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EXECUTIVE SUMMARY

INTRODUCTION

This report is concerned with one phase of a research project entitled,
"The Influence on the Rural Environment of Interurban Transportation Systems."
It presents the final phase in the attempt to develop a model for predicting
how different groups in small urban areas will respond to proposed or actual
changes in the interurban transportation system. At the same time, the
research is part of a larger effort aimed toward developing improved models

of behavior within urban activity spaces in general.

PROBLEM STUDIED

The nature of the activity spaces which people use for recurrent activities
(shopping, work, recreation, etc.) has received considerable attention in
recent studies. At the same time, transportation planning is marked by con-
cern about citizen involvement in the planning process. This is manifest by
the studies on highways and expressway controversies.l It is also evident in
attempts to create opportunities for citizen participation2 and to examine
the social consequences of road construction.3 The concern with citizen
involvement occurs at all scales of analysis, from the metropolitan areaa to
the small urban community.5

It is often noted that, in response to transportation plans, private
individuals are most concerned about protection, conservation, and enhancement
of their physical and social space.6 However, little work has been done on
how individuals themselves perceive the effects on their environment of new
routes or other kinds of transportation innovation, such as transit services
or airports. The emphasis in this report is, therefore, on developing an
analytical framework for examining resident's perception of their envirommental
utility under different transportation alternatives. The analytical framework
is intended for application at any scale; the usefulness of the framework,

however, is demonstrated through a case study of a small urban community.



RESULTS ACHIEVED

The analytical framework developed is two-phase in design. First, a
methodology is briefly outlined for defining the general attributes of the
perceived environment of a class of urban residents. Then, a conceptual
framework is developed for delineating homogeneous population groups within
an example of such an environment and measuring each group's differential
cognition and evaluation of the effects of transportation alternatives.

The first phase of the analytical framework is discussed fully in
Research Report 18, available through NTIS under Report No. DOT-TST-75-135.
The second phase of the research, namely, developing a conceptual framework
for delineating homogeneous population groups and for measuring each group's
differential cognition and the evaluation of the effects of transportation
alternatives is the focus of this report.

Within a general kind of residential environment (small town, metro-—
politan neighborhood) we may consider a population distribution at time t.
Let there be a spatially random sample of m households drawn from this
population., Then we may expect some number y of households to be defined
where the clusters will be homogeneous, at least in terms of (1) socio-economic
status (broadly defined), stage in life cycle and ethnicity, and (2) their
activity patterns. Such groups may also have distinctive cognitions and
evaluations of the attributes of their perceived environment under alternative
transportation systems. Given an extended set of variables describing both
the socio-economic characteristics and activity patterns of the sample,

y internally similar household clusters may be first defined using factor
analysis and a grouping algorithm; each cluster's cognition and evaluation
of its environment under alternative transport systems can then later

be probed.

Given this framework, one small town, Sealy, Texas, was selected for
analysis, Within the area, a three percent sample of households was drawn
for home interviews to determine household socio-economic characteristics
and travel habits. Interviews were carried out with one respondent in each
household until 80 complete returns were compiled: two were later deleted
owing to response inaccuracies. Subsequent analysis of the data and the

questionnaire showed that the sample obtained was reasonably representative



of the different strata of the town's population. Information was collected
on 58 variables describing household socio-economic characteristics and
travel habits. To find the basic dimensions which might differentiate
households into clustefs, a principal components analysis with varimax
rotation to simple structure was performed on the 78 household by 58 variable
matrix. The analysis produced 16 factors with eigenvalues greater than one;
these may be treated as basic factors differentiating households. The
well-known life cycle phase and income/ethnicity factors appeared with
loadings on the component variables that were readily interpretable. A third
socio~economic factor also appears, namely, familiarity with the town; this
increases both as the year the respondent first moved into Sealy increases and
as his/her total length of residence there increases. The remaining 13 basic
factors were those underlying household travel behavior and were more diffi-
cult to interpret. However, all 16 factors were interpretable, so scores

for each household on each factor were computed. The algorithm CONGRUP was
then used to cluster households with like scores on the 16 factors. CONGRUP
delineated four main clusters of households, with two major groupings of 43
and 29 members respectively, and two deviant minor groupings of four and two
members. The number of component groupings was subjectively chosen, but the
appearance of two major groupings conforms with Hunter's delineation of two
major kinds of households in Sealy in the late sixties and early seventies.7
Thus, the sample clusterings appear to reflect the general community makeup
of the area.

Given the identification of members of various groups and their rating
of environments under different transportation alternatives, we may envisage
a matrix with r rows representing components of the residential enviromment
elicited by the Personal Construct theory and Repertory Grid methodologies
(as described in Research Report 18); the columns represent different possible
alternative transportation strategies for an urban area. Amn entry in the
cell of the matrix represents how much a group member perceives an urban area
component to be affected by the transportation system. Thus, the matrix
represents the application of rating scales to evaluate the quality of the
urban enviromment under alternate transportation systems, The matrices for
the members of the homogeneous population groups may be manipulated using

the INDSCAL model to summarize the groups' cognition and evaluation of the



effects of transportation alternatives on their urban environment.8 The
input to the INDSCAL ﬁodel is a similarities matrix for each person of a
group. The matrix for each group member has to be preprocessed so that
similarities between possible pairs of transportation systems can be measured.
There are various methods for doing this step. Where the ratings data have
been collected from illeducated, semi-literate respondents, less refined
methods of deriving similarities may be justified. 1In this report a simple
method for preprocessing the data for INDSCAL was used: in particular, the
absolute differences between each pailr of systems in their average component
scores over all envirommental components. This step may be formally expressed
using the notation in equation one. This yielded a six by six matrix of

similarities for each respondent.

r 4 i
X, -
i t=1 % =1 ke

Si = b

[ Bl |

Given these similarities for each group of respondents, the INDSCAL
model permits the calculation of the utility of each transportation system as

far as the environment is concerned for each group member. This is given by

U,, = I W, «x, (2)

where Uij is the envirommental utility of the jth transportation strategy for
household i, Wid is the household's weight or importance attached to
dimension d, and xjd igs the position’of the transportation strategy on the
dimension. For each group, the analysis recovered the scales comprising the
group evaluation space, the position of transportation alternatives in the
space, the weights of each scale for each respondent, and the environmental
utilities of each transportation alternative for each respondent. For each
of the four groups, three basic envirommental dimensions explain the maximum
amount of variance in the input data. Accordingly, these three basic factors
comprise the most important dimensions on which the groups rate their

environmental utilities for different transportation systems. Because the



positioning of the transportation alternatives on the dimensions is different
for each group, it seems clear each group has its own criteria on which
transportation alternatives are evaluated.

