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ABSTRACT 

The ability t o  perform a ct ivit ies such a s  reading , w rit-

ing, talk in�, and sleeping has frequently been cited in the 

:� ride quality literature a s  an import ant fa ct or in pa ssen�ers' 

comfort and sat isfa ction with tran sportation systems . A field 

st udy of pa ssenger a ct ivit ies on intercity tra ins wa s con­

ducted t o  quantify and describe the relat ionships between the 

relat ive freq uencies of various pa ssenger behaviors and the 

phy sical parameters of ride quality . Vibra tion in six degrees 

of freedom, acoust ic noise, temperature, rela tive humid it y ,  
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� d  illum inat ion were mea sured while simultaneous observat ions 

of pa ssenger act ivity were made aboard 77 Am tra k vehicles on 

14 tra ins between Newa rk, NJ and Wa shingt on ,  DC . Rotat i onal 

vibrat ion rates (1 -20 Hz) w ere found to  be nepat ively corre­

lated with observ ed performance of social and mot or activities, 

and posit ively correlated w ith resting behaviors . Linear vibra­

tions did not significant ly a ffect observed act ivity f requen­

cies . N oise levels result in� prim a rily from pa ssen�ers' con­

versat ions were neg at ively correlated w ith frequencies of 

sleeping . Act ivity levels also va ried w ith vehicle type and 

t im e  of day. Mult iple regression techniq ues were used to deve­

lop linea r equat ions of phy sica l ride quality and t rip vari­

able s, which predict approx imately 20% of the variance in 

a ct ivity levels . Individua l differences a re postulated t o  ex -

pla in the rema ining a ct ivity va rian ce . The activity equations 

could be used t o  specify a cceptable levels of ride quality 

pa rameters for pa ssenger a ct ivity perform ance in the desiP.n 

of a dvanced t ransportat ion sy stem s .  
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THE EFFECTS OF THE RIDE ENVIRONME NT 

ON INTERC ITY TRAIN PASSENGER ACTIVITIES 

The ability t o  perform a ct ivities such as  reading , writ ­

ing, talking , and sleeping has frequently been cited in the 

ride quality literature a s  an important factor in passengers' 

comfort and sat isfa ct ion with various t ransportat ion sys tems . 

It has been suggested by Stone (1) that act ivity factors are 

am ong the m ost probable human fa ct ors element s  associated 

w ith  ride quality , and hence , comfort . Allen ( 2) indicates 

that the m ost common type of discomfort exp erienced by passen­

gers is probably caused by interference with act ivity. The 

only internat ionally recogn ized gu ideline for evaluation of 

human response t o  whole-body vibration ,  ISO Document 2631 ( 3) ,  

a lso implicates a ct ivity interference as  a source of discom­

fort in its descript ion of the Reduced C om fort B oundary,  

which is  " related t o  difficult ies in carrying out such oper­

at ions as  eat ing , reading, and writ in�N (p. 5). 

Although passenger a ct ivit ies have rece ived some recogn i­

tion a s  human response pattern s which might depend upon ride 
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quality a nd vary in some way with subjective a ssessment s  of 

comfort and willingn ess t o  use a t ransportati on system on a 

regular basis, no sy stematic study of these relat ionships is  

currently ava ilable . If comfort does depend on the abili ty 

t o  perform a ct ivit ies, then quant ify ing the relat ionships 

between the phy sica l  ride envi ronment and levels of activity 

could provide sy stem designers with  a t ool which would allow 

them t o  design t ransportati on sy stem s that enhance passenger 

sat isfact ion . 

The majority of studies in the ride quality and vibrati on 

resea rch literature are concerned with either.  1) the sub­

ject ive effects of vibration on human sensati on, as mea sured 

using psy chophysical  methods or rating sca les in laborat ory 

experiment s  or cont rolled field studies (e.g ., 4, 5, 6, 7 ),  

or 2) the object ive effects of vibration on human performance, 

as  mea sured using ta sk-specific dep endent va riables such as 

rea ction t imes and error rates in hi ghly cont rolled labora­

t ory experim ents (e . g ., 8 ,  9,  10) . Research in the first 

cat egory is often related to subject ive passeng er comfort 

in a ctual t ransportation situat ions, while resea rch in the 

second category is directly applicable t o  operator performance 

in t ransportati on and other multiple stress environment s .  

The quest ion remains, however, a s  t o  the effect of vibra tion 

and other environmental va riables upon passenger performance 

in transportat ion situat ions, whi ch include combinations of 

envi ronmental variables such as  vibration , noise, tempera ture, 
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humidity. light. and space . Passenger performance in thi s  

case may be defined as  the voluntary execut ion of vari ous 

activities. such a s  reading. writing. eating. drinking. sleep-

ing. and so on. 

Some  informati on rega rding the subjective importance and 

di ffi culty of performing vari ous passenger activiti es is 

available from studies of Short Take-Off and Landing (STOL) 

ai rline passengers (11. 1? 13. 14). The result s of these 

survey s generally indi cat e that passengers' perceived ability 

to  perform a ctivities is signifi cantly related t o  subject ive 

assessment s  of comfort and sati sfa ct ion, and t o  object ive 

mea sures of the ride envi ronment . RatinF, s of a ct ivity diffi­

culty were found t o  va ry with ratings of ride comfort and 

sati sfa cti on ( 6 . 14). Thus. the more diffi cult the act ivity 

pa ssengers wi shed t o  perform. the m ore uncomfortable and 

di ssati sfi ed they were . Ratings of a ctivity diffi culty  were 

also found t o  vary systemati cally with measured levels of the 

ride envi ronment . F or example. it wa s found that noi se levels 

were positively correlated with perceived difficulty of con­

versati on. while m otion amplitudes were posit ively correlated 

with diffi culty ratings for writing and dozing ( 1 4 ) . 

The passenger a ctivity data from these survey s consists 

solely of passengers' subjective report s  of their own behavior . 

Since a ctua l  behavi or does not alway s  correspond to  self-re­

port s  of that beha vi or. it i s  usually prefe rable t o  obtain 

objective data whenever possible from observations , experi-
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mental performanoe measures, or other direct methods ot 

behavioral assessment. If activities could be established 

as an objectlve behavioral correlatlve of the physical ride 

environment. and the relationships between levels of actlvity 

and the envlronment descrlbed ln a quantltatlve form, then 

thls quantltatlve desorlptlon mlght be used as a tool to 

further speclfy rlde envlronment varlables at levels accept­

able for the performance of passenger actlvlties. Design ot 

such an environment might ln turn enhance passenger satisfac­

tion. In the followlng fleld study. measurements of the ride 

envlronaent and observatlons of passenger aotlvlties were 

made slaultaneous17 aboard Amtrak lnterclty trains, in order 

to determlne the nature and strength of actlvlty/rlde quallty 

relatlonshlps, and to desorlbe them ln a quantltatlve torm 

whlch mlght be used as a deslgn and eTaluatlon tool. 

