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Preface 

This book presents an examination of the housing choices of low-in-
come families in two metropolitan areas—Phoenix and Pittsburgh. Some 
of these households were offered a novel kind of housing subsidy—a 
housing allowance or housing voucher—in an experimental framework 
designed to test this approach to demand-side housing assistance. A hous-
ing allowance is a direct cash payment made to a needy family, typically 
based on its income and willingness to find decent housing in the market-
place. A voucher is sometimes suggested as the method to implement this 
housing assistance strategy. 

Three types of housing allowance plans were tested in the Housing 
Allowance Demand Experiment. One, the "Housing Gap" housing allow-
ance, covered the gap between the cost of modest but decent housing and 
the fraction of income a household is expected to devote to housing. 
Housing Gap allowances were conditional subsidies paid only to income-
eligible households whose housing met certain health and safety require-
ments ("Minimum Standards"). As an experimental alternative, the re-
quirement that recipient housing meet these Minimum Standards was 
replaced by a requirement that housing expenditure exceed a specified 
"Minimum Rent" level. The second housing allowance type, the "Per-
cent of Rent" housing allowance, off erred participants a rebate of a per-
centage of their rent. Finally, to allow comparisons of housing allowance 
schemes with income maintenance programs, an "Unconstrained" hous-
ing allowance was tested. This type of allowance used the same payment 
formula as Housing Gap allowances without imposing any housing re-
quirement on participants. 

Chapter 1 presents an overview of U.S. housing programs and the 
dimensions of the U.S. housing problem. The experimental context of our 
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xii Preface 

analysis is then described. The rest of the book is divided into three major 
parts. 

The first part investigates the "normal" housing market behavior of 
low-income households. This investigation of their housing demand uses 
the housing price reduction resulting from the Percent of Rent allowance 
to examine their demand for housing. Chapter 2 presents a simple micro-
economic model that conceptualizes household behavior and then 
presents a summary of some of the extant evidence on housing demand. 
The remainder of the chapter estimates housing demand models for the 
low-income population in the Demand Experiment, using housing ex-
penditures to measure housing. Chapter 3 then takes a different approach 
to measuring housing—a hedonic index of housing services that abstracts 
from particular characteristics of the household or landlord that may af-
fect rent and attempts to measure housing in a more objective manner. 

The second major part of the book examines the responses of Housing 
Gap and Unconstrained households—households receiving an income-
based housing subsidy. Chapter 4 presents a model of household behavior 
that leads to the methodology for estimating experimental effects. The 
procedure adopted measures household response as a deviation from nor-
mal behavior. The models of normal behavior draw on the findings of 
Chapters 2 and 3. Two types of housing change are examined for Mini-
mum Standards households in Chapter 4—physical housing standards 
and housing expenditures. Chapter 5 repeats the analysis for Minimum 
Rent households, and Chapter 6 examines the effect of both kinds of 
Housing Gap allowance payment on the consumption of housing services 
(the more objective measure of housing introduced in Chapter 3). 

In the final part of the book, Chapter 7, we use our findings, and the 
findings of other analyses of additional aspects of housing allowances, to 
focus on the implications of the experimental findings for housing policy. 
We compare a housing allowance strategy with two other approaches, a 
pure income-transfer approach and a construction-oriented approach, 
concluding that none of the three strategies offer the one solution to the 
U.S. "housing problem." After discussing the role a housing allowance 
program may play in this housing policy triad, we offer some suggested 
approaches to implementing such a strategy. 

The appendixes cover both basic and technical information. After pro-
viding more detail on the design and implementation of the Demand Ex-
periment, we offer several technical appendixes that explicate our meth-
odologies in detail and extend the analysis of the main text into additional 
areas. The final appendix offers some supplementary tables. 

Housing vouchers are a particularly timely and important federal hous-
ing strategy. The final report of President Reagan's Commission on Hous-
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ing (1982) has endorsed the concept of housing vouchers as a major ele-
ment of U.S. housing policy. Similarly, the U.S. Department of Housing 
and Urban Development (HUD) has sent legislation to Congress in an 
attempt to create a workable national program of housing allowances (see 
Congressional Budget Office, 1982). We believe that our book can provide 
some valuable insights for housing policymakers in both the executive 
and legislative branches of government as they formulate and consider 
such an approach. 

Similarly, the book would be of interest to all those interested in hous-
ing policy, ranging from economists and regional and other social scien-
tists in academia, to housing analysts and HUD, the Congress, and hous-
ing lobby groups, and to state and local government housing officials 
(particularly to those likely to be administering such a program). Others 
that may find useful information in this book are social scientists inter-
ested in the results of one of the largest social experiments ever con-
ducted. 
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Chapter 1 
Introduction 

In the past 50 years, the federal government's role in the housing sector 
has grown from nearly nil to that of a major participant. This evolution 
was a response to the perception that the free market failed to respond 
adequately to the nation's housing needs. Government intervention was 
needed if the goal of the U.S. housing policy was to be fulfilled. This goal, 
as stated succinctly in the U.S. Housing Act of 1949, is to "provide a 
decent, safe, and sanitary living environment . . . for every American." 

Although the mix and emphasis of housing policies has varied over 
time, most programs have been construction-oriented—geared toward in-
creasing the supply of adequate housing. During the 1960s, economists, 
housing specialists, and the public at large criticized most housing pro-
grams as inequitable and wasteful. The programs were considered in-
equitable because they served only a small fraction of the population 
eligible for housing assistance and wasteful because the subsidized units 
were more expensive to build and maintain than similar units in the pri-
vate housing market. Economists added an inefficiency argument, to wit, 
that the housing subsidy received was as an in-kind benefit and was there-
fore valued by the recipients as worth less than its cost to the government. 
These criticisms led to a revival of the idea of a demand-oriented 
alternative—a program of housing vouchers called housing allowances. 

The idea of housing allowances is not new. It was considered but re-
jected in the formulation of the original Housing Act of 1937. However, in 
the early 1970s, when the disadvantages of conventional housing programs 
became increasingly apparent, housing allowances began to be considered 
a viable policy alternative. 

Housing allowances are regular periodic payments made directly to 
eligible families (or individuals) unable to afford a decent home in a suita-

1 



2 1. Introduction 

ble living environment. The amount of the periodic allowance is usually 
related to a family's size and its income and often to the cost of a stan-
dard, existing house or apartment located in a modest neighborhood, as 
determined in each locality separately. Since the allowance is paid di-
rectly to families, they are given the purchasing power to enter the market 
for decent housing and considerable freedom to select the house or apart-
ment they wish. Recipient families are freed from the direct stigma of 
welfare assistance or unwarranted restriction on individual choice. The 
only restriction on the family's choice is the imposition of some basic 
minimum of housing standards on the unit it occupies. These standards 
reflect the policymakers' views on what characterizes decent or adequate 
housing. 

A properly designed housing allowance program can meet the policy 
goals of providing needy families with adequate housing at a price they 
can afford. Recipients would choose existing units rather than be con-
strained to specially built subsidized housing. Thus, with a given housing 
assistance budget, more eligible families could be served by an allowance 
program than by conventional, more expensive, construction-oriented 
programs. 

Support for housing allowances was far from unanimous. Critics 
charged that demand subsidies, which do not directly add housing units to 
the stock of adequate housing, would cause housing price inflation. In 
addition, doubts were raised about the ability of low-income households 
to use their allowances effectively in competition for adequate housing 
units in the marketplace. 

