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Foreword 
The papers contained in this RECORD represent a continuing 
interest of various committees of the Highway Research Board 
in identifying techniques and approaches for handling the com -
plex area of socioeconomic considerations. Planners and 
engineers directly responsible for the development of trans
portation plans will find the papers of particular interest. They 
discuss methods for decision-making among freeway location 
alternatives in urban areas, the interrelationships of trans
portation and land use, the economic and environmental effects 
of transportation systems, and techniques for the measurement 
of community values, including individual and community re
sponse to transportation facilities. 

The major contribution of this RECORD lies in the stimulation 
of new concepts and ideas in a most difficult and complex subject. 
These and additional research efforts that will undoubtedly fol
low will aid the engineer, planner, and decision-maker in better 
assessing the impacts of their plans. 
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A Method for Decisions Among 
Freeway Location Alternatives Based on 
User and Community Consequences 
CLARKSON H. OGLESBY, BRUCE BISHOP, and GENE E. WILLEKE, 

Department of Civil Engineering, Stanford University ' 

This paper proposes a method that can be used in decision-making among 
freeway location alternatives in urban areas and that incorporates both 
user and community consequences. It also proposes a step-by-step pro
cedure that can both systematize and simplify the decision-making pro
cess. The proposed method presents a list of user and community factors 
as a basis for analysis. These are separated into (a) the direct economic 
effects and (b) the community effects. In order to make the community 
effects more understandable, a graphical procedure called the factor pro
file is offered as a tool for analyzing them. In addition, tentative numer
ical measures for quantification of community factors and an indication of 
the effect of the factors over time are suggested. The method of decision
making is a series of paired comparisons and uses engineering economic 
analysis and factor profiles. When 2 alternatives are compared, the in
cremental costs or benefits from the economic analysis are weighed 
against the differences in community impact between the alternatives as 
shown by the factor profiles. An attitude survey of highway planners, com
munity officials, and citizens showed the importance of recognizing differ
ent viewpoints in the analysis. Comparisons should therefore be made from 
the viewpoint of each group in the community and these preferences con
sidered in making the final decision. The factor identification and factor 
profile approach can also be a useful tool during the planning process in 
defining factors important to community groups, establishing goals, and 
developing alternatives. 

•CONSEQUENCES TO USERS and impacts on affected communities are both recognized 
as important parts of decisions about urban freeway locations. Often, of course, these 
decisions are made primarily in response to political pressures without a systematic 
evaluation of any kind. Highway planners and analysts have proposed various methods 
for evaluating these factors in order to provide a basis for improving and expediting 
the decision-making process. These techniques can be divided into 2 groups. Those 
in the first group apply economic measures such as the benefit-cost ratio. They are 
primarily based on agency costs and motor vehicle operating and, possibly, time costs. 
The other techniques use some form of point weighting scheme similar to the sufficiency 
rating. Seldom does either method include more than a few of the many variables rel
evant to the decision. 

A general criticism of either approach is that it has failed to recognize 2 basic prin
ciples of decision-making: (a) Decisions must be based on the differences among alter
natives; and (b) money consequences must be separated from the consequences that are 
not reducible to money terms, and then these irreducibles must be weighed against 

Paper sponsored by Committee on Socio-Economic Aspects of Highways and presented at the 49th Annual 
Meeting. 
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the money consequences as a part of the decision-making process (3). One of several 
statements that apply these principles to highways and freeways is the following (i): 

In many cases, some consequences of decisions among highway alternatives cannot be ex
pressed in terms of money . Furthermore, these " irreducibles," " to whomsoever they may 
accrue," are relevant to the decision. In these situations, the "dollar" answers from the econ
omy study do not dictate the final choice; on the other hand they provide a money figure 
against which the irreducibles can be weighed and thereby narrow the area of uncertainty with 
which the decision maker is faced. 

This paper proposes and discusses a procedure that is intended to fit these rather 
simple statements of principle to the complex problem of decision-making among pro
posed freeway locations in urban areas. It offers a structure and analytical tools by 
which valid comparisons among alternatives can be made. 

It must be recognized at the outset that decisions about urban freeway locations usu
ally involve a variety of effects that are viewed and weighted differently by the affected 
groups. At the same time the human mind can at one time encompass and analyze the 
effects of only a limited number of such relationships. Thus a primary aim of any 
decision-making scheme must be to eliminate as many irrelevant factors as possible, 
and to provide a means for clearly focusing on and thinking straight about the remain
ing areas of agreement as well as on the points of disagreement. 

REVIEW AND CRITIQUE OF PRESENT METHOD8 O~' ANALYSIS 

The present methodSJ for making dl::'r .. •ii,;Jnns Hmone; HltP.rnHtivP. freeway locations can 
be generally divided into 2 gr oups. These are benefif-c-ost or other economy stl.1dies 
and point weighting schemes. A brief review and critique of each of these approaches 
follows. 

Benefit-Cost Studies 

Engineering economy provides the basis for comparing the direct economic conse 
quences of alternate route locations with each other or with the "do nothing" alterna
tivl::', whi~h, in thiR inRt::incP., is to continue to use existing facilities. Engineering 
economic analysis has taken the following forms: benefit-cost ratios including incre
mental benefit-cost ratios, present worth of benefits minus present worth of costs, 
equivalent uniform annual cost and rate of return including incremental rates of 1·e
turn. These methods are presented and discussed by various writers (i, 13, and others). 
All of the methods, when correctly applied, will give equivalent answers. These tech
niques have been little used, except on the Interstate System where they were required 
by the Bureau of Public Roads. Even these studies often left much to be desired (5). 

The principal difficulties in benefit-cost studies for alternative highway locations in 
rural areas relate to such factors as estimating future traffic volumes, choosing a 
proper time period for the analysis, determining appropriate unit values for such items 
as time, and specifying the minimum attractive rate of return. Each of these problems 
has received attention in the literature (13). In the urban environment, freeways have 
additional consequences referred to in the literature as community impacts or effects. 
These often involve values that cannot be quantified in money terms. Neither suitable 
techniques nor adequate data have been developed for appraising the economic effects 
of these factors; furthermore, it may be inappropriate to quantify some of them. It 
follows that, in the urban context, economic analysis may give only a partial appraisal 
of the problem. 

Factor Weighting Methods 

Systems of point weightings and numerical ratings also have been proposed as a 
method for evaluating community impacts. The approach of Jessiman et al. (,!!) is to 
itemize the objectives to be considered in the selection of the location and, where pos
sible, to define a measure for the objective. Each objective is given a weight that 
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reflects its importance relative to the other objectives . A total of 100 percent is as
signed to all the objectives. Points are given to each proposal according to how well 
it satisfies the objective; the one best satisfying each objective receives the maximum 
points allowed, the worst receives none, and the remainder are assigned values be
tween zero and the maximum. Points allotted to each objective are totaled for each 
proposal, and the one achieving the m os t points is considered the best alterna tive . 

Hill (7) proposes a similar evaluating method that he calls a goal achievement ma
trix. This provides for separate weightings by individual segments of the community; 
in tur n, thes e opinions are weighted to reflect the re lative importance of each group. 
Other methods of analysis have been suggested by Roberts (9) , Shimpeler and Grecco 
(11) , and Schlager (10) . - · 
- All of these weighting methods violate in some basic way the 2 principles of decision

making stated earlier. Some of the reasons for this deficiency and some of the diffi
culties encountered in attempting to consolidate community effects into a single number 
are as follows: 

1. Finding common units of measure. The first difficulty is in finding a common 
unit for constructing a utility scale that can measure all the diverse impacts of a free
way in such a way that they can be combined into a single number. 

2. Assigning the values. Any procedure that requires the assigning of subjective 
numerical values leads to the question of who is to assign them. Clearly, where con
flicting interests are involved, the viewpoint taken will affect the values assigned. 
Careful observation of planning studies reveals that values change during the planning 
process. This is to be expected as the natural result of information developed by the 
study itself and by the planners' reactions to this information. It follows that the rat
ing scheme itself becomes another variable in the planning process. 

3. Weighting the interest groups. Even if adequate evaluations by various groups 
can be obtained, the problem of comparing the evaluations or utilities assigned by one 
individual or group with those of others and deciding how much weight should be given 
to each still exists. Different members of society have different interests. Inevitably 
they will value the various objectives at widely varying rates . While the theoretical 
concept of utility is important, it is severely limited by the fact that no way has been 
demonstrated to meas ure the utilities of a ll individuals on some absolute scale. Unt;,f 
such inte rpersonal compal'isons of utility a r e possible, the aggregation of the prefer
ences of all individuals and groups in society into a single measure cannot be taken to 
be an objective measuring device. 

4. Determining the amount of information needed for complex decisions. In any 
situation where large amounts of information must be encompassed in a decision, the 
tendency of decision-makers is to aggregate all information relevant to the decision in
to a single number. Too much information is confusing, but too little information or 
an overaggregation of information can lead to incorrect decisions. Too much aggre
gation submerges pertinent information. It masks and covers the true differences 
among alternatives and leaves no way to identify and contract these differences in 
decision-making. A middle ground is needed where the number of factors in the deci
sion is manageable, and yet all the differences among the alternatives that are perti
nent to the decision are shown. 

USER AND COMMUNITY FACTORS IN 
EVALUATING ROUTE LOCATION ALTERNATIVES 

To carry out an engineering, economic, and social analysis of the effects of freeway 
location requires that a basis be established for evaluating both user and community 
consequences when comprehensive comparisons are made of the differences among 
alternatives. To accomplish this requires that 3 important aspects of the problem be 
considered: (a) quantification and separation of user and community factors, (b) view
point of decision-makers, and (c) time period of analysis. Decision-makers should 
include all of these in their analyses if optimal decisions are to be made. 
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Quantification 

Comparisons of the differences among alternatives depends on defining the factors 
that measure the relative merits of the alternatives. Identification and quantification 
of these factors are difficult problems. Tables 1 and 2 represent the effort of the 
authors to develop a list of factors that describe the cost of the freeway and its impact 
on users and the community. These tables separate the consequences into direct and 
indirect effects in a manner which, in the authors' opinions, is best in keeping with the 
second principle of decision-making and with the best current practice in highway econ
omy studies. Table 1 gives the direct effects that are specifically associated with high
way construction and use, and Table 2 gives the indirect effects that fall on the nonuser 
and the community. The measures or suggested measures indicate whether these con
sequences are currently quantifiable in money terms, or, in other instances, those 
factors for which there seems to be a good possibility to measure them in some other 
units. Factors that are seemingly nonquantifiable also are noted. The word nonquanti
fiable is used advisedly because the effects described by the item are real. In time 
they might be quantified, though not necessarily in dollar values. 

User and Direct Effects-Table 1 gives the items of direct cost of the highway and 
costs or benefits .to -t.he highway-user-.- Items-1-and -2 ar.e-those._typicallyJIBed inJ:he __ 
calculation of benefits and costs in the economic analysis of highway projects. The 
variables listed under item 1 and item 2a are readily definable and, given reasonably 
accurate inputs, are quantifiable in money terms. The same is not true, however, for 
item 3 and item 4. These are important in the ledger of costs and benefits to the trip
maker. Considerable research effort has been devoted to arriving at monetary values 
fnr 1:mmP nr 1hPRP far.tm·1-1. 'T'hP.rP. rP.m::iins , nevertheless , substantial controversy and 
disagreement as -fo the methods 'for imputing values to tliese factors, the-values to be 
assigned, and whether or not certain portions of them should be considered at all (!, 
2, 6, 12). 
- in order to avoid confusion, and also to place the analysis on a solid economic basis, 
the authors recommend that only the quantifiable market values (measurable in the 
marketplace) stated in money terms be included in the economic analysis. This means 
that travel time savings must be divided into commercial and noncommercial (Table 1) 
s egments nnd a m onetary value used only for commercial travel time. T ,ikewise, only 

TABLE 1 

DIRECT EFFECTS OF FREEWAY CONSTRUCTION AND USE 

Factor 

Quantifiable market values 
1. Cost of highway 

a. P lanning 
b. Right-of-way 
c. Conotructlon 
d. Maintenance 
e. Operation 

2. Costs (benefits) to highway user 
a. Vehicle operating cost, 

including congestion costs 
b. Travel time savings, com

mercial 

c. Motorist safety, economic 
cost of accidents 

Quantifiable norunarket values 
3. Costs (benefits) to highway user 

Travel time savings, 
noncommercial 

Nonquaotifiable nonmarket values 
4. Costs (benefits) to highway user 

a. Motorist safety 
b. Motorist comfort and con

venience 
c. Aesthetics from driver 

viewpoint 

Description 

Caplln! cost and annual cost of planning, con
olrucUng, mulntoining, nnd oporuting tho 
freeway 

Net increase (decrease) in costs of vehicle 
operation per year 

Net increase (decrease) in travel time multi
plied by dollar value of commercial travel 
time 

Net change In expected number of accidents multi
plied by average cost per accident 

Minutes saved per vehicle trip 

Accident costs of pain, suffering, and deprivation 
Discomfort, inconvenience, and strain of 

driving 
Benefit of pleasing views and scenery from the 

road 

Units 

Dollars 
Dollars 
nnllarA 
Dollars 
Dollars 

Dollars 

Dollars 

Dollars 

Minutes 
or hours 

'/ 
? 

? 

Time Period, Years 

N.A. 
20 to 40 

20 
Annual 
Annual 

Annual 

Annual 

Annual 

Annu~! 

Annual 
Annual 

Annual 
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TABLE 2 

COMMUNITY EFFECTS OF FREEWAY LOCATION AND USE 

Measures and Suggested Measures Time Period 

Factor 
Description Units Long Short 

Run Run 

Local Transportation Effects 
Traffic service to community by 1. Percent reduction of through trniflc on city Percent X 

freeway-highway capacity, O-D streets [ (vehicles before - vnhlcles after)/ 
of trips, major traffic generators vehicles before] 

2. Distance of freeway access from major Miles X 

traffic generators (e. g., academic, business, 
cultural, administrative centers) or as mea-
sured by road user or transportation costs 

3. Corridor miles compatible with present or Miles X 

future public transportation development 
Effect on local transportation: 1. Costs (savings) for improvement to city Dollars X 

city street circulation and streets to provide for projected traffic 
public transit volumes if freeway is not built 

2. Net change in parking space available as No. spaces X 

result of freeway 
3. Number of interchanges with the community Number X 

less streets closed 
Access to regional facilities: 1. Travel time savings to regional activity Minutes per X 

recreation, education, culture, centers [ (minutes per vehicle) x (vehicles day 
business, and employment per day)] for each facility 

2. Number of trips to community generated Vehicles per X X 

from outside day 
Highway design standards: 1. Miles less than x percent grade Miles X 

grades, alignment, and 2. Miles of curvature less than y radius Miles X 

interchange location 3. Average distance between interchanges Miles X 

Community Planning and Environment 
Land use: 1. Land for potential development to which access Acres X 

land development, changes in use, is created 
multiple use, separation of uses 2. Miles of freeway separating incompatible land Miles X 

use minus miles dividing compatible uses 
3. Miles adjacent to or through land undergoing Miles per X 

change in UBe acre 
Aesthetic impact of freeway on 1. Miles depressed in residential areas plus Miles X 

community: miles elevated in commercial areas less miles 
depressed or elevated, land- at grade 
scaping, structures 2. AddlUonal costs of aesthetic improvement in Dollars X 

structures and landscaping 
Noise 1. Increase in dB level weighted by miles dB (weighted) X 

residential, and numbers of schools, churches, 
and similar buildings adjacent to freeway 

2. Additional cost of noise barriers in noise Dollars X 

problem areas 
Air pollution 1. Net change in noxious exhaust emissions for 

projected traffic with and without the freeway 
Percent X 

Neighborhood and Social Structure 
Property values: 1. Increase or decrease (net) over normal trend Dollars X 

changes in resale values in property value classified by type of use 
.and dlstance from freeway 

Neighborhood impacts: 1. l,fumber or housing uni ta displaced (or) Number X X 

displacement and relocation of number displaced as percent of community's Percent X X 

people, environmental qualities, total stock 
neighborhood cohesiveness and 2. Number of people displaced (or) number dis- Number X X 

stability placed as percent of commwllty's population Percent X X 

3. Net loss of housing-unlts taken less vacant No. units X 

replacement housing in same price range with 
comparable !lnancing less new construction 
planned on vacant land wllh llMncing 

4. Cohesive neighborhoods severed by freeway No. people X X 

(as determined by mapping neighbothood 
i.ioundnries and social characteristics) 

5. Neighborhood slability l!!, pp. 33-42) Index No. X X 

Parks and recreational facilities 1. Acres of parks lost (gained) as percent of Percent X 

total available acres 
2. Cost of park replacement lees compensation Dollars X 

3. Number of parks affected Number X X 

Cultural and religious institutions 1. Number of churches taken (or) No. churches X 

total attendance affected No. people X 

2. Additional cost of relocation, excess over Dollars X 

taking price 
3. Improved access or location for new church Minutes X 

facilities 
Historical sites and unique areas 1. Number of historical areas lost (total Number X 

affected less those relocated) 
2. Value of monument measured by annual Visits per X 

visits per year year 
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Factor 

School system: 
attendance boundaries, 
school environment 

TABLE 2 (Continued) 

COMMUNITY EFFECTS OF FREEWAY LOCATION AND USE 

Measures and Suggested Measures 

Description 

1. Net loss (gain) in tax base for school system 
2. Nwnber of schools totally or partially taken 

(or affected) 
3. Nwnber of school attendance areas with 

access to school seriously impaired where 
boundaries cannot be adjusted 

4. Increase (decrease) in cost of providing 
school services because of changes in busing 

5. Net additional cost to the community of 
relocating s chools affected by freeway (plus) 
cost of noise reduction in s chools adjacent to 
freeway 

Community Economic and Fiscal Structure 
Effect on tax base: 1. Loss of assessed valuation in right- of-way as 

percent of community total Net change in assessed value 
of property on tax rolls 

Community services: 
police and fire protection, 
utility services, water and 
garbage services 

Commercial activity : 
wholean le, r lnl l 

Employment: 
creation of jobs, 
displacement of jobs 

2. Loss of assessed valuation in right-of-way 
l ess increase of land values (assessed) caused 
by freeway Impact 

3. Net loss (gain) in tax revenue caused by free
way Impact 

1. Net Increase (decrease) in costs of providing 
fire and police protection and water, s ewerage, 
and garbage service 

1. Net Increase (decrease) over normal trend in 
g-r068 wholeallle and retnll anlco 

?.. Net number of businesses located (cllspla-ced) 
by freeway 

1. Net number of jobs located (displaced) as a 
result of freeway 

2. Net gain (loss) in gross earnings from jobs 
located or displaced by the freeway 

3. Net increase (decrease) in job opportunities 
cautrnd Uy t>x:;a..,;.:..,1 .~ ............. uling area les s jobs 
available to outside commuting 

Units 

Dollars 
Number 

No. pupils 

Dollars 

Dollars 

Percent 

Dollars 

Dollars 

Dollars 

Dollars 

Number 

Number 

Dollars 

Number 

Time P eriod 

Long Short 
Run Run 

X X 

X 

X X 

X X 

X 

X 

X X 

X X 

X 

X 

X 

X 

X X 

X X 

the identifiable economic costs of accidents are considered on the monetary side of the 
ledger, and any attempt is avoided to place dollar values on loss of life, pain, or suf
fering caused by accidents. By the same line of reasoning, the authors recommend 
that discomfort, inconvenience, strain, and aesthetic considerations not be stated in 
money terms. 

Factors in Community Impact-Table 2 gives a list of 18 factors that describe the 
community or nonuser effects of freeway route location. They are grouped into 4 areas: 
local transportation effects, community planning and environment, neighborhood and 
social structure, and community economic and fiscal structure. As indicated earlier, 
techniques are not available and may not be appropriate for expressing the community 
effects of freeways in money terms. Quantification of others may not be possible even 
in nonmonetary terms. Table 2 gives some possible measures for items that appear 
to be quantifiable. Some of these have been taken from the highway research literature; 
others are suggestions of the authors. All are tentative at this point. 

The factors and suggested measures given in Table 2 can be used as a basis for eval
uating differences in community impact of various alternatives. It must be recognized 
that those measures that are given in dollar values are not compatible with the market 
cost items in Table 1 and therefore cannot be incorporated into the economic analysis. 
Although the list of factors and measures given in Table 2 provides a reasonable means 
for identifying and measuring community effects, it is also meant to stimulate thought, 
research, and improvement in the means for describing and measuring community im
pact . Only by collecting data during route location studies and on the effects of exist
ing freeways will it be possible to properly evaluate the community effects of proposed 
freeway route alternatives. 
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Viewpoint as a Factor in Evaluating Community Effects 

Different alternatives affect the various levels of government, communities, and 
groups in different ways. Much of today's controversy over freeways results from the 
failure of one group to appreciate another's values and concerns. 

To provide some insight into the principal concerns of the major decision-making 
groups, a research survey was used to evaluate the attitudes of planning and decision
making groups toward the factors in freeway route locations given in Table 1. The sur
vey was conducted in 3 parts during September, October, and November 1968, and 
April, May, and July 1969. The first sample included 54 highway engineers and plan
ners in the Los Angeles, San Francisco, and Sacramento offices of the California Di
vision of Highways. The second was a sample of 160 community officials and profes
sional staff including mayors, city councilmen, city managers, city engineers, and city 
planners. This sample was drawn from all the communities of the 2 major urban areas 
of California, San Francisco-Oakland, and Los Angeles-Orange County, where free
way studies were currently being or had been conducted in the 3 years from 1965 to 
1968. The third was a sample of 123 citizens from 4 communities in an area of south
ern California where a freeway study was recently completed and a route selected. The 
communities were primarily suburban and residential in nature. A few of the results 
of the survey are given in Table 3. They show the degree of importance placed on route 
location factors by these 3 groups. 

Several of the responses of the 3 groups deserve comment. First is the attitude to
ward vehicle operating costs. They are considered to be of importance by the highway 
planners; on the other hand, community officials or citizens place practically no 

TABLE 3 

IMPORTANCE OF FACTORS IN ROUTE LOCATION TO 54 HIGHWAY ENGINEERS AND PLANNERS, 
160 COMMUNITY OFFICIALS, AND 123 CITIZENS 

Percent of Percent of Percent of Highway Engineers Community Citizens Factor and Planners Officials 

Major Minor No Major Minor No Major Minor No 

Direct costs and benefits 
of freeway 

Cost of highway 95 4 1 86 12 1 81 16 1 
Motorist safety and comfort 85 13 2 84 12 2 87 8 1 
Travel time savings 52 43 5 55 40 2 61 31 7 
Vehicle operating cost 41 54 5 29 48 21 19 50 29 

Local transportation effects 
Traffic service to city 96 4 0 89 8 1 77 20 1 
Local transportation 74 20 6 91 7 2 63 31 4 
Regional access 50 45 5 65 31 2 55 37 7 
Highway design standards 93 5 2 87 11 2 81 16 1 

Community planning and 
environment 

Land use plans 65 32 3 79 17 2 52 37 8 
Aesthetics of freeway 69 26 5 76 21 1 42 51 2 
Noise 24 67 9 67 28 3 51 42 4 
Air pollution 13 52 35 58 33 6 72 22 2 

Neighborhood and social 
structure 

Property values 65 28 7 72 22 2 59 33 6 
Neighborhood impact 54 41 5 59 33 5 40 41 17 
Parks and recreation 82 18 0 58 34 6" 37 51 8 
Cultural and religious centers 54 43 3 36 57 4 17 61 18 
Historical and unique areas 69 30 1 64 32 2 37 48 11 
School system 56 37 7 51 43 5 43 42 13 

Community economic and fiscal 
structure 

Effect on tax base 30 61 9 49 42 7 48 41 7 
Community services 32 65 3 71 25 2 61 34 3 
Commercial activity 37 50 13 56 39 3 47 43 6 
Employment 41 45 14 56 32 8 60 35 2 
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importance on them. Second, as expected, the highway planners show less concern for 
local traffic circulation than do city officials. Third, regarding the factors in commu
nity environment such as noise and air pollution, there is much more concern by com
munity officials and citizens than by the highway planners. Finally, the factors reflect
ing neighborhood and social structure were of much less importance to this particular 
sample of citizens than to either the highway planners or community officials. 

These few examples point out the need for considering the various viewpoints in plan
ning studies. Based on the survey, the conclusion might be that, from the local view
point, highway planners are putting much more emphasis on parks, the effects on the 
school system, and cultural and religious institutions than is necessary. On the other 
hand, the results clearly indicate that, at least in this instance, some factors ranked 
as important by planners are not valued as highly by local officials and citizens. The 
factors that are most important will, of course, vary with each individual project. 
Some means, such as that given in Table 3, should be used to evaluate every project at 
the conceptual stage with each affected group expressing its principal concerns. Besides 
the groups included in this survey, other groups composed of school districts and com
mercial and industrial interests should also be considered. Identification of the factors 
of greatest concern to each community group might help in the identification of the costs 
and benefits and the points of agreement and disagreement. It should be emphasized 
that the purpose of such evaluation is to eliminate confusion and many of the pointless 
arguments, and not to assign weights to the factors for evaluation of alternatives. 

Time Period 

The time period over which the consequences of the various factors are evaluated is 
als-o- iuq:,a.rta.ut-:-Otlrerw-tse-short=run-consequences-might-be-gi.ven-more-wcight-in-th,_,_- - -
decision as compared to the long-run effects, or vice versa. For example, the commu-
nity might be concerned that elderly people would be displaced from their homes in a 
given area. At the same time, the community master plan may indicate that the area 
is suitable for high-density apartments, and a survey may show that the transition is 
already under way. In this instance, an appreciation of the time factor is extremely 
important to a rational appraisal of the possible alternatives. 

The columns on the right in Tables 1 and 2 provide space in which the time period 
can be expressed (in some manner) in order to brine; P.ach factor into focus. A decision
maker may on this basis be able to "discount" the significance of a factor's impact, 
conceivably in ways similar to the application of compound interest formulas in the 
economy study. 

COMMUNITY FACTOR PROFILES: A DECISION-MAKING TOOL 

The approach to decision-making among alternatives suggested earlier in this paper 
pointed out that correct decisions among freeway location alternatives must have 2 
parts: (a) an economy study that includes all items that can be reduced to money terms 
and (b) an analysis of all items that cannot be stated in terms of money but that must be 
weighed in the decision. The approach proposed for analyzing the indirect or commu
nity effects of the second part has been called a community factor profile . In the opin
ion of the authors, this approach is at least a step toward more rational decision
making. 

'l'he community factor profile is a graphical clescl'lpliou, based on tl1e factors and 
measures given in Table 2, of the effects of each proposed freeway location alternative. 
Figure 1 shows a highly simplified and consolidated version of such a profile for 4 al
ternative locations. Each profile scale is on a percentage base, ranging from a nega
tive to a positive 100 percent; 100 percent either negative or positive is the maximum 
absolute value of the measure that is adopted for each factor. Reduction to the percent
age base simplifies scaling and plotting the profiles. The maximwu positive or ne ga
tive value of the measure, the units, and the time span are indicated on the right side 
of the profile for reference. For each alternative, the positive or negative value for 
any factor is calculated as a percentage of the maximum absolute value over all alter
natives and is plotted on the appropriate abscissa. A solid line connecting the plotted 
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Figure 1. Community factor profile: Numbers in circles indicate the 4 alternatives. 
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points for each alternative gives its factor profile. For the profiles, factors and mea
sures should be selected that will adequately describe all important elements of com
munity impact. Care should be used in defining factor measures to ensure that they 
are not measuring the same consequences. Otherwise, in effect, there would be double 
counting, and disproportionate weight would be given to those factors. This may re
sult in incorrect decisions. 

In order to reduce the complexity of the diagram and, in turn, of the decision-making 
process, the full set of community factors should be reduced whenever it is possible to 
do so. Two guidelines are suggested for accomplishing this: (a) Eliminate all factors 
that are not relevant or important to the particular decision; and (b) eliminate all fac
tors whose values are substantially the same for all alternatives. These tests must be 
acceptable to all parties involved in the study. 

It is expected that the profiles will be prepared for each alternative from the view
point of each community interest group and will incorporate the factors that are im
portant to that particular group's viewpoint. A composite profile would also be pre
pared showing the total community effect for each factor. Separate profiles for each 
alternative could be made on transparent overlays to facilitate the method of compari
son proposed in the following section of this paper. In passing it should be noted that 
research is well under way to provide such displays on a cathode-ray tube activated by 
a computer. This would permit almost instant recall of any comparisons that seemed 
appropriate. 

METHOD FOR PLAN EVALUATION 

Because of the complexity that real-life factor profiles would often have, a system
atic procedure for evaluating and comparing the relative merits of the several alterna
tives is essential. The method proposed here is that a series of paired comparisons 
be made using engineering economic analysis and factor profiles as the decision-making 
tools. 
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Figure 2. Method for comparisons among alternatives. 

First, alternatives 1 and 2 
would be compared; then the bet
ter of these is compared with 3, 
and so on. When 2 alternatives 
are compared, the incremental 
cost or benefit from the economic 
analysis is weighed against the 
differences in community impact 
between the alternatives as shown 
by the factor profiles. The 
decision-maker representing each 
group would appraise the economic 
and community factors and deter
mine his preference between the 
2 alternatives. After all the paired 
comparisons among the various 
alternatives have been completed, 
there would result preference 
rankings for each viewpoint in the 
community . These would be used 
for comparisons among competing 
viewpoints in reaching a final de
c1s1on. [From the point of view 
of the science of decision theory, 
tile paired-{!.ompa!'-ison-appr-oac_!h 
falls down when more than 2 par
ties are involved in the decision. 
However, this theoretical objec
tion does not mean that the paired 
comp arison approach will not 
work in the real world. This dif 
ficulty is widely discussed in the 
literature (!_§_) J. 

A highly simplified example to 
illustrate the paired comparison approach is given by the question: "Is it preferable 
to save $50,000 per year in vehicle operating costs accruing to local residents by adopt
ing a shorter route or to retain a commercial enterprise employing 10 people and pay
ing $20,000 per year in property taxes? It is estimated that a substitute enterprise 
will develop in 5 years ." It is admitted that this example is far simpler than those of 
the real world where the factor profile would include several elements. Even so, such 
comparisons make clea1· U1e actual points at issue and may greatly reduce the number 
of irrational arguments that accompany most controversial decisions. 

Technique for Comparisons Among Alternatives 

The flow chart shown in Figure 2 depicts the procedure to be followed in making the 
paired comparisons described earlier. Failure to follow some such procedure may re
sult in selecting the less-than-optimum alternative. 

Step 1: Engineering Economic Analysis-Rank the alternatives in order of prefer
ence as determined by the economic analysis. This may be done on the basis of maxi
mum net benefits over cost or total and incremental benefit-cost ratios or rates of re
turn. Tabulate the net benefits over costs for each alternative. 

St.P.p ?.: Factor Profilfls-Prepare factor profiles from the viewpoint of each interest 
group showing the fr eeway's impact on each relevant factor for that group. .l:'repare a 
factor profile also that shows the total or aggregate effect of each alternative over all 
communities and groups. 

Step 3: Economic and Factor Profile Analysis-Compare alternatives on the basis 
of the economic analysis and the factor profiles. Eliminate from the set of feasible 
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alternatives any alternative that is dominated by another from the standpoint of both the 
economic analysis and the factor profile. One alternative is strictly dominant over 
another if all percentage values of the factor profile of the dominant alternative are 
greater than that of the alternative. This implies that there are no crossovers in the 
lines of the factor profiles for the 2 alternatives. 

Step 4: Paired Comparisons of Alternatives-Paired comparisons are made for 
each viewpoint on the basis of the incremental differences in community effects from 
the factor profiles and these are then compared with the incremental differences in costs 
from the economic analysis. Any 2 alternatives can be paired, but a reasonable begin
ning would be to pair one of the alternatives having a good factor profile with the pre
ferred alternative from the economic analysis. (a) Determine the differences between 
the alternatives for the community factors, and compare the increments of values 
gained with the increments of values lost. (b) State a preference between the 2 alter
natives based on the importance to the decision-makers of the trade-offs among the 
factors. (c) Check the preference statement against the ranking from the economic 
analysis. This resolves the question, "Is the alternative preferred in (a) also superior 
from the standpoint of the economic analysis?" If the answer is yes, then the pre
ferred alternative is paired with the next alternative selected for analysis. If no, then 
the analysis proceeds to (d). (d) Test the differences in community factors against the 
excess of costs over benefits. The decision-maker is asking the question, "Are the 
gains in community factors worth the additional incremental costs of this alternative?" 
If the answer is yes, the alternative of higher cost is preferred because of its higher 
community benefits. Otherwise, the alternative preferred from the economic analysis 
is selected and paired against the next alternative for analysis. 

Step 5: Continue Paired Comparison Procedure-Continue procedure (a) through (d) 
in step 4 until all feasible alternatives have been included in comparisons. The paired 
comparisons among the feasible alternatives produce a preferred alternative, and also 
a preference ranking among all alternatives for each viewpoint if this is desired. 

The only constraint imposed on the decision-makers in the paired comparisons is that 
preferences among alternatives must be transitive; i.e., if A is preferred to B, and B 
is preferred to C, then A is preferred to C. This ensures that preferences and deci
sions are consistent with previous ones, and that the final ranking of alternatives re
flects the decision-makers' true preferences. 

In sum, the purpose of the factor profiles and the procedure for analysis is to help 
the decision-maker apply the 2 basic principles of decision-making: (a) to separate eco
nomic effects measurable in dollar values from other consequences and (b) to compare 
the differences in alternatives in making decisions. The factor profiles and the method 
of analysis offer both a visual aid and a systematic procedure for implementing these 
principles. The construction of the factor profiles does not imply that the area under 
the curves can be integrated, or the percentage values of factors can be added in order 
to make a decision. To do so would be to revert to the factor-weighting methods dis
cussed earlier in this paper. 

An Example Application 

Consider a freeway route location with 4 proposed alternatives and with the relevant 
community impact factors and corresponding factor profiles shown in Figure 1. The 
economic analysis given in Tables 4 and 5 indicates that alternative 2 is preferred be
cause it shows a benefit-cost ratio greater than 1 on the total investment and on all in
crements of investment. Alternative 1 ranks next, then 4 and 3 have equal desirability 
from an economic standpoint. 

It must be recognized that the rankings given by this analysis can be changed sub
stantially by changing the interest rate; lower rates will tend to favor higher capital 
investments. This example is based on an interest rate that reflects the minimum at
tractive rate of return for a particular highway agency. 

In examining the factor profiles, we find that the profile of alternative 4 dominates 
both 1 and 3. Because 4 is equally as attractive as 3 in the economic analysis, alter
native 3 can be dropped on the basis of the dominance tests. For the first paired 
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TABLE 4 

COSTS AND BENEFITS OF LOCATION ALTERNATIVES 

Alternative 
Item 

2 3 4 

Annual cost,$ 650,000 750 ,000 850,000 700,000 
Annual road user savings, $ 1,000,000 1,200,000 1,150,000 1,000,000 
Net benefits, $ 350,000 450 ,000 300,000 300,000 
Benefit-cost r atio 1. 54 1. 60 1.35 1.43 

comparison, alternative 2, preferred from the economic analysis, is paired with 4, a 
dominant alternative from the factor profiles. In comparing the differences between 
these two alternatives, we find that alternative 2 provides 200 acres of developable land 
and saves 290 housing units and $0. 58 million in assessed valuation. On the other hand, 
alternative 4 decreases the average daily traffic on major local streets by 5,000 vehi
cles and saves 25 parcels of industrial property and 2 community facilities. Let it then 
be assumed that the decision-makers agree that alternative 4 is the more attractive of 
the two, based on the factor analysis trade-offs. 

In the economic analysis, however, alternative 2 is preferred to 4 by $150,000 per 
year, so that additional comparison with the net benefits foregone must also be made. 
Here it should be noted that alternative 2 costs the agency that will build the freeway 
$50,000 more per year; on the other hand, vehicle operating costs are $200,000 per 
vear less. It could be that the various groupo would therefore woi~h the economic con
sequences quite differently. If it is assumed that, even with the cost differences, al
ternative 4 is selected over 2, a similar comparison would be made between alterna
tives 4 and 1. 

ADVANTAGES OF THE PROPOSF.D APPROACH 

When a composite analysis of the overall effects of route location alternatives does 
not produce a final decision among alternatives because of conflicts of interest among 
decii.ion groups, then an analysis of fador prnfileR from thP. viewpoint of each decision
making group can be performed. If those factors that are relevant to each decision
making group are separated and the procedure for analysis shown in Figure 2 followed, 
a preference ranking of alte1·natives can be derived for each viewpoint. The rankings 
and profiles can then be used for resolving conflicts among competing· interest groups. 
In addition, where there are areas of disagreement, the factors responsible for such 
conflicts, and the reasons for them, can be pinpointed explicitly. 

The proposed approach can also serve as a basis for negotiation and compensation. 
In a political setting, arriving at decisions tha t a r e as equitable as possible may in
volve negotiation and compensation of losers by the gainers. One of two approaches 
can be taken by decision-makers in arriving at final decisions: (a) selecting the alter
native that will distribute the impact as equally as possible among the conflicting in-

Alternative 

4 over l 
2 over l 
3 over l 
2 over 4 
3 over 4 
3 over 2 

TABLE 5 

INCREMENTAL ANALYSIS 

Incremental 

Cost, $ 

~0,000 
100,000 
200,000 

50,000 
150,000 
100,000 

Benefit, $ 

0 
200,000 
150,000 
200,000 
150,000 
(50,000) 

Benefit
Cost 
Ratio 

0 
+2.0 
+O. 75 
+4.0 
+1.0 
-0. 5 

Incremental 
Net 

Benefit (Cost), 
$ 

(uo,oooJ 
100,000 
(50,000) 
150,000 

0 
(150,000) 

terest groups, and (b) selecting 
the alternative that maximizes 
the net benefits of both economic 
and community factors alongthe 
entire route. With either ap
proach the factor profiles can be 
used as a basis for negotiation 
and bargaining, and for deter 
mining and providing for compen
sations to communities , groups, 
and individuals to achieve equi
table solutions. This becomes 
especially important in the light 
of new and proposed legislation 
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respecting public hearings, decisions, and compensation for losses. Recently, the 
courts have altered the concept of compensating property to one of compensating people 
when freeway rights-of-way are acquired. It is not a great step to the concept of com
pensating communities and groups for losses resulting from freeways. At the same 
time, provisions might be made to allow communities and groups to make certain con
cessions and side payments, and adjust community and service district boundaries in 
order to equalize gains and losses. Such steps as these could do much to smooth the 
present rocky road to agreements on freeway locations. 

SUMMARY 

A summary of the advantages of the proposed factor analysis method for evaluating 
freeway locations follows: 

1. It separates the direct money consequences from the community consequences 
so that they do not become confused in the analysis. 

2. In complex decision-making where it is important to have more rather than less 
information on which to base the decisions, it provides a means by which to display the 
different factors relevant to making choices. 

3. It provides a means for comparing the incremental differences in community 
factors among alternatives and for contrasting them with the differences in economic 
costs or benefits. 

4. It also provides for separation of viewpoints as well as an analysis of the overall 
impact. It shows the incidence of community effects on community groups, brings out 
the points of agreement or disagreement among those groups, and serves as a mecha
nism in resolving those conflicts. 

5. Finally, factor identification and factor profiles can be useful tools during the 
planning process in defining the factors that are important to the community and com
munity groups, in establishing goals and objectives, in serving as a basis for discus
sion during the development of alternatives, and in evaluating and making decisions 
among alternatives. 
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Discussion 
HAROLD HANDERSON, Office of High Speed Ground Transportation, U.S. Department 
of Transportation-This paper presents a means for displaying monetary and other im
pact factors that differentiate previously identified transportation facility location alter
natives. As the authors suggest, this has advantages both for planning and for resolv
ing intergroup conflicts, depending on how the procedure is used. 

The authors should be more careful, however, in setting forth the limits to the util
ity of this methodology. For example, I probably would not be amiss to remind the 
reader of the following points: 

1. The methodology assumes that some new transportation route is at least worth 
considering, although it is theoretically possible that none of the predetermined route 
alternatives will prove acceptable (stated on pp. 6-9 of the report of Project 13469 to 
the California Division ot Hir;hways, on which thu; pa.per is based); 

2. The methodology assumes that the alternatives generated for analysis contain 
the ''best" possibility in terms of the desired objectives; and 

3. The methodology does not ensure that the proper categories will be used in the 
analysis-though the process can be self-correcting, particularly if used generally and 
publicly (as, for instance, the criteria suggested in the Bureau of Public Roads Policy 
and Procedures Memorandum 20-8 of January 14, 1969, on public hearings and loca
tion approval). 

The 2 decision approaches, which the aulhurs say iu U1e fiual suusection of their 
paper can be taken, are faulty: 

1. An alternative to "equal" distribution of impacts is "equitable" distribution
less precise, but more worthy of attention in a public program. 

2. It is highly doubtful that any alternative will maximize the net benefits of both 
"economic and community factors along the entire route." It is more likely that the 
relative distribution of benefits will be the key factor in a public decision process. 

Of course, public officials have a responsibility to educate the general citizenry 
and promote its welfare, as well as to be responsive to its concerns at any given time. 
To perform this set of tasks requires considerable work to determine the particular 
impact categories and weighting factors that should be used in practical applications of 
this method . This is clear from the brief survey of concerned groups in the section 
''Viewpoint as a Factor in Evaluating Community Effects." Application of these ideas 
should be given high priority by all concerned groups, purticulurly bccuuflo tho cur
rent Interstate highway program still provides some possib111ties for immediale appli
cation of findings in long-term facility decisions. 

C.H. OGLESBY, BRUCE BISHOP, and G. E. WILLEKE, Closure-Mr. Handerson's 
thoughtful discussion is much appreciated. Comments such as his do much to clarify 
points that authors omit or do not make clear. 
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He first indicates 3 points where he feels the authors should be more careful. First 
he notes that it is possible that none of the predetermined route alternatives will prove 
acceptable. If this is indeed the case, there are at least 2 courses of action: (a) to do 
nothing and (b) to present an additional alternative or set of alternatives. A third pos
sibility that may be entertained is the change of the standards of acceptability by the 
ultimate decision-makers, whoever they may be. Doing nothing is always among the 
feasible solutions. The other courses of action may or may not be. They certainly 
presume the necessity of iterative planning. 

Mr. Handerson's second point is based on the presumption that the approach offered 
in the paper presents only choices among the "best" alternatives. This can never be 
the case in the real world where many solutions, each with its set of subsolutions, can 
be developed. At best, the approach put forward in the paper will define only the major 
controls for each proposed location, after which highway planners will fit appropriate 
details to it. In actual situations, some of the steps in the suggested procedure might 
have to be employed before agreement is reached on some of these details. Then, 
given a set of alternatives, the proposed methodology provides a basis of choosing the 
"best" alternative of that set. 

The third point is that the categories proposed for evaluating freeway impacts may 
not be the proper ones. This is most certainly true. However, those offered in the 
paper were developed after a detailed literature search and several months of con
sultation with highway planners. They therefore represent a good starting point. 
But each planning group would, of necessity, either add to or deduct items from that 
suggested list as agreements or disagreements develop during the study period. 

Mr. Handerson quarrels with the choice of words used in the 2 "decision approaches" 
suggested in the final subsection of the paper. He feels that they imply a precision in 
the decision process that is not possible in real-life situations. It was not the authors' 
intent to suggest that precision would ever be possible in a political setting. In any 
event, the less precise wording proposed by Mr. Handerson should certainly be used 
by those who feel that the approaches as stated are too restrictive. 

It should also be pointed out that if economic and community factors are not ex
pressed in common units, a premise of the paper, there is no real difference between 
the relative distribution of benefits and maximizing the sum of net benefits of economic 
and community factors. The decision approach on these grounds is not faulty, unless 
misinterpreted by the user. 

In sum, Mr. Handerson's comments reinforce the authors' argument that much can 
and should be done to get greater public involvement in decisions regarding freeway 
locations and thereby to improve those decisions. 



Desirability Rating and Route Selection 
G. A. RIEDESEL, Consulting Highway Engineer; and 
JOHN C. COOK, Washington state University 

•THIS PAPER REPORTS on an attempt to quantify the aesthetic, the social, and the 
neighborhood economic effects of a proposed highway on the area it serves, and to re
late those effects to cost and service considerations so that rational, systematic com
parisons of alternate routes can be made. The selection of a route and a design can then 
be based on a consideration of all effects-environmental as well as cost and service. 

DESIRABILITY RATING 

Environmental effects must be defined before they can be qualified or quantified. 
The scope of this paper does not allow a discussion of such defining. 

Appearance Rating 

Defining and rating methodology have been taken from a previous report (1). Aes
thetic or appearance considerations are first rated in some manner such as that indi
cated iif Figure 1. - Th:ese considerations are very broad and are not -limited to appear
ance. A proposed route is vvP.n a numerical rating for each of these considerations, 
and from these ratings a single desirability index for appearance is computed. 

Figure 2 shows a summary of appearance ratings. The 8 considerations to be eval
uated for any route represent the 
elements of desirability from an 
appearance approach. However, 
the word appearance as used 
here includes fitness, s ca.le, 
consistency with the area, and 
all t-he other elements that go 
into an architect's concept of de
sign. ItemsA-1 throughA-4at·e 
more localized in nature and 
can best be applied to specific 
sections. The mechanics of do
ing this shouldpresent no prob
lem. Items A-5 through A-8 or
dinarily apply to the route as a 
whole and should be rated for the 
entire route in one length. The 
basic ideas and philosophy of 
what is desirable and what is not 
desirable in appearance or ar
chitectural design are discussed 
and illustrated in the previous 
report (1). No one should at
tempt to- use this rating 1::1cal~ 

SCALE: 

NOISE: 

Is lhe typo of frNway choaen dominant 
How Is II dominanl? By width 

By heighl 
Dy11upp11rtoyolom 

Whal action will be taken? JIOllhon by cliata,,o• 
IIOUl!on by obtf,ctt.. mM-made o, na,u,al 
Ar,l.'f(l,prllia doV\llop,Mn1 of the character of lhe apace by the road 

Will a gli)O(I 1eAh1 te~lp be .u:h~'flMI ~ tlMi actkln LOJ:•n? Rating: __ _ 

11 the nol-, ltom Illa ,,ww-r ~~•-"'1 
How is ft obl«:CS0ti•bltl O« ... u~ IM' ,. I• very *It' 

BKauN ol ChanOOI In ,grr,da 

Whet eclion will be taken? Isolation by distance 
lsolalion bysberrier 

Will the noise be reduced lo an. acceplable level by lhe action laken7 Aalin!J'-·-- -

DAMIEPl •• Ill mu• I b:Jllnltf C[U\fll? 

CHANGE: 

How lo ii oroetod7 

Whateclionwillbetaken? 

By the ,ur,rmrt 11y111ttm 11nd the n11lure or the epece under lho road 
By lhe width ol the visible ro11d surface 

Tha selecllon of en appropriate support system 
The development or a sulteble pattern an lhe under side of an elevated lree

• 1 
Jha demi~! of phtMt t tl.llOd kJ lhe s:11ppo11 ,-,.i--.n 
'fy piow!W.on 61 eont1nu11y of gtOVfld uno.t ,:.v.,1.a 1, .. ways 
Tht Ulllltlon Cl tortg CO!'ll°'Nd Y""1, lhrOUQII .attd M'Wf 

WIii the action teken reduce the barrier effect ta the minimum? Roling: _ _ _ 

Does the fraeway craale opportunily lor conslructive change? 
As a neighborhood spine 
In Iha dcvclopmonl of woll lomlaoaped open tp111,:-9 
In Iha development of space rar ac\lvilies 
In olherways 

Does the freeway create change al a negative kind? Reltng· __ _ 

By removing facilities 
By changing lhe structure 

Fiyur e 1. Appearance environmental roting. 

Paper sponsored by Committee on Socio-Economic Aspects of Highways and presented at the 49th Annual 
Meeting. 
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ROUTE RATING FORM A-APPEARANCE CONSIDERATIONS 

(2) (3) (4) (5) 
0-5 Yr. 8-25 Yr. 26-50 Yr. 
Period Period Period 

bo ~~ ~ E::: l: i-=- l: 'g Comblntd 
i°' ij il H -~ ii .. i£ ir· so-v .. , 

(1) 
.:, C ii .Ji Wolghl•d .,. 

j~ Con• iderallona &cl! ;~ ~cl! ao; ill:"- 3: ~ ill:~ Rallng . i Loc• I or StcUon• I: 32 2.5 20.0 52,0 
'S 
0 !I A-1 Scale Relationship 5 1.0 5.0 10.0 a; 

E A-2 Noise Factor 12 1.3 10.4 22,4 ,g 
A-3 Barrier Factor 3 24 2.2 17.6 0 41 .6 

A-4 Changes In Ares 

Route Total: 

A-5 City Planning 30 8 40 4 20 90.0 

A-6 Continuity & Fit lo the Entire City 36 4 32 68.0 

A-7 Respect for Sacred Areas 8 40 40 80.0 

A-8 Driver's Experience of the City 9 2 18 2 18 0 38,0 

:it; Tol• I Secllon R• llng 400.0 
C 

.2 R• llUvo S1cllon Rating 400/ 5.70 

l l! 

70 

Figure 2. Summary of appearance ratings. 

until such ideas and philosophy are understood and appreciated. All ratings are on a 
basis of 10. The rating values shown in Figure 2 are for illustration only and do not 
apply to any particular route. The weight factors shown are considered to be typical 
for urban arterials, but they may be altered to reflect the goals and objectives of any 
specific route. The maximum possible rating for any route by this scale is 570. The 
relative section rating is obtained by dividing the total section rating by 5. 7. 

Sociological Rating 

Conditions considered for their social or sociological effects are shown in Figure 3. 
To provide a basis for understanding the ratings, Van Blaaderen, a sociologist and one 
of the authors of the previous report (!), states: 

The function of the scale is to measure the relative social impact of a highway on an urban 
area and also ( 1) to give a value of this impact and (2) to emphasize the relative value of the 
impact. 

A problem in the construction of the rating scale is the level of sophistication of its users. 
As indicated in the first part of the report, a major problem is the type of rationalizations em
ployed; for instance, a big gap exists between the appreciation of a situation (highways are 
"good") and the willingness to understand its consequences (but I don't want my house de
stroyed). For this scale a major effort was made to close the gap between the willingness of 
non-sociologists to use the scale in accordance with the approach presented in the report and 
the existence of advanced sociological theories and techniques of investigation. 

Popularization of the subject matter on which the scale is based (or the scale itself) was 
avoided because simplification would tend to introduce those rationalizations which made 
previous attempts less viable. For instance, because the highways might be regarded as "good" 
for a state as a whole, or "bad" for a particular urban area, different interpretations can be given 
to the desirability of the resulting changes. One single solution cannot be recommended: only 
when the different impacts are clearly presented can further action be taken. Popularizations 
tend more often than not to be based on rationalizations which do not lead to assessment, but 
to vague statements favoring one (the state for instance) or another solution (the urban area). 
The only legitimate attitude possible is to favor neither, but weigh the influence of each. 

Each of the major and minor impact elements discussed has been given a central value. The 
total of the central values is 100.0 and is to be regarded as a weighting of the social situation of 
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Cenlr1I 
Socl• I Highway Impact V• lue 

,._ 

a. 

(1) 

lnlar-Melropolltan 26.4 

1. Whole11le Trade Are• (8.2) 

a. Volume Expand (2) 1.9 
Decrease {3) 

b. Trade Area 
Superordinate (2) 3.6 
Subordinate (3) 

c. Centralize-Trade (2) 2,7 
Bypa99 Trade (3) 

2. Regional Dominance (9.9) 

a. Cultural Dominance (2) 4.S 
Subservience (3) 

b. Functlonel Domin
ance (2) 
Subservience (3) 

c. Speclellzed Func
tion s, Increase (2) 
Decrease (3) 

2.7 

2.7 

3- Communh:aUon and (8.3) 
Trtn1port1llon 

a. Major Economic Goods 
Increase (2) 1.8 
Dooroooo (3) 

b. Cultural Integrative 
Increase (21 4.5 
CoGrGQGO (:i) 

c. AdminislraUve end 
Functional HHd-
quarters 
Increase (2) 1.9 
Decrease (3) 

lnlr•M• lropolitan 

I, Metro Area 24.6 

1. RttlHon1hlp1, 80\wHn (9,9) 
SDcial Area• 
e. Style of Life 

lnoroaoo (~) M 
Decrease (3) 

b. One Style of Life 
Dllfuse (2) 3.6 
Only (3) 

c:. Solcte lh1t1 Avoldoneo 
No (2) 2.7 
Yes (3) 

2, Onct Soc111 Area Only (8.1) 

e. Deprivation 
No, (2) 2.7 
Yes (3) 

b. Low Resislance 
No (2) 2.7 
Yes (3) 

c. A Priori Rat1one1izetlon 
No (2) 2.1 
Yes (3) 

3, SOc:lt.1 Alh lbUIH of (6.6) 
Metro Area 

a, Destruction 
No (2) 1.9 
Yo, (3) 

b. Changing Belence 
Belween Areas 
No (2) 2,8 
Yes (3) 

c. Eliminate Central Areas 
Information Functlonal 
No (2) 1.9 
Yes (3) 

Tolal 
D11T11bll Und.olt1bt1 lmpacl 

Jmp1c1 lmpac1 Value 

(2) (3) (4) 

Central 
Social Highway Impact Value 

(1) 

II. Metro Communlly 24,3 

1. Chana• In Member• (13.5) 

a, Social Intimacy 
Increase (2) 4.5 
Decrease (3) 

b- Dislocation 
Very High (2) 4.5 
Very Low (3) 

c. Selected Communllle& 
Low (2) 4.5 
High (3), 

2. Community AllrlbulH (10.8) 

Ill. 

a. Func tional for Social 
Intimacy 
Very High (2) 3.6 
Very Low (3) 

b. Day to Day Importance 
No (2) 2.7 
YA1' (3) 

c. Integrative Foci 
No (2) 
Yes (3) 

Urban Man 

4.5 

24.7 

,. SeM1•1"'ermanen1 l•->I 
Settlement 

a. lndMcJual a11cJ f'l:imlly 
No (2) 
Yos (3) 

b, Interaction Patterns 
of Individual 
No (2) 
Yes (3) 

c. Style of Lire 
No, (2/ 
Yes (3) 

2. lndlviduali, wllh Low 
Rates ol Adjustment 
and Survival 

a. Eliminating Melro-
communily 
No (2) 
Yes (3) 

b. Decreasing Reeslab
lishment Certain Types 
Melrocommunities 

3.6 

2.7 

1.9 

(9,l) 

4,5 

No (2) 1.9 
Yes (3) 

c. Education lo 
Successrul Aeslslance 
No (21 1 9 
Yeo (3) 

3. Interaction Between (B.2) 
Individuals 

e~ Resldenlial Segre
gallon 
Decrease (2) 3.6 
Increase (3) 

b. AllerMI& POUICIIIIIH 
!ityle of Lira 
No (2) 1.9 
Yes (31 

c. Eliminating Successful 
Adjuslmenl 
No (2) 2.7 
Yes (3) 

Figure 3. Sociological environmenta l ratin!). 

Total 
De• lreble Unda•lr1bl1 lmp•cl 

lmp•cl Impact Value 

(2) (3) (4) 



an urban area as perceived prior to the social impact of a proposed or constructed highway. The 
social impact is then analyzed as follows. A social impact element is considered and the impact 
assessed. 

Three additional columns have been added. Depending on the degree of sociological sophis
tication of the scale user and/or his knowledge of the actual situation, he evaluates the social 
impact in terms of their desirability and undesirability. Thus while the highway impact might 
be to increase the trade volume for one set of items, it could also decrease by the same amount 
in another. The sum of the desirable and undesirable impact we have called the total impact 
value. The important point is that however crude or sophisticated our measure of the social 
impact, the total impact value expresses or approximates the social changes which affect the 
urban area as a result of a proposed or constructed highway. 

The total impact value of each item of the scale is limited to twice its central value-for in· 
stance, the complete disappearance of one set of wholesale activities carried out in an area 
previous to highway construction and the introduction of a completely new set of wholesale 
activities in such an area as a result of highway construction. The total impact value would indi· 
cate the total of the social changes which this proposed or constructed highway would engender 
in terms of the volume of the wholesale activities. A danger point is, however, reached when 
desirable and undesirable impacts affect aspects of the urban area differently. That is, a de
sirable impact does not need to be balanced by an undesirable impact. However, an undesirable 
impact has to be balanced by a desirable one if a satisfactory solution is wanted . 
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Figure 4 shows a summary of sociological ratings. The values given are for illus
trative purposes and do not apply to any particular route. So that the evaluation and 
rating of any arterial route is simplified, the 11 sociological considerations each have 
a basis of 10. In Figure 3, Van Blaaderen suggests a range of basic rating values 
called central values. The ratings in Figure 4 when multiplied by the weight factors 
will be the same as the rating using the central value. The desirability rating for each 
consideration will be the answer to questions such as "To what extent will the highway 
impact affect the wholesale trade area?" and "To what extent will the highway impact 
interrupt a period of semipermanent settlement?" Theweight factors in the 0- to 5-year 
period are double the ones in the 6- to 25-year period.I In the 25- to 50-yearperiod the 
weight factors may be considered to be zero or to have no significance in route selection. 

