual, motor, and cognitive 

abilities, and are therefore included in this review for the sake 

of completeness. 

Performance decrements due to vibration have generally 

not been observed in laboratory studies using these tasks. 

Patterns of light in the form of checkered matrices (Buckhout, 

1964) and bar graphs (Shoenberger, 1967) can be successfully 

discriminated and matched to standards under vibration conditions 

ranging from .14 to .54 rms g at discrete frequencies of 5,7, 

and 11 Hz, corresponding to major body resonances. Auditory 
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vigilance tasks involving detection of tones from background 

noise are similarly resistant to the effects of lower levels (.12 

rms g) of vibration. Performance of a visual seal~ch task for 

targets on printed sheets of random letters actually improved 

over time in the vibration environment, so that a1:ter 3 hr there 

were no significant differences in scores between the vibration 

and control conditions (Gray, et al., 1976). 

In an experiment using a matching-to-standard technique 

with varying combinations of random letters serving as patterns, 

a performance de~ement in pattern recognition response time was 

found under vibration conditions of .14-.42 rms g (Shoenberger, 

1974). However, the increase in response time was shown to be 

related to the peripheral effects of vibration causing mechanical 
~ 

interference in the visual system and a subsequent~ increase in 

simple reaction time, rather than to a central, non-specific 

stress effect, which might have caused an increase in information 

processing time. 

1.2.5 Higher Cognitive Abilities. Relatively few 

experiments have been conducted on the effects of vibration on 

intellectual tasks. This is unfortunate, since st.udies using 

appropriate levels of vibration and other environmental inputs 

could be applied to the assessment of ride environ.ments for the 

performance of passenger activities such as studying or 

conducting business. These activities involve significant 
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cognitive processes such as memory, attention, decision-making, 

information processing, language, and problem-solving. 

The few studies which have addressed the effects of 

vibration and other environmental variables on performance of 

intellectual tasks have found no consistent effects of these 

factors on a number of behavioral measures. No significant 

differences in performance were found between control and high 

stress (120 0 F heat, 105 dB noise, .21 or .25 rms g vibration at 5 

Hz, or all three) conditions for a mental arithmetic task 

(Grether, et al., 1971, 1972). No significant performance 

decrement was found under the same conditions for a voice 

communication task involving repetition of a vocal message 

(Grether, et al., 1971) or vocal response to questions during 

tracking (Grether, et al., 1972). On a more complex mental., 

arithmetic task, stress in the form of 5 Hz, .18 rms g vibration 

and 110 dB noise was found to interact with time of day and 

exposure time (approximately 20 min) to produce a decrement in 

performance in the afternoon as opposed to the morning and in 

later trials as opposed to earlier trials (Sommer and Harris, 

1972). The latter experiment, however, used an extremely high 

noise level, and the effects of noise and vibration were 

confounded in the experimental design. 
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1.3 Passenqer Activities in Transportation Environments 

From the preceding review of the literature in the field of 

ride quality and vibration research, it is apparent that the 

majority of studies are concerned with either: 1. the subjective 

effects of vibration on human sensation, as measul~ed using 

psychophysical methods or rating scales in laborat~ory experiments 

or controlled field studies; or 2) the objective E~ffects of 

vibration on human performance, as measured using task-specific 

dependent variables such as reaction or response t~imes and error 

rates in highly controlled laboratory experiments. Research in 

the first category is related to subjective passenger comfort in 

actual transportation situations, while research in the second 

category is directly applicable to operator performance in 

transportation and other multiple stress environme~nts. The 

question remains, however, as to the effect of vibration and 

other environmental variables upon ~§.seng~ performance in 

transportation situations, which may be considered multiple 

stress environments since they include combinations of vibration, 

noise, temperature, humidity, light, space, and other variables 

often labeled as environmental stressors. Passenger performance 

in this case may be defined as the voluntary execution of various 

activities, such as reading, writing, eating, drinking, sleeping, 

and so on. 
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Although a few researchers in the field of ride quality have 

acknowledged passenger activity as a possible determinant of 

passenger comfort and satisfaction (see section 1.0), there has 

been little systematic research on how these behaviors vary with 

environmental conditions on passenger vehicles. The few studies 

which have considered passenger activity as a variable related to 

ride quality have obtained subjective estimates of the importance 

of these behaviors to passenger satisfaction, rather than making 

actual observations of activities directly. The subjective 

importance of activities and difficulty in performing them are 

reported in several early studies of Short Take-off and Landing 

(STOL) airline passengers which laid the groundwork for later 

development of ride quality/comfort models. 

From the questionnaire responses of air travelers, JacQbson 

and Martinez (1974) identified "work" or "in-flight activity" as 

one of four dimensions of passenger satisfaction and comfort. 

These authors concluded that " .... the ability to work while in 

flight is ••• closely related to comfort ••• [and] ••• essential to a 

person spending many of his working hours 'en route'" (p. 52). 

Activities were ranked according to their relative importance as 

follows (from most to least): reading, thinking, viewing, eating, 

talking, writing, daydreaming, sleeping, drinking, smoking, and 

walking in the aisles. Passengers traveling for personal reasons 

valued talking more and writing less than the business travelers 

(Jacobson, 1971). The subjective importance of activity was also 

reflected in passengers' ratings of factors considered to be 
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important in determining aircraft comfort. Approximately 80~ of 

those polled considered lighting to be at least sOlmewhat 

important, and approximately 55~ considered workspace to be at 

least somewhat important. These interior design features 

probably influence the passengers' ease of performing such 

activities as reading and writing. 

Richards and Jacobson (1975) gave similar questionnaires to 

ground-based and in-flight passengers. When asked to rank the 

activities according to the relative amount of time spent on them 

during a flight, the ground-based sample responded similarly to 

business travelers in the Jacobson and Martinez (1974) study, 

except that conversation became more important and daydreaming 

less important than in the earlier study. Both the ground-based 
" 

and in-flight subjects agreed that it was relatively easy to read 

in flight. They disagreed as to the ease of sleeping and 

writing, with the in-flight subjects rating these as difficult 

relative to other activities. Only concentration, reading, 

writing, and sleeping were included for consideration in the in-

flight survey, and these were ranked for difficulty (from least 

to most) in just that order. 

since the items given to in-flight subjects differed in form 

and content from those administered to the ground-based sample, 

it is difficult to compare the responses on these ':.luestions 

regarding the ease of activity performance. Also, it is 

questionable from this set of results whether "people do what it 
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is easy for them to do" and "time spent performing an activity is 

directly related to the judged ease of doing it" (Richards and 

Jacobson, 1975, p. 139) for passengers actually in-flight, since 

the questionnaire item regarding relative time spent on 

activities was administered only to the ground-based subjects. 

The activity categories used in the two survey forms differed, 

which further complicates direct comparison of the activity 

ratings between questions. 

Richards and Jacobson (1975) also found a positive 

relationship between the difficulty ranks for four activities and 

the ride comfort ratings made by in-flight passengers, with 

correlation coefficients ranging from .5-.6 depending upon the 

activity. Except for concentration, activity difficulty was not 

significantly related to previous flight experience. Thus,. the 

authors concluded that "comfort level ••• determines how difricult 

it is to perform various activities in flight ••• " (p. 150). 

The most comprehensive analysis of passenger activity in this 

series of STOL airline passenger comfort studies was conducted by 

Rudrapatna (1977), in the course of developing noise-motion 

models of passenger satisfaction. Passengers on commercial 

flights and test subjects on special flights were asked to assess 

the difficulty of performance and amount of time spent on various 

activities, using a three··point scale in each case. Respondents 

rated activities from most to least difficult as follows: 

conversation, dozing, writing, reading, concentration/thinking, 
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and looking out the window. The order of activities according to 

amount of time spent was almost the reverse, as follows from most 

to least: looking out the window and concentration/thinking (tied 

for first place) , reading, conversation, writing, and dozing. 

Thus, the relationship between relative time spent engaged in a 

particular activity and the ease of performance of that behavior 

postulated by Richards and Jacobson (1975) was generally 

supported by these results. The exceptional activity in this 

case was conversation, which was considered most difficult and 

yet ranked third in terms of time spent. 

Closer analysis of the subjective passenger data revealed 

that higher ratings of conversation difficulty resulted in lower 

ratings of time spent talking (II'I =.69); further, the .,more 

important conversation was rated, the higher the :t'ating of time 

spent talking. Ratings of noise annoyance were also positively 

associated with conversation difficulty (II'I =.62) for passengers, 

.65 for special subjects). 

Rudrapatna also correlated passenger activity difficulty 

ratings with different aspects of the ride environment. 

Difficulty of conversation was significantly corr,elated with 

noise levels (r =.42-.57, depending upon the unit of noise 

measurement used), while motion variables appeared to have no 

effect on conversational difficulty. Noise was negatively 

correlated with the difficulty ratings for readin9 (r =-.61) and 

looking out the window (r =-.36); noise was uncorrelated with 
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difficulty of writing and dozing. Significant positive 

correlations were found, however, between transverse and vertical 

motions and difficulty ratings for reading (r = .37, .52, 

respectively), writing (r =.69, .62), dozing (r =.77, .8), and 

looking out the window (r =.34, .34). Ratings of conversational 

difficulty on a scale of 1 to 3 could be predicted from the 

measured noise level according to the following equation, which 

was generated using multiple regression techniques: 

d~ = 1 + .09 (db.A -81] R = .44 (p<.01) ( 4) 

(0') = (.38) 

where d' = difficulty rating, dB.A = noise level, R = mul~iple 
c 

regression coefficient, and 0'= standard error of the coefficient. 

Activity difficulty was also positively correlated with 

subjective ratings of discomfort and dissatisfaction. Discomfort 

levels were positively correlated with difficulty ratings for 

reading (r =.6), writing (r =.78), conversation (r =.31), and 

dozing (r =.73). Significant correlations between passenger 

ratings of dissatisfaction and activity difficulty were also 

obtained for reading (r =ft54), writing (r =.46), conversation 

(r =.31), dozing (r =.68) " and looking out the window (r =.55) • 
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Although the Rudrapatna (1977) study clearly reveals strong 

relationships between ease of activity performanCE! and physical 

ride quality, subjective comfort, and passenger sa,tisfaction, 

there are clearly some methodological constraints which limit the 

applicability of the results. First, the use of discrete three­

point scales throughout the questionnaire (except for the items 

about comfort and satisfaction) signif icantly rest:.ricts the 

variation in subjects' responses, especially in light of the 

results of previous studies which show that passengers resist 

using the most extreme scale end-points (Richards and Jacobson, 

1975). Furthermore, the use of three-point scales does not 

justify the application of parametric statistical techniques such 

as correlation and multiple regression. Second, the inclusion of 

data from both revenue passengers and non-passenger test subjects 
" 

in the ranking of activities for difficulty and time spent 

complicates the evaluation of these results, since the test 

subjects were generally experienced in previous ride quality 

experiments and did not pay a fare for going on th,ese flights. 

Thus, background and motivational differences may 'exist which 

influence the rank orders reported. 

In any case, considering the fact that the primary purpose of 

this study was not directly related to the assessmE:nt of 

passenger activities, the results provide a substantial amount of 

preliminary data, which uldicates that activities: 1) vary in 

difficulty and importance in an in-flight situation, and 2) are 

related to noise and motion, subjective comfort, and passenger 
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satisfaction. Nevertheless, Rudrapatna (1977, p. 109) concludes 

that inferences about passenger satisfaction should be based upon 

subjective ratings of comfort rather than activity difficulty, 

"since no procedure for cumulative assessment /tof activit yO is 

available and since comfort is judged to be more important than 

the activities. II 

1.4 ~ Field Study of Passenger Activities: Purpose and Design 

To date, there has been no systematic attempt to use a 

measure of passenger activity as a behavioral index or correlate 

of comfort and satisfaction in a ride environment. Assuming that 

passenger activities are highly correlated with sUbjective 

comfort and passenger satisfaction, and vary with different 

levels of the ride environment, as the limited evidence fro~ the 

studies of aircraft passengers and subjects would indicate, an 

objective dependent variahle based upon activity levels could be 

developed as a major correlative to physical ride quality. 

An objective measure of human response to a complex motion 

environment based upon performance of passenger activities would 

have several advantages over the subjective rating scales 

presently in use. First, it would not require the use of 

semantic descriptors (e. g., "somewhat comfortable"), which may 

vary in meaning from one subject or situation to another. 

Second, activities may be more easily defined in operational 

terms than subjective responses and might therefore be more 
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easily quantified. Third, a dependent variable incorporating 

passenger activities would be based upon what passengers actually 

do in transportation situations, rather than what they say they 

do. Thus, an activity measure might have greater predictive 

validity for the level of continuing passenger ridership (actual 

number of passengers repeating the ride) than subjective ratings 

of ride comfort (which were shown to be correlated with 

"willingness to ride again", also a subjective measure). 

Finally, an activity measure could be computed using the actual 

frequencies of revenue passengers engaged in vari()us activities. 

This would obviate the need to recruit passengers or special 

subjects whose motivations and expectations may differ from those 

of actual passengers. 

The application and usefulness of a dependent variable 

correlated with physical ride quality and based upon activities 

would be similar to that of the subjective comfort. ratings used 

in previous ride quality studies. The relationshi.ps between a 

given activity variable and the physical parameters of ride 

quality could be described in quantitative terms i.n the form of 

correlation coefficients and linear equations gene-rated using 

multiple regression techniques. The latter equations would be 

similar to those generated by pepler, et ale (1978), except that 

the predicted variable would be objective Activity (A) rather 

than subjective Comfort (C). These Activity equations might then 

be used in the design future transportation systems where a 

certain level of passenger activity must be accommodated, or in 
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the evaluation of systems as to level of activity which existing 

ride quality conditions might allow. 

The following chapters of this report describe a three part 

field study of passenger activities on intercity trains, which 

was conducted for the following purposes: 

1) to develop a behavioral taxonomy of passenger activities, 

which would identify and describe the general categories and 

relative frequenCies of common passenger activities on intercity 

trains; 

2) to obtain subjective opinions from passengers regarding 

the importance of such activities for their satisfaction on the 

trains, and the role of ride quality factors in the perforroance 

of passenger activities; and 

3) to determine and describe the relationships between the 

frequency levels of passenger activities and the physical and 

operational parameters of the ride. 

The behavioral taxonomy was developed using strictly obser­

vational methods on a number of Amtrak trains in the northeastern 

United States, and is described in Section 2. of this report. 

Subjective opinion data was gathered by Amtrak on selected trains 

operating in the Northeast: Corridor, which encompasses the route 

between Boston and Washington, DC., using a questionnaire 
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(Section 3.). The physical parameters of ride quality, in­

cluding vibration, noise, temperature, humidity, and light, plus 

a number of other trip and operational variables, were measured 

and recorded on the same section of the Northeast Corridor in 

conjunction with simultaneous observations of passenger 

activities, in order to develop quantitative rela1tionships 

between the physical and behavioral variables (Section 4.). 

Because of the descriptive nature of this field study and the 

use of actual passengers rather than laboratory subjects, the 

proper control conditions necessary for precise hypothesis 

testing were not available. However, it was generally expected 

that: 

1) A number of categories of passenger activit:ies could be 

observed, and that while these activities might vary on a short­

term basis with changes in trip and operational variables, a 

stable long-term frequency distribution could be E~stablished. 

2) Some level of correspondence could be established between 

the observed frequencies of passenger activities cLnd subjective 

opinions of the importance of these behaviors for trip 

satisfaction. 
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3) Of all the environmental factors, vibration would be 

considered by passengers as the main variable interfering with 

activity performance, especially for activities with significant 

motor and visual components. 

4) Quantitative relationships could be established between 

the levels of activity and the physical parameters of ride 

quality, which would be useful in the design and evaluation of 

future advanced transportation systems for the prediction of 

activity levels from knowledge of the ride quality and trip 

factors. 
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2. BEHAVIORAL TAXONOMY OF PASSENGER ACTIVITY 

2.1 Method 

2.1.1 Subjects. The subject sample consisted of 850 

passengers observed on seven Amtrak train rides. Subjects were 

observed on trains traveling in both directions on three routes 

(New York-Boston, Boston-Albany, and Albany-New York), at various 

times of the day, on various days of the week, under heavy and 

light crowding conditions, and in a number of vehicles of three 

different types, in order to obtain a representative sample of 

Amtrak system users. 

2.1.2 Apparatus. The behavioral coding f.~rm used to 

record passenger activity is shown in Appendix A. 

2.1. 3 Procedure. Observations were made on a number 

of Amtrak trains for the purpose of recording passenger 

activities. On each trip, several observational sweeps were made 

through the main aisle of each vehicle of the train at one hour 

intervals, starting with the rear end of the last car and working 

toward the head end. Most passenger seats faced in the direction 

of travel; thus, the observer approached passengers from behind 

and was usually able to determine and record each person's 

behavior without disrupting ongoing passenger activity. 
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In the majority of cases, activities could be coded into one 

of the following 12 categories: Doing Nothing, Sleeping, Smoking, 

Viewing, Talking-Listening, Handcrafts, Games, Eating, Drinking, 

Reading, Writing, and other. Descriptions of these activities 

are provided in Table 1. 

Behavior was coded according to the activity the passenger 

performed at the exact time of observation. Thus, a passenger 

with a book open on his lap who was nevertheless looking out the 

window at the time of observation was coded in the Viewing rather 

than Reading activity category. Similarly, a person with a cup 

of coffee on his tray who was engaged in conversation as the 

observer passed by was coded in the Talking-Listening rather than 

Drinking category. 

Multiple activities were coded into the category of the more 

effortful l behavior component, according to the ranking of 

activity difficulty shown in Table 2. The activities were ranked 

according to six ~ priori behavioral criteria which the ride 

quality and vibration research literature and previous passenger 

observations suggested to be important in performing activities 

on moving vehicles. These include balance, eye focus, sustained 

visual attention, eye-hand coordination, hand-mouth coordination, 

and extraordinary compensation for vibration and noise. Each of 

the 12 activities received a score from 0 to 3 points for each of 

these six criteria, depending upon how important that criterion 

was for the successful performance of that activity. For 
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Table 1 

Descriptive Definitions of Passenger Activity Categories 

Doing Nothing -

Sleeping 

Smoking 

Viewing 

sitting in semi-erect, relaxed position, 

looking in no particular direction but 

with eyes open, performing no other ob-

servable behaviori may also be described 

as "resting", "relaxing", or "thinking" 

reclining in completely relaxed posture 

over one or more seats, or sitting semi-

erect with head hung down or resting 

against wall or seat, or "curled up" 
" 

with whole body on one seat, with 

eyes closed, and performing no other 

observable behavior 

lighting, puffing on, and extinguishing 

cigarette, pipe, or cigar, sometimes 

looking at or directing attention to 

smoking materials or ashtray 

looking directly out the window or at 

some object or person (other than the 

experimenter) in the train 
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Table 1 (Cont.) 

Talking-Listening - engaging in conversation with one or 

more other persons seated or standing 

directly across from or adjacent to 

the subject; "eavesdropping" on other 

passengers' or crew members' conversa­

tion; non-verbal listening behaviors 

such as nodding the head 

Handcrafts 

Games 

Eating 

knitti.ng, crocheting, embroidery, hook­

ing rugs, sewing, and related behaviors 

(cutting fabrics with scissors, thread­

ing needle, winding up yarn, etc.) 

playing cards, board games; coloring and 

drawing pictures; children's play activ+­

ties with and without toys, including 

"make-believe", "peek-a-boo", "hide and 

seek" or symbolic play with dolls or 

other objects 

consuming food (chewing, swallowing) and re­

lated behaviors (unwrapping sandwiches, 

cutting meat, applying condiments, etc.) 
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Drinking 

Reading 

Writing 

Other 

Table 1 (Cont.) 

consuming beverages (lifting cup to mouth, 

swallowing) and related behaviors (adding 

sugar to coffee, stirring cockt;ails, etc.) 

looking at books, magazines, train schedules, 

or other printed or pictorial materials; 

turning pages 

marking papers, books, letters, or other 

materials with writing instruments such 

as pens, pencils, highlighters, or cray­

ons for the purpose of recording numbers, 

words, Or other language symbols; under­

lining in printed materials; does npt 

include drawing or coloring pictures 

(see Games) 

engaging in any behaviors not listed 

above, including, for example, ,going 

through a handbag or suitcase; grooming 

behaviors such as combing hair, polishing 

fingernails; and infrequently occurring 

activities such as listening to a radio 

or playing a musical instrument 
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example, Drinking was judged to require a high degree of balance, 

for which it received 3 points, some amount of eye focussing and 

sustained visual attention, for which it received 1 point each, a 

moderate degree of hand-eye coordination, a high level of hand­

mouth coordination, and some degree of extraordinary vibration 

and noise compensation. The sum of effort points for Drinking 

resulted in an effort rank of 10 compared to the other 

activities. Doing Nothing, Sleeping, Smoking, and Viewing, which 

were ranked between 1 and q for effort, have been designated as 

Low Effort Activities. Talking-Listening, Handcrafts, and Games, 

which were ranked between 5 and 7 for effort, are called Medium 

Effort Activities. Eating, Drinking, Reading, and Writing, which 

received the highest effort ranks, are called High Effort 

Activities. 

The observations recorded for the purposes of this taxonomy 

were made in November and December of 1976 on seven Amtrak trains 

over the following three routes: 1) New York - Boston (one trip 

on Amtrak Train Number 171 - The Southern Crescent, and two trips 

on Train Number 174 - The Statesman); 2) Boston - Albany (two 

trips on Trains Number 448 and 449 - The Lakeshore Limited); and 

3) Albany - New York (two trips on Trains Number 72 and 79 - The 

Washington Irving). Activities were recorded in a total of 26 

different vehicles; passengers in 21 vehicles were observed on 

single trips, while five other vehicles were used on each of two 

trains. Observations were made in three types of vehicles: 1) 

Amcoaches (regular railroad coaches with a seating capacity of aq 
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passengers); 2) Amcafe snackbars (two coach sections with a total 

seating capacity of 55, separated by a snackbar and adjacent 

standing area); and 3) Amclub parlor cars (similar to Amcafe cars in 

terms of general layout, but with wider, larger seats, more 

legroom, first class service, and a seating capacity of 18 in the 

parlor section). The number of passengers observed in each 

vehicle on each trip route is shown in Figure 1. 

2.2 Results 

2.2.1 Trip Characteristics of Observed Amtrak 

Ridership 

The numbers of Amtrak passengers observed in the course of 

these seven trips were analyzed according to time of day, ~rip 

route, vehicle type, and level of vehicle occupancy, to determine 

some general characteristics of the ridership in this area. The 

observational data used in this and subsequent analyses of the 

behavioral taxonomy results have been restricted to those data 

recorded during the one observational sweep made on each trip in 

which the greatest number of passengers were observed. In this 

way, inferences may be made on the basis of independent 

observations, rather than on repeated (and therefore correlated) 

observations of the same individuals. 
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Figure 2 illustrates that most passengers included in the 

analysis were observed in the afternoon (12 noon - 5 p.m.), 

rather than in the morning {before 12 noon, or evening (after 5 

p.m.). A statistical comparison of the actual number of 

passengers observed in each time category to the frequencies ex­

pected according to the proportion of trips {or observational 

sweeps, made at that time of day was done using the X2 test. The 

results of this test confirmed the finding that there were fewer 

passengers riding in the morning and evening, and more riding in 

the afternoon, than would be statistically expected on the basis 

of the proportion of trips (or observational sweeps) made at that 

time of day (X2 = 41.98; d.f. = 2, p<.001). 

Figure 3 indicates that the largest number of passengers were 

observed on Amooach rather than Amcafe (snackbar, or Amclub 

(parlor) vehicles. There were significant differences between 

the proportions of seating capacity used by passengers in the 

different types of vehicles. A X2 test comparing the numbers of 

passengers observed in the different vehicle types to the number 

expected for each type based on the over-all average vehicle 

occupancy of 42.41 confirmed that Amclub and Amcafe cars were 

more densely occupied than Amcoach vehicles (X2 = 47.42, d.f. = 

2, p<. 001) • 
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Figure 4 also shows significant variations in percent 

occupancy for different vehicles of the same type, in the case of 

Amcoaches and Amcafes. X2 tests were performed to compare 

observed frequencies of passengers within each vehicle type, with 

expected frequencies calculated for each vehicle in each type as 

the product of the total seating capacity and avercige percent 

occupancy for vehicles of that type (e.g. for Amclllb vehicles, fe 

= 18 (total seating capacity) x 87.01 (average Amclub occupancy) 

= 16). Only the Amclub vehicles had similar levels of occupancy 

(X2 = 2.18, d.f. = 2, N.S.); significant differencE~s were found 

between cars in the Amcoach (X2 = 51.48, d.f. = 17., p<.001) and 

Amcafe (X2 = 17.89, d.f. = 4, p<.001) vehicle types. 

Trip route also influenced level of ridership. Figure 5 

shows that the greatest number of passengers were obser.yed on the 

Boston - New York route; however, three trips were made on this 

route and only two trips on each of the other two routes. In 

order to perform a valid X2 test to detect differences in 

ridership between the three routes, the expected frequency of 

passengers on each route was calculated and compare,d with the 

actUCiI number of passengers observed over all trains on that 

route. A X2 test showed statistically significant differences 

between levels of ridership on the three routes (X2 = 41.4, d.f. 

= 2, p<.001). While all trains carried relatively small numbers 

of passengers, the New York - Albany trains carried the smallest 

proportion compared to trains on the other routes. 
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2.2.2 Activities of Obse~ved Amtrak Ridership 

Figures 6 through 10 illustrate the frequencies of the 

various activities observed on the trains according to various 

trip parameters. The activities listed along the horizontal axes 

of these figures have been ordered from Low to High according to 

the Effort ranks discussed in Section 2.1.3. percentages for the 

activities shown in Figures 7 through 9 have been calculated to 

represent the proportion of each behavior observed relative to 

all other activity at a given time of day (Figure 7), on a given 

vehicle type (Figure 8) or on a certain trip route (Figure 9). 

percentages of all activities add up to 100 if summed over any 

particular level of the trip variable in question. For instance, 

adding the percentages of all 12 activities represented by an 

open bar for "morning" in Figure 7 will result in the sum of 

100%. 

Figure 6 indicates that the distribution of activities 

observed is clearly not uniform (X2 = 806.4, d.f. = 11, p<.OOl). 

The most popular behaviors observed included Viewing (24.4%), 

Reading (24.2%), Sleeping (14.4%), and Talking - Listening 

(10.9%), which account for almost 75% of all observations. Among 

the least popular activities were Handcrafts (0.7%), Games 

(1.3%), Doing Nothing (2.6%), and Writing (3.3%), which accounted 

for less than 10% of all -observations. The low frequency of 

Smoking observed is deceptively small, since most Smokers also 

engaged in more effortful behaviors such as Drinking and Reading, 
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and were therefore coded into these other activity categories. A 

X2 test comparing the observed frequencies of High, Medium, and 

Low Effort activities to frequencies expected on the basis of a 

uniform distribution showed significant differences between these 

activity categories (X2 = 78.23, d.f. = 2, p<.001). While there 

were greater frequencies of High and Low Effort activities than 

might be expected by chance, fewer Medium Effort behaviors were 

observed. 

Frequencies of activity clearly varied with time of day 

(X2=70.90, d.f.=22, p<.0001), as shown in Figure 7. Controlling 

for different numbers of passengers at different times of day, 

the relative number of passengers observed Reading and Writing 

increased (X2 = 5.17, d.t. = 2, p<.06 and X2 = 10.04, d.f. = 2, 

p<. 01, respectively) from morning to evening. Frequencies ,of 

Sleeping and Smoking also increased with time, although not 

significantly. Viewing peaked in frequency in the afternoon and 

decreased in the evening, while Doing Nothing decreased with 

time. Eating was significantly more frequent in the morning than 

later in the day (X2 = 45.86, d .• f. = 2, p<.001). Social 

activities such as Talking - Listening and Drinking were also 

observed most frequently in the afternoon. 

Activities also varied according to vehicle type (X2=74.49, 

d.f.=22, p<.0001), as shown in Figure 8. Amcoach passengers 

slept significantly more than Amcafe or Amclub passengers (X2 = 

6.46, d.f. = 2, p<.05), while Amclub cars had the greatest 
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relative numbers of people Reading (X2 = 5.53, d.f. = 2, p<.06) 

and Drinking (X2 = 26.86, d.f. = 2, p<.01). A gre~ater proportion 

of Amcafe passengers ate compared to those in Amcoach and Amclub 

vehicles (X2 = 7.67, d.f. = 2, p<.05). Table 3 shows that the 

greatest number of passengers observed in Amcoach vehicles were 

engaged in Low Effort behaviors (X2 = 124.26, d.f. = 2., p<.001), 

while the greatest number of Amclub passengers per'formed High 

Effort activities (X2 = 17.22, d.f. = 2, ~<.001). Although the 

majority of Amcafe passengers were split between L,ow and High 

Effort activities (X2 = 23.04 d.f. = 2, ~<.001), the greatest 

proportion of Medium Effort behaviors (17.1%) occurred in these 

cars. A X2 test of independence also showed activity effort to 

be significantly related to vehicle type (X2=11.7, d.f.=4, 

p<.05). 