Method 

Subjects 

The subjeot sample oonslsted of 2829 revenue passengers 

ob.erTed on 14 Amtrak rldes ln the Northeast Corridor. 

The.e passengers were observed ln 81 vehlcles of tralns 

traTellng ln both dlrectlons bet.een Washlngton. DC and 

Newark, NJ, OD weekdays between 9rOO a. m. and 5100 p. a. 

Apparatus 

The lnstrumentatlon used to measure rlde vlbration 1s 

shown ln Plgure 1. Llnear aooelerat1ons ln three axes .ere 
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Figure 1. 
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Equipment Used to Measure and Record Vibration on Northeast Corridor 
Amtrak Trains (Clockwise: Headphones, Tape Recorder, Power Source 
for Recorder, Modified NASA Accelerometer Package, Inverter Battery) 
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measured using the battery-operat ed portable accelerometer 

set developed by the NASA L angley Research Center (15) . 

This unit consi sted of t hr ee independently calibrated, seis­

m ic m ass piez o-r esistive accel er ometer s (0 -100 Hz bandwidth), 

m ount ed in three mutually perpendicular direct ions corre s­

ponding t o  the X (l ongitudinal) , Y (lateral) , and Z (verti­

cal) axes of  vibration . Rotat ional m ot ions were measured by 

attaching three Unho1tz-Di ckie PA-l000 type accelerometers 

to  the outer casing of the NASA accelerometer package . 

Each acceler ometer was separately calibrated . The sensit iv­

ity of the PA-1000 acceler ometer s was set at J.JJ volt s per 

g, and their maximum response range was 0 . 1 t o  2000 Hz . 

A power invert er connected t o  a 1 2  volt car battery was used 

to pr oduce 1 20 volt , 60 Hz , A C  power,  which drove the signal 

conditi oner s associated with the PA-1000 sensors . 

The six independent motion sign als ( three linear, three 

r ot ati on al) measured by the six accelerom eters were recorded 

on a L ockheed eight channel PM t ape recor der (Model N o .  4110) . 

The seventh channel was used for simultaneous voice commen­

t ary , and the eighth t o  record a 1 volt step signal for elec­

tr onic decoding purp oses . 

Motion dat a  were reduced fr om analogu e to digital form 

suitable for subsequent st atistical analy ses using a Scient ific 

Data Sy stem s XDS Sigma 5 data pr ocessor. 

In strumentation used t o  measur e non -m ot ion environmental 

var iables in cluded a General Radio USA sound level m eter 

6 



(Model N o .  lS 6S-B) . an Abbeon cert ified hygr ometer and temper ­

atur e indicator (Model.N o .  HTAB 1 69B), and a G ossen Luna-P ro 

light meter . 

The behavior al coding form used t o  record passeng er act­

ivity is shown in Figur e 2 .  

Pr ocedure 

Pr ior to the actual data collection effor ts on the trains, 

tr ack char ts of the W ashingt on , DC - Newark, N J  section of 

the N ortheast Corr idor wer e analyzed to select a number of 

int ernally homo�ene ous sep.ment s  which m ight be sampled du r­

in� the test s .  A t otal of 32 non-overlapping segments were 

chosen (1 6 in each direction between Washington, D C  and New­

ark) t o  repr esent straight and curved track over uphill, 

downhill, and undulat ing t errain . Arr angement s  were al so 

made with Amtr ak to reserv e  seats in the center of every car 

of each train t o  be used in the cour se of the study . 

Measurement s and observ ations were recorded over a total 

of 81  test segment s  on 42 differ ent vehicles of 1 4  trains 

dur ing seven weekdays of t est ing between December 5-13, 1977 . 

Dat a was collected on two trains each day I The Patr iot (#1 72) 

fr om Washingt on .  DC to Newark (9 .00 a .m .  - 1 2:41 p .m .) and 

The Colonial (#1 69) fr om Newark to Washington, DC (1:15 p .m . -

5100 p .m .) .  Each train was composed of appr ox imately six 

Am fleet vehicles , including sever al Am coach car s  and at 

0' least one Am cafe snackbar car . I 
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Car No.: Mileposts: 
Car Type: Head Ct.: 

.. READING (R) 
Out Window (LW) 

VIEWING: In Train (LT) 
At Experimenter 

SMOKING (S) 

SLEEPING (Z) 

WRITING (W) 

EATING (E) 

DRINKING ( D) 

HANDCRAFTS (8) 

DOING 
NorHING (N) 

TALRING 
& (TL) 

LISTENING 

PLAYING 
(P) 

GAMFS 

OTHER (0) 

Adjacent 

Across 

Adjacent 

Across 

(LE) 

2 

Day: 
Time: 

LIGHT 
LEVEL: 

3 4 

·2 3 

Train No.: 
Seating Cap: 

Figure 2. Behavioral Coding Form Used to Record Passenger Activities 
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The exp erimental pr ocedure involved the simultaneou s  

observati on of passenger activi ties by the observer and 

measurement and recording of ride envir onment variables  by 

tw o test assistant s. The test team boarded each train in 

the r ear vehi cle and set up the equipm ent for measuring the 

envir onmental variables in a reserved pair of center seats 

(Figure 3),  placing the accel er ometer package on the floor 

underneath. This test l ocati on was chosen becau se it was 

cl ose t o  the pit ch and r oll cent er of the vehi cle . Once the 

tr ain was in moti on , the test assi stants determ ined the mi le­

post l ocation by contacting a techni cian riding in the loco­

m otive at the head end via walkie-talkie. As the train ap­

pr oached a pr edetermined test track segment , the observer 

pr oceeded to  the rear of the vehi cle. Upon hand signal by 

the assi stant , whi ch indi cated the beginning of a recording 

period , t he observer walked through the vehi cle , unobtru sive­

ly observing and recording the activity of each passenger on 

the form shown in Fi,ure 2 .  At the center of the vehicle, the 

observ er al so made an ambient light measur ement in the center 

ai sle hal fway thr ough the vehi cle. At the same t ime, m easu re­

ment and recor ding of the ride m oti on variables were made by 

one test assi stant , while the other m onitored and recorded 

the r anges of noi se ,  temperatur e ,  and hum idity on the sm aller 

instrument s ,  and kept track of the m ileposts via walkie-talkie 

during the 100 sec test interval. The technician in the loco­

m ot ive al so recor ded speed information for each m ile of each 
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Figure 3. 
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Measurement and Recording of Vibration on Northeast Corridor Amtrak 
Trains 
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t e st segment . At the end of each test , the equipment was 

moved to the nex t  car forward and the test procedure was re-

peated . 

