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Examination of the Psychophysical 
Function in Travel Mode-
Choice Behavior 
Ronald L. Mitchelson and Howard L. Gauthier 

The objective of this study is to provide a clearer understanding of the 
mode-choice behavioral process by examining the psychophysical func
tion of that process. In particular, six broad dimensions of travel mode 
cognition are derived, and their relationships to the physical characteris
tics of travel modes are estimated. To accomplish this, an integrated 
methodology that uses personal construct theory, multidimensional 
scaling, conjoint analysis, and cluster analysis was developed and tested 
in the Cleveland Avenue bus corridor of Columbus, Ohio. On the basis 
of attributal trade-off data, we identified a limited number of user 
groups who have homogeneous perceptual sensitivities related to situa
tional variables. A second-stage cluster analysis identified three aggre
gate market segments of the sample population. 

In recent years, geographic research into various as
pects of urban travel demand has accelerated greatly. 
This growth is primarily a response to the stimulus of 
an intensified urban transportation problem and the rec
ognition of deficiencies in existing approaches to model
ing the demand for urban travel. 

In general, reliable models of travel require accurate 
and sensitive data that focus on the individual's travel 
decision-making process. If we are to examine the im
pact of system changes on all groups of urban travelers, 
we must understand the travel decision-making process 
at the micro level. Ultimately, it is this set of individ
ual decisions that creates and is responsible for changes 
in the aggregate spatial patterns of urban travel. Thus, 
recent travel demand research focuses on replacing ag
gregate correlative mode-split models with a more 
consumer-oriented approach in which psychological var
iables, e.g., perceptual and preferential, and situational 
variables, e.g., income, age, and travel mode access, 
are employed. They are hypothesized to influence the 
travel mode-choice decision significantly. 

To date, one set of psychological variables has been 
sorely neglected-perceptual variables. These are of 
critical importance because they encompass the initial 
aspect of the travel mode-choice process, i.e., the trans
formation of an objective set of transport variables into 
subjective variables that serve as the consumer's basic 
criteria for distinguishing between alternative travel 
modes, evaluation of those alternatives, and the final 
mode choice. This transformation, which is often re
ferred to as the psychophysical function, must be more 
clearly understood, especially as it affects travel be
havior. This study, although it recognizes other sources 
of variation, is concerned with two basic features of total 
perceptual variance among individual travelers: 

1. Variability within the set of broadly defined vari
ables employed by travelers to discriminate between 
travel mode alternatives, i.e., the dimensions of the 
psychophysical function, and 

2. The relationships that exist between the physical 
composition of the travel mode stimuli and the dimen
sions of the psychophysical function. 

The purpose of this research is to expand our knowl
edge of the dimensions of the travel mode psychophysical 
function and particularly the manner in which tangible 

characteristics of travel modes affect perceived level 
along the dimensions of travel mode discrimination. In 
particular, the ability to identify groups of individuals 
who are similar in their perceptual orientations toward 
the physical composition of the urban travel environment 
is a primary objective. 

THE LITERATURE 

It is not possible, nor is it necessary, to review all the 
research concerned with the travel mode-choice question 
here. We are interested only in those efforts that focus 
on travel mode psychophysics. In this regard, the study 
of transformations of travel modes from objective to 
subjective space is undoubtedly the least understood of 
all aspects of the travel mode-choice process. 

A number of researchers have engaged in the task of 
accurately specifying realistic psychophysical dimen
sions-a task not unlike the problem of accurately speci
fying the variables in a utility function. Clearly, if a 
choice model is misspecified, parameter estimates are 
biased and lack precision. The earliest efforts to es
tablish cognitive dimensions of the discriminational pro
cess in travel mode choice employ the traditional factor
analytic methodology of data reduction. Here a long list 
of travel mode characteristics is subjected to one of sev
eral types of rating scales. Psychophysical factors are 
subsequently identified from original responses by apply
ing some type of factor analysis to extract underlying 
dimensions from the raw data. Examples of this gen
eral approach include the work of Paine, Nash, and 
Hille (1)· Hartgen and Tanner (2); Sherret and Wallace 
(3); and Recker and Stevens (4)-:-
- Several fundamental problems can be identified with 

the traditional factor-analytic methodology. Clearly, 
the simple extraction of linear trends from the original 
attribute ratings does not necessarily represent cogni
tive reality. Statistical correlation among the ratings 
should not be construed as cognitive aggregation of travel 
mode attributes by travelers. Beyond this, each person 
may possess a unique set of discriminating factors. The 
subjects in a survey situation ought not to be forced to 
respond to an arbitrarily derived list of travel mode 
characteristics that may evoke little or no meaning for 
certain individuals. Such cognitive homogeneity is an 
unacceptable a priori assumption. 