It appears that trip route may also influence activity 

(X2=75.74, d.f.=22, p<.0001). Figure 9 shows that the highest 

proportion of readers was observed on the Boston - New York route 

(X2 = 26.91, d.f. = 2, p<.001), while the highest proportions of 

talker - listeners and game players were found on the Boston -

Albany trips (X2 = 19.43, d.f. = 2, p<.001 for Talking-Listening; 

X2 = 10.57, d.f. = 2, p<.01 for Games). Drinking occurred with 

relatively higher frequency on this route also, although the 

differences with other routes were not statistically significant. 

A greater proportion of passengers slept, looked around, and ate 

on the New York - Albany route, although only the differences in 
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Table 3 

Distribution of Passengers Engaged in High, Medium, and 
Low Effort Activities According to Vehicle Type 

VEHICLE TYPE 

Amcoach Allcafe Amclub 
(% (Nl) (% (N)) (% (N)) 

45.2 (291) 38.0 (60) 25.5 (12) 

Medium 12. 1 (78) 17 .1 (27) 10.7 (5) 

High 

other 

39.0 (252) 

3.7 (24) 

(X2 =124.26 
d.f. = 2 
p <.001) 

36.8 (58) 

8.2 ( 13) 

(X2=23. 04; 
d.f. = 2 
P <.001) 

57.4 (27) 

6.4 (3) 

(X 2 =17. 22; 
d.f. = 2 
p <.001) 

X2 (independence) = 11.7; d.f. = 4, p<.05) 
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frequencies of those Eating proved to be significant (X 2 = 24.41, 

d.f. = 2, p<.001). 

There is some evidence that vehicle occupancy may influence 

activity distributions in Amcoach cars. Vehicle occupancy may be 

defined as the proportion of available seating capacity occupied 

by passengers in any given vehicle, and is computed as the ratio 

of the number of passengers observed in a vehicle to the total 

available seating capacity. Figure 10 shows a comparison of the 

activity distributions of the two most sparsely occupied Amcoach 

cars observed (Numbers 6 and 18, both having a vehicle occupancy 

of 26%) to the two most densely occupied Amcoaches observed 

(Numbers 8 and 11, with respective vehicle occupancies of 60 and 

68l). These cars were chosen from the New York-Boston trips, so 

as not to confound the comparison of activities by level o~ 

crowding with possible differences between trip routes. It may 

be seen that a higher proportion of passengers in the sparsely 

occupied vehicles slept and read, while a higher proportion of 

passengers in the more crowded cars ate, drank, and engaged in 

conversation. These results did not prove to be statistically 

significant, however, on the basis of the small number of 

vehicles used in these tests. 
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2.3 Discussion 

A behavioral taxonomy was developed in the first part of this 

study of passenger activities to determine the ran.ge and 

distribution of these behaviors On interurban trai.ns, and to find 

out whether variations in behavioral patterns might be explained 

by trip, comfort, or ride quality variables. The results showed 

that certain activities occurred more frequently t.han others, and 

that activity varied with time of day, vehicle type, trip route, 

and level of vehicle occupancy. The observed frequencies of 

various activities and the ways in which behavioral distributions 

change may be discussed in light of particular characteristics of 

the Amtrak system, as well as in terms of the possible role of 

ride quality and comfort variables. 

The fact that different activities do not occur with equal 

frequency may be explained in terms of several factors. Viewing 

and Reading clearly stand out as the most frequently performed 

behaviors on these trains. Viewing, which most often consisted 

of looking out the window of a moving vehicle, occurred with high 

relative frequency in all vehicle types, over all trip routes, 

and under varying conditions of vehicle crowding. only during 

the evening hours, when darkness decreased outdoor visibility, 

did Viewing behaviors drop off. Viewing activity was 

particularly high during periods of acceleration and deceleration 

of the train, or when there was any change in motion. Bodies of 

water seemed to prompt particularly high frequencies of Viewing, 
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and may explain the especially large proportion of passengers 

engaged in this activity on the New York - Albany route, which 

parallels the Hudson River. 

Reading was also an exceptionally popular activity, which 

tended to increase in frequency as time progressed from morning 

to evening. Reading seemed to drop off, however, whenever social 

opportunities arose for passengers. This is shown by the lower­

than-average frequencies of Reading: a) in Amcafe snackbars, 

where Talking-Listening played a larger role; 2) on the Boston -

Albany route, where passengers on the long trip to or from 

Chicago spent more time socializing (Talking-Listening, Drinking) 

than on other routes; and 3) in densely occupied vehicles, where 

social activities such as Talking-Listening, Drinking, and Eating 

prevailed. 

The popularity of Reading and Viewing as passenger activities 

is also reported in three separate studies using questionnaires 

to assess the subjective importance of a number of comfort 

variables among air travelers. Jacobson and Martinez's (1974) 

STOL (Short Take-off and Landing) passenger subjects ranked 

Reading and Viewing first and third, respectively, in terms of 

importance compared to nine other activities. Richards and 

Jacobson's (1975) ground-based study of airline passengers showed 

that subjects ranked Reading first and Looking out the Window 

fourth in terms of relative time spent on a total of 11 

activities. Finally, Rudrapatna (1977) found Looking out the 
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window and Reading to be ranked first and second i.n terms of time 

spent on six activities. Looking out the window also tied with 

Concentration/Thinking as the "easiest" activity t:o perform. 

Among the least frequently observed activities; were 

Handcrafts, Games, Doing Nothing, and Writing. One possible 

explanation for these activities' relative infrequency of 

occurence might simply be personal preference; Handcrafts, for 

instance, may only appeal to a very small proporti.on of the 

passenger population. Another might be a lack of "props" 

necessary to perform certain activities. Clearly, Handcrafts 

requires the passenger to bring certain materials on the trip 

which cannot be bought or otherwise obtained on board the train; 

similarly, toys are usually necessary for participation in Games. 

Finally, the ride quality and physical environ.ment of the 

train may discourage the performa.nce of certain activities. 

Writing, for example, appeared to be difficult in the motion 

environment experienced on these trains. The cramped seating and 

small fold-out tables in Amcoach vehicles also may have 

prohibited passengers from spreading out their work materials for 

Writing. The importance of adequate space for Writing is shown 

by the higher frequencies of this activity observed in the 

evening when the trains were less crowded, and in the cars with 

lower vehicle occupancy. 
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Writing was also rated to be the most difficult of seven 

activities by passengers polled in Richards and Jacobson's (1975) 

ground-based questionnaire study of airline passengers' comfort, 

while Rudrapatna's (1977) airline passenger subjects ranked it 

only moderate in difficulty compared to five other activities. 

Subjects in both of these studies reported spending little time 

writing compared to the other activities, which supports the 

results of this taxonomy. 

The a priori ranking of activities according to effort in 

Table 1 provides a useful means of: 1) classifying multiple 

behaviors into a single category for the purpose of recording 

activities; and 2) grouping activities together into larger 

categories for the purpOS4: of comparing different levels of 

behavior in terms of relevant trip variables. The six beh~vioral 

criteria used for assessing the effortfulness of each activity, 

and the ratings for each criterion pertaining to each activity, 

were suggested by the ride quality and vibration research 

literature on performance reviewed in Section 1.2 and confirmed 

by observations on previous train rides not included in the data 

analysis of this taxonomy.. Some evidence for the validity of 

these ranks may also be obtained by comparing them with the 

empirical ranking of activities by airline passengers in two 

questionnaire studies performed by Richards and Jacobson (1975) 

and Rudrapatna (1977) in Table 4. 
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Table 4 

Comparative Effort Ranking of Passenger Activities 
According to Questionnaire Results of Airline Passenger 

Studies vs. the Present Study 

Richards & Jacobson (1975) 

Data Ground-based 
Source Respondents 

Least Reading 

Diffi- Relaxing 
cult 

Most 
Difficult 

Concentrating 
Conversing 
Eating 

Sleeping 
writing 

In-flight 
Respondents 

Concentration 

Reading 

Writing 
Sleeping 

Rudrapatna 
( 1977) 

In-flight 
Respondents 

Looking out 
the window 
Concentration/ 
Thinking 
Reading 
Writing 
Dozing 

Conversation 

The Present 
Study (1978) 

A Priori' 
Ranking 

Doing Nothing2 

Sleeping 

Smoking 
Viewing 
Talking­
Listening 
Games 
Handcrafts 
Eating 
Drinking 
Re~ding 
Writing 

1. See Table 1 for effort ratings of activities on the basis 
of six behavioral criteria. 

2. Corresponds to "Relaxing", "Concentrating", "Thinking" 
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Considering the fact that the activity effort ranks were 

derived on the basis of two modes of transportation with quite 

different motion environments, the similarities in ordering are 

considerable. The only real differences between the assessments 

of effort arise for Sleeping, which is rated as a difficult 

activity by the air travelers and as a relatively easy activity 

on the a priori scale, and for Reading, which air travelers find 

to be easy, but which is rated as a High Effort behavior in this 

study. It is believed that the vertical motion of airplanes and 

the short flight times e~perienced by the air travelers in the 

Richards and Jacobson and Rudrapatna studies may have interfered 

with sleep more than the predominantly rolling lateral motions 

and long trip times experienced by train passengers. conversely, 

the same rolling motions, which are relatively lower in amplitude 

on airplanes than on trains, are believed to interfere wit~ the 

eye focussing and visual attention necessary for Reading. 

The predominance of Righ Effort activities among Amclub 

passengers, Low Effort activities among Amcoach passengers and 

the even split between High and Low Effort behaviors among Amcafe 

passengers, clearly has implications for the effect of ride 

quality/comfort variables on passenger satisfaction. The three 

types of vehicles may be regarded as representing three levels of 

passenger service in terms of the acceptability of the Amtrak 

system. 
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Of all three vehicle types, there is the least amount of 

space between seats in Amcoach vehicles, and little individual 

passenger space to perform more difficult activities such as 

Reading and writing. Passengers must walk through the vehicle to 

another car to obtain food at a snackbar. These conditions are 

probably the least favorable for performing active behaviors; 

hence the high percentage of Low Effort activities observed. The 

Amcoach vehicle layout is illustrated in Appendix :so 

Amcafe vehicles, on the other hand, accommodate fewer people, 

and there are at least four groups of double seats facing each 

other, allowing more legroom and greater opportuni,ties for social 

behavior. Food service right in the vehicle and the greater 

average amount of space per person may also have encouraged a 

higher frequency of High Effort activities. The Amcaf~ vehicle 

layout is also shown in Appendix B. 

Finally, Amclub vehicles offer the highest lev.el of service, 

comfort, personal space, and passenger amenities. Waiter service 

at the passenger's seat may have encouraged Eating and Drinking, 

while the larger seats, more legroom, and large lapboards 

available provided a good workspace for Reading and Writing. 

Of course, differences in the individual characteristics of 

passengers traveling in Amclub vs. Amcoach/Amcafe .ears may have 

also influenced the activity distributions in these cars. It has 

been found on Amtrak Metroliners that more Metroclub passengers 
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travel for business purposes than Metrocoach passengers;2 the 

same might be expected on Amfleet vehicles. Passengers traveling 

for business purposes mi9ht wish to engage in more work-related 

activities (Reading and ~~iting) and might also be more inclined 

to eat and drink on the tzains in order to maintain a business 

schedule. 

Many activities obsexved on the train seem to vary with time 

of day, in accordance witb the normal human activity cycle which 

peaks in the middle of the day (Kleitman, 1939). This was 

particularly true with social activities, such as Talking-

Listening and Drinking, and also Viewing, which was largely 

dependent upon natural levels of light. The High Effort 

activities of Reading and Writing increased in frequency as the 

day progressed; the evening frequency peaks in these behaviors 

may have been due to the onset of darkness which caused a 

significant number of Viewers to engage in alternative 

activities. 

The results of this taxonomy provide baseline information 

regarding the categories and frequencies of passenger activities 

on intercity trains. In the second part of this study, the 

importance of passengers' subjective preferences for different 

2Personal communication hased on results of Amtrak Quantitative 
Market Analysis survey of Metroliner passengers performed from 
July 3D-August 6, 1976. 
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behaviors, and their perceptions of environmental factors' 

interference with activity performance, are explored and related 

to actual patterns of behavior determined through observation. 
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3. PASSENGER ACTIVITY/RIDE QUALITY SURVEY 

3.1 Method 

3.1. 1 subjects. A total of 804 SubjE~ctS were 

sampled from the passengers on 13 Amtrak trains in the Northeast 

corridor, running on the same routes each day in hoth directions 

between Washington, DC and Newark, NJ. Amtrak passengers 

participated in this survey every day from Monday through Friday 

during the week of July 18-22, 1977. subjects weI:e sampled 

throughout each test day (morning, afternoon, and evening), in 

order to obtain a representative sample of Northea.st Corridor 

Amtrak system users. 

3.1.2 Apparatus. The survey form which w ... s 

distributed is reproduced in Appendix C. Pens and pencils were 

also available for the subjects' use. 

3.1.3 Procedure. A questionnaire dev'eloped to 

assess passengers' activity preferences and perceptions of 

vehicle ride quality was distributed at random to approximately 

25l of the passengers in each car of 13 trains traveling between 

Washington, DC and Newark, NJ. This survey was conducted by 

Amtrak in coordination with a secondary data collection effort 

involving the simultaneous observation of passenger activities by 

the experimenter. The experimental procedure is described below. 
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The experimenter and an Amtrak Quantitative Market Analysis 

representative experienced in survey data collection techniques 

boarded each train in the rear vehicle. While the train was in 

motion, the experimenter '~alked through the vehicle, observing 

and recording passenger activities using the same methods 

described in Section 2.1.3. When the experimenter finished 

taking data in a given vehicle, she proceeded to the next car. 

The Amtrak representative then began the survey distribution pro­

cedure in the vehicle just observed by the experimenter. 

Proceeding from the rear to the front of each vehicle, the 

Amtrak representative approached every fourth passenger as a 

potential survey respondent. He introduced himself to each 

passenger as a representative of the Amtrak Marketing Department, 

and explained that a survey was being conducted "to find oqt what 

you think of the ride and what you like to do on the train." The 

passenger was then handed a questionnaire, requested to fill it 

out, and given a pen or pencil to write with. Respondents were 

told to hold onto the completed survey form until it was 

collected from them, or to leave it on their seats if they had to 

get off the train before the Amtrak representative returned. No 

further instructions were given about filling out the question­

naire, except to answer specific questions and point out the 

instructions written in the survey form. 
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When the Amtrak representative had finished distributing the 

questionnaires in each vehicle, he proceeded to the next vehicle, 

always staying one car behind the experimenter unt~il he had 

covered the whole train. Completed survey forms ~rere then 

collected from the passengers or from their seats. 

This survey was conducted between July 18-22, 1977 on Amtrak 

Trains #172 (The Patriot, Washington, DC-Newark), #169 (The 

Colonial, Newark-Philadelphia), and #171 (The Patriot, 

Philadelphia-Washington,DC). 

3.2 Results 

Of the 900 questionnaires distributed, 804 were returned con­

taining any data whatsoever which could be included in .~he 

analysis of results. Only six passengers of all those approached 

by the Amtrak representative refused to participate in the survey 

at all. However, 30 questionnaires were collected in which not 

even one item had been answered, resulting in a total refusal 

rate of 4%. Twelve questionnaires were disgarded, all from the 

same vehicle, because operational problems precluded the 

recording of activity data which would have been correlated with 

the subjective responses. The other 48 questionnaire forms were 

never returned to the Amtrak representative. 
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The experimenter and two assistants coded the 804 completed 

questionnaires for computer processing. criteria for coding 

ambiguous and anomalous responses and categories for the coding 

of spontaneous passenger comments were worked out in advance 

using 16 questionnaires from a pilot study of the present survey 

conducted in April, 1911, resulting in a high level of agreement 

between the three coders. 

Appendix D summarizes in tabular form the distribution of 

results in each response category for each item on the passenger 

acti vi ty/ride quality surv'ey. Figures 11 through 15, which 

represent the results of -this survey in the following discussion, 

are based upon the numerical values in these tables. 

3.2.1 Subjective Importance of Activity 

The distribution of responses to Question 1, plotted in 

Figure 11 and summarized .in Appendix D, shows that passengers 

felt certain activities play an important role in their general 

satisfaction while riding the train. Over 50% of the respondents 

considered eight of the 12 activities listed to be important to 

their satisfaction with Amtrak train travel. Reading and 

Thinking were considered to be important activities by the 

greatest numbers of respondents (87.6% and 85.9%, respectively), 

followed by Sleeping (16.1 %), Beverage consumption and Looking 

around (12.9% and 12.6%, respectively), Eating (70.4%), and 

Conversation (61.9%). Games and Handcrafts were considered to be 
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unimportant by the greatest numbers of respondents (82.1% and 

82.5%, respectively), followed by Smoking (69.5%). Writing was 

felt to be important by about half the respondents (50.7%), while 

the other half judged it to be unimportant (49.3%). Few 

respondents (only 20.8%) bothered to make any response regarding 

the importance of other activities, and of those who did respond, 

the majority (72.0%) felt these were unimportant. 

Figure 12 and Appendix D show the distribution of responses 

to Question 2, regarding passengers' preferences for the amount 

of time spent doing various activities. It appears that the vast 

majority of respondents were content with the amount of time they 

presently spent engaged in these travel behaviors. However, 

approximately 20-30% of the sample would prefer to spend more 

time Reading, Writing, Sleeping, Thinking, having Conversation, 

and Looking Around on future train trips. Activities which a 

similar proportion of passengers would like to spend less time on 

included Smoking, Handcrafts, and Games. 

Comparison of the results of Questions 1 and 2 shown in 

Figures 11 and 12 suggest that the activities considered 

important by the majority of passengers are also the behaviors 

which the greatest numbers wish to spend more time on. These 

behaviors include such activities as Reading and Sleeping. 

Conversely, the activities which are considered to be unimportant 

are the same as those which passengers prefer to spend less time 

doing on future trips (e.g., Handcrafts, Smoking). A Pearson 
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correlation of 0.93 (p<.01, d.f. = 10) was computed between the 

proportions of passengers responding in the "Important" category 

for Question 1 and the "More" category for Question 2, using the 

percent values for each activity shown in Appendix D. Similarly, 

a Spearman rank correlation of 0.66 (p<.02, d.f = 10) was found 

by ranking the activities according to importance and time pre­

ference, based on the percentage response in the "lm{-ortant" and 

"More" categories in these two questions. These high parameteric 

and non-parametric correlation values suggest a strong 

relationship between subjective attitudes towards individual 

activities' importance and the amount of time passengers wish to 

spend doing them. 

In addition, several non-parametric tests of association were 

performed on passenger's responses to corresponding activities in 

Questions 1 and 2, to determine the level of consistency of 

individual passengers' attitudes toward the various activities. 

The results are shown in Table 5. (Passengers responding in the 

"Samet! category in Question 2 have been excluded from the 

analysis). For each activity, there is a statistically 

significant relationship between responses of "Important" on 

Question 1 and "More" on Question 2, and "Unimportant" on 

Question 1 and "Less" on Question 2. Phi coefficients range from 

0.43 for Sleeping to 0.77 for other; contingency coefficients 

were consistently lower, ranging from 0.40 to 0.61 for the same 

activities. 

94 



Table 5 

Results of Non-Parametric Tests of Association between 
Passengers' Judgments of Activity Importance and 

Time Preference 

Activity t of Pairs Phi* X2 ** Contingency 
Coefficient Coefficient 

Beverage 98 .5IJ 26.13 .IJ7 
consumption 

Eating 129 .69 57.57 .57 
Looking 189 .57 58.17 • IJ9 

around 
Games 156 .63 58.98 .53 
Reading 2IJ5 .61 8IJ.39 .52 
writing 202 .5IJ 55.86 .47 
Thinking 18IJ .52 IJ5.36 .46 
Sleeping 192 .IJ3 33.16 .IJO 
Conversation 166 .57 51.56 .50 
Handcrafts 16IJ .73 83.82 .59 
Smoking 198 .56 57.62 .IJ9 
Other 37 .77 18.62 .61 

* All Phi coefficients are significant at the .001 level. 
** All X2 values are significant at the .00001 level. 
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Since questionnaires were distributed to a 25% sample of the 

same passengers whose activities were actually observed, it is 

possible to determine the relationships between the distributions 

of observed activities and the distributions of subjective 

responses about activities in Questions 1 and 2. In other words, 

it was possible to test the relationships between the activities 

people are actually doing, the activities which they say are 

important to their satisfaction, and the behaviors they would 

like to be doing on the trains. 

Table 6 compares the relative proportions of activities ob­

served from a total of 3310 passengers, with the percentages of 

responses made in selected categories for the same activities on 

Questions 1 and 2. Rank order values from low (1) to high (12) 

are also included for the various activities. Table 7 shows the 

parametric and non-parametric correlations between these values. 

There is clearly a strong positive relationship between the 

activities which passengers perform and the activities they feel 

to be subjectively important. An even stronger relationship 

exists between the observed performance levels of activity and 

passengers' desire to spend more time on these behaviors on 

future trips. The low negative correlations between observed 

levels of activity and the percentages of passengers responding 

in the "Same" category on Question 2 shows that passengers are 

really not quite satisfied with the amount of time they presently 

spend on different activities. 
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Table 6 

Relative Proportions of Passenger Activities Observed 
and Responses to Questions of Activity Impolotance 

and Time Preference 

Activity Observed i Responding i Responding ~ Responding 
Observed Relative "Important" "More" On "Same" on 
(Survey Frequency on Question 1 Question 2 Question 2 
Descriptor) ) (i (Rank) ) (i (Rank» (i (Rank) (i (Rank) ) -
Doing Nothing 6.3 (8) 85.9 (11 ) 23.1 (9, 70.2 (8) 

(Thinking) 
Sleeping 15.9 (10) 76.1 (10) 23.9 (10) 66.8 (4) 
Smoking 0.5 (1.5) 30.5 (4) 5.0 ( 1) 64.2 (3) 
Viewing (Look-25.5 (12) 62.7 (7) 21.7 (7) 69.3 (6) 
ing around) 
Talking-Lis- 15.0 ( 9) 61.9 (6) 21.8 (8, 70.7 (9 ) 
tening (Con-
versation) 
Games 1.6 (3) 17.3 (1) 11.6 (5) 69.7 (7) 
Handcrafts 0.5 (1.5, 17.5 (2) 8.9 ( 3) 69.2 (5) 
Eating 2.9 (6) 70.4 (8) 12.1 (6 ) 80.6 ( 11) 
Drinking (Bev- 2.4 (4) 72.9 (9) 9.4 (4) ,84.4 (12) 
erage Con-
sumption) 
Reading 22.2 (11) 87.6 (12) 33.4 (12) 60.6 (1 ) 
Writing 2.7 ( 5) 50.7 (5 ) 24.4 (11' 63.6 (2) 
Other 4.4 (7) 28.0 (3) 8.3 (2) 77.1 (10) 
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Table 1 

Parametric and Non-Parametric' Correlations Between Observed 
Activities and Subjective Ratings of Importance and 

Time Preference 

Proportion Responding 
"Important" - Question 1 
(Importance Ranks) 

Proportion Responding 
"More" - Question 2 
(Time Preference Ranks) 

Proportion Responding 
"Same" - Question 2 
(Time Preference Ranks) 

Observed Relative Frequency 
of Activity (Activity Ranks) 

r = .56 (.65) 
(p<.1) (p<'02) 

r = .14 (.61) 
(p<.01) (p<.02) 

r = -.35 (-.08) 
(NS) (NS) 

'. Spearman rank order correlations corrected for ties (Hays. 1913. 
p. 791) are shown in parentheses. 

98 



3.2.2 perceptions of Rid~ 2!!.~lity anc~ Its Sub­

jective Effects fill Passenger Activities 

Figure 13 and Appendix D show the distribution of ride 

comfort responses to Question 3. The results sugc;rest that the 

ride quality of the Amtrak trip was judged quite positively by 

the majority of respondents. The most frequent rE~sponse to this 

question was "Comfortable" (43.9%), and over 75% of the 

passengers polled responded in the comfortable range (either 

"Somewhat Comfortable", "Comfortable", or "Very Cc)mfortable") • 

The results of Questions 4 and 5, regarding palssengers' 

perceptions of how environmental and other variables interfere 

with their ability to do specific activities, are shown in 

Figures 14 (a through e) and 15 (a through f). The nUJ;llerical 

values of these distributions are shown in Appendix D. For Low 

Effort activities such as Smoking, Looking Around (Viewing), and 

Thinking (Doing Nothing), the most frequent response to Question 

4 was "None of the above interfere with my [activity]." These 

three activities generally had low response rates, which may also 

indicate a lack of perceived interfe~ence by ride quality or 

comfort factors. Sleeping, which was also designated as a Low 

Effort activity, was perceived to be disrupted by the rough ride 

by over one-fourth of those responding to this item. One-fifth 

of those responding also felt that noise interfered with this 

activity, while 11% cited temperature and space factors as 

restrictive. 
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For Medium Effort activities such as Games and Handcrafts, 

the largest percentages of response were in the "not interested" 

and "none of the above interfere" categories. The response rates 

were also quite low for these activities. Forty-one percent of 

those responding did not. perceive Talking-Listening (Con­

versation) to be disrupted by any of the factors listed in 

Question 4, although roughly one-fourth said that noise inter­

fered with their conversation. 

Passengers perceived ride quality and comfort factors to 

interfere more with High Effort activities than with Low or 

Medium Effort behaviors. Ride roughness was perceived to 

interfere with the High Effort activities of Eating, Drinking, 

Reading, and Writing more than any other comfort, trip, or 

personal preference variable, and more than for any of thQ Low 

and Medium Effort activities. Noise was also cited as a 

disruptive factor by 27.11 of the respondents for Reading and 

10.7% of the respondents for Writing. Poor lighting was 

perceived to interfere with Reading and Writing more often than 

with the other activities. Passengers also expressed the lowest 

level of disinterest for the High Effort activities, compared to 

responses for Low and Medium Effort behaviors. Sums of the 

percentage responses in the ride yuality and comfort related 

categories for Questions 4 and 5 (i.e., "Rough ride ••• ", "Noisy 

ride ••• ", " ••• too hot or cold ••• ", " ••• light poor ••• ", " ••• not 

enough space ••• ", and " ••• too many people ••• ") are shown in Table 
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8. There is clearly a trend toward a higher level of perceived 

interference with the High Effort activities. 

The total percent interference response for each activity may 

also be used to rank order the activities for performance 

difficulty on the train. These ranks may then be compared to the 

a priori ordering of activities by effort discussed in Section 

2.0. Table 9 shows the two sets of activity ranks. The major 

discrepancy between the two orders is caused by th,e high ranks of 

Doing Nothing (Thinking) and Sleeping and the low :t"anks of Games 

and Handcrafts obtained from the total perceived interference 

responses to Question 4, in comparison to the ~ ~iori ordering. 

The sums of interference responses for High Effort activities 

were generally high enough and the sums for Lookinq- Around and 

Smoking low enough to yield ranks for these activities ~hich are 

comparable to the ~ priori ranks. The Spearman correlation 

coefficient (corrected for ties) between the two OJrders is 0.48 

which is not significant (t=1.64, d.f.=9). 

Table 9 also shows a set of activity ranks derived from 

percent response in the "Rough ride interferes with my 

[activity]" category on Questions 4 and 5. This rank order is 

more similar to the ~ priori effort ranks than is i:he order based 

on total percent interference response (Spearman r = 0.59; 

t=2.19, d.f.=9, p<.1) between ~ priori and "rough ride" ranks). 