The fact that the four groups show some communality in their dimensions
suggests that the town is unified rather than divided about the advantages
and disadvantages of alternative transportation systems. This is not the
case, however; the INDSCAL analysis presents only composite or group view-
points. Additional analysis shows that the individuals within the group can
vary on the importance which they attach to the different dimensions. The
analysis reveals that the differential cognitions and evaluations of group
members lead to interest groups with supporters drawn from different

socio-economic strata.

UTILIZATION OF RESULTS

While the results of the analysis are interesting in their own right,
the main value is to demonstrate how the INDSCAL framework can be applied to
predict political responses to transportation alternatives in an urban area.
Thus, the results of this research should be of value to federal, state,
and local planning agencies and to research groups interested in how groups
and individuals may perceive and respond to alternative transportation

systems and investments in an urban area.

CONCLUSION

This report presents a framework for analyzing how residents of urban
environments perceive and evaluate transportation alternatives. A two-phase
design is described. In the first phase, a procedure is developed for
eliciting the components which residents conceive as comprising their environ-
ments under a transportation system. In the second phase, it was hypothesized
that, in a sample population, there might be groups who would be (a) homo-
geneous according to a very wide range of non~traditional socio-economic and
activity variables and (b) evaluate the components of their kind of environ~
ment in the same way under alternative transportation systems. This framework

was successfully tested with the definition of four homogeneous groups in a



case study in a small town. Finally, the INDSCAL model was employed to
determine whether each homogeneous group does evaluate the components of
their enviromment under alternative transportation systems in a distinctive
way. For the kinds of homogeneous groups in the case study town it was found
that they do not. Each group evaluates transportation systems along similar
dimensions, but individual differences within groups are so great that some
members derive maximum utility from one alternative and some from another.
Thus, other kinds of interest groups which support or oppose transportation
innovations are drawn from different soci-economic and activity groupings.
The conceptual framework of this report demonstrates how such interest groups

are derived.
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INTRODUCTION

Transportation planning is marked by a concern about citizen
involvement in the process. This is manifested by the plethora of
studies on highway and expressway controversies.1 It is also evident
in attempts to create opportunities for citizen participation2 and
to examine the social consequences of road construction.3 The concern
with citizen involvement occurs at all scales of analysis, from the

, 4 .
metropolitan area to the small urban community.

Amir, S., "Highway Location and Public Opposition.’ Environment

and Behavior, 4 (1972), 413-436; J. E. Burkhardt, "Community Re-
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gional Science, University of Pennsylvania, 1970; A. J. Mumphrey,
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and Citizen Opposition: The Pennsylvania Planning Opposition Simu-
lation," Discussion Paper No. 9, Research on Conflict in Locational
Decisions, Department of Regional Science, University of Pennsylvania,
1971; J. H. Schermer, "Interest Group Impact Assessment in Transpor-
tation Planning.," Traffic Quarterly, 39 (1975), 29-49; J. E. Seley,
"Development of a Sophisticated Opposition: The Lower Manhattan
Expressway Issue,” Discussion Paper No. 2, Research on Conflict

in Locational Decisions, Department of Regional Science. University
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It has often been noted that, in response to transportation
plans, private individuals are most concerned about the protection,
conservation, and enhancement of their physical and social space.
However, little work has been done on how individuals themselves
perceive the effects on their environment of new routes or other
kinds of transportation innovation, such as transit services or air-
ports. The emphasis in this report is therefore on developing an
analytical framework for examining residents' perceptions of their
environmental utility under different transportation alternatives.
The analytical framework is intended for application at any scale;
the usefulness of the framework, however, is demonstrated through a
case study of a small urban community.

The analytical framework is two-phase in design. First, a method-
ology 1is briefly outlined for defining the general attributes
of the perceived environment of a class of urban residents, for ex-
ample, small town residents or residents in neighborhoods within
a city. Then a conceptual framework is developed for delineating
homogeneous population groups within an example of such an environ-
ment and for measuring each group's differential cognition and

evaluation of the effects of transportation alternatives.

6

Himman, J., "Controversial Facility-Complex Programs: Coalitions,
Side-Payments, Social Decisions,' Discussion Paper No. 8, Research
on Conflict in Locational Decisions, Department of Reglonal Science,
University of Pennsylvania, 1970.




PART 1

DEFINING THE GENERAL ATTRIBUTES OF THE PERCEIVED ENVIRONMENT

Proposed alterations in transportation affect the behavior of
residents in the wvicinity. Conceptually, each person can be
viewed as having an individual activity space containing a unique
set of n elements or places to which he/she attaches some utility.7
Following Harrison and Sarre, each element i can be viewed as defined
by a number of constructs, m, (i=1, . . ., n), that is, meanings
which the individual ascribes to the place.8 Constructs are sub-
jectively percieved characteristics of all the places a person uses
or values in his/her activity space under a transportation system.
However, constructs may also be conceived as bipolar scales {(e.g., near,
far) describing all the elements which make up the percieved environ-
ment for the individual.

Although each person will have a unique set of elements and
constructs comprising his/her own activity space, it is plausible to
argue that similarities will exist in the systems of individuals in
similar locations and with similar backgrounds ~ for example, resi-
dents of small towns or residents within metropolitan neighborhoods.
Thus, to study the effects of transportation proposals on perceived
environments, the constructs defining places in the environment must
first be elicited.

For a class of urban residents of interest, Kelly's Personal Con-
struct Theory and related procedures may be used, together with their

extensions by Bannister; Bannister and Mair; Bomnarius; Epting,

Brown, L. and E. G. Moore, "The Intra-Urban Migration Process: A
Perspective,'" Geografiska Annaler, 52, Series B. (1970), 1-13;

F. E. Horton and D. R. Reynolds, "The Investigation of Individual
Action Spaces: A Progress Report.'" Proceedings of the Association
of American Geographers, 1 (1969), 70-74.