Golob, Dobson, and Gustufson (5) were among the 
first to reject the factor-analytic approach and substi
tute multidimensional unfolding in a heroic effort to enu
merate the dimensions of the travel mode discrimina
tional process. Unfortunately, their particular use of 
multidimensional unfolding is inappropriate. Travel 
mode characteristics that may take on a continuum of 
possible values, e.g., waiting time and fare, are used 
as stimuli and are assumed to be discrete points in a 
multidimensional preference space. The dimensions of 
the derived configurational space can only be interpreted 
as the attributes of attributes and are not the cognitive 
attributes of travel modes that are sought. The effort 
by Dobson and Kehoe (~ suffers a similar fate. 
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A somewhat different avenue of research attempts to 
define accurately individual concepts such as travel 
mode comfort and convenience. Stopher, Spear, and 
Sucher (7) execute a unidimens ional procedure based on 
Thurstone's law of comparative judgment to determine 
those specific convenience characteristics that are most 
preferred. The direct-questioning method used in this 
case suffers from the problem of socially acceptable re
sponses and allows the consumer to rate all character
istics by forcing the consumer to trade off among char
acteristics in the judgment task. Nicolaidis (8) employs 
individual differences multidimensional scaling 
(INDSCAL) to the proximity relations of several 
travel modes to establish the dimensions of travel 
mode comfort. Unfortunately, the method of Nicolaidis 
suffers because the original travel mode proximities are 
derived from consumer scalings of the travel mode
choice set on nine prespecified comfort characteristics. 
The fundamental problem of this procedure is the a 
priori definition of comfort. The danger of this approach 
is exclusion of variables that may be important to cer
tain travelers or groups of travelers. 

Recently, Hensher and McLeod (9) called for an in
tegrated approach to the identification and evaluation of 
the determinants of travel mode choice. Here the inter
face between an extended set of meaningful cognitive di
mensions and policy-sensitive research is the focus. The 
integrative mechanism is termed the "policy-sensitive 
unit," and it is incorporated into a systematic procedure 
for structuring the perceived variability in "soft" travel 
mode attributes such as comfort and convenience. Hen
sher's recognition of this need is probably a greater 
contribution than the proposed solution, which simply 
relates observed travel behavior to a list of objective 
service measures, such as the number of stops en
countered and the number of people standing when the 
vehicle is boarded. The functional forn1 relating prob
able behavior and the service variables is assumed to be 
logistic in nature. 

Finally, whether and how perceived values of attri
butes relate to physically measurt:ld values uf allribule:; 
is a scaling issue that has specific measurement impli
cations. The question is certainly not new. Transpor
tation studies over the past 20 years have confronted it, 
though not very directly. When plotting perceived travel 
times from home-interview surveys against objective 
engineering estimates obtained from skimmed trees, the 
correlation has always been obse:r;'Ved to be considerably 
less than 1.0 (10). Thus, not only do the dimensions of 
the psychophysical function require elicitation, but a 
metric, representing the subjective transformation of 
objective travel values, must be constructed. Very 
little has been accomplished by transport researchers 
along these lines. 

In reviewing this literature, it is evident that our 
understanding of the very first step in the travel mode
choice psychophysical transformation process is unsatis
factory. In fact, we do not yet know the underlying di
mensions of the travel mode psychophysical function. 
In addition, we have no metric with which to measure 
the extent to which a particular objective stimulus evokes 
a subjective response on a dimension of travel mode dis
crimination. Thus, there is the critical need to deter
mine how the tangible characteristics of travel modes 
culminate in particular travel mode images. For in
stance, if a group of travelers views a mode of urban 
travel as being comfortable, it is important for the ur
ban transport planner to know which of the physical in
gredients creates this general image. Hence, two re
lated problems require attention: (a) delineation of the 
broad cognitive dimensions underlying travel mode 
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meaning and (b) construction of relationships between 
tangible characteristics, the ingredients of travel mode 
design and management, and the consumers' abstract 
images of travel mode alternatives. 