Observati on al Technique 

The observational m ethodology used in th e pr esent study 

w as developed in the cour se of an earlier pilot study involv­

ing observati ons of the activiti es of 850 nor theast region 

Amtrak passen ger s ( 1 6). S in ce almost all seats on th e trains 

faced forwar d ( in the dir ecti on of m otion ), it was m ost con­

veni en t to pr ogr ess fr om the rear of the train toward the 

head end in performing the test s .  In this way, the ob server 

could appr oach the passenger s fr om behind , determ ine the ir 

activity , and recor d  it , usually w ithout at tractin� th e 

passenger s' atten ti on before m oving  on . Also , the equipment 

could be transport ed fr om one vehi cle to the next one for­

w ar d  without confr ont ing passenger s face-to-face , thus pre ­

venting undesirable disruption of passenger behavior .  

The results of the pilot study showed that activities 

could generally be coded into  1 2  categor ie s ,  listed and de­

fined in Table 1 .  Behavi or was coded according to the activ­

ity the passenger performed at the ex act time of observation . 

Thu s ,  a passenger with a book open on his lap who was never­

theless looking out the window at the time of observation was 

coded in the Viewing r ather than Reading  activity category .  

Multiple activities w ere coded int o the categ ory of the 

m ore effor tful behavior compon ent,  according to the ranking 

11 



Tabl.e 1 

Descrip�ive Defini�ions of Passenger Activity Categories 

Doing Nothing -

Sleeping 

Smoking 

viewing 

sitting in semi-erect, relaxed po sition, 

looking in no particular direction but 

with eyes open, performing no other ob­

servable behavior: may al so be described 

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

reclining in completely relaxed posture 

over one or more seats, or si tting semi­

erect with head hung down or resting 

against wall or seat, or "curled up" 

with whole body on one seat, with 

eyes closed, an d performing no other 

observable behavior 

.lighting, puffing on, and extinguishing 

cigarette, pipe, or cigar, somet imes 

looking at or directing attention to 

smoking materials or ashtray 

looking directly out the window or at 

some object or person (other than the 

ex perimenter) in the train 

12 
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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 

kni tting, 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 activi­

ties wit h and �itbout toys, includ ing 

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

seek" or symbolic play wi I.h dolls or 

ot her objec ;:s 

consuming food (chewing, swallowing) and re­

lated behaviors (unwrappi ng sandwiches, 

cutting meat, applying condiments, etc.) 

1 3  
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Drinking 

Reading 

Writing 

Other 

consuming bevera ges (lifting cup to mouth, 

swallowing) and related behaviors (adding 

sugar to coffee, stirring cockta ils, etc.) 

looking at books, ma gazines, train schedules, 

or other printed or pictorial materials; 

turning pages 

marking papers, books, letters, or other 

materi als with writing instruments such 

as pens, pencils, hi ghli ghters, or cray-

ons for the purpose of recording numbers, 

words, or other language symbols; under-

lini ng in printed materi als; does not 

include drawing or colori ng pictures 

(see Games) 

engaging in any behaviors not listed 

above, including, for example, going 

through a handba g or sui tcase; grooming 

behaviors such as combing hair, polishing 

fingernails; and infrequently occurr ing 

activities such a s  listening to a radio 

or playing a musica l instrument 

14 
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of activity diffi culty shown in Table 2 .  The activities 

wer e ranked accor ding to the sum of their scores on six 

behavi or al criteria whi ch the ride quality and vib ration re­

sear ch liter atur e  suggest ed to be impor tant in perform ing 

activities on m oving vehi cles . These include balance , eye 

focus , sustained vi sual attent ion, eye-hand coordinat ion , 

hand-m outh coor dinat ion, and extr aordinary compensation for 

vibr ati on and noise . Each of the 1 2  act ivit ies received a 

score fr om 0 to 3 point s  for each of these six cr iteria, de­

pending upon how important that cr iteri on was for the su ccess­

ful performance of that activity .  D oing Nothing. Sleepin�, 

Sm oking, and Viewing, whi ch wer e ranked between 1 and 4 for 

effort , are de signated as Low Effort  Act ivities .  Talking­

Li stening , Handcraft s ,  and Games ,  whi ch we re ranked between 

5 and 7 for effort , ar e called Medium Effor t  Activities . 

Eating, Drinking , Reading ,. and Wr it ing, which received the 

highest effor t  ranks , are called High Effort Act ivities . 

Dat a Reduction 

F or each test segment , the analogue data measur ed by 

each acceler om eter was digitally sampled. and a set of data 

seq uences for r ot ational acceler ation in each ax is was com -

puted by subtractive m ethods (1 6) .  A discrete F ourier trans­

form pr ocess was applied t o  the data points in each ax is to 

calculat e  the frequency content of all test records . The 

three linear accelerat ions were then frequency-weighted ac­

cording t o  the I SO guideline Document 2 631 for human response 
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TABLE 2 

Classification of Activities According to Effort Criteria 

ACTIVITY CRITERIA 

Balance Eye Focus Sustained Eye-Hand Hand-Mouth Vibration 
Visual Coordina- Coord ina- & Noise 

Attention tion tion Compensa-

tion 

Doing Nothing 1 0 0 0 0 0 

Sleeping 1 0 o . 0 0 2 

Smoking 1 1 0 1 1 0 

Viewing 1 2 2 0 0 0 

Talking-Listening 1 2 1 0 0 3 

Games 2 2 1 2 0 2 

Handcrafts 2 3 2 2 0 0 

Eating 2 1 1 2 3 1 

Drinking 3 1 1 2 3 1 

Reading 2 3 3 1 0 2 

Writing 2 3 3 3 0 2 

-

3 == much 2 == moderate 1 = some o == none 

,. 