Harrison, J. and P. Sarre, '""Personal Construct Theory in the

Measurement of Environmental Images: Problems and Methods,”
Environment and Behavior, 3 (1971), 351-374.




Suchman‘and Nickerson; and Slater.9 The procedures employ a small
sample of the population of interest but provide a rigorous method
whereby the constructs of places in activity spaces can be suggested
by residents rather than researchers.

To illustrate the use of the theory and the procedure for one
general class of urban residents, we can take the elicitation of the
constructs which define places for small town residents. (The pop-
ulation sizes of the towns range from 2,000 to 20,000). Since the
details of this survey have been described elsewhere only a brief
outline is required here.lo First, a sample of small town residents
was drawn: in this case 31 freshmen University students were selected
to demonstrate the procedures involved. Each respondent listed all
the places he/she used or valued about his/her home town, that is, all
the elements of his/her activity space. Examples of listed elements are
home, church, and corner store. Although each respondent listed a
different set of places, there is no reason to believe that overall
the lists did not provide a representative sample of places used by

small town residents in general.

9 Kelly, G. A. The Psychology of Personal Constructs. New York:

W. W. Norton, 1955; D. Bannister, ''Personal Construct Theory:
A Summary and Experimental Paradigm,” Acta Psychologica, 20
(1962), 104-120; D. Bannister and J. M. M. Mair, The Evaluation
of Personal Constructs. London: Academic Press, 1963; J. C. J.
Bonnarius, ""Research in the Personal Construct Theory of George
A. Kelly: Role Construct Repertory Test and Basic Theory,"
in B. A. Mahr (Ed.) Progress in Experimental Personality Research.
New York: Academic Press, 1965, pp. 1-46; F. R. Epting, D. I.
Suchmans and G. J. Nickerson, "An Evaluation of Elicitation Proce~
dures for Personal Constructs," British Journal of Psychology, 62
(1971), 513-517; P. Slater, "Theory and Techniques of the Repertory
Grid," British Journal of Psychiatry, 115 (1969), 1287-1296; P.
Slater, Notes on INGRID 72. London: Institute of Psychiatry.

10 Burnett, K. P., et al. Transportation-Related Constructs of
Activity Spaces of Small Town Residents, Research Report 18,

Council for Advanced Transportation Studies, The University
of Texas at Austin, 1974.




Next the triadic comparison method was utilized to elicit
all the constructs defining all the elements on each respondent's
list. Sets of three elements on the 1ist were presented at
random to each respondent; each time two elements considered similar
were placed together and the third contrasting element was placed
apart. The reason for the similarity and contrast between places
was asked; this yielded descriptions such as "secure'" and "insecure,"
that is, the contrasting poles of the construct or characteristic
defining the triad of places. Triads were ﬁresented to every
respondent until no new constructs were elicited. Thus, overall,
the cognitive meanings ascribed to the range of places listed within
small towns were elicited from all the respondents.

The triadic comparison procedure obviously can be yield a very
large number of constructs or envirommental descriptions even with
a small sample. Slater's algorithm INGRID was developed to present
such information in a more parsimonious form.ll To utilize the
algorithm, repertory grids must be constructed for each respondent:
in our sample case, these took the form of the matrix outlined in
Figure 1, where rows represent the preferred poles of the respondent’s
constructs, columns represent the elements of his or her activity
space, and the entry in cell ij is the rating of how much of the
preferred characteristic each element possessed (the ratings ranged
from 1, most or top-scoring,to 7, least). The INGRID glgorithm is a
modified principal components analysis of each respondent's grid,
such that clusters of preferred construct poles, or attributes, result.
This leads to the extraction of the essential definitive substance of
respondents' perceptions of their environment--for example,
38 constructs elicited from three subjects were reduced to only
eight environmental components in the case study. In addition, 17
compunents occurred more than once for different respondents. These
are listed in Table 1 and indicate communalities in the perception
of small town environments. Although there are obvious problems of

small sample size and aggregation, these 17 components were taken as

11 Slater, Notes . . ., op cit.




Element (Place) in Town
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Preferred Pole ﬁ ‘g g 8

< 8w = 3
QE} 'g o] [J] [a% o Yt ~ A4
Construct $§ 54 ¢ 4 4 g 8 3
1 2 3 4 5 6 . . . . 22 23 24
1 Affectionate 1 4 3 7 4 1 . . . . 3 7 7
2 Calm 5 5 6 4 6 3 . . . . . . 2 6 7
3 Private 4 5 4 4 7 2 . . . 2 5 7
13 Exciting 4 2 6 2 1 1 . . . 2 6 6
14 Educational 3 2 6 2 1 1 . . . . 3 6 7

Figure 1. Example of a repertory grid.



bundles of constructs defining the perceived environment of small

town residents. Components like those in Table 1 can readily be
seen to provide adjectives which can be used in semantic differentials
or other forms to rate the environment.

The foregoing has illustrated an analytical framework for
defining a general kind of residential environment as it is perceived
by its inhabitants. We now turn to a methodology for delineating
population groups within an example of such a residential environment
and for measuring each group's differential cognition and evaluation

of the effects of transportation alternatives.



PART 11X

THE DELINEATION OF HOMOGENEOUS POPULATION GROUPS

Conceptualization

Within a general kind of residential environment (small towns,
metropolitan neighborhoods) we may consider a population distribution
at time t. Let there be a spatially random sample of m households
drawn from this population. Then we may expect some number y of
household clusters to be defined where the clusters will be homoge-
neous, at least in terms of (1) socio-economic status (broadly
defined), stage in life cycle, and ethnicity and (2) their activity
patterns. Such groups may also have distinctive cognitions and
evaluations of the attributes of their perceived environment under
alternative transportation systems. These expectations follow
from Burnett and the well-known work by Berry and others on urban
factorial ecology.l2 It also draws on work by Brail and Chapin
which demonstrates correlation of activity patterns with the demo~
graphic characteristics of urban residents.13 Finally, there is
some evidence that environmental cognition and evaluation varies with

. . 14
socio-economic status.