To provide answers of a suggestive nature to these 
questions, a two-phase survey research study was con
ducted in Columbus, Ohio. Phase 1 of the research is 
designed to establish the broad dimensions of travel 
mode cognition, while phase 2 establishes the relation
ships between tangible travel mode characteristics and 
the broad dimensions of travel mode image. Figure 1 
summarizes the research design employed. 

PHASE 1 RESEARCH 

The study area in Columbus was delimited to encompass 
the market area of a single bus corridor operated by the 
Central Ohio Transit Authority (COTA). This corridor, 
referred to as the Cleveland Corridor, is a radial ex
tending from the central business district of Columbus 
to Westerville, a relatively high-income suburb. COTA 
officials identify the Cleveland Corridor as a problem 
route because actual ridership is considerably less than 
that which had been expected based on the bus's com
petitive status within the corridor vis-a.:.vis time and 
cost considerations. COTA officials are interested in 
understanding why it is that ridership in the corridor is 
below expectations. Clearly, the research proposed in 
this study does not address the entire behavioral process 
underlying the travel mode-choice behavior of consumers 
in the study area. It is designed to examine only the ini
tial phase of that behavioral process, the psychophysical 
transformation. 

By employing the most recent edition of the Columbus 
Polk City Directory as the sampling frame, we selected 
50 individuals at random as potential phase 1 respon
dents. Each phase 1 interview consisted of three sec
tions. The first section provided similarities data re
quired by an INDS CAL algorithm. Each respondent was 
required to judge each pair of eight travel modes on a 
Likert scale of perceived similarity. The interviewt:lr 
recorded each similarity judgment as it was provided 
by the respondent. The sequence of judgments was ran
domized before each interview session. Travel modes 
included in the study were automobile (driver), automo
bile (passenger), carpool, taxi, bus, motorcycle, walk, 
and bicycle. 

The second interview section involved determination 
of a repertory grid (11). This task actually consisted of 
two distinct phases. In the first, the respondent was 
presented with three cards, each bearing the label of a 
travel mode, i.e., a triad. The respondent was re
quested to provide one way that two of the modes were 
alike and different from the third, i.e., a triad sort. 
After discussion, if needed, a simple word was agreed 
on to represent this discriminational factor, i.e., a per
sonal construct. Next, the interviewer asked for the op
posite of the label assigned to the construct. Thus, the 
construct was elicited as a bipolar scale. Finally, the 
respondent was required to rate each of the eight travel 
modes with regard to the extent that a mode possesses 
the construct previously elicited. A Likert rating scale 
of perceived construct level was employed. The pro
cedure, consisting of construct elicitation and then 
travel mode rating, was repeated until a respondent was 
unable to produce further constructs. 

A summary of the personal constructs elicited using 
the triad-sort method is given below: 
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Construct Frequency of Construct Frequency of 
Label Elicitation Label Elicitation 

Physical effort 23 Reliability 8 
Monetary ex- Freedom of 

pense 23 action 5 
Privacy 20 Environmental 
Safety 19 protection 5 
Flexibility 18 Menta I effort 5 
Convenience 18 Enjoyability 3 
Travel time 16 Anxiety 3 
Control of Cleanliness 2 

situation 14 Ability to 
Comfort 10 relax 2 
Responsibility 9 Prestige 1 

Physical effort and expense were most frequently elic
ited, followed by privacy and safety. Flexibility and 
convenience are also frequently elicited constructs. 
Travel time, perhaps regarded as most important by 
planners, is mentioned by only half the respondents, 
while control is mentioned by an almost equal number. 
Comfort comes next. None of the other constructs at
tained a double-digit response frequency. Of this group, 
only comfort is regarded as superordinate; i.e., a com
fortable mode is usually safe, convenient, private, etc., 
to those remaining. 