I ROUTE RATING FORM S-SOCIOLOGICAL CONSIDERATIONS 

I I I (2) (3) (4) (5) 
0-5 Yr. G-25 Yr. 26-50 Yr. 

l 
Period Period Period 

~ o l:'~ ~~ ~ ~ l ;s..:. ~- = ~ ... Combined J!! ... :c ~ :;;., e"' :c ~ .c"' ~ go ~£ &.al SO-Year 
(1) ~ c -rt .!!'.5 'i~ ...2 Ii me Weighted ~ ; 

~i ii:& ;; "' i: J! Con•ldaratlons .. .. 
~~ Rating cu : ~-- Cl<C ~-- ~a: 

i ~ lnlar-Melropolltan Eftecta 

a: .5 S- 1 Wholesale Trade Area 5 1,8 9.0 ,9 4.5 13.5 

E 
S- 2 Regional Dominance 5 2,2 11.0 s 1,1 5 ,5 16.5 

,g S- 3 Communication & Trdnsportatlon 6 1.8 9.0 s ,9 4.5 135 

lnlra-Melropolllan Effects 
S- 4 Relallonship Among Social Areas 6 2.2 13,2 8 1.1 8.8 22.0 
S- 5 One Soclal Area Only 1.8 12.6 8 ,9 7,2 19.6 
S- 6 Social Attributes of Metro Area 1.4 8,4 8 .7 5.6 14~0 

Melro Community Effect• 
S- 7 Changes In Members 8 3.0 24.0 8 1.5 12,0 36.0 
S- 8 Community AUrlbutH 7 2.4 16,8 T 1.2 B.4 25.2 

Effects on Urben M•n 
S- 9 Semi-Permanent Seulement 2 1.8 3,6 .9 2.7 6.3 
S-10 Rates of Adjustment & Survlval 3 1.8 5.4 . 9 3.6 9.0 
S-11 Interaction Among lndlvlduala 3 1.6 5.4 4 .9 3,6 9.0 

'"' j Total Section Rating 184.8 

ll Aelallve Section R•llng 111-4.8/ 3.30 56 .. .2 

Figure 4. Summary of sociological rating. 
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The 26- to 50-year period is shown on all 3 summaries to keep the ratings consistent 
with the estimated 50-year life used by engineers. The maximum possible total section 
r ating is 330. A relative s ection rating is determined by dividing the total section rat
ing by 3.30. The 11 items are combined into a single desirability index for sociological 
effect. This form can be extended or expanded to include all the subtopics shown in Fig
ure 3. The use of the scale will depend on the qualifications of the rater. 

Economic Rating 

Economic considerations are shown in Figure 5. The alternate routes selected for 
accomplishing the goal of moving traffic through an urban area between predetermined 
points are divided into shorter, manageable sections for rating considerations . The 
sections should be homogeneous as to present land use, e.g., residential, commercial, 
industrial, or other appropriate homogeneous classification. Each section is evaluated 
for each of the 10 items. A numerical desirability rating of 1 through 10 is applied to 
each item for each of the 3 time periods. Ratings for an item may differ considerably 
between time periods depending on anticipated future land use consistent with community 
development plans and forecasts. 

A neutral or not applicable item for a section is evaluated with the numerical rating 
of 5. Numerical ratings less than 5 apply to evaluations progressively more unde$lr
able. A numerical r ating of 4 is only slightly undesirab~e. A r ating of 1 is most unde
sirable. Numerical ratings greater than 5 apply to desirable effects of the item in re-

Roui• _ . .. Sectlcn From ___ --- _ 10 ---·•·"'-
Combined 

Ael11tva DHlreblllly DHlrablllly 
D•1lrablllty Importance Weighted By Tlffll•Perlad Importance 

R• llng Weighting Importance Welghllng Tlme•P• rlod 
nem (1-10) (Baae 10.0) (Col. 1 a2) (Bue 10.0) Wolghtod-Ratlng 
Code Item Affected (1) (2) (3) (4) (1) 

o • 5 Yur Time Period 
E-1 Aesidentlal Property Values 6 1.0 6.0 6.0 :lo.0 
E-2 Residentlel Relocation 4 0.7 2.8 6.0 16.8 
E-3 Business Property Values 7 1.6 11,2 6.0 67.2 
E-4 Business Site Development 7 1.8 12.6 6.0 75.8 
E-5 Commercial Relocation 5 1.1 5.5 6.0 33.0 
E-6 00enlna New Markets 5 1.3 6.5 6.0 39.0 
E-7 Service to Employment Centera 0.5 o.o 11.0 11:W 
E-8 Service to Shopping Centers 0.5 3.0 6.0 18.0 
E-9 Service to: Churches, Clubs, Recreation 

and Community Services 0.7 4.9 5.0 29.4 
E-10 Relocation or Churches, Cluba, Recreation 

and Community Services 0.8 4.0 6.0 24.0 

Totel 51 10.0 59.5 6.0 357.0 

15 • H YHr Tlr1'1 Porlod 
E-1 Residential Property Valuea 7 1.2 8.4 3.2 26.9 
E-2 Aesldential Aelocatlon 5 0.3 1.5 3.2 4,8 
E-3 Business Property Values 8 1.7 13.8 3.2 43,5 
E-4 Business Site Development 8 1.9 15.2 3.2 48,7 
E -5 Commerclal Relocation 5 0.7 3.5 3.2 11 .2 
E-6 Opening New Marke1s n 1.6 7.5 ~? 24,0 
E-7 Service to Employment Centers 7 0.7 4.9 3.2 15.7 
~-0 Service to Shopping Centers .7 0.6 4.2 3.2 13.4 
E-9 Service to: Churches, Clubs, Recreation 

and Community Services 0.9 7.2 3.2 23,0 
E-10 Relocallon of Churches, Clubs, Recreallon 

and Community Services 0.5 2.5 3.2 80 

Tolel 65 10.0 68.S u 2 10.2 

2.1!1 - .S0 Yu.r Tlm1 Porlod 
F 0 1 RA11ilt1Anth1f Prnpflrty Values 1.• 11 .2 0.8 9.0 
E-2 Resldentlal Relocation 0.1 U.h o.e 0.4 
E-3 Business Property Values 1.9 15.2 0.8 12? 
E·• Business Site Development 2.0 18.0 0.8 14 4 
E-5 Commercial Relocation 0.1 0.5 0.8 0,4 
E·8 Opening New Markets 1.6 8.0 0.8 8.4 
E- 7 Service to Employment Centers 0.8 6.4 0.8 51 
E-0 Service to Shopping Centers 0.8 6.4 0.8 5.1 
E- 9 Service to: Churohos, Clube, Aacreatlon 

and Community Services 8 1.2 Q.11 nR 7.7 
E-10 Relocation of Churches, Clubs, Recreation 

and Community Services 5 0.1 0.5 0.8 0.4 

Total 61 100 76.3 0.8 61.1 

Section Total (3 Time Periods) 192 204.3 10.0 637.3" 
• Equ1/1 Section Weighted Score 

Figure 5. Economic environmental rating. 
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lation to the impact anticipated from a highway route. A numerical rating of 6 is slightly 
desirable, a rating of 10 is most desirable. Numerical ratings from 4 through 1 and 6 
through 10 are applied to value judgments between the extremes of slightly and most. 
Summing the scores for each item for a section results in the desirability score for the 
section. If the section score is less than 5 times the number of items, e.g., 5 x 10 = 50, 
the section is undesirable. If the section score is greater than 5 times the number of 
items scored, the section is desirable. 

In the evaluation of socioeconomic phenomena, it often happens that the whole is 
greater than the sum of the parts. For some items the entire route, rather than a sec
tion, should be rated because the effects stem from the entire route and not from any 
one section alone. For such items the rating for the route, derived from the summation 
of the rating of its sections, should be adjusted with consideration given to the impact of 
the total route on neighborhood economic considerations. 

The items rated will have different degrees of importance, and the relative impor
tance will differ from section to section. Each item should be given a weight to indicate 
its importance relative to the other items. The total weighting for the several rating 
items for one section and for one time period is based on 10. The summation of the 
weights equals 10. In some sections the entire weighting of 10 may be applied to one 
item, in which case all other items would be weighted 0. The desirability rating of each 
item is then multiplied by the relative importance weighting for that item to obtain an 
importance weighted desirability rating. These weighted ratings are then summed for a 
section for each time period to obtain the section importance weighted desirability rat
ing for each time period. 

In addition to difference in importance of the items rated, there is also a difference 
in the present value of the time periods. Again, a base of 10 is used for the total value, 
and each of the 3 time periods is weighted. Assuming that the midyear of each time 
period represents the value of the period, we can discount the value of that year to its 
present worth. For long-term periods, interest rates are higher than for shorter pe
riods. We arbitrarily select rates for the 3 periods and compute their weightings. _ 

Figure 6 shows identical items in a simplified form. The rating for each item is on 
a basis of 10. The relative weights for importance and for time periods have been 
combined into one numerical multiplier. All 3 time periods have been included in one 

I ROUTE RATING FORM E-NEIGHBORHOOD ECONOMIC CONSIDERATIONS 

I 
(2) (3) (4) (S) 

0.5 Yr. &-25 Yr. 26-50 Yr. 
Period Period Period 

I 
.,o .,o .?-~ E:;: .., si .., :E,.!. .., 

Combined .. 0 .. . . 
I .i::~ i,j ii f .. i~ ~; ~:§ j~ :Ea, SO-Year 

(1) 'i! i 0, C Weighted 
Con1lder11llon1 

:; 
~f 3&! ;l ~~ 

. ~ ;~ j~ Re1ing 

I 
,,.. 0 0:: ca: 

:S E- 1 Resldenllal Property Valuea 6,0 36,0 7 3.84 26.9 8 1.12 9,0 71 .9 

i .. 
C E- 2 Resldenllel Relocation 4.2 16.8 .96 4.8 s .OB 0.4 22,0 

a: !I 

J I 
E- 3 Buolno,. Prop•rty Vaiu .. 9,6 67,2 5.44 43.5 8 1.52 12.2 122 9 

E- 4 Business Site Development 7 10.B 75.6 6 .08 4B.7 9 1.60 14.4 138 7 

I 
E- 5 Commerclal Relocelion 5 6,6 33,0 2,24 11 ,2 s ,OB 0,4 44.6 

E- 6 Opening New Markets 7,8 39,0 4,80 24.0 5 1 2B 6.4 69.4 

E- 7 Service lo Employment Centers G 3 .0 1B.0 2-24 15.7 8 .64 5.1 3B.B 

E- 8 Service to Shopping Centers 6 3 ,0 18.0 7 1.92 13.4 ·a .64 51 36.5 

E- 9 Service to: .Churches, Clubs, Recreation 
and Community Services 7 4.2 29.4 2.88 23.0 .96 7.7 60.1 

E~10 Relocation of Churches, Clubs, Recreation 
and Community Services 5 4.8 24.0 5 1.60 a.a .08 0.4 32.4 

[ 
I 

'II, 

C Total Section Rating 637.3 

i JI 
Relallv• Sec;tlon R•Ung 137.3/10 64 

Figure 6. Summary of economic rating. 
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tabulation. The maximum possible section rating of a route is 1,000. A relative sec
tion rating is determined by dividing the total section rating by 10. The desirability 
ratings shown are only for illustrating the procedure. They do not apply to any route. 
These 10 items deal with the effects of the highway on the residents of the community. 
They do not consider the economics of traffic operation. They are combined into a single 
desirability index for neighborhood economics. All of the foregoing considerations take 
into account the long-range effects of a proposed facility as well as the immediate ones. 

ROUTE SELECTION 

The details of making the foregoing ratings are discussed at length in the previously 
published report (1). In this paper, we have purposely used the notations and identifi
cations of the publis hed r eport so that the reade1· can ide.ntify the information in the 
manuscript with the material in the published report. We found no simple mechanica l 
or mathematical procedure for arriving at the numerical values. In fact, team members 
from various disciplines used varying approaches. At best they are relative. In most 
instances, a value of 10 is given to the most desirable condition and a value of 0 to the 
most objectionable. The relative importance of specific effects in each case must be 
decided by interested, knowledgeable people in and out of highway departments. There 
will be differences in judgment. However, a close analytical scrutiny of each item does 
ensure that no important effect has been overlooked. Figure 7 shows the form devised 
for tabulating the 3 desirability ratings of an entire route for further calculations. 

There may be important or governing considerations that cannot be adequately treated 
in this procedure, such as building a freeway through Forest Lawn Memorial Park or 
over Niagara Falls, but these arc strictly prohibiting conditions. In other instanceR, 
highly undesirable el!ects can be minimized by :,p~dal Je;;igrns. 

RATING CALCULATION FORM C, ROUTE _ _ _ _ 

Section 

For Appearance Rating 

Length or Section 
as% or 

Roule lenglh 

Relallve Seclion 
Appearance 

Aeling 

Tolal Route Appearance Raling 

Sec lion 

Fot Soclologlcrnl Roling 

Length of Seclion 
es% of 

Roule Length 

Relallve Section 
Soclological 

Rating 

Total Roule Sociological Raling 

Seclion 

For NeighborhoutJ f:.cuuomic f-lalil\g 

Length of Seclion 
as % or 

Roule Length 

Relative Section 
Neighborhood 

Economic Rating 

Total Route Neighborhood Economic Rating 

Figure 7. Section and route summary. 

Lenglh 
Times 
Rating 

Lenglh 
Time:.. 
Raling 

Length 
Times 
Rating 

From the foregoing ratings the environ-
mental desirability of alternate route lo
cations and various designs on any one lo
cation are determined. The real objective 
is to somehow present all pertinent con
siderations in a rational, well-organized 
manner so that a logical solution that takes 
everything into acconnt r.:rn be made. 

Route Comparison 

There seems to be an opinion held by 
some individuals that desirability from an 
environmental approach and desirability 
from a benefit-cost approach cannot be 
reconciled into one analysis. However, 
these are all elements in the selection of 
a route, and they must of necessity all be 
considered in making an analysis and a 
decision. 

We have, therefore, devised a form for 
route comparioon (Fi~. 8). For lack of 
better or conventional term~, we dassilied 
all considerations under 3 headings: fixed 
value, monetary, and desirability. The 
3 fixed value considerations are admini
strative considerations that may or may 
not influence the selection or design. They 
are more apt to influence the decision as 
to whether any facility will be built. The 
monetary considerations are the usual en
gineering determinations for all highway 
projects and inc lude the benefit-cost ratio. 



When this fo,rm has been completed, the 
decision as to the best choice of route may 
be apparent. However, there maybe con
flicting opinions and interests , and further 
quantification in terms of a composite rat
ing may be desirable. For that, we de
veloped a desirability-cost ratio. 

Desirability-Cost Ratio 

Intangible considerations of alternate 
or associated items can be compared for 
study or for decision-making by having 
numerical values assigned to them and 
such numbers then combined into a single 
final number or index. For example, a 
particular highway project is selected 
from others for immediate programming 
on the basis of a priority index, which may 
represent alignment, pavement condition, 
traffic accidents, and other considera
tions . This index is a composite value de
rived from quantified considerations or 
conditions. Or ahighway location may be 
selected from several alternates on the 
basis of points assigned for the differ
ent desirable and undesirable features. 
These may include construction costs, 
service advantages , and predicted en-
vironmental consequences . 

These all involve quantification of an 

ROUTE COMPARISON FORM R 

Conslderallon1 

Flx.edValue Considerations: 

A- 1 Funds Available 

R- 2 Completion Dale 

R- 3 Legality 

Monetary Considerations: 

A- 4 Construction Cost 

A- 5 Annual Maintenance Cost 

A- 6 Annual Vehicle Operating Cost 

A- 7 Travel Time Cost 

R- B Accident Costs 

A- 9 Vehicle Mile Cost 

a-10 Benef it-Cast Ralio 

Deslrabllily Consldaratlons: 

R-11 Appearance Aeling 

R-12 Socfologlcal Rating 

R-13 Neighborhood Economic Rallng 

A-14 Institutions or Prohibitions 

Explanation: 

DNA = Does nol apply 

PC = Prohibitive consideralion 

DTM = Design to Minimize 

A 

DNA 
PC 

DTM 
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Allernate Routes 

B111• lc 
B Condillon 

DNA 
PC 

tlTM 

DNA 

Figure 8. Comparative route summary. 

assortment of elements and their manipulation into a final figure . They can be used 
only to the extent that the quantification and manipulation are accepted. They should 
be used only as a manipulation and organization of figures , for there is nothing sacred 
or infallible about the results of such a process. There is nothing authentic or author
itative about a written number, per se. 

Putting a dollar value on costs and benefits as used in a benefit-cost ratio does not 
necessarily make them more valid than if they are expressed as points. All devices of 
this nature used by the administrator, planner, economist , or statistician are subject 
to errors in estimating and forecasting and to fluctuations in concepts of costs and 
values. Any use of rating indexes or other intangible quantification is subject to the 
same errors of estimating and evaluating. 

The form shown in Figure 8 presents the information available to the highway admini
strator for making a selection or arriving at a decision. His success in using the in
formation for making the decision and having it accepted by his constituents will depend 
on how effectively he uses that information. We suggest a desire-cost ratio and a feas
ibility ratio (or selection number) as devices for using information and presenting it in 
an organized manner for comparison purposes, but not for exalting it above its original 
validity. If the information in Figure 8 does not in itself indicate a solution that is ac
ceptable, further manipulation of that information may be desirable. Such manipulation, 
however, does not give any additional enhancement or authority to the information. 

The desire-cost ratio is a numerical expression of the relationship between the rated 
desirabilities of proposed routes and their annual cost just as the benefit-cost ratio ex
presses the relationship between monetary benefits and cost. The cost consideration 
_in the desire-cost ratio is introduced because in the final route selection process we 
must answer the question, "How much are we willing to pay for desirability to get the 
enjoyment and the social benefits we want?" In many instances a single route may have 
different degrees of desirability , depending on design , whether depressed, elevated, or 
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at grade, and covering a wide range of costs . The relative desirability of a proposed 
route is expressed in the forms shown in Figures 7 and 8. The costs from the engi
neer's studies are shown in Figure 9. 

Figure 9 shows how estimated costs and desirability ratings are tabulated to compute 
a desire-cost ratio. The desire-cost ratio may be used as a comparison of alternate 
routes or treatment of the same route as a percentage of a common total cost figure. 
It should be emphasized that the D-C ratio has only relative significance and is limited 
to the specific routes being rated. It cannot be compared with the D-C values of other 
studies or applications. If a route has a very low desirability rating because of an in
stitution or other practically prohibitive situation, its rating could be raised and the 
objectionable aspects removed by more costly design and construction. Both changes
the greater desirability and the increased cost-would be reflected in a new D-C ratio. 
The D- C ratio is a management t ool, not a straitjacket. It has its limitations and pos
sibilities for improvement. It provides a s tarting place fot more detailed research in 
the decision-making process. 

Neither the benefit-cost ratio nor the desire-cost ratio by itself expresses a com
plete picture . Both must be considered. In so doing, we recognize all 3 important 
phases: costs, benefits, and social impact. If further comparison is desired, a weighted 
B- C ratio and a weighted D-C ratio can b0 combined by simple addition into one value 
(which we have labeled feasibility ratio) . In our illustrative calculations we have given 

FORM D DESIRE/COST RATIO 

1 u 
Route A HOUie Cl Route C Combined 

Rel, Numerical Percent- Numerical Percent- Numerical Percent- Numerical Percent-
Coals (In thousands} Wgl. Value age Value age Value age Value age 

1. Annual Construction xx 494 XXX 406 XXX XXX 900 XXX 

2. Annual Maintenance and 
Operation xx 25 XXX 21 XXX 5B XXX 104 XXX 

3. Totals xx 519 51.7 427 42.6 58 5.7 1004 100.0 

De9irl!lblllly Ratings 
4, Appearance 69 XXX 60 XXX 10 XXX 139 XXX 

5 Sociological BB XXX 70 XXX 90 XXX 24B XXX 

6, Neighborhood Economic 69 XXX 75 XXX so XXX 194 XXX 

7. Totals xx 220 38.9 205 35.3 150 25.8 581 100.0 

EL Desire/Cost Ratio xx JO<Y. .752 XXX ,828 XXX 4.526 XXX XXX 

9. D/C Ratio Welghled XXX .752 "" .828 XXX 4.526 Xl<JC XXX 

10. Benelil/ Cosl Aauo xx XXX 1.250 XXX 1.600 XXX 1.000 ... XXX 

11 . 8/C Ralio Wetghled nx 1.250 XXX 1,600 XXX 1.000 XXX JOCX 

12. Feasibillly Ratio .. XXX 2.002 ... 2,428 XXX 5.526 XXX XU 

Under costs, in Column 1, on lines 1 and 2, enter items to be considered equal significance in the 
the annual construction cost and the annual mainte- results. 
nance and operating costs for each of the routes as 
determined by the engineers, Route C will normally Under desirability ratings of Column l, lines 4 
be the basic condition or existing facility withuul and 6 inclusive, enter the d~sfrablliLy ratings 
capital investment or improvement, These costs are from Form R for each of the routes being consid
highway or street department costs and do not in- ered, multiplied by the respective weight factor 
elude user costs or savings by traffic, in Column 2. Lines 3 and 7 will show the numer-

ical totals for the three other values on each 
In Column 2, on lines 4, 5, and 6, enter the rela- line. In lines 3 and 7 the last box in each 
tive weight to be accorded to the Appearance Con- column shows what percentage the numerical route 
sideration, the Sociological Consideration, and the total is of the combined total, 
Neighborhood Economic Consideration, respectively. 

In Column 2, lines 9 and II, enter the relative 
weight to be accorded to the Desire/Cost Ratio and 
the Benefit/Cost Ratio respectively.These relative 
weights must be determined from the goals of the 
community and the objectives of the proposed high
way. 

For illustrative purposes in this report, a 
weight of "one 11 has been used which gives the 

For line 8 divide the percentage value of line 7 
by the percentage value of line 3 for each of 
the three routes. Thia is the Desire/Coat Ratio , 

Line 10 on Form D can be used for entering the 
B/C ratio and Line 12 for the sum, or combina
tion of B/C and D/C. Here, too, furthe study 
may be appropriate, 

Figure 9. Final route selection summary. 



25 

them equal weight. The feasibility ratio, obtained by adding arithmetically the desire
cost ratio and the benefit-cost ratio for any one of a set of alternate routes or designs, 
is the end product of the chain of calculations suggested by this study and will indicate 
which of the alternatives should be built. 

Throughout an evaluation of desirability there is always a question of weighting var
ious considerations. For example, the noise factor may be considered more important 
than the appearance factor, or the benefit-cost ratio may be more important than the 
desirability-cost ratio. These are matters of policy or of opinion and must be decided 
separately for each proposed project. Our proposed calculations allow for the use of 
weighting, but we do not suggest what weight multipliers to use. The significance of 
weighting factors in the final result is, however, often negligible or at least over
emphasized. 

SUMMARY 

The procedure we have outlined will (a) give a numerical expression of desirability 
and feasibility; (b) ensure a thorough consideration of all desirability features and pro
vide evidence of such considerations; and (c) invoke public involvement in the decision
making process because the evaluation of desirability requires public reaction, and 
this, of course, pays off in beneficial public relations that are reflected politically and 
during hearings. We hope also that this procedure will encourage further study of this 
kind of approach. Decision-making requires value judgment for which quantified input 
is required. 
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The Impacts of Highways 
on Environmental Values 
MARVIN MANHEIM, Massachusetts Institute of Technology, Cambridge 

ABRIDGMENT 

•THE National Cooperative Highway Research Program of the Highway Research Board 
was requested by the American Association of State Highway Officials to "develop 
a practicable method for evaluating the effects of different types of highways, and of 
various des:i.gn features , upon environmental values. " The research to develop this 
method is to be conducted in 2 phases. The objective of Pl1ase I is to design a research 
program to be conducted in the second phase. This is a summary of the conclusions 
reached in Phase 1 of thls NCHRP research project 8-8. The c.onclusions describe the 
objectives to be achieved and the research to be conducted in order to develop a practi
cable method for evaluating the e.u vironmental impacts of highways . 

The impacts of highways on environmental values are many and complex. The con
shw:llou uf a l1ie;l,w.1y in a. congested urbun uroa. constitutes a major pnhli~ intervention 
in the fabric of a city. Many different people and interests are affected by the highway, 
whose overall effect must be viewed as the total set of its effects on all groups. In order 
to rl:laCh a decision as to which of several possible highway alternatjveA ii:; most desir
able, the full spectrum of impacts of a highway must be weighed. The objective of an 
evaluation method is to be able to summarize all the community ,interests concerned in 
order to determine which alternative, if any, will result in the most desirable set of 
impacts. 

Evaluation must deal with seemingly incommensurable quantities such as construc
tion costs, loss of tax base 01· parkland, eftects of a highway on uelgliLud1uud stability, 
and displacements of families or jobs. Short-term impacts must be considered as well 
as long-term effects. Perhaps the most difficult issue of all is that evaluation must 
consider the balance between those groups who are affected negatively by a highway and 
those who benefit; evaluation must reconcile the differential impacts equitably. An eval
uation method must be responsive to the diverse needs and values of the different groups 
who will be impacted by a proposed highway. 

To be practicable, an evaluation method should be adaptable to different contexts, 
including variations in the significant issues about environmental values in different 
cities and variations in project scope and resources. The dynamics of the location pro
cess must be recognized. An evaluation method should be used not just once at the end 
of the process to choose between well-developed alternatives hut many times through
out the location and design process in order to influence what is done in that process. 
An evaluation method must consider all impacts, not only the quantifiable , and must 
explicitly consider the differential incldem:e uf impacts on various groupo. The method 
must strike an appropriate balance between surrogate approaches, i11 which the profes 
sional attempts to estimate the values that _people place on different impacts, and inter
active approaches, where people express their choices directly . 

Perhaps most important of all, the method must recognize that it is not possible to 
get a complete, consistent, operational set of values that represent the consensus of 
the community affected and can therefore be used for evaluation. lndiViduals do not 
know their own preferences in a complete, consistent form, and their values change 
over time. Although they cannot express their values in the abstract, they are able to 
choose J:>etween a small number of alternatives, and the act of making a choice helps 
them to clarjfy their values. Thus, an evaluation method should not assume the exis-
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tence of a measurable set of values but should be explicitly structured to help people 
to clarify their values in the context of making choices. 

There is a positive thrust possible for evaluation. An evaluation method should help 
to identify crucial trade-offs. From the viewpoint of equity evaluation should help iden
tify which groups are hurt and which are benefited. By identifying inequities and possi
ble conflicts, evaluation should stimulate the highway planners to search for imagina
tive designs that reduce the inequities and conflicts. By displaying feasible trade-offs, 
evaluation should provide a factual basis for negotiation among affected parties. Eval
uation should involve the people affected in the negotiation of an equitable program of 
action. In highway location particularly, the range of options for negotiation is broad
ened by the concepts of joint development, multiple use, and corridor planning. Eval
uation should incorporate these options and should assist in identifying the compensation 
appropriate where other options fail. 

The basic objective is to achieve an equitable, substantial agreement on a course of 
action. Evaluation should play a positive role in the location process by helping the 
groups affected to clarify their own values through displaying the alternatives and their 
impacts, by helping to identify crucial trade-offs, by stimulating the search for new 
alternatives, and by producing a ranking of the alternatives when necessary. To achieve 
this, the proposed evaluation method has 2 components: evaluation technique and eval
uation strategy. 

An impact matrix displays, for each alternative action, the impacts on each interest 
group. The evaluation technique consists of a set of operations that can be applied to 
the impact matrix. These operations are used to condense the information in the ma
trix in order for the location team to develop its perception of the issues. Particularly 
useful operations are analyses of the differences between actions, explorations of trade
offs, sensitivity analyses, and break-even or equivalence analyses. Linear scoring 
functions, cost-benefit analysis, and other standard but limited evaluation techniques 
are special cases of the more flexible evaluation technique proposed. The technique 
proposed is flexible in order to allow different approaches to be used at different points 
in the location process. It is not expected tl1at the evaluation technique will be used to 
produce a ranking directly. Rather, it will be used most often by the location team in 
a variety of ways in order to build up their understanding of the issues, which will then 
provide a basis for judgment about the ranking of the alternatives. 

The evaluation strategy is the broader process that develops the information on 
which the evaluation technique can operate. Evaluation strategy includes the develop
ment of alternatives, the identification of actors and the prediction of the impacts on 
them, the gathering of information about the values of the different actors, and the use 
of the evaluation technique to produce a ranking. The notion of evaluation strategy arises 
from a conception of the location process as consisting of 3 major types of activities. 

Location-design activities will develop tlle alternatives and predict their impacts, 
thus generating the impact matrix. Community interaction activities will generate pref
erence information, through interaction between location team members and all elements 
of the community, occasionally using information from the impact matrix. Location 
team strategy activities will use preference information and the impact matrix to ac
complish evaluation as needed, while also controlling the flow of resourc;es in the broader 
strategy of the location process. A 4-phase location strategy is suggested: initial sur
vey, issue analysis, design and negotiation, and ratification. 

A research program is described to develop the proposed evaluation method. The 
major activities to be conducted include case studies, development of the evaluation 
technique, information display techniques, community interaction techniques, check
lists, and location team strategy as first priority areas, and the development of impact 
prediction models and situational data as second priority areas. A field test will be 
conducted to assist in evaluating and refining the techniques. The results of the re
search will present the evaluation method in 3 manuals, incorporating the techniques 
and other material to be developed: an orientation manual, a manual on community 
interaction techniques, and a manual on location team strategy, including the evaluation 
technique. 



A Cost-Benefit Evaluation of 
Transportation Corridors 
MICHAEL A. GOLDBERG and TREVOR D. HEAVER, University of British 

Columbia, Vancouver 

The transportation corridor approach to planning transporta
tion is a mixture of 3 basic ideas: buying land early, buying 
more land than is needed for initial transportation facilities, 
and buying more land than will be needed for transportation 
alone. The land is held in a lower level of use than would 
otherwise develop so that transportation costs are reduced and 
efficient land use promoted. The relevant costs for cost
benefit analysis are the economic costs of acquiring and holding 
land. The main benefits are savings in costs. Indirect and 
intangible costs and benefits can be expected because of the 
impact of transportation on land use. The nature of costs and 
benefits and possible methods for measurement are described 
in the paper. A benefit-cost model is then described by which 
l.li,c, P.~l'itmtial queationo of how much land to b11y, Hml whfm, can 
be evaluated. The ma..ximum taogible net benefit from the 
corridor approach to transportation planning will be attained 
by buying land when the cost of delayed acquisition is rising 
more rapidly than the cost of early purchase. This simple 
relationship is the heart of the corridor concept. 

•THE CORRIDOR CONCEPT has been espoused by individuals and groups in a variety 
of forms as early as 75 years ago (1, 2). However, there are several unifying elements 
in all these ideas that can be cllstJ.lled to yield tht:1 c;uuc~vl. Two elements in pn.rticular 
run through the variants: (a) buying early (advance acquisition) and (b) buying more 
(more than short-run needs would dictate). These in turn imply a third element: (c) 
using the land for multiple purposes. 

These 3 elements can be seen as important parts of the early antecedents of current 
notions about corridors. There are 3 distinct areas of highway planning where these 
ideas have appeared with some regularity in the past. The first is the city beautifica
tion movement of the 1930's. The second is the multimodal transportation route that 
combines roads and rapid transit on the same right-of-way. Finally, the present em
phasis on scenic highways also illustrates the concept in another form. 

The multiple elements of the corridor concept and the complex ramifications of spe
ciiic corridor proposals have made it difficult to apply a general analytic framework to 
the evaluation of corridor proposals. The objective of this paper is to outline a general 
framework with which corridor proposals can be analyzed. The method suggested re
quires a standard application of cost-!J1:1udil analysis. In outlining nn analytic frame
work, the paper draws attention to the lack of empirical data so essential Io1· effective 
evaluation to be carried out. 

THE NATUilE OF TRANSPORTATION CORRIDORS COSTS 

The economic uses to which land may be applied are numerous and often competing; 
this is pal'licularly true in an urban or scmiurban environment. ConsP.q_uently, the use 

Paper sponsored by Committee on Socio-Economic Aspects of Highways and presented at the 49th Annual 
Meeting. 
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of land in transportation corridors is associated not only with development costs but 
also with substantial initial acquisition costs to take land out of other productive uses. 

Economic Costs 

The real or economic cost of using any piece of land in a transportation corridor is 
the loss of goods or services incurred by not having that land available for other uses. 
That is what economists call the opportunity cost of land (3, p. 16). This cost may or 
may not be the same as the price that has to be paid to acquire the land. 

Financial Costs 

The financial cost is simply the monetary outlay that is necessary to obtain the right 
to use land. These costs are easiest to substantiate and are most frequently provided 
in descriptions of transportation projects (1)-

Direct Costs 

Direct costs are those incurred in the acquisition and holding of property in a trans
portation corridor. Either economic or financial costs may fall in this category. 

Indirect Costs 

Indirect costs arise as a consequence of property being held as a transportation cor
ridor. The costs are not associated with the payments made for the corridor land but 
arise from phenomena that result in adjacent land. 

Intangible Costs 

Not all costs appropriate for the government to consider can be expressed in mon
etary terms. For example, noise and smoke pollution are real costs, but are not gen
erally stated in dollar terms. These are termed intangible costs (~, pp. 58-62). 

Tangible Costs 

Any cost that is initially expressed or that can be reasonably translated into a mon
etary cost may be referred to as a tangible cost. 

RELEVANT CORRIDOR COSTS 

When any assessment is made, only those costs and benefits that are incremental to 
the decision should be taken into account as relevant for the decision. Although obvious, 
this rule is frequently violated and must be stated explicity (6, p. 161). In relation to the 
corridor concept, it implies that the relevant costs to be considered are those of buying 
earlier than might otherwise be the case and buying more land than might otherwise be 
the case. To determine these relevant costs, we recommend that the present value of 
total costs of acquiring a corridor be compared with the present value of total costs of 
acquiring transportation routes later. (Forecasting and other problems of benefit-cost 
analysis are implicit, as indicated earlier.) 

Direct Costs 

Acquisition Cost-The financial costs of buying or expropriating land and improve
ments are conceptually clear and in practice can be readily estimated. They will re
flect not only the price paid but also associated professional costs for necessary ap
praisal and legal work. Additional costs, in the form of compensation to former 
occupants for displacement, are also likely to be incurred. Intuitively these costs may be 
expected to be closely related to the degree of urban development and, as a proxy measure, 
to population density. These expectations have been supported by analysis of right-of
way costs (4 ; 11, p. 110). Inordertoplace these and any other costs ona similar time 
basis, all costs and benefits will be discounted to a present value (6, pp. 158-159). Math
ematically the financial costs of right-of-way acquisition per mile may be expressed as 



30 

PW 
rowi 

[
(PL + PI) + PP + PC ] row. row. row. 

= m n m m f(xi) 
(1 + r) 

where 

PW 
rowi 

PL 
PI= 

(PL+ PI) row. 

pp 

PC 

1n 

row. m 

rowin 
1/(1 +r)n = 

f(xi) = 

present value of the cost of acquiring a unit of right-of-way for 
the i th mile; 
land value; 
value of improvements such as buildings; 
purchase price of right-of-way unit for the i th mile in year n; 

professional costs associated with acquisition of right-of-way 
unit for i th mile in year n; 
compensation costs associated with the acquisition of right-of
way unit for the i th mile in year n; 
present worth factor at discount rate r for year n; and 
a fw1ction expressing the relationship between right-of-way unit 
costs in a year and population density over the i th mi e. 

A right-of-way unit could be a measure of any appropriate size-for the example above, 
100 ft wide by 1 mile long. Total acquisition cost for the corridor is obtained by sum
ming aU mile units of right-of-way. 

The economic costs of right-of-way acquisition should measure the net present value 
of the goods or services that the land and improvements would otherwise have been used 
to produce. In a perfect market the price will t ellec t ) is 1·elurn as rue;u;ul"ed by in
vestors, so that it is often recommended that the economic cost be measured by the 
market value (;!_, p. 61). Because transportation routes generally have a significant ef
fect on property values, however, a problem arises (!, p. 82; ~. pp. 144-180· ~; 10). 
The relevant economic value of the property is the value under an alternate use and, 
therefore, the value if no transportation corridor exists. Therefore, if values in the 
area have been affected by the expectation that a transportation corridor is going to 
exist, the price is likely to be in excess of the economic cost. This problem is clearly 
dependent on the extent to which tho market has reflected the expectiition of a transport 
route development. A means for avoiding this problem is in fact to buy early-a basic 
part of the corridor concept. In addition to the economic value of the land and improve
ments, the economic costs should include outlays for professional service and compen
sation payments for movement expenses. 

Holdi11g Costs-A significant cost associated with buying early is the holding cost. 
This cost is made up of 3 components: lost taxes, capital costs, and maintenance costs. 

Lost taxes are not only a financial loss to government, but also a real economic cost. 
The wealth produced by land, currently or at a future time, must yield enough to cove·r 
not only the C.ORt of other resources used but also profits and taxes. The taxes, there
fore, are covered by a part of the wealth generated from the land under other uses. 
These taxes are not reflected positively in the price paid for the land, and so the taxes 
themselves may be used as a measure of this wealth. 

The capital cost or interest foregone on substantial sums invested in corridor prop
erty could soon become substantial. If 8 percent were thP. ::ippropriate opportunity cost 
of capital, the absolule value of interest foregone over a 9-year period would equal the 
original acquisition cost. 

Maintenance costs will be incurred although the level will depend on the nature of the 
property and the use to which it is put. 

Indirect Costs 

Indirect costs are those induced in adjacent areas or in the community at large, as 
distinct from those confined to the acquisition and holding of right-of-way. These in
direct costs are likely to be intangible. 
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The "Cost" of Government Intervention-The corridor concept implies a greater in
tervention of government within the property market. This cost could be one of the 
major obstacles that government might face when attempting to gain acceptance for the 
corridor concept. The political and legislative problems that are implicit will encour
age the minimum of government interference or participation in the land market even 
though excess condemnation may seem desirable to assist financing or bring about more 
efficient land use. 

Ecological Effects-Transportation corridor development is likely to have diverse 
ecological effects. The concept will allow the economic provision of more transport 
facilities than would otherwise be the case. However, wider bands of roadway and other 
rights-of-way will have more disrupting effects on drainage, local and microclimates, 
and, therefore, plant and animal life. 

Land Speculation-It seems likely that the corridor concept could encourage land 
speculation. This might not only be regarded as a cost (vice?) itself but would be as
sociated with economic costs. The effects of speculation can probably be minimized 
by modifying the basic corridor concept or by taking appropriate compatible action or 
by both. The corridor concept could be deliberately extended to encompass the acquisi
tion of land for later resale. This would diminish the expected return from private 
speculation and would have the added advantage of providing financial means at very low 
economic cost. The sale of adjacent land later is a good method for "taxing the better
ment" that results from the highway, i.e., transferring the windfall from private to pub
lic lands. The tax structure itself could be established to discourage speculation. Heavy 
reliance on the current market value of the land would likely achieve this. Because 
speculation arises out of uncertainty, information on the transportation plan (and as
sociated land use plan if applicable) could be made available as early as possible. This 
would result in a greater stability of land price and, if the plan announced at the early 
date is the desirable one, a more efficient land use system. 

METHODS FOR MONETIZING COSTS 

The costs of right-of-way acquisition for highways generally range from about 5 per
cent of total cost in rural areas to over 55 percent in urban areas (11, p. 94). The rela
tive level of acquisition cost can be expected to be low for transportation corridors be
cause of early purchase; nevertheless the interest holding cost is directly related and 
sensitive to the initial cost. The ability to express or estimate costs in monetary terms 
is largely dependent on the frequency with which monetary transfers have been made in 
the past. 

Direct Costs: Acquisition Costs 

The problem of estimating financial acquisition costs is one with which highway de
partments are familiar. The usual basis is the appraisal of market value, to which 
should be added professional costs and compensation payments. This method gives a 
good measure of financial costs to be incurred in the short term. 

Longer term estimates of acquisition cost, however, require that the expected nature 
and intensity of use be forecast before the market value can be estimated. Relating 
these characteristics to market value, as indicated by current patterns, needs to be 
placed within a standardized framework such as statistical analysis. Balkus and Srour 
(4) have indicated the reasonableness of regression analysis for relating costs to pop
ulation density in the estimation of acquisition and construction costs for limited-access 
highways in the Tri-State region. 

To estimate the economic costs of land acquisition requires a measure of the net 
present value of production foregone plus professional costs and compensation payments. 
It is reasonable to assume that the property market results in values reflecting the ex
pected present value. However, the appropriate land use on which this estimate has to 
be based is that without the corridor. Two checks may be made to ensure that recent 
market transactions have not reflected the anticipated future development of the cor
ridor. First, statistical comparison may be made of the recent property values in the 
area of the proposed corridor with those in the same area in the past and with those in 
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other areas of similar land use. Second, the plausibility of speculation concerning the 
corridor having affected values may be tested by finding out the views of residents and 
determining the interests of recent buyers of property. It also seems likely that some 
of the acquisition costs may not be expressable in monetary terms. For example, the 
social costs of family disruption would have to be dealt with as an intangible. 

Direct Costs: Holding Costs 

Lost Taxes-The estimate of taxes foregone requires a more explicit estimate of 
annual productivity without the corridor than is the case with purchase price. For the 
latter, market expectations and discounting establish the purchase price. However, 
the marketplace does not explicitly place a present value on taxes. The easiest and 
most reliable way to estimate the value of taxes foregone is to examine the returns 
from comparable land. Most likely expressing tax as a function of a forecast of pop
ulation density would be the most reliable method for estimating future taxes in urban 
and semiurban areas. 

Interest Charges-Considerable controversy surrounds the question of tl1e appropriate 
cost of capital in relation to government projects. 1f funds have been raised for a par
ticular project through the money market, then the appropriate cost of capital is known 
for financial evaluation. However, when funds are available from taxes, or when an 
economic rather than financial evaluation is being carried out, the appropriate cost of 
capital is more obscure. This cost is likely to be a critical one in transportation cor
ridor economics, yet it is perhaps one of the most difficult problems in the appraisal of 
public projects (12, pp. 94-104; 6, pp. 139-141, 160-161). The difficulty in the selection 
of tho appropri1o1.c;-cu:,;l uI 1.:a1Jilalh, I J,;.I no fin;inr.ial market rcflccto the coot of money 
to the government by taking into due account taxes, risk, and inflation. This is c.dtical 
to the corridor concept because after 10 years at 6 percent each dolla r of acquisition cost 
would be raised Lo $1. 79; at 10 percent, to $2.59; and at 12 percent, to $3.11. The alter
native methods and issues associated with measuring the opportunity cost (economic 
cost) of capital cannot be adequately dealt with within the framework of this paper. The 
cost, however, should exceed the government's borrowing rate, and in Canada currently 
the appropriate cost of capital would be at least 10 percent. 

Maintenance Costs-Maintenance costs, like purchase price, can be estimated on the 
basis of equivalent costs on government lands. The cost level to the govermnenL cuulu 
be affected significantly by any decision related to interim use. 

Indirect Costs 

Indirect costs are far more difficult to express in monetary terms than are direct costs. 
The effects are difficult to identify and measure, and most of the effects are intangible 
in nature. No attempt is made here to set out methods for monetizing these costs. 

SOME BENEFITS OF CORRIDOR ACQUISITION 

For purposes of exposition and simplicity, the multipurpose element of corridors 
will be subsumed under the other 2 elements: buying early and buying more. Accord
ingly, this section sets out some of the benefits accruing to the corridor concept by a 
discussion of those benefits that can be related to buying early and those that can be 
related to buying more. Obviously, some benefits accrue tu the Lulal concept and are 
not amenable to this dichotomy. Such benefits will be treated under buying early be
cause all of the benefits that accrue from buying early will accrue also to buying more 
and early. In addition, there will be some unique benefits that derive from buying more. 

Some Benefits of Buying Early 

Direct and Tangible-Tht! Iin;L and most heralded benefit is the saving in acquisition 
costs that results from the early acquisition of rights-of-way. This benefit derives 
from 2 sources. First, the land itself is cheaper, being acquired before significant 
urbanization has taken place. With land prices rising as rapidly as they have been in the 
recent past, this is a very appealing aspect of the corridor concept. A related saving is 
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the reduced cost in acquiring structures and other improvements, notably utilities. A 
second distinct saving results from reduced relocation and demolition costs. Again this 
follows from the acquisition being made before significant activities locate on the land. 

Direct and Intangible-Certainly one direct effect of corridors is more efficient rout
ing that results from the more careful planning of the corridor, its location, and early 
acquisition. The corridor can take the most efficient route without disrupting major 
urban complexes. Also, because the land has been purchased well in advance of actual 
use, much more efficient staging can be realized and more modern technology employed. 

Indirect and Tangible-We could not identify any easily measured indirect benefits. 
Indirect and Intangible-The first benefit that comes to mind is the induced effect 

that highway corridors have on surrounding land values and uses. Advance corridor 
acquisition enables the planner to integrate more thoroughly transportation and land. 
Advance acquisition also can lead to more rational use of adjacent land, particularly if 
planning is also carried out and announced well in advance of actual construction. Thus, 
economies of scale can be achieved particularly at planned interchanges and route in
tersections. Compact and efficient packages of land can be assembled and shopping 
centers and other service facilities located at these important points, again with econ
omies of scale. 

Some Benefits of Buying More 

In general terms buying more and buying early allows one to realize all of the bene
fits (both direct and indirect, tangible and intangible) listed but more so. Thus, if buying 
early represents a saving in acquisition costs, buying more allows greater savings. The 
same holds for savings in relocation costs, increased efficiency in routing and planning, 
and so on. There are benefits that accrue to buying more, and these are the subject of 
the following discussion. 

Direct and Tangible-These benefits are listed in the previous section. We could 
not identify any direct and tangible benefits that derive exclusively from buying more. 

Direct and Intangible-All direct and intangible benefits listed earlier should be in
cluded. However, there are other very significant benefits from buying more in addi
tion to those listed previously. The lesser of these is ensuring adequate capacity in 
the future. Such capacity might not be forthcoming under usual procedures of buying 
for current needs because future legal and political barriers might prevent or delay 
future acquisition of adequate rights-of-way. Problems of land assembly and inter
governmental relations could easily prevent future expansion of transportation facilities 
when they are needed. 

A more important and, as we see it, probably the most important feature of buying 
more and buying it early is the tremendous potential for closer coordination between 
land use and transportation planners. Here the dichotomy between direct and indirect 
benefits becomes quite artificial. Some benefits of environmental planning, such as 
better regional land use planning, are clearly indirect. Others, such as scenic high
ways, have both direct and indirect effects. Direct effects are those intangibles that 
directly impinge on the traveler who drives on such a road. However, much of the ap
preciation he derives is from vistas and elements well beyond the highway itself. Thus, 
he is experiencing an appreciation for the total environment that includes the road, its 
immediate landscaping and surroundings (the expanded right-of-way), and the environ -
mental setting that stretches off in 3 dimensions all about him. Utilizing the corridor 
in this broadened context allows for an integration of all the previous conceptions of the 
corridor. 

One final and very important aspect of buying more relates to the direct influence of 
such a policy on the land market. Speculation is known to follow construction of new 
highways into the rural fringes of urban areas. This speculation is particularly great 
near proposed interchanges. The existence of large quantities of excess land provides 
the planner with a very powerful tool. He always has the ability to dump the excess or 
threaten to dump it on the open market. Its greatest use is as a threat. Even once 
exercised, however, this power to dump land on the market can greatly influence the 
kind of development that takes place. Negative tools like zoning and building permits 
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have been only partially successful, and positive influence is of much greater impor
tance, particularly when carried out through the market mechanism and its outputprices. 

METHODS FOR MONETIZING BENEFITS 

No attempt is made here to set out methods for expressing intangible benefits in 
monetary terms. This is not to say that measurement of intangibles is an altogether 
impossible task. Undoubtedly, however, much of what is called intangible today will 
be measurable with relative ease in the future. The benefits set out here are direct 
and tangible. Passing mention is made of several indirect tangible benefits that will 
be measurable in the near future with the increased use of urban and regional simula
tion models. In the absence of such models, indirect benefits are largely immeasur
able. The direct benefits that can be measured with some degree of accuracy are those 
dealing with savings in land acquisition costs, relocation costs, and construction costs. 
These benefits are given here in simple mathematical form. Indirect effects that are 
of interest are the impact of the corridor on surrounding land use and value and the 
possibility for economies of scale resulting from better planned roads, shopping centers, 
and new towns. Some general remarks will serve to set the approach that must be 
taken in the future if these important effects are to be included in the planners' calcula
tions, but no estimation procedures are specified. 

Savings in Acquisition Cos ts 

The savings in acquisition costs will be 

;:;avm gs = discoumeci fmure acquisti on coi,,i. oi pruperi.y - [pre~eu c a.<; y_ui&iti0;-; 
cost + discounted holding costs ] 

Mathematically, this statement appears as 

[ 

pm ( N M r owN m 
= '°' m _ Pm + '°' LJ N row w m=l (1 + r) m n=l 

where 

SA= savings; 

Pm acquisition cost of the m th unit of right-of-way in year n; 
rowNm 

Pm = present acquisition cost of the m th unit of right-of-way; row 
r discount rate; 

M = number of right-of-way units purchased; 

= holding cost in year for them th unit of right-of-way; and 

number of years in the future that right-of-way parcel m will be 
acquired. 

Several important questions are raised by this formulation. First, what value is 
attached to r, the discount rate? This is a critical problem in all cost-benefit studies 
and is avoided here (6). Another important variable that has been dis cussed elsewhere 
in this study is the hoiding cost. This too is taken as given. 

The present purchase price is either given or rehitively easy to ascertain by simple 
methods of appraisal. Therefore, we shall assume that it also is available for this 
calculation. Attention focuses, therefore, on estimating the future purchase price n 
years into the future. Because the corridor concept entails considerably longer range 
planning than is presently practiced, choosing n as 20 or 25 years seems reasonable. 
Forecasting for even 5 years is an extremely hazardous task. Extending the forecasting 
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horizon to 20 or 25 years borders on the theological and metaphysical. However, there 
are techniques for longer range forecasting that at least incorporate the variables that 
we think are important in price determination. Given that the user of such longer range 
forecasts fully realizes the gross inaccuracy that must typify any such prognostication, 
it is useful to at least set out some formats for hazarding guesses of future purchase 
prices. 

The simplest way is to forecast some trend in prices based on past experience. Such 
a trend can easily be modified to take into account changes in density in the outlying 
area. This is exactly the technique used by Balkus and Srour (4). They relate acquisi
tion costs to density and establish a good relationship between fiie two. Traditional 
methods of appraisal are also useful for providing a rough idea of probable future sell
ing price. A good appraisal on these lines would draw heavily on the judgment and ex
pert knowledge of the resident appraiser. 

Notions about density are combined with the width of the right-of-way in the analysis 
of right-of-way costs by Meyer, Kain, and Wohl (11, pp. 210-Zll). Their formula for 
acquisition costs can easily be applied once estimates are provided of the width of the 
right-of-way and, more importantly, of the future density pattern of the area through 
which the corridor is to be constructed. This density pattern can be estimated, of 
course, by the use of existing simple trend and judgmental techniques. Simulation is 
a far better tool, however. Only through comprehensive models of urban development 
can a clear understanding of the urban region be derived. Such models are now little 
more than 6 years old, but progress has been rapid. Changes that have taken place are 
indicated in 2 papers by Lowry (13, 14), who designed the first simulation model in 1964. 
Since that time important theoretical questions have been faced, more powerful com
puters have been built, and more data have become available. Th modeling art is well 
on its way, and some definite modeling approaches appear to be evolving (15, pp. 363-
412; 16; 17). -

Savings in Relocation Costs 

Relocation cost savings can be set out in an analogous way to savings in purchase 
price: 

Savings 
1 

= discounted future relocation costs - present relocation costs re oc 

In mathematical notation, we have 

where 

8reloc 

RCm 
Nm 

= savings in relocation costs resulting from buying the M parcels at the 
present instead of at future times Nm; 
relocation costs of parcel m purchased at Nm; 

RCm = relocation costs of parcel m purchased at present; 
m = parcel subscript; and 

Nm time subscript denoting probable future purchase time of parcel m. 

Relocation cost estimates for the future are probably even harder to come by than 
cost estimates for land. Using judgment, however, we can get some idea of the future 
density and then relate the density to present experience on density and relocation 
costs. These costs can also be derived by the use of the more detailed and expensive 
technique of simulation. 
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Savings in Demolition Costs 

The procedure for demolition cost savings is identical to those set out earlier: 

Savings d 1 = discounted future demolition costs - present demolition costs emo 

Using the previous notation, we get 

where 

Sdemol 

DCm 
Nm 

DCm 
m 

N m 

s = demol 
M [ DC: ] I: m - ocm 

m=l (1 + r)Nm 

savings in demolition costs resulting from purchase of M parcels at the 
present instead of at future times Nm; 
demolition costs of parcel m purchased at time Nm; 

demolition costs of parcel m purchased at present; 
parcel subscript; and 
time subscript denoting probable future purchase time of parcel m. 

Once ag-a.ln we have thtt pl·ulJlt1m uI ttwllmallug tlemulllluu cu::;l:s. Wayi:; ;in;ilf,e-011~ to 
those set out previously surely will suffice. Thus, historical information on demolition 
costs per mile of right-of-way of a given type (urban, suburban, or rural) can be com
bined with judgment as to the expected character oI the land in Lhe future and its prob
able density of development. Of course, more elaborate and complete simulation tech
niques would be applicable as before. 

The total direct benefit therefore is 

l::i = S +S +S total land rcloc dcmol 

For all intents and purposes, these will be the only measurable benefits. 

A BENEF1T-COST MODEL FOR CORRIDORS 

By the nature of the corridor concept, the calculation of benefits implies the benefit
cost model because the benefits are stated in terms of the savings accruing from buying 
more and buying it early. A comparison between early and later purchase is implied 
by this sort of benefit. 

Although the corridor concept carries with it notions of nel benefits, it does not imply 
how these net benefits are calculated. The net benefits have been calculated by discount
ing the various costs back to the present. These net benefits are really net present 
value calculations (NPV) (18). This is certainly to be counted as a strength of the cor
ridor concept because the net present value method is by far the most widely accepted 
AP.IP.r:tion criterion. 

All of these calculations, however, have ignored the question of how early one should 
buy and how much. These were taken as given for the net benefit calculations, along 
with other basics such as the route and accurate forecasts of costs. This question of 
how early is really the crucial one. The question of how much is much less difficult 
to answer. It can be answered by comparing alternate projects with different right-of
way widths. Changes in the quantity of land will affect the optimal timing of the pur
chase but will not affect the method of selecting the optimal time to buy. 

Figure 1 shows the 2 relevant curves that are really the foundation for the previous 
analyses of costs and benefits. The less steeply sloped curve, A-H, represents early 
purchase cost plus aggregate holding costs: interest charges, taxes foregone, and main
tenance costs. The more steeply sloped curve, A-P, represents the cost of the same 
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land (quantity and location are the same as in the previous curve) over time and shows 
how property increases sharply in value after some urban encroachment has begun on 
the rural land market. The cost curves include demolition and development costs. 

Assume that initial purchase is made at point A. After that, holding costs add to the 
initial cost of property to yield an upward sloping exponential growth curve of modest 
growth rates. In the meantime the land increases relatively slowly in value, as urban
ization is still some time off in the future. Thus, initially, holding costs increase more 
rapidly than the cost of property acquisition, i.e., than a later purchase would have cost. 
Point B, on the other hand, demonstrates that if the land is going to be used after this 
time, tB, then it does pay to purchase it as early as tA. However, we still find that be
tween tA and tB we have been paying holding costs that tend to reduce the net savings 
accruing from buying early. Clearly, buying at time tA is a bit premature. Buying 
after tB is too late; i.e., it costs more than if we did buy at tA. The question is, then, 
What is the optimum time to buy so that holding costs can be minimized and net bene
fits maximized? We are really asking, How much in advance of urbanization should the 
purchase be made? 

The solution to this problem is very straightforward and is a direct application of 
the methods of microeconomic theory (19, pp. 42-84). Form 2 functions correspond-
ing to each of the 2 curves, -

Ce = f (taxes, opportunity cost, maintenance costs, time) 

because all of these costs are given in advance-the only variable is time-and 

(1) 

(1 I) 
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Thus, Ce, cost of buying early, is a function of time ~uch that 

dC 
__ e > 0 

dt 

The cost of buying later, Ct, is simply given by the property acquisition cost curve, 

C,i = g (t) 

such that 

dC,i > O 
dt 

What we want to do is maximize the difference, B, between Ce and C,i: 

B = Ce - C,t, 

B = f (t) - g (t) 

We maximize B by taking the first derivative of B with respect tot and setting it to 
zero and then solvin~: 

or 

dB 
dt 

dCt 
--- 0 

dt 

dt ell 

(2) 

(3) 

Thus, B is maximized, or minimized, where the slopes of the 2 curves are the same, 
To ensure that this point is a maximum requires that the second derivative of the B 

with respect to t must be negative. This implies that 

dt2 

For this expression to be negative, we must have 

In words, this says that a maximum will be attained at that point if the acqui sition cos t 
curve is rising more rapidly (more steeply sloped) than the early-purchase cost cm·ve. 
It is this simple relationship thal is really at the hear t of the corridor concept, and 
unless this relationship holds there is no financial sense in buying early. This does 
not mean of course that there are not a sufficient number of very significant intangible 
and indirect effects that may still make the corridor concept worthwhile as a tool for 
comprehensive planning. It is our feeling that this will be the case, because the con
cept is such a potentially powerful tool for planning urban environments. 
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FURTHER RESEARCH 

Data Base 

To test the economics of a transportation corridor requires that considerable data 
be available. For the effective and extensive implementation of the corridor concept, 
a data bank must be developed. It is very important that general explanations of prop
erty value be developed; population density appears to be the most significant variable. 
This information should be in such form that it can be combined readily with forecasts 
of population distribution and density so that critical times for land acquisition may be 
estimated. An inventory of studies into other cost components should also be estab
lished-for example, the level of taxes paid according to land use and land value and the 
level of maintenance costs for different types of public land. 

Analytical Techniques 

Research also needs to be carried out to improve the adequacy of analytical tech
niques. For example, in benefit-cost analysis the appropriate cost of capital is an un
resolved issue. The evaluation of benefits, other than cost savings, also requires that 
far more be known about the relationship between transportation and land use and that 
methods be developed for forecasting the results of the interrelationship between them. 

Methods for Minimizing Costs 

An infinite number of design variables are possible in implementing the corridor 
concept. Some of the alternative approaches can be used to minimize the level of hold
ing costs and make the corridor concept more attractive. Clearly, holding land in fee 
simple but without economic use is the most expensive way of holding land. Controlled 
economic uses of the land may be achieved in various ways-for example, by leasing or 
easements. Alternatively, the level of development on land to be acquired later or on 
land to be adjacent to the transportation routes could be controlled by zoning, official 
maps, and setbacks. If these methods are used in combination, acquisition and hold
ing costs may be kept down while the benefits are enhanced. 
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Community Attitudes Toward Freeway Planning: 
A Study of California's Planning Procedures 
BRUCE BISHOP, CLARKSON H. OGLESBY, and GENE E. WILLEKE, 

Department of Civil Engineering, stanford University 

This paper examines the present methods of the California 
Division of Highways for planning freeway locations. A mail 
survey of the attitudes of local government officials and citi
zens was conducted. The results indicated that the Division's 
procedures need some improvements, although they are gen
erally accepted. A number of planning approaches were ex
amined in a search for ways in which procedures might be 
altered. The survey was used to evaluate possible modification 
of the present procedures. A coordinator-catalyst approach 
seemed most appropriate. The findings of the survey show 
that the decision-making process can be improved by getting 
local communities involved early in the planning process. To 
be effective, this approach must accomplish 3 major objectives: 
(a) have the communities participate in establishing planning 
procedures; (b) get the communities to define their goals; and 
(c) develop freeway plans that will augment other efforts to 
reach community goals. This approach can be expedited by 
maintaining continuous contact with communities in order to 
foresee when freeways are needed and, when a freeway study is 
made, doing the socioeconomic study early in the planning pro
cess. Development of broader community participation has the 
following implications for the Division: (a) development of edu
cational and research programs to give personnel a broader 
view of community problems; (b) development of continuous in
terchange with local communities; and (c) assignment and edu
cation of personnel to carry out the function of the planner as a 
coordinator and catalyst to develop community consensus. 