TOTAL 

1 

3 

4 

5 

7 

9 

9 

10 

11 

11 

13 

EFFORT RANK 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 
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to whole-bod, vibration (3). One-thlrd octave band root mean 

squares (ras) .ere computed tor the rotational data sequences, 

the orlginal, unweighted linear accelerations, and the 180-

weighted llnear acceleratlons. The rotatlonal acceleratlon 

data sequences .ere lntegrated to produce rotatlonal rates, 

from whlch rae g values .ere then generated. 

For each test aegment, ISO-welghted linear acceleration 

indexes were computed using the tormula: 

I 

where a
x 

• longltudlnal acceleratlon, ay • lateral accelera­

tion, and a a vertical acceleration. Rotational accelera­
z 

tloD indexes .ere computed using the tormula: 

{ a
x
2 + a

y

2 
+ 2 

a 
z 

wher'e a .. roll acceleratlon, a .. pitoh accelerat10n, and 
x , 

a 
z 

.. Y.W acceleration. Rotational rate indexes were oom-

puted using the tormula: 

...---------.1 

� "
x 

2 + 
2 2 

w + w 
, Z 

whel'e w • roll rate, W • pitch rate, and x , 

Teaperature and humidity data for each test segment were 

oon1'erted to etteotive temperature 1ndices using the Revised 

ASHE� Comtort Chart (17). The.e etteotive temperatures, 

average noise level. in dB{A) , average speed levels 1n mph, 

and light levels in toot-oandles (to), in addition to the mo­

tion variables, .ere used as prediotor variables in subsequent 
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multiple regre ssi on analy ses .  

Since t he vehicles used in different test segments varied 

in absolut e  seating capacity and al so had differen t levels 

; of occupancy at the time observati ons and measurem en ts were 

made , it was felt that the relat ive rather than absolute fre-

. .  
. 

quen cies would be m ore useful for direct compari son of activ­

ity level s  between test segment s .  The activity data for each 

test segment wer e therefore converted from absolute frequen­

cies  to per cent s (relative frequen cies) for each activity 

category described in Table 1 .  Handcrafts and Games were 

combined int o a single category, since the relative frequ en cy 

of each individual activity was so small and since these be­

havi ors were similar in purp ose and effort . 

Result s 

Activity Distribution s  

The frequency di stribution of the 1 1  activit ies i s  shown in 

Table 3. In general , t he m ost fr equently observed activit ies 

wer e R eading , Sleeping, and Viewing,  while Handcrafts/Games, 

Eating,  and Drinking occur red least oft en . The low percentage 

of passenger s Sm oking is decep tively small , sin ce Sm okine of ­

ten occurred simultaneously with other m ore effortful behaviors . 

The present data are very similar t o  the act ivity distribu tions 

of 3300 passenger s observed in previou s  efforts on Northeast 

Corr idor train s (16) . 
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Table 3 
Distribution Statistics for Activity Percentages (December 5-1 3 , 1977) 

Total % 
Activity (Total N) 

Doing 
Nothing 4.5 (128) 

Sleeping DO.O (565) 

Smoking 0.7 (19) 

Viewing �0.3 (575) 

Ta1king-
Listening 3.0 (368) 

Handcraftsll 
Games 1.5 (42) 

Eating 2.9 (83) 

Drinking 2.7 (75) 

Reading �5.4 (719) 

Writing 4.3 (121) 

Other 4.7 (134) 

100 (2829) 

�tean 

4.5 

20.0 

0.7 

20.3 

13.0 

1.5 

2.9 

2.7 

25.4 

4.3 

4.7 

Median 

3.8 

19.8 

0 

20.2 

12.6 

0 

2.0 

0 

24 .. 6 

3.7 

3.7 

-- - --

Standard 
Mode Range Deviation Kurtosis Skewness 

0 0-22.2 4.7 1.5 1 .2 

0 0-48.3 10.7 0.0 .4 

0 0- 9.4 1.9 7.8 2.9 

20.0 0-64.3 10.0 3.3 1.0 

0 0-40.7 9.3 -0.1 0.5 

0 0-15.0 2.7 7.2 2.5 

0 0-23.1 3.9 7.2 2.2 

0 0-16.7 3.9 2.2 1.6 

25.0 7.1-50.0 9.2 0.1 0.4 

0 0-23.5 4.3 4.0 1.6 

0 0-21.2 4.8 1.4 1.3 
, 

--

0'1 
r-f 



The distr ibut ion stat ist ics for the 1 1  act ivit ies (Table 

3) were calculated based on the percentage value s of ea ch act­

ivity observed over all 81 test segment s . The wide relat ive 

• frequency rang e  of most of the a ct ivit ies between test seF­

ment s  reflect s  not only the a ctua l  differences between act iv­

ity distr ibut ions of different veh icles , but also the effects  

of converting th e absolute fr equency data to  per cent s .  The 

posit ive skewness of the act ivity dist ribut ions may be due t o  

th e fa ct that some  activit ies were not observed at all in 

some  test segment s, th is is also reflected by the zero modal 

values and lower lim its  of the percentage ranges for these 

behavior s. 

Distr ibut ions of the Measured Environmental Variables 

The distr ibut ions of the maj or mot ion and non-mot ion 

var iables recorded in this field study are described in 

Table 4. The statistics for the m ot ion var iables were com­

puted based upon the data collected in 77 test segments for 

the frequency r ange of 1-20 Hz . Problem s w ith the tape re­

cording equipm ent dur ing four test segment s precluded the 

recovery of these data for further processing. The stat istics 

for the non-m ot ion var iables ,  however, were computed using 

the data recorded in 80 test segm ent s. 