Also, the rank order correlation between the "rough ride" ranks 

and the order based on total percent interference response is so 
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Table 8 

Total Percent Ride Quality Interference Response 
(Questions 4 and 5) as a Function of 

Activity Effort 

Activity 
Total l Interference 

Response 

Doing Nothing (Thinking) 
Sleeping 
Smoking 
Viewing (Looking Around) 

Talking-Listening (Conversation) 
Games 
Handcrafts 

Eating 
Drinking (Beverage Consumption) 
Reading 
Writing 

114 

56.7 
52.8 
15.5 
32.1 

44.8 
32.1 
28.4 

51.6 
58.4 
76.1 
79.5 

Effort 

Low 
(x = 39.3) 

Medium 
(5C = 35.1) 

High 
(5C = 66.4) 



Table 9 

A Priori Effort vs. Perceived Interference JRanksl 
Derived from Questions 4 and 5 

Activity 
A Priori 

Effort Rank 

Doing Nothing 1 
(Thinking) 

Sleeping 2 
Smoking 3 
Viewing (Look- 4 
ing Around) 

Talking-Listening 5 
(Conversation) 

Games 6 
Handcrafts 7 
Eating 8 
Drinking (Beverage 9 

Consumption) 

Rank Based on 
Total l Inter­
ference Response 

8 

7 
1 

3.5 

5 

3.5 
2 
6 
9 

Rank Based on 
l '''Rough Ride" 
Response 

6 

7 
1 
5 

3 

2 
4 
9 

"10 

Reading 10 10 8 
writing 11 11 '11 

~----r---~I ~I ____ ~--___J 
r = .48 
(NS) 

r = .86 
(p<. 0 1) 

~----------r-----------J 

1. 1 - low; 11 = high 
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r = .59 
(p<. 1) 



high (r = 0.86; t=5.05, d.f.=9, p<.01) as to suggest that rough 

ride is the dominant comfort factor in passengers' perceptions of 

variables which interfere with their activities. 

The total percent interference response for each respondent 

from Questions 4 and 5 was also correlated with the response to 

Question 3 regarding ride comfort. A Spearman rank order 

correlation of -0.32 (p<.0001) was found, using data from 792 

respondents who answered Question 3 and at least some part of 

Questions 4 and/or 5. Since the higher scores on Question 3 

signify a more comfortable ride, the correlation coefficient 

indicates that the more comfortable a respondent rated the ride, 

the fewer complaints were made about ride quality variables 

interfering with activities, and vice versa. 

3.2.3 The Effects of Trie Characteristics QQ 

Passengers' perceetions of Activity and Ride 

Quality 

Questions 6 through 11 were used in the survey to obtain in­

formation about certain trip variables which might influence 

passengers' attitudes toward the importance of activities and the 

effects of ride quality on activities. These variables include 

trip distance, previous trip experience, trip purpose, and number 

of traveling companions. The percentage distributions of 

responses to these questions are shown in Appendix D. 
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Questions 6 and 7 were used to determine the actual distances 

which passengers in the survey sample traveled on their trips on 

the Northeast Corridor. Almost 401 of the passengers polled were 

traveling a distance of 200-300 miles on Amtrak. A total of more 

than 60% of the respondents made 100-300 mile trips, considered 

to be in the intermediate distance range. Approximately 20% 

traveled less than 100 mi or more than 300 mi. 

The effects of trip distance on perceived importance of 

activity were assessed using an Activity Importance Index, which 

was computed for each respondent as the total number of 

activities checked as "Important" on Question 1. 'rable 10 shows 

the results of a one-way analysis of variance on this index by 

trip distance. Activity Importance was shown to increase the 

longer the trip (p<.01). similarly, an Activity Time Pxeference 

Index was computed by counting the total number of activities 

which each respondent wished to spend "More" time doing on future 

trips (Question 2). The results of a one-way analysis of 

variance on this index for trip distance (Table 11)1 suggest a 

direct relationship (p<.1) between length of the tl::-ip and the 

number of activities respondents wished to spend more time on. 

There was no significant difference in mean ride comfort ratings 

on Question 3 between the four groups of passengers traveling 

known trip distances (F= 1.77, d. f = 3,768). 
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Table 10 

Results of One-Way Analysis of Variance of Activity 
Importance Index by Trip Distance 

Source SS d. f. MS F 

Between (Trip 118.03 4* 29.51 5.81 (p<.01) 
Distance) 

Within 4055.53 799 5.08 
Total 4173.56 803 

Table 11 

Results of One-Way Analysis of Variance of Activity 
Time Preference Index by Trip Distance 

Source SS d. f. MS F 

Between (Trip 31.33 4 7.83 2.03 (p<. 1) 
Distance) 

Within 3078.55 799 3.85 
Total 3109.87 803 

* In this and all subsequent analyses of variance in Sections 
3.2.3 and 3.2.4, the number of treatment groups = the number of 
trip or demographic variable categories in the survey item being 
analyzed + 1. This additional group includes passengers who did 
not respond to or gave anomalous responses to the trip variable 
or demographic item in question. 
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In order to assess the effects of trip distance on 

passengers' perceptions of ride quality variables' interference 

with activities, an Activity Interference Index was computed for 

each respondent by counting the total number of comfort-related 

response categories checked across all activities in Questions 4 

and 5 (i.e., "Rough ride ••• ", "Noisy ride ••• ", " ••• too hot or 

cold ..... , ..... light poor ••• ", n ••• not enough space' ••• " and 

" ••• too many people ••• II). No significant differences between the 

average values of this index were found as a function of trip 

distance (F=1.13, d.f.=4,199). 

Question 8 was originally included in the survey to determine 

differences between passengers riding in first class (Amclub) vs. 

coach vehicles. However, it was later decided to limit data 

collection to only tourist class Amcoach vehicles, as ~hese 

provided greater numbers of people for observation. Therefore, 

all passengers responding to Question 8 answered in the same 

category ("Coach"). 

It was possible, however, to separate respondents into two 

vehicle groups, depending upon whether they sat in Amcoach or 

Amcafe cars. It was found that 83.1% of the passenger sample was 

polled in Amcoach vehicles, and 16.9% in Amcafe cars. No 

significant differences were found between these t'iiO groups on 

the Activity Importance Index (t=O.66, d. f. =802). ,~cti vity Time 

Preference Index (t=O.33, d.f.=802). or Activity Interference 

Index (t=.08, d. f. =802). However, passengers in ·the Amcoach 
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vehicles rated the ride as significantly more comfortable than 

passengers in the Amcafe cars (t=2.93, d.f.=790, p<.01). 

Question 9 was used to assess the level of previous trip 

experience of respondents on Amtrak trains on the Northeast 

Corridor. The distribution of responses is shown in Appendix D. 

The most frequent response to this item ("More than 10 times") 

was given by 36.3l of the passengers polled. However, over 50% 

of the respondents had little or no previous trip experience. 

Only a very few passengers reported having an intermediate level 

of trip experience ("6-9 times"). 

Since it was expected that differences in previous trip 

experience might cause systematic variations in passengers' 

attitudes toward activities and ride quality, one-way analyses of 

variance were conducted on the three activity indexes and ride 

quality ratings as a function of trip experience. No significant 

differences were found as trip experience varied for Activity 

Importance (F=1.79, d.f.=4, 799), Activity Time Preference 

(F=1.24,d.f. =4, 799), ride comfort ratings (F=1.56, d.f.=4,787), 

or Activity Interference (F=1.51, d.f.=4, 799). 

Question 10 was included to determine the reasons for 

passengers' Amtrak trips. The percentage distribution of results 

is shown in Appendix D. The most frequent trip purpose reported 

by respondents in this July survey was "vacation or recreation" 

(48.2%). Another 24% were traveling to conduct "personal 
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affairs", while 20% reported that the purpose of their trip was 

for "business or work". 

The results of a one-way analysis of variance on the Activity 

Importance Index by trip purpose (Table 12) showed that 

significantly fewer activities were rated as important by 

respondents traveling for business or school purposes than by 

those on vacation/recreation-related trips (p<.05). However, the 

greatest number of Activity Interference responses (Table 13) 

were made by passengers traveling for business and school 

purposes, as opposed to those making trips for personal, 

vacation/recreation, or other reasons (P<.01,. No significant 

differences were found between groups traveling fo:( different 

reasons on the Activity Time Preference Index (F=61~, d.f. =5,798) 

or on the ride comfort ratings (F=1.05, d.f. =5,786,. 

The distribution of responses to Question 11 rl:garding 

traveling companions is shown in Appendix c. Over half the 

respondents reported traveling alone; an additional 24.3% 

traveled with only one other person. Very few passengers polled 

traveled in groups of three or more. 

Number of traveling companions did not affect respondents' 

attitudes toward the importance of activities to any great 

extent, as shown by the non-significant results of one-way 

analyses of variance on Activity Importance (F=O.86,d.f.=5,798) 

and Activity Time Preference (F=O.21,d.f.=5,798). Ratings of 
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Table 12 

Results of One-Way Analysis of Variance of Activity 
Importance by Trip Purpose 

Source SS d. f. MS F 

Between (Trip 14.03 5 14.81 2.88 (p<.05) 
purpose) 

Within 4099.54 198 5.14 
Total 4113.56 (303 

Table 13 

Results of One Way-Analysis of Variance of Activity 
Interference by Trip Purpose 

Source SS d.f. MS F 

Between (Trip 411.45 5 82.29 3.37 (pC 01) 
purpose) 

Within 19481.92 198 24.41 
Total 19893.31 803 
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ride quality and its effects On passenger activity were worse for 

respondents traveling with more companions. Table 14 shows the 

results of a one-way analysis of variance on ride comfort 

ratings; passengers traveling with "5 or more othe.rs" rated the 

ride as significantly less comfortable than passengers traveling 

with fewer companions (p<.05). There was also a statistical 

trend (p<.1) toward higher Activity Interference Index values for 

passengers in this same group (Table 15). 

3.2.4 The Effects of Demographic Characteristics QQ 

Passengers' Perceptions of Activity and Rid~ 

Quality 

Questions 12 through 16 were included in this survey to 

obtain general demographic information about the passe~ger 

sample. The Activity Indexes based on responses to Questions 

1,2,4, and 5 and the ride quality ratings from Question 3 have 

been broken down according to the major levels of the demographic 

factors. This type of analysis permits the determination of the 

effects of individual differences on passengers' attitudes toward 

activities and the perceived effects of ride quality on various 

activities. The demographic variables of interest are sex, 

education, age, occupation, and income. The percentage 

distributions of responses to Questions 12 through 16 regarding 

these demographic factors are presented in Appendix D. 
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Table 14 

Results of One-Way Analysis of Variance on Ride Comfort 
Ratings as a Function of Traveling Companions 

Source SS d.f. MS F 

Between (Com- 35.21 5 7.04 2.73 (p<.05) 
panions) 

Within 2026.37 786 2.58 
Total 2061.58 791 

Table 15 

Results of one-Way Analysis of variance on Activity Inter­
ference as a Function of Traveling Companions 

Source SS d.f. MS F 

Between (Com- 249.67 5 49.93 2.03 (pC 1) 
panions) 

Within 19643 .. 71 798 24.62 
Total 19893.31 803 
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The results of Question 12 show that approxima1:ely 56'; of the 

respondents were women and 44% were men. One way cmalyses of 

variance for the male, female, and unidentified sex groups were 

not significant for Activity Importance (F=0.1,d.f..=2,801), 

Activity Time Preference (F=0.48,d.f.=2,801" or Activity 

Interference (F=1.06, d.f. = 2,801). No significant differences 

in ride comfort response between males, females, Ol~ those who did 

not respond to Question 12 were found (F=1.38,d.f.::2,789). 

The distribution of responses to Question 13 was extremely 

skewed, with 75% of the sample claiming to have at least a 

college education. Almost one-fourth reported having at least 

some high school training, and only a very few resl~ndents said 

they had attended only grade school. The results of the same 

questionnaire item on the pilot study conducted thl~ee ~onths 

earlier, and the results of Amtrak's own survey conducted on 

similar Amfleet equipment in the Northeast Corridol~ in May, 1976, 

present virtually the same educational distribution. However, 

the most recent statistics available on educational background 

from the Bureau of the Census (U.S. Department of Commerce, 1917, 

indicate that 60.8% of the Northeast regional sample had attained 

a high school education, while only 38.01 had any college or pro­

fessional training. Thus, it appears that Amtrak passengers in 

the Northeast Corridor may be better educated than .the general 

public living in the same region. 
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Educational background appeared to influence respondents' 

answers to Question 1 on Activity Importance and Question 3 on 

ride comfort. There was a trend (p<.1) toward a lower mean 

Activity Importance Index for passengers with a grade school 

education or less, compared to those respondents with high 

school, college, or unblown educational backgrounds (Table 16). 

As level of education increased, the average comfort rating 

decreased, resulting in significant (p<.05) differences between 

the mean response on Question 3 for the different educational 

groups (Table 17). No significant differences were found between 

groups for the Activity Time Preference or Activity Interference 

Indices (F=O.22,d.f.=3,800 and F=1.83,d.f.=3,800, respectively). 

The age distribution of respondents according to the results 

of Question 14 is shown in Appendix D. The median and moae of 

this distribution fell in the 25-34 year old response category 

(28.8%) with number of respondents decreasing progressively with 

age above and below the modal category. A large number of 

respondents (25.2%) also fell into the 18-24 year old category, 

such that over half the passengers polled were aged 18-34 years. 

The importance of passenger activity and ride quality factors 

seems to decrease as a function of age. As age increased, the 

number of activities passengers rated as "Important" decreased, 

resulting in significant differences (p<.01) between age groups 

on the Activity Importance Index (Table 18). Similarly, the 

number of activities passengers wished to spend "More" time on 
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Table 16 

Results of One-Way Analysis of variance on AGtivity Im­
portance Index as a Function of Educational Background 

Source SS d.f. MS lr 

Between (Educa- 36.93 3 12.31 2.3a (p<.1) 
tion) 

within 4136.63 800 5.17 
Total 4173.56 803 

Table 17 

Results of One-way Analysis of variance on RidE~ Comfort Re­
sponses as a FUnction of Educational Background 

Source SS d. f. MS F 

Between (Educa- 26.04 3 8.68 3.36 (p<.05) 
tion) 

Within 2035.54 788 2.58 
Total 2061.58 791 
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decreased as age increased, resulting in significant differences 

(p<.01) between age groups on the Activity Time Preference Index 

(Table 19). The total number of factors which respondents 

indicated as interfering with activity decreased with age, 

resulting in significant differences (p<.01) in the Activity 

Interference Index means between age groups (Table 20). No 

significant differences were found between mean ride comfort 

ratings for the different age groups (F=1.12, d.f.=7,784). 

The distribution of responses to Question 15 regarding 

occupation is shown in Appendix D. It is clear that the sample 

is representative of passengers in a wide range of occupations, 

the greatest numbers of which lie in the Professional and Tech­

nical (29.5%) and Student (20.5%) categories. Statistically 

significant differences between occupational groups were £Qund 

for the Activity Importance Index (p<.01, Table 21), Activity 

Time Preference Index (p<.01, Table 22), Activity Interference 

Index (p<.01, Table 23), and ride comfort ratings (p<.01, Table 

24). Because of the large number of groups, it is easier to 

characterize occupational differences in responses by describing 

overall patterns in response to the various activity and ride 

quality questions rather than by looking at each index 

individually. 
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Table 18 

Results of One-way Analysis of Variance of Activity 
Importance as a Function of Age 

Source 

Between (Age) 
Within 
Total 

SS 

328.18 
3845.39 
4173.56 

d.f. 

7 
796 
803 

Table 19 

MS 

46.88 
4.83 

l~ 

9 '. 7 0 (p<. 0 1 ) 

Results of One-Way Analysis of Variance of Activity 
Time Preference as a Function of AgE~ 

Source 

Between (Age) 
Within 
Total 

SS 

195.66 
2914.22 
3109.87 

d.f. 

7 
796 
803 

Table 20 

MS 

27.95 
3.66 

7.63 (p<.01) 

Results of One-Way Analysis of Variance of Activity 
Interference as a Function of Age 

Source 

Between (Age 
Within 
Total 

SS 

1277.70 
18615.67 
19893.37 

d. f. 

7 
796 
803 

129 

MS 

182.53 
23.39 

F' 

7.80 (p<.01) 



Table 21 

Results of One-Way Analysis of Variance on ~ctivity Im­
portance as a Function of Occupation 

Source ss d.f. MS F 

Between (Occu- 235.16 12 19.60 3.94 (pC 01) 
pation) 

Within 3938.40 791 4.98 
Total 4173.56 803 

Table 22 

Results of One-Way Analysis of Variance on Activity Time 
Preference as a Function of occupation 

Source SS d.f. MS F 

Between (occu- 163.09 12 13.59 3.65 (p<.01) 
pation) 

Within 2946.78 791 3.73 
Total 3109.87 803 

Table 23 

Results of One-Way Analysis of Variance on Activity Inter­
ference as a Function of Occupation 

Source SS d.f. MS F 

Between occu- 857.34 12 71.44 2.97 (p<.01) 
pation) 

Within 10936.04 791 24.07 
Total 19893.37 803 
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Table 24 

Results of One-Way Analysis of Variance on Ride 
Comfort as a Function of occupation 

Source SS d. f. MS F 

Between (occu- 65.52 12 5.46 2. '13 (p<.01) 
pation) 

Within 1996.06 779 2.56 
Total 2061.58 791 

Table 25 shows that military personnel and students had the 

highest mean index scores regarding activity impor1:ance and time 

spent on activities, indicating a consistently positive attitude 

toward the importance of passenger activities for 1~eir 

satisfaction in riding the trains. rhe students, however, seemed 
\ 

to find it difficult to perform desired activities on the trains 

as indicated by the high Activity Interference sCOI:e, although 

they rated the ride quite favorably. The military personnel did 

not seem to encounter these problems. 

Sales personnel considered few activities to bE~ important, 

but wished to spend more time on activity and percE!ived a high 

level of interference with activities. They also J:'ated the ride 

comfort as quite severe compared to other groups. 
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Table 25 

Mean Activity and Ride Comfort Index Values for Different 
Occupational Groups 

Activity Activity Activity Ride 
Importance Time Pre- Interference Comfort 
Index (Mean ference Index Index (Mean Rating 

Occupation (Rank*) ) (Mean (Rank) ) (Rank) ) (Mean (Rank) ) 

Laborers 4.9 ( 3) 1.6 (8) 3.6 (3.5) 5.4 (10.5) 
Public service 5.5 ( 5) 1.4 (5) 5.2 (9 ) 4.8 (4) 
Craftsmen 6.1 (11.5) 1.8 (9) 5.0 (7.5) 4.3 (1) 
Military 6.4 (13 ) 2.8 (13) 5.5 ( 12) 5.0 (5) 
Clerical 5.6 (6.5) 1.5 (6.5) 3.6 (3.5) 5.2 (7.5) 
Sales 3.7 (1) 2.1 (11 ) 6.2 (13) 4.6 (2) 
Professional 5.8 (9.5) 1.5 (6.5) 4.7 (6) 5.1 ( 6) 
& Technical 
Managerial 5.6 (6.5) 1.3 (3.5) 5.0 (7.5) 5.2 (7.5) 
Students 6. 1 (11. 5) 2.2 (12) 5.4 (11 ) 5.5 (12 ) 
Housewives 5. 1 (4) 0.9 (2 ) 2.8 (2) 5.4 (10.5) 
Retired 4.1 (2 ) 0.6 (1) 1.7 (1) 5.3 (9) 
Other + Far- 5.7 (8) 1.3 (3.5) 3.8 (5) 5.6 ( 13) 

mers and 
Farm Managers 

Unknown 5.8 (9.5) 2.0 (10) 5.3 (10) 4.7 (3) 

* 1 = lowest mean value, 13 = highest mean value 
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Professional and technical people, who might be expected to 

have a greater concern for activities and ride quality if they 

spend time doing business on the trains, did in fact have a high 

mean Activity Importance rating. However, they di.d not complain 

inordinately about factors interfering with their activities, nor 

did they rate the ride severely. This may have be~en due to the 

fact that a large proportion of respondents in the 

Professional/Technical occupations (nearly 40~) had the highest 

level of trip experience. 

Activities seemed to matter the least to respondents who were 

Housewives or Retired. These passengers also perceived few ride­

related interferences with activities and rated the ride quality 

favorably, compared to passengers in other occupations .. , 

The distribution of responses to Question 16 regarding income 

is shown in Appendix D. The median and modal income category 

(37.2% response) for this sample was $10,000-$20,000. Almost as 

many passengers (35.5%> had incomes in the $20,000'-$50,000 range. 

Nearly one-fourth of the sample came from households earning 

$10,000 or less, while only 4.31 had incomes exceeding $50,000. 

Over 12% of the sample did not answer Question 16 ,~out household 

income. 
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The most recent statistics available from the Bureau of the 

Census (U.S. Department of Commerce, 1978) indicate that the 

general population in the Boston-New York-Philadelphia region has 

a slightly lower income distribution than Amtrak Northeast 

Corridor passengers. The median household income for the general 

population is $13,200-$13,500 in these areas, which is in the 

same median income range as the Northeast Corridor passengers. 

However, in the general population, there are 10% fewer 

households in the $20,000-$50,000 range, and 10% more households 

in the under $10,000 range, compared to the income distribution 

of Amtrak passengers in this survey. 

Activities were less important to respondents with incomes in 

the $20,000-$50,000 range than to those with larger or smaller 

incomes. A one-way analysis of variance on the Activity 

Importance Index (Table 26) shows that these differences between 

income groups were statistically significant (p<.01). NO other 

Significant differences were found, however, between income 

groups for Activity Time Preference (F=1.73, d.f.=4,799), 

Activity Interference (F=O.78,d.f.=4,799), or ride comfort 

ratings (F=0.68,d.f.=4,787). 
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Table 26 

Results of One-Way Analysis of Variance of Activity Im­
portance Index as a Function of Household Income 

Source SS d.f. MS F 

Between (Income) 
Within 
Total 

3.2.5 

72.57 
4100.99 
4173.56 

4 
799 
803 

18.14 
5.13 

3. 53 (p<. 01) 

Passengers' Comments Regarding General Service 

An item was also included at the end of the questionnaire to 

solicit passenSjets' spontaneous comments about general train ser-

vice. Special attention was paid to respondents' remarks about 

ride quality factors such as vibration, noise, temperat.ure, and 

space features, particularly when reference was made to the ef-

fects of these variables on passenger activities. It was found 

that comments could be broken down into several basic categories; 

the distribution of these responses is shown in Appendix D. 

Approximately 20% of the comments could be characterized as 

positive remarks about service in general. positive comments 

were usually unspecific in nature {e.g., "pleasantly surprised 

on my first ride"}, although some referred to train personnel, 

the interior decor of the vehicles, and general concepts such 

as comfort and convenience. The rest of the comments consisted 

of criticisms {"trains are late too often"} or suggestions for 
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improvement of services ("Would like to see revolving seats 

toward windows, making viewing easier") . 

Approximately 13% of all comments referred specifically 

to the quality of the ride; 2.2% of these remarks were positive 

("comfortable ride") and 10.8% were negative (e.g., "train too 

bumpy", "Rough ride interferes with walking and use of restroom 

facilities"). An additional 7.7% of the comments were complaints 

about noise, temperature, and lighting. Less than half the 

respondents (45.9%) made any spontaneous comments at the end 

of the questionnaire. 
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3.3 Discussion 

From the results of the survey on passenger activity 

preferences and the perceived effects of ride quality factors on 

activities, it may be concluded that: 

1) Many activities, especially Reading, are considered to be 

important to passengers' satisfaction with the train ride. These 

activities are generally the same ones which passengers are most 

often observed performing on the trains. 

2) A significant number of passengers would like to spend more 

time engaged in certain activities, such as Reading and Sleeping, 

than they presently do. The activities which passengers wish to 

spend more time on are the same ones which they feel are 

important to their satisfaction with the trains, and which they 

are most often observed doing already on the trains. 

3) While the ride is generally perceived as comfortable by the 

majority of passengers, ride roughness is consider'ed to interfere 

significantly with the performance of desired activities by a 

large number of passengers. 

4) Trip variables and demographic characteristics of the 

passengers influence the perceived importance of activities, sub­

jective ratings of ride comfort, and the perceived interference 

of ride quality factors with activity performance. 
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The questionnaire results confirm many previous hypotheses 

about the role of activities in passengers' perceptions of ride 

comfort and the general acceptability of the Amtrak train ride 

environment. They also raise other issues regarding the relative 

importance of ride quality variables (which may be, at least 

theoretically, controlled) vs. trip and demographic variables 

(which cannot be controlled) in explaining passengers' attitudes 

toward activities and perceptions of ride quality. These 

hypotheses and issues will presently be discussed in detail. 

3.3.1 Subjective Attitudes toward Individual 

Activities 

The results of Questions 1 and 2 regarding activity impor­

tance and satisfaction with time spent on activities clea~ly in­

dicate a consistent prefecence for certain activities over 

others, and the subjective importance of activities in 

passengers' judgment of the over-all acceptability of the Amtrak 

ride. The subjective values of activities are positively related 

to the frequency with which passengers are observed to perform 

activities, verifying the validity of the survey results. There 

is also a significant positive correlation between the positive 

or negative directions of responses given by individual 

passengers for each activity in Questions 1 and 2. It may 

therefore be concluded t.hat individual respondents expressed 

fairly consistent positive or negative attitudes toward the value 
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of various activities for their satisfaction on the train, 

providing evidence for the reliability of the questionnaire. 

It is also interesting to study the patterns of responses to 

activities on the questionnaire items vs. their observed 

frequencies. Certain activities show clearly consistent patterns 

of responses on all measures. For example, Reading is a highly 

valued activity in terms of importance and time spent, as shown 

by the results of Questions 1 and 2. Although Reading generated 

a large number of interference factor responses in Question 5, 

the large proportion of passengers actually observ,ed reading 

leads to the hypothesis that ride quality interfer·ences may be 

overcome by sufficient effort or motivation on the part of the 

passenger. The results of Questions 1, 2, and 5 suggest, 

however, that even more Reading would take place on th~. trains if 

the ride environment were more conducive to this activity. 

Similarly, Handcrafts is an unpopular activity which is 

rarely observed on the trains. Passengers do not perceive it to 

be important relative to other activities, and they do not wish 

to invest more time in it on futUre trips. Its int:erference 

response rate on Question 5 was very low, probably because so 

many respondents were not interested in it, or did not perceive 

any interferences because they had never attempted to perform 

Handcrafts on the trains. 
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On the other hand, certain inconsistencies betlilleen the 

results of the subjective survey items and the observational data 

provide important insights into the effects of ride quality 

factors vs. passengers' motivations to perform highly valued 

behaviors. Writing, for example, was considered to be an 

important activity by approximately half the respondents polled, 

and only 2.7% of the passengers were observed Writing. HOlillever, 

almost 25% of the sample wished to spend more time Writing on 

future trips. Writing also generated the greatest number of ride 

quality interference responses of all activities on Questions 4 

and 5. These results clearly indicate a discrepancy betlilleen 

passengers' perceived ability to write on the trains and their 

desire to engage in Writing as a valued activity. Thus, it seems 

that passengers perceive the ride environment on the trains to 

prevent them from writing as much as they wish. 

The situation is somewhat reversed for Viewing. viewing was 

perceived as an activity of only moderate value in terms of 

importance and relative time investment on Questions 1 and 2. 

However, the greatest proportion of passengers were observed to 

be engaged in Viewing bE!haviors, and a relatively small number of 

interference factors were associated with Viewing relative to the 

other activities on Questions 4 and 5. Thus, it may be 

hypothesized that while Viewing is not a very highly valued 

activity, large numbers of passengers engage in this behavior at 

least partly because the ride environment is conducive to it, 

compared to other more aifficult activities, or because the ride 
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environment prohibits them from doing other, more rewarding 

activities. 

It is difficult to interpret the results of survey items 

referring to Smoking, which is regarded as a contI:oversial issue 

among passengers in terms of the relative numbers of smoking vs. 

non-smoking cars on the trains. Thus, some respondents may have 

answered Questions 1 and 2 in terms of the importalnce of the 

Smoking behaviors of other passengers for their pE~rsonal satis­

faction on the train. This may have inflated the numbers of 

responses in the "Important" and "Less" categories of Questions 1 

and 2 respectively. 

3.3.2 Discrepancies between Qver-All Comfort and 

Activity Interference 

The ride comfort ratings of Question 3 were remarkably high 

for this sample, considering the number of ride quality factors 

indicated as interferences with activities in Questions 4 and 5. 

In fact, only a low negative (but statistically significant) 

correlation was obtained between the ride comfort ratings and 

total number of interference responses over all ac,tivities for 

each respondent, suggesting that the effects of ride quality 

factors on activities played only a small part in passengers' 

subjective judgments of over-all ride comfort. 
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The results of Question 3 may be compared with those of 

Pepler, et ale (1978), who administered a similar seven-point 

scale to 60 Amtrak passengers over a series of track segments 

pre-determined to reflect a random sample of ride conditions on 

the Northeast Corridor. The mean comfort rating of these 

passengers was equivalent to 4.9 on the scale used in Question 3. 

This was slightly lower than the mean value of 5.2 obtained from 

the respondents on the present questionnaire, but still in the 

same "somewhat comfortable" range. 

The ride quality factor which was most frequently perceived 

to interfere with activity was ride roughness. This was 

especially true for the previously designated High Effort 

activities (Eating, Drinking, Reading, and Writing) and for 

Sleeping, which was considered to be a Low Effort behavioL. 