The similarities data obtained in the phase 1 inter
view were subjected to an INDS CAL (12). Multidimen
sional scaling (MDS), in contrast to the directness of the 
repertory grid approach, attempts to latently derive the 
dimensions of travel mode discrimination as well as 
scale values for the travel mode stimuli on each of the 
derived dimensions by using only the similarities judg
ments. The two fundamental problems of MDS are de-

Figure 1. Flow diagram of the methodological framework. 
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termining the appropriate number of dimensions and in
terpreting them correctly. Interpretability serves also 
as one criterion for determining the appropriate dimen
sionality. The other basic criterion for determining the 
appropriate number of dimensions is statistical and in
volves the functional form of stress (the measure of 
badness of fit) as it varies with regard to dimensionality 
of the configurational solution. A plot of stress as a 
function of increasing configuration dimensionality, as 
supplied by the INDSCAL analysis of the phase 1 simi
larity data, displayed an elbow at a dimensionality of 
six, indicating that the addition of a sixth dimension 
adds significantly to statistical fit but that a seventh 
dimens ion adds very little. The second INDS CAL run 
provides a configuration of best fit (minimum stress) 
with a value indicating that only about 4 percent of the 
original similarity judgments are not maintained within 
the latently derived configuration. 

The interpretation of the latently derived dimensions 
incorporates the repertory grid data as a selection of at
tributes of the travel mode stimuli independently gained. 
The appropriate method for identifying the latently de
rived dimensions is to compare the latent scores of each 
stimulus point, i.e., travel mode, on each dimension 
with the scale values assigned directly to the travel mode 
stimuli vis-a-vis the personal constructs elicited. The 
comparison is statistically accomplished by using simple 
correlation analysis of the latently derived INDSCAL 
scale values and the scale values assigned to each stim
ulus directly by respondents. 

Table 1 summarizes the correlates for purposes of 
interpreting the six-dimensional configuration derived 
from the INDSCAL analysis. Dimension 1 is certainly 
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Table 1. Simple correlations between 
personal constructs and INDSCAL Dimension 
dimensions. 
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0.58" 0.39 
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the most complex of the derived dimensions but appears 
to provide a scale of travel burden. It is composed of 
physical effort, expense, and travel time. Highly cor
related with dimension 1 is the personal comfort con
struct. Dimension 2 is an independent safety dimension 
and, again, comfort is a dominant correlate. Dimension 
3 is primarily associated with convenience, although 
flexibility and privacy load significantly on this dimen
sion as well. Dimension 4 provides an appropriate scale 
for the privacy construct, exhibiting significant correla
tion with flexibility and, again, comfort. Dimension 5 
associates most highly with comfort and, as expected, 
significant correlation exists between it and other di
mensions. Finally, dimension 6 scales flexibility and 
control with close association to the personal comfort 
construct. 

In summary, both statistical and interpretive con
siderations provi'de the necessary and sufficient condi
tions for adoption'of a six-dimensional space of travel 
mode cognition consisting of travel burden, safety, con
venience, privacy, flexibility, and comfort. 

PHASE 2 RESEARCH 

In phase 2 research we were interested in establishing 
the relationships between tangible travel mode character
istics and the six dimensions of travel mode cognition. 
A spatially random-clustered sample was produced by 
numbering all block fronts in the Cleveland Corridor. 
Blocks were selected by using a table of random num -
bers. As many households on a selected block front 
were contacted as possible. 

The survey administered to phase 2 subjects was con
structed on the basis of phase 1 research results. The 
questionnaire was designed to provide sufficient informa
tion to establish the relationships between an assortment 
of physical travel mode characteristics and the broader 
cognitive dimensions. Conjoint measurement was the 
analytic procedure used to construct the desired rela
tionships. Conjoint analysis is a method that effectively 
decomposes a respondent's overall travel mode image 
i11to· separate and compatible attribute scales (pa1·t per
ceptions) by which original global cognitive judgments 
can be reconstructed. The problem of obtaining mea
surement scales for both the dependent variable, i.e., 
the location of a travel mode on a particular broad cog
nitive dimension, and the independent variables, i.e., 
tangible travel mode characteristics, based on the order 
of joint effects according to some specified combination 
rule is the conjoint measurement problem; see Green 
and Rao (13) and Johnson (14) . 