In order to determine the effectiveness of a housing allowance-based 
housing assistance strategy, the U.S. Department of Housing and Urban 
Development (HUD) established a research program on housing 
allowances—the Experimental Housing Allowance Program (EHAP). 
HUD sponsored three experiments, each designed to address a particular 
cluster of issues: 

1. How do households use their allowances? (Demand Experi-
ment) 

2. How does the housing market respond to the allowances? 
(Supply Experiment) 

3. Can existing public agencies adequately administer a program of 
housing allowances? (Administrative Agency Experiment) 

This book is based on our analysis of household behavior in the De-
mand Experiment. It describes how families changed their housing in 
response to housing allowance offers. 
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THE EVOLUTION OF HOUSING PROGRAMS 

Before World War I, public intervention in the housing sector was 
limited to regulatory measures such as building and occupancy codes to 
assure minimum standards of safety and health. Large-scale intervention, 
particularly direct assistance designed to improve housing conditions, is 
therefore a relatively modern phenomenon. 

In the nineteenth century, public concern was concentrated on sanita-
tion, rather than directly on housing. As cities became increasingly popu-
lated by poor immigrants, public officials became aware of the severe 
health problems in densely settled neighborhoods. They proceeded to 
install or improve water supply and sewage systems. This trend was rein-
forced in the late nineteenth century as the germ theory of disease gained 
prominence (Burns and Grebler, 1977, p. 75). Government intervention in 
housing was extended to include such requirements as sanitary and run-
ning water systems and improved ventilation in newly constructed 
buildings. 

Housing conditions that may facilitate the spread of disease have 
largely been eliminated in the United States. Nevertheless, the continuing 
public intervention in the housing sector demonstrates that there are addi-
tional reasons for public involvement. The two major contemporary ratio-
nales for government intervention in the housing sector are housing mar-
ket imperfections and "merit good" considerations.1 Imperfections in the 
housing market arise from "such factors as the fixed supply of land in 
urban settings, zoning and discrimination which reduce tenant mobility, 
linkages between location and job availability, lumpiness of housing out-
lays, credit risks, and so forth" (Musgrave, 1976, p. 215). Furthermore, 
the existence of externalities in neighborhoods whereby the attributes and 
living conditions of one dwelling unit can affect the value and living condi-
tions of another also argues for the government to attempt structural 
remedies for these imperfections. 

The basic argument for providing cash assistance to households to be 
used specifically for housing instead of general cash transfers is based on 
the belief that housing is a "merit good—a form of consumption which 
society views more important than allowed for by individual choices" 
(Musgrave, 1976, p. 215), coupled with the feeling that "the poorest 
people among us should live in better housing than they are able to afford, 

1 The rationales for government intervention in housing have been discussed at length in 
U.S. Department of Housing and Urban Development, Housing in the Seventies Working 
Papers (1976). See particularly the papers by Weicher, Muth, Musgrave, and DeSalvo. 
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and that they should be assisted to do so" (Weicher, 1976b, p. 182). In 
particular, the imposition of building codes to improve the quality of 
housing increases its cost and places a floor on the rents of such housing. 
This rent is typically higher than the share of income that families at the 
lower end of the income scale would freely choose to allocate for housing. 
Housing subsidies could then be viewed as a way to compensate poor 
families for the government's actions in limiting their housing choices. 

Many approaches have been used to provide housing assistance to 
low-income households.2 Subsidies for low-income families began in 1937 
when the public housing program was established. Under this program, 
local housing authorities were empowered to replace slum housing with 
newly constructed rental housing. The federal subsidy reduced the capital 
cost of the project by reducing the effective rate of interest paid by the 
developer. In 1968, the federal subsidy was extended to cover part of the 
operating costs of public housing projects as well. A second major pro-
gram was the urban renewal program, established in 1949. This program 
reduced the costs of building by partially subsidizing land acquisition 
costs. 

To enable the government to work through capital markets, the Federal 
National Mortgage Association (FNMA) was established in 1938. In their 
"below market interest rate" program (Section 221.d.2), FNMA lent 
money at below-market interest rates to private developers agreeing to 
build moderate-income housing. In 1961, Congress created the "market 
rate" program (Section 221.d.3). This program allowed loans for apart-
ment projects. It was complemented by the 1965 "rent supplement" pro-
gram, which allowed the federal government to make rental payments on 
behalf of tenants to the sponsors of "market rate" housing, thus permit-
ting low-income families to live in conventionally financed (at the market 
interest rate) housing. Rent supplements covered the difference between 
25% of the tenant family's income and the rent. These interest rate pro-
grams were succeeded by the Section 236 interest subsidy program. 

Since 1961, home ownership has also been subsidized by the federal 
government. The subsidy program extended loans to buyers who were 
perceived to have high default probabilities. In 1968, the Section 235 
program introduced subsidies for home purchase using the same formula 
as did the Section 236 program. 

Practically all federal housing programs came under criticism by the 
late 1960s and the early 1970s as being too costly, not working as desired, 
or not serving enough eligible families. At that time, a major shift in policy 

2 This description of U.S. housing programs is based on Weicher (1976/?). 
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was undertaken to focus on the demand side of the housing market, by 
giving subsidies directly to families. This approach was in sharp contrast 
to the supply-oriented programs in which subsidies were in effect tied to 
specific units. The Housing and Urban Development Act of 1965 added 
two programs—the rent supplement program and the Section 23 leased-
housing program—which moved in the direction of the housing allowance 
by giving beneficiaries more flexibility in choosing the places they could 
live and by making the value of the subsidy depend on a family's income. 
The Section 23 housing program allowed Public Housing Authorities to 
lease existing private dwelling units and subsidize low-income households 
to live in them. One potential expansion of this program was to provide 
housing allowances—to directly enable eligible households to purchase 
adequate housing in the private market. The households themselves 
would then be responsible for finding apartments and negotiating with 
landlords. 

One step toward such an unrestricted system of housing subsidies was 
the 1974 revision of the Section 23 program—re titled Section 8. The Exist-
ing Housing portion of the Section 8 program focused on households as 
objects of the subsidy and permitted them to locate suitable units by 
themselves, but the government retained some control over location and 
assisted in lease negotiation, with payment going directly to the landlords. 
(The two other parts of the Section 8 program are known as "New 
Construction" and "Substantial Rehabilitation" and retain a supply-side 
orientation.) 

Housing allowances, though not a new idea, having been examined by 
Congress in some way for more than 40 years (see Hamilton, 1979, pp. 
3-4), may be viewed as representing a further step in the direction of 
demand-side housing subsidies. As mentioned earlier, housing vouchers 
were considered but rejected in formulating the Housing Act of 1937. 
They were reconsidered in the Taft Subcommittee hearings on postwar 
housing policy in 1944, in designing the Housing Act of 1949, and in the 
1953 report by the President's Advisory Committee on Government Hous-
ing Policies and Programs. 

In 1968, the President's Committee on Urban Housing (the Kaiser 
Committee) argued in favor of a housing allowance and recommended that 
the government undertake an experiment to determine whether a housing 
allowance program would be feasible and worthwhile. Housing allow-
ances were thought to have several potential advantages. Housing allow-
ances could be less expensive than some other kinds of housing programs 
because they permit utilization of existing sound housing and they are not 
tied to new construction. Housing allowances could also be more equita-
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ble. Because no new units have to be built, more eligible households can 
be served by a housing voucher program than by a new construction 
program of the same dollar size. 

In addition, the amount of the allowance can be adjusted to changes in 
income without forcing the household to change its residence. To obtain 
better housing than is required to qualify for the allowance, households 
may also, if they desire, use their own resources, either by paying higher 
rent or by searching for housing more extensively. As long as program 
requirements are met, housing allowances offer households considerable 
choice in selecting the housing most appropriate to their needs. In con-
trast to traditional housing assistance programs that provide a specific 
type of housing in a given location, housing allowance recipients are free 
to choose where they live. They may choose to locate near schools, near 
friends or relatives, or to break out of racial or socioeconomic segrega-
tion. They may also choose the type of building they live in—single or 
multifamily. Finally, housing allowances may be less costly to administer. 
Because program administration need not involve supervision of every 
detail of participant housing, the burden of obtaining housing that meets 
essential requirements is shifted from program adminstrators to partici-
pants. 