Burnett, K. P., "Decision Processes and Innovations: A Transpor-
tation Example," Economic Geography, 51 (1975), 278-289 B. J. L.
Berry (Ed.) Comparative Factorial Ecology (Special Edition) Economic
Geography, 47, Supplement (1971); B. J. L. Berry and P. Rees, "The
Factorial Ecology of Calcutta,' American Journal of Sociology (1969),
445-491; L. S. Bourne and R. A. Murdie, "Interrelationships of
Social and Physical Space in the City: A Multivariate Analysis

of Metropolitan Toronto,' Canadian Geographer, 16 (1972), 211-229,

13 Brail, R. K. and F. S. Chapin, "Activity Patterns of Urban Residents,"

Environment and Behavior, 5 (1973), 163-190.

14 Horton and Reynolds, "The Investigation . . .," op cit.; R. J.

Johnston, "Activity Spaces and Residential Preferences: Some Tests
of the Hypotheses of Sectoral Maps," Economic Geography, 48 (1972),
199-211.




TABLE 1.
COMPONENTS DEFINING THE PERCEIVED ENVIRONMENT

FOR SMALL TOWN RESIDENTS

10.

11.

12.

13.

14,

15.

16.

17.

Preservation of family ties and friendships
Enjoyable outdoor recreation with others
Personal freedom

Country~western activities

Access to sophisticated entertainment
Restraints on behavior because everyone knows you
Challenge, excitement, adventure

Informal relationships

Access to luxuries of life

Pressure to achieve

Peace, tranquillity

Relaxation

Routine activities

Attractive rural surroundings

Intellectual stimulation

Accessibility to people and places

Personal privacy




Given an extended set of variables describing both the socio-
economic characteristics and activity patterns of the sample, y
internally similar household clusters may first be defined using
factor analysis and a grouping algorithm; each cluster's cognition
and evaluation of 1its environment under alternative transport
systems can then later be probed. The initial formation of house-

hold clusters may first be demonstrated for a case study situation.

The Case Study Population Groups

Given that the general perceived environment of small towns
was described above, one small town, Sealy, Texas, was selected for
analysis., This town had a population of 2685 in the 1970 Census.
Within the area, a 3 per cent sample of households was drawn for
home interviews to determine household socio—economic characteristics
and travel habits. Since there was no listing of households by
address to provide a sampling frame, block fronts on a street map were
numbered and then selected using a table of random numbers. As many
households on a selected blockfront were contacted as possible, pro-
ducing a spatially random clustered sample. One callback per house-
held was used. Interviews were carried out with one respondent in
each household during August, 1974,until 80 completed returns were
compiled: two were later deleted owing to response inaccuracies. A
map of the sampled households is shown in Figure 2. Subsequent anal-
ysis of the data in the questionnaires showed that the sample obtained
in this way was reasonably representative of different strata in the
town's population (Table 2).

Information was collected on 58 variables describing household
socio-economic characteristics and travel habits. These variables
comprise the S and A sets of Table 3. To find the basic dimensions
which might differentiate households into clustcrs, a principal
components analysis with varimax rotation to simple structure was

performed on the 78 household by 58 variable matrix.l5 Since some

15 The program used for the factor analysis was Veldman's 'Factor,"

a special program written for the CDC 6600 system at the University
of Texas at Austin. (Donald J. Veldman, VSTAT User Manual. University
of Texas at Austin, 1974, p. 28).
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Group | Households

Group 2

Deviant Group

Figure 2. Locations and kinds of households in Sealy, Texas.
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TABLE 2. PROPORTION OF 1970 POPULATION AND 1974 SAMPLE IN DIFFERENT STRATA.

Percent Females Employed Percent Percent Percent Males Females Persons
Foreign 16 Years Persons-— Negro & 18-64 65 Years Over 14 Over 14 18 Years
Born & Older- Percent Other Years & Older Years- Years- & Older-
Percent in Manu- Races Percent Percent Percent
in Labor facturing Married Married Male
Force
Population 3.8 23 4 9 68 25 30 42 40
(1970)
Sample 3.7 21 6 7 63 26 32 38 37
Source: General Social and Economic characteristics of Sealy, Texas PC(l) - C45, L.S.

Department of Commerce,

Bureau of the Census, issued April 1972, Table 16.

Social and Economics Statistics Administration,



of the variables were categorical (for example, religion of respon-

dent), they were treated as dummies, with each category assigned a
number.

The analysis produced sixteen factors with eigenvalues greater
than one; these may be treated as basic factors differentiating
households (Table 4).16 The well-known life cycle phase and income/
ethnicity factors appeared with loadings on the component variables
that were readily interpretable. For example, as the life cycle
phase factor increases, number of residents in household decline
and age of respondent and life stage of household increase. A third
socio=-economic factor also appears, namely, familiarity with the
town; this increases both as the year the respondent first moved into
Sealy increases and as his/her total length of residence there increases.

The remaining 13 basic factors were those underlying household
travel behavior and were more difficult to interpret. Some examples
may be taken, however. Indoor recreation (Factor 7, Table 4) increases
as the place of recreation changes and as the time taken to get
there decreases. However, indoor recreation also increases as
frequency of visit decreases, perhaps indicating that as travel time
decreases, more time is spent at the recreation center and fewer
trips are made. 1In contrast, for speciality goods like car purchasing
(Factor 13, Table 4), as the time to the place of purchase increases,
so does the frequency of the trip. This may well be because larger
towns further away from Sealy offer a better array of automobiles and
other speciality goods from which to shop. A final example of
a less easily interpretable factor may be taken, that of opportunity
for private indoor activities (Factor 15, Table 4). This opportunity
increases as the frequency of using a restaurant decreases, and as
the place used for a library changes. However, it also increases
as the time to a restaurant decreases. This apparent anomoly may
be explained by the fact that restaurants far from Sealy are preferred,

compared with the limited facilities available in Sealy itself.