Data required by the conjoint measurement algorithm 
take the form of a series of trade-off matrices (15). The 
trade-off method requires rank ordering by a respondent 
of a series of paired travel mode characteristics in 
terms of one of the six travel mode dimensions identi
fied in phase 1. In this manner, the respondent implic
itly reveals his or her perceptual trade-offs for tangible 
characteristics in judging the level of an abstract cogni
tive dimension. 

One set of trade-off matrices was constructed for 
each of the six phase 1 dimensions of travel mode cog
nition. The travel mode characteristics used in the 
trade-off matrices of phase 2 are listed below. They 
were selected from a master list developed after an ex
tensive review of the travel demand literature and indi
cations provided by phase 1 respondents. 

1. Burden 
a. Waiting time 
b. Walking time 
c. Riding time 
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d. Parking costs 
e. One-way fare 
f. Environmental pollution 

2. Convenience 
a. Transfers 
b. Access time 
c. Variation in arrival 
d. Method of payment 
e. Hours of service 
f. Protection from weather 

3. Safety 
a. Likelihood of vehicle accident 
b. Exposure to unfamiliar areas 
c. Ability to restrict passengers 
d. Protection at pickup 
e. Driver 

4. Flexibility 
a. Alter destination 
b. Alter route 
c. Control over micro climate 
d. Ability to vary departure or arrival time 
e. Ability to restrict passengers 

5. Privacy 
a. Guarantee of iu<li v i<lual 1>ealing 
b. Ability to arrange in-vehicle seating 
c. Ability to save seats 
d. Ability to restrict passengers 

6. Comfort 
a. Privacy 
b. Convenience 
c. Flexibility 
d. Burden 
e. Safety 

Before the part perceptions were derived, the trade
off data for each dimension were subjected to cluster 
analysis to identify groups of urban travelers who share 
similar perceptual orientations. The HGROUP of Ward 
(16) was employed here to determine the following ho
mogeneous groups of travelers: three burden groups, 
four convenience groupR, three flexibility e;roups, three 
safety groups, four privacy groups, and three comfort 
groups. All members of each group have similar per
ceptual orientations toward specific travel mode char
acteristics as revealed by commonality in the response 
profile for a particular cognitive dimension; i.e., they 
have statistically similar trade-off matrices. 

After individuals had been grouped in this manner, 
the part perceptions, which indicate the value of a par
ticular travel mode characteristic with respect to the 
overall level of perceived burden, convenience, etc., 
were estimated for each group by using Johnson's mono
tonic regression program. Table 2 exemplifies the -in
formation that this procedure provides: a set of values 
or part perceptions for each group. In addition, group 
membership (and thus perceptual orientation) is related 
to a set of situational characteristics (Table 3). Chi 
square provides an adequate test for significant relation
ships. 

Table 4 is a summary of all homogeneous perceptual 
groups. Included are both salient perceptual sensitivities 
and significant situational characteristics of each group. 
The perceptual sensitivities are determined by calculat
ing the range in part perceptions associated with a par
ticular travel mode characteristic. The situational im
portance of respondent's sex, age, and status as a par
ent are important, since they are significantly related 
with perceptual orientations toward a number of cogni
tive dimensions. 

The result of the phase 2 research is the identification 
of 20 homogeneous perceptual groups. From a planning 
standpoint, there is an obvious trade-off between the 
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need for accurate perceptual representation and the de
sire for modeling simplicity. Twenty perceptual groups 
represent a degree of overkill on the side of accuracy. 
It is instructive, therefore, to examine the extent to 
which survey respondents exhibit commonality in group 
membership (and thus perceptual orientations) across 
all six dimensions of travel mode cognition. To ac
complish the definition of aggregate perceptual market 
segments based on group membership similarities, a 
second-stage cluster analysis was performed. The 
HGROUP clustering algorithm was applied to group mem
bership profiles for the phase 2 survey respondents. In 
this manner, three aggregate market segments of nearly 

Table 2. Rank order of characteristics and their respective part 
perceptions. 