The recommendations of the committee inspired preliminary analytic 
efforts, and small-scale demonstrations were conducted by the Model 
Cities agencies in Kansas City, Missouri, and Wilmington, Delaware. The 
Housing and Urban Development Act of 1970 called for HUD to carry out 
a major investigation of housing allowances; under this mandate HUD 
initiated the Experimental Housing Allowance Program (EHAP). Of the 
three experiments initiated, only the Demand Experiment was designed to 
examine the effects of alternative formulations of the housing allowance 
on the behavior of households offered an opportunity to participate. The 
Demand Experiment was also the only one to follow the model of prior 
social experimentation, by including control groups and drawing heavily 
on the design of the income maintenance (negative income tax) experi-
ments.3 Neither the Supply nor the Administrative Agency experiments 
included a control group and should, therefore, more correctly be called 
demonstration projects. 

THE U.S. HOUSING PROBLEM 

There is a widespread perception by the American public that there is a 
housing problem. Furthermore, it is believed that the problem can and 

3 See, for example, Rossi and Lyall (1976). 



The U.S. Housing Problem 7 

should be ameliorated by federal intervention. Frieden and Solomon 
(1977, pp. 82-85) characterize housing-deprived households as house-
holds who occupy dwelling units that are physically inadequate, over-
crowded, excessively costly, or in an inadequate neighborhood environ-
ment. Using their criteria and data from the 1973 Annual Housing Survey, 
they concluded that 16.8 million of a total of 69.3 million households (24%) 
suffered housing deprivation. Using only their first three criteria (physical 
inadequacy, overcrowding, and excessive cost), there were still 12.8 mil-
lion housing-deprived households (18%). 

These figures do represent an improvement from 13.1 million and 15.3 
million housing-deprived households in 1970 and 1960, respectively. 
Frieden and Solomon assert that the problem of housing deprivation is 
changing from one of physical inadequacy to one of excessive cost. In 
1960, the proportion of housing-deprived low-income households in phys-
ically inadequate units to those in adequate units but paying more than 
25% of their annual income for rent was almost three to one (71% in 
physically inadequate units, 24% in adequate but excessively costly units, 
and 5% in overcrowded units). In contrast, by 1973 the proportion was 
approximately even (49%, 47%, and 4%, respectively). 

Martin Levine (Congressional Budget Office, 1978) developed alternate 
measures of housing need, again based on the three-way classification 
used by Frieden and Solomon: physical deficiencies, overcrowding, and 
excessive housing cost.4 He concluded that in 1976 7.7% of all occupied 
dwelling units were physically inadequate, 4.6% of units were over-
crowded (more than 1.0 persons per room), and 46.6% of all renters paid 
too much (more than 25% of family income) for rent. Of course, as shown 
in Table 1-1, some families are subject to more than one deficiency. The 
table provides a cross-classification of U.S. households in 1976 by catego-
ries of housing deprivation. Overall, 11.1 million (65.5%) of all lower- and 
moderate-income renters and 6.7 million (35.9%) of lower- and moderate-
income homeowners experienced some form of housing deprivation. 

Analysts have disagreed about the implications of these trends for 
housing policy. For example, Levine emphasized the continuing existence 
of physically inadequate housing while Weicher (1976a) concluded that 
"we are probably very close to meeting the national housing 'goal of a 
decent home,' as it was originally envisioned in 1949." In any case, a 
consensus had begun to emerge that there was more of a need for rent 
relief than for physical improvements in housing. 

4 The use of neighborhood conditions to indicate inadequacy is a fairly recent develop-
ment, made possible only through use of information collected by the Annual Housing 
Surveys. Based on household reports on aspects of neighborhood blight, this data offered the 
possibility of extending the definition of housing deprivation. 
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Table 1-2 
Housing Adequacy of Demand Experiment Enrollees (1973) 

Percentage in 

Clearly inadequate units 

Questionable units 

Apparently adequate units 

Sample size 

All 
low-income 

households 

43% 

26 

31 

(3357) 

Poverty 

households 

56% 

24 

19 

(1697) 

Nbnpoverty 

low-income 

households 

30% 

27 

43 

(1670) 

Source: Budding (1980), Figure 2-2. 

Note: All households enrolled in the Demand Experiment ware low-income, 

with the eligibility limit determined by family size and the 

allowance plan enrolled in. 

In contrast, Budding (1980) discovered that these conclusions substan-
tially misrepresent the housing needs of low-income households, espe-
cially those low-income households with incomes below the poverty line.5 

Budding used survey information on the preexperimental housing con-
ditions of households enrolled in the Housing Allowance Demand Ex-
periment to classify housing units as clearly inadequate if they were struc-
turally unsound, had unvented gas heaters, rats, inadequate fire exits, 
incomplete plumbing or kitchen facilities, no heat, seriously damaged in-
terior surfaces, inadequate electrical services, or needed major repairs (to 
obtain working plumbing, adequate light and ventilation, or adequate ceil-
ing height). Units that were rated as being unsound or needing major 
repairs, but without having a specific deficiency noted, and units with 
deficiencies that could be temporary (such as nonworking plumbing) were 
designated as questionable units. 

The results of his analysis, shown in Table 1-2, are startling. Of all 
enrolled households, 43% lived in clearly inadequate units, as compared 
to the 13% found by Levine. Another 26% lived in units of questionable 
quality, while only 31% were in units that were apparently adequate. 
Among households with incomes below poverty level, the situation was 
even worse—56% were in clearly inadequate units; 24% were in ques-
tionable units; and only 19% were in apparently adequate units. 

The second form of housing deprivation analyzed by Budding was 
5 The discussion of Budding's findings is based on Kennedy (1980). 
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overcrowding. Concerns about crowding have shifted over time from 
questions of family privacy and health, involving several families crowded 
into one unit, to issues of individual privacy involving too little space per 
person within the unit. HUD regulations define a unit as crowded when 
there are more than two persons per bedroom. Budding developed a 
somewhat more sophisticated and more complex measure that took into 
account the ages and sexes of household members. 

The two measures do give different incidences of crowding, as shown in 
Table 1-3. Overall, the percentage of households in crowded units is 23% 
under the two persons per room standard and 27% under the household 
composition standard. More important is the strong relationship between 
crowding and household size. At least two-thirds of large households (with 
five or more members) were overcrowded while only one-quarter of three-
and four-person households were overcrowded. The high incidence of 
crowding persists across a wide range of incomes. Among large house-
holds, crowding exists for more than half the households with incomes up 
to twice the poverty level. Among smaller households, the incidence of 
crowding is substantially greater than 25% only for households with in-
comes below the poverty line. 

The final form of housing deprivation considered by Budding was ex-
cessive rent burden. Households in physically adequate and uncrowded 

Table 1-3 
Overcrowding of Demand Experiment Enrollees 

Household size 

1 or 2b 

3 or 4 

5 or more 

All households 

Nbre than 

two persons 

per bedroom 

0% 

24 

68 

23 

Not enough 

bedrooms 
a 

for privacy 

0% 

26 

80 

27 

Sample 

size 

1376 

1291 

700 

3367 

Source: Budding (1980), Table 3-2. 

a The number of bedrooms needed under this measure is defined 

as one bedroom for every two household members, with the added 

requirement that unrelated roomers and boarders (adults and 

children) and teenage children of opposite sexes not have to 

share a bedroom. 

b Crowding is definitionally impossible for one- or two-person 

households. 
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Table 1-4 
Rent Burden of Demand Experiment Enrollees by Poverty Status 

All lew- Incomes Incomes 

income below above 

renters poverty poverty 

Percentage with rent burdens greater 

than 25% of income 68 79 58 

Percentage with rent burdens greater 

than 40% of income 28 43 14 

Sample size 3367 1697 1670 

Source: Budding (1980), Figure 3-5. 

housing are often regarded as housing-deprived if they obtain their hous-
ing at the cost of failing to meet other basic household needs. The most 
frequently used criterion for excessive rent burden, both in analysis and 
legislation, is spending more than 25% of income for housing.6 Rent bur-
dens of over 25% were quite common among the low-income renters 
enrolled in the Demand Experiment. As indicated in Table 1-4, over two-
thirds of all enrollees had rent burdens in excess of 25% of income, while 
28% had rent burdens of more than 40%. Not surprisingly, households 
with incomes at or below poverty were more often suffering excessive 
rent burdens, and especially very high rent burdens. 