•THIS PAPER EXAMINES the attitudes of local government officials and citizens to
ward present methods of the California Division of Highways for planning freeway loca
tions. It also looks to changes that might help the Division get better local involvement 
in the freeway location process. The paper first outlines the present procedures for 
freeway planning used by the California Division of Highways. Attitudes of local public 
officials and citizens toward the Division and its procedures are then evaluated on the 
basis of a mail survey conducted among samples of local government officials and staff 
and of citizens in a community where a freeway study was recently completed. A num
ber of alternative planning approaches or strategies are outlined, and modifications to 
the present planning procedures are suggested. The survey was also used to evaluate 
local community attitudes toward proposed modifications in the planning procedure. 
The findings support the proposed changes. Finally, further implications of implement
ing the proposed changes to the planning process are also discussed. 

Paper sponsored by Committee on Socio-Economic Aspects of Highways and presented at the 49th Annual 
Meeting. 
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Figure 1. California's present route location planning procedure . 

. FH..t:SEN'i' .P.H.0CEDURE FOB. FREEWAY PLANNING 

The present route location planning procedure of the California Division of Highways 
is shown in Figure 1. On the ordinate are represented the major participants at the 
local level, within the Division of Highways, and on the California Highway Commis
sion, composed of 7 members appointed by the governor with the responsibility for 
making the final route selection. The abscissa represents the development of the pro
cedure through time. Any activity of the Bureau of Public Roads on federal-aid projects 
is considered to be a Division of Highways function. 

At the beginning of the route studies, local legislators, appropriate local governing 
groups, and affected local, state, and federal departments are given written notice of 
the studies. Following this, local officials and their technical staffs are invited to a 
preliminary meeting to receive information about the studies and to offer comments and 
information to the Division of Highways. During the planning study, the Division of 
Highways holds frequent meetings with local groups to coordinate and exchange informa
tion, correlate freeway route planning with local planning, and resolve possible points 
of conflict. The route location alternatives that have been developed are presented to 
the public through displays and informational meetings in the local communities at the 
conclusion of the studies. Public hearings are then conducted by the state and on re
quest by the California Highway Commission, after which the Highway Commission 
makes a final decision. 

The major points in these planning procedures to note are (a) the study usually gen
erates several alternative locations from which the Highway Commission must select 
one; (b) the contacts of the Division of Highways are largely with the technical sla.Ifs uf 
the community until public information meetings and public hearings are held; (c) the 
economic data report, or community impact report, is generally completed very late in 
the planning process; and (d) no formal commitments or agreements are made with the 
community until after the route adoption. 

AN EVALUATION OF THE PRESENT PROCEDURES 

A Survey of Community Officials and Citizens 

The findings of a mail survey were used to evaluate attitudes toward the Division of High
ways and its present planning methods and to assess the direction of possible changes 
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TABLE 1 

RESPONSE OF COMMUNITY GROUPS REGARDING THEIR PARTICIPATION 
IN FREEWAY PLANNING ACTIVITIES 

Response (percent) 

Attended Attended 
Community Group Number 

Signed Attended 
Com- Division 

Public of Petitions Hearings munity Highways Meetings 
Meetings 

Community ollicials and staff 164 0 68 40 79 
Citizens 147 22 19 7 6 

Affected by adopted route 56 20 20 9 5 
Affected by proposed route 45 36 36 13 13 
Not affected by route 46 13 2 0 0 

in the present procedures and community acceptance of them. The survey was con
ducted in 2 parts during April, May, and July, 1969. The first included a sample of 
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164 community officials and professional staff including mayors, city councilmen, city 
managers, directors of public works or city engineers, and planning directors or city 
planners. The sample included all the communities in the 2 major urban areas of 
California-San Francisco-Oakland and Los Angeles-Orange County-where freeway 
studies were currently being or had been conducted in the 3 years from 1965 to 1968. 
The second part included a sample of 147 citizens from 4 communities in an area of 
s outhern California where a fr eeway study was recently completed and a route s elected. 
The s ample included 3 groups of citizens: (a) t hose living within 1/.i mile on either 
side of t he adopted r oute, (b ) those living within 1/,i_ mile on either side of other 
proposed routes, and (c) those living over 1 mile from any routes and therefore 
not directly affected. 

Knowledge of and Participation in Planning Studies 

Of the respondents, 97 percent of the community officials and 86 percent of the citi
zens were aware that freeway studies were being or had been made in their communi
ties. Among the community officials, 71 percent knew of the studies because of their 
positions of responsibility in the communities, and 54 percent of them had been con
tacted or notified by the Division of Highways. Only 15 percent indicated that they 
learned of the studies through other means, such as the news media or word of mouth. 
On the other hand, 82 percent of the citizens who knew of the studies became aware of 
them through the news media, and 43 percent indicated that they had heard by word of 
mouth. One respondent indicated he had been contacted by the Division of Highways. 

Although a very high percentage of the respondents were aware of the freeway plan
ning studies, a much smaller number of them actually participated in the activities 
associated with the studies (Table 1). Apparently, those citizens whose properties are 
directly affected by the proposed freeway are much more likely to take an active part 
in planning activities than those whose properties are not affected. Fewer organized 
and active homeowner groups were along the adopted route than on the proposed route. 
This is reflected by the higher levels of participation among those on proposed routes. 
Practically all of the citizen activity took place during the period of public hearings, 
and virtually none of it occurred during the study period. 

Attitudes Toward the Division of Highways and 
Present Planning Methods 

The attitudes of community officials and citizens toward the Division of Highways 
and its present planning procedure are not as negative as many might assume on the 
basis of the publicized controversies over freeway location. A majority of all groups 
of respondents believe the Division has the capability to adequately study and plan 



44 

TABLE 2 

RESPONSE OF COMMUNITY GROUPS REGARDING DIVISION OF HIGHWAYS 
CAPABILITY TO ADEQUATELY STUDY AND PLAN FREEWAY LOCATIONS 

Response (percent) 

Community Group Number Has Does Not No 
Capability Have 

Response Capability 

Community officials and staff 
Mayors and councilmen 49 76 22 2 
City managers 32 78 19 3 
City engineers 47 83 13 4 
City planners 27 63 37 0 

Citizens 
Affected by adopted route 56 50 46 4 
Affected by proposed routes 45 71 27 2 
Not affected by routes 46 72 24 4 

freeway locations (Table 2). In fact, over 70 percent of all groups except the city 
planners, 63 percent, and citizens affected by the adopted route, 50 pe1·cent, thought the 
Division to be capable. The response of planners may be partly attributable to profes
sional bias, and that of the citizens, to having been adverselyaffectedbythefinaldecision. 

Just as important as attitudes toward the capability of the Division are the feelings of 
community officials and citizens as to whether or not the Division considers their view
points and is responsible to suggestions and criticism. Of community officials and staff 
who w1tlel' !Jl"l::!St:ml procedures ru:e most frequently in touch with the Division. durin~ Lhtt 
planning period, 78percent find the Division considerate of community viewpoint and 82 
percent find it responsive to their suggestions and comments (Tables 3 and 4). Citizens 
affected by proposed routes not selected or by no route also shared this view, although 
by a somewhat smaller percentage. On the other hand, the predominant feeling among 
those citizens affected by the adopted route was the opposite. They indicated that the 
Division was neither considerate of their views nor responsive to their suggestions. 

TABLE 3 

RESPONSE OF COMMUNITY GROUPS REGARDING DIVISION OF HIGHWAYS 
CONSIDERATION OF COMMUNITY OR INDIVIDUAL VIEWPOINTS 

Response (percent) 

Community Group Number Does Does Not No 
Consider Consider Response 

Community officials and staff 164 78 20 2 
Citizens 

Affected by adopted route 56 311 61 2 
Affected by proposed routes 45 64 33 2 
Not affected by routes 46 70 26 4 

TABLE 4 

RESPONSE OF COMMUNITY GROUPS REGARDING DIVISION OF HIGHWAYS 
RESPONSIVENESS TO SUGGESTIONS AND CRITICISM 

RP,pnnsP (r,PrePnt) 

Community Group Number Is ls Not No 
Responsive Responsive Opinion 

Community officials and staff 164 82 14 2 
Citizens 

Affected by adopted route 56 34 43 21 
Affected by proposed routes 45 62 20 18 
Not affected by routes 46 59 15 26 



TABLE 5 

RESPONSE OF COMMUNITY GROUPS REGARDING WHETHER DIVISION OF 
lllGHWAYS SUPPLIES ADEQUATE INFORMATION ON ROUTE STUDIES 

Response (percent) 

Community Group Number 
Too Not 

Much Enough Enough 

Community officials and staff 
Mayor s and councilmen 49 0 63 33 
City managers 32 0 63 31 
City engineers 47 4 68 21 
City planners 27 0 52 48 

Citizens 147 2 23 53 
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Do Not 
Know 

4 
6 
6 
0 

21 

Because the attitudes of citizens unaffected by the adopted route agree closely, it seems 
reasonable to conclude that the attitude of citizens living on the adopted route is pri
marily a reaction to the adverse effect of the final decision on them as individuals. 

Even though these statistics are generally favorable to the Division, a large group, 
20 percent of the community officials and 30 to 40 percent of the citizens, hold the op
posite view, and this argues for planning approaches allowing greater community in
volvement. This is also bm·ne out i.Jt the r esponses to questions as to whether the Di
vision supplies enough information about the studies and whether this information re
ports on community impact. These responses are given in Table 5 and Table 6. About 
half of the city planners felt that insufficient information was supplied, and about a third 
of the other community officials and staff agreed. The answers of the various citizen 
groups did not differ on this point; over half felt that there was not enough information, 
and nearly an additional fourth did not know. The proportion of community officials who 
knew of any community impact report varied from the city managers at 78 percent to 
the planners at 41 percent. Thirty-six percent of the citizens indicated they knew of 
such reports. These figures suggest that there are gaps in the information from the 
Division, part of which may be caused by the procedures followed in working with com
munity groups during the planning period. 

The question of who should have the primary responsibility for freeway planning was 
presented from 2 angles, professional responsibility and organizational responsibility. 
From the standpoint of primary professional responsibility, the engineers and planners 
strongly support their own professional groups (Table 7). Elected officials and man
agers support planners by an average of 3 to 2 over engineers, and the citizens are about 
evenly split between the two. 

In terms of organizational responsibility, with the exception of the city planners, 
more than half of the respondents among all community groups support the Division of 
Highways (Table 8). The largest support was from engineers (68 percent), followed by 
elected officials (51 percent), city managers (50 percent), and citi~ens (46 percent). By 
comparison 63 percent of the planners and about 30 percent of the elected officials and 
managers favored city and county control. Of the citizens, 22 percent favored city and 
county and 27 percent consultants. 

TABLE 6 

RESPONSE OF COMMUNITY GROUPS REGARDING WHETHER DIVISION 
OF HIGHWAYS PREPARES A REPORT OF THE 

FREEWAY'S COMMUNITY IMPACT 

Response (percent) 

Community Group Number Do Not Yes No Know 

Community officials and staff 
Mayors and councilmen 49 53 20 27 
City managers 32 78 13 9 
City engineers 47 66 15 19 
City planners 27 41 26 33 

Citizens 147 36 3 59 
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TABLE 7 

RESPONSE OF COMMUNITY GROUPS REGARDING PROFESSION THAT SHOULD HAVE PRIMARY 
RESPONSIBILITY FOR FREEWAY PLANNING 

Response (percent) 

Community Group Number Social 
Scientists, Multi- No Engineers Planners Econo- Architects 

Response Response 
mists 

Community officials and staff 
Mayors and councilmen 49 31 53 0 0 8 8 
City managers 32 19 66 0 0 13 3 
City engineers 47 68 17 2 0 9 4 
City planners 27 11 85 4 0 0 0 

Citizens 147 41 41 8 3 3 4 

These responses have 2 general implications for the present planning procedures of 
the Division. First, although the Division is accepted by a majority of the respondents 
as the best organization to conduct planning studies, local communities have a continu
ing desire for greater participation and control. Second, the community impact and 
planning aspects of studies should receive greater emphasis. This further suggests 
that the outlook of engineers should be broadened to include community planning, and 
possibly more planners should be added to the Division of Highways staff. 

PLANNING STRATEGIES: THE APPR.OAr.HF.8 'T'O PLANNING 

Planning strategy, in the context of this report, is the method of approach to those 
concerned about or affected by a proposed freeway. These include governmental agen
cies, individual public officials, and private groups and individuals . Strategy is a pro
cedure, established in advance, that determines how, when, and to what depth various 
parties will participate in the planning, evaluation, and decisions. It is not, in any way, 
an attempt to deceive or to bypass or to circumvent legitimate interests. 

It is helpful to look at planning strategies first in an abstract way in order to identify 
the pr esent approa r.h of thP. Divi si on of Highways and to poi.nt up the direction of possible 
changes. Six feasible planning strategies have been adapted from Bolan' s (1) studies of 
planning . They are shown in Figures 2 through 7. -

1. Stx-ategy of Information (Fig. 2). In using a s trategy of information, the highway 
planner controls and conducts the study and only contacts community groups to pr esent 
findings or gather information or data. 

2. Infor mation With F eedba ck (Fig. 3). In the strategy of information with feedback, 
the highway planner cont rols the studies . He develops alternatives and makes planning 
decisions. Alternatives are presented to community officials and staff and other public 
groups during the studies. Comment and feedback are obtained. Proposed plans may 
or may not be adjusted based on these inputs. 

TABLE 8 

RESPONSE OF COMMUNITY GROUPS REGARDING ORGANIZATION 
THAT SHOULD HAVE PRIMARY RESPONSIBILITY FOR FREEWAY PLANNING 

Response (percent) 

Community Group Number Division of Cities and Multi-
Highways Counties Consultants Response 

Community officials and staff 
Mayors and councilmen 49 51 27 10 2 
City manager s 32 50 38 6 3 
City engineers 47 68 17 6 4 
City planners 27 26 63 7 0 

Citizens 147 46 22 27 2 

No 
Response 

10 
3 
4 
4 
3 
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3. The Coordinator (Fig. 4). Acting as a coordinator, the planner places himself 
in contact with the important elements of the local communities, assesses their objec
tives, tests alternatives as they develop, and receives feedback. Interaction among dif
ferent community interests is not encouraged. A possible way to implement this ap
proach is for the Division of Highways to establish a field office in the local area where 
local officials or citizens could come with questions, suggestions, and information. 

4. The Coordinator-Catalyst (Fig. 5). As a coordinator and catalyst, the highway 
planner promotes participation in the planning studies. The affected parties confront 
and interact with one another. Under this strategy, highway planners of the Division of 
Highways would supply methodological and technical skills and serve to synthesize ob-

ALTERNATIVES 
AND 

INFORMATION 

Figure 2. Strategy of information . 

Figure 4. The coordinator. 

IU!IIWIVC 
PLANS 

Figure 6. Community advocacy planning. 

COALS 

DIACNO~S 

Figure 3. Information with feedback. 

Figure 5. The coordinator-catalyst. 

Figure 7. Arbitrative planning. 
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jectives, coordinate interests, and work out compromises in areas of conflict. The ve
hicle for such a planning approach might be a workshop group composed of representa
tives of the community such as elected officials, city planning and engineering staff 
members, and representatives of business, commercial, and industrial establishments, 
school districts, and homeowner groups . The Division would provide the engineering 
services and technical expertise. 

5. Community Advocacy Planning-The Ombudsman (Fig. 6). As an advocate, the 
ombudsman, a specially appointed expert, works dir ectly with highway planners on be
half of community groups. The affected parties supply him with data and information 
and inform him of their desires and preferences. He represents these views in work
ing with the planner of the Division to develop alternatives. 

6. Arbitrative P lanning-A Hear ing Officer (Fig. 7). This strategy places an inde
pendent hearing offi cer between t he highway planner and community groups to act as an 
arbitrator. He comes to the community at important stages during the planning period
for example, at initiation of studies when study alternatives are being developed. In 
each instance, the Division presents its current proposals, and groups in the community 
present criticism, suggestions, or other alternatives. The hearing officer evaluates 
the testimony and recommends appropriate changes in the studies. Possibly he would 
make the final choice among alternatives. 

SUGGESTED MODIFICATIONS TO PLANNING PROCEDURES 

The present procedure of the Division of Highways as shown in Figure 1 is more 
nearly like the strategy of information with feedback than any of the other planning strat
egies. However, this approach could easily become simply a strategy of information if 
Division representatives do not promote open exchanges of pertinent information and 
seriously consider suggestions. The data given in Tables 5 and 6 indicate that local 
representatives feel that this has sometimes been the case. The point is that these 
strategies worked well when local communities were anxious to have freeways and when 
recognition of protei:ili:i from cel'tain local individuals or groups would at most require 
location or design modifications. Currently, however, the situation is far different. 
Many powerful local interests may not want freeways at all. And, although the state 
legislature has directed the Division of Highways to construct a designated freeway sys
lem, iL has g1·a.11ted local authorities a strong voice and in some cases full veto power 
not only over freeway location decisions but also over the decision as to whether or not 
to build the freeway at all. This probably forces the Division of Highways into the role 
of the coordinator-catalyst. If so, it seems logical to adapt the planning process to fit 
this reality. 

Proposed Changes 

At least 4 major adjustments need to be made if the planning procedures in the Divi
sion of Highways are to fit the coordinator-catalyst strategy. Actually, some of them 
are now being carried out infor mally by the Division. These modifications, shown in 
Figure 8, are as follows: 

1. Com munity Pl anning Liaison . The community planning liaison provides continu
ous contact and coordinati on among the Division and all local comm1mities, whether or 
not a new freeway is soon contemplated. The objective is to keep informed on the plan
ning objectives of each community and of the transportation needs and requirements 
indicated by present and future traffic projections. These periodic reviews would de
termine if and when a location study is appropriate. 

2. Process Legitimization. The purpose of process legitimization is to get positive 
involvement on the part of local communities in establishing a planning procedure and 
then working within its framework. This includei:i (a) identifying the participants ; (b) 
determining the planning strategy, i.e ., the ways the s tudy will be made such as or ga
nization and involvement of participants; (c) establishing the study limits, particular ly 
in choosing b eginning and terminal points; and (d) developing the initial goals and ob
jectives of the study. In other words, the planning strategy is carefully thought out and 
agreed to by all. 
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3. Community Socioeconomic and Impact Studies. The aim of the community eco
nomic and impact study, as a part of the process of legitimization and early planning, 
is to stimulate the community to define its goals, both short- and long-range, and to have 
an understanding of what must be done to meet transportation needs in conjunction with 
other community objectives. For this type of study to be of any value, it must be done 
early in the planning process rather than very late or not at all as is the present prac
tice. To accomplish this requires continuous contact with the community as recom
mended in the first modification. This practice will result in the Division of Highways 
having the role of partner in community development rather than playing the villain who 
is going to tear the community apart. Freeways should be considered in context with 
other possible transportation alternatives for the community, and attention should be 
focused on the positive as well as the negative effects of freeways or other alternative 
plans. 

4. Planning Workshops. The planning workshop, described as a way of implement 
ing the strategy of the coordinator-catalyst, is basically a method for getting community 
leaders involved in planning that is tailored to their communities. The expected result 
is greater coordination and resolution of conflicts, because all groups must confront not 
only the Division of Highways but also one another with their goals and problems. 

Implications of Proposals 

The proposed modifications of the planning procedures have further implications with 
respect to the operations of the Division of Highways. First, the Division of Highways 
must assume a broad role in appraising current community planning and participating in 
community transportation and traffic studies and other aspects of community planning. 
Second, these approaches require that an engineer have more orientation toward com
munity planning and toward the human factors involved in dealing with people as indi
viduals and in groups. This suggests a careful selection of planning personnel and pro
grams of in-service education. 

COMMUNITY ATTITUDES TOWARD THE PROPOSED MODIFICATIONS 

The results of the mail survey were also used to assess the attitudes of community 
officials, staffs, and citizens toward the kinds of procedures that could be used in struc
turing the planning process. These include the ways in which planning studies might be 
initiated, the strategy to follow during the planning period, and the way in which the final 
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TABLE 9 

RESPONSE OF COMMUNITY GROUPS REGARDING 
COMMUNITY RESPONSIBILITY AND PARTICIPATION IN PLANNING STUDIES 

Manner of Participation 

Parllclpate actively in planning studies 
Mnke statements of community goals and objectives 

to Division or Highways 
Cooperate with Division ol Highways when requested 
Wait and r espond only when proposa.ls are made 
None at all 

Percent of 
Community 
Officials 
and Staff 

53 

12 
3 
2 
1 

Percent of 
Citizens 

52 

29 
5 
4 
0 

decision should be made. For each of these aspects of the planning process, the respon
dents were asked to rank a number of approaches and institutional arrangements in the 
order of their preferences. 

Table 9 gives the attitude of community groups toward the manner in which they should 
participate in planning studies. Of most significance is that 81 percent of the community 
officials and staff and 61 percent of the citizens indicated that the community ought to 
participate actively in the study. This is contrasted to only 6 percent of the officials and 
staff and 9 percent of the citizens who preferred a passive role. This information then 
tends to support the suggested modifications that give broader community participation. 

Community Liaison and Legitimization of Route Studies 

The preference of various methods that might be used to initiate route studies con
firms the recommendation that a continuous liaison between Lhe community and the Di
vision of Highways be maintained (Table 10). Only in this way would it be possible to 
have a joint review to determine the need for a location study . Data given in Table 10 
show that, even though the communities want to participate in this decision, they would 
still rather have the Division of Highways decide ralher than the local community, an 
independent board, or the legislature . 

The imporlanl;t! oI pro~ess legitimization by local ag1·eement to a . t.udy is under
scored by the respondents' attitudes toward another group of questions. Toward these, 
88 percent of the officials and staff and 72 percent of the citizens felt that local com
munities should have a voice in determining the way in which the study would be orga
nized and what participants would be involved; 78 percent of officials and staff and 50 
percent of the citizens wanted a voice in defining the limits of the study area. 

TABLE 10 

PREFERENCES OF COMMUNITY GROUPS OF T HE METHOD FOR 
INITIATING ROIJ'l'F: I ,OC:ATlONS STUDIES 

Weighted Rank"-

Method Community 
Officials 
and Staff 

Division ~r Highways and the community r ovlew needs 1.4 
Division of Hlghw11yn ro,•lews needs Md d ciriM 2.2 
lndepcnd nt board •·~•l~w" needs and deoidca ~ .n 
studies made only at request cl local communlly 4.0 
Sludles me.de by d!rec:tlve or state leglsl~lure 4.2 

Citizens 

1.5 
2.0 
2,5 
2 .8 
4.1 

a For each of the proposed methods, the weighted rank is derived by multiplying each rank value by the 
frequency for the rank, summing these weighted rank values, and then dividing by the total number (sum 
of the frequenc ies). With this procedure, smaller numbers for an alternative express a greater preference 
for it, and the smallest and l~qJP.!'it numbers respectively express first and last choices. 



TABLE 11 

PREFERENCES OF COMMUNITY GROUPS FOR PLANNING STRATEGY 

Planning strategy 

Coordlnator-cn~Jyst-wor.kshop g.roups 
Division of mghwa,ys with community reedback 
Arbllrallve planning-hearing omcer 
Coordinator planning-field office 
Plural planning-e<Lch g1·oup has its planners 
Advoc<Lcy planning-ombudsman 
Information only-Division controls the study 

Community Preference for a Workshop Approach 

Weighted Rank 

Community 
Officials 
and Staff 

2.1 
2.5 
3.4 
4.3 
4.5 
4.7 
5.2 

Citizens 

2.2 
2.9 
3.1 
3.8 
4.7 
4.0 
4.9 
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The institutional arrangement for conducting planning studies most preferred by both 
the community officials and staffs and the citizens was that of a workshop group. This 
would place the Division of Highways in the role of a coordinator and catalyst (Table 
11). All of the higher ranked strategies are those that would allow the community a 
strong voice and some control of the planning studies . Emphasizing this point is that 
the Division operating with community feedback is ranked second; in contrast, the ex
ercise of complete control of the studies by the Division is ranked last. Such evidence 
gives further weight to the r ecommendation that the community have broader participa
tion through planning workshops or some other means agreed to by the participants. 

Community Preference for Decision-Maker 

1f present laws were changed, final legal authority for freeway location decisions 
could be given to highway planners, community officials, citizens, or some independent 
public body. Community officials and staff prefer a state r eview board appointed by 
the governor (Table 12), the method presently employed by California. On the other 
band, the citizens would prefer to leave the decision in the hands of the Division of High
ways. They rank either method that would leave the decision to the Division of High
ways as better than leaving it to the Highway Commission. Although local officials are 
disposed toward assuming the decision authority, citizens rank this method fourth . Any 
method leaving the decision solely in the hands of local officials or citizens is ranked 
as the least desirable. Generally speaking, the survey results indicate that placing the 
final authority for route 1ocation with the State Highway Commission or the Division of 
Highways represents a reasonably acceptable procedure. 

Observations made throughout this s tudy point to another need for change. Because 
of fragmented l oc.al government structure, current legislative restrictions, and local 

TABLE 12 

PREFERENCES OF COMMUNITY GROUPS OF THE 
METHOD FOR MAKING FINAL DECISIONS 

Weighted Rank 

Method 

state review board-Highway Commission 
Highway Division, based on Its analyses 
Local officials after hearings with citizens 
Highway engineer with citizen recommendation 
Review board of citizens from local community 
Local elected officials based on their review 
Referendum with alternatives placed on the ballot 

Community 
Officials 
and Staff 

2 .6 
3.1 
3 .1 
3.4 
4.2 
4.4 
6.0 

Citizens 

3.1 
2.6 
3 .2 
2.9 
4.4 
5.0 
4,0 
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pressures, the Highway Commission, in order to get acceptance of disputed locations, 
has sometimes spread adverse consequences among the aflected local communities or 
interest groups . Such procedures do not always make for optimum locations from the 
standpoint of the broad public interest. And yet it seems unfair and unjust to impose 
severe hardships on local communities. This suggests that, if we assume that the frag
mented local governmental structu1·e will not change, some means of compensation for 
real damage should be devised. This is now being done for individuals under California 
legislation and the 1968 Federal-Aid Highway Act. It should also be done for communities. 

CONCLUSIONS 

Three main conclusions are drawn from the analysis of the California Division of 
Highways route location procedures and of public attitudes toward them. 

1. There a.re bound to be conflicts with so many difficult problems and diverse view
points involved in the urban freeway location process. As planning is now done, the 
Division of Highways is ofte.n very likely to wind up in the role of a villain, for the cur
rent approach mainly brings out those who are opposed because they might be adversely 
affected by the final decision. 

2. The decision-making process can be impi-oved and expedited by i-estructuring the 
approach to get local communities involved eady in the planning process. To be effec
tive, this approach must accomplish 3 major objectives: (a) community participation 
in establishing planni ng procedures· (b) definition of goals by the communities· and (c) 
development of transportation plans that will augment other efforts to reach community 
goals. This approach can be expedited by (a) maintaining continuous contact with indi
vidual communities i n ordei- to foresee when transportation planning studi should be 
made and whcthei- freeways or other transportation facilities are needed or should be 
augmented and (b ), when a study is to be made, conducting the socioeconomic study 
early in the planning process and using it as a mechanism to involve officials, citizens, 
and appropriate organizations in developing and interpreting data and ite1·atively defin
ing community goal~. This also provides n vehicle by which thA community can begin 
to tllink in terms of "with and without" freeways and to consider the full range of possi
bilities including freeways, expressways, local road improvements, or other transpor 
tation modes. 

3. The d~vdopment of broader community parhcipal"ion in treeway planning also has 
the following implications with respect to Division of Highways operations: (a) An edu
catiorutl and research progra,n is needed to give its personnel a broader viewpoint and 
knowledge of community problems and of the human aspects of such problems; (b) a con
tinuous interchange with local communities is necessary; and (c) Division of Highways 
personnel should be assigned and educated to cany out the function of the planner as a 
cooi-dinator and catalyst to develop community consensus. 
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Transportation 1983: 
The Minnesota Experimental City 
ROYE. LARSON and ROBERT J. REID, 

North star Research and Development Institute 

The purpose of this paper is to consider the social and economic 
aspects of transportation requirements in a highly technological 
future city, such as the Minnesota Experimental City. The Min
nesota Experimental City project, initiated in 1967, is a unique 
cooperative venture by the state of Minnesota and its university, 
the business and industrial community, and the federal govern
ment. If a city is viewed as a number of interlocking systems, 
it is probably fair to say that few systems are more vital for 
the effective functioning of the whole than transportation. In the 
absence of rapid, comfortable, convenient, and efficient means 
for transporting people and goods to and from and especially 
within the city, other systems are subject to undesirable and, 
in some cases, intolerable stresses, Before it is possible to 
conceive and design a transportation system for the Experi
mental City, it is necessary to understand the problems facing 
planners in redesigning and reworking transportation systems 
in existing cities. A comprehensive sociotechnological approach 
is needed to solve the urban transportation problem now facing 
our cities -one that considers both human and mechanical sys
tems, is capable of accommodating their mutual interaction, 
and predicts social, economic, and technological cause-and
effect relationships. Some of these factors are discussed in 
this paper, with particular emphasis on the Minnesota Experi
mental City. 

•IN 1967, A PROGRAM was initiated to study and conceptualize a completely new city 
for the United states-the Minnesota Experimental City. The objective of the Minnesota 
Experimental City is to improve significantly the quality of life by providing a major 
advance in man's ability to mold his environment (1). The Minnesota Experimental City 
(:MXC) project is a unique cooperative venture between the state of Minnesota and its 
university, the business and industrial community, and the federal government. The 
overall guidance for the program, as well as direct participation, is being provided by 
a steering committee composed of 24 nationally known individuals from a variety of 
disciplines. 

It is almost certain that the MXC can be brought to reality only as an instant, new 
city in which smoothly coordinated social and physical expertise are brought to bear 
and the city is created as a living demonstration. The instant aspect of the effort is 
important lest new technology make the over leap of today no leap at all the day after 
tomorrow. The 10-year goal, beginning with construction in 1973, is a functioning city 
with a resident population of a quarter million people. It will be a self-sufficient city, 
located at least 100 miles from the nearest large metropolitan area. A new city is es
sential because only there would a total systems experiment be possible. Urban systems 
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are complex and interacting; the bits and pieces of experiments possible in existing 
communities are no substitute for one at full city scale, because both citizens and their 
institutions are deeply committed to the status quo. 

As a necessary early stage of the MXC project, workshops were convened in 14 
areas in which both social and technological factors were considered. Participants in 
the workshops included members of the University of Minnesota faculty, representa
tives from various government agencies, and experts from industry and academic insti
tutions throughout the nation. The technological development of the MXC as discussed 
by the workshop participants will proceed in several areas, including city building tech
nology, waste management and pollution control, transportation, energy and energy 
transmission, and telecommunications. Each of these areas will require innovative 
developments and experiments, many of them untested at urban scale. 

The workshop p:u•ticipants identified 4 reasons why the MXC should be a desirable 
testing ground for such innovations: (a) People choosing to live in the City would be 
likely to be receptive to technological innovations; (b) old habits and patterns would be 
less an impediment if innovations are a part of the City from its inception; (c) experi
mentation would be easier and cheaper in the City than elsewhere because costly dupli
cation and service disruption would be avoided; and (d) scale economies could be ex
pected from concentrating a number of experiments in one place. 

If a city is viewed as a number of interlocking systems, it is probably fair to say 
that few systems are more vital for the effective functioning of the whole than transpor
tation. In the absence of rapid, comfortable, convenient, and efficient means for trans
porting people and goods to, from, and especially within the city, other systems are 
subject to undesirable and, in some cases, intolerable stresses. Before it is possible 
to conceive and design a transportation system for the Experimental City, it is neces
sary to understand the problems facing city planners in redesigning and reworkingtrans
portation systems in existing cities. Considerable effort is now being expended by the 
federal government to study the problems of urban transportation and to further the de
velopment of new urban public transportation concepts; however, much remains to be 
done. 

The list of new systems that have been advanced as solution1:1 Lu lhe urban transpor
tation problem grows daily, and several demonstration systems based on these concepts 
are now in operation. Because of a lack of proper understanding of current and future 
urban needs and desires, however, no plans are in existence for immediate implemen
tation of any of these systems. This help1:1 Lu puinl uut that money and technological 
talent alone are usually sufficient to develop engineering systems, but considerably more 
time and effort must be expended to solve the more complicated problem of the relation
ship between man and his urban environment. 

A comprehensive sociotechnological approach is needed to solve the urban transpor
tation problem now facing our cities-one that considers both human and mechanJcal 
systems, is capable of accommodating their mutual interaction, and predicts social, 
economic, and technological cause-and-effect relationships. Some of these factors are 
discussed in this paper, with particular emphasis on the Minnesota Experimental City. 

TRANSPORTATION AND GROWTH OF CITIES 

The automobile, as a form of transportation, has been both damned and praised for 
the conditions now existing in American cities. The automobile has strongly influenced 
the growth patterns in these cities and played an important role in shaping our present 
way of life. But in more recent years , it has been blamed for many of the problems 
plaguing our cities such as traffic congestion, air pollution, and urban sprawl. 

The land requirements of urban freeways have degraded the amenities and social 
unity of city life and have displaced those people who can least afford to be displaced. 
For those who can afford it, the automobile has provided an adequate means of trans
portation for most trip purposes. Unfortunately, it does not provide aciP.qm1tely for 
many of the people most in need of the services it can perform, especially those who 
cannot drive or are unable to afford automobiles. An evident symptom of the transpor
tation difficulties in metropolitan areas is the difficulty associated with travel between 
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home and work for those who have to drive in congested areas . Traffic congestion dur
ing rush hours in many cases reduces the average speed below that which can be main
tained by walking and sometimes presents the nearly insurmountable problem of finding 
a place to park the automobile. 

The increasing tendency of industry to move away from the city core, combined with 
the fact that the underprivileged make up a large proportion of the central city popula
tion, has made it extremely difficult for these people to travel to and from work. This 
problem is compounded by the inadequacies of present urban public transportation 
systems. 

In a study recently carried out by the Twin Cities Metropolitan Transit Commission 
for the Minneapolis-St. Paul area (~), the following data were obtained: 

1. In 1958, only half of the 490,000 jobs in the metropolitan area could be reached 
in 45 minutes by bus by poverty area residents . 

2. By 1985, it is anticipated that only about a third of the projected 1.02 million 
jobs will be reachable from the same areas within the same time. 

3. In a survey of bus rider s , 55 percent of them have incomes of under $6,000 a 
year, and more t han 80 percent have incomes less than $10 ,000. 

4. Half the families in t he pover ty a r eas were without automobiles in 1960. 
5. The number of metropolitan area families with more than 1 worker is increas ing, 

which means that, if the family has only 1 automobile, the other worker will have to use 
public transportation. 

The economic and social welfare of individuals is strongly influenced by the trans
portation system because it is a key factor in determining the nature and variety of op
portunities available in jobs , housing, recreation, shopping, and entertainment. Studies 
carried out by the McCone Commission (3) after the Watts riot in Los Angeles showed 
that an important factor contributing to the hostility shown by the people was related to 
the isolation caused by an inadequate public transportation system in the most motorized 
city in the country. The possible consequences of overcrowding and the continual in
ward turning of people's environment is reflected in a threat from a woman living in 
the Watts area (4) . When she heard that city officials might close Cabrillo Beach, which 
is near Los Angeles and used by over 2 millLon people every summer, she said, "You 
box us in and we will have to burn our way out ! '' In tests with mammals, biologists have 
found that deer , rats , and r abbits each require a certain amount of living space and 
freedom of movement. If crowded beyond this minimum lower limit they r esort to de
structive behavior, ranging from disruption of reproductive cycles to genocide, suicide, 
and even death from "shock". 

. 
FACTORS AFFECTING URBAN TRAVEL DEMAND IN CURRENT CITIES 

During the past 20 years, continuous change has occurred in the composition of the 
work force, income, job location, shopping patterns, and leisure time. The transpor
tation demand requirements such as the number of trips , time of day for the trips, spa
tial distribution of the travel demand , and ptu·pose of t he t rips have been s t r ongly affected 
by these changes . As use of the automobile increased, demand for public trans
portation, as reflected by both proportion and absolute number of trips , declined during 
the past 20 year s (5). Therefore, an accui·ate prediction of transportation needs for · 
urban development ""i·equires an understanding of such factors as demand for trans porta
tion, characteristics of the people , use of the land , and effect of social, economic , 
technological, and other factors on these demands both in the past and in.the future. 

Results of studies (6) carried out at the University of Maryland, Stanford Research 
Institute, and Michigaiiis Survey Research Center suggest that 8 factors influence most 
consumers in making transport decisions. These are listed in order of importance: 

1. Reliability of destination achievement, including elements of safety and confidence 
in the vehicles; 

2. Convenience and comfort; 
3. Travel time, but with large trip-purpose differences; 
4 . Cost; 
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5. state of vehicle, with cleanliness overshadowing newness; 
6. Self-esteem and autonomy, with emphasis on independence rather than pride; 
7. Traffic and congestion both in and out of the vehicle; and 
8. Diversion, including nature of travel companions, availability of radio, and 

scenery. 

studies to determine and predict transportation demand (7) have been based on land 
use, socioeconomic, and access factors. Land use is separated into 3 major classifi
cations: residential, commercial, and industrial. Several studies have shown that an 
inverse relationship exists between residential density and person trips per dwelling. 
Because increased residential density usually results in increased access to commer
cial activities, the trip destinations are often within walking distance, and fewer person 
trips are required; thus , the necessity for making person trips decreases as the dis
tance between place of residence and place of socioeconomic activity decreases. To 
find meaningful relationships between trip generation and industrial and commercial 
land densities is more difficult. In a study conducted in San Diego (7), it was found 
that aircraft manufacturing plants caused the largest number of trip-origins, with mod
ern industrial parks being a fairly distant second. 

studies relating level of family income to person trips (5) showed that a strong cor
relation exists. People in medium- or high-cost housing units account for large pro
portions of the automobile traffic and generated trips. Access factors also affect trip 
generation , and studies (7) have shown that, in general, an increasing distance from 
the central bus iness district leads to an increase in the number of t r ips per person. 
studies have also shown that distance from the central business district is inversely 
·elater! to density of land use and, lo a cedain extent, correlates with vehicle owner

ship . Studies of transportation p1·eferences oI various occupational classifications (8) 
have shown that, in general, industrial employees are most reluctant to accept publfc 
transportation. Workers at modern industrial plants are provided free parking and 
they usually have the physical and financial resources required to drive their own auto
mobiles. 

THE DEFINITION AND ESTIMATION OF REQUIREMENTS 
FOR FUTURE TRANSPORTATION SYSTEMS 

The Experimental City is envisioned and intended to be both a city and a crucible for 
experiments at city scale. As a city, it must serve the needs of the people who live 
there. As an experiment, it offers unique and wide- r anging opportunities to hypothe
size and test social, economic , and technological systems and their interrelationships . 
For this city to fulfill both roles adequat ely, a planning effort exceeding any previous 
effort in scope, in depth, and in application of current and emer gent planning tools and 
techniques will be required. 

T1·ansportation P lanning i1'I the MXC 

The planners of the transportation system for the Mirm.esota Experimental City must 
evaluate not only the system 's ability to move people and goods but also its performance 
as a social institution related to the needs of the City's inhabitants . Its effect on the 
social and economic needs of the people must be considered. 

During the early planning period for the Minnesota Experimeulal City, meaningful 
dialogue must be established between socials cientists , naturals cientists , and engineers. 
They will have to define more precisely the values of economic and social amenities in 
the City, to determine the interrelationships between transportation and city develop
ment, and to develop pr oper transportation models to simulate the interaction of public 
policy with known and predicted social and economic for ces that will develop in the MXC . 
The planners and policy maker::; fur the MXC must l'ecognizc tbo.t the tr:insportation 
system performance is a function both of the facility design and the extent to which lt 
is used, and simultaneously the system itself will contribute to molding transport activ
ities and, t hus, shape future demru1d. In the evaluation of transportation alternatives 
for the Experimental City, the first and most important concern will be to define the 
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final development objectives and then ask how a given system will contribute to these 
objectives. 

The basic approach to planning will incorporate analysis and outcome prediction of 
the interrelations and conflicts among the multitude of social, economic, and physical 
systems. The planning phase is the time when the real-life conflicts will be simulated 
with models -mathematical, physical, and social. The outcomes of the simulations 
will be sorted out to find the optimum balance and aggregation of the many systems. 
These optimum outcomes will provide the planners with insight and guidelines to inte
grate the various systems into a vital and vibrant community. 

Transportation System Analysis 

The transportation system is one of the most essential systems of a city, and the 
first question to be asked about this system is, What is the proper role of the transpor
tation system? The answer must relate to the total system-the city-and its hierarchy 
of roles. The city must first serve the needs of the people, and the transportation sys -
tern should logically provide the inhabitants and transients with the means necessary 
to transport themselves and their goods. This includes the service, commercial, and 
industrial inhabitants as well as individuals and their families. 

The transportation system, in serving the people, will encounter them as individuals 
and must be designed to deal with them as such. The implications of this are staggering. 
People as individuals have problems, and the problems are unique, important, and re
quire immediate attention or solution. The transportation system planning will require 
a people and people-problem orientation. The simple act of transporting people and 
goods from one point to another is never really simple. The individual is a complex 
and independent creature who probably manifests this nature as much or more so in 
his travel habits than in any other routine matters. 

The second vital consideration of the transportation system includes its economic 
and physical aspects. By testing various concepts that integrate the social, economic, 
and physical systems (including the necessary trade-offs), the planner can develop a 
profile of cost-benefit outcomes. The predicted outcome is thereby available when one 
system is compared with another. 

Transportation Models 

The ability to test the concepts and to develop predictive models is a prerequisite 
and reasonable assumption. The effort involved is to be neither minimized nor made 
to appear an impossible task. Performance characteristics, causal relationships, and 
reams of data will all be necessary inputs. Historically, urban transportation systems 
have been fairly long-lived; thus, the implications of transportation policies and deci
sions and resultant costs and benefits become long-term in character. The transpor
tation-models should be dynamic to permit prediction to response to changes in modes, 
facilities, travel patterns and requirements, and population redistribution (9). The 
transportation model will simulate the total interaction and outcome environment of 
which the actual transportation system will be a part. As such, it will recognize and 
relate the mutual influence one system has on all others and vice versa. In this manner, 
the requirements, constraints, and options of the MXC transportation system will be 
identified. 

A number of objectives might be anticipated for the transportation component of the 
Experimental City, many differing little from objectives accepted elsewhere: 

1. The transportation system should be flexible enough to serve the variety of needs 
for both people and goods movement that a diverse population can require. 

2. The system should provide comparable service for all people, regardless of their 
socioeconomic characteristics. 

3. Standards of comfort, efficiency, convenience, safety, cost, reliability, aes
thetics, and pollution should be established for the system. 

Finally, in addition, the system should foster the social and overall goals of the City. 
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Future Transportation Concepts 

In defining and estimating the transportation requirement of the MXC, we must have 
a good understanding of conditions that will be existing in the city after it is built. Spil
haus (10) predicts that all air-burning and service vehicles, as well as all vehicles from 
outsidethe city, will travel through underground throughways. The surface will be free 
for other pursuits, and air pollution will be reduced. Seifert (11) makes some interest
ing speculations on the status of transportation in the year 1993. He recognizes that a 
new city should be designed as a total system so that an efficient and desirable environ
ment can be created in which to live and work. He suggests also that transportation 
systems for both intracity and intercity travel should be included as a part of the city 
design. He predicts tl)at seve1·al new cities will be built during the late 1970's that will 
use a bi·oad systems approach. He foresees that the major part of the transportation 
system will be built underneath the city. He predicts an automated guideway system 
along with a conventional street system on which ca.rs and trucks can be driven manually 
and with ample space for parking. The grnund level will be kept free for malls, shops, 
and a specialized low-speed passenger transportation system. 

Doxiadis (12) presents an interesting discussion on optimum city size and the neces
sity for havingtransportation systems undergroW1d to free the surface for Juan's use 
and enjoyment. With underground transportation systems, the obtainable speeds can 
increase with a corresponding increase in the ability of man to associate with his neigh
bors, both withb1 the city and between adjoining cities. Both Doxiadis and Spilhaus speak 
of an optimum city size of the order of 2 miles square so that one could walk at the ground 
level under traffic-free conditions to the edge of the city in 10 to 15 minutes. If the 
intercity transportation system is placed tmderground in lubes and has speed capabili
ties of the order of 400 miles per hour and if cities are s paced at 100-mile distances, 
one could go from the center of one city to the center of the next in an acc~ptable com
muting time of 15 minutes. Thus, one could walk from one edge of the city to the center 
or travel from one city to another in 15 minutes or less. 

Both Ful1er and Spilhaus (13) have stated that there should be no reason why trans
portation in the horizontal dil·ection could not be just as free as travel is in the vertical 
direction, i.e., elevators. They believe that the cost of operating a transportation sys
tem should be included in the overall costs for service in the city. 

MXC Transportation Ideas 

In a paper prepared for the MXC project, Fuller (14) conceives of the transportation 
service arranged in such a way as to employ credit cards with computerized ticketing 
and automated billing. The traveler would insert into a transmitting machine his credit 
card that would include information such as destination point, times of arrival and de
parture, and accommodations. A ticket would emerge from the machine containing in
formation on routing and accommodations , and all charges would be automatically billed 
to his personal account. 

Various configurations (15) have been suggested for the Experimental City. In the 
simplest a.iTangement, the clty might take the form of a circle, perl1a.ps 1 to 2 miles 
b1 diameter. Fuller visualizes that the entil'e complex could be covered by a hemi
spherical dome . In this arrangement, a cil·cumfe.rential h·ansportation system located 
undergrow1d could be used to move people and goods to various positions along the edge 
of the enclosure. The above-ground poi·liun of the system could consist of passenger 
conveyors moving people and goods in the radial directions. 

In the Experimental City, there would be a unique opportw1ity to develop a totally 
integrated movement system under a single management. Such a system would permit 
balanced services, equalized user costs, and a performance geared to the particular 
needs of the City. This woulrl hP. a radical departure .from p1·esent situations where the 
dominant mode is private and where 85 percl:lul of the transportation money is spent on 
the vehicle and only 15 percent on the plant. 

Such a total movement system could greatly enhance the standard of living in the 
Experimental City. It could open up new choices in living patterns and increase acces
sibilities between competing opportunities; it would play a key role in the design of 
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functional modules for the city and, to a large degree determine the way in which these 
modules are linked. Some factors of particular concern in the design of the system 
would be mode interchanges and points of interface; integ1·ation of horizontal and verti
cal movement in a system; security; and locational relationships for airports, shopping 
centers , sports centel', major industries, and places of residence. Although there is 
conflicting opinion about the desirability of complete separation of pedestrian and vehic
ular traffic, there is support for separation of certain kinds of traffic where necessary 
for safety and efficiency. 

EVALUATION OF CANDIDATE SYSTEMS 

Intracity Movement 

A wide variety of transportation technologies, old and new , exotic and mundane are 
available for consideration in the Experimental City. Choices among these competing 
technologies cannot be made on the basis of transportation criteria alone; nor can they 
be made on the basis of narrowly defined profitapility. Equally important is a concept 
of what the city wants to be and wants to make possible and an understa11ding of how 
transportation can achieve those ends. Obviously social benefits and social costs can 
no longer be ignored any more than their monetary counterparts. 

Preliminary to the design of the City's transportation system, studies will be re
quired to examine the range of alternative systems appropriate for intracity movement 
in the proposed city. studies will be needed to define desirable standards in terms of 
qualities such as population density, critical mass at microscale, relationship between 
activities and land uses, and distribution of activities. The problem is, of course, to 
reach a balance between transportation as a service system and transportation as a 
controlling element of city form. An obvious factor influencing this balance would be 
the level of transportation substitution. Development of sophisticated communication 
techniques, such as phone vision, could be expected to dec1·eas e transportation demand. 
The scale of the City could also affect demand, as exemplified by the pedestrian city . 

Evaluation of candidate transportation systems fo1· the Experimental City should be 
made concurrently with other systems for which decisions must be made. Extreme 
forms of the City might be studied along with movement systems consistent with those 
forms. Needless to say, desired performance characteristics should be established 
in advance of economic evaluation. Although some value should be attached to being 
able to test untried systems , those chosen for the City should first reflect the needs of 
a new, smaller city, not of a megalopolis. Further, impact of the system on the po
tential population and economic activities should be an important factor in its evaluation. 

In a study carried out at North Star Research and Development Institute for the 
Metropolitan Transit Commission of Minneapolis and St. Paul (16) it was determined that 
the ideal urban transportation system will have to be faster than competitive modes of 
transportation, provide nonstop transportation service from point of origin to point of 
destination, provide service on demand-no waiting be economically viable, cost less 
to operate than current competitive systems, be capable of 11andling both people and 
goods, and not be a source of pollution to the surrounding environment. Some of these 
requirements apply more to the development of a rapid transit system ior a conventional 
city than to a transportation system for the Experimental City. Further if automobiles 
and buses were balllled in the Experimental City the new transportation system would 
not have to compete for custome1·s. Any information gained and any systems devised 
in the Experimental City , however , will be beneficial in application to the development 
of transportation systems for existing cities. 

An ideal transportation system for the MXC should be capable of transporting both 
people and goods. A large number of new concepts for urban transportation systems 
has been advanced and studied, and several demonstration systems of these new con
cepts are now in operation. They all have been designed for the movement of people, 
however, and little research and development has been expended in developing a system 
that is also capable of moving goods. The economic structure and development of a 
region is strongly tied in with the transport of goods. Inadequate transportation facili-
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ties have created an enormous problem for retailers and manufacturers, whose annual 
costs for delayed handling and routing of goods are staggering. Similarly, charges for 
handling are problems to medical and educational institutions. Extensive savings could 
be realized in movements of goods if efficiencies could be effected at the broad scale 
of the community or city. 

Many systems for intracity movement would be possible, and the completed package 
might contain elements from several systems. Unless the Experimental City takes an 
extreme form, however, it is likely that the frequently mentioned new systems, includ
ing most rail systems, would be overengineered for the City's needs. A real constraint, 
of course, will be the amount of development time available and interface requirements 
with intercity movement. It is, of course, possible that the Experimental City will by
pass systems currently being discussed and opt for something totally new. In this case, 
desired system performance characteristics would be defined, and a new system or 
systems would be generated to correspond. 

Intercity Movement 

Interface requirements with transportation systems outside the Experimental City 
will influence the range of choice and final nature of the City's systems. Although the 
transportation system for intracity use will likely be a system that is independent of 
systems needed for intercity use, in certain cases the same mode (perhaps with pro
pulsion modification) may serve both. Regardless of what internal means are provided 
for transportation within the MXC, systems enabling residents to move freely to other 
parts of the region and nation would be necessary. Equally important would be provi
sions for nonresident travelers to the new City. 

It is certain that the MXC will be served by air transportation for movement of both 
people autl guuds on trips of 100 miles or more. This service could presumably be pro
vided by 1 or 2 commercial carriers, by air taxi, and by private plane. For a city of 
about 250 ,000 people, 1 airport would probably be adequate. Uthe MXC is completely 
enclosed, some of the problems that are now encoW1tered with noise from aircraft en
tering or leaving the airp0rt would not be as serioW:1 bt:!cause of the attenuation of the 
noise by the enclosure cover. This might mean that the ail· terminal could be located 
closer to the Experimental City complex, thus simplifying the transportation requil'e
ments between the air terminal and the city proper. It would be highly desirable to have 
a multimodal interface facility for all forms of transportation, whether it be by water, 
rail, pipe, road, or air. At this facility, all necessarytransfers andsorting could take 
place efficiently with minimum transfers before goods rP.::i.ch their final destinations. 

Demand for intercity passenger service, at least by toda.y's standards, indicates 
that railroads would be inadequate for moving people. This situation would, however, 
be affected by such factors as the distance of the MXC from its near city neighbors, 
the nature of the links, and the quality of service possible. Ou the other hand , rail 
freight service would appear to be essential, in view of the level of activity in a city of 
250,000. The nature of service would depend on the types of industries to locate in the 
City. hltercity highway o e ttons would be necessary for delivery of goods and people 
to and from a new city. A normal city of a quarter of a million population without sub
urban development might attract between 5,000 and 10,000 outside vehicles per day, and 
roughly 10 percent of Uris total would be truck traffic. 

A new city could .1,1r0Iilably ilmovate in the area of transfer terminals for people and 
goods. In eXisting cities, there is evidence that the qualily uI lenuinal or transfer fa
cilities is a factor influencing modal choice in people trips . Clustering terminals at 
key nodes for different types of transportation appears desirable but the number of 
necessary changes in mode would probably be kept to a minimum. Because modal 
changes often occur where intercity and intracity transportation meet, these facilities 
should also be clustered where possible. 

A terminal for the transfer of goods might be established to receivi:: and deliver all 
shipments originating outside the city and brought in through the intercity transportation 
modes of air I rail and truck. At such a terminal, goods (including mail} could be 
sorted, then delivered, in containers where feasible. Final distribution could be by 
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combined pneumatic tube, mechanized hauler, or drayage truck. It might also be de
sirable to have some shipments originating within the city processed through the same 
terminal for destination beyond the city. Implicit in the foregoing is the assumption 
that in-city industrial sites would not be provided with rail services. Industries requir
ing such rail service would be located at the edge of or outside the city. 

In considering the goods terminal innovation, one should also recognize its logical 
implications for the spatial arrangement of activities. The terminal could be expected 
to become a major focal point at which activities such as warehousing would cluster. 
Some industries having relatively large transportation costs might also find a near ter
minal location desirable. As an employment note, appropriate services would have to 
be provided and so on. 

SUMMARY 

In determining the role of transportation in shaping the form of the Experimental 
City, we must consider several factors. 

Primary or Secondary Role 

A primary role might be indicated if innovations in the transportation system appear 
especially promising and other values are not violated in the process. The secondary 
role would be appropriate if no candidate transportation system were prominent and if 
priority were given to experiments in the ordering of urban activities at the level of 
community microscale. 

Transportation Alternatives 

standards for a transportation system appropriate for intracity movement in a city 
of 250,000 have to be defined in terms of social goals pertaining to population density, 
critical mass at microscale, relationships among activities and land uses, and distri
bution of activities. The problem is to reach a balance between transportation as a ser
vice system and transportation as a controlling element. 

Transportation Substitution 

The scale of the city could affect the required levels of transportation as, in the ex
treme, a pedestrian city would. New developments in communications might obviate 
some need for transportation. In each case, the trade-off range and cause-and-effect 
relationships would be examined to determine the most appropriate and desirable sub
stitution level. 
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Social Impact Analysis of an 
Urban Freeway System 
GEORGE W. GRIER, Washington Center for Metropolitan Studies 

This paper reports on the findings and recommendations of the social impact 
analysis of the Interstate Highway System in Baltimore. The probable social 
impact of the freeway under the proposed routing was examined at both the 
city and neighborhood levels. The analysis disclosed that the freeway, as the 
largest single construction program ever to be undertaken in Baltimore, would 
impact heavily on existing negative trends in si!Ze of population, racial com
position, age distribution, skill levels, and income levels. By selective dis
placement of black families, mainly of low income, the freeway would create 
pressures ultimately leading to the acceleration of these downward trends. 
Only a massive relocation program, planned and carried out with consumate 
skill and incorporating provision of large numbers of new subsidized housing 
units, could conceivably avert this result, and prospects for timely imple
mentation of such a program seemed slim. For this reason, the social impact 
analysis recommended rerouting of the freeway to avoid existing neighborhoods 
insofar as possible. Partly as a result of this and other analyses, the pro
posed rerouting was accepted by the Mayor of Baltimore in December 1968. 
In addition, the social analysis produced recommendations for 4 strategies 
for social development in which the freeway is intended to be used as a tool 
to help alleviate existing social problems in Baltimore and to provide im
proved facilities to meet human needs. Both these recommendations, as well 
as the factual analysis and rationale supporting them, are discussed. 

eIN MAJOR CITIES across the nation, citizen opposition to planned urban freeways 
threatens to impede completion of the Interstate Highway System as originally planned. 
Unless expressways in urban neighborhoods can be planned and managed on terms 
acceptable to residents, freeways within cities may prove politically unfeasible for the 
indefinite future. Or they may be built only at such cost in civic unrest that their 
negative residuals far outweigh any positive benefits. 

It is increasingly apparent that the opposition to urban freeways is based on real 
and pressing considerations, albeit very different ones from those that have tradition
ally concerned highway designers. Thus, for the first time, the social impact of urban 
freeways has begun to receive serious attention. New means are being sought to eval
uate this impact and to devise constructive means for coping with it. 

Why do urban freeways invoke such widespread and intense citizen protest? Many 
factors doubtless play a role, but two appear paramount in many cities: (a) the emerg
ence of the black ghettos as a prime political force on the urban scene and (b) the rising 
demand for a citizen voice in public decisions, particularly those affecting basic issues 
such as where people will be allowed to live and how their children will be educated. 
This demand is strongest from the black community because black people are the group 
longest denied an equitable voice in this society and are the group increasingly inherit
ing the central cities. 

These pressures converge on urban freeways because freeways remove large 
amounts of scarce urban land-land needed for homes, businesses, schools, churches, 
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and community facilities. In addition, freeway routes often go through the heart of the 
black ghettos, whose physical plants are severely deficient and whose residents are 
desperately aware that racial and economic barriers exclude them from more desirable 
areas. Anything that threatens further to degrade their surroundings or to force them 
from their homes without providing a reasonable alternative will be resisted. 