The linear mot ions ex perienced by passengers on these" 

.: trains were q uite small and in compliance with the ISO 2631 ( 3) 

Reduced C omfort Bounda ries for daily 2 . 5 hr ex posures for lat­

eral (Y-axis) vibrat ion ,  and 8 and 1 6  hr exposures ,  respect ively,  

20 
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TABLE 4 STATISTICAL SUMMARY OF RIDE MOTION DATA 

RIDE VARIABLE 

Longitudinal (X) Acceleration 
(rms g) 

Lateral (y) Acceleration 
(rrns g) 

Vertical (Z) Acceleration 
(rrns g) 

ISO-Weighted X-Acceleration 
(rrns g) 

ISO-Weighted Y-Acceleration 
(rms g) 

ISO-Weighted Z-Acceleration 
(rms g) 

Weighted ISO Index 
(rms g) 

Roll (X) Acceleration (o/sec2� 
Pitch (Y) Acceleration (o/sec ) 
Yaw (Z) Acceleration (o/sec2) 
Rotational Acceleration Index 

(0 /sec2) 

Roll (X) Rate (o/sec) 
Pitch (Y) Rate (o/sec) 
Yaw (Z) Rate (o/sec) 
Rotational Rate Index (o/sec) 

Acoustic Noise (dB.A) 
Effective Temperature (OF) 
Light (fc) 

.007 

.015 

.021 

.003 

.010 

.009 

.015 

74.94 
56.51 
51.43 

110.39 

2.56 
1.69 
1.66 
3.79 

67.7 
68.1 

6 
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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 

3.5 
1.06 

5 

RANGE 

.005-.014 

.007-.023 

.013-.036 

.001-.007 

.002-.019 

.005-.015 

.009-025 

20.57-150.49 
18.74-15R.92 
]0.56-105.59 
42.43-226.40 

.08-10.57 

.02-10.fl7 

.05-5.39 

.10-12.22 

60.0-80.0 
65.9-72.8 

1-32 
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for z- and X-axls vlbratlons. Rotatlonal acceleratlons. how­

ever. were generally ot much greater lntensltles. In Figure 4. 

the roll acceleratlon amplltudes trom test segments in thls 

study are broken down lnto one-thlrd octave band frequency 

co.ponents and plotted agalnst Discomtort CUrves tor roll 

acceleratlon (after 18). It is clear that the levels ot mo­

tlon recorded on the tralns exceed the comtort threshold 

(DISC. 1) by a factor ot almost two tor a typical ride seg­

ment representlng the mean rms roll level ot the 77 test seg­

menta, and by a factor ot two to slx tor the rlde .egment re­

corded with the maxlmum level of rae roll acceleratlon. 

Further evldence of the relative severity of the rotat10nal 

motions for passenger transportatlon may be der1ved by applying 

Pepler. et a1. 's (7) lnterclty traln Comfort Equatlon: 

C • •  73 + .1 (N-60) + .96 w ( 1) 
x 

to the present set of data. Thl. emplr1cally der1ved model may 

be used as a means of predlctlng passengers' com tort responses 

on a acale ot 1 to 7. glven roll rate ( w ) and n01se (N) levels. 
x 

Ca1culatlon of the mean predlcted comfort ratlng trom the roll 

rates recorded ln thls study 11elds a neutral comfort value of 

C = 4, representlng an approxlmate 80% level ot passenger sat1s­

tactlon. In all, 72.7% ot the rlde segments measured 1n thls 

stud1 fall ln the comfortable range (C < 4) and 27.3% ln the un­

comfortable (c:> 4) range. uslng thls crlter1on. 

In terms ot non-motlon envlronmental varlables, the aoous­

t1c nolse levels measured ln th1s study are comparable to or 

22 



.. 

11----'1( MAXIMUM RillE (el max) x 

2.5 
- 8 N 
u 

2.1 II) 
'" 7 ........ 

'tS 
tIS 
$.e 1.8 
'" 6 e $.e 
'-' 

z 1.4 5 
0 
.... 
E-< 

� 1.1 4 
tl.l 
...:I 
tl.l 
U 
u .71 < 
-

�)( '-' 
. 3 5 

...:I 1 ...:I 
0 
IX 

0 I 2 3 4 
ROLL FREQUENCY. Hz 

Figure 4.  Comparison of Roll Accelerations Measured on 
Amtrak Trains (December, 1977) with Discomfort 
Curves for Roll Vibration (Leatherwood, et al., 
1978) 
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l ower than those measured in previous studies of intercity 

train envir onment s ( 7 . 1 9). and are generally below the max ­

imum of 76 dB (A) recommended by th e U. S. Environmental Pro­

tect ion Agency (19) for a 2 hr da ily exp osure on this type of 

conveyance . However. compared with the Speech Interference 

Level ( SIL) Curves ( 20), the mean noise level of 68 dB(A )  is 

high enough t o  require very loud speech for communicat ion be­

tween speaker s separated 2 to 4 ft. Only at the minimum 

noise level observ ed ( 60 dB.A) is normal speech possible at 

2 ft. wh ich is the appr oximate distance between passengers 

seated next t o  each other. 

C ompar ison of the effect ive temperature levels recorded 

in th is study w ith the ASH RAE (1 7) equal comfort curves indi c­

at es that the effect ive temperatures on the tra ins were on 

the h igh side for w inter comfort . However , the mean eff ect ive 

temperature would be considered comfortable by approx imately 

80% of the populat ion . 

Alth ough the illum ination levels mea sured in th is study 

were low compared w ith th ose recommended by the Illum inat ing 

Eng ineer ing Society ( 21) for performance of various act ivit ies , 

th ese levels generally reflect only ambient illuminat ion levels 

in the a isle fr om the overhead light ing fixtures and windows. 

Light levels mea sured with the reading l ight s on at the seats, 

h owever. attained levels of up t o  1 30 fc , which is pe rfectly 

adequate for th e perf ormance of pa ssenger act ivities . 

24 
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The Effect s  of Environmental Variables on Act ivity Levels 

S imple correlation s  were comput ed between the measured 

levels of the motion variables and the relat ive frequencies 

of the individual act ivit ies over all test segment s .  In gen­

eral , there were n o  sign ificant c orrelations between the act­

ivit ies and the lin ear accelerat ions . There were a number of 

small but significant correlat ion s b etween the act ivit ies and 

the rotat ion al m ot ion s ,  however ,  as shown in Table S .  In part­

icular, it appears that many of the rotational mot ions are 

posit ively correlat ed with frequencies of Sleeping, Smoking, 

and Doin g  N othin g, and negat ively correlated with frequencies 

of Talking-L ist en in g, Handcraft s/Games, Eat ing , and Writ ing . 

Frequen cies of Viewing and Readinp' , the two most popular act­

ivit ies , and Drinking were not sign ificant ly infl uenced by 

changes in rotati onal m ot i on levels . 