Budding's analysis makes it clear that, in the U.S. in the early 1970s, 
there was still a substantial housing problem, as distinct from an income 
problem. A general income support program could ameliorate or even 
eliminate the problem of excessive rent burden but would not necessarily 
have much of an effect on the problem of inadequate housing. On the 
other hand, a properly designed housing voucher program could reduce 
the incidence of both problems. The different impacts of housing allow-
ances and general income support are examined later in the book. 

THE HOUSING ALLOWANCE DEMAND EXPERIMENT 

As stated earlier, to address the issues associated with establishing an 
efficient and equitable U.S. housing strategy, HUD initiated a series of 
housing experiments. The experiment examined in this book, the Housing 

6 Despite its common use, the 25% criterion for reasonable rent burdens is essentially 
arbitrary. Lane (1977) indicates that the figure first arose from the practice in certain mill 
towns, where workers were charged one week's pay a month for company-supplied housing. 
Thereafter, it seems to have become a widely used but unsubstantiated rule of thumb. 
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Allowance Demand Experiment, was designed to address issues of feasi-
bility, desirability, and appropriate structure of a housing voucher pro-
gram by measuring how individual households would react to various 
allowance formulas and housing standards requirements. The Demand 
Experiment was operated simultaneously in two sites—Allegheny 
County, Pennsylvania (Pittsburgh), and Maricopa County, Arizona 
(Phoenix)—and involved approximately 1200 experimental and 500 con-
trol households in each area for a 3-year period. The experimental sites, 
Pittsburgh and Phoenix, were selected on the basis of their growth rates, 
rental vacancy rates, degree of racial concentration, and housing costs. 
These sites were chosen to provide contrasts between an older, more 
slowly growing eastern metropolitan area and a newer, relatively rapidly 
growing western metropolitan area. In addition, Pittsburgh has a substan-
tial black minority and Phoenix a substantial Hispanic minority popu-
lation. 

Analysis was based on data collected from households during their first 
2 years after enrollment in the experiment. The experimental programs 
were continued for a third year in order to reduce confusion between 
participants' reactions to the experimental offers and their adjustment to 
the phaseout of the experiment. During their last year in the experiment, 
eligible and interested households were aided in entering other housing 
programs. 

There were four basic treatment plans under which households were 
enrolled: Housing Gap, Unconstrained, Percent of Rent, and Control.7 

Households in Housing Gap plans were offered payments designed to 
bridge the gap between the cost of modest, existing standard housing and 
the fraction of income that a low-income household could reasonably be 
expected to spend on housing. The formula used was 

S =C -bY, (1) 

where S is the amount of the allowance payment; C is the basic payment 
schedule, varied experimentally and by household size and site; b is the 
benefit reduction rate (the rate at which the allowance is reduced as in-
come increases); and Y is household disposable income. 

The Housing Gap allowance plans were constrained in the sense that 
households received an allowance only if they occupied a unit that met the 

7 The basic design and analysis approach is presented in Abt Associates Inc., Experimen-
tal Design and Analysis Plan of the Demand Experiment, August 1973, and in Abt Associates 
Inc., Summary Evaluation Design, June 1973. Details of the operating rules of the Demand 
Experiment are contained in Abt Associates Inc., Site Operating Procedures Handbook, 
April 1973. See Appendix I for more details. 
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program's housing requirements, described further in the following pages. 
In contrast, the Unconstrained plan offered households payments based 
on the same formula as in the Housing Gap plan but without a housing 
requirement. This plan resembled a general income support program, ex-
cept that the payment amount was determined by need for housing ex-
penses rather than need for all household expenses. 

Percent of Rent plans offered households rent rebates in the form of 
cash payments equal to a fixed fraction of their monthly rents. Households 
in these plans had no housing requirements to meet. Their payment was 
tied directly to the amount spent for housing. Finally, the group of Control 
households did not receive any housing allowance payment but received a 
$10 monthly cooperation payment for providing the same information as 
experimental households. They served as a comparison group against 
which to estimate the effect of different allowance plans. 

The Demand Experiment was designed not only to evaluate the impact 
of a Housing Gap allowance program but also to evaluate a variety of 
possible alternative plans within such a program. The experiment in-
cluded 11 different Housing Gap allowance plans, testing three levels for 
the basic payment schedules, three values for the benefit reduction rate, 
and two types of housing requirements—Minimum Standards and Mini-
mum Rent. The three basic payment schedules tested were proportional 
to C*, the estimated cost of modest, existing, standard housing for various 
household sizes in each metropolitan area.8 The value of the benefit reduc-
tion rate/? varied around 0.25 (corresponding to typical payment formulas 
in conventionally subsidized housing). 

To receive payments, households under the Minimum Standards re-
quirements had to occupy units that met certain physical quality stan-
dards for the dwelling unit and had a minimum number of rooms per 
person. This sort of requirement has been used in existing housing pro-
grams such as Section 23 and Section 8. Such physical housing require-
ments necessitate housing inspections, which are costly to the government 
and may impose inconvenience on both tenants and landlords. As a possi-
ble less costly alternative, a Minimum Rent requirement was tested. Min-
imum Rent plans required households to spend at least a certain minimum 
amount for housing in order to receive allowance payments. Two mini-
mum rent levels were tested, 0.7C* and 0.9C* (where C* was the esti-
mated cost of standard housing). 

Households in the Percent of Rent plans had no specific requirements 
to meet as their payment was tied directly to rent: A household's allow-

8 The value of C* varied by household size and site and was established from estimates 
given by a panel of housing experts familiar with the sites. 
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Housing Gap: Payment - C - bY 

b value 

£ = 0.15 

b = 0.25 

b = 0.35 

C level 

C* 

1.2C* 

C* 

0.8C* 

C* 

HOUSING REQUIREMENTS 
Minimum 
Standards 

Plan 10 

Plan 1 

Plan 2 

Plan 3 

Plan 11 

Minimum Rent 
Low (0.7C*) 

Plan 4 

Plan 5 

Plan 6 

Minimum Rent 
High (0.9C*) 

Plan 7 

Plan8 

Plan 9 

No requirement 
(Unconstrained) 

Plan 12 

Percent of Rent: Payment = aR 

a = 0.6 a = 0.5 

Control : 

a = 0.4 3 = 0.3 

With housing 
information 

Plan 24 

Without housing 
information 

Plan 25 ' 

Symbols: C* = Basic payment level varied by household size and site 
Y = Net income 
R = Rent 
a = Percentage of rent subsidized 
b = Rate at which the housing gap allowance was reduced 

as income increased 

Figure 1 - 1 . Allowance plans tested. 