THE BALTIMORE SOCIAL ANALYSIS 

This paper reports on an early effort to analyze the social impact of a proposed 
urban freeway network and to recommend measures that might alleviate negative im-
pact or, if possible, achieve positive benefits. The author was principal social advisor • 
to the Baltimore Urban Design Associates, a design concept team composed of the fol
lowing architectural and engineering firms: Skidmore, Owings and Merrill; J. E. Greiner 
Company; Parsons, Brinckerhoff, Quade and Douglas; and Wilbur Smith and Associates. 
The work was performed under contract to the State Roads Commission of Maryland 
and was aided by federal funds channeled through the Commission. The concept team 
was charged with restudying the freeway plan already adopted for Baltimore City and 
developing recommendations for making it less damaging, hence more acceptable, to 
the neighborhoods through which it passed. 

The social analysis played a role, along with economic and engineering analyses, 
in the recommendation ultimately adopted by the concept team that the freeway should 
be rerouted to bypass most black residential areas as well as certain valuable historic 
and scenic locations. This recommendation, with minor modifications, was accepted 
by the Mayor of Baltimore in December 1968 over the opposition of the State Roads 
Commission of Maryland . 

On the basis of the findings on social impact, to be discussed later, rerouting was 
clearly the best solution available. However, it invalidated recommendations on joint 
development programs and social services intended to provide compensatory benefits 
to the community in the event that the original route could not be altered. Some of these 
second-best solutions will also be discussed, with the caution that they were definitely 
less desirable than the decision actually adopted. 

No apologies will be made for the rather primitive state of the art under which the 
analysis was conducted, which required superimposing a strong element of judgment 
on the data, or for limitations of funds and time that restricted the method almost 
exclusively to reanalysis of data from secondary sources. The effort is presented for 
what it was: a beginning attempt in a field where much improvement is both needed and 
increasingly possible with advances in the technology of social research. 

An additional limitation to the methodology should be acknowledged. The work plan 
for social analysis had originally specified that the subjective viewpoints of neighborhood 
residents, obtained through a structured communication process, were to be given equal 
status with objective data in formulating the recommendations. Chiefly because of 
strictures placed on the concept team by the State Roads Commission, which initially 
refused to allow study of alternate routes and forbade direct contact with the citizenry, 
these recommended procedures were not implemented until the deadline for submission 
of the final report on the social analysis was well past. It remains the author's firm 
belief that responsiveness to citizens' needs and desires is essential to the sound formu
lation of public programs, especially those impacting directly on citizens at the neigh
borhood level. This, then, is one area in which the method used here is subject to 
immediate and substantial improvement. 

DESCRIPTION OF TilE FREEWAY NETWORK 

The proposed routing of the Interstate Highway System through Baltimore encom
passed 3 legs passin~ flcrnss t.hP. city from points on its western, southern, and eastern 
boundaries and intersecting at a point near its cenltH'. These legs were to be joined 
with a limited-access expressway already built from the northern border to the periph
ery of the central business district. The complete network formed 4 spokes of a wheel, 
the rim of which was the Baltimore Beltway. The total length of the new routes approxi
mated 13 miles. This mileage is very small compared to the Interstate Highway System 
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largest single construction program ever undertaken. 
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The physical impact would be huge. Total land area with the condemnation lines 
approximated 1,000 acres. This figure can be compared with only 4,748 acres of un
developed land that had remained within city limits in 1962 (the most recent available 
figure, and no doubt substantially diminished since that date). It can also be compared 
with a total of 5,148 acres of park and recreation space within city limits in 1967 . It 
approximated the total amount of additional acreage required for recreational and open 
space improvements under the city's master parks and recreation plan. But the land 
to be taken directly for freeway construction was only a small part of the total af
fected. Whether freeway traffic is seen and heard over substantial distances depends 
on the design employed. 

In fiscal terms the project would also be gigantic. The total estimated cost of con
struction was estimated at an early point in the concept team's analysis at well over 
$300 million. (More recent estimates are closer to $500 million.) This cost approxi
mated the $ 350 million estimated capital investment to renew and expand the city's 
public education system under the school facilities master plan. It was roughly com
parable to the massive commercial and residential renewal program currently under 
way in Baltimore's central business district. 

The freeway would also have major impact on the city's housing stock. The 3,653 
housing units ultimately to be removed represented almost one-fifth of the total antici
pated displacement by all public programs for the 10-year period from 1965 to 1974. 
Much more important, this impact would be highly selective. The freeway would de
stroy many of the worst units but would remove relatively few good ones. Against this 
benefit, it would create a massive relocation problem. Of the families to be displaced, 
over 80 percent were estimated to be black and most were poor. The existing housing 
supply contained virtually no vacancies at prices these families could afford; little new 
housing being built locally was then available because of racial barriers, and even that 
little was seldom within economic reach of those families displaced. 

The rehousing problem for those displaced by the freeway was relatively easy to 
define and analyze, though much less easy to solve. The major conceptual problems 
to be dealt with were concrete and quantitative: number and size of units needed, site 
requirements and availability, and cost and financing considerations. Thus they were 
largely handled by the concept team's economic consultants, Real Estate Research 
Corporation, with some input from the author. 

The major obstacle to a workable solution lay in the need for a very large input of 
public funds, either in the form of subsidy for new housing construction or of direct 
payments to the families displaced. One major recommendation arising out of the re
location analysis-that compensation for residential properties acquired be substantially 
increased over traditional fair-market-value levels-ultimately had influence on both 
state and national legislation. But it was of help only to homeowners. Most renters, 
who comprised the bulk of black displacees, would require subsidized rehousing re
sources at tremendous cost. The needed housing was not even on the drawing boards 
and would require many months to plan and build even if funds would be obtained. As 
the project proceeded, it became increasingly evident that an adequate relocation plan 
would not be forthcoming on a timely basis. 

The social analysis, therefore, devoted major attention to the probable impact of 
the freeway on both the city as a whole and immediately adjoining neighborhoods under 
the assumption that an adequate relocation program was not likely. 

CITYWIDE SOCIAL IMPACT ANALYSIS 

In view of the magnitude of the freeway plan as described earlier, we decided to 
focus the social impact analysis initially at the citywide level in terms of assessing 
overall trends and the potential impact of the freeway network as a whole on these 
trends. Separate impact analyses were also conducted at the neighborhood level for 
individual segments of the route. These neighborhood analyses supported the findings 
of the citywide analysis and sharpened its conclusions. 
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Some of the citywide findings were deeply disturbing because of the picture that they 
revealed of Baltimore's current social health and the prognosis for future trends. It 
quickly became evident that the freeway-or rather the processes of displacement, 
condemnation, demolition, and construction that attended its development-would be 
impinging not on a stable social environment but rather on a rapidly decaying one. 
Following are some of the key findings. 

General Population Trends 

According to the best available evidence Baltimore City has been losing population 
at a rapidly accelerating rate since the 1950's (Fig. 1). The decrease between the 
1950 and 1960 Censuses was slightly under 11,000 persons or about 1 percent of the 
total. Although not large, this loss represented a dramatic reversal of a prior trend 
of uninterrupted growth exceeding 6 percent per decade throughout most of the city's 
history. The Baltimore City Health Department estimates that this rate of loss accel
erated to 4 times the 1950-1960 average in the first half of the current decade. This 
estimate is based on vital statistics, which have proved to be highly reliable indexes of 
overall population trends at the national and local levels. Extrapolation of the trend 
indicates that the city's total population has now dropped below

1 
900,000-over 50,000 

persons, or 6 percent, under the 1950 peak. The prognosis is for continuing decline, 
perhaps at a somewhat slower rate, unless strong countervailing factors not now in 
evidence are brought into play. 

Census statistics are known to undercount population in black ghetto areas; this 
fact would affect the statistical base of the trend analysis. Therefore, a correction 
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Figure 1. Population trends in Baltimore City from 1950 to 1960 and 
estimated for 1960 to 1970. 
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was made for estimated undercounting, based on a procedure developed by U.S. Bureau 
of Census sources. The revised estimates produced larger figures for all years since 
1950; but the downward trend remained unaffected. This trend, it should be understood, 
is for the City of Baltimore alone. The Baltimore metropolitan area has continued to 
grow, and thus the loss represents a draining off of the city's population into its suburbs. 

Color Shift 

The centrifugal movement of Baltimore's population has been accompanied by a 
marked color shift. Between 1950 and 1960, nonwhites in Baltimore City increased 
from 24 to 35 percent of the total by official census count. By 1969, the estimated 
proportion had risen to 45 percent. Corrected for census undercounting, the 1969 non
white population stands at 48 percent. (The nonwhite figure includes Orientals, Ameri
can Indians, and other nonwhite races in addition to Negroes. However, the number of 
these other groups is virtually negligible.) 

It is clear that Baltimore will pass the 50 percent nonwhite mark this year or the 
next. At the same time, the proportion of nonwhites in the population of Baltimore's 
suburbs has been declining, because the suburban exodus from the central city has been 
almost exclusively white. White expansion has overwhelmed small black suburban en
claves, sometimes forcing their residents to relocate in central ghetto areas. Thus, 
the growing racial ghettoization of the central city results in part from racial exclusion 
in the suburbs. 

Within the Baltimore City, rigid racial segregation also exists on a neighborhood 
basis. Baltimore neighborhoods, virtually without exception, are either all white, all 
black, or in process of racial change. Change once begun is usually rapid and complete. 
Today, nearly 90 percent of all census tracts in the city are estimated to be either less 
than one-fourth black or more than three-fourths black. And the process of racial 
transition continues at a rapid pace. About one-fourth of all census tracts in Baltimore 
are currently estimated to be undergoing racial change. 

Baltimore's black population inherits the accumulated inequities of more than 2 cen
turies of systematic exclusion from good schooling, good neighborhoods, and equal 
access to jobs. It is at a disadvantage relative to the departing whites in job skills, 
employment rates, income levels, and dependency rates. Therefore, as the proportion 
of black residents increases, the city's potential for coping with its own problems de
clines, and the incidence of those problems grows. 

Age Shift 

A pronounced shift has also occurred in the city's age structure. Most important 
has been a significant decline in the age brackets from 25 through 64 years that con
tribute most to the city's leadership and economic potential. In this group the loss was 
nearly 43,000 persons from 1960 through 1966. In the same period, the number of 
children of school age increased by approximately 15,000, and the number of people 
past 65 , by somewhat over 5,000. Thus, the number of school children and dependent 
elderly persons requiring city services increased while the taxpaying population who 
could pay for those services declined. 

When race is superimposed on the age statistics, the changes become even more 
striking. Baltimore's white population declined in all age brackets except the very 
oldest. Today, white adults in Baltimore include at least as many persons past 50 as 
49 or younger. The number of white children is declining; the ability of the white popu
lation to reproduce its numbers is diminishing to the point of no return. Recently, for 
the first time, deaths began to outnumber births among white residents. 

The nonwhite age structure, by contrast, remains much more "normal" and much 
more like that of the U.S. population, regardless of race. Most age groups among 
blacks are increasing in numbers-with the greatest proportional rise being among 
teens and young adults, who increased 35 percent in the period from 1960 to 1966 alone. 
These young people, therefore, represent the greatest hope for the city's future. They 
also pose the greatest hazard to its continued social well-being, if their needs for ade
quate education, jobs, and recreation are not served. 
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Analysis of Overall Population Changes 

Taken together, these changes hold profound implications for Baltimore's future. A 
continuing decline in numbers is clearly in prospect for some year.s to come, unless 
reversed by a substantial increase in in-migration or in births, or both. Increased in
migration is not likely. Younger whites are overwhelmingly likely to continue moving 
to the suburbs, and older whites to die off without replacement. Black in-migration 
to the city, meanwhile, has slowed to a trickle . Only a dr amatic improvement in job 
opportunities would be likely to draw black people to Baltimore from elsewhere. (In 
1960, 10 percent of the black civilian labor force was unemployed; scattered data indi
cate that the situation has grown worse since.) 

Neither is the prognosis as to natural increase encouraging. White births will al
most surely continue to decline. It is possible that births among black residents may 
rise sufficiently to reverse the decrease in total birthrate, but such a change would 
mean even more rapid racial transition. Reversal of the present trend toward in
creased black dominance can only occur through measures that greatly enhance the 
city's attractiveness to whites who have many other alternatives available. That means 
massive public expenditures. The age shift makes it increasingly difficult for Balti
more to mount such a public improvement program. The effect on the tax base of re
placement of middle-class whites by poor blacks is compounded by the fact that the 
whites who remain are increasingly in the retirement years. 

Probable Freeway Impact 

The probable impact of the planned development was analyzed both for the city as 
a whole and for neighborhoods in its path. This analysis, as noted earlier, involved 
the application of judgment, together with logic and accumulated knowledge in relevant 
situations, to the interpretation of the social data. 

In the first place, the author concluded that the 3,600 families to be displaced could 
tip an already unstable system into total imbalance. Approximately 80 percent of these 
persons, as indicated earlier, are black, and U1e great majority of these are poor. 
These facts result naturally from the planned route of the freeway through many of the 
city's worst neighborhoods. 

Numerous studies of relocation, in Baltimore and elsewhere, have indicated that 
the majority of displaces are i·ehoused near their former places of residence. Com
monly, at least half relocate within a radius of 1 mile. Unless a massive relocation 
program, skillfully planned, averts this result, the major impact would fall on immedi
ately surrounding neighborhoods-most of which are already heavily black and deterio
rating. Despite the decline in total population, there are very few decent vacant housing 
units available in these neighborhoods. Units left vacant are generally substandard; 
even if not, they are immediately and extensively vandalized. The immediate result 
would, therefore, be further overcrowding and deterioration. 

A secondary consequence would be that black residents of such directly impacted 
neighborhoods who could afford to do so would seek housing elsewhere-probably in 
neighborhoods in racial transition. In turn, this secondary impact would produce a 
tertiary result: the accelerated exodus of white families from these transitional neigh
borhoods and, in all likelihood, from the city itself. 

The probable end result of massive displacement from the immediate freeway cor
ridor would thus be further decline in the city's population and acceleration of racial 
change. By the same token, the age structure would be negatively affected because 
the white families most likely to leave would be families in their peak earning years with 
children. This selectivity, in turn, would further damage the tax base. 

NEIGHBORHOOD IMPACT ANALYSES 

These findings were reinforced when the freeway impact was examined at the neigh
borhood level. For slum neighborhoods, the probable impact would be generally as 
that just outlined. Of even greater significance was the probable social impact on 2 
neighborhoods that were not slums-one predominantly black and the other largely white. 
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One heavily black area to be impacted by the freeway corridor is Rosemont, located 
in West Baltimore. Unlike most of the others, it is not poor but a highly stable middle
class, homeowner area. Rosemont was given special attention by the concept team 
because it was the prime locus of organized citizen oppostion to the freeway. The find
ings to be discussed are derived from a special survey designed and conducted cooper
atively for the concept team by Morton Hoffman and Associates, Real Estate Research 
Corporation, and the author. It was the only original research for which resources 
were made available in this project. 

Rosemont became heavily black in the mid-1950's, and the great majority of the 
present owners have resided in their homes since that time. Many are retired or 
approaching retirement, with 60 percent of household heads being 50 and over and one
fifth past 65. Many of these families hold substantial equities in their homes, but 
would face hardship in obtaining new mortgages because of age. If they could do so, 
however, they would be likely to relocate in transitional neighborhoods, displacing 
white families. 

In Rosemont, over 800 households would be directly displaced by the freeway under 
the proposed routing. However, this direct displacement impact would account for only 
a fraction of the total impact. The freeway route, which followed the major commercial 
artery, would wipe out the majority of the area's shopping facilities and would separate 
the bulk of the neighborhood from 3 supermarkets on its periphery that supply the food 
requirements of two-fifths of its households. Shopping would become especially dif
ficult for the 40 percent of Rosemont households that do not own automobiles, many of 
whom are elderly. 

The freeway would also destroy many of the social facilities that helped make the 
neighborhood an attractive place for many of its residents. At least half a dozen 
churches, including both "storefronts" and major denominations, would be displaced. 
Also removed would be many commercial ventures important to social life such as 
barber and beauty shops, bars, restaurants, and laundromats. The playground of 
a major elementary school would be largely destroyed. Rosemont would become an 
area of homes gutted of most of the facilities and services on which the occupants of 
those homes depend for both the tangibles and intangibles of life. 

Under these conditions, many Rosemont families with the wherewithal! to do so 
would seek homes in more suitable neighborhoods, even though the freeway had left 
their dwellings physically intact. They too would tend to displace white residents from 
areas already in racial transition; and some might help to initiate transition in still 
other neighborhoods not yet affected. 

Rosemont itself would tend to draw replacements chiefly from among black families 
from the central ghetto, who possessed less financial capability and thus had no choice 
but to accept a neighborhood virtually devoid of essential services. Unless such 
services were provided, these families with lower economic status and higher incidence 
of social problems would tend to reduce Rosemont to the condition of the slums from 
which they came. The beginning phases of this process of socioeconomic deterioration 
were already evident in the freeway corridor itself, where long-standing anticipation 
of freeway condemnation had encouraged a number of homeowner families to leave. 
Their single-family dwellings had promptly been converted to multifamily rental use. 

East Baltimore is another stable homeowner area, in some ways similar to and in 
others very different from Rosemont. The prognosis here must be somewhat less 
definite than that in Rosemont, chiefly because no original surveys could be made. 
However, a negative outcome is likely here also. East Baltimore is a collection of 
white working-class neighborhoods, for the most part having a high degree of cohesive
ness and stability. However, these qualities are distinctly precarious. Racial and 
socioeconomic transition has already begun to occur on its western and northwestern 
boundaries. Almost any factor that tends to disturb the area may accelerate it. 

The uneasy stability of East Baltimore is based largely on its long-time occupancy 
by cohesive white ethnic groups, chiefly Polish, German, Italian, and Ukranian. Social 
interaction occurs mainly through churches and ethnic associations. Pride in owner
ship of the modest row houses that predominate is evidenced by scrupulous maintenance, 
including frequent repainting and scrubbing of the white marble steps. Unemployment 
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rates are substantial, and incomes generally low to moderate; yet pride in self
sufficiency holds welfare rates well below citywide norms. 

Many of the white residents of East Baltimore are extremely fearful of blacks, whom 
they regard as threatening to individual safety and to continued neighborhood stability. 
The expansion of the black ghetto on the western edge of the area has progressed notice
ably in the past several years despite determined resistance. It is a source of great 
concern. In informal probings, the author found that residents raised the racial issue 
spontaneously as the key problem affecting their neghborhood. An outside observer 
would expect them to feel more concern about the obvious shortcomings of public facil
ities, the encroachment of noxious industry, and the hazards to safety presented by 
high-speed truck traffic on the residential streets; yet those were barely mentioned. 

These facts indicate that the freeway might impact negatively on the social stability 
of East Baltimore in one or both of the following ways: First, it would contribute addi
tional pressure to the nonwhite housing demand that has already initiated racial tran
sition on its western edge. Second, its disruption of the precarious peace of the neigh
borhood might encourage white residents to move elsewhere, creating a vacuum into 
which black home-seekers would move. 

The second possibility is less sure than the first, because unattractive industrial 
uses prevalent in this area cause residents no apparent concern. It is difficult to pre
dict the impact of one more unsightly and noisy facility on their satisfaction with East 
Baltimore as a place to live. By removing some of the trucks which now travel at high 
speeds along residential streets, endangering small children, the freeway might even 
have long-run positive effects. But short-term disruption may well outweigh this 
prospect, especially if vandalism of condemned buildings is common. Because it 
would pass along the periphery of East Baltimore (rather than through its heart as in 
Rosemont), the freeway would have relatively little direct impact on homes and com
mercial and social facilities. 

More important, the massive displacement of black families resulting from freeway 
relocation would increase the pressures on East Baltimore as well as the city's other 
remaining all-white neighborhoods. Because transition is already occurring, the dam 
has been breached and acceleration would be relatively easy. Incoming black families 
would not be likely to find East Baltimore as satisfactory a place to live as do the 
whites who now reside there, partly because many of the area's social and recreational 
needs have long been satisfied by its churches and ethnic associations. These would 
flee the area along with its white residents. East Baltimore is seriously undersupplied 
with puhlir. facilities as a. result; a large invP.stmP.nt would be required to suit it to the 
needs of a less self-sufficient group. Prognosis for physical and social blight as an 
accompaniment to racial transition is strong. 

In this situation, the author's recommendations took 2 forms: First, both orally 
and in written memoranda and reports, he repeatedly stressed the potential negative 
impact of the freeway as originally planned. He offered no assurance that any proposals 
for counteracting this impact would have the desired effect. Second, in response to 
his contractual assignment, he proposed the joint development of the freeway and a 
number of facilities that were intended to help alleviate existing social problems and 
to help counteract the anticipated negative effects of the freeway development. Four 
general strategies were recommended for using the freeway and associated joint de
velopment projects as a tool to help focus all available resources on Baltimore's prob
lems. These strategies are discussed in the following. 

Strategy 1 

Use joint development to provide a physical framework for institutional change. 
In portions of the social impact analysis not earlier discussed, we examined the 

inadequacy of many of Baltimore's existing social service 1111:;lllullum; Lu cuve wllh 
pressures resulting from racial and economic change. This first strategy would use 
the development potential provided by the freeway as a lever to help reconstitute exist
ing institutions, chiefly by providing them with an optimum physical environment for 
delivery of services. Under this strategy were proposed the following: 
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1. Multiservice neighborhood centers to bring together the entire range of human 
services, both public and private, in coordinated fashion and in locations convenient to 
concentrations of need. 

2. Reoriented recreation facilities, designed with the help of potential users, to 
help meet the recreational needs of Baltimore's rapidly growing black teenage 
population. 

3. School-job centers, merging paid on-the-job training with school completion in 
a single "package," to help bridge the serious gap between schooling and employment that 
particularly handicaps black youth. Low-income youth would be paid for participation 
in order to reduce the economic pressures that often contribute to their dropping out. 

4. Educational parks to help provide the most modern, flexible environment to 
assist Baltimore's public education system in adapting to changed demands. 

Strategy 2 

Use the freeway as a vehicle to break down barriers to social, economic, and politi
cal integration of the metropolitan area. 

This strategy would use the freeway as a tool to reduce the growing disparity in re
sources between the central city and the surrounding suburbs both by encouraging re
distribution of population and facilities on a more equal basis through the metropolitan 
area and by improving the accessibility of suburban resources, such as jobs, to city 
residents. Among programs specifically recommended were the following: 

1. Relocation and redesign of access ramps to maximize freedom of access for 
inner-city workers traveling to suburban jobs and for city industries needing better ac
cess to metropolitan markets. 

2. Transportation-employment centers to provide terminals for high-speed bus 
routes to connect concentrations of underemployed workers with suburban job oppor
tunities and to provide a combination job-finding, referral, and retraining service. 
The freeway itself would become a fast route to better jobs for these workers. 

3. A nonprofit metropolitan development corporation, dubbed "Baltometro," em
powered to develop low- and moderate-income housing, multiservice centers, and 
other required facilities throughout the metropolitan area in accord with needs. By 
providing sites at reasonable cost, the freeway could make an important contribution to 
its success. 

4. Relocation housing, located in suburban areas to the maximum degree possible, 
to reduce economic and social disparities between the city and the suburbs and to re
duce the pressure of black population growth on Baltimore's remaining all-white and 
transition neighborhoods. 

Strategy 3 

Use joint development to improve accessibility of human services to inner-city 
residents. 

This strategy is directed specifically toward the increasing concentration of human 
needs within the City of Baltimore and particularly in its ghetto areas. It utilizes the 
freeway's route through these areas for joint development of the following strategically 
located facilities and services: 

1. Multiservice neighborhood centers (see strategy 1). 
2. Day-care centers to provide low-income mothers with safe, reliable, and con

venient care of their children while they work to support them, and to furnish these 
children with preschool enrichment to overcome educational handicaps. 

3. Social services developed in conjunction with freeway-related commercial facil
ities, day-care centers, and the like. Both cost economies and improved utilization 
could be achieved by the joint use of space and by a combination of the satisfaction of 
basic needs such as food and laundry with social services. 

4. Tot lots and small ball fields on otherwise wmsable fragments of land left vacant 
in the course of freeway demolition. These pocket recreational facilities would help 
overcome the severe shortage of safe play space in Baltimore's densely populated row
house neighborhoods. 
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Strategy 4 

Use the freeway and joint development to help conserve the city's human, physical, 
and economic resources. 

This strategy was oriented toward conserving Baltimore's remaining strengths, 
which are still impressive despite recent declines. Among these strengths are skilled 
workers, stable families, well-maintained neighborhoods with strong community feel
ing, and viable commerce and industry. This strategy included the following programs: 

1. Rerouting of the freeway to avoid disrupting existing neighborhoods (the author 
lost no opportunity to drive home this point). 

2. Provision of adequate relocation housing in advance of freeway acquisition. The 
intent of this recommendation was to reinforce the urging of the concept team's eco
nomic consultants toward the same end. 

3. Provision of tuition-free community college and 2-year technical institute. In 
addition to its obvious educational advantages, such an institution could help retain 
families with children approaching college age by offering the economic incentive of 
free tuition to city residents. 

The four strategies were offered not as mutually exclusive alternatives but rather 
as mutually reinforcing means toward the same basic goal. Thus, all were equally 
recommended. In recognition that limited recources would necessitate a choice, how
ever, 4 criteria were developed for priorities: 

1. Maximum economic impact. Priorities should be granted programs offering 
greatest potential for improving the economic status of disadvantaged families in free
way impact areas. 

2. Maximum impact on youth. Priority should go to programs promising maximum 
improvement in the potential of youth to function effectively as wage earners, parents, 
and citizens. 

3. Maximum equalization potential. Priority should be given programs with maxi
mum potential for equalizing disparities in resourr.es between city and suburbs. 

4. Maximum early impact. Priority should go to programs with greatest potential 
for early impact because they could be implemented relatively quickly or could achieve 
measurable results soon after implementation. 

When the various program recumrnenclalions were sorted out according to these 
criteria, none was found to fall in all 4 categories. Two fell into 3 categories: the 
transportation-employment centers and the school-job centers. One recommendation, 
multiservice centers, fell into 2 categories. Six more scored in 1 category: day-care 
centers, youth centers, relocation housing (in suburbs), the metropolitan development 
corporation, the community college and technical institute, and educational parks. 

In accord with these recommendations, the resources available for implementing 
them were briefly examined. The conclusion was that Baltimore's municipal finances 
were far too strained to carry the burden and also that applicable federal grant pro
grams; such as the Neighborhood Facilities Program of the U. S. Department of Hous
ing and Urban Development, were clearly inadequate to the need. 

The recommendation, therefore, was that the road itself be required to carry the 
major burden through an increment to federal and state construction fWldS calculated 
Lu help compensate the city for the effects of its passage-a "tax on the road." The 
author did not feel competent to recommend the appropriate level of increment, be
cause this was basically an economic problem. However, he recommended that the 
economic consultants be assigned the task of calculating it in collaboration with him, 
and that explorations be undertaken with both federal and state officials to determine 
how it might be furnished. At present writing, this recommendation has not yet been 
implemented. 

NEIGHBORHOOD-LEVEL RECOMMENDATIONS 

Recommendations at the neighborhood level represented a selective application of 
these strategies and programs to the varying conditions found along the freeway route. 
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In Rosemont, facilities were recommended to reestablish displaced commercial activ
ities where they could continue serving the same clientele. Because many of these 
businesses were economically marginal , liberal financial assistance in relocation was 
advised. Replacement of churches was recommended, together with play space to 
compensate for destruction of the school playground. 

Recommendations included a new multiple-use neighborhood shopping center, to 
compensate for damage done the food distribution system by disturbance of access 
routes to supermarkets, plus a major recreation center. Because Rosemont is not a 
low-income neighborhood, the recommendations did not include social services directed 
toward alleviation of social pathologies. Major emphasis was placed on restructuring 
to restore facilities destroyed by the freeway and to remove existing inadequacies. In 
light of changes already observable in the freeway corridor, no assurance could be 
given that such restructuring would prevent Rosemont from deterioration. 

In slum neighborhoods, the social recommendations took the form of facilities in
tended to bolster the capabilities and serve the urgent needs of residents-including 
multiservice centers, school-job centers, transportation-employment centers, and 
day-care centers for working mothers . If fully implemented, these recommendations 
should help materially to alleviate social problems in areas immediately surrounding 
the freeway. The present state of knowledge does not permit us to determine the de
gree of improvement that would result, but in all likelihood these areas could be made 
substantially better than they were before the freeway's passage . 

However, such joint development programs would do nothing to reduce the negative 
impact on displaced families, nor the deteriorating pressures these people would exert 
on areas to which they moved, and ultimately on the city as a whole. Only a massive 
and skillfully planned relocation program incorporating construction of enough new units 
to replace those destroyed by the freeway, and implemented in advance of demolition, 
could achieve this end. 

East Baltimore presented a very different constellation of problems. Neighborhoods, 
like their inhabitants, are creatures of constant change. No neighborhood, including 
those which comprise East Baltimore, can or should be stabilized in its present state 
indefinitely-however satisfied the present residents may appear. To attempt to im
pose an artificial stability would not only be futile but very possibly destructive. 

But how a neighborhood changes, and how rapidly, can be critically important. How
ever desirable as an ideal, racial integration is not a realistic prospect for East Balti
more today. Racial change, once under way in earnest, will eventuate in complete 
racial transition as rapidly as the white population can move out. It may be accom
panied by racial violence, even by bloodshed. Moreover, precipitate racial transition 
will probably mean socioeconomic deterioration, especially because East Baltimore's 
self-sufficient but curiously ingrown neighborhoods are virtually devoid of vital public 
facilities and social services. 

The social recommendations for East Baltimore therefore focused on facilities and 
programs to expose it gently to culturally broadening influences, and to improve its 
most obvious physical deficiencies without seriously disrupting it in the process. They 
included items such as a community college or technical institute or both; stimulated 
development of a nearby emergent cultural-commercial-recreational center , Fells 
Point, which shows some promise of becoming to Baltimore what Georgetown is to 
Washington, D. C.; and neighborhood-oriented recreation facilities, particularly small 
playgrounds for younger children, to remedy one of the area's most serious present 
deficits and place it in an improved position to accommodate future population change. 
Again, no assurance could be given that these proposals would prevent negative impact, 
especially because they would have no effect on the population displacement from slum 
ghetto areas, which appeared likely to create more severe human pressure on East 
Baltimore than any physical detriment the freeway might produce. 

Areas like Rosemont and East Baltimore epitomize the dilemmas posed by the need 
to renew and restructure major cities without at the same time destroying their basic 
strengths, their human inhabitants and cohesive neighborhoods. The physical struc
tures of cities can be torn apart and rebuilt at will, albeit at great cost. Their social 
structures are much more fragile. Once rent apart, it may not be possible to recon
stitute them. 
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Rosemont and East Baltimore exemplify still another problem of our modern urban 
social structure, one that we created largely by intent. This is the rigid compart
mentalization of metropolitan areas by race and ethnic group, with the form of these 
neighborhood compartments often coming to reflect their function so thoroughly that 
they are not readily adaptable to a different user group. 

The freeway does not create these problems, but it impacts on them so heavily that 
a special responsibility is imposed on those who design it. At the very least, such a 
major public improvement program should not be guilty of making the problems even 
worse. The overwhelming problems of our cities today strongly urge that all physical 
development programs be designed and coordinated in such a manner as to help ensure 
that they strengthen the social and economic bases of the cities, or at least leave them 
as strong as they were. This requires that the planning processes have a sensitivity 
and comprehensiveness that up to now have been missing. 

Seen in this light, the recommendations of the Baltimore social impact analysis 
were basically conservative. They were aimed primarily at minimizing the freeway's 
negative impact on the city. Secondarily, they were directed toward employing the 
freeway as a tool for gradual and positive improvement in the human structure of the 
city and in the physical facilities serving human needs. The major political difficulty 
that they presented was their cost, which would be great regardless of whether rerout
ing, joint development, or a combination of the two were adopted. The author con
tended that this cost should be borne by the federal government, because the freeway 
was financed chiefly through federal funds and was intended to serve transportation 
needs of a multiple-jurisdictional metropolitan area and ultimately of the entire nation. 

Much further knowledge is needed about the social impact of public improvement 
programs of all kinds and of the most effective means for ensuring that their ultimate 
net effects on the social structure are positive. But the more important obstacles lie 
in our capability for implementation. Our institutional structures must be enabled to 
adapt constructively to changing needs. More important still, the public and its insti
tutions must recognize that the magnitude and severity of problems now afflicting urban 
areas cannot be dealt with exc:P.pt at great cost. This cost cannot be ignored, deferred, 
or magically shifted. It must be faced and met today by the ultimate source of all funds 
for public purposes, the American citizen and taxpayer. The current ferment over 
freeways makes it clear that in one way or another, he will pay. 
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The Economic and Environmental Effects of 
One-Way Streets in Residential Areas 
JOHN KENNEDY and DENNIS HILL, Transportation Planning Division, 

Michigan Department of State Highways 

•THIS RESEARCH was undertaken to improve highway planning criteria and to obtain 
data for use in answering questions raised by concerned property owners regarding 
property values and environmental effects. Although much has been said about the ef
fect of one-way streets on residential property values and environmental conditions, 
very little direct research is available. State and city traffic departments defend the 
one-way street as an economical and efficient method for relieving traffic congestion. 
Accident studies, travel time studies, and capacity studies support this position. Crit
icism and opposition come, however, from residential and commercial interests. The 
nature of public criticism concerns itself far more with property values, business 
trends, and environmental conditions than with the ability of one-way streets to move 
traffic. 

To understand what is involved in determining the consequences of locating one-way 
streets in residential areas, we examined agricultural location theory, transportation 
and urban land use theory, and environmental preferences. Selection of a one-way sys
tem suitable for case study was an essential second requirement in order that theoreti
cal observations could be compared with actual conditions. A third requirement was to 
obtain the reactions of residents living in the affected corridor. The final requirement 
was an attempt to interpret the results obtained from the theory and case study. 

AGRICULTURAL LOCATION THEORY AND TRANSPORTATION AND 
URBAN LAND USE THEORY 

Transportation has always had an important position in agricultural location 
theory. The capacity of land to yield profit has historically been related to transporta
tion costs to markets. As the distance from the market increases, rents or profits for 
the agricultural enterprise decline. Although the enterprise may substitute other cost 
outlays, such as fertilizers, improved cultivation, and more efficient equipment to com
pensate for increased transportation costs as the distance to market increases, trans
portation facilities are still an important influence in determining profit and land value. 
This influence obviously applies to all land use but varies in degree according to use. 
A family might live quite satisfactorily, for example, in a residence 20 miles from a 
city, but it might be very difficult to competitively operate a drug store at this distance. 

The Alonso theory (1) of the land market has special significance with respect to 
residential land values and highway transportation improvements. In summary, this 
theory indicates that persons deciding on home locations in the land market attempt 
equilibrium between what they can spend for space for housing and what they can spend 
for all other commodities. Satisfactions from housing space and accessibility result 
jointly from the location decision. Land in central locations produces higher rent in 
relation to transportation costs and convenience. This is where access to opportunities 
is greatest. 

For the homeowner, the process of locating in the urban land market is basically a 
matter of relating his own personal economy to the external economy of the city in the 
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most profitable manner-to obtain housing space and locate so as to maximize net re
turns or satisfactions. It does not seem that a prospective homeowner would be maxi
mizing net satisfactions by purchasing housing next to a heavily traveled one-way street. 
From an environmental viewpoint, this is not consistent with what we normally think of 
as the ideal residential environment. On the other hand, this location could have supe
rior accessibility and advertising advantages for more intensive usage. Quite possibly, 
then, implementation of a one-way system could cause an increase in residential prop
erty values and at the same time cause a decline in environmental conditions. 

In the foregoing, the primary emphasis has been on the economic determinants of 
land use and property values. Other influences in the traditional noneconomic sense 
also have a very important role in determining the use and demand for land. Results of 
many sociologically oriented studies seriously question land use and value theories 
relying heavily on transportation-oriented economic determinants. 

FACTORS IMPORTANT IN ENVIRONMENTAL SELECTION 

In most sociological studies of residential neighborhoods and residential mobility, 
researchers have investigated the various likes and dislikes that residents have about 
their particular residential area to obtain environmental preferences. These prefer
ences are then correlated with various socioeconomic indexes to obtain preferences 
for different types of residents and how these may change over time. The results 
of these studies help define what influences contribute to environmental dissatis
faction and what consequences of a transportation improvement in a residential area 
might be. Pertinent findings of some of these studies, particularly those factors im
portant in housing and neighborhood selection, are as follows: 

1. Social considerations are important in the location choice of a home and neigh
borhood. 

2. Noise is the most frequently mentioned dislike in neighborhood areas most in
tensively developed. 

3. The importance of neighburhuud appearance, education, and open space considera
tions increases with income. 

4. Sixty percent of all respondents moving had looked at a home in another location 
before deciding, indicating environmental "shopping." 

5. In deciding on a home location, people in almost all income brackets consider 
social and aesthetic factors more important than convenience of location. 

6. A location well out from the center of a metropolitan area is the predominant 
preference. This preference is based on the dislike for noise, crowding, and confusion 
and a desire for space for spare-time activities. 

Although there are many aspects of the results from these studies, a very basic 
concern to the study is the effects of one-way streets in residential areas. The results 
presented reveal that a positive economic effect of a transportation improvement in a 
residential area based on a land value or use theory that places emphasis on transporta
tion cost and convenience may be inaccurate. One-way conversion also causes undesir -
able environmental influences such as pollution, dirt, noise, and potential safety haz
ards that may affect the demand for land and the price. This is shown by the impor -
tance placed on social considerations in home selection, desire for quietness, the ap
pearance of the neighborhood, and the dislike for influences that cause crowding and 
confusion. There is little doubt that, if conditions were severe enough, such as high 
traffic volumes and dwellings situated close to the street, the livability of the home en
vironment would decline. The effect on residential property values is, however, more 
difficult to assess because the locational and advertising advantages can enter into the 
situation. 

A one-way conversion could cause an increase in property valuei:; and at the same 
time cause a decline in environmental conditions. According to land use and transporta
tion theory, a transportation environment such as a one-way conversion could, through 
increased advertising and locational advantages, tend to increase residential property 
values by creating the situation whereby change toward more intensive usage could 
occur. The previous presentation has also suggested that a housing market that limits 
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environmental choice and a one-way conversion that involves heavy traffic volumes will 
quite probably cause environmental conditions to decline as a result of the adverse ef
fects of the improvement. This is a situation where public criticism or dissatisfaction 
would probably arise despite no loss to residential property values. This possibility 
becomes more obvious when consideration is given to the fact that people often do not 
move when it is possible but wait and speculate for the best sale. 

RESULTS OF CASE STUDY 

The study of the one-way system chosen served primarily as a pilot study to compare 
actual trends with theory, to refine measurement techniques, and to improve understand
ing for future highway planning decisions . The available indicators employed to reveal 
the economic effects included residential property value trends, property listing trends, 
zoning changes, and trends in the urban area economy and housing market. Personal 
interviews were conducted on a sample basis to allow comparison of attitudes between 
residents living adjacent to the one-way pairs and those living in the study corridor but 
removed from the one-way pairs. The method used to determine the effect of the one
way conversions on residential property values was to compare market value sales 
trends in a one-way corridor about 3 miles in length with control areas that paralleled 
the system. Selection of the study and control areas was important in making compari
sons because the location of the boundary could affect the rate of value change. The 
first analysis area, study area 1, included sales occurring between the one-way pairs 
but not adjacent to them. The second analysis area, study area 2, included all sales oc
curring adjacent to the one-way pairs. A control area was selected outside and parallel 
to the one-way system because of similar housing qualities. 

Implementing the one-way system involved converting a low-traffic-volume residen
tial street and a parallel high-traffic-volume state highway to one-way operation. Dis
tance between the one-way pairs varied from 1 to 2 blocks. Three separate construc
tion stages were involved in the analysis. The before-and-after comparison periods 
for stage 1, stage 2, and stage 3 were 5 years and 6 months, 5 years and 3 months, and 
3 years and 1 month respectively. The results of the 3 stage comparisons combined, 
given in Table 1, revealed that residential property values in study area 1 declined 7 .54 
percent ; in study area 2, 2.20 percent; and in the control area, 4.16 percent. The urban 
area values increased 3.92 percent. 

These comparisons indicate that, on the whole, the one-way conversions served to 
stabilize residential property values. The negative rates of change are, however, mis
leading. These are caused by inflation adjustments and partly by stage 1, which was 
converted during an economic recession. Separation of the low-traffic-volume residen
tial street property sales from the high-traffic-volume state highway property sales for 
stages 2 and 3 provided more interesting insight. This comparison revealed that resi
dential property values on the low-traffic-volume residential street converted to one
way operation increased 14.7 percent and those on the state highway decreased 10.2 
percent. 

Increases in residential property values on the converted residential street, in con
junction with the greatly increased traffic volumes that were transferred from the state 

TABLE 1 

RESIDENTIAL PROPERTY SALES AND VALUES 
BEFORE AND AFTER ONE-WAY CONVERSION 

Before After 

Location Percent 
No. of Value No. of Value Change 
Sales Sales 

Study area 1 95 $13,306 106 $12,303 -7.54 

Study area 2 57 13,079 53 12,791 -2.20 

Control area 213 11,976 204 11,478 -4.16 

Urban area 12,696 16,051 15, 570 16,681 +3.92 
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highway, suggest that values appreciated as a result of the increased locational and ad
vertising advantages and as a result of speculation . As suspected, traffic volumes ap
peared to have an important role in determining these trends. It is significant that the 
value increase did not directly involve changes toward more intensive land usage. Al
though changes toward higher use did occur, the market value comparisons involved 
only single-family land use. The value increase is not easily attributed to an improved 
environment, based on what is normally considered a desirable residential living en
vironment. Interestingly, the values declined on the state highway where congestion 
was relieved and access, in terms of capacity, improved. This would seem to further 
suggest that traffic volumes are important influences in property value trends. There 
were no unusual selling or buying attempts by residents in study areas 1 and 2. 

The results of the attitude questionnaire revealed that the greatest degree of environ
mental dissatisfaction existed with those residents whose homes were adjacent to the 
one-way pairs. The most frequently mentioned dislikes were traffic noise, dust, and 
exhaust fumes. This attitude or feeling diminished in study area 1, which was at least 
one residential lot removed from the one-way pairs. Although not all residents ex
pressed environmental dissatisfaction with the one-way system, the majority living next 
to the one-way pairs did. The response to the question concerning the influence of the 
conversions on the pleasantness of the neighborhood was directly related to traffic 
volumes. A much higher percentage of respondents living adjacent to the converted 
residential street responded that the neighborhood was less pleasant. This response 
was consistent with our theory that property values could increase as a result of loca
tional and advertising advantages while environmental conditions could decline. 

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

Speculation and advertising potential, in conjunction with traffic volumes, had the 
greatest influence on property value change. Despite adverse environmental impact of 
increased traffic noise, dust, and exhaust fumes, as reported by respondents living ad
jacent to the converted one-way residential street, property values increased substan
tially. Residential property values declined on the state highway that formerly carried 
practically all traffic. Although a higher percentage of respondents on this street than 
on the converted residential street responded that the neighborhood was more pleasant 
because of reduced traffic, a significant number felt the area was less pleasant. 

There was no indication of adverse economic influence on business activity within the 
one-way corridor. The number of business failures was reduced after one-way con
version. Location of new commercial uses in the corridor also indicated positive ef
fects or at least no adverse influence. It was apparentfromafieldsurvey, however, that 
much of the new land use was of the kind that tends to rely on advertising. 

It would be unfair to evaluate the benefits and costs of the one-way conversions on 
the basis of the economic and environmental effects the conversions had on residents in 
the one-way corridor and to disregard the benefit accruing to the thousands of motor
ists using the system. It would also be unfair to substitute motorist benefit for com -
pensation of adverse effect on residents in the corridor. This approach to the problem 
would yield little improvement in public acceptance . Preservation or' human values and 
maintenance of more satisfactory living environments must become more definitive in 
planning and engineering of public works programs if environmental deterioration is to 
be arrested, or at least reduced, and the programs are to be satisfactory to the public. 
Improved highway locational criteria would do much to accomplish this goal. Certainly 
much could also be done to minimize or eliminate adverse economic and environmental 
effects through improved highway design. 

Where transportation improvements are necessary, the consequences resulting from 
the alternatives available should be taken into account in the planning process to arrive 
at the best decision and to achieve ma.ximum public acceptance. This process should 
include an evaluation of (a) the condition of the urban economy and housing market in 
order that the alternatives could be more accurately assessed; (b) the basic predominant 
socioec nom.ic characteristics of affected residents such as their age, family status, and 
social values; (c) the impact on local planning programs and overall development; (d) the 
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environmental impact of heavy traffic generated by the alternative; and (e) the probable 
land use and value impact of the alternative. These evaluations should result in a set 
of more meaningful criteria on which highway planning decisions could be based. 
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Estimating Traffic Noise Levels 
and Acceptability for Freeway Design 
DAVID C. COLONY, University of Toledo 

Noise generation by freeway traffic is an aspect of the urban environ
ment that has received little consideration in highway location and design 
procedures because of a lack of suitable data. A survey of realtors in 
Toledo, Ohio, showed that the immediate proximity of a freeway could 
reduce the sale price of a typical residential property by 20 to 30 per
cent. The realtors considered noise as the most important cause of this 
loss in value. Home interviews with 138 residents in the vicinity of a 
depressed section of the Detroit-Toledo Expressway showed that, of 
those who live immediately adjacent to the right-of-way, two out of 
three would not choose such a location again. Less than half of the res
idents who live within 1,200 feet of the expressway expressed such senti
ments, and analysis of survey results indicates that neighborhood factors 
not related to the expressway were important considerations to these re
spondents. Thus, any economic effect of traffic noise on residential 
property seems to attenuate within less than a block from a depressed 
freeway. Results of the home interviews are used in connection with 
measurements of perceived noise level in an attempt to develop an ac
ceptability index for traffic noise. A simple probability model for traffic 
noise generation is proposed by which the highway designer can estimate 
noise levels by using design traffic volume and percentage of trucks to
gether with the mean noise level for a single truck either estimated or 
measured at a similar location. This model is used to predict maximum 
noise levels in a residential area, and the results are compared with ob
served values. 

•CONTROLLING the quality of the urban environment is surely one of the greatest prob
lems faced by modern industrial society. Production, consumption, and disposal of an 
ever-increasing store of material culture have come to be recognized as potential agents 
of destruction not only to the beauties of nature but also to the psychic and physical well
being of urban dwellers. 

Not the least of the environmental problems in the modern city is the production of 
noise. One can hardly think of an activity that does not result in some kind of unwanted 
sound or noise. In fact it seems fair to say that the higher the level of economic activ
ity in a factory, an office, or a city, the higher the noise level will generally be. If 
this is so, then noise can be regarded as a price paid for productivity in an industrial 
society. Solving the noise problem is not simply a matter of eliminating noise from 
the urban environment. The real problem is to determine what types and levels of noise 
are physically and psychologically acceptable to the typical human being and to provide 
the necessary technology and legal machinery to maintain urban noise below the allow
able limits. 

The term "noise pollution" has been used in numerous articles by the press, which 
has given increasing attention in recent years to urban noise. One of the principal 
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noise s ources that the pr ess has singled out is the urban transportation system in gen
eral and the highway system in par ticular. It is beside the point to contend that other 
noise generators, including some other transportation modes, can far exceed the ability 
of street and highway traffic to assault the ears of innocent bystanders. The point is 
that street and highway traffic is a noise generator and one that is ubiquitous, easily 
identifiable, and outside the control of the hearer. Such a familiar and widespread source 
of noise can easily become established in the public mind as a target on which to direct 
its dissatisfaction with the increasing rarity of peace and quiet. 

Controversies generated by proposed freeway locations can delay specific projects 
and also retard development of an entire metropolitan transportation program. Reactions 
of potentially affected homeowners can be quite emotional. Such reactions often result 
from fear of the effects of noise or other environmental aspects of the proposed facility. 
To be able to estimate the probable effect of a proposed project on a neighborhood, high
way officials need to have some knowledge of the mechanics of the generation and propa
gation of traffic noise as well as its effects on people. 

Insofar as it may affect the prices of nearby property, traffic noise has a negative 
economic value. If noise control features of highway design and location are to be jus
tified from the standpoint of cost effectiveness, · this negative value must be determined. 

The purpose of this paper is to explore the effect of urban freeway traffic noise on 
the inhabitants of nearby residential property. A simple model will be proposed by which 
traffic noise levels may be estimated from traffic parameters, and a noise acceptability 
index will be described. 

A SURVEY OF THE ATTITUDE OF REALTORS 
TOWARD EXPRESSWAY TRAFFIC NOISE 

Professional realtors are probably the most concerned and best informed of those in 
the business world about the factors that influence sales of residential property. They 
are, therefore, likely to have some explanation for the relative undesirability of lots 
near an urban expressway. A mail questionnaire was employed to survey their opinions 
regarding expressway noise because time and resources were limited. There were ap
proximately 280 listings in the 1967 Toledo telephone directory under the heading "Real 
Estate." A questionnaire was sent to every second name under this heading. The actual 
number of replies received was 44, which represents a response rate of about 31 per
cent. The data provided by the respondents therefore constitute about a 15 percent 
sample of the realtors in the Toledo metropolitan area. 

The questionnaire first established whether or not the realtor regarded the presence 
of an expressway right-of-way along a lot line of a single-family residence to be a de
terrent to a prospective buyer. All but one respondent replied in the affirmative. If the 
answer to this question was "yes," the realtors were then asked which of the following 
they regarded as the most important single reason for this condition: fumes, vibration, 
headlight glare at night, noise, or something other than these. More than one of these 
5 choices were marked by many of the respondents. A few indicated the relative im
portance of choices by numerical ranking, but most of those who gave multiple answers 
to this question simply marked 2 or more conditions. All of the respondents who indi
cated an affirmative answer to question 1 specified noise as at least a contributing rea
son for the comparative unattractiveness of a lot contiguous to an expressway (Table 1). 

The final question is admittedly naive ; however, only 6 respondents did not give quan
titative answers. The realtors were asked to state how much more they felt an other
wise identical residence might sell for than a property next to the expressway if the 
latter is worth $10,000, $15,000, or $30,000. They were to assume that lot sizes were 
typical of a city or suburban area and that properties had city water and sanitary sewers . 
All responses have been converted to percentage decrements, which can be interpreted 
as the proportion of market value that a property in a given price range might lose as 
a result of being located next to an expressway as compared to an otherwise identical 
parcel not so located (Table 2). 

Many of the respondents took advantage of the invitation to add their own comments 
to the formal questionnaire. A review of these comments lends support to the conjec
ture that complaints about noise or other environmental conditions really stem from 
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effects of highway proximity on social 
values such as prestige. One such state
ment is typical: "Location value is an 
important factor in the purchase of a res
dence and public reaction to a location 
near an expressway is loss of prestige. 
The loss of value is proportionately more 
for higher priced residences." 

The results of the mail questionnaire 
indicate clearly that proximity of an ex
pressway right-of-way is conside.1:ed a 
definite detriment to the value of a single
family residential property. Traffic noise 
was not only the most cited single cause 
but also a condition that was almost unan
imously regarded at least as a contrib
uting factor. It would seem, then, that 
expressway traffic noise does have a dis
tinctly negative value in the minds of pro
fessional realtors. 

TABLE 1 

REASONS GIVEN BY REALTORS FOR PROSPECTIVE 
BUYERS UEJNO DETERRED FROM BUYING SlNGLE

FAMILY RESIDENCE ALONG EXPRESSWAY 

Reason Number of Times Percent Selecteda 

Noise 19 44.19 

Noise and furn es 4 9.30 

Noise and glare 2.33 

Noise and vibration 6 13. 95 

Noise and other 2 4.65 

Noise, fumes, and 
vibration 2 4.65 

Noise, fumes, vibration, 
and glare 7 16. 28 

All factors, including 
other 2 ~ 

Total 43 100.00 

aooes not include one respondent who did not regard freeway presence as 
being a deterrent, 

MEASUREMENT AND EVALUATION OF TRAFFIC NOISE 

A Lash.: i'equirement in any attempt to evaluate the effects of traffic noise is some 
parameter that. nan characterize the "loudness" or "noisiness" of a given sow1d. Un
fortunately, the selection of such a parameter is far from a simple problem. 

Tb.e loudness of a sound is by no means a directly measw·able, physical quantity. 
The loudness of a sound and its potential rumoyance is really a psychological reaction 
by an individual to a number of physical and physiologir.al factors. The best that can 
be done in comparing the relative loudness of 2 or more sounds is to measure a se
lected physical quantity or group of quantities that have been shown by some reliable 
experiments to have a high correlation with subjective estimates of loudness by a large 
number of people. 

Perceived noise level (PNL) is one fairly complex criterion based on experimentally 
detern1ined "equal-aimoyance contours." PNL is defined as the sound pressure level 
in decibels of a band of noise from 910 to 1,090 cycles per s econd (cps) that sounds as 
"noisy" as the noise being rated. It has been found that PNL predicted the acceptability 
of jet and piston aircraft noises more accurately than did a number of other psycho
acoustical criteria. PNL can be computed by means of certain formulas and a conver
sion table such as the one presented by Beranek (1). Beranelt and others also give a 
definition of the decibel. -

Contours of perceived noise level are shown in Figure 1 for a residential area in 
Toledo, Ohio. A disadvantage in the use of PNL is that it requires not only a set of 
octave band frequency data but also a certain amount of computation. However, it was 
found that there was a very high correlation between the computed PNL and the sound 

TABLE 2 

pressure level in the 600 to 1,200 
cycle octave band. For the Toledo 
data, the correlation coefficient 

REALTORS' ESTIMATE OF LOSS IN VALUE OF -RESIDENTIAL 
PROPERTY CONTIGUOUS TO EXPRESSWAY 

was 0.999, and the standard error 
of estimate was 1.00 PNdb. 

Approximate Dollar Value 
of Property Next to 

an J,;xpressway 

Median Estimated 
Percent Loss 

iu Value 

With a portable instrument such 
Median Estimated 

Dollar Loss as the General Radio Company Type 
in Value 1558-A Or.tave Band Analyzer it is 

- --- - - --- - --- - - - - ----- possible to obtain direct instantan-
10,000 27. 7 2,770 

15,000 24.3 

30,000 20.0 

3,650 

6,000 

eous field readings of the 600 to 
1,200 cycle band and then to esti
mate PNL from a curve like that 



Figure 1. Sound pressure level contours
maximum perceived noise level during 3-

minute sampling. 
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shown in Figure 2. It would therefore appear that the existence of a short, practical 
method for approximating PNL might well make this criterion an attractive one to use 
for evaluating the subjective effects of highway traffic noise. 

COLLECTION AND ANALYSIS OF TRAFFIC NOISE DATA 

A minimum of 6 readings of the sound level meter were taken at each of 340 survey 
stations along the Detroit-Toledo Expressway. All such readings were made on the C
scale and consisted of the highest value observed during a 3-minute sampling interval. 

In addition to this basic set of sound leveil 1·eadings, one area was selected for more 
intensive study. Three-minute samples of traffic noise were recorded on tape by the 
use of an Ampex Model 602-2 recorder. Power for the tape recorder was supplied by 
a 12-volt automobile battery connected to an inverter. The taped n.oise samples were 
later used in the laboratory as input to an octave band analyzer in order to obtain data 
for computation of perceived noise level. 

The residential area selected for the more intensive field work contained 36 noise 
survey stations. It was possible to occupy all 36 stations in one afternoon, and most 
readings were made on Friday afternoons between 1:00 and 5:00. A set of 10 noise 
samples was obtained for each sm·vey station over a 10-week period. The time of oc
cupying each station was approximately the same each week. For those noise survey 
stations that afforded a view of the expressway, a count of southbound vehicles was re
co1·ded for each 3-minute sampling period. The southbound roadway is the one closest 
to the study area. 

In obtaining sound level readings for an individual vehicle, we had to select vehicles 
for measurement that were not part of a platoon of traffic and that passed the survey 
station at an instant when traffic in the opposite lanes was not a distuJ•bing influence. 
It was thus practically necessary to obtain single vehicle readings during intervals other 
than _peak traffic periods. Because vehic~e speeds tend to be higher in light traffic than 
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in heavy, noise level readings for individual vehicles are probably somewhat higher than 
what they would have been had it been possible to obtain them during the peak hours. 

AN INVESTIGATION OF RESIDENT REACTION 
TO EXPRESSWAY TRAFFIC NOISE 

A total of 138 home interviews were conducted for the purpos e of determining the re
actions of the local resident s to traffic noise emanating from the expressway. Thes e 
interviews were all conducted in the same residential area utilized for the su1·vey of 
traffic noise. 

Selected statistics, given in Table 3, are considered reasonable infe rences from the 
survey findings . The range of percentage given may be considered in each case to in
clude the true population percentage with a 95 percent level of confidence. Results of 
the home inter views s eem to indicate the following: 

1. Although the respondents are aware of the expressway traffic noise, it does not, 
in general, disturb them very much. 

2. Relatively few residents have taken action to r educe noise level in their homes. 
3. With the exception of the highest categor y, no marked difference appeared when 

the data were segregated by sound pressure levels into 4 categories : 70 and under, 71 
to 75, 76 to 80, and 81 to 85 decibels. No coherent relationship could be iound between 
degree of disturbance and distance from the freeway even though sound pr essm·e levels 
decrease with distance. 

4. The main source of the noise emanating from the expressway is trucks. 
5. None of the respondents had ever lodged a complaint about t r affic noise with any 

public · authority. Several of those interviewed , however, indicated that an important 
r eason for not complaining was a feeling that littlP. r elief could be expected anyway. 

6. Awareness of the traffic noise seems to increase with greater length of residence 
in the area. This is quite possibly because those with longer residence are older and 
sensitivity is merely a function of age. 