Previous studies by Grether, et al., (1971, 1972) have also shown 

the virtual masking by vibration of the perceived effects of 

other environmental factors, using much higher intensities of 

vibration, noise, and temperature than passengers experience on 

Amtrak trains. 

In the Grether, et ale (1971) study, subjects were exposed to 

environmental stresses singly and in combination, while 

performing a variety of tasks, including compensatory tracking, 

voice communications, and mental arithmetic. It was found that 

subjects rated the condition in which they experienced vibration 

alone equally as unpleasant as the condition involving combined 
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exposure to noise, temperature, and vibration str€!sses. Grether, 

et al. (1972) subsequently found that subjects rat.ed conditions 

as less acceptable and more severe as the number olf stresses 

increased. However, ratings of the "intrusiveness" (i. e. , 

interference) of stresses on task performance were not worse for 

the combined stress conditions than for the condition in which 

subjects experienced vibration alone. These studies support the 

results of the present survey, which show: 1) that subjective 

ratings of over-all "comfort" in an environment containing 

vibration, noise, and other stresses may be inconguent with 

ratings of the ease of performance of desired activities or other 

behaviors in that environment; and 2) that subjects' perceptions 

of the effects of environmental stresses upon performance of 

activities or tasks may be explained equally well by vibration 

factors alone as by the effects of combined environmental 

stresses. 

A discrepancy also arose between the activity performance 

difficulty ranks derived from the total percent in1::erference 

response on Questions 4 and 5, vs. the ~ priori efJ=ort ranks 

discussed in Section 2. The difference in orders may be 

explained by the passengers' perceptions of high levels of inter­

ference for Sleeping and Doing Nothing (Thinking), which received 

low effort ranks on the ~ eriori scale, and the low perceived 

levels of interference for Handcrafts and Games, which were 

previously rated as Medium Effort activities. The low 

interference scores for the latter activities may have been due 
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to the general unpopularity of these behaviors, resulting in a 

lack of interest in them and little experience on which to base a 

realistic response regarding ride quality interferences. The 

relatively high interference response for Sleeping may be 

justified, since the irregular ride motions and constant stopping 

and starting of the train may prevent a person from falling 

asleep (rather than "rocking him to sleep", as might be expected 

in a more regular motion environment) or may continually wake him 

up. 

The high level of interference perceived for Thinking, 

compared to the low level of effort attributed to its behavioral 

and operational counterpart (Doing Nothing) on the observational 

~ priori scale, may have been caused by the respondents' 

misinterpretation of the activity descriptor used on survey form. 

The term "Doing Nothing" was changed to "Thinking" for the 

purpose of the survey, because it was felt that "Doing Nothing" 

had negative connotations which no passenger would want to 

associate with his own behavior regardless of the situation. 

Unfortunately, survey respondents may have associated the term 

"Thinking" with higher level activities such as Reading and 

Writing. Thus, it is difficult to draw any conclusions trom the 

passengers' interference responses to Thinking regarding its 

actual performance difficulty as applied to the behavioral 

category of Doing Nothing. 
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From these results, it may be concluded that subjective 

perceptions of ride comfort are largely independent from 

perceptions of ease of performance of desired activities. It was 

expected that the easier passengers perceived activity 

performance to be (i. e., the fewer interference rE!sponses to 

Questions 4 and 5) , the more comfortable they would rate the ride 

on Question 3. This is clearly not the case. Rather, passengers 

seem to perceive over-all comfort as a static concept, to be 

judged without reference to active participation in activities. 

Thus, in a hierarchy of factors which infl uence over-all 

subjective comfort, feelings of ease or difficulty in performing 

various activities would probably not rank very highly compared 

to more direct sensations of motion, heat or cold, loudness, 

spaciousness, and so on, which stereotypically are known to 

affect comfort. 

3.3.3 The Importance of Passenger Variables in 

Questionnaire Responses 

It is not surprising that differences in trip or demographic 

characteristics influence passengers' values of activities, 

perceptions of ride comfort, and ride quality factors' inter­

ference with activities. Previous studies have ra.rely examined 

differences in perceptions of ride comfort associa·ted with such 

variables, and the differential importance of activities and 

various aspects of the ride environment depending upon these 

passenger variables has not generally been reported in the 
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literature. This information is important, considering the 

growing concern of transportation systems with consumer issues 

and the potential usefulness of such information for the purposes 

of market segmentation. Where other evidence is available from 

previous studies, comparisons with the present set of results 

will be made. 

3.3.3.1 The Subjective Value of Activities 

Differences in responses to Questions 1 and 2, in the form of 

the Activity Importance and Activity Time Preferences Indices, 

show that the role which activities play in determining the over­

all acceptability of the Amtrak ride varies depending upon 

passenger characteristics. 

It was expected and found that activities might be of greater 

value to passengers the longer the trip distance. Since trip 

time varies directly with trip distance, the importance of having 

some means to stay occupied appears to increase the longer the 

trip, probably in order to prevent or decrease boredom. Similar 

results were obtained by west, Ramagge, West, and Jones (1973) in 

a study of British Rail Inter-City passengers. These authors 

found that the importance of entertainments, newspaper stalls, 

and other provisions for passenger activities increased directly 

with trip time, while concern for such ride quality factors as 

noise, vibration, temperature, and the cleanliness of the 

vehicles decreased over a five-hour period. 
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Trip purpose also affected the number of acti"ities 

passengers felt to be important. The finding thai: respondents 

traveling for business or school purposes valued fewer activities 

as important than did those traveling for vacation or recreation 

purposes may seem anomalous. However, it was also found that 

passengers making business and school trips checkE~d significantly 

greater numbers of ride quality interference factors on Questions 

4 and 5, compared to those traveling for vacation/recreation 

purposes. perhaps for business travelers, who were highly 

experienced compared to passengers traveling for other reasons, 

repeated attempts to perform a wide variety of behaviors 

satisfactorily met with little success, resulting in a 

devaluation of all but those activities essential for the conduct 

of business. Experienced business travelers may a.lso acquire a 

routine consisting of a small number of highly valued behaviors 

which they are able to perform to some reasonable level of 

satisfaction, which might also explain their relatively low 

Activity Importance Index values. 

Age is an important demographic variable in terms of the 

degree to which passengers value activities. As age increased, 

both the number of activities rated important and the amount of 

extra time passengers wished to invest in such behaviors 

decreased. One might speculate that with increasing age, other 

factors, such as services provided by train personnel or other 

convenience features, might take precedence over the need to have 

something to do. 
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occupation also seems to affect the relative value of 

activities. Military personnel and students rated the largest 

number of activities to be important and wished to spend more 

time on the greatest number of activities. It was expected that 

passengers in professional/technical occupations would rank 

higher on the Activity Importance and Time Preference Indices 

relative to other jobs than they actually did; i.e., that 

activities would be more important to them than to those in other 

occupations. As suggested previously, it is possible that they 

were only interested in a limited number of activities, which 

would have resulted in the lower scores for Questions 1 and 2. 

Housewives and retired persons were the least concerned with 

activities. The differing interests of passengers in different 

age groups may explain the responses of retired passengers. 

Also, housewives managing small children on the train maY,be so 

preoccupied that they really have no time or interest for the 

activities listed in the questionnaire. 

Educational level also influenced the value of activities for 

passenger satisfaction. More activities were judged to be 

important on Question 1 by respondents with high school and 

college educations than by those with only grade school or less. 

perhaps these passengers are more aware than less educated 

respondents of the image they are presenting to the researcher in 

the form of their responses. 
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Thus, it may be concluded that the most important trip and 

demographic variables affecting passenger value of activities are 

trip distance (or trip duration), trip purpose, age, occupation, 

and possibly level of education. 

3.3.3.2 Perceptions of Ride Quality and Its 

Effects Qll ~ctivity 

Previous studies which have examined the effects of various 

trip and demographic variables on passengers' ratings of ride 

quality have uncovered remarkably few differences due to these 

factors. The results of the present survey, however, show tpat 

while certain variables may not always affect passengers' 

feelings of ride comfort, they may be more important in influenc­

ing their perceptions of activity performance difficul~y in the 

motion environment. 

Variables such as age and sex have been considered by a few 

researchers in terms of the differential sensitivi,ty of various 

groups to ride motion. As in the present study, n.o significant 

differences due to sex were found using airline passengers 

(Richards and Jacobson, 1975), subjects in ride mo,tion simulators 

(Duncan and Conley, 1975), or paid Amtrak passenge:r volunteers 

(pepler, et al., 1978). Richards, Jacobson, and Kuhlthau (1978), 

however, did find that female commuters were gener,:llly more 

comfortable in the flight environment, but attributed the sex 
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difference to seat variables, such as shape, firmness, and leg 

room, rather than to motion variables. 

No significant differences in ratings of ride quality due to 

age were found by Richards and Jacobson (1975), and Duncan and 

Conley (1975), or Richal:ds, et ale (1978) in previous studies, 

supporting the results of the present survey. Pepler, et ale 

(1978) found that subjects in the youngest (aged 16-24) and 

oldest (49 or older) age groups rated the ride as less 

comfortable than those in the middle (25-45) age group. The 

results of the present survey, using finer age groupings, suggest 

the opposite; i.e., that the youngest (age 18 or less) and oldest 

(age 65 or more) passengers rated the ride as most comfortable. 

The latter result may be explained by the lower relative 

sensitivity of young people to roll (pepler, et al., 197~, which 

is the dominant motion on the train, and the general reluctance 

of elderly passengers to be critical, which was reflected in 

their responses to many items on the questionnaire. 

Although there are no clear-cut effects of age on feelings of 

general comfort, age does influence sensitivity to ride quality 

variables which disrupt activity. The number of ride quality 

factors checked as disruptive to activities in Questions 4 and 5 

decreased monotonically as age increased. Older people may be 

less sensitive to these factors simply because they value 

activities less than you.nger people, or because they do not 

expect to use their time productively on the trains. At any 
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rate, these differences clearly exist when ease of performing 

activities is considered, rather than just general subjective 

feelings of comfort in the ride environment. 

Richards and Jacobson (1975) found no clear differences in 

ride comfort ratings on airline flights as a function of 

occupation, although professional/technical people tended to be 

less critical of the ride than managers. Using a greater number 

of occupational categories, the present survey results indicate 

that ride comfort ratings and perceptions of ride factors' 

interference with activities may be influenced by passengers' 

occupations. Managers seemed to be slightly less critical of the 

ride but slightly ~ sensitive to interference with activities 

than professional/technical personnel. 

Richards and Jacobson(1975) found no significant differences 

in ride ratings dS a function of income or trip purpose, 

supporting the results of the present survey. How1ever, 

respondents traveling for business- or school-rela1ted purposes 

did perceive more ride quality factors as interfering with 

activities than those traveling for other reasons, again 

suggesting that ease of activity performance may be more 

sensitive than subjective comfort ratings to differences in 

certain passenger variables. 
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It was surprising to find that passengers in Amcoach vehicles 

rated the ride as significantly more comfortable than those in 

the Amcafe cars. It was expected that any difference would have 

been in the reverse direction, since the Amcafe cars have more 

spacious seating and provide greater opportunities to engage in 

activities such as Talking-Listening, Eating, Drinking, and 

Smoking than the Amcoach vehicles. Amcafe cars were, however, 

more crowded in terms of vehicle occupancy than Amcoach cars 

(although the difference was not statistically significant), 

which may have influenced perceived comfort. Also, no passengers 

could sit in the center of the Amcafe cars, since the snackbar 

was located there (see Appendix B for vehicle floor plans) i thus, 

passengers rating the ride comfort were restricted to seats at 

the ends of the car, where the ride motions are more intense. 

This seating arrangement may have resulted in lower mean comfort 

ratings for Amcafe vehicles than for Amcoach vehicles, where a 

large number of respondents were able to sit in the more 

comfortable center seat positions. 

The finding that perceptions of ride quality and its 

interference effects on activity were significantly worse for 

passengers traveling in large groups may have been due to the 

fact that large numbers of people sitting together were very 

cramped for seating space. In general, most individual 

passengers and their belongings occupied at least two seats each 

when vehicle occupancy permitted. Therefore, it may have been 

uncomfortable for large groups to sit together, and the effects 
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of such factors as vibration, noise, and temperature on 

activities may have become more salient. Also, pE!ople traveling 

in groups undoubtedly wish to communicate with eac:h other and do 

things together. However, since most seats face in one direction 

only, it may be difficult for groups of more than two people to 

perform desired activities. This seating factor may especially 

affect the on-board activities of families traveling with 

children. 

Although activities appear to be of greater value to 

passengers the longer the trip, comfort ratings were not signi­

ficantly lower for passengers traveling longer distances, nor did 

passengers on long trips report a greater number of ride quality 

factors as interferences with activity_ West, et ale (1973) also 

found that ride quality factors were important to traiq 

passengers only for about the first hour of the trip; the 

importance of "things to do," however, was found to increase with 

time. 

These results support the contention that ride comfort does 

not necessarily decrease merely as a function of time spent in 

the motion environment (Clarke, 1976; Brown, 1975; pepler, et 

al., 1978). Especially in a complex motion environment where 

actual revenue passengers are concerned, other factors, notably 

passenger activities, may significantly alter the time/comfort 

relationship by diverting the passenger's attention away from the 

comfort variables such as vibration, noise, and temperature in 
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favor of other stimuli (e.g., reading materials, food, puzzles, 

etc.). Thus, at least i.n real transportation situations where 

passengers are given the opportunity to engage in behaviors other 

than rating ride quality, comfort need not decrease and the 

salience or importance of ride quality factors need not increase, 

merely as a function of time. 

It may be concluded from the results of the present study 

that while relatively few passenger variables affect subjective 

feelings of general ride comfort, they may be important in terms 

of the number of environmental factors perceived to interfere 

with performance of desired activities. These variables include 

age and trip purpose. other factors, such as education and 

vehicle type, seem to affect subjective ratings of the ride but 

not the perceptions of ride quality factors' interference, with 

activity. Passengers' occupations and number of traveling 

companions influence both perceptions of general ride comfort and 

activity interference due to ride quality variables, while sex, 

income, previous trip experience, and trip duration or distance 

affect neither of these variables. 
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3.3.4 Implications of Survey Results for Future 

Passenger Train Service 

The present survey addressed problems of very limited scope 

in terms of the larger passenger issues which are important to 

the over-all viability of passenger train systems now and in 

years to come. In fact, passengers sometimes indicated on their 

survey forms that time delays and other operational problems 

were of higher immediate priority than the performance of 

activities. However, it was also clear from the responses to 

the first five questionnaire items and the high frequency of 

spontaneous comments that ride quality issues also play a role 

in passenger satisfaction. When the passengers' attention is 

focussed on these factors, they begin to realize that they are 

not able to do the activities they enjoy because of th~ ride or 

other environmental variables, and that this may be an important 

source of dissatisfaction and boredom with the train ride. 

Based on the results of this survey, recommendations for 

general improvements in present or future passenger train service 

include the following: 

1) High priority should be given to providing reading and writ­

ing materials on board the trains, keeping windows clean, and 

making sure all lights are working properly. Many passengers 

value reading, viewing inside and outside the train, and writing, 

and significant percentages wish to do more of these activities. 
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2) Provisions for games and other behaviors are probably un-

necessary, as these activities are not highly valued by most 

passengers. 

3) Drinking straws and covers on cold beverages, and covers 

which fold back only partially to allow the sipping of hot 

liquids, are also suggested to facilitate drinking behavior. 

The above recommendations are most important on long 

trips, where activities are especially valuable to passenger 

satisfaction with the ride. In addition: 

4) In order to allow for the satisfactory performance of 

activities, especially those requiring a large amount of effort 

to perform in a motion ehvironment, it is also recommended that 

future service provide for a smoother ride. 3 Present levels 

of noise, temperature, space, and other environmental fattors 

are perceived to be adequate for the types and levels of activi-

ties desired by most passengers. The present levels of ride 

motion, however, are particularly disruptive to performance of 

activities, although they do not seem to adversely affect the 

passengers' perceptions of over-all comfort. 

An important goal of Amtrak's marketing policy involves 

identification of the needs of special passenger groups for the 

ultimate purpose of increasing ridership. The following results, 

3Ride motion levels which would be acceptable for the performance 
of various activities cannot be determined from the results of 
this survey. This issue will be discussed, however, in Section 
4. 
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which are based upon the responses of passengers with differ­

ent trip and demographic characteristics, may have important 

implications for changes in service or system design: 

1) Activities are more important to passengers on long 

distance trips. Thus, greater provisions and 

opportunities for activity performance should be made 

for passengers on trips of 300 mi or over. These 

include work materials (books, magazines, paper, 

pencils, etc.), workspace, and other activity-re­

lated services or amenities. 

2) Passengers traveling on business trips require a 

smooth, quiet ride more than other passengers, to 

perform a small number of highly valued activities. 

Extra books or other materials are probably not re­

quired especially for business passengers, who general­

ly bring work materials with them. 

3) Passengers traveling in large groups (five or more) 

need more space to perform activities and a smoother 

ride than is presently available in Amcoach and Am­

cafe vehicles. 

4) Students like to be able to do a wide variety of 

behaviors, and may respond well to extra provisions 

of books, magazines, music, etc. for desired activi­

ties. Young people are also more sensit:ive to ride 
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quality-related interferences with activities, and 

thus require a smoother ride for greater ease of 

activity performance on the train. 

5) Elderly, retired people and housewives do not seem 

to value activity- or ride quality-related factors 

very highly. Thus, improvements in these areas 

will probably not alter ridership among these groups. 

3.3.5 Implications of Survey Results for Further 

Research 

It is clear from the results of the first two parts of 

this study that: 

1) Amtrak passengers perform a variety of activities, 

with varying frequencies; 

2) Many of these activities are important to their subjec­

tive satisfaction with the ride, and they would like 

to do even more of them; and 

3) The ride quality, and in particular, the roughness of 

the ride, interferes significantly with passengers' 

perceived ability to perform desired activities, al­

though it does not seem to adversely affect their 

over-all comfort. 

The next logical step is to investigate the ways in which 
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environmental variables such as vibration affect the behaviors 

which people perform on the train. In the next phase of this 

study, observations of passenger activities and measurements of 

the physical ride parameters are made simultaneously in order 

to develop predictive relationships between these sets of 

variables. 
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". MEASUREMENT OF THE RIDE ENVIRONMENT AND ITS EFFECTS ON 

PASSENGER ACTIVITIES 

".1 Method 

".1.1 subjects. The subject sample consisted of 

2829 passengers observed on 1" Amtrak train rides in the North­

east corridor. These passengers were observed in 81 cars of 

different types (Amcoach and Amcafe) on trains traveling in both 

directions between Washington, DC and Newark, NJ, on different 

days of the week (Monday through Friday) at different times of 

the day each day (from 9:00 a.m. to 5:00 p.m." in order to 

obtain a representative sample of Northeast Corridor Amtrak 

system users. 

".1.2 Apparatus. The apparatus used to measure ride 

vibration is shown in Figure 16. Linear accelerations in three 

axes were measured using the battery-operated portable 

accelerometer set developed by the NASA Langley Research Center 

(Catherines, Clevenson, and Scholl, 1972). This unit (Figure 17) 

consisted of three seismic mass pieso-resistive accelerometers 

mounted in the three mutually perpendicular directions. Each 

axis was calibrated independently. The maximum bandwidth of the 

accelerometers was 0 to 100 Hz (cycles per second,. 
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Rotational motions were measured by attaching three addition­

al accelerometers (PA-1000 type, manufactured by Unholtz-Dickie 

Corp.) to the outer casing of the NASA tri-axis linear accele­

rometer package (Figure 17). Each acceleromet"er was separately 

calibrated. The sensitivity of the PA-1000 accelerometers was 

set at 3.33 volts per g and their maximum response range was 0.1 

to 2000 Hz. The three P"~-1000 accelerometers required a separate 

power supply which was derived from a 12 volt car battery 

connected to a power inverter. The inverter produced 120 volt, 

60 Hz, AC power which was used to drive the signal conditioners 

associated with the PA-1000 sensors. 

The six independent motion signals (three linear, three 

rotational) measured by the six accelerometers were recorded on a 

Lockheed eight channel FM tape recorder (Model No. 4170), .using 

Scotch magnetic instrumentation tape (Cat. No. 871-1/2-1800-

PRST). The seventh channel was used for simultaneous voice 

commentary, and the eighth to record a 1 volt step signal, which 

was later used to denote electronically the start of a particular 

test record. 

Motion data were reduced from analogue to digital form 

suitable for subsequent statistical analyses using a Scientific 

Data Systems XDS Sigma 5 data processor, a Scientific Data 

Systems 930 computer, and a Control Data Corporation 6600-6400 

computer system. 
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Instrumentation used to measure non-motion environmental 

variables is shown in Figure 18. These included a General Radio 

USA sound level meter (Model No. 1565-B) to measure ambient noise 

level, an Abbeon certified hygrometer and temperature indicator 

(Model No. HTAB 169B) to measure relative humidity and Fahrenheit 

temperature, and a Gossen Luna-Pro light meter to measure ambient 

illumination. 

The behavioral coding form used to record passenger activity 

is shown in Appendix A. 

4.1.3 Procedure. Prior to the actual data collection 

efforts on the trains, track charts of the Washington, DC-Newark, 

NJ section of the Northeast Corridor were analyzed to select a 

number of internally homogeneous segments which might ~e sampled 

during the tests. A total of 32 non-overlapping segments were 

chosen (16 from Washington, DC to Newark, and 16 from Newark to 

Washington, DC). These represented straight and curved track 

over uphill. downhill, and undulating terrain. As a group. these 

segments were varied enough to be considered characteristic of 

the Northeast Corridor guideway system in general; however, each 

segment was fairly homogenous internally regarding track 

curvature, terrain type, and train speed restricti,ons. 
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Arrangements were also made with 1\mtrak to reserve seats in 

the center of every car of each train to be used in the course of 

the study. This was done by putting large, sandwich board signs 

in the appropriate seats of each train at Boston's South Station 

or Washington's Union station, prior to the trains' morning 

departures from these points. 

The experimental procedure involved the simu1t:aneous 

observation of passenger activities by the experimenter and 

measurement and recording of ride environment variables by two 

test assistants. The experimenter and test assist:ants boarded 

each train in the rear vehicle. The equipment fo.I: recording ride 

motions was set up in a center pair of seats which had previously 

been reserved for this study, as shown in Figure 19. This 

location was chosen because it was close to the pitch a,nd roll 

center of the vehicle. The equipment was turned on and allowed 

to warm up. The smaller pieces of equipment used to record the 

non-motion environmental variables were also arranged to be 

accessible for measurement on the fold-out table behind the 

forward seat, as shown in Figure 20. 

Once the train was in motion, the test assistants made voice 

contact via walkie-talkie with a fourth member of the test team 

riding in the locomotive at the head end of the train, in order 

to determine the milepost location of the train. As the train 

approached a predetermined test track segment, the experimenter 

proceeded to the rear of the vehicle. Upon hand signal by the 
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assistant, which indicated the beginning of a recording period, 

the experimenter walked through the vehicle, observing and 

recording passenger acti~ities using the same methods described 

in Section 2.1.3 (Figure 21). At the eenter of the vehicle, the 

experimenter also made an ambient light measurement in the aisle 

of the train at approximately the eye level of the passengers. 

At the same time, measurement and recording of the ride motion 

variables were made by one test assistant, while the other 

monitored and recorded the ranges of noise, temperature, and 

humidity on the smaller instruments. Milepost information was 

announced by the fourth member of the test team in the locomotive 

over the walkie-talkie, and monitored by the test assistants 

throughout the test interval, which lasted 100 sec. The fourth 

member of the test team also recorded speed information for each 

mile of each test segment. 

At this point, the equipment was turned off and moved to the 

next vehicle. The experimenter and test assistants again made 

voice contact with the test team member in the locomotive and 

waited until the train approached the next available test segment 

before repeating the observational and measurement procedures. 

These methods were used to collect data on passenger activities 

and ride environment variables in each car of the train. 
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Measurements and observations were recorded over a total of 

81 test segments on 42 different vehicles on 14 trains during 

seven weekdays of testing between December 5-13, 1977. This was 

done by collecting data on two trains each day: The Patriot 

(i172) from Washington, DC-Newark, NJ between 9:00 a.m.-12:41 

p.m., and the Colonial (1169) from Newark, NJ-Washington, DC, 

between 1:15 p.m.-5:00 p .. m. Each train was composed of approx-

imately six Amfleet vehicles, including several Amcoach cars and 

at least one Amcafe snackbar car. Table 27 illustrates the data 

collection schedule which was followed. 

4.1.4 Data Reduction. Digital techniques were used to 

analyze the recorded ride motions. The following procedures were 

carried out on the data collected for each test segment. 

The analogue data measured by each accelerometer and recorded 

on the magnetic tape was digitally sampled at a rate of 409.6 

points/sec to produce a set of data points from each of the six 

channels (Healey, 1977). From the sampled data, a set of data 

sequences for rotational acceleration in each of the three axes 

were computed, as illustrated in Figure 22. This figure shows 

the location and sensitive directions for the six accelerometers. 

x, Y, and Z denote the three mutually perpendicular accelero-

meters which were contained inside the NASA box.a 4 and as denote 

two accelerometers placed on top of the box, a short distance 

away from each other and from the X, Y, and Z accelerometers. a 
4 

and a were oriented in 1:he same direction as Y. The sixth 
5 
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a4 

L2 .~ 

1 -a 6 

L. 

- x I 

a pitch = (a6 - X)I LI 

a yaw = (a4 - a 5 ) 1 LY 

a roll = {Y - ( a5 + ~: ( a5 - a4 ) ] } ILl 

x ----- Longtitudinal 

Y ----- Transverse 

Z ----- Vertical 

Figure 22. Measurement And Computation Of Rotational Motions 
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accelerometer, a 6 ' was placed on top of the box in the 

longitudinal (X) direction. 

The amplitude of yaw, the rotational acceleration about the z 

axis, was computed for each segment by dividing the difference 

between the amplitudes recorded from a and a by the separation 
4 S 

length, L 2• Rotational acceleration was thus given in terms of 

acceleration (g) per unit separation length. These units are 

identical to rad per sec2 , and were converted into degrees per 

sec2 for further statistical analysis. To compute roll, the 

rotation about the X axis, the accelerations recorded froma
4 

and as 

were prorated to give a value as expected above the Y axis 

accelerometer. Taking the difference between Y and that prorated 

value divided by the separation length L 1 resulted in the 

rotational acceleration. computation of pitch rotatio~al values 

were handled similarly, according to the formula in Figure 22. 

There was no significant angle between the vehicle and the tracks 

to complicate these calculations. 

A discrete Fourier transform process (Brigham, 1914) was 

applied to the data points in each axis to calculate the 

frequency content of all records. The three linear accelerations 

were then frequency-weighted according to the ISO 2631 (1974) 

guideline. This procedure generally involves the application of 

a frequency weighting network to the linear accelerations 

recorded in the 1-80 Hz range, in order to weight the accelera­

tion amplitude according to the varying levels of human sensiti-
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vity to mechanical vibration at different frequencies. The 

numerical values of these weights have been derived based upon 

present knowledge of human response to whole-body vibration as 

outlined in the ISO guide (International Organization for 

standardization, 1974). Thus, the amplitude of vibration (or 

power) occurring in the 4-8 Hz range is weighted most heavily for 

vertical (Z-axis) linear vibration, while the power of vibration 

between 1-2 Hz is weighted most heavily for longitudinal (X-axis) 

and lateral (Y-axis) linear vibration. The weighting procedure 

was discontinued at 20 Hz, beyond which point there was no 

significant vibration power in the data. 

One-third octave band root mean squares (rms) were then 

computed for the rotational data sequences, the original, 

unweighted linear accelerations, and the ISo-weighted linear 

accelerations. The rotational acceleration data sequences were 

integrated to produce rotational rates, from which rms g values 

were then generated. 

Vector sums of the ISO-weighted linear accelerations in each 

segment were computed using the formula: 

a 2 
Z 

(5) 

where a = longitudinal acceleration, a = lateral acceleration, 
x y 

and a = vertical acceleration. Vector sums of the rotational 
z 

accelerations were computed using the formula: 

j ' 2 2 
a + a + 

x y 
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where a = roll acceleration, a = pitch acceleration, and a = x y z 

yaw acceleration. vector sums of the rotational rates were 

computed using the formula: 

2 
W + W (7 ) 

Y z 

..... here W x = roll rate, Wy = pitch rate, and W z = yaw rate. 

Using this procedure, motion values were generated for linear 

accelerations, rotational accelerations, and rotational rates in 

each of the X-, Y-, and Z-axes for each test segment, as well as 

the three vector sums described above. These values were then 

punched on standard aD-column computer cards for use in sub-

sequent statistical analyses. 