3 = 0.2 

Plan 13 Plans 14-16 Plans 17-19 Plans 20-22 Plan 23 

ance 
was 

payment was proportional to the total rent. The payment formula 

S = aR (2) 

where R is rent and a is the fraction of rent paid by the allowance. Five 
values of a ranging from a = 0.2 to a = 0.6 were tested in the Demand 
Experiment, and the value of a remained constant once a household had 
been enrolled in order to aid experimental analysis.9 

Figure 1-1 illustrates the 17 experimental and 2 control treatment 

9 In a national Percent of Rent program, a would probably vary with income or rent, or 
both. 
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groups in the Demand Experiment design. The first nine plans included 
three variations in the basic payment level, C (1.2C*, C*, and 0.8C*), and 
three variations in housing requirements [Minimum Standards, Minimum 
Rent Low (0.7C*), and Minimum Rent High (0.9C*)]. The value of/? (the 
rate at which the allowance was reduced as income increased) was 0.25 for 
each of these plans. The next two plans had the same level of C (C*), used 
the Minimum Standards housing requirement, but used different values of 
b (in the tenth plan the value of b was 0.15, and in the eleventh plan, 0.35). 
Eligible households that did not meet their housing requirement were still 
able to enroll. They received full payments whenever they met the re-
quirements during the 3 years of the experiment. Even before meeting the 
housing requirements, such households received a cooperation payment 
of $10 per month as long as they completed all reporting and interview 
requirements. 

The twelfth plan was unconstrained; that is, it had no housing require-
ment. This unconstrained plan allowed a direct comparison with a general 
income-transfer program. All the households in the various allowance 
plans had to meet a basic income eligibility requirement. This limit was 
approximately the income level at which the household would receive no 
payment under the Housing Gap formula, (C*/0.25). 

Analysis of the impact of the housing allowance on housing consump-
tion was based on the first 2 years of experimental data. Thus, the key 
sample size is the number of households in the experiment at the end of 
the first 2 years. The enrollment and 2-year sample sizes are shown in 
Appendix Table IV-10 and are composed of households that were still 
active, in the sense that they were continuing to fulfill reporting require-
ments. 



Chapter 2 
The Demand for Rental Housing 

Housing allowances increase household income. Consequently, hous-
ing allowances should induce recipients to increase their consumption of 
goods and services in general, and housing in particular. During the early 
policy debates on the effectiveness of a housing allowance strategy, it was 
argued that the increased demand for housing, if concentrated in one 
sector of the housing market (such as rental housing meeting a particular 
housing standard), might cause inflation in the price of housing in that 
sector. Such an increase would, in turn, have a dampening effect on the 
demand for housing. The exact magnitude of a household's housing de-
mand response to changes in income and prices depends upon the demand 
function for housing. This function depicts the quantitative relationship 
between housing demanded on the one hand, and the various characteris-
tics of the household and the housing market that determine demand on 
the other. During the planning phase of the Demand Experiment (in the 
early 1970s), there was considerable uncertainty over what this function 
looked like. This uncertainty led to the inclusion of the Percent of Rent 
component in the experiment to make it possible to estimate relevant 
demand parameters.1 

The demand for housing discussed here is the demand for the consumer 
good "housing services." Note that this demand is distinct from the de-
mand for the asset (investment good) "housing stock." The concept of 
housing services is crucial to the understanding of the analysis; therefore 
an explanation follows.2 A dwelling unit (including the land on which it 

1 The Housing Assistance Supply Experiment was designed to measure inflationary ef-
fects. Rydell (1979) found that at the two Supply Experiment sites (Green Bay, Wisconsin, 
and South Bend, Indiana), no such effects were detected. 

2 This explanation is based on Olsen (1969). 
17 
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stands) represents an amount of housing capital stock. Landlords are 
investors who buy and sell housing services to consumers. Consumers, at 
least those who rent their housing, are not typically in the market for 
housing stock. Rather, they are in the market for housing services—the 
flow of services yielded during any period of time by the capital stock 
embodied in the dwelling unit. 

When consumers buy housing services, they get not only the dwelling 
unit but also many neighborhood amenities including accessibility to em-
ployment, shopping centers, and various municipal services (schools, fire 
protection, garbage collection, etc.). Although landlords do not directly 
control the provision of these other services, their cost is reflected in the 
rents that tenants pay. These costs are embodied in rent both because the 
type and quality of these services, as well as the property taxes charged by 
the local government, influence the price of land on which the dwelling 
unit stands and, therefore, its purchase price and the rents charged to 
cover costs (including normal return on investments). In contrast to ten-
ants, homeowners have the dual role of landlords and tenants. They are 
the owners of the housing stock represented by their house and at the 
same time they use the housing services yielded by that stock. We are 
concerned here only with renters and therefore ignore investment aspects 
of housing consumption. 

The Percent of Rent plans were included in the Demand Experiment in 
an attempt to overcome a major obstacle faced by analysts of the demand 
for housing services. Separate observations on prices and quantities of 
housing services are not normally available. Instead, one usually observes 
only the unit's rent, which may be thought of as the price per unit of 
housing services pH times the quantity of housing services H: R = pHH. 

Households in Percent of Rent plans received housing allowances in the 
form of a rent rebate S equal to a fixed fraction a of their gross housing 
expenditures (including utilities)/?: 

S = aR. (1) 

The household's net housing expenditure Rn thus consisted of the differ-
ence between its gross expenditure and the rebate, 

Rn = R - S = (1 - a)R. (2) 

For a given quantity of housing, then, the net outlay for Percent of Rent 
households was 

Rn = (1 - a)R = (1 - a)pHH. (3) 

Thus, the rent rebate can be viewed as having reduced the effective price 
of housing to recipients from pH to (1 - a)pH. 
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Experimental variation in the price of housing was achieved by ran-
domly assigning households to groups with different percentages of rent 
rebated, ranging from 20% to 60% for experimental households and zero 
for control households. As is shown later, this variation enabled estima-
tion of the relationship between housing price and housing demand. The 
natural variation in the incomes of households in the sample enabled the 
estimation of the relationship between income and housing demand. 

A MICROECONOMIC MODEL OF HOUSING DEMAND 

In this section, we introduce a few concepts of the microeconomics of 
housing demand and explain how the proportional rent rebates affect 
household behavior. 

Assume that households normally consume the quantity of housing 
services (H) and nonhousing goods (Z) that maximizes household utility 
U(H, Z), subject to the budget constraint 

Y=pHH + pzZ (4) 

where Y is household income; PH is the price of housing (thus pHH is rent); 
and pz is the price of nonhousing goods. 

Figure 2-1 represents this diagrammatically with a hypothetical house-
hold choosing to consume an amount of housing services H0 and an 
amount of nonhousing goods and services (including savings) Z0 (deter-
mined from the budget constraint). The indifference curves show the 
combinations of housing and nonhousing goods needed to maintain a 
given level of utility. A key assumption is that indifference curves are 
concave from above—as housing consumption is reduced, an increasing 
amount of nonhousing goods is needed in order to leave the household 
equally satisfied. 

Any increase in income (such as receipt of a regular cash allowance 
payment) would move the budget line outward, inducing the household to 
consume more housing (HJ and more nonhousing goods (Ζχ), see Figure 
2-1(a). Alternatively, a reduction in the relative price of housing from 
(PH/PZ) to [(1 - a)pH/pz]9 pivots the budget line outward, again inducing 
the household to increase housing consumption, see Figure 2-1(b). The 
extent of these changes in consumption depends on two factors: the size 
of the change in income or price and the responsiveness of the household 
to such changes. This responsiveness reflects the tastes of the household 
for the particular good in question and is often expressed as an elasticity 
of demand—the percentage change in consumption resulting from a given 
percentage change in income or in price. 
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Figure 2-1 . Effect of price and income changes on desired housing consumption. 