The data given in Table 3 might give the impression that the attitudes of residents 
living near the expressway are in conflict with those of the realtors. That is, the gen
e r al impr ession to be gained from the home interview data is that the noise problem is 
n ot particularly impor tant t o the res idents in the vicinity of an expressway. The real
tors, however, wer e asked only to estimate the economic effect of expressway noise on 
property contiguous to the right - of-way, and the local residents who were interviewed 
lived within an area extending 1,100 or 1,200 ft from the l'ight-of-way line. If we are 
to compare the results of the 2 studies , we must consider only those residents whose 
properties are contiguous to the right- of-way line. For practical purposes, this group 
is the same as the group in t he 81 to 85 decibel range of sound pressure levels. Table 
4 gives the responses of this group. The proportion of those on contiguous lots who rate 

TABLJ, ~ 

ATTl'rUDE R.EGAUDING EXPRESSWAY NOlSE OF LOCAL 
RESIDENTS WHO LIVE 11200 FEE1' OR LESS FROM 

EXPRESSW A 'i AS REPORTED IN lfOME INTERVIEWS 

Attitude 

Have experienced a disturbance 

Rated noise as very severe 

Feel trucks are main cause 
of the noise 

'Ratnl overall effect of noise 
as not noticeable 

Have taken action to reduce 
noise level in home 

Would nut live in similar 
location again 

Percent of 
Interviewees 

38 to 54 

10 to 16 

79 to 85 

54 to 70 

8 to 14 

38 to 54 

TABLE 4 

ATTJTUJ;)E REGARDING EXPRESSWAY NOlSE OF 
LOCAL ru::smeNTS WflO LJVE IN 81 TO 65 DECrBEL 
HJ\l'IUI,; o~· SOUND PRESSURE LEVEL AO nEJ:1O.RTED 

IN HOME INTERVIEWS 

Attitude 

Have experienced a disturbance 

Have experienced a disturbance and 
rated noise as very severe 

Rated overall effect of noise dis
turbance as aMoying or obj ec
tionable or highly obj ectlonable 

Would not buy, build, or rent this close 
to an expressway again 

Percent of 
Interviewees 

50 

37 

75 

63 
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noise as very severe is on the order of 3 times the corresponding percentage for the 
area as a whole. Nearly 2 out of 3 respondents who experienced a disturbance from 
noise indicated that they would not choose to live as close to an expressway as at pres
ent. Analysis of survey data not presented here shows that this attitude on the part of 
respondents in the highest sound level category is probably due to noise, although an 
apparently similar trend in the quieter regions seems to stem from neighborhood fac
tors not necessarily attributable to the expressway. 

If this expressed reluctance to relocate next to a freeway is translated into economic 
terms, one can infer that a substantial price reduction would have to be offered to those 
whohave so expressed themselves if they were to be induced to rent or purchase another 
dwelling similarly situated. Thus, the attitudes of residents who actually live in close 
proximity to an expressway right-of-way line is in qualitative agreement with the opin
ions of professional realtors. 

A CRITERION FOR ESTIMATING THE DISTURBANCE 
CREATED BY TRAFFIC NOISE 

An attempt was made to use data obtained from the home interviews to develop a cri
terion for estimating the attitude of nearby residents toward noise generated by an ex
pressway. Respondents were requested to give their general reaction to expressway 
traffic noise in 5 categories ranging from highly objectionable to no disturbance. Table 
5 gives the number of responses in each category. One way of assigning weights to each 
category is to assume that responses to an interview question of this type are normally 
distributed. 

The responses of people who rated the overall effect of noise as highly objectionable 
are about 4.4 percent of the total responses. If the distribution is normal, these people 
represent the highest "tail" of the curve. The highest 4.4 percent of the area under a 
normal curve has a centroid of about 2.16 standard deviations above the mean. The next 
3. 7 percent in the objectionable category has a centroid about 1. 56 standard deviations 
from the mean. The other categories are similarly determined. The standard score, 
called the acceptability index, is computed by arbitrarily assigning a value of 50 to the 
mean and 10 to the standard deviation. If the normal probability curve is considered to 
extend 3 standard deviations above and below the mean, then the maximum standard 
score is 80 and the minimum is 20. 

Figure 3 shows a graphical extrapolation of the relationship between perceived noise 
level and acceptability index. The maximum scale value of 80 is attained at about PNdb 
= 131, which is a fairly reasonable value, about halfway between the discomfort and the 
pain thresholds. The curve has a minimum point at PNdb = 78, which corresponds to an 
index of about 47. Below this value the index is of little significance anyway because 47 
is the top of the no disturbance range. 

The acceptability index, as it has been described, seems to fit the available data very 
well, including logical limitations on its maximum value. We suggest, therefore, that 
further study would be useful to develop this index as a worldng tool for evaluating 
through the use of perceived noise level the subjective effects of expressway traffic noise 
in residential areas. 

TABLE 5 

ACCEPTABILITY INDEX FOR RESPONSE CATEGORIES RELATING TO 
EXPRESSWAY NOISE 

Category Number of Percent Tota l Standard Acceptability 
Responses Responses Deviation Index 

Highly objectionable 6 4.41 2.16 72 

Objectionable 5 3.68 1. 56 66 

Annoying 11 8.09 1.18 62 

Not noticeable 39 28.67 0.53 55 

No disturbance 75 55.15 -0. 72 43 
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If noise propagation is to be considered Figure 4. Sound level versus traffic volume in which 
in freeway location and design, a method 20 percent of vehicles are trucks. 
for estimating traffic noise and a crite-
rion for evaluating its effect must be de-
veloped. Traffic noise data from the To-
ledo study were used to develop a simple 
model based on probability considerations. The model depends on the fact that noise 
levels from individual vehicles are normally distributed. Som1ds generated 'by over 400 
passenger cars and an equal number of trucks were measured at a point on the Detroit
Toledo Expressway. The probability that a single vehicle will not exceed a given sound 
level can readily be fow1d from tables of the normal probability distribution. In a given 
time period, n cru:s and m b:·ucks will pass a fixed point on the road. 

Let the probability that a single car will not exceed a given sound level be Pp and let 
the conesponding value £or a s ingle truck be Pt. U q is the average number oi trucks 
in a time interval At and s is the average number of cars dul'ing the same interval, then 
the probability that no vehicle will exceed a given sound level x during At is 

(
qme-. q~ ( sne-s) A = --- --- Ptm Ppn 

m! n! 
(1) 

The values of m and n can vary independently for a given q ands, and the estimation 
of A requires the summation of mutually exclusive probabilities resulting from many 
pairs (m, n). By performing this computation for a series of hourly traffic volumes, 
a r ange of sound levels, and a given proportion of trucks, we can determine graphically 
the sound level that has a given probability of being maximum for a particular average 
hourly volume. Figure 4 shows the results of one such amputation for traffic in which 
:w percent of the vehicles are truck::,. 

If vehicles are considered to be moving at a uniform headway and trucks are uni
formly spaced in the traffic stream, then 

(2) 



where m and n are fixed for a given average 
volume and percentage of trucks. 

Sound levels are expressed in terms of 
the number of standard deviations above or 
below the mean individual truck sound level 
in order to make the model applicable to 
other sites. If the mean individual truck 
sound level is determined for any site, a 
series of charts similar to Figure 4 can be 
used to estimate sound level as a function of 
traffic parameters. 

This technique was utilized to prepare a 
map of computed sound level contours for 
the study area adjacent to the Detroit-Toledo 
Expressway. Mean truck noise levels were 
obtained and traffic counts were used to 
compute sound pressure levels along the 
expressway and along the major streets 
bordering the area. Sound levels in the in
terior of the area were computed by com
bining the sound levels from the 3 traffic 
arteries with an "ambient" noise level es
timated from readings taken in a residential 
area remote from any arterial streets. We 
assumed that sound levels diminished with Figure 5. 
distance from the source at the rate of 6 
decibels for each doubling of distance. The 
correlation coefficient between computed 
and observed sound levels was found to be 0.998. 
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COMPU,ED 

'BSERVCP 

Computed versus observed perceived 
noise level. 

Computed and observed sound level contours are shown in Figure 5. The computed 
contours lack the detail exhibited by the observed contours, but this is to be expected 
because there is a pocket of relatively low noise level between each pair of east-west 
streets. The east-west streets function as channels for the sound waves from the ex
pressway, and the buildings between tend to absorb and attenuate the sound. Because 
the computation of estimated sound levels contained no allowance for such excess atten
uation, these low-level areas could not have been predicted. If the 70-decibel contour 
lines and the larger irregularities in the 75-decibel line are disregarded because they 
probably result from the condition just described, the agreement between observed and 
computed noise level contours is fairly good. 

We believe that the techniques described in this paper can be used to estimate with 
a reasonable degree of precision the configuration of sound level contours within an area 
and that a practical acceptability index can be developed by pursuing further study along 
the lines indicated. The techniques outlined could become working tools for the highway 
designer. 
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Basic Approaches to the 
Measurement of Community Values 

' 
MARTIN WACHS, Center for Urban Studies and Department of Systems Engineering, 

University of Illinois at Chicago Circle 

This paper serves as an introduction to the requirements and 
techniques for the measurement of community values in urban 
transportation planning. The need for the measurement of com
munity values is presented, and some philosophical issues sur
rounding such measurement are discussed. Some informational 
requirements for comprehensive transportation planning are 
identified, and the role of value measurement in meeting these 
needs is presented. The process by which individuals perceive 
and evaluate the physical systems in the urban environment is 
used as the setting for the discussion of 4 basic strategies for 
value measurement in transportation planning. Each of these 
basic approaches is analyzed, and examples of their use are 
cited with particular reference to their role in fhe planning 
process. 

•IN PAST DECADES transportation planners and engineers emphasized efficiency of 
movement in the selection of criteria for planning and designing facilities. Measure
ment of costs and benefits, with particular emphasis on the viewpoints of the users 
and the financing agencies, has always played an important rul~ hi program and project 
evaluation and will doubtless continue to do so. In more recent years, it has become 
obvious that Iacto1·s related to other community values must also be considered in the 
planning and design of transport facilities. Impacts, such as noise, air pollution, and 
glare, on surrounding neighborhoods and the ecuuumlc and s ocial changes that occur in 
communitie as results of highway 01· transit facilities should, and now must, be con
sidered along with considerations r elAfod to the efficiency of movem nt. The measure
ment.of these effects and the <level pment of criteria related to t)le concomitants of 
transportation services a:l'e 1·elatively poorly developed and are rarely employed in pur
posive planning studies, although they a.re discussed more frequently in the research 
literature. Economic impact studies are becoming more effective and more standard
ized, but efforts are required to develop deeper understanding of the impact of trans
portation facilities on other human and social values. 

Despite the widely recogniz d and often stated need for attention to an array of com
munity values broader than that considered i.n the past, little support has existed for 
efforts to consider these values in quantitative terms. In spite of several notably suc
cessful research efforts to measure and compare the perceptions and needs of the citi
zenry, many planners still pla<.:tJ value measurement beyond the state of the art. At the 
Highway Research Doard's conference on community values in 1969, many participants 
seemed uninformed about existing measurement techniques directly applicable to the 
subject of the conference. Some voiced great skepticism about the applications of 
quantitative techniques to the measurement of environmental perceptions and to individ
ual ai1d group 1·equirements for system performance. 

Paper sponsored by Committee on Community Values and presented at the 49th Annuai Meeting. 
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It is not surprising that the professional planning community has been skeptical 
about the application of measurement to community values. The measurement of in
dividual and group values is based on assumptions and techniques that originate in the 
social sciences and that are very different from the assumptions and techniques for 
measurement incorporated into the training and experience of enginee1·s and physical 
scientists. Because most members of the highway planning community have engineer
ing backgrounds, they are uncomfortable with and suspect of approaches to their prob
lems that evolve from entirely different theories a11d techniques. This is not meant to 
imply that all of the engineers' objections to value measurement spring from disciplin
ary prejudices or from the apprehension of unknown techniques. Many of these appre
hensions seem to be warranted and are often cited by social scientists who are more 
familiar with the techniques of value measurement. The transportation engineer, how
ever, often underestimates the capabilities and overestimates the limitations of value 
measurement techniques. Rather, he should recognize that, like those for social and 
behavioral measurement, engineering measurement techniques are often inexact and 
incomplete, particularly those dealing with the costs and benefits of transport facilities. 
He should not, therefore, necessarily reject value measurement on these grounds alone. 
This is particularly true in the current community environment in which citizen groups 
are constantly pointing out that the incompleteness of the engineers' evaluations and 
measurements lies principally in the realm of community values. 

Those who question the validity of attempts to utilize measurement in the assess
ment of community values. often state that personal evaluations of subjects such as 
aesthetics, community cohesiveness, or environmental satisfaction are essentially quali
tative judgments and should not be subject to measurement. Measurement of such quali
ties is said to obscure the real issues or to fail to get at the heart of the matter. The 
answer to this position might be that the transformation of qualities into quantities is a 
semantic or logical process and is not excluded by the nature of those qualities. ''Whether 
something is identified as a quality or a quantity depends on how we choose to represent 
it in our symbolism" (9). For example, before the existence of thermometers or tem
perature scales, the notions of hot and cold could be expressed only as qualities rather 
than quantities. Clearly, the introduction of quantitative scales of temperature mea
surement have helped us understand the meaning of the qualities hot and cold. Although 
the qualities involved in community values are more complex, their quantitative mea
surement need not obfuscate what those qualities are. Such measurement should actu
ally help us to define what they are. 

Some have said that the enjoyment of a scenic vista or the revulsion at the sight of a 
junkyard through the smog are emotional experiences, and that it is useless or even de
humani.zing to analyze them quantitatively. But the quantification of the preference for 
particular qualities does not in any way detract from such an emotional experience. It 
merely provides us with a metric for comparing the emotional responses of different in
dividuals or groups toward environments consisting of different qualities. 

The measurement of individual and group preferences is, of necessity, incomplete. 
What is not measured, because of a gap in our current capability to measure values or 
preferences, may be just as important as what is measured. Although this is certainly 
true, it constitutes a poor reason for opposing attempts at value measurement. Simi
larly, an IQ test may not measure artistic talent, but this does not invalidate it as a 
measure of many aspects of student potential. More to the point, one might say that a 
benefit-cost ratio does not measure the aesthetic benefits or cost of highways but this 
does not invalidate the benefit-cost ratio as a useful tool for planning and decision
making. A measure of the aesthetic quality of a highway may also be incomplete, but 
it too would be a useful tool for planning and evaluation when thoughtfully employed. 

A difficulty with respect to the attempt to quantify human responses to elements of 
the physical environment is the subjectivity that results from the involvement of the 
investigator in the measurement process. Clearly, the analyst's decision to include 
certain subject matter and exclude other questions from a questionnaire or interview 
can influei1ce the conclusions that the analyst may reach in his assessment of the re
sponses of his subjects. Similarly, the choice of a particularly connotative word for an 
interview question may also result in responses by and conclusions about the subjects 
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tha:t are not warranted. In these cases the subjects' responses to the survey instrument 
may be the results of the measurement process, rather than the desired responses to 
the characteristics of the environment. It is true that value measurement yields not 
simply a relationship between a respondent and a characteristic of the environment but 
a relationship among such a characteristic, a respondent, and the persons who intervene 
to survey the responses. But similar intervention must even be tolerated in experi
ments in which the strength of materials is investigated. The success of such efforts re
lies on the controls employed and the discrimination and sensitivity with which judg
ments are made. This fact should lead to the use of experienced and competent investi
gators in the measurement of human value responses, but it need not lead to an abandon
ment of such efforts. 

A brief comment may be requil·ed to clarify the relationship between citizen partici
pation and the measurement approaches discussed in this paper. Although the measure
ment of community values and the development of improved strategies for citizen par
ticipation are both responsive to the need for greater consideration of human needs and 
desires in planning, the 2 approaches are not substitutes for each other. Citizen par
ticipation may actually raise some interesting questions that may be answered by value 
measurement techniques. We might ask, for example, whether citizen participants in 
fact represent the same value set as that of nonparticipants. If the answer to this ques 
tion is "No•~ perhaps new citizen participation strategies are required. Measurement 
techniques and citizen participation should be mutually supportive approaches for the 
development of needed information about the impact of public facilities on the members 
of the community. 

INFORMATION REQUIRED FOR PROPER CONSIDERATION OF 
COMMUNITY VALUES 

Man is constantly modifying his environment in order to satisfy his currently per
ceived needs and desires . The transportation systems of our cities are obvious ex
amplP.~ of physical systems that have evolved over time in response to changing percep
tions of need. Because man is a complex animal he experiences many needs and de
sires. The priorities that he assigns to particular aspects of physical systems in order 
to satisfy his needs depend, to a large extent, on the degree to which cunently existing 
systems fail to satisfy those needs. As the more basic needs are met, higher priorities 
are assigned to those that were previously overlooked or categorized as mere luxurit:!::I, 
Transportation planners must recognize that new community priorities on the environ
mental impacts of transportation facilities r esult from earlier successes at satisfying 
community transpol'lation requirements . Design and evaluation criteria must now be 
broadened to include the interactions between the transportation system and the physical 
and sociocultural environments. Transportation planners are not a.lone in the realiza
tion that their criteria are too narrow, for we live in a decade during which scientific 
and technological humanism is being born (4). 

To carry out this task of more adequately incorporating community values into trans
portalion platu ii g and design requires new sets of information, and the techniques pre
viously referred to as -value measurement provide promising sources for this required 
information. The remainder of this section is a discussion of some of the informational 
needs that can be at least partially met by value measurement. In the sections that fol
low, the process by which people perceive and evaluate Lllefr euvironment is described, 
and ways for monitoring that process, which constitute value measurement techniques, 
are presented. These techniques can contribute to meeting the informational require
ments that are essential to effective planning and design. 

First, information is required by which we may chru:acterize the relevant system 
characteristics according to dimensions that truly reflect performance and its impact 
on the P.nvironment (1). This task could be perfoi-mcd in many ways, the simpl st of 
which might be to rely on the planner to produce a list of dimensions. But past and 
current conflicts between citizen groups and planning agencies indicate that the planner's 
list might be incomplete or, at least, might be at variance with a set of dimensions pro
duced as a result of monitoring community opinions and behavior. Past experience 
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shows that the planner has placed greatest emphasis on the transportation performance 
measures of the system. Commonly cited dimensions of transportation performance 
include point-to-point travel time, cost, congestion, driver and passenger comfort and 
convenience, and safety for the system user. A more complete characterization of the 
system must also include dimensions that define the concomitants of transportation ser
vice, such as effects on the environment surrounding transportation facilities. Monitor
ing the individual opinion-formulation and decision-making process, illustrated in the 
next section, would appear to be useful and perhaps necessary in the identification of a 
set of dimensions that is complete in the sense that the entire range of needs of the cit
izenry is recognized. 

The identification of a comprehensive set of dimensions of the transportation-related 
physical environment is only a first step toward the development of design criteria that 
are comprehensive and relevant to individual and group values. Next, we must develop 
measures of the physical systems that describe them according to the appropriate di
mensions. This means that we must develop a metric or scale for each dimension so 
that the degree or intensity of the attributes central to each dimension may be measured. 
Some examples may help to demonstrate the point that there is a difference between the 
definition of a relevant dimension for system performance and the development of a 
measure for each dimension. Suppose that congestion is decided to be a meaningful sys
tem dimension. One would still have to decide among travel times, traffic volumes, 
delay times, or combinations of these and other measures of congestion in order to 
characterize that dimension. These alternatives may be correlated, but they are prob
ably not simple substitutes for one another. Furthermore, an appropriate measure of 
the performance of a link in a transportation system may not be appropriate as a system
wide measure for performance along a similar dimension. This problem of scale may 
be illustrated by considering the dimension of accessibility. A link in a transportation 
system may make 2 areas of the city more accessible to each other but simultaneously 
may make neighborhood facilities less accessible to residents because of the barrier 
effects of the facility. Different measures of the accessibility dimension would, there
fore, be required at these different scales. 

An appropriate technique for selecting meaningful measures of transportation system 
performance is the study of human responses to system dimensions. Such responses 
are indicative of the value that individuals place on these dimensions. The study of 
human responses is not an easy task, but much more may be learned from such study 
than many transportation planners believe. The remaining sections of this paper de
scribe some of the basic techniques or approaches available to help the planner accom
plish this task. 

This information is made more useful to the planner in his efforts to evaluate exist
ing and proposed transportation systems if measures are developed of the characteris
tics of the people whose value responses are being examined. The collection of socio
economic, demographic, and behavioral information is useful in classifying value re
sponses to determine their relationships to personal characteristics and to role. With 
this information, the planner can analyze value responses by determining the relative 
influences on them of both system characteristics and citizen characteristics; he can 
also begin to discern indicators of stability or transition in value responses. In an 
earlier exploratory study, for example, the author discovered that variables such as 
age, sex, and educational level influenced people's perceptions of the desirability of 
alternative routes in the journey to work. These characteristics had an influence on 
perception that was found, in a statistical sense, to be as significant as some of the 
route characteristics, such as lane width, traffic volume, or frequency of intersec
tions (16 ). 

If information that is descriptive of the respondent is studied in conjunction with his 
responses and if systematic relationships are found to be stable in a variety of experi
ments, these relationships can lead to the building of theories of behavioral and environ
mental impact that are more definitive than today's tentative hypotheses. Ultimately, 
such theories may result in the successful prediction of value responses and thus reduce 
the need for repeated exploratory data collection. Information about the characteristics 
of the respondent also helps the planner to separate the responses of particular groups 
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such as the aged, the poor, or the homeowners, on which he may wish to focus when 
particular projects might have a special impact on such a particular segment of the 
total population. 

PERSONAL INTERACTION WITH THE ENVIRONMENT AND THE 
PERSONAL EVALUATION PROCESS 

The purpose of applications of measurement techniques to the assessment of com
munity values is, of course, to broaden the base of information available to the planner 
and designer. If values are not measured, our knowledge of individual and group re
sponses to the physical environment can consist of little more than conjecture and un
tested hypotheses. The opportunities for useful and appropriate measurement of re
sponses to the physical environment are many. The evaluation of each may usefully 
begin with a model of the process of personal interaction with the t ranspor tation- related 
environment and of the process by which people evaluate their intez:actions with that en
vironment to arrive at satisfaction or dissatisfaction. Having presented this model, we 
may examine alternative techniques by which this process may be monitored in order to 
provide the planner with much of the required information that was discussed in the 
previous section. 

Figure 1 shows the process by which individuals evaluate transportation facilities or, 
more generally, any components of the physical environment with which they interact. 
It shows, in very simple terms, the ways in which people receive information about their 
physical environment, form opinions about the levels of satisfaction provided by that 
environment, and make decisions about how to behave in that environment (18). 

When an individual drives his car or is a passenger on a public transportation facility, 
he "interacts with the tram,pudation system and, for a time, may be viewed as having be
come a part of the system itself (15). This intimate interaction between the individual 
and the physical environment is shown, in Figure 1, by the embedding of the box labeled 
''behavior" within the larger box labeled "environment." The result of this interaction 
is that the individual gathers information about the performance of the physical system 

Environment 

Information on 
charactoristics 
of the environment 

r-- - -, 
/ Behavior : 
L __ _ _ .J 

Personal evaluations 
and preferences 

Indirect information 
about environment, e.g. 
from mass media or other 
persons 

Roles 
1. Driver 
2, Passenger 
3, Homeowner 
4 . Taxpayer 
5, • .. 

Values and aspirations 
1. Individual 
2. Group 

Figure 1. Evaluation process in which preferences result from behavior and behavior results from 
preferences. 
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with which he is interacting. He hears noise, sees congestion, and senses temperature 
changes. One need not be a user of the system to interact with it and thus receive in
formation from the system as to its characteristics as part of the total environment. 
The homeowner who sits in his backyard, which may be adjacent to a freeway, can 
through this passive form of behavior interact with certain aspects of the transportation 
system. In this manner, he too obtains information on certain characteristics of the 
physical environment. By interacting with the transportation system as user and also 
as nonuser, the individual is exposed to a wide range of performance-oriented informa
tion about that system and to information about the system's environmental effects that 
are concomitant to the performance of transportation service. More critical interac
tions with the concomitants may occur if a person's home or business must be taken in 
order to provide transportation service. 

In addition to the information that comes to the individual directly from his interac
tions with the transportation system as part of his environment, information also comes 
to him from indirect sources, as Figure 1 shows. Other persons tell him about their 
experiences with the system or he hears via the news media of traffic accidents, smog 
problems, or the taking of homes for a freeway right-of-way. 

In processing the composite of direct and indirect information about the environment, 
a person often responds very differently to the same kinds of information. In large part 
this is a function of the role he is playing at the particular time. A person does wear 
many hats as he forms opinions and makes decisions regarding his interactions with the 
physical environment (14). As a driver, homeowner, taxpayer, or parent, he may form 
different opinions at different times based on the same raw information about the physi
cal environment. His behavior patterns in each of his different roles may even conflict 
with one another. Thus the roles that a person plays, which are a function of his values 
and aspirations as an individual and as part of cultural and social groups, should always 
be considered in our assessments of personal evaluations of the physical environment, 
in our studies of preferences among alternative characteristics of that environment, and 
in our analyses of individual decisions made about how to behave in that environment. 
In practice, it is often difficult to determine, however, how behavior or opinion results 
from the interaction of the several roles that an individual may have. A useful approach 
to discovering the effects of role is first to group respondents into homogeneous be
havior or opinion categories, and then to examine the within-group similarities and 
between-group differences in personal characteristics. From these comparisons, in
ferences regarding operative roles may sometimes be made (7, 17). 

Raw information obtained from personal interactions with ffie physical systems in 
his environment, information about those systems from more indirect sources, and pre
conceptions and expectations that are a function of role, social values, aspirations, and 
remembered experiences-all are used and processed by the individual to form his per
sonal evaluations of the physical systems in his environment and to determine his pref
erences and opinions for certain aspects of the systems over others. Figure 1 shows 
that these preferences and opinions form the basis for decisions regarding future be
havior related to the system. Of course, role once again plays an important part in 
these decisions regarding travel behavior, residential location, home-work separation, 
and other personal relationships with the environment. Having made these decisions, 
the person acts to carry them out, and interacts again with the systems in his environ
ment. In doing so he repeats the process just described. His preferences thus formed 
also are fed back into his memory and form part of the basis for the evaluation of future 
sensory information gathered through interactions with the environment. 

MONITORING THE PERSONAL EVALUATION PROCESS: THE TECHNIQUES 
FOR VALUE MEASUREMENT 

To meet the informational requirements presented earlier, the planner may take 
essentially 4 approaches. These may be used singly or in combination with one another. 

1. Monitor individual behavior with respect to existing transportation systems, and 
from behavioral manifestations of decision-making infer the dimensions of the system 
relevant to the individual and the relative importance of each dimension in his value 
structure; 
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2. Monitor individual behavior in a simulated transportation system by means of 
mechanical devices or by means of a gamelike representation of the system, and from 
decisions made within the constraints of the simulated environment infer the dimensions 
of the system and the relative importance of each dimension in his value structure; 

3. Measure opinions and stated preferences with respect to the existing transporta
tion system, andfrom such statements derive the dimensions of the system relevant to 
the individual and the relative importance of each dimension in his value structure; and 

4. Measure opinions and stated preferences with respect to a hypothetical trans
portation system, and from such statements derive the dimensions of the system and the 
relative importance of each dimension in his value structure. 

Clearly, a major important characteristic of each of these approaches is whether it 
measures actual behavior or stated preference. Operative value is manifest in actual 
preferential behavior. Something that is actually chosen, where the real consequences 
of the choice are brought to bear on the individual, is a result of operative value. Con
ceived value relates to the extent to which one conceptually desires some things, whether 
or not this concept is consistent with behavior (11). Conceived value is measured in 
studies of opinions and stated preferences that are not necessarily related to actual be
havior. All of these 4 approaches consist of monitoring the personal evaluation process 
shown in Figure 1. The differences among them lie in whether behavior or opinion are 
measured and, to a lesser extent, in whether the information given the individual about 
the transportation system is about a real or hypothetical system. Now let us consider 
each of these 4 basic approaches and evaluate their past and potential contributions to 
urban transportation planning. 

The first approach to value measurement consists of monitoring actual behavior with 
respect to the existing transportation system and then inferring the dimensions and de
grees of value. Urban transportation planners have often used this approach as the 
basis for prediction of future travel behavior. Specifically, the origin-destination (0-D) 
survey has been used to derive statistical relationships among certain socioeconomic 
variables and travel behavior. Based on predictions of population distributions and 
socioeconomic population characteristics (e.g., income, family size, and automobile 
ownership), these relationships have been used to predict future travel behavior and to 
derive the future need for transportation facilities. This approach measures operative 
values i11 that personal preference• urc derived from decisions that are monitorl:'n in R 

real-world environment and choices are thus realistically constrained. The transpor
tation planner would generally prefer to measure operative value rather than conceived 
value, because operative value will affect the usage of and reactions to systems that will 
be built in the future. A measurement technique such as the 0-D survey does, however, 
have some important limitations that should be carefully understood. 

The travel behavior observed in an 0-D survey certainly does measure the transpor
tation performance-related values of the citizens to a large extent, but these measures 
are influenced by the opportunities provided by the existing system and constrained by 
its inadequacies. Ry hasing future plans on estimates of value derived from these mea
sures, we may be propagating these inadequacies when our objective should be to re
move them. If, in the past, we assume that a trip-maker's attitude was such that he 
principally sought to minimize travel time, we probably built transportation networks 
with the goal of helping him to do so. If we now observe behavior on those networks, 
we may cuaily conclude that travelers principally value minimiil t.ra.vel time. We 
might, therefore, feel confident in planning facilities to meet the goal of minimum travel 
time in the future. This conclusion might or might not be justified, but our measures 
serve, in this case, to help the planner make self-fulfilling prophesies. We do not 
really know if the hehavior we are observing is the result of preference or the effect of 
constraints on behavior. The measurement of behavior in the existing system also pro
vides little information about responses to possible future systems with performance 
levels outside the range of current observable performance. 

The 0-D survey, as an example of the monitoring of individual behavior with respect 
to an existing transportation system, provides the planner with information about opera
tive value. This type of survey, however, focuses on the individual as a user of the 
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transportation system. Rarely does such a survey enable us to examine responses 
related to the conflict between the values of the respondent in his various roles such as 
system user, homeowner, and parent. The technique of observing behavior in the ex
isting system could, however, be extended to contribute to such comparisons. For ex
ample, the changes in the social dimensions of a neighborhood, including turnover of 
families and changes in typical family composition, could be measured in the vicinity 
of a new transportation facility to gain some measures of operative value with respect 
to that facility from points of view other than those of the users. The interpretation of 
such findings may be a difficult task, but it can yield valuable information (6). 

The second approach to monitoring the personal evaluation system with respect to 
the transportation system is to observe individual behavior in a simulated transporta
tion system. In effect this approach requires a respondent to go through the entire eval
uation and decision-making process in a model environment. Within the model environ
ment, we may vary system performance and constraints over ranges wider than those 
that exist in the real world and, of course, at minimal cost. Because the subject is 
aware that he is in a gamelike situation, this approach clearly must measure conceived 
value. If the simulated environment is quite realistic, however, the conceived value 
responses may approximate operative value. 

The use of a game situation provides one approach to the investigation of values by 
allowing behavior to be observed in a simulated environment. As a respondent chooses 
from among alternatives within a set of realistic constraints, we may learn a great deal 
about the ways in which he values elements of his environment. Peterson and Worrall 
(12), for example, used a simple locational game to measure accessibility preferences 
toseveral neighborhood services, and the ways in which people trade off the desire for 
proximity to urban services against the nuisances that those services may generate if 
they are located too close to the home. The transportation system is clearly one urban 
service for which proximity generates both sources of satisfaction and dissatisfaction. 
More elaborate games have been developed to simulate the development of land and the 
growth of metropolitan areas (5). These too can provide insights into the choices that 
people make as a result of the benefits and disbenefits that they perceive to be asso
ciated with transportation facilities. In gamelike situations of this sort, as in the real 
world, a person must simultaneously weigh the impact of a transportation system or 
facility on him from the points of view of his various roles, such as system user and 
homeowner. The ways in which a person does this in order to make decisions is a sub
ject that should be of great interest to planners. 

The concept of observing behavior in a simulated environment can be extended by the 
use of photographs, motion pictures, or more complicated devices to place a respondent 
in a model situation more like one in which he might find himself in the real world. 
Clearly, such techniques cannot capture all aspects of a real-world environment, but 
they might possibly simulate simultaneously the visual, auditory, and olfactory exper
iences of proximity to a transportation facility (3). Utilizing such a system of mechan
ical simulation, we might then observe a person' s decisions as he interacts with the 
simulated transportation system in much the same way as we may learn about the needs 
and performance of a pilot as we observe him in a Link-trainer environment. 

Additional information, which is quite useful in assessing community values, may be 
obtained by monitoring opinions and stated preferences with respect to the characteris
tics of existing transportation systems. This approach constitutes the third basic 
method of value measurement. Figure 1 shows that opinions, as well as behavioral de
cisions, are outputs of the personal evaluation process. Depending on the method used 
for measuring opinions, the information thus gathered may be related to conceived 
values, operative values, or the degree to which manifestations of operative value and 
conceived value diverge. Such divergence is itself a measure of the impact of physical 
systems on freedom of choice. For example, an opinion survey eliciting responses 
about why the respondent makes particular choices with respect to a transportation sys
tem may help us to understand operative values. A survey that elicits information about 
why such choices with respect to the system fail to generate satisfaction can yield use
ful information about the gap between conceived values and operative choice situations. 
Rarely has the latter approach been employed in a specific transportation study to enable 
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system designers to endeavor explicitly to close that gap. One might argue that the 
reasons for this lie in institutional reluctance rather than in the shortcomings of the 
measurement techniques. 

In an earlier study, this author was able to identify, using an opinion survey, several 
performance dimensions of an existing transportation facility in the Chicago area and 
the relative importance of these dimensions in the respondents' choices of routes in 
their automobile trips to work. Thus, for these particular respondents and within the 
study environment, the relative importance of travel time, scenery, access control, and 
other factors was learned, and part of the respondents' operative value structure was 
revealed (16). Possibilities exist for extending this approach into much broader areas 
of application. Rossi (13), for example, examined the operative value structure of 
families who changed residences and found the impact of the transportation system to be 
very unimportant in their decision-making. One would suspect that his sample of re
spondents included very few families whose neighborhood had recently been invaded by 
a freeway, however, and this type of study might be repeated in such a neighborhood to 
gain additional information of interest to transportation planners. 

The work of McMillan and Assael (10) begins to identify gaps between desired per
formance and actual alternatives available to the respondents and, thus, gives us some 
insights into the gap between conceived value and operative choice. By requiring re
spondents to rate the importance of certain transportation characteristics in the ab
stract and to rate existing transportation modes according to the degree to which they 
satisfactorily provide the desired characteristics, the authors attempted to identify gaps 
between the ideal and the existing choices. Unfortunately, their interpretation of their 
own findings is highly suspect and appears to favor the automobile more than is war
ranted by their data. This is not surprising, however, becuuoc the 11.uthorc nro om
ployed by a firm that is quite dependent on the automobile industry. This study points 
up the difficulties, cited earlier, that can arise from the fact that an analyst must, in 
attitudinal research, be interposed between the respondent and the subject of his 
responses. 

The final basic approach to the measurement of community values is the monitoring 
of opinions and stated preferences with respect to a hypothetical transportation system. 
This approach provides an opportunity to measure conceived value because it removes 
some of the technological and economic constraints of existing systems. 

The study of conceived value, through the examination of responses to hypothelkal 
system performance, may reveal strong personal preferences for particular system 
attributes that were previously not revealed because of the difficulty associated with ob
serving them in existing systems. In one study, for example, it was discovered that a 
very important variable in defining an "ideal transportation system" from the point of 
view of the user was the degree fo which the user had individual and personal control 
over the vehicle in which he was riding (2) . Although there had been speculation about 
the importance of such a factor in modal:-choice behavior, the measurement of this 
preference, even in a hypothetical setting, adds much to the understanding of human 
values. 

Another study (17) of citizens' preferences for alternative transportation planning 
criteria and decision mechanisms revealed that, in considering criteria for freeway 
location or priorities for hypothetical transportation- related expenditures, the r e
spondents held views of the hypothetical system that could be statistically "explained" 
in terms of a few key variables. Homeowners seemed mosl concerned with environ
mental impact, as were those with a longer tenure of residence in the study area. Hent
ers and shorter term residents showed more interest in emphasizing transportation ef
ficiency than environmental effects. These results, which have also been observed by 
other researchers dealing more closely with specific oper ative-choice situations (7), 
i mply that the monitoring of personal opinion and preference is a useful tool for the 
ident ification of conflicting roles and of the causal variables (e. g ., hon: ownership) as
sociated withrole-playing in conflict situations. 

An important but rarely employed strategy for monitoring opinion toward hypothetical 
transportation system attributes is the analysis of conflict over proposed transportation 
system changes . When a new freeway is proposed, for example, we may learn a great 
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deal about human values by analyzing the content of the protest movements that are 
instituted and by examining the differences in socioeconomic background between par
ticipants and nonparticipants. Transportation planning agencies have concentrated on 
implementing their proposals and thereby removing them from the category of hypo
thetical systems. The expenditure of some resources on the analysis of such conflicts 
would help to avoid future conflicts in 2 ways. First, it would provide better under
standing of the values of the community and thus enable planners to better satisfy such 
values in the future. Second, if the satisfaction of those values is not possible, the 
knowledge gained from this analysis would enable planners to anticipate community re
action more accurately and to prepare a more effective effort at public relations. 

CONCLUSIONS 

The transportation planning community has recently been the target of much criticism 
for its lack of concern for community values. Most of the members of that community 
would probably now agree that such criticism has been largely justified and that planners 
today are more concerned with the human impacts of their product than they were even 
5 years ago. Today we face the important problem of developing an appropriate set of 
tools and procedures with which to respond to a now more clearly defined set of require
ments. The practice and techniques for measureing community values are beyond in
fancy, but they have not reached adolescence. The nascent capabilities of these tech
niques can form an important part of the needed set of tools. A requirement still exists 
to move such studies from the category of exploratory research to one of larger scale 
application to specific decision-oriented problems. This step has 2 prerequisites. 
First, we must clearly demonstrate that the techniques of value measurement are sound 
and have useful applications. Second, we must remove reluctance to institutionalizing 
these techniques as part of the planning process. When the first prerequisite is achieved, 
it is hoped that we will have gone a long way to also meeting the second. 
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An Analysis of Jndividual Preferences for 
Accessibility to Selected N eighhorhood Services 
G. L. PETERSON, Northwestern University; and 
R. D. WORRALL, Peat, Marwick, Mitchell and Company 

Individual preferences for accessibility to selected neighborhood 
services are analyzed based on a trade-off between the individual's 
desire for ready accessibility to the service and his competing de
sire for insulation from irritation. The analysis provides the basis 
for a simple theory of accessibility preference. The paper serves 
to illustrate the potential utility and shortcomings of attitudinal re
search as applied to transportation planning. 

•AN INDIVIDUAL'S REACTION to possible changes in his immediate residential en
vironment caused, for example, by an urban renewal project or right-of-way taking for 
a new expressway is clearly influenced by many different factors. One of these, though 
not necessarily the one that dominates all others, is his perception of the probable ef
fect of the change on the existing distribution of neighborhood services, such as shops, 
churches, parks, and similar local focuses of activity, about his home. His interpre
tation of the project as good, bad, or indifferent is colored, at least in part, by his at
titudes concerning the desirable location of such services and by his interpretation of 
any change in their existing pattern as being either beneficial or detrimental to his 
family. 

This paper examines the locational preferences of a sample of Chicago residents 
with respect to 8 such services and develops a simple theory of accessibility preference 
based on a perceived trade-off between the desire for proximity on the one hand and a 
desire for insulation from irritation on the other. 

DATA COLLECTION 

The 8 services selected, somewhat arbitrarily, for study and the 4 categories into 
which they are divided are given in Table 1. Obviously other activities, such as school, 
work, or social club, might equally well have been chosen. 

Data for the study were collected by means of home interviews conducted on the near 
north side of Chicago in 1968. Respondents were asked first to rank the 8 services in 
increasing order of desired proximity to the home. They were then asked to make a 
succession of binary comparisons between pairs of services, in each case selecting 
that one that they would most prefer to have readily accessible to their households. Fi
nally, they were asked to play a simple locational game, using the format shown in Fig
ure 1. They were asked to locate first each service optimally with respect to their 
homes and to assume that all other elements of the environment remained constant (lo
cation being expressed here in terms of average travel times from the home and by the 
most convenient mode). 

They were also asked to specify their current levels of expenditures for housing
rent, mortgage payments, insurance, and the like. With 7 of the 8 servicesatthe most 
desired location, the eighth was then moved in successive stages both closer to home 
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TABLE 1 

NEIGHBORHOOD SERVICES AND CATEGORIES INCLUDED IN STUDY 

Category 

Local community focuses 

Informal activity focuses 

Access points 

Local distribution centers 

Description 

Places to which local 
residents travel regularly 
and in person 

Places of informal social 
or family activities in 
immediate neighborhood 

Places from which local 
residents travel from 
neighborhood to rest of 
metropolitan area 

Places from which 
services are delivered 
to residents 

Service 

Local shopping center 
Church or place of worship 
Children's park 

Friend's house 

Public transportation stop 
Freeway entrance ramp 

Fire station 
Emergency hospital 

and farther away. For each change in service location the respondent was asked how 
much his current expenditures for housing would have to be reduced in order for him 
to remain equally satisfied with the overall environment, assuming that nothing else 
changed. This process was repeated for each of the 8 services over the range from 
2½ to 60 minutes travel time. 

The objectives of both sets of measurements, i.e., rank-order and paired-comparison 
versus the "game," were respectively (a) to establish quantitative measurements of 
the it.lbjective importance of convenient acce&sibility to the variou& &ervices and (b) to 
establish a value, expressed arbitrarily in a monetary metric, that people might at
tach to changes in accessibility. These objectives in turn were designed to provide the 
basis for evaluating the probable impact of new freeway construction on the accessibil
ity patterns and preferences of the existing neighborhood traveled by the road. 
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Figure 1. Accessibility game. 
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A total sample of 250 households was 
obtained. The study population was rel
atively homogeneous. It was composed 
primarily of mature, blue-collar house
holds with an average annual income of 
approximately $8,500. There was a 
small, but significant, number of elderly 
and retired couples with no children. 
There were relatively few young fami
lies, few professional or managerial 
employees, no single young persons liv
ing on their own, and no Negroes. The 
large majority of the families were na
tive to Chicago and had lived in their 
present neighborhood, and frequently 
in their present house, for at least 6 
to 10 years. The majority of the houses 
were small, single-familyhomes. There 
was a small proportion of apartments. 

The rank-order and paired-compari
son measurements produced useful re
sults. The location game was not suc
cessful, however, in doing what it was 
intended to do. The data and the expe
rience of the interviewers have shown 
that few of the respondents were able to 

relate accessibility and housing cost. They judged a situation to be either acceptable 
or unacceptable. This unexpected circumstance defeated the attempt to measure the 
respondents' monetary evaluation of changes in accessibility. However, it produced 
an interesting result that provides a new basis for evaluating the accessibility of neigh
borhood services in a probabilistic way. The results suggest a model that, when de
veloped further, should permit a neighborhood to be evaluated in terms of the proba
bility that it will be acceptable to its inhabitants. The suggested approach thus measures 
the probability that a neighborhood is "adequate" rather than the degree to which it 
deviates from "optimality." 

The location game was designed to handle only the simplest case in which each ser
vice was moved individually from its most desired location while the other 7 services 
were held at their optimal position. This does not permit the examination of trade-offs 
between services or combinations of services. Discussion of that subject is therefore 
not justified here. Research is currently in progress that examines the problem of 
trade-offs. 

INITIAL RESULTS 

The data from the rank-order and paired-comparison tests were used to construct 
a pair of conventional, psychometric preference scales. These are shown in Figure 2. 
The scales have interval properties but arbitrary zero points and arbitrary linear di
mensions. Their units are not commensurate, and they are comparable only in quali
tative terms. It is clear, despite minor differences between the 2 scales, that the 8 
services fall into 4 distinct priority groupings. In the case of the paired-comparison 
test, the highest priority, i.e., the highest priority for accessibility, is assigned to 
emergency hospital. In a second cluster, at a slightly lower level of priority, are 
church, shopping, public transp<;>rtation, fire station and children's park. Friend's 
house falls in a third category below this second cluster, and freeway ramp has by far 
the lowest priority of all. The pattern in the case of the rank-order analysis is essen
tially the same, with the single exception that shopping and emergency hospital share 
the top priority. The others fall into the same secondary and tertiary classes, and 
freeway ramp again is the lowest. 



102 

TABLE 2 

PREFERRED TRAVEL TIMES TO SERVICES 

Average 
Travel 

Service Travel Time Standard No. of 
Mode From Home Deviation Respondents 

to Service 

Private Public transportation stop 3.3 1.44 3 
automobile Fire station 7.2 5. 76 249 

Emergency hospital 8.6 6.50 249 
Church or place of worship 12.3 6.56 39 
Local shopping cen,ter 12.8 9.14 50 
Children's park 18.0 16.19 10 
Freeway entrance ramp 23.6 19.56 249 
Friend's house 23.7 12.56 67 

Walk Public transportation stop 4.8 4.15 244 
Church or place of worship 8.1 6.37 204 
Local shopping center 8.2 6.37 191 
Friend's house 10.3 7.35 173 
Children's park 12.3 12.49 237 

Transit Public transportation stop 3.8 1. 77 2 
Children's park 6.3 5.30 2 
Local shopping center 15.3 9.86 8 
Church or place of worship 18.3 9.83 6 
Friend's house 21. 9 10.29 9 

Clearly, ready access to friend's house or freeway ramp carries low relative pri
ority in the respondent's scale of values, reflecting in the one case an expansive area 
of social contact and, in the other, a strong dil'linclination to be located adiacent to a 
service that almost all respondents clearly consider more of an irritant than a con
venience. This latter finding is due, at least partly, to a neighborhood freeway con
troversy that was raging at the time of the study. Uniformly heavy weighting was placed 
on the importance of easy access to shopping, reflecting in large degree the fact that 
many of the respondents were housewives, and to public transportation. Emergency 
services similarly ranked high in the scheme of things, suggesting a certain desire for 
insurance against an improbable but potentially urgent demand for service. 

These relative priorities are reflected also in Table 2, which gives the respondents' 
perceived optimal levels of accessibility to the 8 services according to their chosen 
travel mode. Freeway ramp, fire station, and emergency hospital are included only 
in the private automobile mode on the grounds that one is unlikely to walk or travel by 
bus to a freeway ramp or emergency hospital or require that the fire department travel 
to one's burning house on foot. 

In this case, public transportation heads the list, indicating that accessibility to tran
sit, though not of dominant importance, is interpreted in terms of a travel time by 
walking of roughly 5 minutes and by car of just over 3 minutes. The large majority of 
respondents (Table 2, number of respondents column for the walk mode) indicated a 
preference for walking as the travel mode for journeys to public transportation, church, 
children's park, local shopping, and friend's house. Significant use of the automobile 
was restricted to friend's house, shopping, and, of course, to the 3 automobile-con
strained services. 

Clearly, the travel times given in Table 2 convert into significantly different spatial 
arrangements of services depending on the mode used. In all cases the preferred lo
cati on of the public transportation stop is wi thin 5 minutes of the hom e, equivalent 
roughly to ¾ to ½ mile, no matter what m ode is used after allowing for parking and 
unparking delays. In the case of shopping, church, and friend's house, however, con
siderably greater travel distances appear acceptable where the automobile mode is 
used, suggesting a considerably different neighborhood orientation on the part of auto
mobile users and walkers. It should again be noted, however, that the large majority 
of respondents opted for the walking mode, suggesting that major emphasis should be 
placed on the walking rather than on the automobile mode results. 

Respondents perceive distance and time somewhat differently. Table 3 gives the 
average acceptable distances to services for the entire population of respondents for 



TABLE 3 

PREFERRED WALKING DISTANCES TO SERVICES 

Average Acceptable 
Standard Service Walking Distance 
Deviation (miles) 

Public transportation stop 0.28 0.23 

Local shopping center 0.50 0.36 

Children's park 0.51 0.56 

Church or place of 
worship 0.54 0.39 

Friend's house 0.63 0.49 
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the walk travel m ode. The values r ange 
from just over ¾ mile for a public trans
portation stop to over ½ mile for friend' s 
house, comparable to the time values 
given in Table 2. The order of the en
tries, however, is different. 

The results of the accessibility game 
are shown in Figure 3. For each service 
i, values were computed of the proportion 

Pa (d of respondents accepting each of the 

6 levels of accessibility t indicated on the 
game board. These values, interpreted 
as conditional probabilities of accessibil

ity acceptance, are plotted as functions of the travel time t in Figure 3. The approxi
mately log-normal form of each of the 8 services and the apparent non-negative verti
cal intercepts for zero travel times suggest that, although there is a relatively wide 
acceptance range for each service for the population at large, there may also be upper 
and lower bounds beyond which the respondents consider their environment unaccept
able and that there is disutility associated both with undue proximity to the service and 
with inadequate access. 

Further, there appears to be a portion of the population that is indifferent to the lo
cation of the 8 services. The curves do not appear to approach a probability of zero 
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Abhorrence of 
Proximity 

Desire for 
AcceBBibllity 

Acceee 
ti.me ', 

Figure 4. Postulated relationship between disutility 
and access time. 

acceptability as distance increases but 
rather some nonzero asymptote, suggest
ing indifference to the distance or travel 
time involved. This is most obvious for 
public transportation stop, freeway ramp, 
children's park, and church; it is leastob
vious for shopping. Similarly, the non
zero intercept on the ordinate for zero 
travel time suggests an equivalent propor
tion who are insensitive to proximity. 
Some services, especially public trans
portation, appear to be more sensitive to 
changes in accessibility than others. 
Friend's house, for example, is almost 
totally insensitive to travel time. These 
results may have been caused by an indif-

ferent subgroup or, alternatively, 
not playing the same game. 

may have occurred because many respondents were 

Finally, as noted previously, there is substantially more distaste for proximity to 
a freeway than for any of the other services studied. The vertical intercept in this case 
indicates that roughly 30 percent of the respondents rejected totally a freeway ramp 
within 5 minutes of the home. Preference for access to a freeway appears relatively 
insensitive to travel times greater than 30 minutes. 

TOWARD A THEORY OF ACCESSIBILITY ACCEPTANCE 

Assume, as argued earlier, that an individual responds to changes in the accessibil 
ity of a given neighborhood service in terms of 2 independent objectives that he is try
ing to satisfy simultaneously. One objective is concerned with an abhorrence of proxi
mity and the other with a desire for convenience of access. For simplicity, assume 
further that dissatisfaction relative to the first objective increases at an increasing 
rate as the level of accessibility increases, i.e., as the travel time between home and 
the service location decreases, approaching infinity at some critical travel time. Like
wiae, naaume thnt dissatisfaction relative to the second objective increnaea nt nn in
creasing rate up to a similar critical level as accessibility decreases, i.e., as travel 
time increases. Let these two critical values be defined as tc and tf respectively as 
shown in Figure 4. 

For any given population, the values of tc and tf may be expected to vary from indi
vidual to individual. We will assume here, but not prove, that this variation is noncor
related, i.e., that the values of tc and tf are independent. We will further assume that 
intermediate travel times t are perceived in terms of the ratio t0 /tc or t0 /t.f . 

Let zc = log tc and z1 = log tf be 2 independent random variables with distribution 
functions gc(z) and gf{z), as shown in Figure 5. 

The probability that a given travel 
time t will not be rejected for being too 
small is then given by 

where z = log t. 
Likewise, the probability that twill not 
be rejected for being too large is given 
by 

g(,) 

z == log t 

t • acces e time 

Figure 5. Postulated frequency function for rejection 
thresholds. 
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Hence, if we assume that gc(z) and giz) are independent, the probability that twill not 
be rejected for being too small or too large is given by 

p(zc < c < zr} p(zc < z} Op (z < zf} Gc(z)Gr(z) 

2 2 
p•(, < ,,)· J, (o,\hn)•-(,-1) /20, 

-3 -2 -1 3 

Z"'logt 

Figure 6. Hypothetical joint density function (logarithmic). 
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Figure 7. Hypothetical joint density function. 
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If zc and Zf are normally distributed, as suggested by the data shown in Figure 3, 
the functions p { zc < z}, P { z < Zf}, and p { zc < z < Zf} will have the form shown in Fig
ure 6. Transformed to the original arithmetic scale for t, these curves will be of the 
form shown in Figure 7. 

We further assume that a certain proportion a of the population is indifferent to the 
closeness of the service and that some similar proportion b is indifferent to its re
moteness, with zc and Zf being normally distributed for the remainder; then p(zc < z}, 

r 
t 

,l 

-4 -3 - 2 - 1 0 

z =- log t 

Figure 8. Hypothetical joint density function with indifference parameters (logarithmic). 
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p{z < zf}, and p(zc < z < Zf} will take the form shown in Figure 8 . On the original 
time scale the joint function will have the form shown in Figure 9. This is very simi
lar to those shown in Figure 3. 

A MODEL OF ACCESSIBILITY PREFERENCE 

The preceding theoretical structure may be summarized formally in the following 
manner. Let 

Fc(z) = fz fc(z)dz "" _l_ I G -(z) "" a] 
/

00 
1-aLc 

and 

be normal distribution functions of the pr obabili~ that for a given service, all other 
things held cons tant, a given travel time t = log- (z) will not be rejected for being too 
small or too large respectively by that proportion of the population that is not indiffer
ent to proXimi ty in the case of F c (z) and by that proportion of the population that is not 
indifferent to i-emoteness in the case of F,r(z). 

Solving for Gc(z) and Gr(z), we find tha1 

Gc(z) = (1 - a)Fc(z) + a 

and 

Gr(z) = (1 - b)F f(z) + b 

If A(z) is defined to be the probability that the travel time t = log - 1(z) will be ac
ceptable, then a general equation for the curves indicated by the data in Figure 3 is 
given by 

A(z) = Gc(z)Gr(z) = [(1 - a)F c(z) + a] [(1 - b)Fr(z) + b] 

That is, 

A(z) (1 - a) iz 1 
- oo O'zc y2Tr 

[ 1 ( z - µ.zc )
2

] l exp -- + a 
2 azc 

exp [- ½ ( z ~z~zfy] + b l 
This model is presented only as a hypothesis that has been suggested by the data. 

It should be studied further. 

CONCLUDING REMARKS 

This paper has developed a simple theory of locational preference for neighborhood 
services. It has been suggested that an individual perceives the distribution around 
his home of neighborhood facilities, such as shops, parks, fire stations, and transit 
stops, in terms of 2 competing objectives. One objective is concerned with the need 
to use the service and desires ready accessibility. The other is concerned with avoid
ance of irritation and undue proximity. The result is a trade-off, the implications of 
which are exhibited empirically in the form of a log-normal distribution of accessibil
ity acceptance. This distribution may be modeled theoretically as the outcome of 2 
independent, normally distributed response functions, one reflecting the desire for ac
cessibility, the other the desire for insulation from irritation. 

The structure has considerable implications both for original design and plan eval
uation. It may, for example, be used as input to a mathematical programming model 
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of optimal service arrangement. Alternatively, it may be used as a basis for predict
ing public response to some enforced change in the existing service configuration. Nei
ther of these topics is discussed in detail here. 

A word of caution in interpreting the present empirical results is in order. The em
pirical data were obtained by using an experimental instrument designed for purposes 
other than that of testing the immediate hypothesis developed here. Although they tend 
to support rather than negate the postulated theory, they require additional external 
verification. Equally, the population studied and the characteristics of the respondents' 
current environment covered only a small portion of the total possible spectrum of 
socioeconomic and locational characteristics that might be of interest to the analyst. 
The peculiarities of both the population and their current environment are clearly re
flected in the results. 

Similarly, attention should be directed to the question of substitutability among ser
vices. The analytic procedure here was to locate optimally all but one service and then 
to vary the location of that one to approximate the respondent's perceived threshold of 
accessibility acceptance. This results in a conditional rather than an absolute distri
bution of accessibility preference for each service. The results for one service may 
be dependent on the perceived optimal location of the others. It is conceivable that this 
threshold would differ if other services were not located optimally. 

An intriguing approach to this problem might be to locate all but one of the services 
at their minimally acceptable rather than at their optimal locations and then to vary the 
location of the remaining one until it, too, was just acceptable. The threshold of ac
ceptance thus obtained would in all probability be considerably different from that es
tablished here. 

If this hypothesis can be verified, an intriguing next ~teu might be to examine the 
trade-offs among a mix of services ,' leading ultimately to establishment of a set of ac
ceptable locational combinati_ons that collectively define an adequate rather than an op
timum environment. 

Finally, a number of general comments are appropriate concerning the methodolog
ical approach employed in this paper. Attitudinal research and the concomitant analyt
ical procedures of psychometric scaling have been employed in fields other than trans
portation planning for many years. Although by no means universally successful, they 
have provided a basis of valuable information of such varying disciplines as market re
search and education. This paper has attempted to indicate, albeit in a rather tentative 
fashion, how such methodology might usefully be applied to a particular problem of 
transportation analysis. Any value that the paper may have stems probably from this 
source rather than from the substantive results reported. 

The rationale underlying the use of attitudinal and related studies in the present con
text is based on 3 major points: 

1. They provide the planner with a mechanism for studying subjective and qualita
tive factors that are frequently omitted from analyses based solely on real-world 
observations. 

2. They provide the analyst with a means for exposing the respondent to alternative 
environments in a format of at least quasi-experimental control and in a manner- that 
allows him to focus on particular dimensions of the respondent's preference structure. 

3. They permit the evaluation and modification of planning policy decisions in a man
ner not otherwiRP. poRRihlP.. This m::iy inr.luc'IP. hoth ::in::ilyRP.R r.onc'lur.tP.c'I ::it ::i greatP.r level 
of detail than has been the case heretofore and analyses along dimensions which have 
been previously ignored. 

These assets are unfortunately accompanied by an equivalent set of procedural and 
analytical problems. Of these, by far the most serious concern respondent cognition 
of the decision environment. In part, this is a function of the accuracy and care taken 
in displaying the environment to the respondent-for example, explaining the purpose 
of the locational game employed in this paper and ensuring that the "players" under
stand precisely what it is that the researcher desires of them. Even more seriously, 
it is also a function of the degree to which the survey mechanism is capable of record
ing accurately the respondent's perception of and response to the factors under study . 
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It is inevitable, unless the total number of factors included in an attitudinal study is 
larger than that attempted here by the authors, that there will be serious errors of 
specification bias in the structure of the survey device. A large number of relevant 
factors have been omitted from the study, all of which are likely to influence the re
spondent's reactions. Equally, in any situation where time and distance measurements 
or both are involved, it is questionable how information may best be presented to the 
respondent-either in terms of one or the other, or in terms of a ratio of both. This 
question was conveniently side-stepped in this research. Somewhat similar problems 
associated with the respondent's perception of housing costs have been discussed 
previously. 