16 Rummel, R. J., ' Understanding Factor Analysisf' Journal of

Conflict Resolution, 40 (1967), 440-480.
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TABLE 3. VARIABLES USED IN THE FACTOR ANALYSIS
3A S8 (SOCIO-ECONOMIC) SET

1 Year respondent first moved to Sealy

2 Total length of residence in Sealy of respondent
3 Number of persons permanently resident in household
4% OQOccupation of respondent

5 Years of schooling of respondent

6 Number of cars in household

7* Country or origin of respondent

8 Number of rooms in dwelling

9 Age of respondent
10* Religion of respondent
11  Total weekly income of household ($ US)
12 Number of bathrooms in dwelling
13* Sex of respondent
14* Racial descent of respondent
15%. Place of employment of respondent

16** Life stage of household

*¥  Dummy variable

*% Categories based on the ages of the household head and spouse,
and ages of children, if any.

14




TABLE 3. VARIABLES USED IN THE FACTOR ANALYSIS {(cont.)

3B A (ACTIVITY) SET

17%
18
19
20*
21
22
23%
24
25
26*
27
28
29%
30
31
32%
33
34
35%
36
37
38%*
39
40

Place usually shopped for groceries
Frequency of groceries shopping
Time to place for groceries

Place usually shopped for clothing
Frequency of clothing shopping
Time to place for clothing

Place used to shop for a car
Frequency of shopping for a car
Time to place for a car

Place used for banking

Frequency of banking

Time to place for banking

Place used for hairdressing

Frequency of hairdressing

Time to place for hairdressing
Place used for doctor
Frequency of doctor's visits
Time to place for doctor

Place used for indoor recreation

Frequency of indoor recreation
Time to place for indoor recreation

Place usually used to see close relatives

Frequency of visiting relatives

Time to relatives' place

15

(cont.)



TABLE 3. VARIABLES USED IN THE FACTOR ANALYSIS (cont.)

3B A (ACTIVITY) SET

41*% Place usually used for a movie

42  Frequency of seeing movie

43 Time to place of movie

44* Place usually used for a restaurant
45 Frequency of using restaurant
.46 Time to restaurant

47* Place usually used as library

48 Frequency of use of library

49  Time to library

50% Place usually used to see friends
51 Frequency of visiting friends

52 Time to place of friends

53*%* Place used to take visitors out

54 Frequency of taking visitors out
55 Time to place to take visitors out

56* Place usually used for distant relatives

57 TFrequency of visiting distant relatives

58 Time to place of distant relatives

16




TABLE 4., FACTORS WITH EIGENVALUES GREATER THAN ONE.

Factor Z Var. Variables and loadings (in parenthesis)
1. Life cycle phase 4.85 3(~.67); 9(.64); 16(.74)

2. Ethnicity/Income 5.27 8(.74); 12(.80); 14(.56); 29(.57); 30(.52)
3. Familiarity with town 4.34 1(.91); 2(.90)

4. Non-family socializing| 5.77 40(.72); 41(.76)

5. Banking opportunities 5.45 27(-.87); 28(-.85)

6. Occupation trips 4.39 4(~.78); 15(-.70); 30(-.51)3 31(-.55)

7. Indoor recreation 4.41 35(—.60)} 36(~.90); 37(-.89)

8. Infrequent types
of trips 6.73 23(.55); 48(.60); 54(.50); 57(.62); 58(.77)

9. Socializing with
friends 5.28 50(-~.70); 51(-.85); 52(-.83)

10. Opportunities for
doctor’s visits 2.77 32(.78)

11. Grocery shopping
opportunities 3.74 18(-.75); 19(-.70)

12. Choice of quality
professional care 3.25 5(.53); 32(-.57)

13. Car purchase
opportunities 2.98 24(.68); 25(.73)

14. Intellectual o
companionship 3.18 49(.72); 50(.74)

15. Opportunity for
private indoor
activities 5.90 45(.-.81); 56(~.84);: 47(-.74)

16. Opportunities for
clothing purchases 2.70 22(.74)

17



All 16 factors are interpretable as exemplified, so scores for
each household on each factor were computed. The algorithm CONGRUP
was then used to cluster households with like scores on the
16 factors.17 As well as using constraints on the similarity of fac-
tor scores in forming household clusters, CONGRUP also employs a
well-known 'contiguity' constraint: that is, households have to
be contiguous to each other to be included in a group. Accordingly,
CONGRUP delineated four main clusters of neighboring households,
with two major groupings of 43 and 29 members respectively, and two
deviant minor groupings of four and two members (Figure 2). The
number of component groupings was subjectively chosen, but the
appearance of two major groupings conforms with Hunter's delineation
of two major kinds of households in Sealy in the late 60's and early
70's.18 Thus, the sample clusterings appear to reflect the general
conmunity makeup of the area. To the north is a zone of older
housing with residents of older age and lower socio-economic status;
this area also contains the ethnic ghetto of the town. To the south and
the west, the residents are more youthful, have lived in Sealy for
a less lengthy period, and are generally of higher socio-economic
status (Figure 2). Given a manner in which homogeneous groupings
of the population can be defined, we may now turn our attention to a
method of analysis of their cognition and evaluation of envirommental

attributes under alternative transport systems.

17 The program CONGRUP was adapted to the CDC 6600 system at the

University of Texas at Austin by Dr. R. Briggs, Department of
Geography. It is based on Ward (1963).
18

Hunter "Rural Communities . . .," op cit.
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PART 111

THE DIFFERENTIAL COGNITION AND EVALUATION OF THE ENVIRONMENT
UNDER ALTERNATIVE TRANSPORT SYSTEMS

Conceptualization

The first part of the report delineates the components {(bundles
of constructs) which define the residential environment for a class
of urban dwellers. Different population groups may perceive their
environment as desirably or adversely affected by alterations in the
transportation systems of an urban area. For example, one group
could perceive the attribute of small towns '"preservation of family
ties and relationships" (Table 1) as severely disrupted by an inter-
state highway.