Temperature and humidity data for each test segment were 

converted to effective temperature indices using the Revised 

ASHRAE Comfort Chart (American Society of Heating, Refrigerating, 

and Air Conditioning Engineers, 1967). These effective 

temperatures, average noise levels in dB(A), avera<ge speed levels 

in mph, and light levels in foot-candles (fc) were also punched 

onto aD-column cards for each test segment. 
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The activity data for each test segment were converted from 

absolute frequencies to percents (relative frequencies) for each 

activity category described in Table 1 and Section 2.3. 

Handcrafts and Games were combined into a single category, since 

the relative frequency of each individual activity was so small 

and since these behaviors were similar in purpose and effort. 

Since the vehicles used in different segments varied in absolute 

seating capacity and also had different levels of occupancy at 

the time observations and measurements were made, the percentage 

values were more useful than the absolute values for direct 

comparison of activity levels between test segments. Passengers 

looking at the experiment or contractors while the tests were 

being made were included in the other activity category. All 

statistical analyses involving passenger activities were 

conducted on these percentage values using the Statistical 

Package for the Social Sciences (SPSS) and the DEC 10 computer 

system. 

4.1.5 Data Analysis. Due to the field nature of this 

study, a large number of variables could be measured or otherwise 

recorded as possible predictors of passenger activity levels. 

While most of these variables were continuous in nature (e.g., 

the ride motion variables, noise, temperature, light), several 

categorical trip variables such as time of day and vehicle type 

were also included in the design. None of these variables could 

be directly manipulated in the experimental sense; rather, the 

only levels of ride quality and other factors which could be 
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measured or accoWlted for were those which actually existed as 

the result of the regular operation of Amtrak train service. 

The only means of controlling the variance in these factors 

was by restricting the test intervals to track se9ments which 

were internally homogeneous regarding terrain typE~, track 

geometry, and speed. This procedure was quite successful in 

controlling the maximum values and variance in the vibration 

data. The distributions of the ride quality variables measured 

in this December, 1977 study were much less skewed and attained 

lower levels of variance than the data distributions from a 

previous study in which track segments were chosen at random. 

The data from this earlier effort, which was condu.cted at the 

same time as the passenger activity/ride quality survey (Section 

3.), could not be successfully used in further statistical 

analyses. 

Many of the factors used as predictors of passenger activity 

levels in this study were highly intercorrelated. This is 

characteristic of ride motions recorded simultaneously, since 

motion in any given direction is generally related to motions in 

other directions, and to motions in the same direction but in a 

different mode. Thus, the ride quality variables are not 

"independent" in any statistical sense. 
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The inclusion of both continuous and categorical variables 

which are highly intercorrelated and present at a wide variety of 

levels basically precludes the use of popular analysis of 

variance techniques for analyzing the data. However, it is just 

these characteristics which make this design amenable to analysis 

using multiple regression teChniques (Kerlinger and Pedhazur, 

1973). selection of predictor variables which were only slightly 

inter correlated with each other but strongly correlated with the 

dependent, activity variables allowed for the development of 

linear combinations of factors which predicted a greater 

proportion of the activity variance than any single environmental 

or trip variable alone. 

Multiple regression techniques may be used to generate EQ2~ 

hoc explanations of the variance in the dependent variable as a 

function of combinations of predictor variables. Using this 

teChnique, a linear equation can be generated which most 

accurately predicts the levels of the dependent variable as a 

function of the existing levels of the predictor variables. In 

addition, the predictive power of each of the predictor variables 

can be measured. Thus, the goal of the present study was to 

develop equations which would predict activity levels on the 

trains, as a function of the physical characteristics of the ride 

environment. In the following Section 4.2, the results of the 

various statistical steps leading to the development of these 

equations are described in detail, including the analyses of the 
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distributions and correlations between the activi1:.ies and the 

environmental variables. 

4.2 Results 

4.2.1 Activity Distributions. The distributions of the 

11 activities are described in Table 28. These st:atistics were 

calculated based on the percentage values of each activity ob­

served over all 81 test segments. The relative fl~equencies of 

most of the activities ranged widely from one test: segment to the 

other; this range reflects not only the actual differences 

between activity distributions of different vehicles, but also 

the effects of converting the absolute frequency data to percents 

(e.g., 10 people reading may represent 16.61 of the passengers in 

a vehicle with 60 people, or 33.3% in a vehicle liIIith 30 people.) 

All acti vi ty distributions are positively skewed ~:to the right), 

indicating a large number of low percentages and a. few very high 

ones. This skewness may be caused to a certain extent by the 

fact that some activities were not observed in certain cars at 

all; this is reflected by the zero modal. values and lower l.imits 

of the percentage ranges for a number of these behaviors. 

Table 29 shows a comparison of total relative frequency 

values for activities observed in this December 1977 phase of the 

experiment, in the July, 1977 survey study (described in Section 

3.0), and in the November-December, 1976 behavioral taxonomy 

(described in Section 2.0). Visual inspection of these 
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Table 29 

Comparison of Percent Activities observed in 
November-December, 1976: July, 1977; and 

December, 1977 

Activitl!: Nov.-Dec., 1976 Jull!:, 1977 

Doing Nothing 2.6 6.3 
Sleeping 14.4 15.9 
Smoking 1.4 0.5 
Viewing 24.4 25.5 
Talking-Listening 10.9 15.0 
Handcrafts/Games 2.0 2.1 
Eating 4.6 2.9 
Drinking 7.5 2.4 
Reading 24.2 22.2 
Writing 3.3 2.7 
other 4.7 4.4 
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December, 1977 

4.5 
20.0 
0.7 

20.3 
13.0 

1.5 
2.9 
2.7 

25.4 
4.3 
4.7 



distributions indicates no marked differences between them, 

except in the cases of Doing Nothing, which occurred with greater 

frequency in the July, 1977 trips, and Drinking, which was 

observed to a greater extent on the November-December, 1976 

trips. These slight differences may be attributed to the heat on 

the July trips, and to the increased drinking of passengers 

making connections to and from Chicago on the 1976 trips. In 

general, however, these comparisons indicate that the activity 

distributions observed were stable over time. 

4.2.2 Distributions of Trip and Situational variables 

Tests were made under va.rying trip and situational conditions. 

The major variables to be considered are test day (Monday, 

Tuesday, Wednesday, Thursday, or Friday); test time (morning-be­

fore 12:00 noon, or afternoon-after 12:00 noon); train (The 

Patriot-i172, or The Colonial-t169): vehicle type (Amcoach or 

Amcafe snackbar); vehicle occupancy (0-25%, 26-50%, 51-75%, or 

76-100% of total capacity»; acceleration type (whether the train 

accelerated (positive), decelerated (negative), or remained at a 

constant speed (zero) during a test segment, as determined from 

the speed data taken in the locomotive); mean speed (under 70 

mph, 70-80 mph, or over 80 mph); and track type (positive grade­

some curves, positive grade-straight, negative grade-straight, 

mixed grade-some curves, or mixed grade-straight, as determined 

from the Northeast Corridor track charts). The number of test 

segments recorded for each level of each variable is shown in 

Table 30. 
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Table 30 

Breakdown of Test Segments According to M.:l.jor 
Trip and Situational variables 

DAY TIME TRAIN 

Monday = 23 (28.4%) Morning = 34 (42.0%) #172 = 42 (51.9%) 
Tuesday = 20 (24.7%) Afternoon = 47 (58.0% #169 = 39 (48.11, 
wednesday=12 (14.8%) 
Thursday =12 (14.8%) 
Friday =14 (17.3%) 

Total = 81 (199%) Total = 81 (100%) To1:al = 81 (1001) 

VEHICLE TYPE VEHICLE OCCUPANCY ACCELER1\.TION TYPE 

Amcoach = 69 (85.21) 0-25% = 12 (14.41) Positive = 8 (10.0%) 
Amcafe = 12 (14.8%) 26-50%= 39 (48.1 %) Negative =10 (12.31) 

51-75%= 27 (33.3%) Zero =58 (71.6%) 
76-100%= 3 (3.7%) Missing = 5, (6.2%) 

Total = 81 (100%) Total = 81 (100%) Total = 81 (100% 

MEAN SPEED TRACK TYPE 

Less than 70 mph = 7 ( 8.7%) + Grade-CurvE~S= 16 (19.8%) 
70-80 mph = 30 (37.0%) + Grade-Strlt: = 16 (19.8%) 
More than 80 mph = 40 (49.4%) - Grade-Str'1: = 14 (17.2%) 
Unknown = 4 ( 4.9%) + Gr ade- CurVE~S= 15 (18.5%) 

+ Grade-Str It: = 11 (13.6%) 
Unknown = 9 (11.11, 

Total = 81 (100 %) Total = 81 (100%) 
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Almost twice as many tests were made on Monday and Tuesday 

than on any other day because of the seven weekday test period 

used in this study. Almost equal numbers of tests were done on 

the two trains and between the morning and afternoon. Only about 

15% of the available vehicles on these trains were Amcafe 

snackbars; hence, the uneven number of segments between the two 

vehicle types. Vehicle occupancy ranged from 15.0-81.0%, with a 

mean of 44.0% and a standard deviation of 16.2%. Most tests were 

conducted in sparsely to moderately occupied vehicles loaded 

between 25-75' capacity. Observations and measurements were not 

made in vehicles with less than 13 passengers (15.0% vehicle 

occupancy) • 

Most tests were made under zero sus~ained longitudinal 

acceleration (constant speed) conditions, as determined from the 

speed readings taken by the DOT technician in the locomotive. 

Only about 20% of the test segments involved situations in which 

the trains were speeding up or slowing down. On five occasions, 

the test team member in the locomotive was unable to take mile­

for-mile speed readings: these data are therefore omitted from 

Table 30. 

Although speed is not physically sensed by the human body, it 

can affect passenger well-being and is therefore included as a 

variable in this study. About 85% of the observations were made 

at speeds of 70 mph or more. Mean speed over the 77 test 

segments for which speed readings were available ranged from 54-
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93 mph, with a mean of 79 mph and a standard deviation of 7 mph. 

This indicates that most tests were made at very similar speeds. 

On four occasions, no speed information was obtained. 

Tests were made over an approximately equal number of 

different types of track segments, which were thought to be re­

presentative of the guideway conditions in the Northeast 

Corridor. It was not possible to determine the milepost 

intervals of nine segments; therefore, the track types for these 

tests remain unknown. 

4.2.3 Distributions of the Measured Environmental 

variables. The distributions of the major motion .and non-motion 

variables recorded in this field study are described in Table 31. 

These variables include linear accelerations in three ~egrees of 

freedom (X-longitudinal, Y-lateral, and Z-vertical:l, their 180-

frequency weighted counterparts and computed vector sum, 

rotational accelerations and rates in three degrees of freedom 

(X-roll, Y-pitch, Z-yaw), the computed vector sums of the rota­

tional accelerations and rates, acoustic noise, effective 

temperature, and ambient light. 

The statistics for the motion variables were computed based 

upon the data collected in 77 test segments for the frequency 

range of .1-20 Hz. Problems with the tape recording equipment 

during four test segments precluded the recovery of these data 

for further processing. The statistics for the non-motion 
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Table 31 

Statistical Summary of Amtrak Field Experimental Data 
Recorded on TWo Northeast Corridor Trains l 

(December 5-13, 1977) 

Ride Variable 

Longitudinal (X) Acceleration 
(rms g) 

Lateral (Y) Acceleration 
(rms g) 

Vertical (Z) Acceleration 
(rms g) 

IsO-weighted X-Acceleration 
(rms g) 

ISO-Weighted Y-Acceleration 
ISO-Weighted Z-Acceleration 

(rms g) 
weighted ISO Vector Sum 

(rms g) 

Roll (X) Acceleration (o/sec2 ) 
pitch (Y) Acceleration (o/sec2 ) 

Yaw (Z) Acceleration (o/sec2 ) 

vector Sum of Rotational 
Accelerations (o/sec2 ) 

Roll (X) Rate (o/sec) 
Pitch (Y) Rate (o/sec) 
Yaw (Z) Rate (o/se~ 
Vector Sum of Rotational 

Rates (o/sec) 

Acoustic Noise (dB.A) 
Effective Temperature (OF) 
Light (fc) 

.008 

.017 

.022 

.003 

.013 

.009 

.018 

76.7 
51.2 
54.0 

114.1 
13.5 
8.6 
7.8 

20.6 

67.1 
68.1 

6 

Standard 
Deviation 

.002 

.004 

.004 

.001 

.004 
.002 

.005 

30.8 
35.3 
23.6 

43.6 
13.0 
16.3 
10.8 

21.0 

3.5 
1.06 

5 

Range 

.005-.012 

.010-.026 

.013-.037 

.001-.007 

.007-.022 
.005-.015 

.010-.030 

31.0 - 167.8 
19. 7 ~ 169.3 
10.7 - 124.6 

45.9 -
3.9 -
0.8 -
0.1 -

237.5 
100.3 
91.8 
55.3 

4.6 - 114.6 

60.0 -
65.9 -

1 

80.0 
72 .8 
32 

1. Linear and angular accelerations and rates include frequencies 
between 0.1-20 Hz. 

188 



variables, however, were computed using the data x·ecorded in 80 

test segments. 

Table 32 shows the intercorrelations between t.hese variables. 

In general, it may be seen that there are high cox·relations 

within and between motions in the various axes (X, Y, and Z) and 

modes (linear vs. rotational). The correlations between the 

three linear accelerations and between their ISO-~'eighted 

counterparts are all highly significant. The correlations 

between yaw and roll, and pitch and roll, accelerations are also 

highly significant. Only pitch and roll are relatively 

uncorrelated. 

Between the two modes of vibration, roll (X) acceleration is 

most highly correlated with the linear motions in all three axes. 

Pitch (Y) and yaw (Z) accelerations are also highly correlated 

with longitudinal linear motion, and yaw is highly correlated 

with vertical linear vibration. The rotational rates are highly 

correlated with rotational accelerations in the corresponding 

axes, as would be expected since they are the derivatives of the 

latter values. Similarly, it was expected and found that the 

correlations between the individual motion components and the 

corresponding vector sums would be highly correlated. 
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It is interesting to note that there are no significant 

correlations between noise and the physical motion variables, 

eKcept for Z-ISO linear acceleration. Effective ·temperature was 

significantly correlated with pitch (Y) acceleration and rate, 

yaw (Z) rate, the vector sums of the rotational accelerations and 

rates, and light. These correlations were unexpected, and may be 

related to particular structural features or aspects of the 

actual vehicles in which the tests were made. 

Much of the earlier work relating motion variables to 

passenger ride comfort deals with vibration in thE~ 1-20 Hz range, 

which is thought to contain the frequencies to which the human 

body is most sensitive mechanically and in which t:he major body 

resonances lie (Hornick and Lefritz, 1966). TherE~fore, the 

present set of data were also analyzed excluding t~he ultra-low 

frequency (.1-1 Hz) components. The distribution of motion 

variables in the 1-20 Hz frequency range is descri.bed in Table 

33. 

In general, the means, standard deviations, and ranges of the 

linear and rotational accelerations are approximat.ely the same as 

those computed for the full frequency range of thE! data. As in 

Table 31, the ISO-weighted linear values are somew'hat smaller 

than the unweighted linear vibration statistics. These 

differences result from relatively little power, or vibration 

amplitude, in the more heavily weighted 4-8 Hz range for vertical 

motion and in the 1-2 Hz range for X- and Y-linear vibration, 
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Table 33 

statistical summary of Motion Variable Data -
December 5-13, 1977 (1-20 Hz) 

Ride Variable 

Longitudinal (X) Acceleration 
(rms g) 

Lateral (Y) Acceleration 
(rms g) 

Vertical (Z) Acceleration 
(rms g) 

ISO-Weighted X-Acceleration 
(rms g) 

ISO-Weighted Y-Acceleration 
(rms g) 

ISO-Weighted Z-Acceleration 
(rms g) 

Weighted ISO Vector Sum 
(rms g) 

Roll (X) Acceleration (o/sec2 ) 

pitch (Y) Acceleration (o/sec2 ) 

Yaw (Z) Acceleration (o/sec 2 ) 
Vector Sum of Rotational 

Accelerations (o/sec2 ) 

Roll (X) Rate (o/sec) 
pitch (Y) Rate (o/sec) 
Yaw (Z) Rate (o/sec) 
Vector Sum of Rotational 

Rates (o/sec) 

.007 

.015 

.021 

.003 

.010 

.009 

.015 

74.94 
56.51 
51.43 

110.39 

2.56 
1.69 
1.66 

3.79 

194 

Standard 
Deviation 

.002 

.003 

.004 

.001 

.003 

.002 

.004 

29.14 
31.41 
20.14 

38.74 

2.04 
1.93 
1.15 

2.65 

Range 

.005-.014 

.007-.023 

.013-.036 

.001-.007 

.002-.019 

.005-.015 

.009-.025 

20.57-150.49 
18 •. 74-158.92 
10.56-105.59 

42.43-226.40 

.08-10.57 

.02-10.67 

.05- 5.39 

.10-12.22 



compared to the other frequency bands. The rotational rate 

statistics for the 1-20 Hz data shown in Table 33 are much 

smaller than those computed for the .1-20 Hz rangE! shown in Table 

31, indicating a relatively high level of power in the .1-1 Hz 

range in the rotational mode of vibration. 

Table 34 shows the intercorrelations between t~he measured 

environmental variables when the motions are restI:icted to the 1-

20 Hz range. Again, all the linear accelerations are signi­

ficantly intercorrelated, although the correlation coefficients 

are slightly lower than those in Table 32. The correlations 

between the three linear accelerations and between the three 1SO­

weighted linear accelerations are all highly significant. The 

correlations between the unweighted linear and ISO-weighted 

values in corresponding axes of motion are also highly, 

significant. 

The rotational accelerations are also significantly inter­

correlated, including the pitch and roll accelerat.ions. As in 

Table 32, the pitch and roll rates are not significantly 

correlated, although yaw is significantly related to roll and 

pitch. The rotational accelerations are more highly correlated 

with their corresponding rates in the 1-20 Hz range as opposed to 

the.1-20 Hz range. 
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The vector sums are signif icantly correia ted \d th the 

corresponding individual motion components, as expected. The few 

significant correlations between the motion variables and noise, 

effective temperature, and light found with the • "- 20 Hz data are 

slightly lower or non-existent when the 1-20 Hz data is used. 

4.2.4 The Effects of Trip Variables 2!! Act:ivities. 

Figures 23-33 illustrate the effects of various trip and 

situational variables on the levels of the activit~ies described 

in Table 1. In general, there were few significant differences 

in activity levels which could be attributed to these variables, 

lending credence to the stability and generality of the data over 

the range of test conditions used in this exper imE!nt. 

Statistically significant differences are summarized in terms of 

the relevant trip variables below. 

Doing Nothing was the only activity which appeared to vary 

with the day of the week (Figure 23). The results of a one-way 

analysis of variance on the relative frequency of this behavior 

by day is shown in Table 35. wednesday seems to be the most 

"active" day, in the sense that the lowest percentage of 

passengers were Doing Nothing that day. A similar trend was 

obtained using the activity data gathered in July, 1977 (F=2.41, 

d. f. =4,76, p<.1). 
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Table 35 

Results of One-Way Analysis of Variance on Percent 
Doing Nothing by Day 

Source 

Between (Days, 
Within 
Total 

SS 

223.74 
1546.76 
1770.56 

d.f. 

4 
76 
80 

MS 

55.93 
20.35 

F 

2.75 (p<.05) 

There was a trend for time of day to affect levels of 

Handcrafts/Games (t"=1.86, d.f.=79, p<.1~, with more of this type 

of activity in the morning than in the afternoon (Figure 28). 

This result was in the opposite direction of what was found in 

the July observations, however. 

Although the train variable was almost completely confounded 

with time of day (i.e., #172 was largely a morning train and .169 

an afternoon train), some differences in activity levels did 

surface between trains which were apparent but not statistically 

significant between times of day. For instance, there was more 

Viewing on Train 169 than on Train 172 (Figure 26; t=2.19, d.f. = 

79, p<.OS); more Writing and Reading were observed on 172 than on 

169 (Figure 32; t=2.87, d.f. = 79, p<.01; and Figure 31; t=1.86, 

d.f. =79, p<.1, respectively). Results in the same directions 

were obtained for these three activities using the July data, 

although the differences in Viewing and Writing we.re not 

"All t-tests described in this section are two-tailed. 
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significant, while that for Reading was highly significant 

(t=4.11, d.f. =56, p<.01). 

Vehicle type was previously determined to be a trip variable 

of interest for its effects on passenger activities. Although 

there were some clear differences in relative activity levels 

depending on vehicle type, only a few of these reached the level 

of a statistical trend. More Smoking (Figure 25) Talking­

Listening (Figure 21; t=1.85, d.f. =79, p<.1), Eating, (Figure 

29), Drinking (Figure 30), and Writing (Figure 32) were observed 

in Amcafe cars, while more Sleeping (Figure 24), Viewing (Figure 

26; t=1.84, d.f. =19, p<.1), Handcrafts/Games (Figure 28). 

Reading (Figure 31), and Other (Figure 33) activities were 

observed in Amcoach vehicles. Doing Nothing (Figure 23) was 

observed equally often in both types of vehicles. The J~ly 

results for Viewing were in the same direction but not 

statistically significant. The July differences for Talking-Lis­

tening were statistically significant (t=2.08, d.f. =74, p<.05) 

and in the same direction. 

Vehicle occupancy did not significantly influence the level 

of any activity. A trend toward more Drinking with greater 

levels of crowding did appear (Figure 30; F=2.68, d.f. =3.17, 

p<.1), although this trend did not exist in the July 

observations. 
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No significant differences in activity levels were found due 

to the train speed. However, track type did significantly 

influence Sleeping (Figure 24; Table 36), Handcrafts/Games 

(Figure 28; Table 37), and Reading (Figure 31; Table 38). 

For the purposes of sUbsequent multiple regression analyses, 

some of the trip variables were numerically coded and 

correlations with activity levels were computed. Days of the 

week were coded with the numbers 1 through 5 from Monday to 

Friday. Mornings were given a value of 1 and afternoons a value 

of 2 for the time variable. Vehicle types were coded as 1 for 

Amcoaches and 2 for Amcafe snackbars. Vehicle occupancy was not 

coded categorically; rather, the actual percent values computed 

for each vehicle in each test segment were used in the 

correlations. 

Table 39 shows that Doing Nothing significantly decreased 

from earlier to later in the week. Viewing increalsed from 

morning to afternoon, while Handcrafts/Games and ~rriting 

decreased with time into the day. More Smoking, 'l~alking­

Listening, and Drinking occurred in Amcafe cars than in 

Amcoaches, and less Sleeping and Viewing. More Sleeping was 

observed in densely crowded vehicles, and more Eat.ing and Reading 

occurred in sparsely occupied vehicles. These results parallel 

those illustrated in Figures 23-33. 
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Source 

Between 
Within 
Total 

Table 36 

Results of One-Way Analysis of Variance on Percent 
sleeping by Track Type 

SS 

883.33 
7284.92 
8168.26 

d.f. 

4 
67 
71 

Table 37 

MS 

220.83 
108.73 

F 

2.03 (p<.1) 

Results of One-Way ~~alysis of Variance on Percent Doing 
Handcrafts/Games by Track Type 

Source 

Between 
Within 
Total 

Source 

Between 
Within 
Total 

SS 

77.76 
492.91 
570.67 

d.f. 

4 
67 
71 

Table 38 

MS 

19.44 
7.36 

F 

2.64 (p<.05) 

Results of One-Way Analysis of Variance on Percent 
Reading by Track Type 

SS 

737.99 
5682.47 
6420.46 

d. f. 

4 
67 
71 
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MS 

184.50 
84.81 

F 

2.18 (pC1) 
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4.2.5 'The Effects of Environmental Variables on 

Activities. Table 40 shows the correlations between the measured 

linear accelerations from .1-20 Hz and the relative frequencies 

of activities. These coefficients are in general quite low, with 

only a few significant values. Some of these were in the 

opposite direction of what would be expected (e.g., the 

frequencies of Handcrafts/Games and Eating would be expected to 

decrease, not increase, as linear accelerations increased). Only 

Talking-Listening was significantly negatively correlated with 

any of the linear accelerations. 

Table 41 shows the correlations between the activities and 

the measured and derived angular accelerations and rates from .1-

20 Hz. There are many more significant correlations between 

these types of motions and the individual acitvities than. in the 

case of the linear accelerations. The rotational motions appear 

to facilitate Sleeping, Smoking, and to a lesser extent, Doing 

Nothing, while inhibiting Talking-Listening, Eating, 

Handcrafts/Games, and Writing. Viewing and Reading were not 

correlated with any of the recorded motions. 

Table 42 shows the correlations between the activities and 

the non-motion variables. Noise was significantly correlated 

only with the relative frequency of Talking-Listening. As 

effective temperature increased, levels of Doing Nothing 

increased, while the relative frequencies of Smoking and Viewing 

decreased. As the level of illumination increased, Doing Nothing 
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and Handcrafts/Games were observed less frequently compared to 

other activities, while Talking-Listening was observed more 

frequently. 

Since the correlations between individual activities and the 

environmental variables were generally small but significant, it 

was decided to combine the activities into groups based on 

similarities in effort or physical action components, to see how 

well these activity indexes might be correlated with the physical 

variables. The first type of grouping was based on the ~ priori 

effort ranks assigned to the activities in Table 2 (Section 

2.1.3). It will be recalled that activities were grouped into 

three effort categories: 1) Low Effort, including Doing Nothing, 

Sleeping, Smoking, and Viewingi 2) Medium Effort, including 

Talking-Listening, Handcrafts, and Gamesi and 3) High Effort, 

including Eating, Drinking, Reading, and Writing. 

Table 43 shows the correlations between High, Medium, and Low 

Effort activities and the motion (.1-20 Hz range), non-motion, 

and trip variables. It may be seen that while the High Effort 

activities are not significantly correlated with any of the above 

variables, the relative frequencies of the Medium and Low Effort 

behaviors are significantly related to the rotational motions and 

some of the non-motion and trip variables. while the frequency 

of Medium Effort activities is negatively affected by the 

rotational motions, these motions are positively related to Low 

Effort behaviors. In particular, yaw acceleration and pitch rate 
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Table 43 

Simple Correlations between percent High, Medium, and 
Low Effort Activities and Environmental' and 

Trip Variables 

HIGH MEDIUM LOW 

X-Linear Acceleration .04 .02 -.08 
Y-Linear Acceleration .04 -.07 .04 
Z-Linear Acceleration .05 -.05 .02 
X-ISO Linear Acceleration .12 (- • 17) .01 
Y-ISO Linear Acceleration .08 -.08 .02 
Z-ISO Linear Acceleration .07 .07 -.08 
Weighted ISO Vector Sum .09 -.05 -.01 

Roll (X) Acceleration (-.15) -.10 -.19* 
pitch (Y) Acceleration .01 -.11 .05 
Yaw (Z) Acceleration -.13 -.19* .23* 
Rotational Acceleration 

Vector Sum -.11 -.19* .21* 

Roll (X) Rate -.06 .04 .07 
Pitch (Y) Rate .03 -.19* .06 
Yaw (Z) Rate -.05 -.12 .14 
Rotational Rate . 

Vector Sum -.01 -.13 • 10 

Noise .03 .26** (-.18) 
Effective Temperature (. 18) -.05 -.10 
Light .01 .13 -.07 

Time (-.14) -.09 (. 14) 
Vehicle Type .03 .23* -.23* 
Vehicle occupancy (-.15) .07 0 
speed .08 .07 (-.14) 

1. Motion variables include frequencies between .1-20 Hz. 

): p<.10 *: pC 05 **: p<.01 n=77 
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are negatively correlated with Medium Effort activities, while 

roll and yaw accelerations are positively correlated with Low 

Effort activities. Noise is positively correlated with Medium 

Effort behaviors and negatively correlated with Low Effort acts, 

although the latter relationship is only marginally significant. 

Medium Effort behaviors occurred significantly more often in 

Amcafe snackbar vehicles than in Amcoaches, while the reverse was 

true for the Low Effort activities. 

Based upon similarities in physical action components and 

common correlations with environmental and trip variables, the 

activities were regrouped into a second set of post hoc indexes. 

Rest activities, in which no exertion of physical action could be 

observed, included Doing Nothing and Sleeping. Social/Oral 

activities, involving hand-mouth coordination or interper~onal 

communication, included Eating, Drinking,Smoking, and Talking­

Listening. Motor activities, which required hand-eye 

coordination and hand movements, included Handcrafts/Games and 

writing. Reading and Viewing were excluded from the post hoc 

physical action indexes, primarily because the relative 

frequencies of these activities were not correlated with any of 

the environmental or trip variables in this study. 