Considerable attention has been directed by other researchers to the questions of 
"halo effects" and the effect that the survey instrument itself may have on respondent 
behavior. In this case, no attempt was made to control for such effects. It is, in fact, 
questionable whether anything beyond refinement of the survey tool itself could be 
achieved in this direction without the expenditure of considerable resources. It is prob
ably fair to say that, although by no means unobtrusive, the rank-order and paired
comparison tests, and particularly the simple, locational game described here, pro
vide a reasonably accurate insight into the locational preferences of the individuals 
studied. Perhaps the most interesting question for consideration is how one may build 
on work of this type, both in terms of a more rigorous research design and in terms 
of the development of an operational planning methodology. The present study is clearly 
far removed from either of these 2 objectives. It is the authors' first steps along a 
path that has not been previously investigated with any degree of vigor and that warrants 
further attention in the future. 
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Discussion 
HAROLD HANDERSON, Office of High Speed Ground Transportation, U.S. Department 
of Transportation-This paper supports the hypothesis that negative reactions to the lo
cation of neighborhood activity points are bimodal-that is, that some things (such as 
freeway ramps) can be too close as well as too far away. The research reported here 
was not a longitudinal study, though family histories could have been gathered from sur
vey respondents in a particular neighborhood when the survey was taken. 

The orientation of the paper toward the development of "a mathematical program
ming model of optimal service arrangement" and its discussion of the utility of develop
ing parametric information on an "adequate" environment set me to wondering about 
the following questions: 

1. What are meaningful subgroupings of a population, in terms of their responses 
to access or service locations such as those identified in this paper? 

2. What factors are relatively important in determining housing prices and family 
settlement and relocation patterns? 

3. Which of these factors are apt to change over the life cycle of a family whether 
or not they actually lead to relocation decisions? 

4. What should a planner do or recommend as a result of these findings? 

I think that, lacking very firm answers to these questions, we are still some distance 
from an operational model of "optimal service arrangement." However, more atti
tudinal research appears worthwhile, combined with information on family socioeco
nomic characteristics; neighborhood environment; frequency of use of activity centers 
or service locations; relative perceived desirability of changes in the location of such 
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centers for the family, particularly over time; and the possible design or redevelop
ment of population centers, taking these findings into account. 

AB the authors note, the work reported here was not designed to produce the present 
paper. However, several specific comments on the paper appear worth making. As 
noted in a concurrent HRB paper (1), blue-collar families are apt to value and engage 
in visits with nearby relatives more than with close friends. Familial ties were included 
in the informal activity focus but the location of friends was the closest topic reported. 
It also seems overly trite to say that the relatively low importance ascribed to having 
close friends nearby reflected "an expansive area of social contact." Some hypotheses 
at least appear warranted to guide further research. It might be, for example, that 
the respondents (predominantly housewives) visited more by telephone than in person; 
or that "visits" took place at some central location, such as a bowling alley, among 
families with some more dispersed housing pattern but a nonresidential (e.g., work) 
focus. 

It is not certain that the peculiarities of the population reported, and particularly its 
immediate environment, are sufficiently clearly linked to the results reported. The 
responses do seem to show that the survey population was basically composed of rela
tively healthy older families, more dependent on public transportation and local stores 
than on children's parks and freeway ramps. This would indicate that the respondents 
were more urban than suburban, and one-or-no-car rather than two-or-more-car fam
ilies. The large (though nonspecific) number of female respondents to the survey 
might indicate that relative nondrivers were heavily polled. Thus the relative dislike 
for being close to a freeway ramp and the relative indifference to increasingly greater 
distances to a ramp may be overstated. The general results, however, are plausible 
cumJJaniu Lu LdJJl:l Lu a JJUUllc Lt·aJ1s1-1u1·Lallu11 sLu1-1, which an1 much mu1·e aJJL Lu l,e made 
on foot. 

The responses that the authors interpret as possible indifference to increasing travel 
time may, however, merely be respondent inability to imagine what one's responses 
might be to a situation that is perhaps perceived as being rather remote. Support for 
this hypothesis is provided by the responses regarding shopping, an activity that must 
be done relatively frequently, regardless of one's other family or locational circum
stances. The reported difficulty that respondents had in making trade-offs between ac
cessibility and housing cost sounds very realistic, though such considerations doubtless 
take place when a family is in the process of locating itself. However, it is highly 
likely that no family takes all theoretically pertinent factors into consideration, but 
rather seeks a location that satisfies some particular subset-a subset that may well 
change with time as well as experience. The best example of this presented in the pa
per is the question of accessibility to a children's park. Childless families, or fam
ilies with no children or grandchildren close by, might prefer less rather than more 
accessibility; but families with young children or grandchildren might prefer to have 
it next door. Therefore, no general standard of neighborhood "excellence" would ap
pear to be possible in terms of distance or ease of access to a children's park. It is 
not surprising, therefore, that the widest variances reported for the walking mode oc
curred on this item. 

Another complicating factor, which may show up in the findings reported here, re
sults from the following possibility: An older couple that has lived in one spot for a 
number of years suddenly realizes that it is difficult to get to a hospital from its loca
tion. This would then affect the family's response to the perceived desirability of hav
ing a hospital more or less accessible, though this may never have been an issue ear
lier when the family was deciding on its current location. 

A valuable refinement of this research would be to differentiate subpopulations in 
terms of their abilities as well as their interests and desires-for example, dividing 
walkers from nonwalkers and drivers from nondrivers. This would supplement re
ported material, Ruch as that given in Table 3. 

The absence of automobile ownership and journey-to-work information from this re
port is unfortunate. Does the family tend to rely more or less on public transportation 
for local shopping? Does the family exhibit stability in terms of job location as well as 
housing? Does this pattern occur for urban areas of various sizes, or is it restricted 
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to particular socioeconomic classes or city types? On this latter point, obviously, 
the present report can provide only part of the necessary information to develop a fuller 
understanding of existing patterns. The reporting of standard deviations as well as 
averages from respondents, however, is to be applauded as a useful addition to a set 
of important, though partial, findings. 

Reference 

1. Fellman, Gordon. Sociological Field Work Is Essential in Studying Community 
Values. Paper presented at the 49th Annual Meeting and included in this Record. 

G. L. PETERSON and R. D. WORRALL, Closure-The paper is intended to be ex
ploratory rather than developmental. Specifically, it is intended to explore a simple 
hypothesis concerning the individual's perception of his physical environment. There 
is no attempt to be comprehensive nor is there any attempt to reach earth-shattering 
conclusions. It is simply an initial examination of what may be an interesting and per
haps useful idea. 

The paper does not describe a mathematical programming model. Such a model 
could be developed and, in fact, has been developed based on the work described. It 
is not, however, the subject of this particular paper. 

The paper represents one relatively small part of a very much larger investigation. 
This investigation addressed many short points that the discusser apparently wishes 
we had included in this paper. Specifically, it included an analysis of the attitudes of 
local residents toward alternative investments in the physical environment, a longi
tudinal analysis of trip-making and household activity behavior, and an analysis of in
dividual perception of neighborhood structure and neighborhood extent. However, in 
preparing this paper, we elected to focus attention on a portion of the overall study. 

Further work is in progress and will be reported later. A PhD dissertation is 
currently being completed at Northwestern University on the subject (2). The authors 
and R. W. Ellis (~) also presented another paper on this subject in June 1969. 
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Attitude Techniques in Action 
MARGARET T. SHAFFER, Consultant on Social Science Application to Planning 

This paper serves as an introduction to the utilization of attitude assess
ment techniques in urban transportation planning. The importance of ap
propriate sampling and description of sampling strategies is discussed. 
The elements of attitude questionnaire development, the techniques that 
can be utilized, the selection and training of interviewers, and the main
tenance of the field office are also discussed. Specific examples of the 
utilization and application of these techniques in planning studies are cited. 

•THE UTILIZATION of attitude assessment techniques in transportation planning has 
generated much talk and a little action. Some attitude studies have left much to be de
sired, and some of these studies have contributed to the "why bother" attitude that is 
widespread. Questions of validity are raised, as are other important questions such as 
"What can I expect to find out that I don't already know?" and "How do I use the results 
of these studies?" For, without proper implementation and the discovery of new dimen
sions or new ways of looking at old dimensions, the attitude study is, admittedly, un
warranted. Contributing to a report that is never used or providing information that is 
of no practical use is a.n exercise in futility. 

One of the most disturbing aspects of much "people" work has been that, by and 
large, no matter how much it thinks it knows about a given group of people through the 
eyes of leaders, through windshield surveys, and physical analyses, an agency often 
knows very little. When one considers that much money is spent and many facilities 
are built based on this information, the picture is not very bright. For example, at
tempts to develop a stratified sampling strategy based on information possessed by 
several agencies-ordinarily, well-informed and well-studied agencies-were thwarted 
by discovery that their socioeconomic data were not good enough for establishing the 
strata. 

Census data are now 9 years old, and it is likely that the 1970 census data will be 
less than optimum for many planning purposes. If the consideration of people receives 
only lip service in all but a few political jurisdictions, the social situation in cities and 
towns will continue to deteriorate. The attitude survey is one means for providing valid, 
reliable information regarding the socioeconomic status of people and their attitudes 
toward this status. It can also provide valuable insights into the type of innovations that, 
if implemented, would be acceptable to the residents. 

Factual data regarding the actual social and economic situations are relatively easily 
obtained. By utilizing direct questions, asked in the appropriate manner, an agency can 
do an excellent job of drawing a social and economic profile at both the individual and 
the aggregate level. However, factual data, no matter how complete and valid, can only 
provide a one-sided picture of the "people problem." The subjective view of the social 
situation, ::is seen through the eyes of the people themselves, is extremely important. 
In many cases, the residents' subjective evaluation of the situation is every bit as im
portant to transportation planning as the objective reality of the situation. For example, 
stating that a given street is inadequate because it has potholes may be, to the engineer, 
a very logical statement, and he may wonder why citizens in a given area rebel at the 
idea of upgrading it. The fact may be that to these citizens the attitudes toward rearing 
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children are quite strong; hence, as long as the street is inadequate, there will be little 
traffic or at least the traffic will move slowly. The present status quo, although unde
sirable to transportation planners, is very desirable to the housewife who feels her chil
dren are safer when playing near the street. 

The question of satisfaction and dissatisfaction with facilities on the part of the citi
zenry should then be raised. Many officials have unwittingly assumed that reducing 
dissatisfaction regarding a transportation facility is sufficient to produce satisfaction 
with that facility. In the field of job and personnel research, however, Herzberg, 
Mausner, and Snyderman (1) have demonstrated that job satisfaction is a function of the 
presence of sets of variables different from those that are present in job dissatisfaction, 
and correction of the dissatisfying elements is not sufficient to produce satisfaction. At 
present, the author knows of no comprehensive attempts to evaluate whether the same 
phenomena exist in the applied transportation system context and, if so, what elements 
are satisfiers and what elements are dissatisfiers. Much attention and money, however, 
are directed toward mitigation of dissatisfiers with little or no concern for the satisfiers. 
The proper utilization of attitude data could result in the emerging of some indications 
of potential satisfiers. 

Another application of attitude surveys to the problems of transportation planning is 
in their utilization regarding facilities with which the public has had no prior experience. 
It is here that attitudinal data appear to be most useful. Suppose a highway is being 
planned through a given neighborhood and information regarding the physical character
istics this highway should possess to be most acceptable to the populus is needed. Know
ing that aesthetics, child-rearing, and recreation, for example, are extremely impor
tant in the neighborhood is helpful in expressing in quantitative terms the need for a 
depressed highway, which is well separated from any area where children play or travel 
to school. It also gives some important insights into the type of joint development that 
is most capable of being implemented. 

Knowing that recreation is important to a given group of people gives some insights 
into predicting the utilization of a proposed rapid transit line that runs to a recreation 
facility, even though the people have never had one before. Such was the finding in an 
eastern metropolitan area (2) where recreation and recreation access emerged as an 
area of significant concern fo residents. When asked to rate the accessibility aspect 
of transportation, i.e., how easy it was to get from one place to another by private or 
public transportation, the mean rating on a 5-point scale was 3. 5 (where 1.0 = very poor; 
2.0 = poor; 3.0 = adequate; 4.0 = good; and 5.0 = very good). As might be expected, those 
without automobiles for whom dependence on public transportation was a reality tended 
to rate transportation accessibility less than adequate. When information regarding 
such variables as convenience, comfort, and prestige are added to this knowledge, some 
very meaningful insights are obtained. Such information can pinpoint groups of individ
uals for whom there exist specific problems. These problems can then be dealt with in 
a more meaningful and appropriate manner by the public agencies. 

To obtain these data via attitude surveys requires the application of social science 
technology, not only to the actual conduct of the survey but also to the analysis and im
plementation of study findings. 

SAMPLING 

One of the most critical elements of attitude surveys is sampling. The validity and 
reliability of the study are directly dependent on the sampling strategy used. One often 
hears the comment, "A 10 percent sample was used; the study must be good." Nothing 
could be more misleading. A 10 percent sample, or even a 50 percent sample, is only 
as good as the means used to select those 10 or 50 percent. A sampling procedure is 
accurate if it is unbiased, i.e., if the sample is not overbalanced in persons of one kind 
or another. The precision of a sample is determined directly by the number of persons 
sampled. If the sampling procedure is accurate, the true population results will be 
approximated more and more closely as the number of individuals in the sample is in
creased. Statistical tests are then used to calculate the likelihood or probability that 
the results obtained differ from those that would have been obtained if the total population 
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had been surveyed. However, there is a point of diminishing returns at which the added 
precision of the sample tends to increase in proportion to the square root of the number 
of people sampled (3). Hence, if survey costs double when sample size is doubled, the 
sample size must be increased by 4 times to double the precision. The question as to 
the level of precision necessary to accomplish the goals of the study must, therefore, 
be addressed. 

Several strategies are available for sampling. First is the simple random sample. 
In this method, each resident (or family, depending on the sampling base) in the study 
area is assigned at random a number, and a table of random numbers is utilized to select 
the residents who will be interviewed. Each resident, therefore, has a chance equal to 
each other resident's chance of being selected. This method ensures that there is no 
systematic bias introduced by the researcher in sample selection. It ·also ensures that, 
because there has been no method for selectively choosing one individual over another, 
the group of individuals actually interviewed is representative of the general population, 
and study findings may validly be generalized to the total population. 

A second method is the stratified random sample in which strata a1·e identified and 
individuals selected atrandomfrom within eachstratum. It is preferable inthiS method, 
for the numbers in each stratum to be proportionate to the total number of people in that 
category within the entire population. Additionally, this type of sampling technique is 
desirable in areas where there are subgroups of a more homogeneous composition within 
the larger population that is being studied. For example, many cities contain subpopu
lations with different ethnic, racial, and religious backgrounds. These strata or sub
groups can also be defined by such variables as income or age. In some cases, com
binations of variables such as income and race or income and age may have to be used 
to define strata. In these cases, the variables must be operationally defined, i.e., de
fined in terms of the operations used to measure the categories. An operational defini
tion of low income would state the income range in dollars or, if meaningful, the per 
capita income in dollars considered to be low. 

Establishing the proportion of each stratum within the population, which is needed 
to utilize a stratified random sample, requires much a priori information regarding the 
characteristics of the population. Many political jurisdictions do not possess s ufficient 
information to determine even the stratification strategy that would be appropriate, not 
to mention the proportion of the strata within the popn hiti nn. 

In order to provide these data in a study in a metropolitan county, an innovation 
known as a "demographic data bank" was used. This provided enumeration data re
garding the demographic characteristics of the population within a s pecified r adius of 
selected street intersections in a given standard metropolitan statistical area (SMSA). 
The data bank utilizes census information regarding characteriStics such as income, 
type and condition of dwelling, r ace, residential mobility, age, and occupation; this in
formation was updated utilizing aerial photographs, special census information, and 
land use information. Although a number of as·sumptlons about the updated information 
limit the universal utilization of such a technique, it is extremely helpful in providing 
some much-needed data to aid in stratifying the sample population. The stratified ran
dom sample, although it requires a priori knowledge of the population, has an advantage 
over the simple random sample in that the numbers of people sampled may be fewer for 
a stratified random sample yet still provide the same level of accuracy and precision. 
Its utilization, however, is only as v;ilici aR the data used for establishing the strata. 

Third, a.11 area random sample may be utilized in which specific geographic areas 
withb1 the political jurisdiction are selected to be representative of a segment of that 
jurisdiction and individuals are selected at random from within it. The validity of this 
method rests with the validity of the criteria by which the specific areas are selected. 
This method might be used in a situation in which a single geographic area will be af
fected by the proposed facility more than other areas. Results obtained by this method 
can be generalized to the general population only if the areas selected are truly repre
sentative of the total population. 

A final technique for sampling is the "problem group" sample in which specific types 
of people who represent specific types of problems are identified. This technique is 
applicable only in situations where the findings need not be generalized to the population 
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at large. It is applicable, however, in situations where policies or programs are being 
generated to meet the needs of a specific group of people who have a specific problem 
and for whom data are not available. Such a group might be "freeway dissenters" or 
elderly or ghetto residents not owning automobiles. 

One problem occurs irrespective of the specific type of sampling strategy that is 
used. Obtaining the names or addresses of all the people in a given population is ex
tremely difficult. Phone books limit the selection to those individuals who possess listed 
telephones; mailing lists selectively eliminate various groups; address coding guides are 
still incomplete and inaccurate; and voter registration rolls eliminate recent arrivals 
and those who do not vote. Although no method is completely free of bias, random se
lection of streets from up-to-date maps and random selection of residents from those 
streets is probably less biased than many other methods. All possible sources of list
ings of the population should be investigated before final selection of the method is made. 
In some jurisdictions, one method may be more valid than another, and the decision 
should be made based on the best information available in that jurisdiction. 

QUESTIONNAIRE DEVELOPMENT 

A second critical element of attitude survey methodology is the development of the 
questionnaire. It is a more complex task to develop a valid and reliable questionnaire, 
i.e., one that measures what the study objectives demand, than to simply write questions. 

First, specific hypotheses thatwill betestedmust be generated. In many cases, plan
ners do not have a priori hypotheses and simply desire to know what the socioeconomic
psychological real world is like. Under these conditions, they must at least identify 
the subject areas that they feel are interrelated with the main objective of the study. 
For example, What is the effect of the economic status of community X on the atti
tudes toward transportation corridor A? and How does the transportation situation in
fluence the utilization of facilities P and Q? These hypotheses or subject areas must 
be developed by the public agency utilizing a multidisciplinary team as broad-based as 
possible. 

Once the hypotheses are generated, the decision as to the most appropriate techniques 
that should be utilized to obtain the necessary information from the specific sample must 
be made. The techniques that can be utilized with some groups of people may be inap
propriate for other groups. For example, rating scales often utilized to determine 
residents' feelings toward facilities or issues are not valid for residents with low levels 
of education. Hence, other techniques, such as the paired-comparison technique, should 
be used and ratings derived from the findings. In a similar manner, the techniques used 
in many surveys to determine the income of the respondent are inadequate. In one study 
(4), an underestimation of income was found to be an average of $1,000 among those re
spondents in the below $4,000 income category. This is, on the average, a 25 percent 
underestimation-indeed, a significant consideration in studies where income is a par
ticularly important variable. Therefore, the specific techniques utilized to extract the 
information are extremely important, so much so that utilizing improper techniques 
could result in obtaining no valid information at all. 

The techniques for attitude assessment are designed to determine the definitions and 
relative importance of various elements of human activity to a given individual. Attitudes 
exist toward rather abstract elements, such as time, comfort, convenience, money, 
prestige, aesthetics, education, and rearing of children. As such, they are not tied to 
a particular facility or plan; rather, they cut across all aspects or facets of the indi
viduals' activities. The attitude techniques can be grouped as to their degree of direct
ness of questioning into projective and objective techniques ( 5). 

Projective techniques, such as word association, sentence completion, and semantic 
differential, are unique in their approach in that questions are designed to determine 
basic attitudes without revealing to the respondent what the "right" answer is. In some 
cases, the item may not appear to be related to the attitude that is actually being mea
sured. Research has shown, however, that, as indirect and unrelated as these tech
niques may appear, they are quite useful in determining prevailing attitudes and pre
dicting behavior. The projective technique, however, requires the expertise of a trained 
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behavioral scientist for creating, administering, scoring, and analyzing. utilized by 
the untrained or uninitiated, its results are suspect and could lead to gross misrepre
sentations of the facts. 

The projective techniques, which vary according to the nature of the stimulus mate
rial, present a simulated situation to which the subject responds. The word association 
technique, for example, presents a list of words to which the individual responds with 
the first word or association that enters his mind. If a word, such as "traffic," is pre
sented to a subject and he replies "noise," some indication of his attitude toward traffic 
is displayed. When this procedure is continued with other related words, analysis of 
the responses can indicate his attitude toward a host of related subject areas. The as
sociated word may have a positive, neutral , or negative valence to the subject. A single 
response to a single stimulus word from a single individual gives the researcher little 
information on which to base decisions . When many associations are made to many 
words by many individuals, however, some valuable insights regarding prevailing atti
tudes may emerge. When one projective technique, such as word association, is used 
in combination with other techniques, such as sentence completion or semantic differ
ential or both, it provides an even more valid profile of attitudes. 

The sentence completion technique differs from the word association only in the de
gree of freedom that it affords the individual for association. The sentence completion 
technique presents a frame of reference for the individual's response more clearly de
fined than that presented by the word association technique. For example, the individ
ual might be asked to complete the following sentence: "I consider my neighborhood to 
be .. . . " Hence, the response is limited to a sp~cific subject area, neighborhood, but 
the response that he can give to this is completely open. As with the word association, 
ll muHL lJe em!Jli:cu;faeu U1aL tht:: in~ight into attitudca io provided by tho pattern of re
sponse to many items by many individuals. Little or nothing can be learned from ex
amining a single item by a single respondent. 

The semantic differential technique developed by Osgood and others (6)requir es the 
subject to scale each noun, such as transportation, highway, bus, or pat~, on a number 
of dimensions, each of which is described by a pair of bipolar adjectives , as follows: 

Highway 

Active Passive 

Harmonious Dissonant 

Meaningful Meaningless 

Negative Positive 

Large Small 

Some of the dimensions are obviously related to the subject noun, other dimensions are 
more obscure . The clustering of nouns that are described in a specific manner by spe
cific adjectives and the groups of individuals who respond similarly to these nouns re
veal the attiludes. Studies con lucted by Osgood, and later applied to other areas, show 
that individuals who respond to semantic differential items in a similar manner tend to 
behave in a similar manner when confronted with a real-life situation. The technique 
has been applied successfully to determination of attitudes toward elements of recrea
tion and the concomitant needs by Heath c1 t t hP. TJniver sity of llllnois (J) . It is r eason
able to assert that Lhis L~clmique could be equally applicablo to problems that plague 
the transpo1·tation system planner and, hence, utilized in the perplexing determinat ion 
of community values. 

One important consideration in the choice of techniques is the degree of depth that 
is required to obtain the desired information . This degree of depth is represented as 
a continuum r anging from opinions that reflect i mple beliefs or views to attitudes that 
reflect deeper motivatiom;. Tu predict future behavior requires that attitudes be ex
amined. Opinion surveys can be used to measure the public's reaction to a specific fa
cility at a specific time but, because opinions change and often very radically over a 
period of time, they cannot be used to predict future feelings or behavior. 
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For example, John Q. Public may express the opinion that the city needs subways; 
however, when confronted with a choice, he may vote against it if such a program re
quires a tax increase. In that case, Mr. Public's attitude toward money motivates his 
action to vote against subways even though his opinion of subways is favorable. 

The objective attitude techniques differ from their objective opinion counterparts in 
the development process and the method of evaluating but not in their degree of direct
ness. The development of objective attitude items, as described by Edwards (8), re
quires an elaborate pretest of potential items that comprise an item pool. This item 
pool is constructed of items that appear to cover a wide range of positively and nega
tively valenced items in a number of predefined dimensions. This item pool is admin
istered to a pretest sample of individuals using the method of paired-comparison. In 
this method, each item is compared with each other item of like dimension, and the in
dividual is asked which item he considers to be most favorable. A psychological scale 
of favorability is developed from these data for each dimension. Scale values are then 
assigned to each item by compiling the scale values obtained from the objective responses 
ofmany pretest subjects. When theseitems are actually administered, the testsubjects 
are asked only to indicate if they agree or disagree with each item. The score for a 
given individual on a given dimension is the composite of the scale values of the endorsed 
items. This technique is currently being considered in a study in San Diego County (9) 
in which an examination is made of the interrelationships between transportation and
the utilization of other social service facilities. 

After techniques appropriate for both the subject matter and the sample are selected, 
the actual items must be constructed. Semantics and communications, 2 disciplines 
that are finally being recognized as important to some planning efforts, are critical in 
this stage of questionnaire development. To some groups, there are emotionally charged 
phrases or words that, if used, not only could invalidate study results but could set off 
a community reaction that could destroy the potential for effectively working with the 
community, i.e., cause a riot. Hence, item construction and wording requires a famil
iarity with the subcultural milieu in order to be effective at all. The middle-class ori
entation of most survey items will be no problem as long as the sample is also middle
class; however, as the sample deviates more and more from the concept of middle
classness, the study results will be less and less valid. 

An integral part of the wording of items is the selection of alternative responses, 
which will be utilized for coding the questionnaires; For example, a sentence comple
tion item may include alternative ways of completing the sentence, the respondent's 
task being to select from the alternatives the one that is most applicable to his situation 
or feeling. The selection of these alternatives can easily bias the study results by mak
ing some alternatives appear more socially acceptable or by weighting one class of re
sponses more heavily than another. Several guidelines should be followed in developing 
alternatives. First, and foremost, they should be based on empirically established data. 
Open-ended free response items should be given a small representative number for the 
sample in a pretest. Alternatives should then be developed based on the actual responses 
that were given by these individuals. Second, the alternatives should be mutually ex
clusive such that respondents cannot indicate that their choice is embodied in parts of 
2 alternatives. Third, they should cover as wide a range of responses as possible 
within the context of the item. Finally, there should always be an option that none of 
the alternatives is appropriate, giving the respondent the option to state in a free re
sponse what his feelings are. These free responses are evaluated during the analysis 
phase, are subjected to content analysis, and may be coded at a later time . 

Built into the questionnaire should be some reliability checks that permit the research 
team to indicate the reliability of both the interviewer and the respondent. This can be 
accomplished by carefully constructing different forms of the same item and inserting 
them into the questionnaire. 

The coding scheme and format of the questionnaire must then be developed. At this 
juncture, it is necessary to know what type of data processing equipment will be utilized 
because this willestablish thetype of coding and formatting thatis appropriate. Because 
the format and codes that are applied will limit to some extent the tabulated output, all 
aspects thought to be important should be built into the coding scheme. Data that are 
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not properly coded or formatted may be lost data unless recoded at a later date-a very 
expensive luxury. 

The final step in the process of questionnaire design is the pretest. No matter how 
carefully the questionnaire is designed, it should be pretested with a small sample of 
respondents representative of the total population being studied in order to identify any 
problems in interviewing procedures, in wording or ordering of items, in the selection 
of alternatives, or in formatting. The questionnaire should then be modified and put in 
final form for the study. 

SELECTION AND TRAINING OF INTERVIEWERS 

The link between the transportation planning agency and the real world is the field 
team of interviewers whose job it is to faithfully record what they see and hear during 
the process of the interview. An interviewer who is biased can completely invalidate 
study results. Hence, extreme caution should be taken to ensure that interviewer bias 
is kept at an irreducible minimum. Careful selection of interviewers is critical and 
should follow selection criteria developed within the framework of the study objective. 
Utilizing available personnel is often not good enough to ensure a quality interview team. 

No matter how intrinsically good and knowledgeable the interviewers are, they must 
be thoroughly trained to perform the study in a prescribed fashion. This tuining pe
riod should include both classroom instruction and on-the-job training, and should cover 
all aspects of the study, all interview materials, and all procedures. The less sophis
ticated the interviewers are at the onset, the more comprehensive the training pro
gram must be. An even more careful selection procedure and more comprehensive 
training program are required for indigenous residents who are used as interviewers 
because of their rapport v:ith respondents, especially m areas cons1st1ng primarily of 
one ethnic group. 

CONDUCT OF THE SURVEY 

During the field operation, a field supervisor must perform a constant monitoring 
function. His job is to ensure that interviewer procedures and the sampling strategy 
are assiduously followed. He reviews each questionnaire as it is returned to ensure 
that the coding is properly performed and that the reliability checks are not violated. 
A cu1u;cieuliuus .Ciehl supenisul' who highly motivates and demands the highest quality 
work possible from his interview team is an absolute necessity. The field supervisor 
should make validity checl,.s to be sure that the LrJ.terviewer i,c; actually interviewing sub
jects and not just randomly filling out the interview forms. Failure to make such a 
check allows for the possibility of drastic bias of the study results. Implementing a 
program based on study results in which this type of bias is present could be disastrous 
because the study findings may have little relationship to the real world. 

During the planning of the field survey, it is important to consider the problems of 
respondent bias introduced by the times of day and the day of the week on which the in
terviewing takes place. If a predominance of the data collection takes place at any one 
particular time of day, such as morning or evening, the sample could become over
balanced with nonworking or working respondents. The field supervisor must ensure 
that interviewing is conducted at all times of day by all interviewers. He must also 
make interviewer assignments such that no interviewer works exclusively in a given 
area or with a given stratum and thuo introduces a. possible biasing variable, In short, 
the field supervisor should be in complete control uI the research team and the research 
endeavor at all times. He provides an important link between the field and the agency. 

ANALYSIS 

Once the data have been collected, a comprehensive analysis program is initiated. 
The program begins with the development of an analysis plan that outlines the type of 
analysis that should be conducted. The first step is to obtain a tabulation (or straight 
tab) of all the questionnaire items, i.e., a summary of the total numbers of people who 
respond to each item in a prescribed manner. Based on these straight tabs, a listing 
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of cross tabulations that are meaningful is developed. A cross tab provides a summary 
of all those respondents who indicated a specific attitud.e with those who do a specific 
thing. Based on these cross tabs, statistical tests of significance are applied to estab
lish whether one group defined in a specific manner is significantly different from another 
group, i.e., the probability that the differences fonnd could have occurred by chance 
alone. 

By studyingtheinterrelationships among ahostof social, economic, and demographic 
variables, one can derive a social profile that provides valuable insights into the social 
situation of the population. If 2 sets of measurements on the same set of variables are 
performed, each nnder its own set of conditions, the analysis of variance may be used 
to determine any significant differences among the sets. This may identify differences 
that occur in the same population overtime or in aneighborhood before and after a given 
program or facility is built. 

A factor analysis can be utilized when a series of different measures are being ad
ministered to a particular group. This process identifies the smallest number of fac
tors that explain the variations of scores. From the factor analysis, the amonnt of var
iation caused by each factor is estimated for each measure. The identification of such 
factors can aid in the interpretation of study findings and thus improve the quality of 
conclusions and recommendations that can be derived. 

IMPLEMENTATION 

Even the best study, if not properly implemented, is a useless exercise. Citizens ab
hor being "studied to death," never seeing the results of any of these studies or changes 
that are recommended as part of these studies. The public agency, not the consultant, 
has the responsibility to implement, i. e., to put into practice or instigate, changes based 
on study findings. A consultant, no matter how good or how progressive, should only 
fulfill his role of consultant. He can and should recommend an implementation program, 
but he cannot and should not attempt to become involved in the implementation as such. 
His program may include presentations of findings to other public agencies as a means 
for involving them in the implementation, but the actual policy decisions are political 
and must remain as such in a democracy. Recent success has been experienced in the 
implementation plan developed for an eastern metropolitan county. In this study (2), 
research findings were discussed with all agencies that were affected by the study effort 
and whose job it was to implement policy change, and the consultant was available to 
answer the questions and to interpret the results. Because agencies participated in the 
discussion of study results before publication and were permitted to make comments 
and observations regarding study findings before the conclusions and recommendations 
portion of the report was written, their insights became an integral part of the study 
report. Although their input was not permitted to modify the study findings themselves 
or the presentation of these findings in the report, their insights and comments were 
presented in addition to the usual study results. This added both to the nnderstanding 
of the study results by the various agencies and to the comprehensiveness of the report 
on these findings. Because interagency cooperation is critical to effective implementa
tion, such a program was quite useful in improving the quality of implementation that 
was possible. Because the agency personnel are personally involved in even a small 
portion of the study effort and the study results are presented both in verbal and in 
written form, the study results can receive more widespread utilization. 

APPLICATIONS 

Transportation planning has, for a long time, been concerned primarily with the 
direct costs and benefits derived from a given facility. A logical question has been, 
"Why be concerned with health?" The only obvious relationship is related to the pollu
tion problem. This is one of the most serious problems with the "people" part of trans
portation planning and, in particular, with many current efforts to deal with it. People 
cannot be fragmented into subject areas, such as health, education, recreation, trans
portation, and housing. People exist with a combination of interrelated needs and their 
attitudes and values regarding one of these is inextricably interwoven with the others. 
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It makes little sense to have a transportation attitude study; rather, it is appropriate to 
perform a general attitude survey with emphasis on transportation items. The effects 
of transportation alternatives on the long-term mental and physical health of a popula
tion, to mention only one, are very important and should be considered by a political 
jurisdiction involved in decision-making. Hence, the approach should be toward the 
general attitude survey designed to learn a great deal about many aspects of the popula
tion and the interrelationship of these aspects with transportation issues involved. 

The present requirements for citizen participation, which are being questioned by 
many, is probably an honest attempt to consider people as a system of integrated values. 
However , the "leaders" who are often consulted and the "verbally fluent" who often par
ticipate represent a loud minority of the people. If, however, the loud minority can be 
assuaged, the necessity for considering others' views may be questioned by some 
officials. 

A recent study in a midwestern industrial city (4) revealed that some of the most 
vocal leaders were doing as poor a job of representing the people and their attitudes 
and values as the so-called establishment. For example, some of these "leaders" were 
considered as potential interviewers and were given the usual training. During the train
ing sessions, they expounded vocally regarding the feelings of their supposed constituents 
toward education. Because of the strong biases they evidenced, these individuals were 
not permitted to interview, but their views were noted by the field supervisor. Upon the 
completion of the study, results showed that the feelings of the citizens were diamet
rically opposed to those expressed by the so-called leaders. The leaders expressed 
the feeling that citizens were quite concerned about education and were adamant about 
specific improvements. The study indicated, however, that the citizens were not par
ticularly interested in 'a'dtv:ati0n, did n,)I ~,_.,_. ii >lR ::, mP:inR f,w 11pg1·::irling the quality of 
their lives, and were quite satisfied (as measured on a rating scaie) with the status quo. 
Had a program been developed based on the leaders' evaluation alone, it would have been 
a failure; however, knowledge that citizens were not particularly concerned with edu
cation modified the approach taken by officials to make some much-needed changes (as 
determined by a subjective outsider's evaluation). 

The nature of the "credibility gap" that exists between vocal leaders and their con
stituents is extremely difficult to establish. In many cases, the power these leaders 
have and their ability to, in some cases, intimidate the average citizen makes it ex
L1·1:mwly LliHiculL Lu Lld~1·miu~ Lhe tl'ue feelings of citizens. This underscores the need 
for an attitude survey conducted under conditions where residents feel no threat from 
their leaders. These changes and improvements can then be successfully implemented. 

Although the evidence presented here is not sufficient to generalize in other situations 
and subject areas, it should give pause to thoughts regarding the purpose, direction, and 
utilization of citizen participation as presently conceived. There is no pretext to say 
that these findings are universally applicable and that all leaders or all loud minorities 
present inaccurate views of the people. These findings do indicate, however, a need 
for examining the current philosophy regarding citizen participation and minor ity spokes -
men. One point is often raised in this regard by the minority spokesmen themselves. 
They say, "We do not pretend to represent everyone in Lhe minority, but at least we 
care." The fact is, however, that in many cases the "institution" acts as though it thinks 
these minority spokesmen are truly representative. In addition, it may be said that, if, 
as the minority spokesmen say , what is important is caring, then the institution has a 
tremendous opportunity and responsibility to show thut it too cares. 

Attitude surveys can be a useful tool for obtaining participation from individuals who 
often are not civic-minded but who nonetheless have a deep concern for their own wel
fare. These individuals , although they probably would not sit in front of bulldozers or 
picket the highway department, could swell the numbers on welfare, increase the demand 
for social services, and getintotrouble with the police. Although, at present, the author 
knows of no comprehensive studies that have demonstrated the relationship between re 
location disorientation and incidence of crime, the possibility of such a relationship can
not be ignored. 

When such techniques are applied specifically to problems faced by transportation 
planners, a very useful tool emerges. For example, in a midwestern metropolitan city 
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(4), an attitude survey was conducted of certain identified groups of people within the 
cTty. The definitions of the groups were selected by "city hall" to represent certain 
problems with which the city had to cope. There was a need for information about spe
cific aspects of these people because programs and plans being developed would differ
entially affect these groups. One of the nost significant findings of the study, however, 
was the overwhelming importance of the neighborhood orientation. Neighborhood was 
considered by most of these groups to be the most important single determiner of hous
ing location. The need for recreational facilities was expressed within the framework 
of the neighborhood, i. e., recreation facilities and social service facilities were desired 
within the neighborhood but not on a citywide basis. Given the desire to build ahighwa.y 
through certain sections of the city, it is predictable that retention of neighborhood char
acter and ties would figure heavily in motivating citizen resistance . In public hearings, 
the citizens may voice many other complaints, some of which might be very accurately 
represented; nonetheless, rectifying the host of other complaints will not be sufficient 
to satisfy the residents unless the neighborhood character and ties are retained. 

Another example in this same midwestern city concerns the dominant housing unit
the single-family dwelling. The feelings of residents toward this are mixed up in atti
tudes of land ownership, privacy, tradition, and a host of other things. Any highway 
project, however, no matter how sophisticated in joint development concepts or land 
use evaluation concepts, will surely be rejected by the populus if the single-family 
dwellings are threatened and replacement housing is not also single-family construction. 
If large amounts of land are acquired by the highway project, this obviously causes a 
replacement problem. Attitudinal data show that this will, indeed, be a critical issue 
and must be considered. 

Attitudes of satisfaction with the status quo can also be important indicators of prob
lems that might be encountered in attempts to implement a new program or plan. Knowl
edge that the residents feel threatened by actions that are new can help officials struc
ture educational programs that deal directly with the reduction of that threat. In many 
cases, fear of the unknown on the part of the residents is enough to cause them to vote 
against bond issues, to picket planned highways, or to flood the news media with objec
tions. Prior knowledge by the transportation planners of the nature of objections before 
the citizenry becomes upset and angry can prevent many expensive and time-consuming 
problems from developing. Properly used, educational programs can encourage posi
tive citizen participation and improve the probability of reaching a satisfactory agree
ment between citizens with their needs and values and transportation planners with their 
planned innovation. 

The interrelationships between transportation and the quality of life possible in a 
political jurisdiction are extremely important. Transportation planners at an HRB con
ference (10) discussed some of these issues, but in many cases they still treated trans
portation problems as though they had little impact on the host of other social problems 
facing municipalities. 

An example will serve to illustrate the extreme effect that transportation can have, 
if permitted to reach the stage of crisis. A study was conducted on an American Indian 
reservation (11) in the Midwest where the poverty is extreme and owning an automobile 
is an economicimpossibility for the majority. There is no public transportation sys
tem and, because. of the decentralization of living and service facilities, obtaining med
ical attention or surplus food allotments is a severe problem. Opportunists often charge 
residents as much as $15 for a trip to the Public Health hospital. When this charge is 
viewed in light of the current family cash income, which is an average of $1,170 per 
year, it represents approximately 1 percent of the yearly income! Although this example 
is extreme and does not represent a situation found in most large cities, it serves to 
illustrate the extreme hardship that transportation can place on the social and economic 
situation of people. 

To illustrate further, in many cities where public transportation is highly inadequate, 
driving an automobile, even for the very poor, has become an absolute necessity. This 
means that money, which is needed for food and shelter, must be diverted to pay for 
transportation. The question may be raised, If these individuals did not have to own 
an automobile, would that money be spent on food or housing? The point should be rather 
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that the poor should have a choice as to whether to invest large amounts of money in a 
personal transportation system. If a reasonable alternative exists , then incentives can 
be developed to encourage people to utilize their personal income for social services 
and housing, thereby releasing large amounts of money for dealing with additional so
cial problems. 

If transportation is viewed as one subsystem of a community system with people at 
the center, great strides can be made in improving the social situation. In order to 
accomplish this, more information about people , their attitudes, values, and socioeco
nomic situation is needed. Attitude studies are being utilized effectively to aid planners 
in developing alternatives, evaluating alternatives, and dealing effectively with citizens. 
li p1·operly utilized, they can aid transportation planners in their job of being responsive 
to the community. Only when attitude surveys are made one of the integral elements in 
the transportation planning process will dealing with community values be realistically 
accomplished. 
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Sociological Field Work Is Essential 
Studying Community Values 

. 
Ill 

GORDON FELLMAN, Department of Sociology, Brandeis University 

The author presents the method of field work, or participant observa
tion, as an alternative to surveys and statistical measurement in the 
analysis of information about community values. With specific refer
ence to the Brookline-Elm project in Massachusetts, the author dem
onstrates the value of the field work approach to information-gathering. 
The difficulties of the subjectiveness of this approach and the value of 
findings from the use of this method are compared to the limitations of 
more objective procedures and the value of findings from such studies. 
The conclusion is drawn that field work is most useful in developing an 
understanding of community values and that more objective methods are 
useful primarily in conjunction with the field work technique. 

•IN A DAY when many social scientists struggle for mathematical precision in their 
work, it is understandable that people wishing to evaluate the impact of a planned high
way on an area would turn to residential linkages, economic and movement measures, 
demographic data, and scalable answers to questionnaire items on surveys (2, 3, 4, 5, 
12, 13, 17, 18, 22). It would be pleasant to be able to measure objectively the vaiues 
of people in aneighborhood so as to be able to come to terms simply with the question 
of whether to take the neighborhood, to try to recreate it after a highway has been built, 
or to leave it alone. The impact of a highway on community values, structure, and ac
tivities, it is implied, is too complex, however, to reduce to simple formulas. Prob
lems in the relationship of highway to the community through which it cuts are suc
cinctly put by Thiel (23): 

For many people, the opening of a new freeway means gaining precious minutes driving 
downtown or perhaps a more convenient trip to a major city. It may mean a few more shows 
in town or a few more days at the shore each year. Each mile seems to bring us a little closer 
to the safe, efficient road network that today's automobiles demand. But to the people in 
residential areas adjacent to a highway or to the people displaced when right-of-way is ac
quired, a proposed highway may not seem to be such a blessing. These people may wonder 
whether the advantages from the easier mobility provided by the highway are sufficient to 
outweigh the disadvantages, particularly when the disadvantages may not be known for sure. 

Are apprehensions about traffic noise and exhaust fumes justified? In areas that might be 
called "socially stable," should right-of-way payments reflect such intangible factors as 
friendships and social relationships? For displaced people who are unable to find comparable 
housing, is it enough to compensate for fair market value (or fair market value plus a nominal 
allowance for moving)? What comfort can we take from the fact that residents relocated 
from highway right-of-way typically improve their living conditions if this upgrading results be
cause the relocated resident cannot find housing in the price range of his former home? 

The thesis of this paper is that quantitative methods alone are insufficient for ex
amining community values and that field work, the qualitative sociological and anthro
pological research method par excellence, is essential to such an enterprise. 

Paper sponsored by Committee on Community Values and presented at the 49th Annual Meeting. 
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THE FIELD WORK METHOD 

Field work, in both sociology and anthropology, means extensive and intensive ob
servation in the field itself of what is going on there. It is aimed at the attempt to get 
a "feel" for a whole, to dis cern m ajor and general pat terns of relationships, activitie s, 
life styles , values, tradi tions, goals , and aspirations, and to identify and understand 
details within the whole . Formal graduate training in anthropology r equires the doc 
toral candidate to spend a year or mo1·e in a community small enough to comprehend. 
Although the candidate is free to focus on whatever problems of kinship, linguistics, 
trade, productivity, war , or anything else that especially interes ts him , he is expected 
to be able to describe and feel the "sense" of the community, tr ibe, or village that he 
chooses for study. In recent years , some anthropologists have s elected urban Ameri
can communities for their doctoral and post-doctoral field work, thus breaking with the 
tradition of studying esoteric non-Western, pre-indus trial cultures. 

An excellent r ecent example of urban anthropology and of field work at its best is 
Liebow's study (15) of a small number of black street corner men in Washington , D.C. 
In this remarkable book, Liebow challenges the assumption that poor people are "dif
ferent" and enjoy thei r way of life. His evidence suggests that, for example, family 
and job instability common among the poor are functions of r epeated failure to surmount 
extraordinary circumstances of prejudice and group expec tations of failure. He dem 
onstrates that ill - paying jobs with no chance of promotion work against plans and hopes 
for individual "betterment" and suggests that a decent wage at a decent job is a pre
requisite for self-esteem, stable families, and steady employment. 

Sociulugisls also do field work in urban settings. By now the similarities between 
their concerns and methods and those of anthropologists are far more striking and sig
uiiicant than the differences. 

What is field work, then, and why do I recommend it for understanding community 
values? And what is qualitative analysis in social science? 

The field worker enters a situation new to him by spending as much time as he can 
there. Ideally, he moves to the field site and spends a year or so in full-time partici
pant obser vation. Al ternatively, he lives near enough to the site to visit it daily or al
most daily and to find his way into many aspects of life there. He enters the field with 
some trained understanding of how to proceed and some awareness of how other field 
workers have observed, classified, and interpreted their data. But he tries as fully 
as possible to s us pend his awareness of others ' categodes aml lo enter the field in an 
open frame of m·nd . He does not, in other wor ds, begin with an elabol'a te set of hy
potheses or exp ctations; he arrives, rathe r , with diffuse questions vaguely defined. 
Ideally, he keeps himself open, not oblivious to his and others ' previous work on s im
ilar questions, but deliberately tries to minimize its effect on him. He wants to be as 
open as possible in his observations and interpretations. 

THE BROOKLINE-ELM PROJECT 

As I rec ntly completed a major fie ld work project related to studies of communHy 
values, I will us e this pr ojec t to illust rate the principles outlined here. In 1965, I be
came aware that the Massachusetts Department of P ublic Works intended to build an S
lane Inner Belt expressway through parts of Cambridge, Somerville, Boston, and 
Brookline . l was not interested in highways or u·ansportation planning at the time, but 
in pr otP.l'l t movp,m1mts . As s ome four to five thousand people lived along the Cambridge 
segment of the projec ted Belt, I w nde1·ed if some of them might organize into a move
ment to oppose the road. My initial concern was with the dynamics of social protest: 
Why do some people resist events that would disrupt their lives ? Why do others stand 
passively by, observing only, or even oblivious to whatev er movement is in process? 
With these general concerns in mind or, as I put it earlier, with diffuse ques tions 
vaguely defined, I decided to begin a field work projec t. I was living then (as now) 
about a mile from U1e pathway of the planned Belt. I did not move to the area, but for 
a summer I spent much time walking around and talking with people in a very informal 
way. 
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The first day of my work was simply a long, slow walk along the 2-mile corridor 
involved; I took notes when I could do so inconspicuously and typed up as full an ac
count of my observations as I could afterward. On subsequent days, I stopped and 
talked to people who looked as if they had time to spare me-a grocer in a small store, 
a young married man on his front steps, an old lady on her porch, a withered, crippled 
fellow sitting on a wooden stoop, a lady locksmith, a cafe owner, a filling station op
erator, and so on. I talked with each about the neighborhood, how long they had lived 
there, what they liked and disliked about their homes and neighborhoods, their impres
sions of the likelihood of the Belt coming through, and who they thought was behind it. 

Within a few months, a protest movement had started. Although I had assumed that 
somehow protest would get under way, I did not know how or by whom. It might never 
have happened at all. But as it did, I found that my familiarity with the ecology of the 
area and some of its people helped me understand references and feelings that arose 
commonly at protest meetings and rallies. The fact that people organized at all sug
gested some degree of cohesion and neighborhood involvement that I needed to know 
more about. 

As my work progressed, I found myself paying more and more attention to people's 
ties to their homes, neighborhoods, local institutions, and nearby relatives and friends. 
I began to see these ties and the length of time people had resided in their home and 
neighborhood (often at more than one address) as criteria relevant to their strength of 
feelings about wanting to leave or not wanting to leave where they lived. 

It became clear that for many the Brookline-Elm area (Brookline and Elm are the 
principal streets the Belt would replace in Cambridge) had significant characteristics 
of a village. Gans found that the old West End of Boston, leveled and its low-income 
population removed for luxury high-rise buildings, was an "urban village." For many 
residents, life's meaning and the day's events were concentrated almost exclusively 
within a few blocks of home. Gans' field study stands as a major indictment of urban 
renewal programs that displace stable low-income families housed in modest but sound 
structures and, along with the related work of Fried and his associates, appears to 
have influenced city planners at least sometimes to avoid the kind of disruption of co
herent communities that characterized the West End renewal project (11, 7, 9, 8, 19). 

I found the Brookline-Elm people living lives intensely concentrated in Brookline"=
Elm, much in the manner of Gans' urban villagers in Boston. 

With training, the field worker brings to his work concepts that allow him to make 
sense of his observations and to convey that sense to others. The difference between 
this method and that of sophisticated journalism is simply that the anthropologist or 
sociologist is more likely to discover clearly conceptualized parameters of interaction, 
institutional structure, and values by virtue of awareness of theoretical and empirical 
work others have done on these matters. 

I discovered in my study that many people lived in what social scientists call an 
"extended kinship pattern." Relatives-often many of them-of a given family lived 
within a few minutes' walk and were visited frequently. This finding gave me the idea 
that planners usually consider the single household as the basic unit of relocation and 
by doing so ignore the possibility of its having important strong social ties to other 
households nearby. When I began my study, I was not looking for that information 
about families. Rather, my training in sociology, including familiarity with work like 
that of Gans, stored the concept of different kinds of family structures somewhere be
hind my consciousness. As I talked with neighborhood people and heard them discuss 
their relationships with nearby relatives, the concept occurred to me and I was able 
eventually to organize and interpret some of my information accordingly. 

One danger of field work is that the observer can tend to select what impresses him 
as interesting and significant and, unwittingly, screen out the rest. If one is trying to 
characterize a community or a series of neighborhoods accurately, some random sam
pling procedure for interviewing should be used so that one does not inadvertently miss 
people who are not at home when he walks by or tend to favor people with interesting 
faces, appealing houses, extended families, or the like. In my study, I believed I 
could best avoid this kind of bias by conducting a systematic random sample survey of 
120 people, or about 10 percent of the units that would be displaced by construction of 
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the Belt. The questionnaire sought demographic data, uses of homes and neighbor
hoods, and knowledge, opinions, and feelings about the Belt and about protest. 

One clear and slightly startling finding that came from this combination of field work 
and survey would have been otherwise very difficult to come by. State authorities claim 
that the Brookline-Elm people are highly transient and number among them a large stu
dent population, transient by definition. In other words, they claim that little is there 
worth preserving. Interestingly enough, the state's relocation study for Brookline-Elm 
does not substantiate those claims, even though they are made within it. Yet it was un
likely, it seemed to me, that the state would have exactly the opposite impression to 
that I had gained in the field. I was aware of some problems with the questionnaire 
used by the state agency conducting the relocation survey (a technical critique of that 
survey is available): One was that the interviewers did not address themselves to 
questions that would yield information about residents' ties to each other and to institu
tions nearby. They were not even asked how long they had lived in their homes and 
neighborhoods. 

My work revealed, nonetheless, that in some ways the state claim for high tran
siency was right . And in some ways it was wrong . To put it precisely, my sample 
revealed a striking bimodal distr ibution, with a population of about 35 percent (few of 
whom were students) who had livP.d in the area under 4 years and were clearly using 
it as a stopping place on their way to the suburbs. But my associates and I discovered 
another large group, about 48 percent, who had lived over 10 years in the Brookline
Elm area (37 percent had lived there more than 20 years) and whose lives were built 
around where they lived. In other words, an agency an.xious to uproot an area might 
point to its least rooted people and conclude that the operation would be painless. But 
tho dooply rooted would have to be consider~d t0r,1 My ti;IIP.l'lR iR th:it thP. Rt:1tP. agency 
conducting the relocation study did not find this bimodal distribution because it ffi:d not 
know enough to look for the kinds of information, like duration lived in the area, that 
yielded that distribution. The questions it asked did not show anything approaching a 
full understanding of the population with whom the agency was dealing. 

Another example of an important discovery that would have been unlikely with an 
investigative method other than field work: Public agencies are not likely to ask in
terviewees questions about race and ethnicity. It is all but taboo now to pry into such 
matters or even notice them, and anyway what would they possibly have to do with re
location? As a sociologist whu havvem; tu lik.e human diversity, I could not help no 
ticing almost immediately that people I spoke with along the Brookline-Elm route had 
Italian names, Irish names, Portuguese names, Puerto Rican names, Polish names, 
French Canadian names, and old American names. They had white faces and blackfaces, 
and the church-goers attended Roman Catholic churches, Lithuanian churches, Baptist 
churches, and others. I seemed to be in the midst of a microcosm of New York City. 
From field observations and from newspapers and reports of various kinds, I learned 
that the different groups in the area lived in harmony surpassing what one might expect 
in an urban setting. This appeared to be one of the most richly varied, heterogeneous 
areas of Cambridge or any other city. In a time of growing tensions among racial and 
ethnic groups, this appeared a rare area indeed, almost a model where minorities live 
peacefully side by side. 

My observations and findings are that most of the people I was studying like their 
neighborhoods and want to preserve them, value their relationships with nearby rela
tlves aud friends, value their proximity to churches, 0choolo, und shopping facilities, 
are pleased with the ethnic and racial diversity of their neighbors, and have strong 
feelings of attachment to the little piece of property they own or rent and have worked 
to improve over the years. All this merged with my strong impression that many res
idents find a comfort and security in day-to-day encountP.rs with familiar faces, build
ings, and streets. This led me to believe that if a highway were to destroy this area 
as it now stands, it couid not be recreated there or elsewhere at a later time. A mi
nority might wind up in circumstances more satisfactory to them, but no relocation 
program, not even an elaborate, phased-building, high-rise community over a de
pressed highway, would undo the destruction of what had been. 
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OBJECTIVITY AND SUBJECTIVITY IN SOCIAL RESEARCH 

At this point the reader might feel, with some good reason, that this account is be
coming impossibly soft-headed and sentimental. Because someone has to sacrifice in 
order that an urban highway be built, some people often argue that it is well to get 
along with the business of how to minimize sacrifice. This leads to a crucial consid
eration in sociological and anthropological field work that I believe any planner or engi
neer must seriously consider: In research methods that attempt to quantify worth, at
titudes, and values, one tends to dismiss sentiments and to maintain an objective, dis
passionate stance toward the data of one's observation. 

When the field worker encounters old ladies who weep that the block they live on is 
their "whole life" and men who bitterly complain that government does not care about 
them, he can either dismiss them with a wave of the hand or listen and incorporate their 
feelings in his report. If he does the latter, he is open to accusation by engineers, 
planners, and most social scientists alike that he has lost his objectivity. In other 
words, one is said to be objective if he ignores feelings, and subjective or sentimental 
if he includes them as crucial data in his investigation. 

In social science research, I contend, the equation of objectivity with dispassion is 
not an objective or value-free position at all but rather a highly subjective and value
laden stance. As planners and social scientists move rapidly toward consideration of 
impact of proposed roads on communities, I have the impression that concern with 
people's use of money, motion, and time is considered rational and objective, while 
attention to people's feelings is considered sentimental and soft. 

But why is it valid in planning to assume that human economic affairs are more real 
than human feelings? I submit that any investigator is more comfortable with unam
biguous measures than with gestalten and impressions, however systematically and 
carefully they are gathered. To put it more extremely, a study suggesting that antici
pated life earnings be used as a measure of human worth (20) is easier to handle than 
one that argues that the dignity of human emotions is as real as total life earnings or, 
indeed in some critical ways, more real. 

The planner and engineer, like the sociologist, must admit that the wishes, fears, 
longings, and goals of people-all aspects of and expressed in their values if you will
cannot be measured in ways that yield precise discrete or continuous variables. Al
though survey questionnaires can raise questions of value and can even scale replies 
accordingly to continua like strongly agree, agree, slightly agree, slightly disagree, 
disagree, strongly disagree, they cannot combine such responses meaningfully into 
single indexes or locate them meaningfully into a complex of interactions, sentiments, 
and values. 

Feelings and values, to put it bluntly, are as real in the study milieu as are money 
and time measures, but they cannot be quantified accordingly. To accept as true the 
ambiguity and complexity of values and feelings is difficult for a scientist because he 
must enter into areas that threaten to discomfort him and to push his thinking beyond 
where he expected to go. 

What is possible and real is defined, after all, not by uninvolved observers sus
pended in the cosmos but by people, with interests of various kinds, in bureaucratic 
and political positions of authority. The very definition of a road plan as an unalterable 
"given," for example, sidesteps the all-important issue of whether in some cases the 
issue might properly be not where to locate a highway but whether to build it at all, or 
whether to look for alternative transportation systems. One can even argue that the 
planner who decides not to think planning issues out to these kinds of ramifications is 
responding too much to feelings-the feelings of political authorities and economic in
terests that grand visions of elaborate highway networks must not be altered too much. 
The planner automatically takes into account the values and feelings of people who sup
port and build highways. It is fully logical and rational also to take into account the 
values and feelings of any people the highway would affect. If the planner allows him
self to face the complexity of the lives his plan would disrupt, then he must attempt to 
understand those lives from their point of view. 
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One common response of planners to the problem of whether low- and low-middle 
income people ought to be moved is, "I myself would not mind it." Indeed, one highly 
intelligent government official pointed out to me that his family had moved to Washing
ton not long before and not only did not suffer the move but enjoyed the new part of the 
country and the new life they found there. I pointed out that his family's move was 
voluntary (there is an enormous difference between moving of one's own initiative and 
being forced against one's will), was connected with a move upward in income and 
prestige (rarely the case for low- and low-middle income urban displacees), was prob
ably to a better house and neighborhood (also seldom true for those forced out by high
way construction or urban renewal), and was likely to a better job (another highly un
likely chance for a displacee). These are all consequences for upper-middle class 
people whose moves are connected with career and status aspirations. None of them 
applies to most people displaced by highway development. 