Group 1 Group 3 Group 4 
(N = 45) (N = 24) (N = 14) 

Characteristic A B A B A B 

Parking costs ($) 
0.25 20 0.51 20 0.57 19 0.65 
0.50 18 0.71 16 0.83 18 0.74 
1.00 11 0.96 9 1.05 7 1.15 
2.00 2 1.50 4 1.35 3 1.36 

Waiting time (min) 
0 16 0.77 18 0.71 13 0.97 
5 12 0.93 6 1.22 8 1.12 

15 1 1.57 2 1.45 6 1.18 
Walking time (min) 

1 15 0.81 15 0.85 14 0,94 
5 9 1.02 12 0.96 9 1.10 

15 3 1.41 1 1.51 5 1.27 
Pollution level 

Low 13 0.91 13 0.94 17 0. 81 
Intermediate 7 1.12 8 1.17 11 1.02 
High 6 1.22 7 1.20 1 1.49 

One-way fare ($) 
0.25 19 0.66 19 0.68 20 0.55 
0.50 17 0.75 17 0.80 16 0.86 
1.00 10 0.99 10 1.01 12 0.99 
2.00 4 1.35 5 1.24 2 1.42 

Riding time (min) 
5 14 0.88 14 0.89 15 0.91 

10 8 1.08 11 0.98 10 1.06 
15 5 1.29 3 1.41 4 1.30 

Notes: A =rank order; B =part perception, 
Groupl: ¢=0.09, r=0.78;Group3: ¢ = 0.09, r = 0.76; Group 4: ¢ = 
0.06, T = 0.81. 

Table 4. Salient perceptual and situational characteristics 
of the homogeneous clusters. Homogeneous 

Travel Groups 

Burden 
Group 1 
Group 2 
Group 3 

Convenience 
Group 1 
Group 2 
Group 3 
Group 4 

Flexibility 
Group 1 
Group 2 
Group 3 

Safety 
Group 1 

Group 2 
Group 3 

Privacy 
Group 1 
Group 2 
Group 3 
Group 4 

Comfort 
Group 1 
Group 2 
Group 3 
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equal size were found to reflect underlying perceptual 
variation accurately. 

Market segment 1 is interpreted as a relatively un
biased group of urban travelers who may be character
ized as 

1. Highly sensitive to individualized seating arrange
ments and the ability to save or arrange in-vehicle 
seating, 

2. Relatively insensitive to changing levels of travel 
burden and flexibility but very sensitive to convenience, 

3. Concerned the least about increasing levels of en
vironmental pollution, and 

Table 3. Characteristics of travel burden perceptual 
clusters. 

Percentage or Group 

Groug I Group 3 Group 4 
Characteristic N (N = 45 ) (N = 24) (N = 14) 

Sex 
Male 37 40 46 50 
Female 47 60 54 50 

Marital status 
Single 38 58 25 43 
Married 46 42 75 57 

Children 
None 55 69 54 79 
One or more 29 31 46 21 

Education 
Pre-high school 32 44 25 36 
High school 38 49 46 36 
College 14 7 29 28 

Employment 
Unemployed 40 53 42 36 
Part time 7 9 8 7 
Full time 37 38 50 57 

Age' 
Under 21 4 2 4 7 
21-29 26 27 42 29 
30-49 24 29 33 21 
50-64 15 20 8 29 
Over 65 15 22 13 14 

Income· 
Under $5000 20 31 12 14 
$5000-10 000 29 49 17 21 
$10 000-15 000 18 17 24 36 
$15 000-25 000 13 3 34 21 
Over $25 000 4 0 13 8 

B Significant ( p < 0.05) relationship exists between socioeconomic character-
istic and group membership by using chi-square test. 