In general , there were few sign ificant correlat ions be­

tween the activity levels and the n on-mot ion environmental 

variables .  N oise w as sign ificant ly correlated only with the 

relat ive frequen cy of Talking-L isten ing (r= . 2 7 ,  p< .OS) . As 

effect ive temperat ure increased, levels of Doing Nothin� in­

creased (r= . 20 ,  p< .05 ) ,  while the relat ive frequencies of 

Sm oking and Viewin g  decreased (r=- . 20 ,  - . 1 8 ,  respect ively. 

p�OS ) .  A s  t he level of illuminat i on increased ,  D oing NothinF­

and Handcraft s/Games were ob served less frequent ly (r=-. 21 , 

-. 1 8 ,  respect ively. p(.OS) compared t o  other act ivities, wh ile 

Talking-L istening was ob served more frequently (r=. 20, p(.05). 
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Table 5 
Simple Correlations Between Percent Observed Activities 

and Rotational Accelerations and Rates (1 - 20 Hz) 

ACTIVITIES 

Doing Ta1king- Handcraftsl 
Rotational Motions Nothing Sleeping Smoking Viewing Listening Eating Games 

Roll (X) Acceleration (.17) .14 .06 . 01 -.14 -.21* (.17) 

Pitch (Y) Acceleration . 02 .08 .25* -. 05 -.05 -.01 -. 05 

Yaw (Z) Acceleration . 01 (.18) .20* -. 01 (-.17) -.13 .12 

Rotational Acceleration 
Index .11 (.19) .20* -. 03 (-.16) (-.15) . 09 

Roll (X) Rate . 04 .25* 0 . 05 (-.17) -.12 -.09 

Pitch (Y) Rate . 04 .12 .19* . 04 (-.18) -.02 (-.16) 

Yaw eZ) Rate -.13 .28** (.17) -. 03 -.26** . 00 -.07 

Rotational Rate 
Index -. 02 .28** .1 0 . 04 -.26** -.08 (-.15) 

(): p<.l0 *: p<. 05 **: p<.Ol n=77 

Reading Drinking Writing· 

-. 09 . 01 -. 07 

-. 03 .14 (-.15) 

-.08 .02 . 06 

-. 09 . 07 -.1 0 

(-.16) . 06 (-.18) 

. 04 .14 (-.17) 

-. 03 .1 0 -. 06 

-. 07 .12 -.2 0* 
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Correlat ions were also computed t o  determ ine any syst em­

at ic  relat ionships between the relat ive frequencies of indiv­

idu al act ivit ies and t rip variables such as t ime of day , 

vehicle type ,  and vehicle occupancy. Viewing increased from 

m orn ing t o  aftern oon (r= . 1 8 ,  p(.0 5) , while Handcrafts/Games 

and Writ ing decreased with t ime int o  the day (r= -.2 3 .  - . 1 9, 

respect ively. p( .05 ) . More Smoking (r=. 2 5 ,  p(.01) , Talking­

L ist ening (r= . 2 5 ,  p( .Ol ) , and Drinking (r= . 1 8 ,  p(.0 5) occurred 

in Am cafe cars than in Am coaches ,  and less Sleeping (r=- . 1 6, 

p <'10 ) and V iewing (r=- . 1 7, p (.1 0) • Sleeping increased 

(r=.33 , p( .01 ) and Eat ing and Reading decreased (r= -.1 5 ,  - . 1 6, 

re spect ively. p( . 10 )  as level of vehicle occupancy ( crowding) 

increased . 

Since the correlat ions between individual act ivities an d 

the environm ental variables were generally small but s igni f i­

cant , it was decided t o  combine the act ivit ies int o three 

groups based upon the previou sly defined effort categories, 

t o  see how well these act ivity indexes might be correlated 

with the environment al and t rip variables. Table 6 shows 

that grouping the act ivit ies in this way result s in an increase  

in the size  of the correlat ion coeffic ient s for many of the 

sam e  relat ionships found previously, since many frequencies 

of zero which entered int o the correlations for individual 

act ivit ies have h ow been eliminated . The frequ en cy of Hip,h 

Effort act ivit ies decreased as a functi on of roll rate map,n i­

tude , and was marg inally relat ed in the same negative way t o  
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TABLE 6 SIMPLE CORRELATIONS BETWEEN PERCENT HIGH, MEDIur-1, AND 
LOW EFFORT ACTIVITIES AND RIDE VARIABLES 

X-Linear Acceleration 
Y-Linear Acceleration 
Z-Linear Acceleration 
X-ISO Linear Acceleration 
V-ISO Linear Acceleration 
Z-ISO Linear Acceleration 
Heighted ISO Index 

Roll (x) Acceleration 
Pitch (Y) Acceleration 
Yaw (Z) Acceleration 
Rotational Acceleration Index 

Roll (X) Rate 
Pitch (Y) Rate 
Yaw (Z) Rate 
Rotational Rate Index 

Noise 
Effective Temperature 
Light 

Time 
Vehicle Type 
Vehicle Occupancy 
Speed 

HIGH 

(-.17) 
. 03 
. 03 

-.07 
.04 
. 06 
.02 

(-.17) 
-. 03 
-.08 

(-.14) 

-.22* 

.01 
-. 01 
- .12 

.03 
( . 18) 

.01 

(-.14 ) 
.03 

(- .15) 
. 08 

**. p<.Ol *. p<.OS ), p<. 10 

28 

n = 77 

MEDIUM 

.08 
-.09 
-. 02 
-.13 

(-.14) 
.04 

-.10 

-.09 
-.07 
-.13 
-.13 

-.19* 

-.21* 

-.27** 

-. 30 ** 

.26** 

- .05 
.13 

-.09 
.23* 

.07 

.07 

.OR 

.07 

.00 
· I q' 

· I I 
- . WI 

• 1 I) 

· 19' 
. 0 7  

( . )7) 
.20* 

.26*'" 

( . 14 ) 
.19" 
.27"� 

(-.18) 
-.10 
-. 07 

( . 14 ) 
-.210-

o 

(- . I 4 ) 



. .  • 

the X -linear and angular accelerations , t ime of day, and 

vehicle occupan cy . Medium Effort activities were negat ively 

correlated with the magn itudes of the angu lar rates of moti on 

in all three degrees of freedom,  while Low Effort behavi ors 

increased in frequency with increases in the rates of rota­

tional motion . L ow Effort activities decreased in frequency 

as a function of noise and were observed more often in Am­

coach vehicles, Medium Effort activit ies were positively cor­

related with noise an d  occurred more often in Am cafe snackbars . 

Based upon similarit ies  in physical act ion components  

an d  common correlations with environmental and trip variables , 

the activities were regrouped into a second set of indexes . 

Rest activities , in which no exertion of physical act ion 

could be observed , included Doing N othing and Sleeping. 