THE FIELD WORK PROJECT 

The trained field worker suspects that the social reality of a community lies in 
people's day-to-day activities there and in the human relationships that surround and 
comprise those activities. Not all planners can engage in field work, but they can read 
the reports of those who do. (I would argue that all planners and engineers should have 
some personal familiarity with areas they would affect. Regardless of whether it is 
work done "under orders," a planner or engineer whose work would disrupt others' 
lives has a grave human responsibility. It ought not to be sidestepped by refusing to 
see-literally-the people involved.) 

-Suppose a highway planning agency were to hire one or more tr;iluetl Hehl wu1·k~1-s 
to examine an area it thought might be convenient for highway location. The field worker 
would ideally move to the area for a few months to a year; at the least, he would visit 
it daily, or nearly so, for that period of time. He would write up elaborate, careful 
notes on what he sees and hears and on conversations he has. In the field he would 
familiarize himself first with surface data. Where are the houses, the stores, the 
professional and service facilities, schools, and churches that involve the people who 
would be displaced by the highway? He would examine through observation and inter
views their relationships with the residents and with each other and begin to get some 
idea of use patterns: Do people in the area use nearby facilities for much of their 
needs, or might they be oriented beyond the perimeters of the immediate neighborhoods 
where they live? To put it yet another way, To what extent are people tied to their im
mediate surroundings? 

Second, the field worker would investigate interrelationships and interactions. By 
spot intensive interviewing he would get some idea of how many people depend for emo
tional and other sustenance on relatives and on friends living in the vicinity. If it in
deed turns out that much social life is based on relationships with people living within 
a short walk of the typical resident, he would have to explain the difficulties of potential 
relocation of family and friendship units, and of breaking up such units by forcing some 
people to move away while others remain behind. 

Third, the field worker could gain some idea of depth of ties to the area by learning 
how long people have lived in their present homes and in the same area. (It is common 
in working-class neighborhoods, for example, for people to move from one apartment 
or house to another, just a few steps or blocks away. AU significant relationships with 
people and institutions remain essentially unchanged.) 

Fourth, the field worker, by talking with many people about many things and by ob
serving people at churches, PTA meetings-, bars, bazaars and dances, laundromat, 
and grocery store, gets a "feel" for the area of investigation, fur lhe strength or brit
tleness of people's ties to places and other people, and for all manner of special events 
and problems that cannot possibly be foreseen or discovered hy survey research 
methods. 

Conceivably, after this kind of investigation, a field worker's data would indicate that 
a given area is not particularly worth preserving. It might, for example, turn out to be 
a set of neighborhoods of high transiency rates; residents might see the place they live 
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as a brief respite from a move upward or downward and have no strong attachments to 
it. Or it might be a place where people bed and board but do little else, i.e., their 
friends, relatives, shopping, churches, schools, and other facilities might be located 
such that walking convenience is not an issue in their lives. Houses to be demolished 
might be ones that residents want to see demolished. One could well imagine a group 
of residents leaping at the chance to move away from a block they do not like and help
ing design new quarters elsewhere. 

The point is that one cannot very well determine these attitudes and feelings by ques
tionnaires alone or by demographic data. The kinds of information yielded by those 
techniques are helpful (I used both kinds in the Brookline-Elm study) but are best used 
in combination with field methods. 

ADVANTAGES OF FIELD WORK 

The field study enables the investigator to portray to the agency hiring him an area 
as a living complexity. He can move beyond simple statistics of length of residence 
and value of home to style of life and its meaning for residents. The very notion of 
community values suggests that individual interviewing is insufficient for what I am 
talking about here. Individuals can be interviewed about their values, but the commu
nity (whatever it is) cannot. Field work is, in a manner of speaking, the closest we 
can get to interviewing a community. This is not to imply that a geographically and 
socially specific area exists as a "community" but simply that relationships, activities, 
attitudes, and loyalties within a given area can be described at a level more complex 
and general than the individual. 

Field work is one of the most difficult social science research methods. It cannot 
be reduced to mechanical procedures and, most significantly, engages the whole per
son of the field worker. He must not only have experience in observing, recording, 
and interpreting what he sees, he must also have the willingness to open himself to his 
data in such a way as to bring his own personal intellectual and emotional reactions to 
play as part of his method. For instance, he must be willing to hold open to question 
his concepts of upper-class or middle-class or working-class or lower-class behavior. 
He may find dignity and strengths where he did not know they existed. I found in my 
study of a predominantly working-class area that at the beginning my sensibilities were 
offended by certain smells and sights. Kerosene heating units leave a trace of foul 
odor months beyond the end of the winter heating season. Unkempt house exteriors 
offend the middle-class eye (these are characteristics that describe a minority of sights 
and smells encountered, but they hit me powerfully). Little neighborhood stores where 
people lounge around and chew the fat unnerve the citizen accustomed to making his 
trips to modern shops and stores quickly and in a strictly businesslike fashion. But I 
found, as any investigator can if he is willing, depths of meaning and feeling for which 
I was unprepared. 

Another example of personal unexpected changes is that an honest field worker may 
find himself on occasion questioning the methods and wisdom of planning agencies and 
officials, public and private. After I was well into my Brookline-Elm study and started 
learning how highways were designed and by whom, I wondered whether public transit 
options had been fully considered by the agencies responsible for the Inner Belt design. 
When I discovered that public transit and highway construction were handled by different 
state agencies, so that it was not to the advantage or the custom of the highway plan
ning agency to consider an overall transportation system as its proper field of concern, 
my mind reeled. Whether at this point in the development of metropolitan Boston other 
forms of urban transportation might be developed in place of just another highway had 
never, apparently, been considered by the state planners. (A federally sponsored re
study currently under way takes this issue into account at least partially.) My mind 
continued to reel. 

The field worker might find some common notions of a political process in a demo
cratic society subject to reconsideration in the course of his work. In my study, to 
continue to use it as my prime example, I found gradually that I had to face the fact 
that people who chose not to engage in protest did not thereby signify their endorsement 
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of a highway plan or their indifference to it, as state officials claimed and I also had 
once assumed. Rather, my field work and allied questionnaire study informed me that 
most nonparticipators felt absolutely impotent, hopeless, helpless. Convinced by ex
perience that planning agencies gave not a damn about their lives and would not respond 
in any meaningful way to their cries, they simply sat back and waited for what they con
sidered the inevitable. As respondent after respondent put it, "Once the government 
makes up its mind what it is going to do, nothing can make it change its mind or stop 
it." Feelings of bitterness, the classical "alienation from the political system" that 
political scientists and political sociologists write about, hit me in the face wherever I 
turned (1, 10, 11, 14, 16, 21). I will try to work out the implications of this finding in 
a forthcoming book andhaveattempted to begin to deal with them in another article (6). 

The good field worker allows his field experience to be intense, emotionally andi n
tellectually, and allows himself to grow and change as one does in any intense situation. 
His sponsors ideally also allow his work to affect them. That is, they do not hire him 
to prove anything about the nature of the area they send him to study. They allow the 
data to unfold and demand that the field worker make explicit as many as possible of 
his assumptions. 

It is one of the complicated by-products of field work that the investigator may be 
tempted to become an advocate for the people he studies. The agency may be commit
ted to a "broad" view and eschew such advocacy, but if it hopes to give all views a 
fair shake, and not allow the broad view to obscure the limited view, then it ought to 
encourage work that will allow it a glimpse at complex local and personal meanings it 
otherwise never can le::irn. 

CONCLUSION 

In sum, the strongest contention of this paper is that human feelings are inseparable 
from values and are not the proper province only of therapists, ministers, and social 
workers. In the matter of highway planning, the planner can and must sensitize him
self to the subtleties of people's living patterns, beliefs, opinions, values, and feel
ings. These are as real in the planning environment as are any economic goals and 
criteria of evaluation. The fullness and richness of the human issues cannot be quan
tified, cannot be fed into a multiple regression analysis, cannot be programmed into a 
computer; they can be reached only by intensive qualitative study in the field. Demo
graphic and survey methods can valuably supplement but cannot replace sociological 
field work. 
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Discussion 
HAROLD HANDERSON, Office of High Speed Ground Transportation, U.S. Department 
of Transportation-The title of this paper disturbs me. Field work is an appropriate 
means for developing an awareness of the complexity of relationships that might char
acterize a social group or for checking on existing value hypotheses and survey re
search results. It is also one means for increasing the communication and the under
standing that should exist between the analysts and planners, the analyzed and planned
for. One way to foster this latter objective might be to provide field work experience 
for graduate sociology, social psychology, and anthropology students in neighborhoods 
and in planning groups. 

Surveys may not be based on a solid structure of hypotheses as Dalkey (24), among 
others, has noted. The idea of routinely relying on relatively time-consuming field 
work to do nothing more than develop a single researcher's feel for a neighborhood, 
however, strikes me as awfully inefficient. I agree that increased understanding that 
may result from unobtrusive field work is valuable, but it seems to me that much more 
could be gained, more rapidly, by having one or more social researchers informally 
attached to existing citizen-participatory programs like those under the Model Cities 
legislation to observe or participate or both in the development of the required neigh
borhood analyses and improvement programs. The U.S. Department of Transportation 
and Department of Housing and Urban Development ought to be able to encourage local 
universities throughout the country to provide a carefully designed combination of 
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field work, training, and research in the milieu. Such a line of action would appear to 
provide several benefits: (a) more personnel experienced in social analys is and re
porting, and an increase in the research capability available in this area; (b) improved 
conditions for communication among the groups that should be involved in local improve
ment programs; and (c) timely development of relevant, acceptable local improvement 
programs. 
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Community Response to the Design Features of 
Roads: A Technique for Measurement 
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This paper describes a technique that was developed to deter
mine user attitudes toward various roadside objects located 
along urban arterials. A photographic retouching technique was 
used on slides of-the roadside to simulate experimentally the re
moval of selected portions of the roadside such as billboards, 
on-premise and off-premise signs, utility poles, and overhead 
wires. Eighty observers were asked to rate the aesthetic quality 
of the roadside by a set of semantic differential adjectives. In 
addition, eye movement recordings were obtained to determine 
how patterns of attention shifted depending on the removal of 
various roadside elements. Finally, observers were asked their 
opinions on a variety of urban problems to place the issue of 
roadside aesthetics in some context. 

Analyses of the data suggest that the present technique holds 
promise to those who wish to investigate the visual impact of 
various portions of the environment with a greater degree of 
experimental control over the design elements involved. The 
implications of the present research for the development of a 
visual simulation device for pretesting user response to pro
posed changes in the roadside are discussed as well as the im
plications of the present research for traffic safety. 

•THOSE WHO PLAN AND DESIGN environmental systems have become increasingly 
interested in research designed to ascertain people's environmental needs and prefer
ences. On the surface, at least, the basic assumption guiding such research is rela
tively uncomplicated. Because many large-scale systems, such as transportation net
works, must be designed for an anonymous and probably heterogeneous population, the 
successful realization of any design proposal rests partially on information that will 
lead to the development of consumer-based planning standards. In principle, the goal 
of such research is to make data available to the planner and decision-maker so that the 
portion of the system to be occupied by the target population is more clearly specified. 
In practice, however, the provision of such information is often beset with a number of 
difficulties. These can be related to the relationships that exist between the decision
maker and the researcher, the role of the researcher and decision-maker relative to 
the population they are serving, and the quality of the data provided by the researcher. 
As might be expected, each of these factors is interrelated with one another. For pur
poses of the present discussion, the mutual operation of these factors will be considered 
from the researcher's standpoint. 

Most commonly, the researcher views himself as a technician who assesses the ex
tent to which various environmental programs meet the goals elaborated by the decision
makers. The researcher believes that he should operate within a value-free setting that 
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is independent of the decision-maker's problems. Thus, he generally does not question 
the moral or ideological considerations that may have led to the decision to pursue one 
set of community goals at the expense of another. His major responsibility is to gener
ate data that answer the questions of those who have made the decisions. For his part, 
the decision-maker is free to make use of the research findings or to ignore them de
pending on their relationship to other factors that must be incorporated in the decision 
framework. Although this model of the role relationships that exist between decision
maker and researcher is obviously simplified, it is a reasonable summary of the posi
tion of most researchers. How well, however, does this position fit with empirical 
reality? 

If the researcher's role thus sketched is accepted as legitimate, then his value rests 
on the adequacy of the data that he provides to the decision-maker. The adequacy of the 
data, however, is not simply a technical problem stemming from the choice of method
ologies that the researcher decides to employ. Arnstein (1) points out that the researcher 
is often not perceived as a value-free technician who is simply gathering information in 
as objective a manner as possible. In a number of instances, the researcher is con
sidered an agent of the governing elite whose role is to forestall social action in favor 
of nebulous research goals. Although this attitude is most characteristic of the resi
dents of urban ghettos, it is rapidly gaining some adherents among more educated seg
ments of society. Resistance to research is increasingly encountered. This resistance 
is expressed behaviorally either as a refusal to participate or as an effort to forestall 
the initiation of a research program. The variety of forces that have created these at
titudes toward research cannot possibly be considered here, but many of them may re
sult from a belief that research information is simply ignored by decision-makers. 
Neither can consideration be given to the many factors that influence the decision to 
make use of research information, but obviously the quality of the information is an im
portant factor . 

One of the reasons that research findings are not employed more extensively is that 
decision-makers are often provided answers without a very good knowledge of what the 
questions are. Rein (2) suggests that ''bewildered planners are left with a maze of 
tables and data that yield no immediately coherent themes and provide little information 
from which implications can be drawn." This problem is particularly characteristic of 
environmental research and is sienifir.frntly rP.1::ttP.c1 to thP. mP.thodologies employed. 

Most consumer preference research related to transportation planning is based on 
data drawn from interviews, questionnaires, and attitude surveys. If one wishes to know 
what people think about a certain environment, one simply asks them. Although this ap
proach seems relatively straightforward, a number of crucial requirements must be 
met. Two of the most salient of these are that the respondent possess enough knowledge 
to answer meaningfully and that he be aware of both the choices and constraints operat
ing in the system. 

Rationality is most often violated when the respondent is asked tu project p1•eferences 
for and uses of future environmental developments. Extensive empirical justification 
is not required for one to assert that although individuals may have spent an equivalent 
amount of time in any particular environment they will perceive it in the same way. 
People differ in the degree to which they can handle the complexity that characterizes 
most existing physical systems, and the majority have extreme difficulty in projecting 
thP. implications of future changes in the environment. If, for example, individuals were 
asked to indicate how they would change the roadside along urban arterials so that it 
would be more pleasant and enjoyable, they would make a number of responses: remove 
overhead wires and utility poles; reduce, eliminate, or control off-premise and on
premise signs; increase landscaping; increase building setbacks; have more parking 
lots to eliminate on-street parking; and so on. Although these responses can be ranked 
there is absolutely no guarantee that actions taken to implement these suggestions would 
have the desired outcomes because no account has been taken of the context within which 
environmental change is to take place. 

Perceptually, the roadside represents an extremely complicated balance of elements, 
but not all elements possess equal weight in contributing to the perceptual totality of any 
particular visual scene. The impact of various elements will obviously shift depending 
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on their relationships to the remaining elements. Thus, it would be entirely appro
priate to inquire about the conditions under which landscaping would contribute most to 
driving pleasure, the types of landscaping that would be most desirable, the situations 
in which on-premise and off-premise signs should be reduced or eliminated, how build
ing spacing should occur, and so on. Because the context will shift, it is almost im
possible to assume that the generality required in most questionnaires and interviews 
will adequately reflect the complexities of the majority of environmental settings. The 
assumption concerning rationality on the part of the respondent then becomes more 
specifically an assumption concerning the respondent's ability to recreate environmental 
complexity in his imagination. This is a particularly difficult task. 

To compensate for difficulties people have in imagining a complex environment that 
is undergoing change, planners often employ visual aids that capture some of the com
plexity. Although an extensive body of research does not exist concerning the best 
techniques for the presentation of visual environmental information to subjects, Froncyzk 
(3) has shown that many devices, such as maps and 2-dimensional displays (plans, eleva
tions, and sections), employed by planners may not be extremely effective. The prin
ciple behind such devices is sound, however. Only 2 conditions must be met. The first 
is that the environment must be presented so that the observer clearly knows what the 
environmental alternatives are; the second is that technique should allow changes in the 
components that comprise the environment. The latter requirement is essential if the 
researcher wishes to assess systematically the relative contribution of various design 
elements to total observer perception. 

The focus of the present study was to develop a technique for the presentation of en
vironmental information to observers in such a way that specific components of the en
vironment could be altered while leaving the remainder of the environment intact. The 
environments selected for study were 2 segments of an urban arterial highway leading 
into Seattle, Washington. Because it was impossible to experimentally change the actual 
roadside, slides were employed in which elements were deleted by photographic re
touching. This procedure gives a considerable degree of control over specific elements 
in the environment. 

The observer behavior of interest in this study was response relating to aesthetics 
and the design quality of the roadside. This aspect of consumer preference was mea
sured by a scale of aesthetic preference based on common descriptions given to the 
roadside. We anticipated that people would differ in their reactions to the roadside, and 
one of the research objectives was to see whether attitudes toward the city, design, 
visual complexity, and man's role in the natural environment might serve as a pre
dictor of aesthetic response. A special questionnaire was constructed to assess these 
attitudes. The third scale included in the study attempted to locate the problem of road
side aesthetics within a context of general urban problems. A set of 13 urban problems 
was presented to the observers, and they were asked to assign priorities for solution. 
The final aspect of the experimental procedure involved the use of an eye-movement 
camera to determine what it was the observers were looking at. The objective here 
was to identify the various elements of the roadside that were fixated and to determine 
how patterns of eye movement shifted as a function of the removal of roadside objects. 

TESTING PROCEDURES 

Location and Description of the Routes 

Two different segments of the roadside along Aurora Avenue in Seattle, Washington, 
were selected as the routes to be used as stimulus materials for this study. One seg
ment was characterized as the commercial route and the other as the landscaped route. 

The commercial route is a typical commercial strip of medium density. The route 
is surrounded by a variety of elements, such as utility poles and overhead wires, bill
boards, proprietary and institutional signs, buildings, trees, and plantings, that are 
characteristic of this type of development and the urban roadside generally. The land
scaped route had the same elements as the commercial route but also passed through a 
mixed land use area with sparsely developed commercial characteristics and a signif
icant amount of trees and planting. 
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These 2 routes were selected because they exhibited variable backgrounds and a 
common overlay of the kinds of physical objects typically placed along urban roadsides. 
One of the primary goals of the present study was to detect changes in observer evalua
tion that might occur as the existing environment is modified through the elimination 
of objects in that environment. We had to determine differences in evaluation that 
might occur when similar objects were removed from environments that possessed dis
similar background characteristics. 

Slides of the Routes 

Ten black and white photographs were taken of each route at intervals of approxi
mately 300 ft. The camera was placed so that the field of view would approximate that 
of the passenger of an automobile. A photographic retouching technique was then used 
to eliminate objects from the roadside environment. In addition to the 10 slides of the 
route as it is, 10 slides each were made of 4 different transformations of the routes as 
follows: 

Transformation 

1 
2 
3 
4 

Objects Removed 

Billboards 
Utility poles and overhead wires 
Utility poles, overhead wires, and billboards 
On-premises signs, billboards, utility poles, and overhead wires 

Each observer was shown the complete set of 50 slides for each route. Figure 1 
shn\VS a section of the eon1rnercial route as it is. Fi_gu.rc;s 2, 3, 4, and 5 show the 
same section after the 4 transformations. 

The Observers 

Tables 1, 2, and 3 give information on the 80 observers used in the study. They 
were divided evenly between male and female and student and nonstudent. 

Figure 1. Commercial route as it is . 
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Figure 2. Commercial route after transformation 1, removal of billboards. 

Figure 3. Commercial route after transformation 2, removal of utility poles and overhead wires. 

TABLE 1 

AGE OF OBSERVERS 

Students Nonstudents 

Age Number Age Number 
TABLE 2 

18 7 20 to 24 8 FAMILY INCOME OF OBSERVERS 
19 9 25 to 29 4 

20 10 30 to 34 8 Income, $ Students Nonstudents 

21 6 3 5 to 39 7 Under 3,000 0 

22 4 40 to 44 6 3,000 to 5,000 4 

23 2 45 to 49 4 5,000 to 7,500 9 11 

24 50 to 54 1 7,500 to 10,000 11 12 

25 0 55 to 59 2 10,000 to 20,000 13 10 

26 Total 40 Over 20,000 6 2 

Total 40 Total 40 40 
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Figure 4. Commercial route after transformation 3, removal of utility poles, overhead wires, and billboards. 

Figure 5. Commercial route after transformation 4, removal of on-premises signs, billboards, utility poles, and 
overhead wires. 

The Semantic Differential 
TABLE 3 The semantic differential scale is a 

VF.ARR OF F.nT.TCATTON OF OBSli:RVERS device that measures the meaning of an 
Years in 

students Non- Years in students Non- object (in this case the roads ide) to an 
School students School students individual (4). In this study, the observer 

8 0 1 15 8 6 was asked fo rate a given concept on a 
9 u 0 16 1 2 series of 7 -point, bipolar rating scales. 

10 0 1 17 1 The center point of the scale indicates an 
11 0 1 18 0 2 indifferent response, and directionality 
12 6 9 19 0 0 

from the center point indicates the em-

13 11 7 20 1 2 
phasis and direction of the meaning in-

14 12 8 Total 40 40 
tended by the respondent. Any concept 
can be rated by this technique. 
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The observers in the study were asked to rate or describe a series of slides of the 
urban roadside by adjective pairs such as simple-complex, usual-unusual, desirable
undesirable, safe-dangerous, useless-useful, organized-disorganized, and so on. The 
adjectives were selected from Strauss (~), Blake (~), and articles in Progressive 
Architecture, Architectural Record, and other critical and topical literature. 

The Attitude Questionnaire 

The attitude questionnaire was designed to measure a number of variables including 
artistic background and preferences; perceptions of the roadside and man's involvement 
in it; beliefs concerning the designer's role in dealing with the environment; attitudes 
relating to the importance of complexity, organization, simplicity, and chaos in the de
signed environment; and items reflecting the use of the scanning-focusing control mech
anism. The s canning-focusing items related to characteristic modes of perceiving in
formation external to the observer. They give information about whether the observer 
tends to search out environmental detail or whether he is relatively oblivious to sur
rounding or background information. 

The Eye-Movement Camera 

A stand-mounted Polymetric Model V-1164 camera was used to record eye move
ments. The camera makes use of a corneal reflection technique in which a spot of light 
is reflected from the observer's cornea and superimposed on a 16-mm moving picture 
of the scene being viewed. Under optimum conditions, the stand-mounted, eye-movement 
camera can achieve an accuracy of plus or minus 2 deg (a range of 1 to 4 degrees). To 
achieve this accuracy the instrument must be properly calibrated at approximate inter
vals and the visual stimulus should not exceed 15 to 20 deg of arc. The slides of the 
routes were presented by a rear-view projection on a screen mounted 38 in. from the 
observer's eye. Each slide was exposed 8 sec. 

Priority of Urban Problems 

In order to place the problem of roadside aesthetics within some kind of context, the 
observers were asked to rank the following 13 urban problem areas in terms of the 
urgency and priority of solution they thought was required: litter, air pollution, traffic 
congestion, junkyards, billboards, noise, overpopulation, poor design, lack of planning, 
destruction of nature, dilapidated buildings, overhead wires, and dust and dirt. 

Procedure 

Each observer was initially briefed on the nature of the test and the functioning of 
the eye-movement camera. After being acclimated to the camera the observer was 
given instructions to take the point of view of a passenger in an automobile riding down 
the route that was to be shown to him in the slides. He was asked to pay close attention 
to the characteristics of the roadside and informed that questions about the roadside 
would be asked of him later and that he would be asked to evaluate the roadside in terms 
of some adjectives. After these preliminary instructions were given, the set of 10 
slides of the route as it is were shown. After viewing these slides, the observer was 
asked to r ate t he r oute by the 64 adjectives pairs compl'ising the semantic differential. 

After completing this task the observer was again seated in front oI t he screen and 
instructed that he was going to be shown another set of slides of the same roadside taken 
in the same place as before. He was told that some changes had been made but that we 
were not particularly concerned with whether he could detect what specific changes had 
been introduced. Rather, our concern was whether, in the observer's opinion, the slides 
he was about to see were in overall character similar to or different from the first 
series of slides he had seen . If the observer noted a difference he was asked to indicate 
what seemed to make the difference. This generally took the form of identifying those 
elements that had been removed. The observer was then asked if, in his opinion, the 
difference was sufficiently large to warrant a change in his adjective rating of the route. 
If so, he was asked to change his adjective ratings. The observer was allowed to change 
his adjectives only if he correctly indicated what it was about the slides that made them 
appear different from the first ones he saw. 
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Each observer was shown the 5 sets of slides-the route as it is and all 4 transforma· 
tions of the route. The order of viewing of the transformations was altered so that 
slides of each transformation had an equal opportunity of appearing after the slides of 
the route as it is. 

At the completion of this portion of the study, each observer was asked to fill out the 
attitude questionnaire and the priority of urban problems questionnaire. 

RESULTS 

Observer Characteristics 

The observers were generally representative of a middle to upper -middle class 
group (Tables 1, 2, and 3). The family incomes of students are generally higher than 
those of the nonstudent working group. The largest group of nonstudent observers had 
individual annual incomes that ranged from $7,500 to $10,000. The median family in
come for the United States in 1964 was approximately $6,569. The majority of the ob
servers in both the student and nonstudent groups had completed between 12 and 15 
years of education; the United States average is 10.6 years. 

Perception of Changes in the Simulated Environment 

Table 4 gives the percentage of observers who were able to detect differences in the 
simulated environments with the various transformations. As might be expected, the 
relationship is an increasing function of the number of elements removed from the 
photographs by retouching. A consistent finding for both routes is that the elements 

--- - lcast-notice-when-removcd-wcre-thc-billboards.-When-utility-poles,overhead-wires, and 
billboards were removed, the clue most often used to detect a _difference was the ab
sence of utility poles and overhead wires. 

Analysis of the Bipolar Adjectives 

In order to increase the interpretability of the 64 adjectives comprising the semantic 
differential scale, we intercorrelated the adjective ratings to yield a 64 by 64 matrix 
of correlation coefficients. These correlations were in turn factor analyzed by the 
principal axis method and rotated to a Varimax criterion (7). A total of 8 factors were 
extracted, but only the first three accounted for the majorlly of the reliable variance. 
Although the analysis was conducted for the commercial and landscaped routes sepa
rately, only the results for the combined routes are reported here. A more detailed 
analysis is given in another paper (8). 

Factor 1 was tentatively designated a monotony-depression scale insofar as it mea
sures response to the urban roadside. The adjectives that appear on this scale include 

TABLE 4 

PERCENTAGE OF OBSERVERS WHO NOTICED 
A DIFFERENCE IN THE CHARACTER OF THE ROUTE 

OR REEVALUATED THE TRANSFORMED ROUTE 

TranJifor-
Percent Who Percent Who Percent Who 

Ruule Nulicetl a Noticed Uie 
mation Difference Wrong Difference Reevaluated 

Commercial a 1 32.4 13.5 8.1 

2 59.5 8.1 16,2 

3 04.9 10 .9 2.7 

4 83,8 8.1 40.5 

Landscapedb 1 37.2 2.3 11.6 

2 53.5 16,3 11.6 

3 67.4 4,7 34.9 

4 83,7 7.0 23.3 

a37 observers. b43 observers. 
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unimaginative-imaginative, dull-fascinating, monotonous-varied, depressing-stimulating, 
tiresome-refreshing, usual-unusual, deadly-lively, weak-powerful, and impersonal
personal. On the basis of the direction of the ratings, observers clearly considered the 
routes to be generally dull and depressing. 

Factor 2 was closely related to a description of the compositional and planning char
acteristics of the routes being viewed. This scale may be referred to as a simplicity
complexity scale. The most representative adjectives were simple-complex, consistent
inconsistent, balanced-unbalanced, symmetrical-asymmetrical, orderly-disorderly, 
neat-sloppy, uncluttered-cluttered, and organized-disorganized. To give a single char
acterization to this factor would be impossible because the observers tended to rate the 
commercial route as complex and the landscaped route as simple. Thus, the overall 
rating depends somewhat on the ratings given to the separate routes. 

Factor 3 is clearly related to the degree of utility and usefulness that the route is 
seen to have. This scale was tentatively designated as a useless-effective scale. There 
are high factor loadings for adjective pairs such as useless-effective, useless-useful, 
unnecessary-necessary, unimportant-important, and ineffective-effective. The ob
servers felt that both the landscaped and the commercial routes were necessary and 
slightly useful. 

Changes in Evaluation When Objects Were Removed 

Table 5 gives changes in the bipolar adjectives scales as a function of the transfor
mation of the 2 routes when roadside objects were removed. The changes in evaluation 
were most pronounced for transformation 2 removal of utility poles and overhead wires) 
on the commercial route and for transformation 3 (removal of utility poles, overhead 
wires, and billboards) and transformation 4 (removal of utility poles, overhead wires, 
billboards, and on-premises signs) on the landscaped route. 

When utility poles and overhead wires were removed from the commercial route, 
there was a substantial shift in the evaluation of the route to more personal and varied 
(but still monotonous), much simpler, and much more effective. After transformations 
2 and 3 on the landscaped route, observers evaluated it as being much more personal 
and varied (but still monotonous), much more complex, and much more effective. 

A single individual chose to reevaluate the commercial route when utility poles, 
overhead wires, and billboards had been removed, but he did not respond as might 
have been expected (Table 5). Rather than approving of the removal of the roadside 
objects, he objected strongly, believing that the urban roadside should be junky and 
cluttered. His ratings reflected this attitude. Needless to say, the remaining observers 
did not share his feeling. 

The second inconsistency to be noted in Table 5 occurs for the 5 observers of the 
landscaped route who reevaluated after transformation 2 when utility poles and over
head wires were removed. Our expectations were that they would respond positively 

TABLE 5 

CHANGES IN BIPOLAR FACTOR SCORES BETWEEN 
THE ORIGINAL AND TRANSFORMED ROUTES 

Transfer- Change in Factor Score 
Route Observers mation Factor 1 Factor 2 Factor 3 

Commercial 2 -6.97 14.86 -2.93 

6 2 -33.55 .26.72 -23.10 

3 18.28 0.49 11.83 

13 4 -0.78 7.09 1.90 

Landscaped 5 1 -3.12 1.94 0.66 

5 2 6.98 -16.91 10.84 

15 3 -31.89 25.59 -19. 79 

10 4 -21.24 27.34 -17.90 
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to this step. Based on subsequent interviews, it was clear that they did. But when they 
rated the route on the adjectives, they were responding to the presence of the billboards 
that were now quite visible rather than to the absence of the utility poles and overhead 
wires. 

Another of the surprising findings was the change in evaluation made by the 13 ob
servers for transformation 4 when billboards, utility poles, overhead wires, and on
premises signs were removed from the commercial route. The ratings did not shift much 
from those given to the route with nothing removed. The same tendency was noted for 
the landscaped route but in a less extreme form. The interview material contained a 
partial answer for this finding. The reevaluators of the commercial route with 3 sets 
of objects removed were surprised at the dull and uninteresting quality of the resulting 
environment. Some expressed surprise that the resulting environment would look so 
appalling. 

Analysis of the Attitude Questionnaire 

The 97-item attitude questionnaire was also subjected to factor analysis. Three 
factors were extracted for the entire observer group and accounted for the majority of 
th<> .,.,li<ahl<> 11<1.,i<anr<> in th<> .:ys:tPm _ 

Factor 1 can best be characterized as a set of items indicating extreme negativism 
to the urban roadside and man's involvement in it. The following items are representa
tive of this factor, and they are all answered in the positive direction: 

Highways are reflection of "buy-buy-buy" economy. 
- - - - -Most-of -the.rnan-rnade -oh!ects.found _alon11 -the.roadslde .are .,n1_eyesu1 e. ____ _ 

The urban roadside can be characterized as a reflection of garish bad taste. 
Large sections of the urban environment are generally dull and depressing. 

Factor 2 is organized around a belief in conservation, preservation, and the mainte
nance of order. There is an apparent longing for a return to the simpler and less com
plicated aspects of life experience. It is felt that preservation and conservation should 
be fostered at any cost. The negative attitudes expressed about urban areas are caused, 
in pru:t, by the city's diversity and complexity, with a resultant difficulty in compre
hending the urban environment. Representative items include the following (all are 
answered in the positive direction): 

The designer's major responsibility should be the reduction of ambiguity and random arrange-
ments. 

Buildings reflective of past elegance and refinement should be preserved at all cost. 
The diversity of the city is too demanding. 
Cities are a necessary evi I. 

Factor 3 is characterized by a set of attitudes that indicate a desire for an action
oriented environment. The contemporary environment is seen to be more important as 
a source of visual stimulation than the traditionally defined art found in exhibition halls 
or museums. Thus, the roadside is seen as P.xr.iting and, even though the man-made 
artifacts along the roadside are considered a mess, their existence is believed to be nec
essary. The feeling is also expressed that billboards should be preserved as a part of 
the roadside scene. Urban living is considered essential, and there is a lack of desire 
to participate in nature-oriented activities. The following are representative items and 
are answered in the positive direction: 

In the abstract rural life may be desirable, but in reality it is exceedingly dull . 
Action is more important than contemplation. 
The roadside is a reflection of a vitality that is typically American. 
The visual environment should be exciting and action-oriented. 
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A number of variations occurred in response to the roadside environment based on 
the adjective scales. In an effort to account for these variations, scores on the 3 fac
tors of the semantic differential scale were correlated with scores derived from the at
titude questionnaire. The results indicated that the factors representative of attitudes 
toward the roadside were reasonably good predictors of the direction of the adjective 
scales. 

Those who scored high on the negativism to the roadside factor were more likely to 
consider the roadside as monotonous and useless, and those who were looking for an 
action-oriented and visually exciting roadside were less inclined to do so. Even so, 
both groups were generally negative to the roadsides represented in the slides but for 
different reasons. A more extensive analysis of these findings is contained in another 
paper ~). 

Priority of Urban Problems 

Although evaluations and attitudes toward the visual character of the urban roadside 
were the primary interest of the present study, issues relating to priorities that ob
servers place on a whole spectrum of urban environmental problems were also consid
ered. The observers were asked to rank 13 problems in terms of priority of solution. 
Although variations occurred, a Kendall Coefficient of Concordance (10) indicated that 
basically the observers were in agreement. Air pollution, traffic congestion, and lack 
of planning were relatively high priority problems; noise, dust and dirt, and billboards 
received relatively low priority rankings. 

Analysis of the Eye Fixations 

The analysis of the eye-movement films involved a categorization of the various ele
ments on the roadside on which the observer's eye could conceivably become fixated. Per -
centages were calculated for each of the categories, and an effort was made to deter
mine how patterns of eye movements changed as a function of the removal of roadside 
objects. 

The total number of eye fixations is negatively correlated with fixations on utility 
poles (-0.512) and is positively correlated with fixations on the road (0.612). This sug
gests that as the observer looks at utility poles he is likely to look at the road and to 
show a tendency to focus on environmental detail rather than scan the roadside. This 
implies that the utility poles have a tunneling or perspective effect on the observer's 
pattern of viewing the slides. This result was borne out by observing the changes in 
fixation points as the utility poles were removed from the slides. For both the com
mercial and landscaped routes, attention was redeployed away from the road to the ad
jacent areas. Looking at billboards, on the other hand, is positively correlated with 
fixations on other signs (0.314) and total fixations (0.531). This finding should not be 
taken to imply that the presence of billboards produced a deployment of attention away 
from the road even though the correlation between looking at billboards and the road 
was negative (-0.360). This result simply suggests that, as the slides are scanned, the 
likelihood is that fixations will be on billboards as well as on a number of other roadside 
elements. Which roadside elements account for scanning is not known at the moment. 

RESEARCH IMPLICATIONS 

The findings of the present research point to the importance of being able to secure 
a degree of experimental control over the elements that comprise a complicated visual 
environment. The data clearly indicate that observer response to selective changes in 
the roadside environment is neither random nor unpredictable. Throughout the course 
of the investigation observers were able to assess the effects of selected changes in the 
roadside, and their responses were occasionally surprising both to the investigators and 
to the respondents-for example, the response, that the commercial route was dull when 
all signs, overhead wires, and utility poles were removed. 
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The importance of the context is also clearly demonstrated. Although the landscaped 
route did not even represent a close approximation to the art of the landscape architect, 
the observers felt that the presence of various man-made elements had a rather negative 
effect on aesthetics. On the commercial route the design features that remained after 
selected objects were removed were sufficiently dull to cause the observers to consider 
the total roadside monotonous and ineffective. This finding again underscores the nec
essity to consider the entire roadside configuration when the outcomes of specific in
terventions are predicted. 

The apparent existence of 2 distinctly different groupings of attitudes toward roadside 
aesthetics highlights one of the problems of research on consumer preference. This 
research has not been able to deal with the question of how or whether these orientations 
should be balanced off against each other. When the research was initiated, no clues 
existed to suggest that these attitudinal differences would be found. As a consequence, 
no provisions were made to investigate these differences in detail. This must await 
further research. At the moment it would appear that these differing conceptions of the 
functions of roadside design are diametrically opposed to each other. Still, both groups 
of respondents were in agreement regarding the basic monotony of both the roadsides. 
It would be quite interesting to know whether both groups would agree on roadside de
velopments that were considered to be aesthetically pleasant. At the moment, the 
safest prediction would be that those who wished the roadside to be action-oriented and 
visually exciting would be easier to please than those who expressed strongly negative 
attitudes toward the roadsides represented in the slides. 

Another limitation of the present research is its concentration on roadside aesthetics. 
The "complete highway" concept involves considerably more than aesthetics; highway 
safety must clearly be dealt with as well as aesthetic enjoyment. Possibly the most 

- -·teiling~exampl,T of·t1re-potential-eonfliet·bctwccffthese-2·issuas-is-ralated-to-the-finding
concerning the removal of overhead wires and utility poles. The removal of these ob
jects had the most positive effect on judgments of aesthetic preference. Yet, the eye
fixation data strongly suggests that their removal may produce a deployment of attention 
away from the road itself to the roadside and the sky. Because the observers in this 
study were asked to simulate automobile passengers, it would be premature to suggest 
that the removal of utility poles and overhead wires would have a similar effect on the 
patterns of eye fixation for drivers. But a nagging question remains, and it would be 
extremely interesting to replicate portions of the prP.Afmt P.xpP.riment under simulated 
driving conditions. 

Of course, the present study represents only a beginning in the development of tech
niques that will allow transportation planners to approach their problems with a greater 
degree of sensitivity. Further efforts, it is hoped, will allow decision-makers a greater 
degree of flexibility in understanding the effects that various proposals will have on the 
variety of behaviors that characterize the traveling public. 
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The Effect of Land Use Planning and Transport 
Pricing Policies in Express Transit Planning 
MARVIN GOLENBERG and ROBERT KEITH, 

Alan M. Voorhees and Associates, Inc. 

The effect of variation in future land use and transport pricing 
on an express transit system is investigated. Through travel 
forecasting and mode choice estimating processes, changes in 
land use densities and residential-employment locational pat
terns were studied for their impact on travel patterns and the 
mode of travel during a peak period for a single fixed regional 
express transit and highway system. The land use elements 
were held constant, and differing transport charges were in
vestigated for the effect on the mode of travel. Transit usage 
was significantly increased when the centralization of employ
ment and the length of corridor land use development were in
creas ed , but not in a s imple way : tr avel patterns were altered 

-s ubsla.11Lially-;- t-r1p- i-e1 gths-w • chnng ·d , and other aspects ·of· 
travel were shifted. The study of transport pricing showed a 
significant increase in the use of transit to the central area for 
user costs more favorable to transit. Transit usage to areas 
of inherently low transit usage was not as significantly affected. 

• FORECASTING AND PLANNING for growth thrust both the professional planner and 
the public decision-maker into an area where the problems of uncertainty and imper
fect information are the rule. As is often the case, definite decisions must be made 
on capital programs to satisfy projected needs. When uncertainty exists, it is difficult 
to commit people and resources to a course of action. Because of this, the decision
maker desires a set of alternatives with information on their implications and the prob
ability of occurrence of the premises on which they are based. Clearly, the decision
maker, to optimize his final course of action, strives to minimize the amount of un
certainty and imperfectness in the information available to him. With his knowledge 
of the probability of various policy actions and their effect on growth and planning con
cepts, he is able to evaluate alternative courses of action and make his decision on the 
most probable outcome. 

The material presented in this paper is an outgrowth of an express transit planning 
study for Canberra, Australia, where land use and transport development is under the 
full direction and control of the national government. Planning decisions are to be made 
for regional growth to accommodate an estimated population of 500,000 at an interim 
development stage and for 1,000,000 persum:1 iu Lile long range; only 100,000 persons 
now live in the region. Because the amount and rate uI aulicipaled growth are so sig
nificant and the pattern of this growth is not restricted by entrenched trends and policies, 
several forms of development can be considered within a basic regional pattern of cor
ridor development. Decisions leading to the ultimate growth plan are to be based on 
the most probable mix of policy alternatives. 

Policy alternatives affect levels of transport pricing, land use patterns, activity den
sities, and the type and form of transport systems. Combinations of these are all pos
sible, and each has a certain probability of occurring. The study examined the effect 
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of these resulting outcomes on the feasibility of express transit. The goal of the study 
was not to select a single development plan that would result in the most feasible ex
press transit system but rather to determine the range over which combinations of plan
ning and policy decisions will create an environment that enhances the feasibility of ex
press transit without sacrificing other desirable development goals. 

GROWTH AND TRANSPORT POLICIES 

Basic highway and transit system configurations in this study were established in a 
prior study concerned with the framework of long-range, regional and subarea town 
development (1). This particular study was concerned with variations in patronage and, 
hence, the feasibility of that transit system if variations occurred in development policy 
within the context of the long-range regional framework. 

Because no single land development program has been established by the Canberra 
government, a series of land development alternatives was established. From these, 
4 basic schemes were selected for transport analysis. Each of these represented fun
damental differences in development concepts, and the collection of these provided a 
bracket or range that should contain the actual development that will take place. It was 
hoped that, by having these 4 basic patterns defined, we could make an inference of 
the results of any plan that fell between 2 of the defined growth strategies or patterns. 

In developing the alternatives, we gave attention to factors that are of concern be
cause of their implications on transit planning. Land use planning policies expressed 

or questions most commonly heard in dis
cussions of the effect of land use on trans

Figure 1. Land use plan 1: low-density population, 
decentralized employment, and short development 

corridors. 

portation are length of development cor
ridors, strong centralization, weak cen
tralization with multinucleated ce11ters, 
high-density residential corridors, and 
dispersed patterns of residential density. 

These 5 points were matched in several 
combinations resulting in land use pat
terns that could have a widely divergent 
effect on public transport planning. The 
4 alternative land use plans that emerged 
were as follows: 

1. Low-density population, decentral
ized employment, and short development 
corridors; 

2. High-density population, centralized 
employment, and short development cor
ridors; 

3. Low-density population, centralized 
employment, and long development cor
ridors; and 

4. Low-density population, decentral
ized employment, and long development 
corridors. 

These are shown in Figures 1 through 4. 
Comparative trip cost by mode has been 

shown to have an effect on choice of mode 
and, hence, on the total demand for the 
mode. Variations in trip cost between 
public and private transport can be affected 
through pricing policies (2, 3). These 
variations, in turn, affectthe level of mode 
demand and can influence the feasibility of 
express transit. In addtion to its effect 
on public transport, the cost of transport 
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Figure 2. Land use plan 2: high-density popula
tion, centralized employment, and short development 

corridors. 

Figure 3. Land use plan 3: low-density popula
tion, centralized employment, and long development 

corriuur~. 

can affect the intensity of private automobile usage (4, 5). To have a better understand
ing of the relationship of pricing and transport cost to transit patronage and automobile 
usage, we felt that an examination of the effect of varying pricing policies was necessary. 

The method for relating mode costs was ,based on the difference in out-of-pockettrip 
cost between public and private modes. In ·this sludy, the transit fare was held constant 
and parking cost for private mode trips was varied to produce the change in trip cost 
difference. As in the establishment of the land use plan alternatives, the parking costs 
chosen were primarily in the range of those charges that could be realistically set. An 
evaluation of their effect on transit patronage and automobile usage within this range 
would enable inferences to be drawn for any intermediate cost difference·s re suiting from 

TABLE l 

PRICING ALTERNATIVES FOR PARKING 

Parking 
Prlclug 

Alternative 

4 

Transit Fa.re 

Constant 

Constant 

Constant 

Constant 

Parking Cost for 9 Hours 

Town Centers Central Area 

$ 0 .00 ~ 0.00 

0 ,00 0 .70 

0 .25 0 .70 

0 ,50 1.00 

policies affecting transit fares and parking 
charges. The 4 pricing alternatives de
veloped for parking are given in Table 1. 

Evaluation of the public transport system 
feasibility for the land use plan and lrans 
port cost alternatives wa s confined Lu U1 t! 

morning peak period of travel. Public 
transport, particularly express transit, if 
it is to have any impact on travel and if it 
is to be feasible, must show this in a peak
period situation. 



Figure 4. Land use plan 4: low-density pop
ulation, decentralized employment, and long 

development corridors. 
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SIMULATION TEST STRAGEGY 

To isolate the effects of the alternatives 
required an orderly approach in the simula
tion process. The strategy for testing was 
to first ascertain how variations in land use 
planning policies affected public transport 
usage and then to investigate the results of 
transport pricing changes. 

Each of the 4 land use plans was taken 
in combination with a single, commonpric
ing alternative; pricing alternative 2 (Table 
1) was selected. Therefore, for this phase 
of the study, the transport cost and trans
port systems were held constant and only 
the land use plan was allowed to vary so 
that public transport patron~ge would be 
affected only by these variations. Isolating 
the results of transport cost change was 
accomplished by holding both the land use 
plan and the transport systems constant 
while allowing the cost to vary. Land use 
plan 3 (Fig. 3) was selected as the constant 
base. We thought that relative transport 
usage change with cost variation could be 
taken as representative and could allow in
ferences to be drawn for other land use 
plans under similar transport cost changes. 

Simulation of mode usage for the test 
strategy was accomplished by application 
of mathematical models. Three steps 
were necessary to simulate the results of 
each of the 8 land use-transport cost alter
natives: develop travel patterns, deter
mine public transport patronage, and de
termine automobile usage. Models to ac-
complish these steps were developed from 
a composite analysis of several urban areas. 

Basic travel patterns for each land use plan were synthesized by the use of a gravity 
model technique that allowed changes in locational patterns and intensities of activity to 
produce different patterns or flows of trips. Allocation of total person travel to private 
and public modes was simulated by a transit-nontransit mode choice model. This model 
was formulated on the comparative differences between private and public transport 
systems and on trip-maker characteristics (6). Conceptually, the model allowed for 
evaluation of change in trip cost, travel time-:- and nonmoving trip time. Automobile 
usage was simulated by a driver-passenger mode choice model with average vehicle 
occupancy related to trip cost, trip length, and trip-maker characteristics (1), 

EFFECT OF LAND USE PATTERNS ON TRAVEL PATTERNS 

Travel market patterns reflect land use linkages and intensities, and vary as the 
land use pattern changes. Knowledge of travel market characteristics is extremely 
important in planning an express transit system. Major characteristics are trip pur
pose, trip orientation, trip length, trip concentration toward a specific area, and trip 
concentration through a specific area. 

Rapid transit is well suited for travel patterns where large numbers of trips are 
concentrated into well-defined heavy-usage corridors or where large numbers of trips 
are made to high-density activity concentrations. Conversely, transit and especially 
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TABLE 2 

PEAK-HOUR WORK TRIP CHARACTERISTICS FOR FOUR LAND USE PLANS 

External Trips Total 
Intrazonal Trips 

Average 
Total Desire 

Land Total Person-Miles 
Use Work Intra- Percent Trip of Travel on 
Plan Trips Number Percent regional Number of Intra- Length 

Spider of Total Trips regional 
(min) 

Network 

305,536 45,861 15.0 259,675 14,564 5.6 23 .7 2,007,000 

305,518 51,880 17.0 253 ,638 11,343 4. 5 24.5 2,082,000 

306,166 51,950 17 .o 254,216 11.341 4.5 26.3 2,29 3,000 

4 306,144 45,938 15.0 260,206 16,342 6.3 24.8 2,136,000 

rapid transit is not competitive with the private automobile for serving low-density 
areas or diverse short travel patterns. 

We ascertained the nature of the travel market patterns for each of the 4 alternative 
land use plans by a simulation of trip-making to obtain morning peak-hour travel pat
terns as previously described. The results are given in Table 2. Land use plans 1 
and 4, the decentralized employment versions of the 2 basic corridor development 
schemes, show an average trip length in minutes shorter than that shown by land use plan 3, 
the comparable corridor scheme with centralized employment. Land use plans 1 and 4, 
the nucleated centers, tend to minimize long trips, most of the travel desires being 
satisfied closer to the location of trip production. In both of these decentralized plans, 
concentration of travel at. comparable locations is lower than in the centralized plans. 
As-a-result -of -L"le reduction-in trip -concentration a.nd -the-satisfaction-of-trave!-ctes1res 
closer to the production area, development of high-density travel corridors is lessened. 

Development of travel corridors can more easily be seen by the intertown travel 
flow. Figures 5 through 8 show the volumes of total person work travel throughout the 
region. Centralized employment (Figs. 6 and 7) produces heavier travel corridor vol
umes than decentr alized employment (Figs. 5 and 8). As the degree of centralization 
increases, the magnitude of travel in the corridors increases, resulting in a larger 
travel market and a greater potential for rapid transit as a means of transport in the 
cnrrirlnr. Fnrther, ai, the !Fme;t.h nf the rlevelopment corridor increases, corridor travel 
flow tends to increase. 

Studying the variation in travel patterns resulting from the alternative land use plans 
reveals that, as the degree of centralization increases, average trip length increases, 
travel corridors are reinforced and travel magnitude increases, and development cor
ridors are lengthened and magnitude of travel flow increases. All of these factors 
work toward increasing the potential for express transit as a corridor travel mode. 
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Figure 6. I ntertown work travel for land use plan 2. 
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Figure 7. I ntertown work travel for land use plan 3. Figure 8. lntertown work travel for land use plan 4. 

EFFECT OF LAND USE ON TRANSIT USAGE 

Results of the simulation of the effect of land use plan variation on transit usage for 
a constant pricing policy are given in Table 3. Analysis shows several basic relation
ships that cause transit usage to change. Centralized versions of a basic corridor pat
tern indicate levels of transit usage significantly higher than those indicated by decen
tralized versions. Comparisons of transit usage levels based on 2 centralized and 2 
decentralized employment distributors-land use plan 2 compared to plan 1 and land use 
plan 3 compared to plan 4-show that longer development corridors produce longer travel 
patterns and result in higher transit usage. Inferences drawn from the simulation and 
evaluation reinforce those previously observed in the analysis of the effect of land use 
on travel patterns. Findings that emerge from this comparison are as follows: As the 
degree of centralization increases, transit usage increases; as the length of the travel 
corridor increases, trips are longer and transit usage tends to increase; and short 
trips are difficult to serve by transit and do not result in heavy transit usage. 

A more detailed comparison of the characteristics of transit trip-making resulting 
from land use configuration difference is more readily seen from the results of transit 
system assignments given in Table 4. Comparison of the assigned morning peak-hour 
transit trip characteristics points up significant variations in ridership patterns. Each 
of the 2 basic land pattern configurations-long and short corridor development, decen
tralized and centralized employment-results in approximately the same length of transit 
and rapid transit trips measured in both time and distance. A comparison of the 2 dif
ferent employment patterns-centralized and decentralized-shows that longer develop
ment corridors have both higher average transit time and longer distances; these dif
ferences are from 10 to 15 percent higher for longer corridor plans. 

Land 
Use 
Plan 

I 

2 

3 

4 

TABLE 3 

TRANSIT TRIP DEMAND BASED ON WORK AND ADULT SCHOOL TRIPS WITH PARKING 
PRICING ALTERNATIVE 2 FOR FOUR LAND USE PLANS 

Transit Trip Demand Percent By Transit 

Intratown Intertown Total Intratown Total Internal 
Demands 

Number Percent Number Percent Demands 

43,887 10,587 24.1 33,300 75.9 15.5 10.4 

51,654 10,632 20.6 41,022 79.4 18,6 12.0 

54,025 9,541 17 ,7 44,484 82.3 19.4 11.8 

45,248 10,149 22 .4 35,099 77.6 15,9 10,2 

lntertown 
Demands 

18.4 

21. 7 

22.6 

19.0 
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Land Tran-
Use sit 
Plan Trips 

10,331 

2 12,176 

3 12,750 

4 10,660 

TABLE 4 

PEAK-HOUR TRANSIT TRJP CHARACTERISTICS WITH PARKING PRICING ALTERNATIVE 2 
FOR FOUR LAND USE PLANS 

Riders Person-Hours Person-Miles Trip Time 
(min) 

Tran- Rapid 
Tran- Rapid Transit Rapid Transit Rapid Tran- Transit Tran-

sit 
sit 

sit 
Number Percent Number Percent sit Tran-

sit 

20,517 9,376 3,578 2,036 56.9 87,163 64,194 73.6 20.8 13.0 

23,301 10,928 4,045 2,405 59.5 99,836 75,586 75. 7 19.9 13.2 

25,392 11,647 4,725 2,873 60.8 119,703 92,319 77.1 22.2 14.8 

21,345 9,613 3,905 2,277 58.3 97,323 73,133 75.1 22.0 14.2 

Trip Length 
(miles) 

Rapid Tran-
sit 

Tran-
sit 

8.4 6.8 

8.2 6.9 

9.4 7.9 

9.1 7.6 

A characteristic that appears for both long and short corridor development is 
the increase in the proportion of total transit trips by rapid transit as centralization 
increases. Major findings indicate the following: 

1. The lenglh of the development corridor has a greater effect on transit trip length 
than the density of employment and residential development. 

2. As the degree of centralization increases within each basic corridor development 
plan, the percentage of transit trips made on rapid transit increases. 

THE EFFECT OF TRANSPORT PRICING ON TRANSIT USAGE 

--- -impact of reiative chang-e-iii-tiiif aiiference-oetweeiqH'ivate -and public-transport trip 
cost was simulated using the test strategy of a single land use alternative, plan 3, and 
the 4 pricing alternatives for parking. The goal of this study aspect was to provide an 
insight into variations in transit and automobile usa.ge rates and the resultant demands 
that might be placed on the transport systems if transport cost was considered as a 
separate planning concept for a given land use and transport system configuration. We 
thought that the relationship and distribution of mode usage with respect to relative 
transport cost changes could be used to infer mode usage changes for each of the other 
land use alternatives, other fuctoro ouch as trip length taken into acconnt, Anrl, hAnr.P., 
for a wide range of land use plans. 

Table 5 gives the results of the simulation for the central area and nucleated town 
r.enters. The effect of a parking cost increase and the resultant increase in public 
transport usage are more significant in the central area than in the town centers. An 
increase in parking from no charge to 70 cents all day increased transit usage by al
most 100 percent in the central area, and an increase from no cha1·ge to $1. 00 all day pro
duced an increase in transit usage by almost 250 percent. On the other hand, an in
crease in parking cost in town centers produced very little increase in transit usage. 
Sensitivity of transit usage to change in transport cost appears to be greater for the 

TABLE 5 

TRANSIT USAGE AND AUTOMOBILE OCCUPANCY WITH FOUR PARKING PRICING ALTERNATNES 
FOR LAND U3E PLAN J 

Central Area 

P a rking Woden Belconnen Tuggeranong Gooromon 
North South Pricing Canberra Canberra Alte rnative T A T A T A T A 

T A T A 

16.4 1.24 17.4 1.23 12.0 1.27 12.H 1.2'/ 12.~ 1.26 12.6 1.30 

2 30,5 1.36 32.3 1.34 12.0 1.27 12.9 1.27 12.8 1.26 12.6 1.30 

3 30.5 1.36 32.3 1.34 13.6 1.30 14.7 1.29 14.9 1.29 14.2 1.32 

4 40,4 1.48 42.2 1.44 16.0 1.37 17.3 1.35 17.8 1.36 16.1 1.40 

Note: Tis transit usage and A is automobile occupancy~ 
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Figure 9. Variation in transit usage with parking 
cost for land use plan 3. 
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Figure 10. Parking costs and automobile 
occupancy for home-based work trips. 
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central area than for the nucleated town centers, and impact reflects a basic difficulty 
in serving short trips with transit. Because both cost and time are additive variables 
for the equivalent time computation in the mode choice model, the relative time dif
ference between the public and private transport systems may place the usage relation
ship for short trips far into the insensitive area of the model and this may not be over
come, even by very high cost differences favoring transit. The corollary to this is that 
if the relative time differences between transport systems place application in a sensi
tive area of the usage relationship, a relative increase in nontransit trip cost will have 
a significant effect on transit usage. 

Figure 9 shows the transit usage and parking cost relationship developed from the 
simulation for both the central area and the nucleated town centers. Although parking 
cost is the causal variable in this relationship, the base point for this analysis is de
pendent on other aspects of the trip such as relative trip time, service frequency, and 
trip distance. Therefore, longer trips, where basic usage is in the sensitive area of 
the model, appear to be more responsive to change in relative transport cost than short 
trips, which typically fall into the insensitive range of the model. 

Automobile occupancy increases rather significantly as parking costs increase in 
both the central area and town centers at essentially the same rate (Table 5). Figure 10 
shows the relationship of automobile occupancy to parking costs developed from the 
simulation for town centers and the central area. Trips to town centers have higher 
automobile occupancy than those to the central area. This is consistent with previous 
findings that show occupancy tends to be higher for shorter trips to work (4, 5). 

In this study, we found that trips to dispersed town centers are shorter in length 
than those to the central area, a finding consistent with currently observed travel pat
terns. This characteristic occurs regardless of the length of corridor development. 
Associating this with the findings regarding automobile occupancy results in an interest
ing implication for increasing the intensities of automobile usage. 

INTERACTION OF TRANSIT USAGE AND AUTOMOBILE OCCUPANCY 

Variations in transit usage and automobile occupancy for the central area of a region 
and the dispersed centers of the region with changing transport cost have been shown 
in separate analyses. The combination of these 2 findings results in a relationship that 
takes on great significance in both the planning of transportation and the levels of 
activity in central areas and town centers. Combining these relationships such that 
the number of private vehicles required per hundred person trips is a function of 
parking cost (trip cost difference is implied for transit usage) clearly demonstrates the 
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impact of transport cost on the level of auto
mobile activity in the respective areas . 