To conceive how members of various groups rate their environments
under different transportation alternatives, we may envisage a matrix
of the kind shown in Figure 3. 1In this figure, the r rows represent
components of the residential environment elicited by the Personal
Construct Theory and Repertory Grid methodologies; the columns repre-
sent different possible alternative transportation strategies for an
urban area. An entry in the cell of the matrix represents how much a
group member perceives an urban area component to be affected by the
transportation system, ranging from 1, extremely favorably, to 7,
extremely unfavorably. The matrix thus represents the application
of 7 point rating scales to evaluate the quality of the urban environ—
ment under alternative transportation systems. If it is desired to
investigate the effects of envirommental components not elicited from
the residents themselves (for example, town growth in the case of the
small town residents of Table 1), these components can be added as
extra rows. The stress in this report, however, is on evaluating the
urban environment from the resident's point of view. Consequently,
the rows of the matrix of Figure 3 are viewed as composed entirely,
or mostly, of residents' elicited perceptions of urban area attributes.

The matrices for the members of a homogeneous population group

may be manipulated using the INDSCAL model to summarize the group's

19
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Transportation System Alternative

Environmental Before After With With
Component Freeway Freeway Dial~-a~bus Train
1 2 3 4
1. Accessibility to
friends 7 1 4 4
2. Peace, tranquility 1 7 ' 3 5

3. Preservation of
friendship 6 3 4 4

r Personal
freedom 7 2 3 3

Figure 3. Group member's evaluation of the effects of alternative transportation strategies on
his/her residential environment.




cognition and evaluation of the effects of transportation alternatives

on their urban environment.19 The input to the INDSCAL model is a
similarities matrix for each person of a group. Accordingly, a matrix
like Figure 3 for each group member has to be preprocessed so that
similarities between each possible pair of transportation systems can
be measured. There are various methods of doing this, for example,

by using the program DISTAN after ratings across the n stimuli

(transportation systems) have been standardized to zero mean and

unit standard deviation.20 Or, alternatively, following Nicholaidis,
the scores for a transportation system can be conceived as represented
21
by a vector
i
= X e ey X,

in a space of the r environmental attributes of Figure 3, where
i = a group member, j = the transportation system, and t is an
environmental component. The perceived similarity of any pair of

transportation systems by a group member is then given by

i _ 3 i i 2 . .
Sjk N tgl [%jt th:[ j, k=1 . . .n (number of
transportation systems}). (1)

Where the ratings data have been collected from illeducated, semi-
illiterate respondents, less refined methods of deriving similarities
may be justified: for example, the use of the absolute differences
between each pair of systems in their total or average scores over
all environmental components. Formally, using the same notation as

above, this becomes

i (i T i
Sk T 1*\&1 th) '(t§1 th) b g, et @)

in the former case and

12 Shepard, R. N., A. K. Romney and S. B. Nerlove (Eds.) Multidimensional

Scaling. Volume 1: Theory. New York: Seminar Press, 1972,

20 Green, P. E. and V. R. Rao. Applied Multidimensional Scaling. New

York: Holt, Rinehart and Winston, 1972.

21 Nicholaidis, G. C., "Quantification of the Comfort Variable,” Trans-

portation Research, 9 (1975), 55-66.

21
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in the latter case.

The similarities between transportation systems have been
calculated according to the systems' evaluated effects on a relatively
large number of components of the urban residential environment. The
application of INDSCAL enables the identification of the few most
important latent, subjective scales which 'lie behind' each group
member's evaluation of the effects of the transportation systems on
their environment. Following Carroll, assume that there exists a set
of a few important but latent environmental scales which generate group
members' similarities judgements.22 Let there be p such scales. Assume
further that all the latent scales are common to the households in a
homogeneous group. Then the p scales represent the most important
dimensions of the group's evaluation space, and de (G =1. . .n,
d=1. . . p) represents the value of each of the transportation
alternatives on each of the important environmental dimensions in
the group evaluation space.

Assuming that the latent scales are common to all the households
in a cluster seems a very strong homogeneity assumption. However,
under the INDSCAL model, any household, i, has a unique set of weights

wi = (wil’ wiZ’ wiB’ . e s Wip) which it attaches to each of the

p scales. Theoretically, any of the Wi can equal 0 and thus some group
members can attach no importance to some environmental dimensions.
However, it is anticipated that within a homeogeneous cluster of house-
holds, none of the weights will equal zero (that is, households will
share a common set of important dimensions to evaluate transportation
alternatives). Nonetheless, there may be inter-household differences

in weights, reflecting realistic inter-household differences in the
importance attached to the basic dimensions used to evaluate the environ-

ment.

2 Carroll, J. D., "Individual Differences and Multidimensional Scaling",
in R, M. Shepard, A. K. Romney, and S. B. Nerlove (Eds.) Multidimen~
sional . . ., op cit., pp. 105-155.
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The INDSCAL model also permits the calculation of the utility
of each transportation system as far as the environment is concerned

for each group member. This is given by

| %

i3 " ab1 Y4 T %y ()

U
where Uij is the environmental utility of the jth transportation
strategy for household i, Wid is the household's weight or importance
attached to dimension d, and xjd is the position of the transportation
strategy on the dimension (this is similar to Nicholaidis' derivation
of utilities for modal attributes). It will be of concern to note
whether all households in a group find that the same transportation
system alternative maximizes their environmental utility, that is,
whether they form an environmental interest group.

Many other sources contain further details of the INDSCAL model.23
However, sufficient of its details have been presented to provide the
conceptual framework for the analysis of this report. The manner in
which the INDSCAL model is actually fit to (dis)similarities matrices,
like those of each household in a cluster here, is also presented in

the noted sources. It remains to demonstrate how the environmental

effects of different transportation alternatives could be measured.

The Case Study: Respondents' Environmental Cognition and Evaluation

In 1974 the residents of the case study town either had experience
of, or were exposed to, debate about six alternative transportation
systems. They had experience of a period prior to the opening of
an interstate highway in 1968 and after it; there were also discus-
gsions of the addition of an AMTRAK train stop in the town, the
upgrading or the downgrading of country bus services in terms of
scheduling and destination, and the addition of a local intrastate

airstrip.zé

23'Ibid., Green and Rao, Applied . . ., op cit.,Nicholaidis,

"Quantification . . ., " op cit.
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‘Hunter, "Rural Communities . . .", op cit.
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Accordingly, every member of the four groups in the town rated
the 17 elicited components of their residential environment (Table
1) under each tramnsportation alternative, from 1, most advantageously
affected, to 7, most disadvantageously affected. This produced a
matrix for each sampled household of the kind shown in Figure 4. 1In
addition, each respondent similarly rated the effects of the trans-
portation facilities on six other components of their community. These
components were suggested as important by Hunter after perusal of

the local town newspaper and included25

(a) the attractiveness of the town to industry,

{(b) the attractiveness of the town to retailing and office use,

(¢) the respondent's household income,

(d) the community income,

(e) neighborhood land values, and

(f) population growth.