The functional relationship between the desired amount of each good 
chosen and household income and prices is termed a demand function. 
One way this demand function for housing services can be expressed is as 

H = H(Y,pH,pz). (5) 

In addition to income and prices, other variables may also affect housing 
demand. For example, different demographic groups may have different 
relative preferences for housing versus other goods and services. 
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The exact impact of a housing allowance on housing consumption de-
pends on the recipient's relative valuation of housing and nonhousing 
goods, as reflected by the demand function for housing. The theory of 
consumer demand does not suggest a specific form for the demand func-
tion, and the choice of the functional form is usually based on empirical 
considerations. Two different specifications are used here to investigate 
the response of Percent of Rent households to the rent rebates in order to 
gain insights into the sensitivity of the estimates to the exact specification. 
Demand functions then form the basis for an examination of the Housing 
Gap housing allowances in Chapters 4-6. Both specifications of the de-
mand function for housing examined here relate the quantity of housing 
demanded to a consumer's income and housing prices. The first is the 
log-linear demand function, which has been widely used in empirical stud-
ies of housing demand. The second is a linear expenditures function. 

Since the rent rebate offered Percent of Rent households in effect re-
duced the price of housing they faced, their response to the rent rebate is 
measured by the price elasticity of demand for housing. The price elastic-
ity of demand, np, is defined as the ratio of the percentage change in 
quantity demanded to the percentage change in housing price. Similarly, 
the income elasticity of demand, ny, is defined as the ratio of the percent-
age change in quantity demanded to the percentage change in income. 
These elasticities can be expressed mathematically as 

ηΌ = 
dH/H = dln(ff) 

ÖPH/PH d ln(pH)' 

and (6) 

nY = dH/H = dln(H) 
dY/Y d\n(Y) 

If the price and income elasticities are constant, the demand function is 
log-linear and can be expressed mathematically as3 

ln(//) = 60 + *>i ln(F) + b2 ln(pH), (7) 

where b0 is a constant and the coefficients bx and b2 are, respectively, the 
income and price elasticity of demand for housing. 

3 In this equation, pz is normalized to equal unity. The log-linear demand function could 
be written 

\n(H) = b0 + bx \n(Y/Pz) + b2 ln(PH/Pz) 
= [b0 - (b, + b2) ln(pz)] + bx 1η(Κ) + b2 \n(pH). 

If pz is unobservable and differs across sites, then the estimated constant term will differ 
as well. 
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Equation (7) can be written in terms of rental expenditures rather than 
the abstract "quantity of housing services" by recognizing that rental 
expenditures equal the product of price and quantity (R = pHH). For a 
log-linear demand equation, this is done by adding the logarithm of price 
to both sides of the equation: 

\n{R) = \n(pHH) = b0 + bx ln(F) + (1 + b2) ln(pH). (8) 

Equation (8) expresses the logarithm of housing expenditures, ln(R), as a 
linear function of the logarithms of income and of the relative price of 
housing. 

The log-linear demand function has several advantages which explain 
its popularity in empirical work. It is simple to estimate using Ordinary 
Least Squares (OLS) regression; its parameters may be easily interpreted 
as (constant) price and income elasticities; and only the constant term is 
affected by changes in the units of measurement. Thus, general price 
inflation is easily accommodated in estimation by permitting the intercept, 
b0, to change over time. This attribute greatly facilitates comparisons over 
time and across cities. On the other hand, restricting the price and income 
elasticities to be constant may be unwarranted, and the function itself 
cannot be derived from a known direct utility function. 

Equation (8) includes one important variable, pH, which is not observa-
ble on the household level.4 However, because of the experimental varia-
tion in prices due to the proportional rent rebates, it is not necessary to 
observe pH. As was shown previously, the price of housing faced by 
Percent of Rent recipients was changed by the rent rebates from pH to (1 -
a)pH. Substituting (1 - a)pH for pH in Eq. (8) gives 

ln[(l - a)pHH] = b0 + bx ln(F) + (1 + b2) ln[(l - a)pH]. (9) 

Equation (9) can be rearranged as 

ln[(l - a)pHH] = [b0 + (1 + b2)\n(pH)] + bx\n{Y) + (1 + b2) ln(l - a). 
(10) 

Equation (10) is in terms of net rent. Subtracting ln(l - a) from both sides 
yields an equation in terms of gross rent: 

\n{pHH) = [b0 + (1 + b2) ln(pH)] + bx 1η(Γ) + b2 ln(l - a). (11) 

4 As discussed later, several researchers have circumvented this problem by using the 
Bureau of Labor Statistics housing budget indices computed on a metropolitan basis as a 
proxy for housing price. However, Polinsky (1977) has shown that such a proxy is theoreti-
cally likely to lead to biased estimates of both income and price elasticities. 
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Equation (11) contains the unobservable variable, pH, the price of housing 
services. To estimate the equation, it must be rewritten in terms of ob-
servable variables only, and a stochastic error term e added 

ln(Ä) = b'0 + fti ln(F) + b2 ln(l - a) + e, (12) 

where 

b'0 = [>0 + (1 + b2)ln(pH)]. 

If the price of housing pH varies across locations, the constant term b'0 

will also vary since it is a function of pH. lfpH varies within sites, variations 
around the mean are included in the stochastic term e. As long as Y and 
(1 - a) are independent of the unobserved variable pH, unbiased estimates 
of the parameters of Eq. (12) may be obtained using OLS regression. In-
deed, in the Demand Experiment,.households were assigned to the different 
rent rebate plans (including the plan a = 0, the Control group) at random, 
assuring that the a level is stochastically independent of the unobserved 
price pH. Likewise, there is no reason to believe that income is signifi-
cantly correlated with the overall unit price of housing services.5 

A useful alternative to the log-linear function is the linear expenditure 
function which expresses rent as a linear function of income and price: 

R = A + BY+ CpH. (13) 

For the linear expenditure function, income and price elasticities are 
not constant, but vary with both price and income. The price elasticity is 

= -(A + BY) 
" A+BY+CPH' U ; 

and the income elasticity is 

ηγ = A + BY+ Cp„ ( 1 5 ) 

5 The Percent of Rent plan with a 60% rebate was only offered to households in the lower 
third of the income distribution of the eligible population, while the 20% rebate plan was only 
offered to the households in the upper two-thirds. Since income is included as a variable in 
the demand equations, this will not bias the results. 

Some models of residential location have implied thatp# and Fare negatively correlated 
(that is, higher income households pay less per unit of housing than lower income house-
holds). If that were the case, bx would be misestimated. This particular objection is not 
applicable here, since those location models separate locational attributes from housing 
services. In this analysis, the commodity housing includes location and accessibility. Sec-
ondly, if minorities pay more for a given housing unit than do nonminorities, then income Y 
and pH may be correlated because income and race are usually correlated. Merrill (1980), 
however, found no evidence of any large price differentials due to race or ethnicity in the 
Demand Experiment sites. 
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Both the income and price elasticities approach unity (in absolute value) 
as income rises. In contrast to the log-linear demand function, the linear 
expenditure function can be derived from a known utility function. This 
utility function is the Stone-Geary utility function, which is written as 

U(H, Z) = (H - xx)\Z - x2y~\ (16) 

where b, xu and x2 are parameters, 0 < b < 1, H > xu and Z > x2. 
When this utility function is maximized subject to the budget constraint 

[Eq. (1)] and is normalized by setting the price of the composite good Z 
equal to one (pz = 1), the equilibrium demand function is6 

H = Xl + (b/pH)(Y - PHXI - x2). (17) 

In terms of rental expenditures, Eq. (17) becomes 

R = pHH = ρΗχλ(\ -b) + b(Y- x2), (18) 

which is identical to Eq. (13), where A = —bx2,B = b, andC = (1 - b)xx. 
Moreover, in contrast to the log-linear form, since this function is derived 

6 The demand function is derived by taking the log of the utility function [Eq. (16)] and 
defining the Lagrangian 

L = b \n(H - JCJ) + (1 - b) ln(Z - x2) + m(Y - pHH - pzZ). 