Outstanding Perceptual 
Sensitivities 

Parking costs, ride times 
Parking costs, wait times 
Fares, pollution 

Access time, transfers 
Access time, arrival time variability 
Enclosed shelter, access time 
Payment method, service hours 

Depart or arrive, route 
Microclimatic control 
Passenger restriction, destination 

Passenger restriction (type), pick
up protection 

Vehicle accidents 
Passenger restriction (number) 

Indi victual seat, arrange seat 
Save seat, passenger restriction 
Individual seat, save seat 
Individual seat, passenger restriction 

Safety, convenience, burden 
Safety, convenience, privacy 
Safety, privacy, convenience 

Outstanding Situational 
Characteristics 

Low-income 
Young, high-income 
Elderly, middle-income 

Male 
Male, elderly 
Female, young 
Female, unemployed 

Male, single 
Female, single 
Female, parent 

Female, low-income 
parent 

High-income, employed 
Male, low-income, elderly 

Female 
Male 
Male, low-income, elderly 
Male, parent 

Female, low-income 
Heterogeneous 
Male, employed 
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Table 5. Characteristics of aggregate market segments. 

Percentage of Segment 

Segment 1 Segment 2 Segment 3 
Characteristic N (N = 25) (N = 29) (N = 30) 

Sex• 
Male 37 32 31 66 
Female 47 68 69 34 

Marital Status 
Single 38 48 72 73 
Married 46 44 52 67 

Children 
None 55 48 72 73 
One or more 29 52 28 27 

Home• 
Own 46 47 46 70 
Rent 38 53 52 30 

Education• 
Pre-high school 32 42 46 27 
High school 38 46 47 43 
College 14 12 30 

Employment' 
Unemployed 40 58 56 33 
Part time 7 14 4 10 
Full time 37 28 40 57 

Age 
Under 21 4 4 3 7 
21-29 26 32 24 37 
~U-4~ 24 3~ ~8 ~·1 

50-64 15 16 21 17 
Over 65 15 16 24 13 

Income 11 

Under $5000 20 35 25 13 
$ 5000-10 000 29 41 55 10 
$10 000-15 000 18 16 14 33 
$15 000-25 000 13 8 6 ao 
Over $25 000 4 0 0 14 

Bus Patronage" 
Work 12 12 9 20 
Shop 15 20 27 7 
Recreation 11 8 24 7 

'"Significant (p < 0 .05) relationship exists between socioeconomic characteristic and group 
menibership by using chi-square test. 

4. Sensitive to the aspects of vehicle access, es
pecially the components of walking and waiting time. 

The unbiased market segment is of interest because it 
reveals some degree of sensitivity to physical character
istics of travel modes that are addressable in the context 
of public transit, e.g., access time. 

Market segment 2 is appropriately regarded as a bus
biased group of urban travelers who may be described as 

1. Most sensitive to changes in individualized seating, 
2. Sensitive to the number of passengers allowed in 

the vehicle and highly concerned about protection at 
points of passenger pickup, 

3. Perceptually susceptible to different levels of 
travel burden and convenience but particularly insensi
tive to variation in the level of privacy, and 

4. Most sensitive to alterations in one-way fare and 
levels of environmental pollution. 

Clearly, most of the concerns of the bus-biased segment 
can be attended to by some form of public transit. 

Market segment 3 differs significantly from the pre
vious two segments examined. This automobile-biased 
group is characterized as 

1. Highly sensitive to the ability to restrict the type 
of passengers with whom one must associate for purposes 
of privacy and personal safety, 

2. Significantly sensitive to the attributes of conve
nience and privacy and insensitive to different levels of 
travel burden, and 

3. Particularly sensitive to changes in the cost of 
vehicle parking and access times, while clearly unaf
fected by environmental pollution levels. 
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The emphasis of the automobile-biased group on levels 
of privacy, e.g., passenger restrictions, is an aspect 
most difficult to address in current forms of public 
transit. 

The contention of three basic market segments-one 
relatively unbiased, one bus-biased, and one automobile
biased-is supported by mean segment ratings of the 
automobile and bus on the six broad dimensions of travel 
mode cognition. In general, the bus-biased group pro
vides the bus's best ratings and the automobile's worst. 
In contrast, the automobile-biased group, with few ex
ceptions, provides the bus's worst ratings and the auto
mobile's best. The unbiased group supplies mean scores 
that generally fall between the extremes provided by the 
automobile- and bus-biased segments. 