Social/Oral activities , involving hand-mou th coordinati on or 

interpersonal communicat ion , included Eat ing, Drinking, Smok­

ing,  and Talking-L istening . Mot or activities ,  which requ ired 

han d-eye coordinat ion and hand movements ,  included Handcraft s/ 

Games and Writing . ReadinF, an d  V iewing, which were not well 

correlated with any maj or environment al variables , were omitted 

from thi s  second set of act ivity indexes . 

Table 7 shows the correlations between the phys ical acti on 

indexes and the environmental and t rip variables. Rest be­

haviors were positively correlated with roll and yaw acceler­

ations and rates .  Motor activit ies  decreased sign ificantly 

in frequency with increases in roll and pit ch rates . Social/ 

29 
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TABLE 7 SIMPLE CORRELATIONS BETWEEN PERCENT REST, SOCIAL/ORAL, 
AND MOTOR ACTIVITIES AND RIDE VARIABLES 

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 Index .02 -.04 .05 

Roll (X) Acceleration .22* (-.17) .03 
Pitch (Y) Acceleration .09 .04 (-.14) 
Yaw (Z) Acceleration .19* -.13 .11 
Rotational Acceleration Index .24* -.12 -.03 

Roll (X) Rate .27* (-.15) -.19* 
Pitch (Y) Rate .11 - . 06 -.22'\' 
Yaw (Z) Rate .23* (-.14) -.08 
Rotational Rate Index .28** ( -. 1 8 ) -.24* 

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 

) : p<.lO *: p<.05 **. p<.Ol n=77 . 
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Oral activities decreased marginally as roll and yaw rates 

increased, and were positively correlated with noise, light , 

and vehicle type (i •••• Amcate vehicles) . Motor behavlors 

occurred more trequently in the morning than in the afternoon. 

The counterintultlve positlve correlation between Motor activ­

it7 and ISO-welghted Z-linear acceleration resulted from a 

slml1ar simple correlation between this motion variable and 

Handcratts/Games. and is believed to be spurious. 

Multiple regression techniques were used to develop lin­

ear models to predlct the levels ot activity based upon the 

environmental and trip varlables measured and recorded in 

this stud7. Environmental and trip variables which were sig­

nitlcant17 correlated with activlty levels but relatively un­

correlated with other predlctor variables were selected for 

lnclusion ln the stepwlse regresslon process. The linear 

equatlons shown in Table 8 represent the best tit ot the phys­

ical and trlp variable data to the observed levels of activity. 

It mar be seen that levels ot all types ot activity ex­

cept Hlgh Ettort behavlors may be pred1cted to some appreCiable 

level ot slgnitlcance b7 the envlronmental and trlp variables 

recorded ln thls stud7. Except tor the Hlgh Etfort behaviors, 

llnear comblnatlons of tive or tewer predictor var1ables may 

be used to account tor approx1mate17 20% ot the variance in 

the varlous act1vlty categorles. The slgn precedlng the coet­

tlcient ot each pred1ctor variable in each equation reflects 

the dlrect10n ot the correlation between the act1vlty and the 

predictor var1able. Thus, a negative Sign betore a particular 

tactor lndicates that the presence ot that variable in the 

)1 



Table 8 
Linear �Iultiple Regression �Iodels for .-\ctivity Indices 

(Motion Variables in 1-20 Hz Range) 

ACTIVITY 
INDEX (A) ACTIVITY MODEL 

Low Effort %A=1.04wXYZ
-·S9N+1971.43aXISO-6.61(V)+3.69(T)+78.62 

(0)=(.56) (.42)(1387.26) (4.10) (2.96) 

Medium Effort %A�1.09W
xyz

+·SSN+5.28(V)-25.00 

(0)=(.39) (.30)(2.93) 

High Effort %A=-1.03wX+1.42ET-568.SSaX-·10(VO)-2.18(T)-46.70 

(0)=(.65) (1.25) (788.66) (.08) (2.67) 

Rest %A=1.14wx+1.67Wz-S.44(V)+24.99 

(0)=(.60) (1.08) (3.28) 

Social/Oral %A=.SON+.40I-.79wxyz
+9.64(V)-2S.40 

(0)=(.37)(.22)(.48) (3.61) 

Motor %A=:SOWxyz-·20I-.17N-2.21(T)+.11(SP)+lS.02 
(0)=(.23) (.11) (.17) (1.28) (.09) 

a* = Linear Acce1. (*axis) 
�ISO= ISO-Weighted Linear Acce1. 

(* axis) 

I= Illumination (fc) 
N= Noise (dB.A) 
a= Standard Error of Coefficient 

SP= Speed (mph) ET = Effective Temperature (OF) 

• 

F MULTIPLE 
R2 (d. f. ) R 

3.05 .42 .18 

(5,71) 

5.52 .43 .18 

(3,73) 

1.83 .34 .11 

(5,71) 

3.55 .37 .13 

(3,69) 

4.33 .44 .20 

(4,71) 

2.78 .41 .17 
(5,67) 

T = Time (l=a.m., Z=p.m.) 

LEVEL 
SIGNI-
FlCANCE 

p<.OS 

p<.Ol I 

i 
NS 

p<.OS 

p<.Ol 

p<.OS 

V = Vehicle Type (l=Amcoach, 2=Amcafe) 
VO = Vehicle Occupancy (%) 
w* .= Rotational Rate (*axis) 
WXYZ

= Rotational Rate Index 

N 
rt') 
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r1de environment contributes to the 1ph1bition or decreaae 1n 

the act ivity level (% A )  on the opposit e side of the equation .  

A posit ive sign indicates that the presence of a given vari­

able serVes  t o  facilit at e  o r  increase the relative freq uency 

of act ivity . The variables in the equat ions are generally 

those with the highest s imple correlations with the individual 

act ivities which m ake up the act ivi ty indexes. In some cases, 

a g iven variable m ay serve t o  facilitate one type of activity 

and inhibit another type (e . g ., noi se for Social/Oral vs . 

Mot or act ivit ies ) . 

Discus sion 

The result s of thi s field study indi cate that a small 

but sign ifi cant proport ion of the variance of passenger activ­

ity could be explained by combinations of physi cal ride qual­

ity and t rip or situat ional factors . The variables which had 

the g reatest effect upon observed levels of act ivities we re 

the rates of rot at ional m ot ions , noi se, vehicle type , and time 

of day . The variable which influenced passenger act ivity 

levels the least was linear vibration. 