The first order conditions are 
Γ U 

(i) 

(ü) 

(iii) 

From (i) and (ii), 

or 

dL 
d// 
dL 
άΖ 

dL _ 
dm 

b 
ΡΗ(Η - Xj) 

b(pzZ 

This can be rewritten as 

Finally, using (iii): 

PHH 

- Pz-v2) = 

= PHXI + 

H = xx + 

b 

" ΊΓ^χ~, ~ mpH 

\ - b 

Y^v2-
mpz ■ 

-- Y - pHH - pzZ -

- 1 ~b 
pz(Z - x2) 

= 0 

= 0 

= 0 

PHH - pHxx - b{pHH -

b(pHH + pzZ - pHx1 -

WPH)(Y-PHXI- - Pz*2) 

PHXI· 

PzX2)· 

which yields Eq. (17) when pz is set equal to one. Thus, equilibrium rent (/?#//) can be 
interpreted as some minimum (PHXI) plus a constant fraction b of income above some 
minimum amount (known as supernumerary income). 
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directly from a utility function, it satisfies the theoretical constraints on 
demand functions within certain ranges (see Phlips, 1974).7 

Since the underlying utility function is defined only for values of H 
greater than or equal to xx and Z greater than or equal to x2, the param-
eters xx and x2 have often been interpreted as minimum subsistence levels 
of housing and nonhousing goods. This interpretation is untenable if the 
JC'S are negative, as will be true if the price elasticity of demand is greater 
than one (in absolute value). Alternatively, the parameters xx and x2 can 
be viewed merely as parameters that affect the shape of the household 
demand function. 

Rent rebates can be introduced in a way identical to the log-linear case. 
Replacing pH with (1 - a)pH in Eq. (13) yields (recall that R = pHH) 

(1 - a)pHH = A + BY + C(l - a)pH. (19) 

Dividing both sides of Eq. (19) by (1 - a) yields 

R = pHH = A[l/(1 - a)] + B[Y/(l - a)] + C + e. (20) 

where 

C = CpH. 

The term 1/(1 - a) in Eq. (20) enables estimation by OLS regression of all 
the parameters of the 2-good Stone-Geary utility function φ, xu and x2) 
using individual household data.8 

7 The potential usefulness of the theoretical link to individual utility functions is largely 
lost in estimation. The constraints on the coefficients are those for the utility function—that 
for every household, 0 < b < \, H > χλ, and Z ^ JC2. These restrictions may in theory be 
maintained for every observation in either of two ways. First, if taste are assumed to be the 
same for all households (so that the stochastic term represents disequilibrium housing ex-
penditures), then parameters can be restricted so that no income and price observation yields 
a predicted expenditure level less than pHX\- Alternatively, a (restricted) stochastic distri-
bution of parameters could be specified. Neither of these procedures is attempted in this 
book. 

8 Introduction of the rent rebates also modifies the formulas for the price and income 
elasticities of demand. The price elasticity becomes 

= -(A + BY) 
Hp A+ BY+ C'(\ - a) 

and the income elasticity 

= i*r 
ηγ A + BY+C'(l - a)' 
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EVIDENCE FROM RECENT EMPIRICAL 
ESTIMATES OF HOUSING DEMAND9 

This section presents some recent empirical evidence on price and in-
come elasticities of demand for rental housing. For the most part, housing 
demand analyses have ignored the role of housing price in influencing 
demand, choosing instead to focus on the role of income. The major 
reason for this focus is the difficulty of constructing accurate and generally 
applicable indices of housing price and the lack of time-series measure-
ments of household housing demand under different housing prices. 

The difficulties of measuring the price of housing are more severe than 
those of measuring the prices of most consumer goods. There is no single 
price of housing. The difference in cost of a 1-bedroom unit between two 
cities may not reflect the difference in cost for a 4-bedroom unit in those 
two cities. Most recent housing demand analyses that attempted to esti-
mate price elasticities have relied on aggregate data from the City Work-
er's Family Budgets established by the Bureau of Labor Statistics (BLS). 
However, since the BLS budget is estimated only for a particular housing 
type, the index based on it may be unrepresentative or even misleading 
concerning price differences in housing in general.10 

In addition, the type of household (as defined by household size, com-
position, or income, for example) that occupies the prototypical BLS unit 
may differ from place to place or over time, due to, among other things, 
differences in the price of housing. In this case, measurement errors in the 
price index may be systematically related to household characteristics. 
Unless such factors are explicitly accounted for in estimated demand 
relationships, the estimated price elasticity of housing demand based on 
the BLS index will subsume the effects of such household characteristics 
on housing demand and may produce misleading results.11 

One further limitation of conventional housing price indices is that they 
typically apply to entire metropolitan areas and consequently fail to ac-
count for housing price variations within those areas. There is growing 
evidence that intracity price variations may be considerable, relative to 
between-city variations, as a result of geographical or ethnic submarkets, 

9 This section was adapted from a paper by Mayo (1981). 
10 The "rent shelter component of the (City Worker's) Budget refers to an unfurnished 

five-room unit (house or apartment) in sound condition and with a complete bath, a fully 
equipped kitchen, hot and cold running water, electricity, central or other installed heating, 
access to public transportation, schools, grocery stores, play space for children, and location 
in residential neighborhoods free from nuisances" (Gillingham, 1975). 

11 For a more extended discussion of this problem, see Mayo and Fenton (1974), espe-
cially pp. 7-22. See also Polinsky (1977). 
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racial price discrimination, and spatial variation in land prices and rental 
unit operating expenses. Not only have such price variations been iden-
tified, but households have been found to adjust their housing consump-
tion patterns rationally to intra-area price variations (see particularly 
Straszheim, 1975; King, 1972). By ignoring such variations, conven-
tional housing price indices are subject to what may be considerable mea-
surement error, thereby raising the possibility that extant estimates of 
price elasticities of housing demand are biased. 

The inadequacies of conventional price indices provide an explanation 
for the wide variation in price elasticity estimates among studies that have 
used similar or even identical data but different empirical specifications of 
housing demand functions or different sets of explanatory variables. For 
example, three recent analyses have relied on data from the same panel 
survey, the Panel Study of Income Dynamics (PSID), administered by the 
University of Michigan Survey Research Center, and all have used BLS 
"rent shelter component" data as the basis for housing prices (Carliner, 
1973; Fenton, 1974; Lee and Kong, 1977). The major differences among 
the analyses are due to the different explanatory variables (other than 
housing price) included in their estimated demand functions. 

The analyses produced strikingly different results. Carliner found that 
in no alternative demand function specification was the estimated price 
elasticity for renters significant at a high level; estimated magnitudes 
ranged from -0.1 to +0.02, depending on the specification. Fenton, on the 
other hand, observed uniformly significant price elasticity estimates rang-
ing from -0.7 to -1.9 depending on which of several socioeconomic 
groups was being considered, and he estimated the price elasticity for the 
entire renter population at -1.27. Furthermore, Lee and Kong estimated 
statistically significant price elasticities of -0.6 for renters in two alterna-
tive specifications of housing demand functions. Of the three, the Lee and 
Kong specification does the best job of attempting to account for potential 
biases in their estimate of the price elasticity. Yet the results of these three 
analyses with nearly identical basic data seem to indicate that the specifi-
cation of the housing demand function appears critical in influencing esti-
mated price elasticities.12 

Several other studies have found price elasticities of about -0.7. 