Table 44 shows the correlations between the post hoc activity 

indexes and the measured physical and trip variables. The Rest 

activities are most highly positively correlated with the 

rotational accelerations, especially roll, yaw, and the 
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Table 44 

Simple Correlations between Percent Rest, Socicll/Oral, 
and Motor Activities and Environmental' and 

Trip Variables 

REST SOCIAL/ORAL MOTOR 

X-Linear Acceleration -.04 .01 .09 
Y-Linear Acceleration .07 -.02 .13 
Z-Linear Acceleration -.05 -.08 .13 
X-ISO Linear Acceleration -.09 -.04 -.02 
Y-ISO Linear Acceleration .03 -.02 .12 
Z-ISO Linear Acceleration -.07 -.05 .25* 
Weighted ISO Vector Sum -.01 -.02 (. 15) 

Roll (X) Acceleration .26* (-.17) .01 
Pitch (Y) Acceleration .09 .01 -.13 
Yaw (Z) Acceleration .26* -.19* .04 
Rotational Acceleration 

vector Sum .28** (-.16) -.06 

Roll (X) Rate .08 .02 -.10 
Pitch (Y) Rate .10 -.05 -.22* 
Yaw (Z) Rate .26* -.08 -.10 
Rotational Rate Vector 

Sum (. 18) -.03 -.20* 

Noise -.09 .21 * -.11 
Effective Temperature .09 -.02 .09 
Light -.03 .20* (-.14) 

Time -.03 -.02 -.26* 
Vehicle Type (-.16 ) .32** -.02 
Vehicle Occupancy .07 .02 .07 
Speed -.05 .03 .12 

1. Motion variables included frequencies between .1-20 Hz. 

( ): p<.10 *: p<.OS **: p<'01 n=77 
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rotational acceleration vector sum. The Social/Oral behaviors 

are negatively correlated with the same physical variables, 

although these coefficients are lower in magnitude. Noise and 

light are positively related to the Social/Oral activities, which 

occur primarily in Amcafe-type vehicles (signified by the highly 

significant positive correlation with vehicle type). The Motor 

activities are negatively correlated with pitch rate and the 

vector sum of the rotational rates. The positive correlation 

between ISo-weighted Z-acceleration and the relative frequency of 

Motor behaviors may be attributed to the positive relationship 

between this type of motion and the frequency of Hand­

crafts/Games. Motor activities also occurred more frequently in 

the morning rather than the afternoon, as indicated by the 

negative correlation between Motor behaviors and time of day. 

Multiple regression techniques were used to develop linear 

models to predict the levels of activity based upon the 

environmental and trip variables measured and recorded in this 

study. These are shown in Table 45. These linear equations 

represent the best fit of the physical and trip variable data to 

the observed levels of activity, in the form of the ~ priori 

effort and post hoc physical action indexes. 

It may be seen that levels of Low Effort and High Effort 

activities may not be predicted to an appreciable level of 

significance by the trip, non-motion, and motion variables from 

.1-20 Hz. The Medium Effort activity level can be predicted to a 
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significant extent using six variables: noise, yaw (Z) accelera­

tion, light, ISO-weighted X-linear acceleration, pitch (Y) rate, 

and vehicle type, which account for approximately 16% of the 

variance in Medium Effort activity. 

Using the post hoc physical actioh indexes, activity levels 

in all three categories may be predicted to a statistically 

significant degree by the environmental and trip variables 

recorded in this study. The relative frequency of Rest activity 

may be predicted by the levels of yaw rate, roll acceleration, 

ISO-weighted Z-linear acceleration, and vehicle type. 

Social/Oral activities may be accounted for using only four 

variables: vehicle type, light, yaw acceleration, and noise; 

these are also among the variables inc1uded in the Medium Effort 

activity equation. Motor activity levels may be predicte~ using 

the measured levels of pitch rate, roll rate, light, noise, time 

of day, and speed. 

Activities were also correlated with the environmental motion 

variables measured between 1-20 Hz. Table 46 shows the simple 

correlations between the individual activities and measured and 

derived linear acceleration variables when the ultra-low (.1-1 

Hz) frequencies are excluded. In general, there are few 

significant correlations or trends between the activities and the 

linear accelerations. 
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Table 47 shows the simple correlations between the activities 

and the measured and de:rived rotational accelerations. 

comparison of these values with those in Table 41 reveals more 

significant correlations between the rotational rates and the 

activities when the .1-1 Hz motions are excluded, and more 

significant correlations between the rotational accelerations and 

the activities when the entire frequency range from .1-20 Hz is 

used as the basis for computing the rotational amplitudes (Table 

41). Thus, Sleeping is now highly correlated with the roll and 

yaw rates and the rotational rate vector sum, whereas the 

correlations were highel: using the rotational accelerations 

rather than the rates in these axes in Table 41. The result is 

similar for Talking-Listening, which is highly correlated with 

yaw rate and the rate vector sum when the 1-20 Hz data are used, 

as opposed to yaw acceleration and the rotational acceler~tion 

vector sum when the frequency range is extended to .1-20 Hz. 

The values of several correlation coefficients increased to 

the level of statistical significance or appeared as trends (p < 

.10) where none had appeared before when the frequency range of 

the data was limited to 1-20 Hz. The correlations between 

Writing and pitch and ro'll rates and the rate vector sum 

increased in value when the .1-1 Hz range amplitudes were 

excluded. Smoking was significantly correlated with pitch and 

yaw accelerations, the rotational acceleration vector sum, and 

pitch rate. There were positive trends between Doing Nothing and 
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roll acceleration, and Writing and pitch acceleration and roll 

rate. 

The activity indexes were also regressed against the physical 

motion variables measured and derived between 1-20 Hz. Table 48 

shows these correlations for the ~ priori effort categories. In 

general, there are a greater number of statistical trends and 

significant correlations when the ultra-low frequency components 

of the motion data are excluded, as compared to the values 

presented in Table 43. The High Effort activities are negatively 

correlated with X-linear acceleration, roll acceleration, and 

roll rate. The Medium Effort behaviors are negatively correlated 

with the rotational rates in all axes of measurement and the rate 

vector sum, while the Low Effort activities are positively 

correlated with the same motion variables. 

Table 49 shows the correlations between the post hoc activity 

indexes and the motion variables in the 1-20 Hz frequency range. 

Rest activities are positively correlated with roll, yaw, and the 

vector sums of the rotational accelerations and; while the 

correlations with the acceleration values are lower than when the 

full frequency range of data is used, the correlations with the 

rates are greater. The Social/Oral activities are negatively 

correlated with the same motion factors, although these 

relationships are not statistically significant or only reach the 

trend level. Again, the activity/rate correlations are higher 

than the activity/acceleration coefficients. Motor activities 
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Table 48 

Simple Correlations between Percent High, Medium, and 
Low Effort Activities and Ride Motion Variables 

(1-20 Hz) 

HIGH 

X-Linear Acceleration 
Y-Linear Acceleration 
Z-Linear Acceleration 
X-ISO Linear Acceleration 
Y-ISO Linear Acceleration 
Z-ISO Linear Acceleration 
Weighted ISO Vector S'1m 

(-.17) 
.03 
.03 
-.07 
.04 
.06 

.02 

Roll (X) Acceleration 
pitch (Y) Acceleration 
Yaw (Z) Acceleration 
Rotational Acceleration 

Vector Sum 

Roll (X) Rate 
pitch (Y) Rate 
Yaw (Z) Rate 
Rotational Rate Vector 

Sum 

(-.17) 
-.03 

-.08 

(-.14) 

-.22* 
.01 

-.01 

-.12 

MEDIUM ________ ~L~(:~)W~ ________ _ 

.08 
-.09 
-.02 
-.13 
(-.14) 
.04 

-.10 

-.09 
-.07 
-.13 

-.13 

-.19* 
-.21* 
-.27** 

-.30** 

.08 

.07 

.00 
• '19* 
• ~11 

-.07 
.110 

.119* 

.07 
(. 117) 

.20* 

.26** 
(. 114) 
.19* 

.27** 

**: p<.01 *: p<.OS ( ): p<.10 n = 77 
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Table 49 

Simple Correlations between Percent Rest, Social/Oral, 
and Motor Activities and Ride Motion Variables 

(1-20 Hz) 

REST SOCIAL/ORAL MOTOR 

X-Linear Acceleration .05 .06 .02 
Y-Linear Acceleration .06 -.01 .07 
Z-Linear Acceleration -.08 -.06 (. 14) 
X-ISO Linear Acceleration .07 -.04 -.04 
Y-ISO Linear Acceleration .03 -.02 -.03 
Z-ISO Linear Acceleration -.04 -.09 .26* 
Weighted ISO Vector Sum .02 -.04 .05 

Roll (X) Acceleration .22* (-. 17) .03 
Pitch (Y) Acceleration .09 .04 (-.14) 
Yaw (Z) Acceleration .19* -.13 .11 
Rotational Acceleration 

Vector Sum .24* -.12 -.03 

Roll (X) Rate .27* (- • 15) -.19* 
Pitch (Y) Rate • 11 -.06 -.22* 
Yaw (Z) Rate .23* (-.14) . -.08 
Rotational Rate 

Vector Sum .28** (-.18) -.24* 

): p<.10 *: p<.05 **: p<.01 n = 77 
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are also negatively correlated with roll and pitch rates and the 

rate vector sum. The positive correlation between Motor 

activities and ISo-weighted Z-linear acceleration is largely 

attributable to the correlation between Handcrafts/Games and this 

motion variable (Table 46). 

Linear equations were also developed to predict the relative 

frequencies of activities, using the ~ Eriori effc)rt and Eost hoc 

physical action indexes and the trip, non-motion, and motion 

variables in the range of 1-20 Hz recorded in this study. These 

equations, which represent the best fit of the physical variables 

to the activities using multiple regression techniques, are shown 

in Table 50. 

In general, it may be seen that the multiple regre$sion 

coefficients, proportions of variance accounted for the physical 

variables (R2), and levels of significance of these equations are 

higher than those for the equations in Table 45, ~ihich were 

developed using the complete frequency range of the motion 

variables from. 1- 20 Hz. The present set of equa1:ions generally 

incorporate fewer variables to predict an equal Ol~ greater 

proportion of the activity variance than in Table 45. In many 

cases, rotational rates or their vector sums are better 

predictors of activity levels than rotational accelerations. 
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Use of the restricted frequency range of motion variables 

from 1-20 Hz did not significantly improve the predictability of 

the High Effort activities, although the multiple regression 

coefficient did increase from .29 (Table 45) to .34. Levels of 

Low Effort activity could be predicted to a significant degree 

using five variables: the rotational rate vector sum, noise, ISO­

weighted X-linear acceleration, vehicle type, and time of day. 

The relative frequency of Medium Effort activity could be 

predicted using only three variables: the rotational rate vector 

sum, noise, and vehicle type. This equation used fewer variables 

to account for a slightly higher proportion of thE~ variance in 

Medium Effort activity at a higher level of statistical 

significance, than the corresponding equation baSE~d on the full 

frequency range of the motion variables in Table 'l,5. 

The linear models for the ~!: ho£. activity indexes derived 

using the motion variables in the 1-20 Hz range are greatly 

similar to those in Table 45, except that fewer variables are 

necessary in each equation to explain a comparablE! proportion of 

the activity variance. The level of Rest activities can be 

predicted using only three variables: roll rate, yaw rate, and 

vehicle type. Twenty percent of the variance in social/Oral 

activities can be explained by the levels of nOiSE!, illumination, 

the rotational rate vector sum, and vehicle type. Motor 

activities can be predicted using the values of the rotational 

rate vector sum, light, noise, time of day, and speed. The 

linear combinations of variables in these equations can explain 
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up to 20% of the variance in the relative frequencies of these 

activities. 

4.3 Discussion 

The results of the correlational study ot the effects of 

physical ride quality variables on passenger activity indicate 

that: 

1) Passenger activity levels are significantly affected by the 

rotational motions of the Amtrak train ride in the 1-20 Hz fre­

quency range. Low Effort, Rest activities increase in relative 

frequency as these motions become more severe, while Medium 

Effort, Social/Oral, and Motor behaviors decrease in observed 

frequency with higher levels of motion. 

2) Linear vibration does not influence the levels of passenger 

activities in any reliable and consistent way. 

3) Noise on the train is primarily the result of the level of 

passenger conversation (as discussed in Section 4.3.2.2). The 

measured levels of noise increase as the levels of Social/Oral 

and Medium Effort behaviors increase and Rest behaviors decrease 

in relative frequency. 
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4) Certain trip and situational variables, especially vehicle 

type and time of day, significantly affect the observed levels of 

passenger activities. 

5) When combined into linear equations through the use of 

multiple regression techniques, the ride quality and trip 

variables recorded in this study predict approximately 201 of the 

variance in passenger activity levels. 

These results and others regarding the stability of the 

activity frequencies over time, the use of rotational rates vs. 

accelerations as predictors of activity levels, the comfort of 

the Amtrak ride as assessed by previously developed objective and 

empirical standards, and the role of individual differences and 

attention in determining activity levels, are discussed in the 

following sections of this report. 

4.3.1 Passenger Activities Observed Qn Amtrak Trains 

The relative frequency distribution of activities observed in 

this December, 1977 study is very similar to the distributions of 

activities observed in November and December, 1976 and July, 

1977. The earlier observational efforts included passengers from 

trains on a number of different routes in the Northeast Corridor 

and eastern region of Amtrak service, thus supporting the 

validity of choosing the passenger sample from only two trains on 

the same route for the purposes of this study. 
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Table 51 shows the over-all relative frequencies for the 

activities observed in all three phases of this study, based on 

the behaviors of a total of 6989 Amtrak passengers. Reading and 

Viewing were consistently the most popular individual activities, 

and Handcrafts/Games the least popular (excluding Smoking, which 

was usually performed in conjunction with other activities). 

Sleeping and Talking/Listening occurred with intermediate 

frequency, while Doing Nothing, Eating, Drinking, Writing and 

other activities were observed with relatively low frequencies. 

This distribution of activity is stable over time (one year) and 

trip route within the Northeast Corridor and eastern region, and 

does not vary to any marked extent with changes in seasons, 

weather conditions, or other long-range variables. 

4.3.2 The Comfort of the Train Ride 

The level of passenger comfort provided by the Amtrak train 

environment may be assessed using comfort guidelines and indexes 

for ride motion, noise, temperature and humidity, and ambient 

illumination developed in previous studies. In the following 

section of this report, the environmental variables measured in 

this study are compared with a number of different comfort and 

task performance guidelines, in order to determine the range and 

mean levels of ride quality experienced by passengers on these 

trips. 
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Table 51 

combined Relative Frequency of Passengers Engaged in Activities 
on Northeast Corridor Amtrak Trains (Nov.-Dec., 1976; 

July, 1977; and Dec., 1978 Studies) 

Activity 

Doing Nothing 
Sleeping 
Smoking 
Viewing 
Talking-Listening 
Handcrafts/Games 
Eating 
Drinking 
Reading 
writing 
Other 

239 

Percent Observed 

4.5 
16.8 

.9 
23.4 
13.0 
1.8 
3.5 
4.2 

23.9 
3.4 
4.6 

-100.0-



4.3.2.1 Ride Motion Environment 

The most widely established guideline for assessing the 

comfort of ride motion is the International Organization for 

Standardization's (1974) Document 2631 ("Guide for the Evaluation 

of Human Exposure to Whole-Body Vibration"). A complete 

description of the guideline and the Reduced Comfort Boundary, 

which is most often used to assess ride motion, is available in 

Section 1.1.3 of this report. 

One method of assessing compliance with the ISO Reduced 

Comfort Boundary is known as the weighting method. This 

technique involves the application of a frequency weighting 

network to the measured linear vibrations, such that the motion 

amplitudes in the 20 one-third octave bands between 1 anq 80 Hz 

are differentially weighted, depending upon the sensitivity of 

the human body to mechanical vibration in each frequency range. 

The weighted amplitudes are then summed to give the ISO-weighted 

linear accelerations in the various axes of vibration. These 

weighted values may be compared to the Reduced Comfort limits in 

the most sensitive frequency range in each axis. These limits 

are shown in Table 52. 

Table 53 indicates the level of compliance of the data 

collected in the 77 test: segments made in December, 1977 on the 

Northeast Corridor, using the ISo-weighted linear vibrations in 

the X-, Y-, and Z-motion axes. It may be seen that the x-
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Daily 
Exposure 

Time 
(hr) 

Table 52 

ISO Reduced Comfort Boundary Limits for 
Most Sensitive Frequencies in vertical 

and Transverse Motion Axes 

Vertical (Z) Axis 
4-8 Hz Limit 

(rms g) 

Transverse (X&Y) Axes 
1-2 Hz Limit 

(rms g) 

-----------------------------------------------------.----------
16 
8 
4 
2.5 
1 

.005 

.010 

.017 

.023 

.037 

Table 53 

.005 

.007 

.011 

.016 

.027 

Cumulative Frequency of Measured Ride segments Complying 
with ISO 2631 (1974) Reduced Comfort Limits for 

Whole-Body Vibration 

Daily 
Exposure Time 
Limit (hr) 

16.0 
8.0 
4.0 
2.5 
1.0 

Cumulative % 
segments 
(X-Axis) 

97.4 
100.0 
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Cumulative % 
segments 
(Y-Axis) 

cumUlative % 
Segments 
(Z-Axis) 

1.3 
14.3 
67.5 
94.8 

100.0 

o 
76.6 

100.0 



vibrations in the vast majority of test segments complied with 

the 16 hr ISO limit, indicating that the ride motions in this 

axis were quite acceptable in terms of ride comfort. Similarly, 

the vertical vibrations in over 75~ of the test segments would be 

acceptable for an 8 hr exposure, and all vertical motions would 

be acceptable for at least a 4 hr exposure time, as determined by 

the Z-axis Reduced Comfort Boundary. The lateral, Y-axis motions 

were the most severe. Only 67.5% of those measured would be 

acceptable for a daily exposure time of 4 hr, while almost 95% 

would be acceptable for a daily 2.5 hr trip. 

A second means of assessing the acceptability of the linear 

vibrations involves the weighted vector sum of the ISo-weighted 

vibrations: 5 

(8) 

This sum weights the transverse (X-and Y-axis) vibrations more 

heavily than the vertical accelerations, since the human body is 

more sensitive mechanically to motions in these axes. It has 

been proposed (Griffin, 1977) that the value of this sum be 

5This method is currently under consideration by the ISO 
Technical Committee 108 on Mechanical Vibration and Shock, Sub­
committee 4 on Human Exposure to Mechanical Vibration and Shock, 
for possiole inclusion in an upcoming revision of the ISO 2631 
document. 
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compared with the vertical (Z-axis) ISO Reduced Comfort Boundary 

to assess the acceptability of linear vibration. ~rable 54 

indicates the level of compliance of this statistic for the ride 

segments measured in this study with the Z-axis Reduced Comfort 

limits for various daily exposure times. It may ble seen that 

approximately 10~ of the test segments complied wi·th the 4 hr 

Reduced Comfort Boundary, while over 95% complied ,,,,ith the 2.5 hr 

limit. 

Because the ISO Reduced Comfort limits are bas4ed on the 

assumption of a daily dose or exposure to a vibration environment 

for a certain period of time, it is difficult to mi~e any con­

clusions about the acceptability of the Amtrak rid4e to Northeast 

Corridor passengers, many of whom do not make dail:{ trips between 

points on the Boston-Washington, DC route. However, ju,dging from 

the compliance of the data with the ISO Reduced Comfort Boundary 

in the most severe axis of vibration (i.e., latera1, Y-axis 

motion) and the comparison of the vector sums of the Iso-weighted 

linear amplitudes with the vertical limits for Reduced Comfort, 

it appears that approximatel.y 95% of the time, the Amtrak ride 

is suitable for daily 2.5 hr trips. This estimate is made solely 

on the basis of the linear motions, and might be even greater for 

trips which occurred on a less frequent basis. 
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Table 54 

Cumulative Frequency of Weighted Vector Sums of ISo-Weighted 
Linear Vibrations Complying with ISO 2631 (1974) Reduced 

Comfort Limit for Vertical (Z-Axis) Vibration 

Daily 
Exposure Time 

Limit (hr) 

8.0 
4.0 
2.5 
1.0 

Cumulative ~ 
Segments Complying with 

z-Axis Limit 

244 

3.9 
70.1 
96.1 

100.0 



In the present study, it was found that the rotational 

motions affected levels of activity to a greater extent than the 

linear vibrations. This result supports the findings of a study 

by pepler, et ale (1978), in which subjective passenger comfort 

was found to depend largely upon roll rate rather than the linear 

vibrations in Amtrak trains. pepler, et ale used multiple 

regression techniques to develop a linear comfort equation for 

these trains, based upon the responses made by their subjects on 

a seven-point comfort scale and the correlated levels of motion 

and other environmental variables. This model predicts the 

subjective comfort response of passengers, given the measured 

levels of noise and roll rate, according to the following 

equation: 

C = .73 +.1 (N-60) + .96w
R 

(<7) = (.96) (.01 ) (.21 ) 
(9 ) 

where C = mean comfort rating, N = noise (dB.A),W = roll rate 
R 

(o/sec, and a = the standard error of the coefficient. 

This equation was applied to the data for the 77 ride 

segments collected in December in the present study. The 

resulting comfort statistics (mean, mean ~ one standard devia-

tion, minimum and maximum values) are plotted in Figure 34 

against the Pepler, et ale comfort/satisfaction ("willingness to 

ride again") curve, derived in earlier studies of STOL (Short 
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Take-Off and Landing) aircraft passengers. It may be seen that 

the mean predicted comfort rating for the data collected in the 

present study was almost exactly at the neutral point of the 

comfort scale (4), where approximately 80~ of the passengers 

would be expected to be satisfied. The minimum comfort rating 

computed for any segment coincides with the comfol:-t value of 2, 

just one standard deviation below the mean and prE~dicting almost 

100% group satisfaction with the ride. However, i:he maximum 

comfort value of 11.4 is off the comfort scale, along with the 

comfort values calculated from five other test se9ments. In all, 

72.7% of the ride segments measured in this study would be judged 

in the comfortable range, and 27.3% in the uncomfc)rtable (C 

greater than 4) range, using the comfort statistics calculated 

with the pepler, et ale equation. 

The ride comfort of various levels of roll ac(:elerations may 

also be assessed against the Discomfort Curves developed by 

Leatherwood, et ale (1978), using the discomfort responses of 

subjects on the Passenger Ride Quality Apparatus l~PRQA) simulator 

at the NASA/Langley Research Center. Leatherwood, et ale used 

various psychophysical techniques, including the method of 

constant stimuli and magnitude estimation, to deVE!lop a family of 

equal discomfort curves known as DISCs for various frequencies of 

vertical, lateral, and roll vibration. These curves are 

subjective multiples of a baseline discomfort curve (DISC=1) 

which "corresponds to the threshold of discomfort ••• [The] 

DISC=2 curve provides twice the discomfort of the DISC=1 curve; 
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the DISC=4 curve corresponds to twice the discomfort of the 

DISC=2 curve and four times that of the DISC=1 curve" 

(Leatherwood, et al., 1978, pp. 6-7) and so on. 

Figure 35 shows a comparison of the roll accelerations 

recorded in this study with the Discomfort Curves for roll 

generated by Leatherwood, et al. (1978). For the purposes of 

comparison, the roll amplitudes in the present study have been 

broken down into one-third octave band frequency components. 

Comparison of the roll accelerations measured in this study with 

the DISC curves suggests that they were somewhat uncomfortable. 

The roll acceleration levels for an average ride segment fall 

between the DISC=1 and DISC=2 curves, indicating levels of motion 

one to two times that of the discomfort threshold. Roll 

accelerations from the ride segment in which the maximum ~ms g 

value of roll was recorded ranged between DISC=2 and DISC=6. 

The relative severity of the roll motions compared to the 

linear Y- and Z-vibrations is even more apparent when the latter 

values are plotted against the DISC curves for linear accele­

rations (Figures 36 and 37). In both cases, the mean motion 

levels are well below the discomfort threshold curve, and even 

the maximum Y- and Z-vibrations measured for any segment do not 

reach the level of DISC:1. Thus, comparison of the measured data 

with the Leatherwood, et al. DISC curves reveals that while the 

linear motions are generally quite comfortable, the rotational 
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motions (in this case, roll) are much more severe and probably 

make a significant contribution to passenger discomfort. 

4.3.2.2 Noise Environment 

In addition to its role as a factor in the pepler, et ale 

(1978) comfort equation for trains, noise may be assessed 

objectively for its influence on Talking-Listening by means of 

the Speech Interference Level (SIL) Curves (General Radio, 1972,. 

The noise levels measured on the trains are plotted against these 

curves in Figure 38. The mean noise level of 68 dB(A) is 

sufficiently low to allow communication between speakers 

separated 2 to 4 ft using very loud speech. Only at the minimum 

noise level observed (60 dB.A) is normal speech possible at 2 ft, 

which is the approximate distance between passengers seat~d next 

to each other on the trains. The maximum noise level of 80 dB(A) 

precludes speech communication at any distance except by 

shouting. 

Since noise was generally uncorrelated with the dominant 

vehicle motions, and since both noise and vehicle type were 

highly correlated with Talking-Listening, it was hypothesized 

that the conversational activity of the passengers might account 

for a significant proportion of the variance in the noise on 

these trains. If this were true, then noise levels in the 

Amcoach cars should be lower than those in the Amcafe snackbars, 

since more Talking-Listening took place in the latter type of 
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vehicle. This was in fact the case when the mean noise levels 

were compared between the two vehicle types (one-tailed t = 1.89, 

d.f. = 79, p<.05). Thus, in this case, an aspect of the ride 

environment which was the result of a certain level of passenger 

activity acted as facto!' which made the same activity more diffi­

cult to perform. 

The subjective comfort of the noise environment is difficult 

to define, since the annoyance and distraction qualities of 

noise, especially speech, are highly dependent upon individual 

differences in the form of subjective expectations, attitudes and 

motivation, and even personality differences (Miller, 1947; 

Kryter, 1970). However, it should be noted that the levels of 

noise measured in the Amtrak trains in this study are comparable 

to or lower than those measured in previous studies of intercity 

train environments (pepler, et al., 1978; u.s. Environmental 

Protection Agency, 1975). Certainly, the levels are well below 

the maximum of 76 dB(A) recommended by the u.s. Environmental 

Protection Agency (1975) for a 2 hr daily exposure on this type 

of conveyance. 

The expected effects of noise on performance of non-auditory 

activities are also difficult to assess on the basis of past 

literature describing the effects of noise on performance. In 

general, it has been difficult to show the detrimental effects of 

noise on human performance, except at the very highest stress 

levels. While some experts in this field, particularly Broadbent 
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(1957), contend that reliable performance deficits appear at 

noise levels of 90 dB, others, in particular KrytE~r, (1970, p. 

546) feel that the experimental data show "no advE~rse effects 

[of] regular, expected noise on nonaudi tory mEmtal or motor 

work performance or output." In some studies, relatively low 

levels of noise have even been shown to have a positive effect on 

task performance, depending upon the motivational or arousal 

state of the subject (Kahneman, 1973). 

It is unlikely that the low noise levels measured on the 

Amtrak trains in the present study would result in serious dis­

comfort or interference with the performance of si.mple tasks such 

as reading and writing. First, most laboratory st:udies of 

environmental stress do not even incorporate nOiSE! levels in the 

60-80 dB(A) range in their designs, except as cont:rols. (e.g., 

Grether, et al., 1971, 1972; Sommer and Harris, 1972; Harris and 

Sommer, 1973). Thus, it may be assumed that at IE!ast in 

laboratory experiments, the effects of noise do not show up in 

this loudness range. Second, in situations of multiple 

environmental stresses, vibration alone has been ~,hown to have 

equal or worse effects on the performance of cognitive and 

psychomotor tasks than combinations of vibration, noise, and 

other variables (Grether, et al., 1971, 1972). It. is doubtful 

that the low levels of noise on the Amtrak trains would cause a 

significant additional decrement in activity perfc'rmance compared 

to that caused by the relatively high amplitude rotational 

motions. Finally, noise was not significantly correlated with 
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the observed levels of any activity except Talking-Listening, to 

which it was positively related. Thus, the emperical evidence 

supports the conclusion that the levels of interior noise, the 

content of which was largely conversation, did not affect 

passengers' abilities to read or write. 

4.3.2.3 Thermal Environment 

The temperatures and relative humidities measured on the 

Amtrak trains varied only slightly from one vehicle to the next, 

being largely dependent upon the day-to-day ambient weather 

conditions. The effective temperature index used in this study 

was a means of consolidating the temperature and humidity data 

into a single value which facilitated the data reduction and 

correlational analysis considerably. Effective temperatUFe as a 

variable may also be more closely tied to human comfort than 

either Fahrenheit temperature or relative humidity individually, 

since the body generally responds to the interaction between 

these variables, rather than to the independent effects of 

temperature or humidity stimuli. 