This produced a 23 x 6 matrix of ratings for each member of each of
the four household groups in the town. It should be noted that each
respondent was asked to use all the numbers between 1 and 7 where
possible in rating, but that most of the small town residents were
ill~educated and had considerable trouble filling out a matrix of
the type shown in Figure 4.

The simplest method ofhpreprocessing the data for INDSCAL
analysis was therefore used. For each member of each homogeneous
population group a similarities matrix was prepared. The similarities
measure used was the difference between the average component scores
for each pair of transportation systems (Equation 3). This yielded
a six by six matrix of similarities for each respondent, of which an
example is shown in Table 5.

The similarities matrix for each group of respondents in turn
was next subjected to INDSCAL analysis. For each group, the analysis
recovered the scales comprising the group evaluation space, the posi~
tion of transportation alternatives in the space, the weights of each

scale for each respondent, and the environmental utilities for each

25 Ipid.
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Transportation System Alternative

Environmental Before After Present Improved No Local
Component Interstate Interstate Facilities Bus Bus Intrastate
Highway Highway Plus Train Services Services Airstrip
Stop
1 2 3 4 5 6
1. Preservation of
family ties 1 6 4 4 6 2
2. Outdoor recreation 3 1 3 3 5 2
3. Personal freedom 7 3 3 3 6 2
17. Personal privacy 7 2 3 3 6 1

Figure 4.

residential environment in Sealy.

Group member's evaluation of the effects of alternative transportation strategies on his/her



TABLE 5. SIMILARITIES MATRIX FOR RESPONDENT 1, GROUP 1.

Transportation
System
1 2 3 4 ) 6

1 .00 .37 .50 .40 .83 .33
2 .37 .00 -13 .03 <47 .17
3 .50 .13 .00 .10 .33 .03
4 .40 .03 .10 .00 .43 .13
5 .83 47 .33 <43 .00 .30
6 .33 .17 .03 .13 .30 .00

26




transportation alternative for each respondent.

For each of the four groups three basic environmental dimensions
explained the maximum amount of variance in the input data (Table 6).
Accordingly, these three basic factors comprised the most important
dimensions on which the groups rated their environment under dif-
ferent transportation systems. Because the positioning of the trans-
portation alternatives on the dimensions is different for each group,
it seems clear each group has its own criteria on which it evaluates
transportation alternatives. The different positionings of
the alternatives with respect to each dimension are shown in
Figures 5a through 8b.

The average scores for each group of all the systems on each
of the original 23 components were used to name the scales (dimensions)
(Table 7). For Group 1, environmental Dimension 1 (Figure 5a) ranges
from a high associated with improved mass transit and freeway ser-
vices to a low associated with the absence of both, particularly
mass transit. This correlates with favorable average scores being
given by the group to facilities which promote access to ocutdoor
recreation, to sophisticated amenities, and to people and places which
glve personal freedom as against small town intimacy (Table 7, Column
1). The accent on bus services on this dimension makes it plausible
to assume that it ‘is an access to personal freedom and relaxation
dimension. Dimension 2, on the other hand, places negative weights
in high access systems (bus, freeway, Amtrak, airstrip) and positive
ones on an environment with little or no mass or freeway transporta-
tion. This is labeled as a rural community dimension; systems scored
favorably on average where they preserved family ties while maintain-
ing population growth (Table 7, Column 1). The third dimension
appears to be an anti-~economic growth dimension; the three transporta-
tion systems promoting growth score low, while the three which do not
or are dubious (the airstrip) score high. There is evidence of mixed
feelings in the town towards systems promoting growth. Although many
persons scored them unfavorably, many also scored them favorably,

so that overall the antigrowth dimension appears (Table 7, Column 1).
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TABLE 6.

VARTANCE EXPLAINED BY DIMENSIONS FOR CASE
STUDY POPULATION GROUPS.

No. Dimensions

% Variance Explained for Group

1 2 3 4

45.62 46.75 52.86 55.26
69.32 63.32 70.32 73.33
78.51 73.92 75.16 78.41

68.24 67.56 66.51 62.37
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Figure 5a. INDSCAL plot of transportation alternatives~Group 1,

Dimensions 1 and 2.
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10.
11.
12.
13.
14,
15.

16'

TABLE 7. AVERAGE SCORES FOR ALL TRANSPORTATION SYSTEMS ON ENVIRONMENTAL
COMPONENTS (1.000 = HIGHEST; 7.000 = LOWEST)

Component
Attractivéness to industry
Attraétiveness to retailing and office
Respondent's household income
Community income
Neighbourhood land values
Population growth
Preservation of family ties and friendships
Enjoyable outdoor recreation with others
Personal freedom
Country-western activities
Access to sophisticated entertainment
Restraints on behaviour
Cﬁallenge, excltement, adventure
Informal relationships
Access to luxuries of life

Pressure to achieve

Group 1
3.8
3.6
3.4
3.7
3.6
3.4
3.4
3.5
3.4
3.9
3.6
3.7
3.3
3.6
3.4

3.7

Group 2
3.9
3.2
3.1
3.9
3.7
3.2
3.3
3.4
3.4
3.9
3.6
3.8
3.5
3.5
3.3

3.8

Grou
3.8
3.4
3.5
3.8
4.0
3.0
3.7
3.4
3.3
4.0
4.6
3.7
3.3
3.7
3.6

3.7

p 3

(Cont.)

Group 4
4.0
4.0
2.2
4.0
3.9
2.6
3.2
3.6
3.3
4.0
3.5
4.0
3.7
4.0
3.3

4.0
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17.

18.

19.

20.

21.

22.

23.