Table 5 reveals the situational characteristics of the 
three aggregate market segments. Note that chi-square 
tests clearly indicate that generalized perceptual orien
tations (market segment membership) are significantly 
related to a large assortment of situational factors, e.g., 
sex, education, employment, age, and income. The 
bus-biased segment, for example, is predominantly 
composed of women, many of whom work and whose an
nual household incomes are normally under $10 UUU. In 
contrast, the automobile-biased segment is composed 
largely of employed men who are more highly educated 
and exhibit considerably higher household incomes. 

CONCLUSIONS 

The goal of this study was to work toward a clearer un
derstanding of the travel mode-choice process by spe
cifically examining the psychophysical element of that 
process. In particular, the broad dimensions of travel 
mode cognition were established, and the relationships 
that exist between a set of physical travel mode charac
teristics and the broader cognitive dimensions were es
timated. Both tasks were accomplished by using two 
separate surveys of urban travelers in the spring of 
1979 within the Cleveland Corridor of Columbus, Ohio. 

In summary, six broad cognitive dimensions were 
found to underlie travel mode cognition of travelers 
within the corridor. Based on trade-off data, 20 homo
geneous perceptual groups were established with par
ticular perceptual sensitivities. These sensitivities 
were found to be related to a number of situational fac
tors. A second-stage cluster analysis accomplished the 
identification of three aggregate market segments: an 
unbiased segment, an automobile-biased segment, and 
a bus-biased segment. 

The findings of this research are suggestive at best, 
due to small sample sizes and restrictions associated 
with use of the trade-off method of subjective evaluation. 
However, the results do provide added support for dis
aggregate behavioral approaches to modeling urban 
travel demand. Although this study presents a method
ological strategy that may be unfamiliar, it is highly ap
propriate to the task of examining travel mode cognition 
and its relationships to physical characteristics of travel 
modes. 
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Interdependencies in Activity 
Behavior 
David Damm 

The research reported here stems from an increased awareness that many 
of a person's decisions to travel and hence to participate in activities are 
dependent both on the decisions of the person's household and on the full 
set of the person's daily activity decisions. An approach to modeling 
these interdependencies that treats the demand for activities explicitly 
and postulates a choice process constrained by both temporal and spatial 
variables is developed here. By using conventional home-interview data 
(from Minneapolis-St. Paul), it is demonstrated that hypotheses about 
complex travel-activity behavior can be tested without costly new surveys. 
The results confirm the need to account for interdependencies and point 
to many potentially fertile directions for policy-oriented as well as 
theoretical research. 

The purpose of this paper is to present an approach to 
explaining travelers' behavior in the context of 
household- and work-related activities. The con
straints imposed on a person's scheduling of activities 
(and therefore travel) by his or her household or work
place are explicitly treated and, rather than consider 
trips or activities in isolation, an entire day's activities 
and trips are examined simultaneously. It is evident 
that whether a person participates in an activity, at what 
time, for what duration, and by what mode is often de
termined by the decisions and needs of others, especially 
others in a person's household. 

Prior research on interdependencies of travelers' 
decisions in constrained environments is briefly outlined. 
Next, the major features of the conceptual model (hy
potheses about causality) and analytic theory used for 
an operational model are sketched. This model is then 

tested empirically with conventional home-interview 
data. Because the evaluation of policies such as variable 
working hours could be better conducted with further 
research in this area, the final sections address the im
plications of the effort reported here and the most fruit
ful future directions. 

RESEARCH CONTEXT 

Hagerstrand (1,2) and Lenntorp (3,4) have developed 
theories of welfare as defined by-both spatial and tem
poral constraints of an urban system. That is, the 
more opportunities a person can reach in time and 
space, the greater is his or her welfare. By assuming 
that any individual has an activity program to be realized 
each day, these researchers have tried to measure the 
number of alternative ways (possible paths) in which a 
program could be accomplished. Simulation models 
applied to actual urban areas have been developed and 
the effect of changes in policy (e.g., expanding bus 
service or installation of day- care facilities) on a per
son's welfare have been explored (3-6). Burns (7) has 
used the concepts to develop theoretical measures of 
benefit. 

Westelius (8) has examined the process by which 
participation in activities is scheduled. The existence 
of fixed places of activity in addition to the home strongly 
influences decisions of whether or not to stop there. 
Cullen and Godson (9) have pointed out the range of 
flexibility within a person's set of activities to be real-