Effective temperature is an empirically determined sensory 

index, from which equal comfort curves have been experimentally 

developed to assess the relative thermal acceptability of various 

combinations of temperature and relative humidity. These curves 

are shown in Figure 39, along with the distribution statistics 

for effective temperature derived from the environmental 
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measurements made in this study. In general, the effective 

temperatures were on the high side for winter comfort; yet the 

mean temperature would be considered comfortable by approximately 

801 of population, judging from the acceptable comfort range 

shown in Figure 39. 

Since this study was conducted during the winter, it would be 

predicted that the higher effective temperatures would be more 

comfortable for the passengers and would thus create a more 

optimal environment for the performance of more effortful 

behaviors. Unfortunately, the positive correlations between 

temperature and the higher effort activities which would have 

been expected were too small to provide any reliable support for 

this hypothesis. The negative correlations between effective 

temperature and Viewing and Smoking, however, do show tha~ some 

Low Effort behaviors decrease in frequency as temperature 

increases. 

4.3.2.4 Illumination Environment 

There are three main sources of illumination on the Amtrak 

trains: 1) the ceiling lights in the center of the vehicle along 

the length of the aisle; 2) the reading lights above the seats; 

and 3) the natural light coming in through the windows. Light 

measurements taken in this study were made in the center aisle of 

each vehicle, and primarily reflect the over-all level of 

illumination coming from the first and third sources. 
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Table 55 shows the levels of illumination recommended for 

various tasks by the Illuminating Engineering society (Kaufman, 

1972). Most of these values are recommended for performance of 

activities in residential environments. rhe corre,sponding 

passenger activities which would require similar levels of 

illumination are also shown in Table 55. In general, the ambient 

illumination levels measured on these trains were rather low 

(mean =6, minimum =1, maximum =32) compared to the recommended 

levels. However, light levels measured with the reading lights 

on at the seats attained levels of up to 130 fc, ~'hich is 

perfectly adequate for the performance of passengEr activities. 

Illumination levels were found to be negatively correlated 

with Doing Nothing and positively correlated with Talking-Lis­

tening. These correlations are in the expected direct~ons and 

are meaningful from the standpoint of the effects of overall 

ambient illumination (rather than focussed reading light) on 

general levels of activity. The correlations betw'een light as 

measured in this study and the higher effort activities cannot 

really be evaluated since most passengers used the reading lights 

while performing these behaviors. 
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Table 55 

Minimum Recommended I.evels of I llumination for Performance 
of Various Tasks (Kaufman. 1972) 

Task corresponding Passenger Illumination 
Activity Level (fc) 

Conversation. Talking-Listening 10 
Relaxation. Doing Nothing 
Entertainment Sleeping 

Smoking 

Dining Eating 15 
Drinking 

Table Games Games 30 

Handcrafts Handcrafts 70 

Reading and Reading 30 - 70* 
Writing Writing 

(Using] Corridors Walking in Aisles 20 
(other) 

* Varies depending upon content of written material. contrast 
level of printed matter. etc. 
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4.3.3 Selection of Variables to Predict Passenger Activity 

Levels 

selection of the variables included in the linear models was 

based upon several factors. The main criteria for selection 

were: a) low redundancy in terms of the aspects of the environ­

ment which were being described by the variables; 2) the 

feasibility of the correlations between the dependent and 

predictor variables, based on present knowledge of human response 

to the various environmental conditions; and 3) in terms of the 

activity variables, the functional relatedness of component 

activities into coherent categories, or indexes, and the size and 

nature of the correlations between these categoriE!s and the 

predictor variables. 

First, many of the motion variables were redundant in the 

sense that they were basically different computati.onal versions 

of the same factor. With regard to the use of thE~ rotational 

acceleration values vs. those of the rotational ra.tes, it was 

found that the acceleration values were more highly predictive of 

activity levels when the full frequency range of motions from .1-

20 Hz was used as the basis for the correlational analysis, while 

the rates were more highly correlated with the act~ivities when 

the motion data was restricted to the 1-20 Hz rang'e. This 

difference is considered to be an artifact of the data reduction 

procedures for deriving the rates from the accelerations as 

described in Section 4.1.4. 
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A second consideration in the selection of predictor 

variables to be included in the linear models was the feasibility 

of the relationships between such factors and the activities, 

based upon present knowledge of human response to these environ­

mental conditions. Factors recorded in this study were excluded 

which had high correlations with activities in the opposite 

direction of what would be expected, based upon current knowledge 

of human reaction to vibration. For instance, the positive 

correlation between Z-ISO linear acceleration and Motor 

activities (Handcrafts, Ln this case) is counterintuitive, since 

it is highly unlikely that increasing the magnitude of vertical 

vibration would be related to higher levels of a voluntary 

activity involving precise manual dexterity and hand-eye coordin­

ation. Furthermore, the literature contains numerous examples of 

the detrimental effects of vertical vibration upon task p~rfor­

mance involving combined visual and motor skills, such as 

tracking (e.g., Buckhout, 1964; Collins, 1973; Shoenberger, 

1967). Including this factor in a predictive equation for Motor 

behaviors would result in a model that did not make logical 

sense. 

Finally, because the correlations between the individual 

activities and the ride quality and trip variables were so low 

(although consistent in certain directions), it was not possible 

to generate linear equations for individual activities which 

would account for a significant proportion of the variance in 

these behaviors based on the recorded physical and trip 
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variables. Therefore, in addition to the ~ priorj~ activity 

categories based on effort, the post hQ£ activity indexes were 

developed in an attempt to generate dependent variables which 

could be more highly predicted by the trip and en\rironmental 

variables recorded in this study. These indices ~iere conceived 

after attempts to generate linear models of the ~ priori High, 

Medium, and Low Effort activities met with only limited success 

using the entire frequency range of the motion dat:a from .1-20 Hz 

(Table 45). 

since there were insufficient data to perform a factor 

analysis, the activities were simply grouped according to 

physical ride quality or trip factors with which t:hey had common 

correlations, and in terms of common physical action components 

such as manual or oral movements, or no observable movement at 

all. Although these indices generally overlap wit:h the ~ pri~ri 

effort categories, it appears that the exclusion of Reading and 

Viewing, which were largely uncorrelated with any of the ride 

quality or trip variables, resulted in the slightly higher level 

of predictability of these post ho~ activity cateqories. 

4.3.4 Generating Linear Models of Passenger ~\ctivity 

From the ride quality and trip variables recorded in this 

study, several were selected which were significantly correlated 

with the activities but which were not very highly correlated 

with each other, as described in Section 4.3.3. Using the SPSS 
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multiple regression subprogram, the order of variables was 

generally specified such that the measured ride quality variables 

would be entered into the multiple regression equations first, 

followed by the categorical trip variables. The rationale for 

this order is as follows. 

The ride quality variables were of primary interest in this 

study. These variables could be (at least theoretically) 

controlled in the desi~l of future transportation systems, and it 

would be of the greatest potential use to designers of these 

systems to have equations which would account for the greatest 

proportion of the activity variance using such factors as 

vibration, noise, effective temperature, and light. The trip 

variables, such as time of day and vehicle type, are generally 

not under the design engineer's control or are specific to the 

Amtrak system which served as the object of this study. These 

variables were of lesser interest in terms of the design of new 

systems, but they were included in a secondary capacity since 

they were sometimes highly correlated with the activity levels 

and could also account for some proportion of the activity 

variance. 

Within each of these general variable categories, stepwise 

multiple regression procedures were used to generate the linear 

models of activity. Using this method, a variable is entered 

into the linear equation only if it makes a significant contri­

bution to the prediction of the dependent variable when 
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considered in conjunction with the variables already in the 

equation. The first variable entered into the equation is that 

which is most highly correlated with the dependent variable. The 

second variable entered is that which provides the best 

prediction in conjunction with the first variable. This is 

important when the predictor variables themselves are highly 

intercorrelated, since the second and all following factors are 

entered into the equation not simply on the basis of how well 

they independently predict the level of the dependent variable, 

but on the basis of the additional, non-overlapping variance they 

can account for relative to variables previously entered into the 

equation. Thus, the stepwise mode of multiple regression 

provides the best means of predicting the dependent variable 

using the fewest possible predictor variables. 

The linear equations represented in Tables 45 and 50, which 

represent the best fitting equations after several iterations of 

the stepwise regression process, consist of only three to six 

factors and can be applied using simple computational methods. 

The number of factors was in some cases reduced even further by 

using the motion vector sum statistics, which represent in terms 

of a single index the vibrations measured in three axes on the 

trains. For instance, the equation shown in Table 50 for Medium 

Effort activities is: 
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%A = -1.09w + .55N + 5. 28 (V) - 25.00 xyz 
(10 ) 

(R = .43, p<.01) 

An alternate version of this linear model which was also de-

veloped using the same data is: 

%A = -1.65w 
z 

+ .54N -.64w -.29w + 5.73(V)-24.25 
x y 

(R = .43, p<. 01) (11 ) 

The latter equation accounts for exactly the same proportion of 

activity variance, but requires the use of the three separate 

rotational rates rather than the single rate vector sum. 

4.3.5 The Applicati.on and Usefulness of the Linear Models of 

Activity for Future Passenger Train Design 

In Section 4.3.2, the comfort of the ~mtrak ride was assessed 

using a number of individual criteria for acceptable levels of 

vibration, noise, temperature, and light in a passenger 

environment. Application of such criteria is standard operating 

procedure for the evaluation of ride quality on existing systems 

as well as for the specification of design variables in future 

systems. The use of individual criteria, however, implies a 

certain absolute threshold level of comfort in each of these 

dimensions; i.e., each variable must attain a certain minimum 

value in order for the passenger environment to be acceptable. 
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While this principle may in fact be true for systE~ms factors 

which impinge upon passenger safety, security, or other aspects 

of systems acceptability, and should in these caSE~S be applied as 

the most conservative method of design, it may be possible to be 

more flexible in the specification of comfort fac1:ors. 

In order to design advanced transportation systems which are 

cost-effective, it is often necessary to trade off some design 

features for others, depending upon relative expense, availa­

bility of technology, and the state-of-the-art in general. Thus, 

a method for specifying allowable trade-offs which will still 

result in an acceptable level of ride quality wow.d be an 

extremely useful tool for designers and evaluators of transpor­

tation systems. The comfort models developed by pepler, et ale 

(1978) provide just such a tool for the design of systems to meet 

any given level of passenger satisfaction, as specified by the 

subjective comfort ratings of their passenger samples. The 

usefulness and application of these models was discussed 

previously in Section 1.0. In a similar way, the linear activity 

models developed in the present study could theorE~tically be 

used, in conjunction with information about passenger preferences 

for different activities (as reported for example" in the survey 

results of Section 3.2), to design passenger envil:onments in 

future intercity train systems which would be conducive to the 

types of activities which play an important role in passenger 

satisfaction. 
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To illustrate this concept of application of the linear 

activity models, let us assume that the design engineer wishes to 

provide a passenger environment which will be satisfactory for 

the performance of MotOl: activities (i. e., Writing and Hand­

crafts/Games). The results of the survey on passenger activities 

(Appendix C) indicate that 50.7% of the passengers polled 

considered Writing to be important to their satisfaction on the 

trains, and 24.4% wished to spend more time writing on future 

train trips. Handcrafts and Games were relatively unpopular 

activities; about 17% of the respondents considered these 

activities to be important, and only about 10% wished to spend 

more time doing these activities on future trips. 

Thus, the highest proportion of passengers the design 

engineer might feasibly wish to satisfy with an environmept 

conducive to performance of Motor activities would be approxi­

mately 50%. If 50% of the passengers on the trains were engaged 

in Motor activities, this would be an approximate ten-fold 

increase over the average level of this type of activity observed 

in the course of this study; thus, this would be a very 

idealistic goal on the part of the design engineer. Suppose the 

designer chooses a level of 10% as a more realistic goal. This 

would constitute a two-fold increase in the observed relative 

frequency of Motor activities, and is conservative in the sense 

that it is comparable to the percent of passengers participating 

in the survey who wished to spend more time on the less popular 

of these behaviors. 
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This 10% value may now be entered in the Motor activity 

equation (Table 50) as follows: 

10%A = -.50w 
xyz 

-.201 -.17N -2.21 (T) +.111 (SP) +15.02 

(12) 

Now the designer has a choice of several variables which might :be 

manipulated in solving the equation. These include the 

rotational rates vector sum, light, noise, speed, and time of 

day. Let us assume that the system being designed is planned to 

run at an average cruising speed of 120 mph (SP=1~!o), and that 

the designer is most interested in predicting morning levels of 

activity (T=1), since this is when more Motor behavior takes 

place. Inserting these values into the equation Clnd performing 

the necessary computations, the equation may be rewritten as: 

10%A = -.50wxyz -.20I -.17N -2.21 + 13.2 .' 15.02 (13) 

or 

10% = -.50wxYZ -.20I -.17N + 26.01 (14) 

Now, the values of the remaining factors in the equation may 

vary, depending upon the practical constraints imposed upon the 

design of the system by available technology and limitations in 

resources. In other words, the levels of light, noise, and 

rotational vibration may be traded off in the design of an 

acceptable passenger environment; what is acceptable for any 
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particular variable depends upon the levels of the other 

variables in the equation. 

Of the three variables whose levels must still be specified 

in this equation, illumination probably poses the least 

difficulty for the design engineer. since high levels of 

illumination were primarily positively correlated with 

Social/Oral activities (and thus negatively correlated with Motor 

behaviors), ambient light levels for corridors may be held to a 

minimum of 20 fc (1=20 in the equation), as recommended by the 

I Illuminating Engineering Society (Kaufman, 1972). Noise levels 

are probably the second easiest factor to control in terms of the 

available technology, although noise may be more expensive to 

manipulate than illumination. Probably the most expensive factor 

to control is rotational vibration, since this involves special 

design of the guideway in addition to the vehicle itself. Also, 

since there is so little research available on rotational motions 

which may be practically applied to the design of 

vehicle/guideway systems, it would be difficult to specify 

exactly how to build a system to minimize these motions even if 

financial resources were unlimited (although Ravera and Anderes 

(1975) and Wormley, et al. (1977) have recently made significant 

progress in this area). Thus, the rotational vibrations would be 

the most difficult to specify and the most expensive to control. 
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The Motor activity equation may now be rewritten, plugging in 

all values except for noise and the rotational rate vector sum: 

10%A = -.50w -4 -.17N + 26.01 
xyz 

or 

10%A = -.50w -.17N + 22.01. 
xyz 

NOw, depending upon the levels of noise and rotational motion 

LIS) 

L16) 

which may feasibly be provided, these two factors may be traded 

off to yield the same relative frequency of activity. For 

instance, if noise can be strictly controlled to ,:1 level of 55 

dB (A) , the vector sum of the rotational rates could be allowed to 

go as high as 5.32 a/sec (with which 87% of the best segments 

measured in the present study could comply) in order to allow for 

a 10% Motor activity frequency: 

10%A = -.50(5.32) -.17(55) + 22.01. (17 ) 

If noise were permitted to attain a mean level of 65 dB (A) , the 

sum of the rotational rates would have to be restricted to a 

level of 1.92 (with which only 16% of the test se9ments measured 

in this study could comply): 
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10~A = -.50(1.92) - .17(65) + 22.01. (18) 

The above example has been provided to illustrate the 

possible usefulness of the linear activity models to the designer 

of transportation systems. While similar models have been 

developed using subjective comfort as the criterion (Pepler, et 

ale 1978), the equations derived in the present study are unique 

in that they use an objectively quantifiable dependent variable 

(i.e., activity) as the basis for specifying design criteria. 

It is suggested that the activity models developed in this 

study be applied with caution in the design of new transportation 

systems. First, the models have not been validated on an 

independent sample of Amtrak system users. It was intended in 

the original research plan to develop preliminary activi~y models 

in the July, 1977 phase of this study (in which an attempt was 

made to record motion variables in addition to performing the 

survey and observations) and validate these equations using the 

data collected in December, 1977. However, no provision was made 

in the July test effort to control the internal homogeneity of 

the track segments used. The tests were largely made at random, 

and the distributions of the resulting vibration data were too 

skewed to be used in subsequent multiple regression analyses. 
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It should also be noted that only a limited pl~oportion of the 

variance in activities may be predicted using the ride quality 

and trip variables recorded in this study. At most, only 20% of 

the variance in activity may be accounted for using these 

factors. However, it is believed that this 20% of the variance 

in activity is that proportion attributable to thE! interference 

or facilitation effects of vibration, noise, and other aspects of 

the ride environment, which are the factors at lealst 

theoretically under the control of the design engi.neer. The fact 

that physical ride quality variables could influence even this 

much of the variation in activities is considerable, in light of 

the dominant role played by individual differences: in the 

majority of ride quality-related research efforts. 

Although it was not a major goal of the present study to 

account for individual differences between passengers, it is 

undoubtedly these differences which control the largest 

proportion of the variance in passenger activity. There is 

significant evidence in the literature that individual 

differences may be the most important factor in determining human 

response to whole-body vibration. A number of reviews and 

several experimental studies have addressed this particular 

problem as part of the explanation for inconsistency of results 

between ride quality and vibration research efforts (~llen, 1971; 

Shoenberger, 1972; Oborne and Humphreys, 1976). 
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Individual differenees in subjects' comfort responses in 

vibration environments have also been found in a few studies 

which have included demographic variables such as sex. These 

studies are discussed in greater detail in Section 3.3.3.2. In 

the July survey of Amtrak passengers conducted as part of the 

present study, ride comfort ratings were found to vary depending 

upon the number of companions a respondent was traveling with, 

type of occupation, and level of education. In the Pepler, et 

ale (1978) study, infrequent passengers were more sensitive to 

roll rate then frequent passengers and the same was found to be 

true for older (ages 25 and up) vs. younger (ages 10-24) riders 

and females compared to males. Furthermore, in the present 

study, there were numerous individual differences in respondents' 

subjective reactions to questions concerning the importance of 

various activities and their subjective sensitivities to ~nviron­

mental interferences with activities. Richards, et al., (1978) 

also found certain individual differences in passengers' reported 

frequency of performing various activities during flight; e.g., 

the most frequent activities reported by men were reading and 

writing, while the most frequent behaviors reported by women were 

talking and looking out the window. 

Thus, it would not be surprising if the actual activities 

performed by Amtrak passengers in the present study were largely 

controlled by individual differences between passengers. It 

would be expected that the personal preferences for various 

behaviors would differ between passengers of different sexes, 
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ages, occupations, and income levels, traveling different 

distances, for different purposes, with different numbers of 

people; these differences were described in Section 3. O. 

Unfortunately, there was no way to control for individual 

differences in the observational design of the present study 

without incurring extreme inconvenience and expense in terms of 

time and other resources. Under normal circumstances in an 

experimental laboratory facility, it is possible to make repeated 

measures of the same subjects or match subjects on critical 

characteristics in order to control for inter-subj,ect 

variability. Also, the experimental situation dic"tates the 

specific task which the individual is to perform. In the present 

type of field study, however, these factors could lIlot be 

controlled for the following reasons. 

First, the present study depended to a certain extent upon 

the passengers not knowing what the experimenter was doing, so 

that the stUdy would not disrupt their ongoing activities. Thus, 

it would have been difficult to make multiple observations of the 

same person without that person becoming aware of (or asking 

about) the purposes of observation. Second, even if some means 

could have been devised to preserve the anonymity of the observer 

(e.g., a one-way mirror window, video cameras, etc,.), the 

physical layout of the train precluded the use of such static 

observational teChniques. Because the se;its had high backs and 

faced in one direction only, there was no way to observe more 
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than a handful of passengers at one time. Third, the tempo of 

activities was very slow in general among the train passengers. 

Passengers could be observed reading and writing for periods of 

1-2 hr or more on these trains without a significant change in 

behavior. Thus, observation of the same passengers over a full 

trip would have yielded very small amounts of behavioral data on 

only a few passengers. These few observations would then have to 

be correlated with massive amounts of vibration data, which is 

expensive to process. 

Also, because actual passengers were used as subjects in this 

study, there was no way of obtaining actual performance data to 

assess how well the activities were being performed in the motion 

environment. Use of the relative frequencies of behavior as 

dependent variables can only give a rough indication of 

passengers' difficulties in dOing various activities on the 

trains, since the underlying assumption that people will do what 

is the easiest for them to do (Richards and Jacobson, 1975) may 

be confounded by their varying motivations to perform different 

activities and the resulting level of effort they are willing to 

expend. 

276 



4.3.6 Activities and Comfort 

The relationship between activities and subjective comfort 

may be complex and highly interactive. There is substantial 

evidence from the results of the survey described in section 3.0 

that at least some activities play an important role in passenger 

satisfaction with the train ride. The results of the regression 

analysis of the observed frequencies of activities on the trains 

indicate that the factors which have been shown to influence 

subjective comfort in previous studies (e.g., pepler, et al., 

1978) also affect the levels of activities, although to a more 

limited extent. Further, studies of airline passengers' comfort 

show that subjective ratings of activity difficulty were signifi­

cantly correlated with subjective ratings of comfort in flight 

(Richards, et al., 1978). 

Thus, a three-way relationship between activities, comfort, 

and physical ride quality variables may be established. In terms 

of the relative strength of these relationships, it appears that 

subjective ratings of comfort are more strongly correlated than 

observed levels of activity with the physical parameters of the 

train ride. However, the question still remains as to whether 

performance of activities results in a higher or lower level of 

subjective passenger comfort. 
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Richards, et al., (1978) hypothesize that "if one is immersed 

in performing a task, comfort level may be irrelevant or not 

attended to. A busy individual may not notice whether he is 

comfortable or not." The authors found that comfort ratings of 

airline crew members, who were always performing some activity, 

were generally better than those of passengers and other test 

SUbjects. However, the authors conceded that these differences 

might also be attributable to differences in previous flight 

experiences resulting in higher adaptation levels for crew 

members, or to motivational differences between these groups. 

An alternative viewpoint might be that performance of 

activities calls attention to tue existing quality of the ride. 

Thus, a bad ride will seem worse if one tries but is unable to 

writei on the other hand, good feelings about the ride will be 

validated and reinforced by the ease of performance experienced 

in doing a desired activity. This hypothesis is supported to 

some extent by the results of a study in which passengers were 

asked to rate automobile ride comfort under conditions of sensory 

deprivation, extraneous sensory input, and normal sensory input 

(Stewart, Young, and Healey, 1977). The extraneous sensory input 

condition was comparable to performance of an auditory (Talking­

Listening) or visual (Reading, Writing) type of activity. 

Subjective ratings of the ride were consistently worse over all 

types of road surfaces when the extraneous visual task was 

performed, compared to the control condition. One interpretation 

of this result is that subjects' difficulty in performing the 
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visual writing task negatively influenced their subjective 

comfort ratings. 

Actually, both viewpoints may be reconciled by postulating an 

interactive relationship between activities and comfort mediated 

by attention or effort and depending upon given le~vels of 

environmental variables which influence both activ'ity performance 

and subjective comfort. Under low levels of environmental 

stimulation which do not significantly interfere with activities 

or result in subjective discomfort, little attention may be 

devoted by passengers on existing transportation systems to 

conscious assessment of comfort or ease of activity performance. 

The viewpoint of Richards, et ale is probably descriptive of this 

type of situation. 

Under moderate levels of environmental stimulation, the 

exertion of extra effort to perform activities which are easy to 

do in other situations may draw attention to sensations 

associated with subjective comfort which would normally go 

unnoticed. The study by Stewart, et ale (1977) most closely 

approximates this situation. Depending upon previous experience, 

expectations, and other variables, the passenger may then make a 

conscious, cognitive judgment regarding the comfor·t and quality 

of the ride, which may subsequently be used as an input to the 

more complex decision of whether to use the system again. 
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Under high levels of environmental stimulation, the 

sensations associated with comfort may be so strong as to make 

the role of activities in drawing attention to them unnecessary. 

In this situation, which might be encountered for short periods 

of time in transportation vehicles due to poor guideway surfaces, 

air turbulence, or other conditions, difficulty in performing 

voluntary activities may serve to confirm or validate subjective 

judgments of discomfort which have already been made largely on 

the basis of the physical sensations produced by the ride 

environment. 

Thus, activities may serve not only as a source of passenger 

satisfaction, but also as a means of focussing attention on 

comfort-related sensations in an actual transportation environ­

ment. Activities may therefore play both a direct and indirect 

(i.e., mediational) role in passengers' cognitive evaluation of 

their satisfaction with the ride of existing transportation 

systems. 

The preceding discussion has focussed on the mechanisms of 

possible relationships between passenger activities and 

subjective comfort, largely because of previous evidence which 

has shown comfort to be the best predictor of passenger 

satisfaction, or willingness to ride again (Richards and 

Jacobson, 1975), and because it has been assumed that the ability 

to perform desired activities plays a significant role in 

determining passenger comfort (Allen, 1975; Stone, 1972). 
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However, it must be remembered that the relationship between 

comfort and passenger satisfaction was originally determined from 

the Subjective responses of airline passengers to different STOL 

(Short Take-off and Landing) aircraft. Although Hichards and 

Jacobson (1975) have generalized this relationship to other modes 

(e.g., the Pepler, et al. (1978) train and bus study), subjective 

comfort has not been formally validated as the best predictor of 

passenger satisfaction for intercity train passeng"ers. 

Considering the differences in ride motions, a.verage trip 

durations, cost, and other factors between the air and ground 

modes, it would not be surprising if the relative contribution of 

activity factors to over-all systems acceptability were much 

greater on the trains than on airplanes. The ability to do 

activities might then assume a role independent of its. 

relationship with subjective comfort in determining passenger 

satisfaction, as indicated by the results of the passenger 

activity/ride quality survey (Section 3.3.2). Present and future 

research efforts in the modeling of passenger value structure 

similar to that conducted by Charles River Associates (1978) may 

reveal more about the importance of such factors to the 

acceptability of ground transportation systems. 
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5. CONCLUSIONS 

The results of the preceding three-part field study lead to 

the following conclusions regarding passenger activities on 

intercity trains: 

1) Passenger activities are sufficiently diverse to require 

approximately one dozen categories to allow comprehensive 

description. These categories may then be grouped, according to 

difficulty of activity performance in a transportation 

environment, into three main classes: High Effort activities 

(Eating, Drinking, Reading, Writing); Medium Effort activities 

(Talking-Listening, Handcrafts, and Games); and Low Effort 

activities (Doing Nothing, Sleeping, Smoking, and Viewing). 

2) Passenger activities vary in relative frequency depending 

upon short-term trip variables such as time of day, vehicle type, 

and trip route. However, an activity distribution can be 

established which is stable in order and frequency over the long 

term and generalizable (with minor adjustments) to a wide variety 

of intercity passenger train situations. 

3) Passengers indicate in their questionnaire responses that 

a number of activities, especially Reading, Thinking, and 

Sleeping, are important to their satisfaction with the train. 

Furthermore, passengers' subjective responses regarding their 

activities on the trains correspond well with thei:r actual 
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observed behaviors. Frequently observed behaviors are generally 

those which passengers feel to be subjectively important to their 

satisfaction with the train ride, and which they would like to do 

more on future trips. These activities include Reading and 

Sleeping. Passengers do not frequently perform the activities 

which they feel to be subjectively unimportant and which they 

would like to do less on future trips. These activities include 

Handcrafts and Games. 

4) Subjective judgments of ride comfort are largely 

independent of passengers' perceptions of ride variables' 

interference with the performance of passenger activities. The 

passengers' concept of comfort appears to be static and passive, 

and does not involve to any great extent the dynamiC assessment 

of ease of activity performance. 

5) 'I'rip variables and passengers' demographic 

characteristics influence their subjective opinions regarding 

activities and ride comfort. The longer the trip and the younger 

the passenger, the more highly passenger activities are valued. 

Ratings of ride comfort vary with vehicle type and education 

level, while perceptions of the ride environment's interference 

with activities depend upon age and trip purpose. Both over-all 

comfort and activity interference responses are influenced by the 

number of companions traveling with a passenger and his 

occupation. 
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6) Ride motion variables are the most important 

environmental factors which influence passenger ac"tivity 

performance, especially for behaviors requiring si9nificant motor 

and visual components. This is true in both a subjective and 

objective sense, since: 

a) Passengers' survey responses indicate that ride 

roughness interferes with activities, especially those in the 

High Effort class, more than any other environmental variable; 

and 

b) Simultaneous measurement of the ride f~nvironment 

and observation of activities indicate that rotational vibration 

in the 1-20 Hz frequency range is negatively correlated with 

performance of High Effort, Motor and Medium Effor1:, Social/ 

Oral activities, and positively correlated with Low Effort, 

Rest activities. Linear vibrations, however, do not influence 

the levels of passenger activities in any reliable and consis­

tent way. 