TABLE 7. AVERAGE SCORES FOR ALL TRANSPORTATION SYSTEMS ON ENVIRONMENTAL

COMPONENTS (1.000 = HIGHEST; 7.000 = LOWEST) (Cont.)
Component Group 1 Group 2 Group 3 Group 4
Peace, tranquility 3.7 4.0 4.7 2.7
Relaxatién 3.9 4,0 3.8 3.1
Routine activities 3.7 3.5 3.9 3.1
Attractive rural surroundings 3.7 3.4 3.9 3.5
Intellectual stimulation 3.7 3.5 4.5 3.0
Accessibility to people and places 3.7 3.4 4.3 4,4
Personal privacy 3.8 3.8 4.8 4.0




Group 2 is not too dissimilar from Group 1 in that it scores very

high for systems which generate low economic growth and is slightly
more concerned about the effects of growth on the environment (Table
7, Column 2). Thus, for this group too, Dimension 1 seems a no-growth
dimension, with facilities leading to growth given an unfavorable
score and those not doing so being given a favorable score (Figure
6a). Dimension 2 seems a dimension associated with access to places
for informal but stimulating relationships: facilities providing
close countrysidé access score favorably while those providing

access to distant, more sophisticated places score unfavorably (Table
7, Column 2). Dimension 3 seems associated with the stability of

the rural community before modern transportation systems were suggested:
the presence of the freeway scores negatively and is polarized against
its absence (Figure 6b). This group scored favorably systems

giving routine activities and the preservation of family ties and
friendships. Consequently, this dimension is named preservation of
rural environment.

The dimensions for the other groups were named in a similar
fashion and are as follows: (a) Group 3: access to personal free-
dom: preservation of rural surroundings; relaxation; (b) Group &4:
growth rather than antigrowth; challenge, excitement, and adventure;
access to people and places.

The fact that the four groups showed some communality in their
dimensions suggests that the town is unified rather than divided
about the advantages and disadvantages of alternative transportation
systems. This is not the case, however; the INDSCAL diagrams present
only composite or group viewpoints. Figure 9 shows how much indi-
viduals within a group can vary in the importance which they attach
to the different dimensions. The dispersion of weights shown for

Group 1 is typical.26 It is therefore of interest whether these

26. .
Some of the weights in the space are negative. A personal communi-

cation from Prof. R. G. Golledge, Ohio State University, July 16,
1975,indicated that this is not too uncommon a result. In a case
like the present one, some subjects could plausibly be negatively
weighting some of the dimensions, for example, the dimension concern-
ing economic growth. Considerable controversy over the importance

of the dimensions is to be expected in a small town.
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groups, which are homogeneous socioeconomically and in terms of

activity patterns, do represent, as previously believed, homogeneous
interest groups in terms of the transport systems, particularly with
respect to whether their different members will oppose or defend
such systems. The analyses of the utilities which INDSCAL supplied
for each respondent help answer this question.

Table 8 has been drawn up to show how different members within
a group may derive their maximum environmmental utilities under
different transportation systems. For example, in Group 1, 17/43
people (39.5%) saw their maximum utility coming under the status
quo, after the introduction of the interstate highway. However,

26 (60.4%) wanted alterations in the transportation systems to make the
environment more desirable: 9 (20.9%) perceived greater benefit

with improved bus services, 8 (18.6%) wanted mass transit facilities
deleted altogether, and 9 (20.9%) saw their maximum benefit with

the addition of an airstrip.

Thus, despite the one central hypothesis in this paper that
different homogeneous socioeconomic groups would be supportive of
one favorite alternative, the INDSCAL analysis reveals this is not
the case. The’differential cognitions and evaluations of group
members lead to interest groups with supporters drawn from different
socioeconomic strata. For example, Column 2 of Table 8 shows that
the post-highway status quo is supported by 17 (39.57%) members of
homogeneous Group 1, 14 (48.3%Z) of Group 2, and 2 (50.0%) of Group
3 in the case study community. This result is interesting in itself.
However, its main value is to demonstrate how the INDSCAL framework
can be applied to predict ultimately political responses to transpor-

tation alternatives in an urban area.
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TABLE 8. NUMBER AND PERCENTAGE OF RESPONDENTS WITH MAXIMUM UTILITIES FOR TRANSPORTATION ALTERNATIVES
Before After Add Improve Delete Add Totals
Highway Highway Train Bus Bus Alr
Stop Services Services Strip
Group.l 17(39.5) 9(20.9) 8(18.6) 9(20.9) 43(100.0)
Group 2 14(48.3) 13(44.8) 2( 6.9) 29(100.00)
Group 3 1(25.0) . 2(50.0) 1(25.0) 4(100,0)
Group 4 2(100.0) 2(100.0)
Totﬁl 1 1.2) 33(42.3) 11{14.1) 22(28.2) 11(14. 1) 78(100.0)

Percentages in parentheses




PART 1V

CONCLUSION

This report has presented a framework for analyzing how resi-
dents of urban environments themselves perceive and evaluate trans-~
portation alternatives. A two phase design was described. 1In the
first phase, a procedure was developed for eliciting the components
which residents conceive as comprising their environment under a
transportation system. For this, Kelly's Personal Construct Theory
and Repertory Grid procedures were used. An example was given of
the elicitation of the components which describe the environments
of small town residents.

The second phase was more complex. It was hypothesized that,
in a sample population, there might be groups who would
(a) be homogeneous according to a very wide range of non-traditional
socioeconomic and activity variables and (b) evaluate the compon-
ents of their kind of environment in the same way under alternative
transportation systems, Accordingly, the conceptual framework was
extended to define statistically homogeneous groups, using income,
occupation, age, and many different kinds of travel behaviors.

This framework was successfully tested with the definition of four
homogeneous groups in a case study small town. Finally, the INDSCAL
model was employed to determine whether each homogeneous group does
evaluate the components of their kind of environment under alternative
transportation systems in a distinctive way. For the kinds of
homogeneous groups in the case study town it was found that they do
not. FEach group evaluates transportation systems along similar
dimensions, but individual differences within groups are so great that
some members derive maximum utility from one alternative and some

from another. Thus, other kinds of interest groups which support or
oppose transportation innovations are drawn from different socio~
economic and activity groupings. The conceptual framework of this

paper demonstrates how such interest groups are derived.
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