Figure 11 shows that the composite effect 
has a greater impact on automobile travel to 
the central area than to town centers. This 
occurs as a result of the greater transit im -
pact in the central area than in the town cen
ters, which more than compensates for the 
lower central area automobile occupancy 
relationship . 

::i Application of these relationships is sig-
v JO ~-~----~--~ -~ nificant in the planning of activity levels for 
~ o 25 50 75 100 125 specific areas within a region. If the cosl of 
> 

NINE HOUR PARKING COSTS IN CENTS !Australia l tl'ansport, parking COS ts, tOllS, and transit 
fa.res are considered as a matter of policy 

Figure 11. Parking costs, transit usage, and 
automobile occupancy. 

and allowances are made for the possibility of 
varying the level of this cost, changes can 
be caused in the demand for various trans-
port facilities while holding total travel de
mand and activity in the area constant. A 
second approach and perhaps more significant 

is the ability to plan for higher activity concentrations in an area by the use of policy 
controls as a means for shifting transport demand from one mode to another and 
for increasing the intensity of mode usage. In this way, vehicular traffic levels can be 
!!19.int?.ir"~ri n11 lh;:. h 'igl iw::iy ,:;yi:;tem in and adiacent to the areas in question while at the 
same time total activity is increased: Transportatrnrn:osCpollcy will ·cause· a-shift in 
travel from private to public transport facilities and also increase the automobile ef
ficiency by raising automobile occupancy. (For the cost study, we assumed that activity 
levels and travel patterns were constant. We think that increasing travel cost to a 
particular location will have an effect on total travel to that area and possibly alter re
gional travel patterns. If so, then an important area of study is the investigation of 
transport cost implications of activity levels and basic travel patterns.) 

SUMMARY 

Aspects of land use planning and transport pricing policy have been studied for their 
effect on transit planning. Four land use plans were used as points of reference to 
measure development variation, and 4 parking pricing policies were used to describe 
the possible range in transport pricing. Variation in transit for a fixed set of transport 
systems has been depicted. The goal of U1is study was not that of selectini the "best" 
land use pattern or the ' 'best" park11lg cost policy for the region to adopt , but rather 
that of s upplying the decision-makers with informat·on on what might 1·esult iI certain 
courses of action were taken or policies evolved. It is for the planner and the decision
maker to draw on simulated results occu1·riu~ from the refe1·ence conditions and to 
formulate and reformulate their ultimate plans and decisions toward rapid transit if 
different planning goals or policies were to occur or be put into effect. 

This study has been concerned with the effects of planning decisions on travel pat
terns and on mode usage characteristics. Findings show that a development plan with 
long corridors of development will tend to produce longer trip lengths and heavy col'
ridor flow. Changes in the concentration of activity in one particular area of the region 
show that centralization tends to produce longer trips. This, in turn, reflects a higher 
demand for travel and transport facilities. 

Transit usage was found to be higher for land u::;t! patterns based on long corridor 
development. Within any particular form of development, transit usage tends to in
crease as the degree of activity centralization increases. 

Transport costs can significantly influence mode usage and intensity of mode usage. 
When noncost trip factors are favorable to transit, cost change has a significant effect 
on transit usage. However, for those areas where relative transit service quality is 
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difficult to develop, the effect of costs conducive to transit use does not produce the same 
relative increase in usage. Altering the cost of an automobile trip, besides causing a 
shift to public transport, can increase the intensity of vehicle usage. 

These observations provide the planner and the decision-maker with an insight into 
the implications and results of certain actions. The decision-makers must evaluate 
the conditions and situations confronting them and, by using information from relation
ships similar to those discussed, fo1·mulate policies and make decisions for their par
ticular regions. The objective is to combine results of different actions and to develop 
and visualize the effect of combined actions. 

Relationships developed and shown in this paper help to move decision-making from 
the unknown to the known. Although none of these relationships is precise and will oc
cur in the same manner, more knowledge is known of situations and the implications on 
mode choice for certain courses of action. 
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Plan Design Model for 
Urban Area Use Allocations 
W. DON STEWART, University of Saskatchewan; and 
WILLIAM L. GRECCO, Purdue University 

This paper reports the development of an urban area use 
model. The model's normative solution is to be utilized in 
the allocation of uses to locations so that net community return 
is maximized. A heuristic procedure for finding a good solu
tion has been developed and programmed for the computer. The 
computer program was tested in an application to simplified 
data on the Lafayette, Indiana, plan area. The objective of 
urban ::i.rea use allocations is to maximize the gross utility 
return from the use of area and from economies of scale, less 
the utility costs of transportation, of adaptation of locations to 
uses, and of incompatibility between proximate uses. In order 
to provide a computationally practical means for obtaining a 

_near optimal r::olution to the model n,.,rm, w rlPvisP.<I an itara
tive solution procedure, using an initial feasible solution. ro111 
the existing solution, the change in net 1·etu1·11, as a. result of a 
unit change in the allocation of each use to each location, is 
evaluated, and a number of the more beneficial interchanges 
are made to obtain a better solution. The maximum pennis
sible changes in each use per location are then decreased by 
one-half of their current values. If the new limits are greater 
than preset minima and if further significant increases in return 
may be expected, the cycle is r·evealeu. 

•LAJll'D USE ALLOCATION MODELS attempt to distribute the urban area activities to 
the available land in such a way as to achieve certain objectives. A worthy objective 
might be the maximization of benefit to all of the citizens of the community. The prob
lem then would be one of identification and quantification. 

The objective of this work was to develop a model of the urban system and to identify 
its component parts. In order to test the validity of the model, a computer program 
was developed that required reasonable quantifications of U1e system elements. Further 
refinements will result as each component iR Rtudied in depth, 

The basis for the model is that each urban area will r equire a somewhat unique set 
of activities and uses and that the way these activities are assigned to the land will af
fect the net benefits received. We further assumed that the benefits, both positive and 
negative, are quantifiable and can be expressed in monetary value. The model will tend 
toward uvllml~ation, given some validity to nssumptions made. 

MODEL FORM 

There are many feasible configurations of activities within any area. The design 
problem is to determine the best allocation of given ac ivllit:1:1 lu a.J\ urban area, or per
hapR even the allocation of part or all of available activities, in order to maximize re
turn per person. The latter implies the determination of an optimum size, and thus 1s 
a more general problem than allocating given activities to maximize total return. This 

Paper sponsored by Committee on Land Use Evaluation and presented at the 49th Annual Meeting. 
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work was restricted to the specific problem of allocating given activities, but this does 
not preclude an a priori assumption regarding optimum population size to determine the 
given activities. The solution to the problem will be constrained to some feasible region 
by available areal and other resources. 

The problem was one of determining from a bounded set of many feasible allocations 
of area uses the one that maximizes return. Thus, any one of many mathematical pro
gramming techniques might be suitable. A heuristic method, which utilizes linear pro
gramming principles to obtain a good allocation plan, was used 

An urban structure has been shown to be a group of activities linked by communica -
tions. The latter can be divided into 2 classes, the desired flows and the undesirable 
by-products of both the activities and the flows. An urban form that accommodates this 
structure can be represented by a group of locations, a network of channels linking the 
location centroids, and barriers between each pair of locations. It is implied that each 
location should be delineated so that it is homogeneous with respect to local and general 
topography, flora (natural cover) and fauna, foundation materials, water conditions, and 
access to the centroid and, thence, to the channel network. If these characteristics can 
be assumed to be similar within the location, then average values for each characteris
tic for each location can be used in the model. 

Barriers to interlocation by-product transmission,are assumed to exist between all 
pairs of locations, but for proximate locations their effectiveness tends to approach 
zero. The flow channels available for the movement of the generated flows include, 
but are not necessarily restricted to, channels in the plan area. In most cases, the flow 
channels would consist of major and minor arterials and collector streets. Where there 
are large numbers of locations involved, it may be necessary to simplify the computa
tions on long-distance flow costs. This can be achieved by aggregating locations with 
similar major thoroughfare access to form districts. Flows then may be treated in 
2 groups, those whose destinations lie within the district containing the origin location 
and those whose destinations lie in another district. 

The functional relationships between these model factors can now be expressed more 
precisely under the following categories: 

1. Required activities and uses, 
2. Locations and use allocations, 
3. Flows, and 
4. By-product transmission. 

Required Activities and Uses 

The number of units of each activity that will take place within the area is a function 
of the characteristics of the local population, local natural and cultural resources, and 
the extramural interactions with the surrounding region and with urban realms. In a 
general model, the amounts of each activity could be variables whose levels are deter
mined by the solution of the model. But, in the model developed here, the amounts of 
each activity are fixed as model inputs. These amounts can be estimated or predicted 
from population and economic surveys. 

The given data for a model must include not only the number of units of each activity 
but also the number of units of an activity that will be accommodated by each use. Fur
ther, the uses and activities must satisfy the following: 

where 

E: 

ST 
N 

YTK = 

N 
:E :E YTK · XIK = AT for every T 

Kt:ST 1=1 

"an element of the set of," 
set of uses that can accommodate activity T, 
number of locations in the plan area, 
number of units of activity T per acre of use K, 

(1) 



158 

XrK = number of acres of use K allocated to location I, and 
AT = number of units of activity T. 

Locations and Use Allocations 

The plan area must be represented as a group of locations, each having a finite area 
and homogeneous characteristics. The area of each location is fixed. Because all of 
that area must be assigned to one or more uses (one of which may be the vacant U8e), 
the use allocations must satisfy the following: 

where 

M 
:E XIK = Pi for every I 

K=l 

XrK = number of acres of use K allocated to location I, 
M = number of uses, and 
P1 = size in acres of location I. 

The use allocations musl be non-negative and thus Sfltisfy the following: 

XrK 2 0 for every vail' of I and K 

Flows 

(2) 

(3) 

F!o~'! 1:,_,"'t"=' , «,o: rna:P.cl lu•rP., are caused primarily by person trips. Accordingly, to 
simplify- the -model , we can exp1·ess other signiilcanl Dows in te:rms of person trips. 
The total of all types of f lows then could be represented as equivalent person trips. To 
simulate flow costs more precisely, however, we might weight some types of trips ac
cording to their peaking or time density characteristics. 

Total flows are input to the model as the number of equivalent person trips gen
erated per acre of origin use. Each use will have associated trip generation rates, 
one for each trip purpose as defined by the destination use. The model has assumed 
that these rates are fixed. Further, it has been assumed that trip attractions are 
balanced by Ll'iv v1·oductions and are distributed uniformly over all accept;ihlP. r!P.stina
tion use allocations. That is, trip ends must satisfy the following conditions: 

where 

OIKL ZKL · XIK for every combination of I, K, and L 

equivalent person trip origins of type KL (that 
is, originating at use Kand destined to use L) 
generated by location I 

ZKL = equivalent person trips of type KL generated per acre of use K and 
XrK = number of acres of use K allocated to location I, 

and 

where 

N XJL 
:E OJKL · - --- for every combination of J, K, and L 
l=l ~ X 

.t.., HL 
H=l 

= equivalent person trip destinations of type KL attracted 
to location J 

XJL = number of acres of use L allocated to location J, 
XHL number of acres of use L allocated to location H, and 

N number of locations. 

(4) 

(5) 
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The flow route choices are made such that the total flow cost of the entire com -
munity is minimized. Thus the flow routes are fixed for a given allocation of uses and 
a given transportation system. 

By-Product Transmission 

Incompatibility of use allocations occurs only if the harmful by-products are trans
mitted. Between all pairs of uses there are spatial or physical barriers or both to 
such transmission. We assumed for model purposes that these barriers modify the 
standard (unrestricted) by-product transmission rate between 2 adjacent locations of 
average size, as follows: 

1. The transmission values are proportional to the ratio of the given interface length 
to a standard interface length determined for each model application. 

2. The transmission values are reduced by some factor if there is an intervening 
use. 

3. The transmission values are reduced by some factor if there is a physical bar
rier to transmission. 

In the general case the transmission rate will not be the same for each by-product. 
For example, earth embankments may be effective as noise barriers but not as odor 
barriers. However, until further research has been conducted into incompatibility, 
we deemed it advisable to assume that all by-products had a single transmission rate. 

MODEL NORM 

The goal of the normative land use model is to obtain a feasible solution that will 
maximize public as well as private utility returns. All the factors of the model norm 
can be represented as a net utility return in terms of location return less adaptability 
costs, a net utility cost in terms of flows, an incompatibility cost caused by proximity, 
and a negative incompatibility cost resulting from economies of scale. 

Net Location Returns 

An effort was made to recognize that variations in the physical determinants of lands 
lend them to one or several uses rather than others. Furthermore, if the model would 
optimize with proper weighting given to existing land uses, then adaptation costs must 
be included. Based on the literature reviews on adaptability of uses to locations and 
on sensitivity of costs and returns to density and organization, we hypothesized that a 
net location return (location return less adaptability costs) could be expressed as follows : 

where 

RIK = K1K + K2K. Cd-1 + K3K. Ad-1 + f4K(TI) + f5K (FI) 

+ f6K (DI) + f?K (N1) + fsK (SI) 

K = the Kth use, K = 1, ... , M; 
I = the Ith location, I= 1, ... , N; 

RIK = net location return for use K in location I; 
KJK = constant for use K, J = 1, 2, 3; 

fJKO = nonlinear function of the bracketed variable, J = 4, ... , 8; 

Cd channel density; 
Ad areal density; 
T1 topography rating of location I; 
FI foundation rating of location I; 
DI drainage rating of location I; 
NI natural resources (excluding man-made) of location I; and 
SI cultural resources of location I. 

(6) 
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The first 3 terms on the right side of the equation are of no concern if the amount of 
each use is fixed because they are constant (not a function of I) for a given use, irre
spective of location. 

Each component of the adaptability costs (the remaining 5 terms) is relatively con
stant throughout a i'ocation, except for the cultural or man-made facilities. When there 
are existing structures or other facilities on part of a location, there will be a very 
large saving in adaptation costs if the existing use is reallocated back to that part of 
the location and thus to the existing structures. Consequently, 2 different net location 
returns will be calculated for each use in each location. The net return value that in -
eludes a zero cultural feature cost is applicable only when a use is reallocat ed to a 
cu1-i-ently existing use. ll will be designated as RIK'. In the other net location return, 
R1K", there will be a nonzero cultural feature cost that should cover the cost of demoli
tion and relocation of the existing activity as well as the cost of construction of new 
facilities. In practice, however, it might be more expedient to add the demolition and 
relocation costs as r eturns in RIK' and neglect them in RIK ''. If this were not done , a 
separate R1K" would have to be calculated for each existing use. This expediency 1·e
sults in constant terms being added to the obj ective function, but the relative values of 
the returns are correct, and thus the allocations are not affected. 

The 2 net location returns are necessary input data. They are independent of the 
allocation of uses. 

Channel Flow Costs 

The total cost of flow on a channel link may be composed of the following: 
i ,.,h..., "" """l nnV'lo;,4-,..,1 nl"'\cd

_""-..!.._ Y ~ -~~'"'~ .,_ __ '-'_...,,t'_~"'~ "":- ...., :::'~ "', . 

2. Channel operation and maintenance costs , 
3. Vehicular capital costs, 
4. Vehicular operation and maintenance costs, and 
5. Time costs. 

Several of these components are at least partially fixed, that is, independent of flow 
volumes. Furthermore, they are also independent of the area use allocations. Thus 
the channel costs will be split into fixed costs, which need not be considered directly in 
the allocation pror.eRR, ::inri flow r.oRtR, whir.hare ai,sumed to be related linearly to flows 
and thus must be considered in the allocation process. 

The unit flow costs , which are inputs to the model, are user costs for flows from 
district centroid to district centroid or location centroid to location centroid. These 
are determined by summing the flow costs of the channel links that comprise the least
cost route, We assumed also that the channel flow costs are independent of the flow 
volumes. This implies that there are no capacity limits on any route, unless the flow 
costs are set sufficiently high to limit volumes. 

Inter-Use Incompatibility 

The review of operating and performance standards noted that positive incompatibility 
costs will result from differential operating standards. We assumed that the positive 
incompatibility cost is (a) proportional to the difference in operating standards of the 
incompatible uses, (b) proportional to the length of the interface where the incompati
bility occurs, (c) reduced by barriers sut:h ai, 111ajo1· l1·ansport routes or topography, and 
(d) reduced by spatial separation of the incompatible uses. 

The utility cost of incompatibility at a given distance might be determined from what 
the user will pay to increase the distance of separation from, or to reduce the operating 
level of, the offensive use. By summing the cost distance curve over a typical location 
and dividing by area, we obtain a linear unit cost figure. 

An example of a possible procedure is shown in Figure 1, where hypulhelical values 
are used. The figure is based on the assumption that the incompatibility cost of use L 
to use Kin adjacent locations may be determined by the use of average values for suc
cessive bands of 200 feet in width. As an illustration, the area of use L within the bands 
around use K was set at 65, 80, and 95 acres, for 0 to 200, 200 to 400, and 400 to 600 
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Figure 1. Determination of the cost of incompatibility between one acre 
of use K and of use L caused by by-product Q. 
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feet respectively. The difference in operating standards of use Kand use L was des
ignated as A. By entering graph 1 at A, we can determine from 1 and 2 respectively 
the differential nuisance level and the unit utility cost for each band at its median sep
aration distance from use K Then by utilizing the area of each band, we can deter
mine from 3 the total incompatibility cost for each band. The aggregate of these band 
costs would then be divided by the total area to derive a unit cost for the 2 locations. 
This procedure may be applied to 2 average locations for any by-product under the as
sumptions that all of one location is occupied by use K and all of the other location by 
use L. 

If we assume that there are P significant by-products, incompatibility costs may be 
expressed as follows: 

where 

N M 
In1K = L L 

J=l L=l 

In1K = incompatibility cost of use Kin location I to all other uses, 

(7) 
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fKLQ = 

OKQ = 
OLQ = 

G1JQ = 

N 
M= 
p = 

functional relationship of cost of differential transmission of by-product Q 
between uses Kand L, 
operating standard of use K for the Qth by-product, 
operating standard of use L for the Qth by-product, 

relative incompatibility transmission rate from location I to location J for 
the Qth by-product, 
number of locations, 
number of uses, and 
number of by-products. 

Little is now known about the quantification of by-product incompatibility costs. Ac
cordingly, we assumed that an average cost and transmission figure for all transmitted 
by-products between any pair of uses would be utilized. That is, 

and 

r._ 
"'!J 

- the average utility lust l>ccaut:;e oI Lhe incompatibility effect of one acre 
of use L on one acre of use K when allocated to the same location or to 
adjacent locations I and J whose GJJ = 1 

p 
- ~ r. ___ /p 

,&..,t 

Q=l 
-!.J'=J' -

= the average relative incompatibility transmission rate from location I to 
location J for P uses 

(8) 

(9) 

The incompatibility costs have been based on homogeneous uses in each location. For 
a location having a mixture of uses, these assumed costs will be in error for 2 reasons. 
The true incompatibility costs will be higher than those assumed in the model because 
smaller units have a greater interfacial contact per unit area and also a higher utility 
cost becaui:;e uI a luwe1· ave1·age distance of separation of the incompatible uses. But 
on the other hand, the designer will reduce the incompatibility by arrangement of the 
uses within the location, and this may tend to reduce the preceding errors. 

Economies of Scale 

There is a relatively high return from the allocation of some uses in large blocks. 
It is in reality a reduction in activity costs, but it may be treated as a return in the ob
jective function because this maintains the proper relative values for allocation pur
poses. These scale economies of a use are a cohesive force and thus are equivalent to 
negative incompatibility of the use with itself. We assumed Lhal Lhe economy of scale 
returns or savings are related linearly to the homogeneous use allocation size. Thus 
the incompatibility can be treated simultaneously with economies of scale. The econ
omies of scale or negative incompatibilities then form the diagonal of the inter-use in
compatibility matrix. 

The Objective Function 

The objective function or norm may now be stated as follows: Maximize 

N M N N 

:E :E RIK. XIK -I: :E UIJ- FIJ 
l=l K=l l=l J=l 

N N M M 
- :E I: :E :E XrK. XJL. BKL . GiJ - Fee 

l=l J=l K=l L=l (10) 



subject to the constraints in Eqs. 1 through 5, 

where 
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net location return from allocating one acre of use K to location I ( this can 
equal either R1K' or R1K" as discussed previously); 
number of acres of use K allocated to location I; 
unit flow cost from location I to location J (excluding fixed channel 
costs); 
number of equivalent person trips from location I to location J; 
number of acres of use L allocated to location J; 
fixed (for a given transportation plan) component of channel costs; 
average utility lost because of the incompatibility effect of one acre of use L 
on one acre of use K when allocated to the same location or to adjacent loca
tions I and J whose GyJ = 1 (Eq. 8); 
average relative incompatibility transmission rate from location I to 
location J (Eq. 9 ); 
number of locations; 
number of uses; 

and all trips must be distributed at the least total cost and in such a manner that trip 
origins and destinations in each location satisfy constraints in Eqs. 4 and 5. 

A PROPOSED ASCENT SOLUTION PROCEDURE 

Additional Assumptions 

In addition to those made in the formulation of the model and the norm, the following 
assumptions were made to devise a practical solution procedure: 

1. Given an existing solution, that a satisfactory area use move evaluator may be 
formed from an approximation of the change in the objective function that would result 
from a unit increase in that allocation in the given location (thus there will be one eval
uator for each use in each location); 

2. That these evaluators may be calculated in 3 separate parts, corresponding to the 
first 3 terms of the objective function; 

3. That the fourth term of the objective function, fixed channel costs, may be neglected 
in the formation of the evaluator (this will result in an attempt to optimize the use allo
cations for the given transportation plan); 

4. That the change in the interactions of the area uses that have been moved si
multaneously (without updating the evaluators) may be neglected in the formation of the 
evaluators, provided that the magnitudes of the allocation moves are limited; 

5. That the flow cost contribution to a move evaluator (excluding fixed channel 
costs), although dependent on the magnitude of the move, can be approximated by 
one of two unit costs, again if it is assumed that the magnitude of the allocation 
move is limited; and 

6. That a better solution will be obtained by decreasing each use allocation and re
allocating these uses with the objective of maximizing the sum of the products of the 
reallocated uses and their respective move evaluators. 

The General Procedure 

The solution procedure that has been developed to solve the problem requires an 
initial feasible solution (step 1 of the algorithm given in a succeeding section). Then 
movements of the allocated uses, which would result in an increase in the objective 
function, are identified and some of the more beneficial moves are made. This forms 
a new initial feasible solution for repeating the entire process for the second of several 
iterations. The iterative procedure is utilized because the interaction effects of si
multaneous moves are neglected in forming the evaluators of potential moves. As a re
sult, the evaluators must be updated periodically. The primary decision variables in 
the procedure are the use allocations. But, the channels or transportation system may 
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be modified on a judgment basis either between iterations or in some cases during 
iterations. 

We assumed that the sum of the changes in the objective function terms, when some 
use K is superimposed on the existing feasible plan in location I, is a satisfactory eval
uator of the value of additional allocations of use K to location I. In the algorithm these 
changes in the first 3 terms of the objective function are evaluated separately for every 
use in every location. Because the fourth term is not changed in land use evaluation, 
it may be neglected. 

The unit change in the first term of the objective function is known exactly because 
it is equal to the appropriate net location return. However, the second term, flow costs, 
is not related linearly to the change in allocation. Thus 2 unit flow cost estimators, 
which reflect an average change in flow costs for different amounts of change in the 
given use allocation, were developed and used in such a manner that the flow costs are 
never underestimated. This should result in a conservative evaluator of a potential 
move. With each successive iteration the amount of the overestimation is reduced, 
permitting the identification of the less desirable moves. These unit flow costs are 
calculated in steps 3 and 4 of the algorithm. Interaction effects caused by simultaneous 
changes in several uses are neglected. The change in the third term of the objective 
function, incompatibility costs, is calculated in step 2 of the algorithm for a unit in
crease in the given use. Thus, it also neglects interaction caused by simultaneous 
changes of several uses. 

Once all of the evaluator components have been calculated, they may be combined. 
However, there are 2 net location return components (RIK' and RIK" as discussed pre
viously) and 2 flow cost components. The choice of the appropriate values is dependent 
nn tho louol Af tho ,..,, ...... ,,nt <>llnr•<>ti,_1T1r--_ li'nr• P::IC'.h ll!':P in Pach location, there are 4 pos-
sible levels of the evaluator. 

In order to permit reallocation of he uses, w-).th the objective of increasing return, 
the problem is converted to a capacitated transportation problem. In step 5 of the al
gorithm, the origins (unallocated activities) and destinations (uncommitted areas) are 
created by decreasing each use allocation in each location. The evaluators are then 
formed in step 6 for the new decreased allocation level. The evaluator then is equiv
alent to the flow cost of the transportation algorithm, but the problem is one of maxi
mization rather than minimization. In step 7 a capacity limit on each additional alloca
tion h; imJJu1>etl. This capacity is set equal to the lesser of (a.) the maximum amount 
that the use can be increased without resulting in an infeasible solution, or (b) the max
imum amount that the use can be increased without invalidating the evaluator, that is, 
up to the level at which either the net location return or the assumed unit flow cost 
changes. 

Given these capacitated transportation formulations, the initial levels of the dual vari
ables are calculated and as much of the unallocated uses as possible are reallocated 
(step 8). Because the evaluators are not constant over the entire range of possible 
allocations, an optimal solution of the simplified problem may not be determined. In 
step 9, the evaluators, capacities, and dual variables .ire updated simultaneously and 
as many additional reallocations as possible are made. This step is repeated until all 
uses have been assigned. 

Flow Cost Components for the Evaluators 

Two unit flow costs, one for allocations at levels less than those of the previous ai
location, XIK(a), and one for all other allocations, are developed (Fig. 2). In view of 
the basic premise that only one move at a time is considered in the formation of the 
unit costs, any increase in the allocation of use K to location I results in the attraction 
of trips at increasing cost. Thus, as the allocation of use K increases, lhe average flow 
cost for trips from use Kin location I tends to increase and never decreases (Fig. 2). 
However, for low levels of the allocation, the unit flow cost contribution to the objective 
function may be negative because some trips are cancelled (this is discussed more fully 
later). We assumed that, if the current allocation of use K to location I, XIK, is less 
than that in the previous plan, XIK(a), then the flow cost will be assumed to be equal to 
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CJK(a)· Therefore, if X1K is less than X1K(a) the cost tends to be overestimated. In 
all other cases, the unit flow cost will be ase1umed to be equal to the average unit flow 
cost for an increased allocation of use K to location I, where this increase is the maxi
mum permissible, XIK(c) - XIK(a) = AXJK• The maximum permissible increase is 
the lesser of the interchange limit (to be outlined in the next section) or the location 
size, P1 less XIK(a)· This assumed unit flow cost, CIK', is equal to the area under the 
curve ABC divided by AXIK· If, however, the new allocation level is less than XIK(c), 
such as X1K(b), the CIK' is an overestimate of the theoretical cost, which would be the 
area Wlder the curve AB divided by the net change in allocation over the previous solu
tion, Thus, no flow costs are underestimated and some are overestimated. 

As the interchange limit is decreased on successive iterations, the maximum per
missible allocation change will decrease, and tnus the conservative bias of CJK' tends 
to decrease also. This permits the identification of new moves, even if in lesser quan
tities and with lower net benefit. 

In some cases, CJK(a) may be greater than CIK'. CIK(a) is calculated from the exist
ing shadow prices. (T,he shadow price of an origin is the change in the total optimal 
cost of all flows caused by a unit increase in the production at an origin. Similarly, 
the shadow price of a destination is the change caused by a unit increase in the trip 
attractions of a destination.) But, the shadow prices consider only flow costs and do 
not account for the savings resulting from the elimination of some interlocation trips. 
When X1K is augmented, each XJL is assumed to be augmented in proportion to its cur
rent level, so that all trips may be allocated. This means, however, that some trips 
from location J to location I may now satisfy their destination use desire in location J 
resulting in a sav.ing, and similarly some- of the new trips originating in location I can 
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now satisfy their destination in location I. These savings are not accounted for by the 
shadow prices because they consider only additional trips from pure origins to pure 
destinations, while in the preceding some of the locations became both origins and des
tinations. On the other hand, these savings are accounted for in C1K' because it con
siders the total change ill the objective function, which sums the cost of new flows less 
the savings caused by flows that are eliminated. If CJK(a) is greater than CIK', then 
CIK(a) is assumed to be equal to CIK '. This will still result in an overestimation of the 
flow cost in many of these cases and thus the positive bias of the assumed unit flow 
costs is maintained. 

Interchange Limits 

We assumed that the average change in the objective [unction caused by a temporary 
additional amount of a given use in a given location is an evaluator of the worth of in
creasing that use in that location. Provided that only one move is made and provided 
that its magnitude is equal to that of the temporary addition, then the evaluator is exact. 
However, if more than one move is made without recalculating the evaluator, the second 
and subsequent moves are based on incorrect evaluators. The error in the evaluator 
is caused by neglect of the interaction term between the changed uses. Also, because 
the unit flow cost for a given use in a given location is d~pendent on the magnitude of 
that use allocation, the magnitude of the proposed move must be equal to that assumed 
in the formation of the unit flow cost for the move evaluator to be exact. 

Both of these errors may be neglected, provided that only small moves are made be
fore the evaluators are recalculated. Thus maximum interchange limits have been 
i>t-11::ihliRhP.cl. 'T'he ma~nitude of the limits will vary considerably aceording to the type 
of use. 

In step 10 of the solution algorithm (the conclusion of one iteration), the interchange 
limits are arbitrarily decreased by one-half of their current values. Because the larger 
of the assumed unit flow costs (one of the move evaluator components) is calculated for 
a maximum permissible increase in the allocation, the decrease in the limits results 
in a decrease in the assumed unit flow cost for the next iteration. The new flow cost 
leads to a less conservative move evaluator, and thus it permits the identification of 
less beneficial moves on the next iteration. The choice of the fraction (one-half) for 
the decrease in the intcrchnngc limit per iteration waR r.omplP.tely arbitrary, 

Minimum interchange limits have been provided as a device for terminating the al
gorithm. However, termination based on the rate of convergence toward an upper bound 
on the objective function certainly would be preferable if a reasonable estimating pro
cedure for this bound could be devised. 

Evaluator Synthesis 

The formation of the unit move evaluators, the second phase in the solution proce
dure , is shown in Figure 3. The appropriate location return is selected in step A. In 
st ep B, the unit incompatibilily cos l is subtracted from this r etu1·n. Finally, in step 
U1e algorithm selects one of the two unit flow costs , depending on the relationship of 
X1K to XIK(a) as outlined earlier, and subtracts this cost from the output of step B. The 
result, Eur, ls an evaluator of the return, net of cost, for allocating one acre of use K 
to location I. Because the assumed flow costs have a positive bias, the evaluator tends 
to be conservative. 

The Solution Algorithm 

The general solution algorithm proceeds according to the following sleps. All terms 
are defined at the conclusion of the algorithm. 

1. Find a feasible allocation of the required uses to the available h,calions (a good 
starting solution, such as an existing plan, will speed convergence towud the optimum). 

2. Calculate the unit incompatibility cost, lnIK, resulting from both negative and 
positive incompatibility, for an infinitesimal increase ill XIK· Repeat for every I and 
K Set K= 0. 
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3. Calculate the interdistrict flow costs and the interdistrict components of the as
sumed unit flow costs as follows: 

3. 1. Set K = K + 1. If K is ,greater than the number of uses, go to step 4. Otherwise, 
set the flow evaluators CDK and CDK(a) = 0 for every D. Set L = 1. 

3. 2. Using the appropriate input inter-use and intra-use flows per activity unit and 
the current allocations, calculate origins and destinations for flow type KL (a flow type 
is designated by the origin and destination uses respectively). Allocate these flows at 
least cost by means of a transportation algorithm, recording the district shadow prices, 
the individual total cost for each flow type, and the total cost for all flows allocated. 

3.3. If adecrease in the allocation of use K to district D, XDK, is feasible, utilize the 
shadow prices to calculate the cost savings for the reduction in interdistrict flow type 
KL that would result from an infinitesimal decrease in XDK, that is, the products of the 
shadow prices for the destinations and their respective fractions of the destination totals 
summed over all possible destinations, plus the shadow price of the origin. Add twice 
this saving to CDK(a)• Repeat for every D. 

3.4. TemporarilyincreaseXDK by RmK, the maximum interchange limit for use K 
Assume that the destination use L is augmented at each district E in proportion to the 
current XEL, such that the total number of new destinations is equal to the number of 
new origins Cl'eated by augmenting XDK- Calculate the new flows of type KL and al
locate them at lea.st cost. Record the change in total cost for flow type KL divided by 
RmK. Add twice this figure to C DK'. Decrease XDK by RmK in order to revert to 
XDK(a} Repeat for every district, D. 

3. 5. Set L "' L + 1. If L is less than or equal to the number of uses, return to step 
3. 2. Otherwise, return to step 3.1. 
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4. Calculate the interlocation flow costs and the interlocation components of the as
sumed unit flow costs (within the origin district only) as follows: 

4. 1. Set D = 0. 
4. 2. Set D = D + 1. If D,is greater than the number of districts, go to step 5. Set 

K= 0. 
4. 3. Set K = K + 1. If K is greater than the number of uses, go to step 4. 2. Other

wise, set C1K' = CnK' and CIK(a) = CnK(a), where D denotes the district containing 
location I. Repeat for every !(Sn. Set L = 1. 

4.4. Using the appropriate input inter-use and intra-use flows per activity unit and 
the current allocations, calculate origins and destinations for flow type KL. Allocate 
these flows at least cost by means of a transportation algorithm, recording the location 
shadow prices, the total cost for flow type KL, and the total cost for all flows allocated 

4. 5. If a decrease in XIK is feasible, calculate the intralocation cost savings for the 
reduction in flow type KL that would result from an infinitesimal decrease in X1K, that 
is, the products of the shadow prices for the destinations and their respective fractions 
of the destination totals, summed over all locations within the district. Add twice this 
saving to CrK(a)· Repeat for every !(Sn, 

4. 6. Temporarily increase X]K by the maximum permissible amount, A. XIK, Assume 
that the destination use L is augmented at each location Jin proportion to the current 
XJL, such that the total number of new destinations over all destinations in all dis tricts 
is equal to the number of new origins created by augmenting XIK- Calculate the new 
intradistrict flows of type KL and allocate U1em at least cost. Record the change in 
total cost for flow type KL divided by A.XIK· Add twkP. this amount to Cu/. Decrease 
X1K by A.X1K in order to revert to X1K(a)· Repeat for every frSn. 

4. 7. s~t !.. = I.. : .!.. !f !..: i!" !':'!"':' th,rn m P'lu::il to the number of uses, return to step 
4. 4. Otherwise return to step 4. 3. 

5. Reduce every XIK [XIK = XIK(a) prior to this reduction] by either 0. 5 · RmK or 
X1K(a), whichever is the lesser. Record the amounts of each use left unallocated and 
of each location left uncommitted. 

6. Calculate the move evaluator E1K fol' every I and every K (Fig. 3 ). 
7. For every I and K, calculate CaprK, the maximum amount that XrK may be in

cl'eased without invalidating EIK as calculated in step 6. Cap1K is U1e least of (a) the 
location size (size1) minus Xm:; (b) Xrn:' minus XIK, for Xn~ less than x1K' only (X1K' 
denoted the physically l:!xisUng level of use Kin location I); tc) XIK(a) minni:; Xn{, for 
XJK less than XJK(a) only· or (d) XIK(a} plus RlnK minus XIK. 

8. Allocate as much of U1e unallocated uses as possible by means of a capacitated 
transportation algorithm at the initial shadow price (dual vadable} levels. 

9. Reevaluate a ll E1K and CapJK and then revise the shadow prices. Allocate as 
much of the unallocated uses as possible. Repeat this step until all uses have been 
allocated. 

10. Reduce RmK by one-half of its current value for every K If the new values are 
more than the minima set as criteria and if further improvements seem possible, re
turn to step 2. 

The terms of the algorithm are defined as follows : 

lnJK = incompatibility cost produced by allocating one acre of use K to location I 

N M 
= 1: 1: (~KT, + BLK) · XJL · GJ:J; 

J=l L =l 

BKL average utility lost because of the incompatibility effect of one acre of use 
L on one acre of use K when they ai·e allocated to the same or adjacent 
locations; 

XJL = allocation of use L to location J; 
GIJ = average r elative incompatibility transmission rate from location I to location 

J; 
N = number of locations; 
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M = number of uses; 
( = "an element of the set of"; 

CnK' = average cost of interdistrict flows resulting from the increase in alloca
tion of use K from XnK(a) to XnK(a) + RmK 

= 2. (E 
L=l 

P = number of districts; 
XnK = allocation of use K to district D; 

FDEKL = net flow of type KL from district D to district E for XnK = XnK(a) 

(XnK · XEd 
= TKL · __ p ____ - FEDKL' for FEDKL < the first term, 

L XFL 
F=l 

= 0 in all other cases; 
FnEKL' = net flow of type KL from district D to district E for XnK = XnK(a) + 

RmK; 
TKL = number of trips from one acre of use K destined to some use L; 
CDE = minimum cost of flow for one trip from district D to district E; 

CnK(a) = average saving in interdistrict flow costs caused by an infinitesimal de
crease in XoK 

(
M M P ~0p 2 . L Pro . TKL - L L PrE · TKL · X EL , L 

L=l L=l E=l F=l 

shadow price of district D; 
allocation of use L to district E; 
average cost of flows resulting from an increase in XJK, where location 
I is in district D 

FIJKL = net flow of type KL from location I to location J for J E:S0 and 4K = 
X1K(a); 

F1JKL' = net flow of type KL from location I to location J for J E:So and X1K = 
XIK(a) + ~XIKi 
set of locations comprising district D; 
minimum cost of flow for one trip from location I to location J; 
maximum permissible increase of allocation of use K to location I; 
average saving in flow costs caused by an infinitesimal decrease in X1K 
where location I is in district D 

= CnK(a) + 2 · ( E L PrJ · TKL · XJL)I /~ XHI:; 
L=l Je-Sn / H=l 

Pr J = shadow price of location J; 
RIK' = location return for conversion of land in location I to use K from some 

other use; and 
RiK" = location return for reallocation of land in location I to the existing use 

K 
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Computer Programs 

Two series of computer programs were developed to carry out the calculations. The 
first series was used to test the algorithm on a hypothetical case of 7 uses allocated to 
9 locations. Based on the excessive time consumed, adj_ustments were made in the 
second series, which computed flow costs in 2 parts. One component of the flow cost 
was for interdistrict flows and the other was for intradistrict flows. 

All the programs except IN COM!', which carried out step 2, made extensive use of 
variants of the out-of-kilter network algorithm. This algorithm was chosen because it 
offers ease of programming and because it rapidly solves network and transportation 
problems that are minor modifications to the problems attacked here. 

SUMMARY 

The work that culminated in the formulation of this model was initiated to provide a 
normative means of area use allocation resulting in maximum net community return. 
We decided that the factors to be incorporated in the objective function were transporta
tion, incompatibility, and adaptability costs. We recognized, however, that a great deal 
of research will be required to quantify these costs accurately and precisely, and that 
some assumptions regarding the inputs were required. 

The primary assumption was that all costs can be represented satisfactorily by 
piecewise linear approximations. This requires that the data supplied to the model be 
chosen for the expected range of the sol):ltion variables. Because land use allocation 
is not sensitive to small changes in the input data, this should not be a serious limitation. 

A second major assumption in the solution procedure was that the transportation 
-cnst.s art:i .fixed_ Thi. it:i it s el'iou5 drawback, because it requires that each tran p,wl ::i
tion plan be studied separately. .Even so, if the initial iteratium; iu U1e i,olutio11 proce 
dure indicate that improvements, such ·as upgrading arterials to freeway status, may 
reduce overall costs, the new plan may be evaluated by changing a few data plus a min
imal amount of computation. Because the interdistrict and intradistrict flow costs are 
computed separately, changes in the i,najor thoroughfare plans and addition of conges
tion tolls to reduce unrealistically high volumes might be made without repeating lhe 
entire iteration. 

The third major assumption required for the solution was that the rate of generation 
of trips, and thus the major cost, was independent of the solution. This may nul ue true, 
but by proper calibration of the trip rates the resultant errors will be minimized. 

Finally, the solution procedure considers only a deterministic static case. If the 
static case is a distant horizon year, the resultant solution may not be satisfactory for 
the aggregate of the intervening years. A potential modification of the model to provide 
a good solution over a long term would be to construct the evaluators as the sum of 
several components. Each component should reflect the average value of a given al
location over a given period. 

The consideration of the deterministic case has led to the deletion of all intra -use 
flows. In the transportation algorithm utilized, all intra-use flow destinations and ori
gins are allocated to the same location because this results in least cost. The true 
selection of a trip destination is not always to the least cost location even though the 
probability of such a selection is high. Thus errors are introduced. Certain types of 
trips, such as the interresidential social-recreatioo trips, may be best deleted from 
the model because the destinations of these trips deviate cunsideralJly from the econ 
omist's rational choice and are not easily predicted. Thµs, the lntrare1:1ideutial flows 
were deleted from the Lafayette input data. Some inter-use flows may be deleted ad
vantageously if their volumes are so low that their effects on the solution are insignif
icant. These deletions cuultl reduce the computations considerably. 

Although external-internal trips were not considered in the Lafayette model, this 
may not be advisable in p1·actice because such trips will affect some use all cations. 
Dummy external zones, whose txip loading points are placed at the intersection of major 
arterials or highways near the plan area boundaries, may be used to consider their 
effect. 
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One of the drawbacks to the solution algorithm proposed her e is that s uccessive ap
plications of the transportation algorithm to various trip types preclude capacitation 
of transport routes. We have assumed that such route capacities can be increased as 
required. However, it is hoped that the multicommodity transportation algorithms will 
be improved to the point where they may be s ubstituted with desired capacity constraints, 
for the present algorithm. If the present algori thm is used, volumes could be limited 
only by calibrating the flow costs to reflect congestion. 

Because of the macroscopic nature of the model, the data it requires need not be 
more detailed than conventional land use model data. However, there is very little 
known on area use economies of scale (negative incompatibility), positive incompati
bility caused by by -pr oduct transmission, and the dollar-utility transform. All of 
these areas currently are considered on a subjective basis in planning. The provision 
of this model permits their quantitative consideration and, it is hoped, may help stimu
late research in each of the areas. Also, the area of goals formulation and evaluation 
requires further research. 

Incompatibility costs were considered only between adjacent locations in the Lafay
ette application. This can be extended to any number of locations for such by-products 
as smoke, which may cover a considerable area on the lee side of prevailing winds. The 
additional computation time is trivial, and additional computer storage requirements 
would likely not be a problem. 

Although the model was developed for use on one urbanized area, the same meth
odology could be applied, for example, to the design of a region or neighborhood. Major 
modifications would be required in the input data. For instance, in neighborhood de
sign the walking trip would be a significant factor. 

In the Lafayette application, economies of scale were neglected. This was partly 
because of a lack of knowledge of the appropriate data, but a more important reason 
was that the use categorization used for the test did not appear to be sufficiently de
finitive to realistically apply average scale economy factors. Although this certainly 
casts some doubt on the true value of the results, the test served its purpose, which was 
merely to test whether the procedures are practical. 
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This paper describes a series of experiments that have been 
conducted using the prototype transportation and land use de
velopment model developed by Schneider. The model is used 
to explore the impact that factors such as centrality, magnitude 
of growth, network speed, network density, and networkgeome
try have on land development. The relevance and utility of such 
experimentation to transportation planning are considered, and 
recommendations with respect to continuing research are 
discussed. 

•A THEORY THAT INTEGRATED the concepts of land development, modal choice, 
and accessibility was presented by Schneider at a conference on w·ban development 
models in the summer of HIR7 (1). SnhsP.quently the U.S. Bureau of Public Roads 
sponsored a 1·esearch project that undertook t.o develop a prolulype co nputer model 
that implemented this theory (2, 3). Since then, continuing research has concentrated 
on improving this prot0type model and further evaluating its usefulness in understand
ing past and present development and planning for patterns of development in the future. 
This paper will describe briefly the opetaLion of the prototype model and some experi
ments that have been performed using the model. 

DESCRIPTION OF THE MODEL 

Statement of Theory 

Basically, the theory states that the amount of dev lopment that will taJrn place on a 
parcel of land is r elated to the relative attractiveness and the relative accessibility of 
the site in comparison to all other sites in a ,region (1). The relationship is shown in 
the following equation: -

where 

Rf = equilibrium floor area at a site, 
RF = total floor area in the region, 
Ra - relative attractiveness of the site (e.g., proportion of developable land), 

I = access of the:, site and 
J = access integ1,a.l (fld.R) of the region. 

The total a.mount of development, RF, e.xpected in the region, the a.mount of land in the 
region described in terms of its relative attractiveness, the transportation networks 
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serving the region, and certain constants 
related to mode choice are specified as 
input. The model then allocates urban 
development to each zone until land devel
opment and accessibility in the region are 
in equilibrium. 

Network Characteristics 

The model accepts a description of up 
to 3 hierarchical networks or modes of 
travel. In this context a viable mode of 
travel is one that, over some distance, is 
either cheaper or faster than a competing 
mode. For purposes of network coding it 
is convenient, though not necessary, to 
order the networks in terms of increasing 
speed and travel cost, so that the cheapest, 
slowest network is numbered 1 and the 
fastest, most expensive mode is numbered 3. 

Figure 1. Region with 49 zones. The networks are not specified or rep
resented in terms of nodes and links, but 
are described in terms of travel param

eters that would obtain for a given distance on a specific mode. For each network the 
following parameters must be provided: travel speed (in miles per hour), travel cost 
(in cents per mile), time penalty (in minutes), and cost penalty (in cents). The travel 
cost approximates vehicle operating costs, the tinie penalty can be used to represent 
terminal time, and the cost penalty can be used to describe fares or parking charges. 

A table of travel factors for each mode and combination of modes is calculated by 
grid intervals from the interactance formula (1, p. 170, Eq . 11), the constants for which 
must be specified. Up to 10 such tables are pr ovided depending on the number of zone 
penalty codes used (these are discussed in the next section). The 4 network parameters 
must be provided for each of the 3 modes for each table. Any or all of these values may 
be varied from table to table depending on the network the user isattemptingtoreplicate. 

Zone Characteristics 

A region can be subdivided into as many as 2,500 uniform square zones within a grid 
of up to 50 subdivisions on a side. An example is shown in Figure 1. Each zone is re
ferred to by its coordinates; thus the southeast corner zone is 71. 

A zone may be connected in one of several ways to the 3 hierarchical networks or 
modes of travel that can serve the region (as described in the discussion of network 
cod.it)g ). The 4 connection codes provided are given in Table 1 and are shown circled 
in Figure 1. A zone coded 1 can use only the number 1 or low-order network, whereas 
a zone coded 3 can use all 3 networks or travel modes when interacting with another 
zone coded to the 3 network. A zonal pair coded 3-2 or 2-3 are able to use only the 2 
and 1 networks. A code of 4 is a spe-
cial connector that permits a zone so 
coded to use either the 2 or 1 network 
when interacting with zones coded to 
either the 3 or 2 network. A pair of 
zones coded 4-4, 1-4, or 4-1 must use 
the 1 network. 

A recent improvement that has been 
made to the prototype model allows the 
classification of zones by 1 of 4 codes, 
leading to a total of 10 unique zone-to
zone combinations of codes. For each 
combination of codes, the user may 

TABLE 1 

NETWORK CONNECTIONS PERMITTED BETWEEN ZONES 

Connection Code at 
Zone of Destination 

4 

Connection Code a t Zone of Origin 

2 4 

1, 2 1, 2 1, 2 

1, 2 1, 2, 3 1, 2 

1, 2 1, 2 
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Figure 2. Development pattern for population of 
20,000 served by uniform network with a speed of 

0.1 mph. 

Figure 3 . . Development pattern for population of 
20,000 served by uniform network with a speed of 

10 mph. 

specify a different set of network parameters, such as costs or speeds, and 
thereby obtain considerable flexibility in the description of the network that connects 
different classes of zones. The use of this zone coding scheme, which has come to be 
called the zone penalty code, is illustrated in the following example. 

In Figure 1, zone 45 connects to zone 51 on either the 2 or 1 network. The sum of 
their penalty codes (0 + 1 - 1) is used to refer to one (in this case the second) of 10 sets 
of network parameters. For example, all zones with a O penalty code could be given a 
5-minuteterminal time for mode 2 while zones with a 1 penalty code might have a 10-
minute terminal time. Thus a sum of penalty codes of O (0 + 0) would indicate a total 
tc:rmin_!tl _dQlay on network 2 of 10 min11tP.A j ~ sum of 1 (0 + 1 or 1 -t· 0), 15 minutes; 
and a sum of 2 (1 + i), 20 minutes. .... . .. 

The relative attractiveness of each zone, Ra, must also be specified. This can be 
used to denote the proportion of usable land in a zone (for example, by the use of a code 
of 0.25 for a zone that is 75 percent in swamp water) or may also be used subjectively 
to represent factors of amenity. 

Finally, a zone's development may be constrained to be no more than, equal to, or no 
less than some specified amount. This is accomplished by use of a 1, 2, or 3 code re
spectively and specifying a const1•aint. An additional option is available in which the 
use of a 4 code specifies that the development of a zone must be greater than the de
velopment achieved in a previous run of the model. 

EXPERIMENTS WITH PROTOTYPE MODEL 

Even the most casual observer of land development in this country would recognize 
the tendency for development to occur in clusters. Moreover, within any given cluster, 
there are recognizable forms, most prominent of which is for higher density of develop
ment to occur at the center. A series of runs was designed to explore the model's be
havior with respect to the various factors that are associated with this tendency. 

The Impact of Speed 

The first of these experiments involved a series of runs in a very simple region (49 
one-mile-square zones) in which all zones were equally attractive and connected to a 
single netwurk. The speed of the network wus then varied from 0.1 to 100 mph. Devel
opment equivalent to 20,000 people was allocated to the region for each run. The devel
opment pattern associated with a speed of 0.1 mph is shown in Figure 2. The pattern 
is completely flat and shows no trace of central tendency. Because access is so very poor, 
there is no position within the region that has any significant advantage over any other 
position. Figure 3 shows the development that results when the speed is increased to 
10 mph. There is some tendency for higher development in the center and lower devel 
opment at the edges and corners of the region. Figure 4, an extreme example, shows 
the effect of a speed of 100 mph on development. Here each zone is so easily reached 
that there are no significant accessibility differentials in the region, and development is 
essentially flat. 



Figure 4. Development pattern for population of 
20,000 served by uniform network with a speed of 

100 mph. 

The Impact of Differential Accessibility 
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Figure 5. Development pattern for population of 
20,000 served by transit network with a speed of 20 

mph. 

In this run, the same 49-square-mile region was used as a base, but 2 networks were 
used. A public transportation system operating at 20 mph and with a fare of 10 cents 
was assumed to run along 2 lines, one north and south and the other east and west, 
through the center of the region. All zones could use this network, but a different ter
minal time was used for each zone depending on its distance from the transit line. In 
addition, a walking mode at 3 mph was available to all zones. The development result
ing from these assumptions and a population equivalent to 20,000 is shown in Figure 5. 
The differential accessibility provided by these radial lines results in heavy ridges of 
development. 

The Impact of Magnitude of Growth 

Another factor that bears on the relative degree of centrality of development is the 
amount of development taking place in a given time for a given region and transport sys
tem. For our simple, hypothetical region we increased the amount of development from 
a population equivalent to 20,000 to populations equivalent to 200,000 and 1.0 million. 
The resulting settlement patterns are shown in Figures 6 and 7. The vertical scale has 
been adjusted by factors of 0.1 and 0.02 to make the height comparable to the develop
ment resulting from 20, 000 people (Fig. 3). Higher relative central densities are ap
parent when growth is increased from 20,000 to 200, 000, but the effect is fairly small 
(only 3 percent). The i mpact of the increase to 1.0 million (Fig. 7), however, is very 
substantial. The development in the central square mile (0404) rises from 12 to 2, 208, 
an increase that is 3 .4 times the overall regionwide increase of 50 times. 

Similar runs were made using the network with 2 transit lines in the center of the 
region, one running north and south and the other running east and west. The tendency 
for relatively more development to take place in the center than at the edges is again 
apparent. Figure 8 shows the development that results from a total population of 
200,000, and Figure 9 shows the development resulting from a population of 2.0 million. 
In both illustrations the vertical scale has been adjusted to keep the height of developa 
ment comparable to a total population of 20,000. 

Figure 6. Development pattern for population of 
200,000 served by uniform network with a speed of 

10 mph. 

Figure 7. Development pattern for population of 
1,000,000 served by uniform network with a speed of 

10 mph. 
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Figure 8 . Development pattern for population of 
200,000 served by transit network. 

Figure 9. Development pattern for population of 
2,000,000 served by transit network. 

Accessibility Effects on Shaping Settlement Patterns 

A variety of patterns of human settlement can be observed ranging from the densely 
packed metropolises of the East to the extensive cities of the West and Midwest. The 
following simulation experiments explored the impact of accessibility on these forms. 

The Linear City-Linear cities are typically found in valleys and owe their shape in 
large measure to the topographic features of their regions. However, a linear city 
lypically has a transportation facility that runs its length and strongly influences its develop
ment patterns. A simulation was made for a region 13 miles long by 7 miles wide. A 
transportation facility 7 miles in length and operating at 25 mph was provided to serve 
the region. All zones were given access to the facility, but zones through which the 
facility passed and zones adjacent to the facility had a terminal time to gel lo the facility 
based on a speed of 3 mph. The remaining zones using the facility had a terminal time 
based on a speed of 1 rnph unLU Lhey l'eacheLl lhe 3-rnph area adjacent to_ the facility. 
Development equivalent to a population of 50,000 was then allocated to the r egion. The 
resulting distribution is shown in Figure 10. Settlement takes place along the facility 
in a relatively dense ridge. Development within a half mile of the facility is twice as 
dense as development 2 miles distant. Development in this dense 2-mile band repre
sents 75 percent of the total development in the region. 

Accessibility Changes During the Evolution of a City-Many cities have experienced 
the bulk of their growth during periods when there was little or no change in transporta -
tion technology. The automobile has represented a major change in technology and has 
prompted much speculation over its impact on settlement patterns. A series of simula
tions was designed to explore this effect. 

In the first test, a region 11 miles long by 11 miles wide was given 2 transit lines, 
one running north and south and one running east and west. People could use these 
facilities for a fare of 10 cents and travel at a speed of 25 mph, but they were obliged 
to walk to the nearest of the 13 transit stations. Development equivalent to a population 
of about 750,000 was then allocated to this region. The resulting settlement pattern is 
shown in Figure 11. A distinct pattern of development in the vicinity of the transit lines 
results. 

Without changing the transportation network, we made another run but this time allo
cated twice as much urban development. The distinctive peaking in zones of high rela
tive accessibility, as described earlier, is shown in Figure 12. The peaking is quite 

Figure 10. Development pattern for population of 
50,000 in linear city. 

Figure 11. Development pattern for population of 
750,000 served by transit network. 



Figure 12. Development pattern for population of 
1,500,000 served by transit network . 

Figure 14. Development pattern for population of 
1,500,000 served by automobile network. 
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Figure 13. Development pattern for population of 
1,500,000 served first by transit then by automobile 

network. 

extreme and is illustrative of the dense 
central cities that grew up during the era 
of the cable cars, elevated lines, subways, 
and commuter railroads. 

To examine the pattern of development 
that the theory suggests will occur with the 
introduction of the automobile, we super
imposed a one-mile grid of streets on the 
region. A speed of 20 mph and a travel 
cost of 2 cents per mile were used. De
velopment that had taken place prior to the 
introduction of the automobile was retained, 
the automobile network being introduced 
only after regional development equivalent 

to a population of 750,000 had already occurred. The pattern resulting from this allo
cation is shown in Figure 13. Although the earlier pattern of central ridges is still ap
parent, all the new development can be seen to have taken place in the areas now acces
sible by automobile. The flattening or blunting of the tendency toward high densities by 
the introduction of the automobile network is quite dramatic. 

In the final run in this series, we assumed that an automobile network rather than a 
transit network was available at the very beginning of growth in the region. An alloca
tion of urban development equivalent to 1.5 million people was made in the region. The 
resulting pattern of development is shown in Figure 14. There is some tendency for 
higher densities to occur in the center of the region, but the dominant impression is one 
of a sprawling, ubiquitous development. 

Although these tests are only hypothetical, they provide persuasive illustrations of 
the differences in urban development patterns that might result under different transport 
technologies. In all of these tests, the land in each zone was assumed to be equally at
tractive. That is, no judgment was made as to suitability, topography, provision of 
utilities, or amenity. The differences in pattern resulted solely from differences in 
access. 

Three-Mode City 

To further examine the impact of accessibility on settlement as suggested by the 
theory, we set up a multiple rail network with 5 lines converging at the edge of a region 
that was hypothetically situated next to a large body of water, and that had a peak of 
development, therefore, offset from the geographic center of the region. The network 
and region utilized for this run are shown in Figure 15. 

The heavy lines are rapid transit lines having a speed of 25 mph and a 10-cent fare 
in this test. The shaded area is served by a bus network (or streetcar network) with 
a speed of 15 mph, a fare of 10 cents, and a terminal time of 15 minutes (5 minutes of 
walking at each end plus a 5-minute waiting time). The remainder of the area has no 
means of transportation but walking. Urban development equivalent to a population of 
1.0 million was allocated to the region; the resulting pattern of development is shown 
in Figure 16. The 5 radial rapid transit routes are prominent. The surface transit 
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Figure 15. Network in 3-mode city. 

7 

Figure 16. Development pattern for population of 
1,000,000 in 3-mode city. 

system also appears as a flat platform 
lower than the rapid transit system but 
considerably higher than the development 
in zones without transit service. 

CONCLUSIONS 

The tests described in this paper rep
resent a continuing effort to understand 
the process of land development and, from 
a theory advanced by Schneider, to attempt 
to replicate patterns of urban development. 
The yn:ilotype development model that im
plements this theory of land development 
has been made more realistic in terms of 
the network descriptions that it will ac
cept. The results of these tests are at the 
very least suggestive of the manner by 
which urban settlement has been shaped by 
different transport access. A program of 
research is continuing in which still more 
realistic replications will be attempted and 
in which factors such as the gross cost of 
land development may be incorporated into 
the model. 
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