7) Passengers themselves are the chief source of noise 

measured on the trains. Conversational levels are positively 

correlated with nOise, which is greater in Amcafe snackbars, 

where the most socializing takes place, than in Ameoach vehicles. 

While noise levels are perceived by 20-30" of the passengers to 

interfere with activities such as Sleeping, Conversation, and 

Reading, the observational data indicates that in fact, only Low 

Effort activities (such as Sleeping) significantly decrease in 

frequency as measured levels of noise increase. 
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8) Effective temperature and illumination levels are not 

perceived by passengers to playa major role in disrupting 

activity performance. Further, these variables do not appear to 

be associated with decreases in observed activity levels to any 

significant extent. Although passengers perceive the lighting to 

be poor for Reading and Writing, and relatively low levels of 

ambient (as opposed to reading) light are in fact present on the 

trains, Reading and Writing do not vary in relative frequency 

with changes in illumination. In fact, higher illumination 

levels are associated with higher frequencies of Social/Oral 

activities, such as conversation. 

9) Trip variables such as vehicle type and time of day 

significantly affect passenger activity levels. Passengers 

seated in Amcafe and Amcoach vehicles do not seem to value 

activities differently for their satisfaction on the train, or 

perceive environmental variables differently in terms of their 

disruptive effects on activities; however, passengers in 

different types of vehicles perform some activities with 

differential relative frequencies. Amcoach passengers engage in 

Low Effort, Rest behaviors more than Amcafe passengers, who do 

more Medium Effort, Social/ Oral activities. High Effort and 

Motor activities are performed more frequently in the morning, 

while Low Effort behaviors occur more often in the afternoon. 
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10) Quantitative relationships between observed levels of 

activity and the physical parameters of ride quali·ty and other 

recorded variables may be established using multiple regression 

techniques. The resulting linear equations consis·t of 

combinations of predictor variables which account for approxi­

mately 20% of the variance in the observed levels l~f various 

classes of passenger activity. Individual differences between 

subjects and differences in effort and motivation might be 

postulated to account for the remaining variance in activity 

levels. 

11) The activity/ride quality equations are considered to be 

mathematical models of the compensatory type. Thus, they may be 

used by designers and evaluators of advanced transportation 

systems to make trade-offs in the specifications of env~ronmental 

variables, in order to provide an acceptable ride environment for 

the performance of predetermined levels of passeng'~r activities. 

The activity equations may provide a valuable tool in the 

determination of the minimum acceptable level of ride quality for 

passenger activity on the trains. 

287/288 





6. BIBLIOGRAPHY 

Allen, G. Human reaction to vibration. The Journal of Environ­
mental Sciences, 1971 (Sept/oct), 10-15. 

Allen, G.R. Ride quality and International Standard ISO 2631 
("Guide for the Evaluation of Human Exposure to Whole-body 
Vibration"). In 1915 Ride Quality Symposium (Williamsburg, 
VA). U.S. Department of Transportation Technical 
Memorandum DOT-TSC-OST-75-40. November, 1975, 501-530. 

American Society of Heating, Refrigerating, and Air conditioning 
Engineers. ASHRAE handbook of fundamentals. New York: 
ASHRAE, Inc., 1961. 

Brigham, E.W. The fast Fourier transform. Englewood Cliffs, 
NJ: Prentice Hall, 1974. 

Broadbent, D.E. Effects of noise on behavior. In Handbook 
of noise control, Chapter 10 (C.M. Harris, Ed.). New 
York: McGraw-Hill, 1957. 

Brown, V.J. Effects of exposure time during fligh"t maneuvers 
on passenger subjective comfort rating. NASA/Langley 
Research Center (Hampton, VA). NASA TM X-72660, April, 
1975. 

Buckhout, R. Effect of whole body vibration on hum.:ln perform­
ance. Human Factors, 1964, ~, 157-163. 

Catherines, J.J., Clevenson, S.A., and Scholl, H.F.. A method 
for the measurement and analysis of ride vibration of 
transport systems. NASA/Langley Research Center (Hampton, 
VA). NASA-TND-6785, May 1972. 

Charles River Associates. On the development of a theory of 
traveler attitude-behavior interrelationships. 
u.S. Dept. Of Transportation, Research and Special Programs 
Administration, Washington DC, August 1978, 
DOT-TSC-RSPA-78-14,I-II. 

289 



Clark, B. Thresholds for the perception of angular accelera­
tion in man. Aerospace Medicine, 1967, 38, 443-450. 

Clarke, M.J. A summary of evidence available on time dura­
tion effects on comfort and task proficiency under 
vibration. Presented at the 1976 Annual Meeting of the 
Transportation Research Board, Washington, DC, January, 
1976. 

Collins, A.M. Decrements in tracking and visual performance 
during vibration. Human Factors, 1973, ~, 379-393. 

Dempsey, T.K. and Leatherwood, J.D. Vibration simulator studies 
for the development of passenger ride comfort criteria. In 
1975 Ride Quality Symposium (Williamsburg, VA). u.S. 
Department of Transportation Technical Memorandum DOT-TSC­
OST-75-40. November, 1975, 601-614. 

Dudek, R.A., Ayoub, M.M., and El-Nawawi, M.A. Optimal work-rest 
schedules under prolonged vibration. ~rgonomics, 1973, 
1&, 469-479. 

Dudek, R.A. and Clemens, D.E. Effect of vibration on certain 
psychomator responses. Journal of Engineering Psychology, 
1965, i, 127-143. 

Duncan, N.C. and Conley, H.W. Demographic and psychological 
variables affecting test subject evaluations of ride 
quality. In 1975 Ride Quality Symposium (Williamsburg, 
VA). U.S. Department of Transportation Technical Memo­
randum DOT-TSC-OST-75-40. November, 1975, 287-321. 

General Radio Company. A primer of noise measurement. 
Concord, MA: General Radio Company, 1972. 

Gray, R., Wilkinson, R.T., Maslen, K.R., and Rowland, G.F. 
The effects of three hours of vertical vibration at 
5 Hz on the performance of some tasks. Royal Aircraft 
Establishment Technical Report 76011. January, 1976. 

Grether, W.F. Vibration and human performance. Human 
Factors, 1971, 11, 203-216. 

290 



Grether, W.F., Harris, C.S., Mohr, G.C., Nixon, C.W., 
Ohlbaum, M., Sommer, H.C., Thaler, V.H., and Veghte, 
J.H. Effects of combined heat, nOise, and vibration 
stress on human performance and physiological functions. 
Aerospace Medicine, 1971, 42, 1092-1097. 

Grether, W.F., Harris, C.S., Ohlbaum, M., sampson, P.A., and 
Guignard, J.C. Further study of combined heat, noise, and 
vibration stress. Aerospace Medicine, 1972, 43, 641-645. 

Griffin, M.J. Eye motion during whole-body vertical vibration. 
Human Factors, 1976, ~, 601-606. 

Griffin, M.J. Levels of whole-body vibration affecting human 
v~s~on. Aviation, Space, and Environmental Medicine, 
1975, 46, 1033-1040. 

Griffin, M.J. Proposed ammendments to ISO 2631-1974. 
International Organization for Standardization Doc. No. 
ISO/TC l08/SC 4/WG 2 54. July, 1977. 

Harris, C.S. and Sommer, H.C. Interactive effects of intense 
noise and low-level vibration on tracking performance and 
response time. Aerospace Medicine, 1973, 44, 1013-1,016. 

Hays, W.L. Statistics for the social sciences. New York: 
Holt, Rinehart, and Winston, Inc., 1973. 

Healey, A.J. Digital processing of measured random vibration 
data for automobile ride evaluation. Passenger Vibration 
in Transportation Vehicles. American Society of Mechanical 
Engineers (ASME) Publication AMD, 1977, 24 1-19. 

Holland, C.L. 
vibration. 

Performance effects of long-term random vertical 
Human Factors, 1967, ~, 93-104. 

Hornick, R.J. and Lefritz, N.M. A study and review of human 
response to prolonged random vibration. Human Factors, 
1966, ~, 481-492. 

International organization for Standardization. Guide for the 
evaluation of human exposure to whole-body vibration (ISO 
2631), 1974. 

291 



Jacobson, 1.0. Study of travel habits, attitudes and preference 
of short haul travelers. Part I - Air travel by professional 
academic community. STOL Program Memorandum Report 403201, 
University of Virginia Research Laboratories for the En­
gineering sciences, December 7, 1971. 

Jacobson, 1.0. and Martinez, J. The comfort and satisfaction 
of air travelers - Basis for a descriptive model. Human 
Factors, 1974, ~, ~6-55. 

Jacobson, 1.0. and Richards, L.G. Ride quality evaluation. II. 
Modeling of airline passenger comfort. Ergonomics, 1976, 
12, 1-10. 

Kahneman D. Attention and effort. Englewood Cliffs, NJ: 
Prentice-Hall, Inc., 1973. 

Kaufman, J.E. 
New York: 

(Ed.) IES lighting handbook (5th edition). 
Illuminating Engineering society, 1972. 

Kerlinger, F.N. and pedhazur, E.J. Multiple regression in 
behavioral research~ New York: Holt, Rinehart and 
Winston, Inc., 1973ti 

Kleitman, N. Sleep and wakefulnes2. Chicago: University 
of Chicago Press, 1939. 

Kryter, K.D. The effects of noise on man. New York: 
Academic Press, 1970. 

Leatherwood, J.D., Dempsey, T.K., and Clevenson, S.A. Ride 
quality criteria of multifactor environments. Presented 
at the 1978 Annual Meeting of the Transportation Research 
Board, Washington, DC, January, 1978. 

Lindsey, R. Mass transit, little mass. The New York 
Times Magazine, October 19, 1975. 

MCCullough, M.L. and Clarke, M.J. Human response to whole­
body vibration: An evaluation of current trends. Human 
Factors, 1974, ~, 78-86. 

292 



Miller, G. A. The masking of speech. Psychological 
Bulletin, 1947, 44, 105-129. 

Miwa, T. Evaluation methods for vibration effect. Part 1. 
Measurement of equal sensation level of whole body for 
vertical and horizontal sinusoidal vibrations. 
Industrial Health (Japan), 1967, ~, 183-205. 

Oborne, D.J. A critical assessment of studies relating whole­
body vibration to passenger comfort. Ergonomics, 1976, 
li, 751-774. 

Ohorne, D. J. and Humphreys, D.A. Individual variability in 
human response to whole-body vibration. Ergonomics, 
1976, ll, 719-726. 

Ohlbaum, M.K., O'Briant, C.R., and Van Patten, R.E. The effect 
of viewing distance on the visual decrements associated with 
g vibration. American Journal of Optometry, 1971, 48, 
298-306. 

pepler, R.D., Vallerie, L.I., Jacobson, 1.0., Barber, R.W., 
and Richards, L.G. Development of techniques and data 
for evaluating ride quality. Volume II - Ride-'quali.,ty 
research. U.S. Department of Transportation. DOT-TSC­
RSPD-77-1, II, February, 1978. 

Ravera, R.J. and Anderes, J.R. 
guideway design and costing. 
MTR-6969. July, 1975. 

Factors in lightw€!ight 
Mitre Technical Heport 

Richards, L.G. and Jacobson, I.D. Ride quality evaluation. 
I. Questionnaire studies of airline passenger comfort. 
Ergonomics, 1975, 1§, 129-150. 

Richards, L.G. and Jacobson, 1.0. Ride quality assessment 
III: Questionnaire results of a second flight programme. 
Ergonomics, 1977, 20, 499-519. 

Richards, L.G., Jacobson, 1.0., and Kuhlthau, A.R. What the 
passenger contributes to passenger comfort. ~Iplied 
Ergonomics, 1978 (in press). 

293 



Rudrapatna, A. A trade-off analysis design tool -- Aircraft 
interior noise-motion/passenger satisfaction model. 
Unpublished doctoral dissertation. university of Virginia 
(Charlottesville), 1977. 

Shoenberger, R.W. Effects of vibration on complex psychomotor 
performance. Aerospace Medicine, 1967, 38, 1264-1269. 

Shoenberger, R.W. Human response to whole-body vibration. 
Perceptual and Motor Skills, 1972, 34, 127-160 
(Monograph Supplement 1-V34). 

Shoenberger, R.W. An investigation of human information 
processing during whole-body vibration. Aerospace 
Medicine, 1974, 45, 143-153. 

Shoenberger, R.W. and Harris, C.S. Human performance as a 
function of changes in acoustic noise levels. AMRL-TR-
65-165. Aerospace Medical Research Laboratories, 
Wright-Patterson AFB, Ohio. December, 1965. 

Shoenberger, R.W. and Harris, C.S. Psychophysical assess­
ment of whole body vibration. Human Factors, 1971, 
11, 41-50. 

Solomon, K.M., Solomon, R.J., and silien, J.S. Passenger 
psychological dynamics. Journal of Urban Transportation 
Corporation for the American Society of Civil Engineers 
Urban Transportation Research Council. Springfield, VA: 
National Technical Information Service, June, 1968. 

Sommer, H.C. and Harris, C.S. combined effects of noise 
and vibration on mental performance as a function of 
time of day. Aerospace Medicine, 1972, 43. 479-482. 

Sommer, H.C. and Harris, C.S. Combined effects of noise and 
vibration on human tracking performance and response time. 
Aerospace Medicine, 1973, 44, 276-280. 

Stewart, M.L., Young, R.K., and Healey, A.J. Ride quality ratings 
as a function of sensory input. University of Texas at 
Austin. Unpublished manuscript, 1977. 

294 



Stone, R.W. Ride quality overview. Proceedin~f Symposium 
on Vehicle Ride Quality. Hampton, VA: NASA-Lan9ley 
Research Center. July, 1972. 

u.s. Department of Commerce, Bureau of the Census. Educa­
tional attainment in the United States: March 1977 and 
1976. Current Population Reports - population Charac­
teristics, Series P-20, No. 314, December, 1977. 

u.s. Department of Commerce, Bureau of the Census. Household 
money income in 1976 and selected social and economic 
characteristics of households. Current Population 
Reports-Consumer Income, Series P-60, No. 109, 
January, 1978. 

u.s. Environmental Protection Agency. public health and 
welfare criteria for noise. EPA 550/9-73-002, ,July 23, 
1973. 

u.s. Environmental Protection Agency. Passenger noise 
environments of enclosed transportation systems. EPA 
550/9-75-205, June, 1975. 

von Gierke, H. E. The ISO Standard: "Guide for the eval\la­
tion of human exposure to whole-body vibration. 'II In 
1975 Ride Quality Symposium (Williamsburg, VA). 
U.S. Department of Transportation Technical Memorandum 
DOT-TSC-OST-75-40. November, 1975, 565-580. 

west, A., Rammage, F., West, J. and Jones, H. The quality 
of railway carriage environments. Applied Ergonomics, 
1973, ~, 194-198. 

wormley, D.N., Hedrick, J.K., Eglitis, L., and Costanza, D. 
Elevated guideway cost-ride quality studies for group 
rapid transit systems. u.S. Department of Transportation 
Final Report DOT-TSC-OST-77-54. May, 1977. 

295/296 





APPENDIX A 

OBSERVATIONAL CODING FORM FOR 
PASSENGER ACTIVITY 
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Car No.: Mileposts: 
Car Type: He3d Ct.: 

READING (R) 
out Window (LW) 

VIEWING: In Train (LT) 
At Experimenter (LE) 

SMOKING (S) 

SLEEPING (Z) 

WRITING (W) 

EATING---,E) 

DRINKING (D) 

HANDCRAFTS (H) 

DOING 
NOTHING IN) 

2 
TALKING 

& (TL) 
LISTENING Adjacent 

Across 

2 
PLAYING 

(P) 
GAMES Adjacent -

Across -
OTHER (0) 

Day: 
Time: 

LIGHT 
LEVEL: 

3 4 

3 4 
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Train NO.: 
Seating Cap: 



APPENDIX B 

AMCOACH AND AMCAFE VEHICLE 
FLOORPLANS 
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APPENDIX C 

PASSENGER ACTIVITY/RIDE QUALITY 

QUESTIONNAIRE 
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Train No. 

Date 

Car No. 

A study Being Conducted by 

Market Research Department 

The National Railroad Passenger Corp. 
955 L'Enfant Plaza North, S.W. 

Washington, D. C. 20024 

Dear Passenger: 

Welcome Aboard. We at AMTRAK are dedicated to making your 
trip an enjoyable one. In order to make this possible, we 
need your cooperation in helping us find ways to improve our 
services. 

The following survey is easy to understand. Please read 
the instructions and questions carefully, then give your 
responses. You will not need to give your name and address, so 
answer all questions as freely as possible. 

Please complete the questionnaire and give it back to your 
AMTRAK representative when you have finished. 

Have an enjoyable trip and thank you for riding AMTRAK. 

~~~ 
Alfred A. Michaud 
Vice President - Marketing 
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Here are some questions about your trip. Please fill in or check the 
appropriate answer for each question. 

1. How important are the activities listed below for your satisfac­
tion while riding on the train? 

Beverage consumption 
Eating 
Looking around 
Games 
Reading 
Writing 
Thinking 
Sleeping 
CO'1versation 
Handcrafts 
Smoking 
Other (please specify) 

IMPORTANT UNUIPORTA~T 

2. Compared to the time you spend now, would you prefer to spend 
more, less, or the same amount of time doing the following" 
activities on your future train trips? 

MORE LESS SAME 

• Beverage consumption ( ) ) , 
• Eating ( ) ) 

• Looking around ( ) ) 

• Games ( ) ) 

• Reading (- ) ) 

• Writing ( ) ) 

• Thinking ( ) ) 

• Sleeping ( ) ) 

• Conversation ( ) ) 

• Handcrafts ( ) ) 

• Smoking ( ) ) 
• Other activity (please specify) ( ) ) 

3. How would you describe the ride so far on this trip? (Circle a 
number below) 

1 Very Uncomfortable 

5 Somewhat Comfortable 

2 Uncomfortable 3 Somewhat Uncomfortable 

4 Neither Comfortable 
nor Uncomfortable 

6 Comfortable 7 Very Comfortable 
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4. 

5. 

60 

7. 

80 

9. 

Check any of the following that apply: 

• Rough ride interferes 
with my 

• Noisy ride interferes 
with my 

• Car is too hot or cold for 

• The ride was too short for 
• The light poor for 
• There is not enough space 

for 
• There are too many people 

for 

• I am not interested in 
• There are other factors 

affecting my (please 
explain) 

• None of the above interfere 
with my 

Check any of the 
following that apply: 

• Rough ride interferes with 
my 

• Noisy ride interferes with 
my 

• Car is too hot or cold for 
• The ride was too short for 
• The light poor for 

• There is not enough space 
for 

• There are too many people 
for 

• I am not interested in 

SLEEP- SMOK-
ING ING 

BEVERAGE 
EAT- CON SUMP-
ING TION 

.( 

(0 ) 
( ) 
( ) 
( ) 

• There are other factors 
affecting my (please 
explain) 

• None of th-e--a~b-o-v-e~in-t-e-r-f~e-r-e---
with my 

At what station did you !=,oard this train? 

At what station will you leave this train? 

LOOKING THINK-
AROUND ING 

HAND-
GAMES CRAFTS 

Are you traveling by: ( ) Parlor Car ( ) Coach ( .) Other 

How many times have you used AMTRAK on this route? 

( ) First time ( ) 2-5 times ( ) 6-9 times ( ) More than 10 
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10. What is the purpose of this trip? 

( ) Business or work 
( ) To and from school 
( ) Personal Affairs 

Vacation or recreation 
Other 

11. How many persons are you traveling with? 

Traveling alone 
1 other person 
2 other persons 

3-4 other pers.:>ns 
5 or more others 

Would you mind answering a few short questions about yours.~lf so that we 
can combine the answers you've given us with those of other people? 

12. What is your sex? 

( ) Male } Female 

13. What is your educational background? 

( ) Grade school or less 
( ) High school or less 

14. What is your age group 

Under 18 
18 - 24 
25 - 34 

35 - 44 
45 - 54 
55 - 64 

) College or more 

( ) 65 and over 

15. What is your current occupation? (If unemployed, check your last 
occupa tion. ) 

Laborers (not farm) 
Public Service 
Craftsmen 
Military 
Clerical 
Sales 
Professional and 

Technical 
Farmers and Farm 

Managers 

Managerial 
Students 
Housewife 
Retired 
Other (please specify) 

16. Please check the range of your household income. 

( ) Under SlO,OOO 
( ) SlO,OOO - $20,000 
( ) S20,000 - $50,000 

( ) Over $50,000 

We welcome any comments about your trip and any suggestions you may have 
for improving AMTRAK service. Please write your comments and suggestions 
in the space below, 
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GENERAL SUMMARY OF PASSENGER ACTIVITYI' 

RIDE QUALITY SURVEY RESULTS 
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ACTIVITY IMPORTANCE 

1. How important are the activities listed below for your satisfaction 
while riding on the train? 

Beverage consumption 
Eating 
Looking around 
Games 
Reading 
Writing 
Thinking 
Sleeping 
Conversation 
Handcrafts 
Smoking 
Other 

ACTIVITY TIlm PREFERENCES 

Important 

72.9 
70.4 
72.6 
17.3 
87.6 
50.7 
85.9 
76.1 
61. 9 
17.5 
30.5 
28.0 

Unimportan t 

27.1 
29.6 
27.4 
82.7 
12.4 
49.3 
14.1 
23.9 
38.1 
82.5 
69.5 
72.0 

% Responding 

91.9 
91.2 
86.3 
78.4 
91.2 
80.5 
86.3 
85.9 
84.0 
77 .5 
85.2 
20.8 

2. Compared to the time you spend now, would you prefer to spend more, less, 
or the same amount of time doing the following activities on your fu~ 
train trips? 

More Less Same % Responding 

Beverage consumption 9.4 6.2 84.4 86.9 
Eating 12.1 7.3 80.6 85.4 
Looking around 21. 7 9.0 69.3 81.5 
Games 11.6 18.8 69.7 72.1 
Reading 33.4 6.0 60.6 82.9 
Writing 24.4 12.0 63.6 76.7 
Thinking 23.1 6.6 70.2 79.0 
Sleeping 23.9 9.2 66.8 76.9 
Conversation 21.8 7.5 70.7 76.4 
Handcrafts 8.9 21.9 69.2 69.8 
Smoking 5.0 30.7 64.2 71. 6 
Other 8.3 14.7 77 .1 27.2 
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RIDE qUALITY 

3. How would you describe the ride so far on this trip? 

DESCRIPTOR 

1. Very uncomfortable 
2. Uncomfortable 
3. Somewhat uncomfortable 
4. Neither comfortable 

nor uncomfortable 
5. Somewhat comfortable 
6. Comfortable 
7. Very comfortable 

ACTIVITY INTERFERENCES 

% RESPONSE 

5.4% 
2.4% 
9.8% 

6.2% 

15.4% 
43.9% 
16.8% 

4. Check any of the following that apply: 

(98.6% responding) 

Looking 
Sleeping Smoking Around Thinking Conversation 

Rough ride interferes 
with my 

Noisy ride interferes 
with my 

Car is too hot or cold for 
The ride was too short for 
The light poor for 
There is not enough space for 
There are too many people for 
I am not interested in 
There are other factors 

affecting my 
None of the above interfere 

with my 

(% Response for) 

25.7% 2.0% 

19.9 1.2 

11.1 2.0 
4.4 0.0 
1.6 0.2 

11. 9 3.0 
2.6 7.1 
4.0 56.6 

2.2 0.6 

16.6 27.3 

71.9% 57.2% 
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13.0% 16.2% 8.8% 

3.9 29.0 25.6 

4.3 6.0 4.5 
1.6 0.9 2.5 
3.1 0.8 0.7 
4.5 1.7 2.0 
3.3 3.0 3.2 
9.3 1.6 9.7 

1.6 2.0 1.6 

55.3 38.7 41.1 

53.2% 62.3% 58.7% 



5. Check any of the following that apply: 
Beverage 

Con-
Eating sumption Games 

Rough ride interferes with my 37.4% 48.6% 8.2% 
Noisy ride interferes with my 4.0 4.1 3.7 
Car is too hot or cold for 2.6 2.9 2.6 
The ride was too short for 4.4 1.4 4.2 
The light poor for 0.6 0.6 3.0 
There is not enough space for 4.6 2.3 8.7 
There are too many people for 2.4 1.4 5.9 
I am not interested in 6.4 4.1 35.8 
There are other factors 

2.2 1.7 0.7 
affecting my 

None of the above interfere 
35.4 34.9 27.2 

with my 

(% Responding for) 51.1% 53.4% 42.8% 

TRIP DISTANCE 

6. At what station did you board this train? 

7. At what station did you leave this train? 

Trip Distance (mi.) % Response 

0-100 
101-200 
201-300 
Over 300 

CLASS OF SERVICE 

18.3 
24.4 
36.8 
20.5 

Hand-
crafts Reading 

12.0% 32.1% 
2.0 27.1 
1.7 4.2 
4.0 2.4 
3.7 10.1 
4.5 0.9 
4.5 1.7 

38.7 0.9 

1.2 1.1 

27.7 19.4 

41.5% 64.4% 

(97.3% responding) 

8. Are you traveling by: () Parlor Car () Coach () Other 

Vehicle 

Parlor Car 
Coach 
Other 
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% Response 

o 
100 

o 
(98.0% responding) 

Writing 

55.4% 
10.7 

2.6 
1.7 
6.0 
3.4 
1.4 
4.5 

0.5 

13.8 

61.1% 



TRIP EXPERIENCE 

9. How many times have you used AMTRAK on this route? 

Trip Experience 

1st time 
2-5 times 
6-9 times 
More than 10 times 

TRIP PURPOSE 

% Response 

26.1 
29.0 
8.7 

36.3 

10. What is the purpose of this trip? 

Trip Purpose 

Business or work 
To and from school 
Personal affairs 
Vacation or recreation 
Other 

TRAVELING COMPANIONS 

% Response 

20.1 
3.7 

24.1 
48.2 

3.9 

11. How many persons are you traveling with? 

SEX 

Traveling Companions 

Alone 
1 other person 
2 other persons 
3-4 other persons 
5 or more others 

12. What is your sex? 

Sex 

Male 
Female 

% Response 

56.7 
24.3 

9.5 
6.1 
3.4 

% Response 
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44.4 
55.6 

(98.8% responding) 

(95.1% responding) 

(98.2% responding) 

(97.0% responding) 



EDUCATION 

13. What is your educational background? 

AGE 

Education 

Grade school or less 
High school or less 
College or more 

14. What is your age group? 

Age 

Under 18 
18-24 
25-34 
35-44 
45-54 
55-64 
65 & over 

OCCUPATION 

% Response 

1.0 
23.7 
75.3 

% Response 

6.9 
25.2 
28.8 
13.1 
11.1 
8.8 
6.1 

(97.0% responding) 

(97.8% responding) 

15. What is your current occupation? (If unemployed, check your 
last occupation.) 

Occupation % Response 

Laborers (not farm) 2.1 
Public service 5.1 
Craftsmen 1.1 
Military 2.5 
Clerical 4.0 
Sales 2.3 
Professional & Technical 29.5 (93.0% responding) 
Farmers & Farm Managers 0.3 
Managerial 7.1 
Students 20.5 
Housewife 7.9 
Retired 5.2 
Other 12.4 
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INCOME 

16. Please check the range of your household income. 

Income 

Under $10,000 
$10,000 - $20,000 
$20,000 - $50,000 
Over $50,000 

COMMENTS 

Comment 

General compliments 
Ride comfortable 
Other specific positive comments 
Time delays-operational problems 
Ride too rough 
Activity limited by ride or 

vehicle design 
Temperature-ventilation (negative) 
Food & food service (negative) 
Lighting (negative) 
Bathrooms (negative) 
Noise (negative) 
Train personnel (negative) 
Other specific negative comments 
Suggestions for improvement 

% Response 

23.1 
37.2 
35.5 
4.3 

% Response 

13.0 
2.2 
4.5 

21.2 
8.1 

2.7 
4.9 
3.9 
1.4 
3.7 
1.4 
3.7 

11.6 
17.7 
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SPECTRAL PLOTS OF RIDE MOTIO~S RECORDED ON 
NORTHEAST CORRIDOR A}1TRAK TRAINS (DECEMBER, 1977) 
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Figure E-7. X-Rotational Rate (Roll) 
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Figure E-S. Y-Rotational Rate 
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Figure E-9. 
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Z-Rotational Rate (Yaw) 

326 



o 
z 
a­crY,' 

z: 

'-W 
U 
U 
cr 

FREOUENC V (H2) 

Figure E-IO. ISO Plot Of Typical Ride Segment: X-Linear 
Vibration 
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Figure E-ll. ISO Plot Of Typical Ride Segment: Y-Linear 
Vibration 
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Figure E-12. ISO Plot Of Typical Ride Segment: Z-Linear 
Vibration 
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