The fact that rotational moti ons were found to play a 

m ore sign ificant role than linear vibration in affect in� the 

frequencies of passeng er act ivity support s  a � rowin� body of 

evidence which shows the importance of rotational moti ons for 

passenger comfort ( e . g., 7 , 1 8 ) . The above-threshold discom­

fort levels of the roll accelerati ons measured in the pre sen t 

st udy (F igure 4) and the Neut ral comfort index corresponding 

t o  only 80� passenger sati sfact ion as comput ed with the roll-
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based comtort equation ot Pepler, et a1. (7) contrast with the 

high level ot acceptabi11ty ot the linear vlbratlons as 

judged using the ISO 26)1 ( ) Reduced Comtort Boundaries. 

It ls clear that both subjective est1mates of passenger com­

tort and the ab111ty to do activ1tles lnvo1v1ng anythlng more 

than a low level of effort (as eVldenced through changes ln 

the activit1es' relative frequencies) signlflcantly depend 

upon angular motlons, whlch are not addressed ln the present 

ISO guide11ne. 

Tbe f1ndlngs that measured noise levels were poslt1vely 

correlated w1tb Medium Etfort, Soclal/Ora1 actlvlt1es and that 

the noise varlab1e tlgured promlnantly ln the 11near equatlons 

generated to predlct these behav10rs deserves comment. In gen­

eral. lt was expected that env1ronmenta1 noise coming from the 

train would be negatively correlated wlth the frequencles of 

most activitles due to its d1sruptlve and interterent effects. 

The faot that noise was generally uncorrelated wlth dom1nant 

vehlcle motlon levels, and that both nolse and vehlcle type 

were slgnltlcant1, oorre1ated with Ta1klng-L1sten1ng led to 
I 

the hypothesls that the passengers were the ch1ef source of 

n01se 1n thls stud, rather than the traln ltse1f. Th1s 

hypothesls was supported by the t1nd1ng that n01se levels ln 

Aaooach oars were lower than those 1n Amcafe snackbars, 

wbere more Ta1king-L1sten1ng was observed (one-tal1ed t • 1.89, 

d.t. • 19. p<.OS). Thus, in thls case, the envlronment was 

influenced more by the passengers' aot1v1ty than the act1v1ty 

was lnf1uenced by the env1ronment. Regardless of the causs-
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tive direction of this relationship,  noise remained the best 

environmental correlative of several types of activity and was 

therefore retained as a predictor variable when the linear 

equations of activity were generated. 

A maj or goal of the present study was to prov ide a u se­

ful tool for design ers and evaluators of transportation sys­

tems who wish to  accomm odate a certain level of passenger act­

ivity in order to increase passenger satisfaction. The act­

ivity equati ons shown in Table 8 migh t  be u sed as su ch a 

tool. These mOdels are similar in concept to the comfort 

equations generated by J acobson and Richards ( 1 3 ) and Pepler, 

et ale (7) for predicting and evaluating the subjective com­

fort of aircraft , trains , and buses. 

The activity equations in Table 8 could be used by a 

design engineer to  specify the minimum levels of envi ronmental 

variables which are required to allow a certain relative fre­

quency level of perform ance for a particular type of activi ty .  

This  could be done by "plugging inti the relative frequ ency 

value of activity the designer wishes to accomm odate and then 

"trading off" or adjusting the values of the ride environment 

factors un til both sides of the equation are equal. Informa­

tion regarding a desirable level of activities for maximum 

passenger satisfaction might be obtained from passenger opin­

ion surveys (e . g . , Amtrak' s passen�er activity/ ride quality 

survey described by Wichansky, 16) or other data sources. 

Conversely , a systems evaluator mig ht wish to determ ine what 
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level of passenger activity the ex isting ride quality and 

trip conditions on any given system might allow . This could 

be computed by " plugg ing in" the predeterm ined values of the 

ride environment and trip factors and s olving for the percent 

activity (% A) value. 

It is  recomm ended, however, that the activity equ ations 

developed here be applied with caut ion . Firs t, these models 

nee d  t o  be validated on an independent sample of Amtrak sys­

tem u sers to confirm the ex istence and accuracy of the activ­

ity/ ride quality relationships which they des cribe . Second, 

only about 20% of the variance in activity may be accounted 

for us ing the ride qualit y  and trip variables recorded in 

this study . This  20% of the variance in activity is considered 

to be that proportion attributable to the inte rference or 

facilitation effects of vibration, noise . and other aspe cts 

of the ride environm ent, which are the factors at least  theo­

retically un der the control of the design eng ineer . The fact 

that physical ride quality and trip variables could influence 

even this  much of the variat i on in activities is cons iderable ,  

in ligh t  of the dominant role played by individual diffe rences 

in the maj ority of ride quality -related research efforts . 

While the observational design of the present field stu dy 

did not perm it the assessment of within- vs . between-s ubjects 

variance in the performance of activities .  it is undoubtedly 

these individual differences which control the larp,est propor­

tion of the var iance in passenger activity . There is ample 



. -• 

evidence in the lit erature that - individual differences may be 

a m ost important fact or in det erm in ing human response  t o  

whole-body vibration .  A number of reviews and experiment al 

studies have referred t o  individual difference s in explaininF, 

the in consisten cy of past research results in determining 

human respon se t o  whole-body vibrat ion "( e . g • •  2 2 , 2 3 .  24 ) . 

In dividual differen ces in passengers' subject ive comfort re­

sponses  have already been found as a funct ion of demographic 

variable s  such as sex (25) and age ( 7) . Richard . et al e �5 ) 

also found cert ain individual differences in passengers ' re­

ported frequencies of perform ing various act ivit ies in flight . 

Thus , it is very likely that indivi dual differences play an 

import ant role in pas sengers' preference and performance of 

act ivit ies in int ercity train transit . 

The present study clearly indicates the importance of 

ride quality an d  situat ional variables in determining relative 

frequencies of passenger act ivit ies. Further res earch is nec­

essary t o  determ ine how well passengers are able t o  perform 

act ivit ies  in t ransport at ion environments and how mot ivational 

fact ors influen ce the frequency and quality of act ivity per­

form ance . Use of the relat ive frequencies of behavi or as de ­

pen dent variables can on ly give a rough indicat i on of passen­

gers' difficult ies in doing various act ivit ies in transit . 

The assumpt ion that people will do what is the eas iest for 

them t o  do ( 6) may be confounded by their varying mot ivat ions 

t o  perform different act ivit ies and the result ing level of 
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effort they are willing to expend. These issues  requ ire ex­

perimental study in a cont rolled research environment . where 

individual differences between subject s  may be more easily 

cont rolled. 
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