12 The estimated income elasticities are generally quite similar among the three analyses, 
despite some differences in specification. Carliner (1973) estimated income elasticities from 
about 0.4 to about 0.5 for renters, depending on the functional form and the definition of 
income. Fenton's (1974) income elasticity estimates also centered on the 0.4 to 0.5 range for 
most socioeconomic groups. Lee and Kong (1977) estimated income elasticities ranging from 
about 0.3 to 0.7 for renters (depending on the income definition and estimation method); for 
their most carefully specified model, they obtained an estimate of about 0.5. 
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DeLeeuw (1971), using BLS price data and 1960 Census data on renters, 
estimated a price elasticity of about -0.7 but conceded that the true value 
could be as high as -1.5, as a result of simultaneous determination of 
housing prices, quantities, and rents. Nelson (1975) reproduced 
deLeeuw's analysis using 1970 Census data and found a price elasticity for 
renters of about -0.7.13 One review of empirical analyses of housing 
demand (Polinsky, 1977) concluded that although biases on price and 
income elasticities may be serious in most extant analyses, by correcting 
for such biases a price elasticity of housing demand for homeowners on 
the order of -0.75 is obtained. Despite Polinsky's analysis, there appears 
to be little consensus on an appropriate value for the price elasticity of 
housing demand. The disparate results of the three analyses of the PSID 
data (Carliner, 1973; Fenton, 1974; Lee and Kong, 1977) illustrate most 
dramatically the range of uncertainty that surrounded the subject of 
housing price elasticity, particularly for renters. 

Experimentally created variations in housing prices—the result of rent 
rebates offered Percent of Rent households—have the potential of reduc-
ing that uncertainty considerably for three main reasons. First, the per-
centage price reduction applies to all housing equally. Thus the price of 
every unit the household could rent is rendered by the same proportion, so 
that the effect of a proportional change in prices can be estimated without 
having to know the base price of housing or whether this price varies 
among households. Second, assignment of households to the Percent of 
Rent rebate groups was random, so that the housing price variation created 
by the rebate should not be correlated with household characteristics that 
influence housing consumption, thereby eliminating one of the more seri-
ous problems associated with using conventional housing price indices in 
demand studies.14 Third, the range of price variations resulting from the 
subsidy is large relative to variations in such housing price indices as the 
BLS index; thus housing consumption responses may be estimated over a 
broader range of prices than has been typical of nonexperimental 
analyses. 

In contrast to the price elasticity, the relationship between income and 
housing consumption has received considerable attention. An important 

13 Nelson (1975) found a price elasticity for homeowners of about -0.3. Other analyses of 
housing price elasticities for homeowners have estimated values of -0.3 (Carliner, 1973), 
-0.8 to -0.9 (Maisei et al., 1971), and -0.7 to -0.8 (Muth, 1971). The last two analyses 
were based on Federal Housing Administration data on individual homeowners, and the first 
on the PSID. 

14 As noted previously, because measurement errors in conventional price indices are 
likely to be systematically related to household characteristics, their use in estimating de-
mand functions can result in biased price elasticity estimates. 
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review article (deLeeuw, 1971) cited several analyses that estimated in-
come elasticities greater than one (indicating that housing consumption is 
highly sensitive to income changes) and only one analysis that found an 
income elasticity less than one (Lee, 1968). Since deLeeuw's review, 
however, many analyses have indicated income elasticities less than one, 
and no recent analysis has indicated an income elasticity for renters 
even approaching one. Some analyses, in fact, have indicated income 
elasticities as low as 0.1 and 0.3 (Kain and Quigley, 1975; Nelson, 1975). 
Several others have indicated income elasticities from 0.4 to 0.6 (Car-
liner, 1973; Fenton, 1974; Lee and Kong, 1977; Mayo, 1973; Straszheim, 
1975). 

The major source of the discrepancies between the results of the analy-
ses reviewed by deLeeuw and of subsequent analyses is the level of 
aggregation of the data. Nearly all of the analyses cited by deLeeuw used 
data aggregated to at least the Census tract level, and most were based on 
Standard Metropolitan Statistical Area (SMSA) averages. The subsequent 
analyses have been based on individual household data. Three recent 
analyses have indicated that biases in estimated income elasticities may 
be severe as a result of using aggregate data. In one (Maisei et al., 1971), 
demand functions were estimated for homeowners using Federal Housing 
Administration data—first for individual households and then for SMSA 
averages of the same households. The disaggregated data produced an 
income elasticity estimate of about 0.45, whereas the SMSA-average data 
produced an elasticity of about 0.9. 

Polinsky (1977) argued that aggregation of the data and misspecification 
of demand relationships combine to account for the differences between 
income elasticity estimates using household data and those using aggre-
gated data. He suggests that an appropriate value for the income elasticity 
is about 0.75, although the figure could be higher for homeowners and 
lower for renters. Nelson (1975), using data on individual households, 
estimated income elasticities (for renters) of about 0.28. When individual 
data were grouped randomly, income elasticity estimates were about 0.35. 
When they were grouped according to Census tracts, income elasticities 
were about 0.76—an increase of about 170% over estimates using individ-
ual data.15 

Estimated income elasticities may also be biased by errors in measur-
ing household income. In particular, if households make decisions about 

15 There may be biases in estimates from household data as well. Polinsky (1977), for 
example, argues on theoretical grounds that many such estimates of income elasticities are 
biased as a result of improper specification of housing price, that is, by using a metropolitan 
areawide index instead of an observation-based one. Since analysis of the Demand Experi-
ment data used observation-based price variation, this is not a concern here. 
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housing expenditures on the basis of expectations concerning income to 
be received over a long period of time rather than on the basis of current 
income, then some measure of permanent or normal income will be more 
appropriate than current income to use in estimating demand functions 
(see Friedman, 1957). Use of a short-term income measure would then be 
likely to underestimate the income response, in that changes in short-term 
income would lead to housing changes only as they lead to changes in 
long-term (permanent) income. In general, analyses that have used house-
hold data to estimate demand functions have attempted to estimate in-
come elasticities with respect to permanent income rather than (or in 
addition to) elasticities with respect to current income. The methods used 
have varied greatly and have generally tended to be somewhat ad hoc. 
Two alternate income measures are examined in this book—current in-
come and income averaged over 3 years, the latter chosen to approximate 
normal income.16 

EXPENDITURE CHANGES FOR PERCENT 
OF RENT HOUSEHOLDS 

As described previously, rent rebates provide an incentive to increase 
rental expenditures by reducing the effective price of housing to recip-
ients. Thus, recipients of the rebates would be expected to increase hous-
ing expenditures relative to control households during the experiment. As 
shown in Table 2-1, the average increase in rental expenditures for recip-
ients was higher than that for control households at both sites. Percent of 
Rent households increased their housing expenditures by an average of 
26% in each site, while control households had a smaller increase—18%. 

These figures suggest that the rent rebate did indeed induce Percent of 
Rent households to increase their housing expenditures and that house-
holds were sensitive to the price of housing. A straightforward, but crude, 
way of measuring the expenditure response induced by the allowances is 
the amount by which recipient households' rent increases exceed that of 
Control households. Table 2-1 indicates that the experimentally induced 
change in housing expenditures, net of the normal increases represented 
by Control households (due in part to inflation), averaged 8 percentage 
points in each site. The average price reduction attributable to the rent 
rebate was approximately 40%. Consequently, a rough estimate of the 

16 An additional measure of permanent income—one based on income predicted from an 
instrumental variable regression using socioeconomic characteristics—was tested, but it 
gave results similar to the average income measure. 
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Table 2-1 
Monthly Housing Expenditures 

TREATMENT GROUP 

Percent of Rent 
households 

Control households 

Mean housing 

expenditures 

At 
Enrol lment 

$114 

115 

At Two 

Years 

Mean 

housing 

Anount 

Pittsburgh 

$139 

133 

$25 

18 

change in 

expenditures 

Percentage3 

26 

18 

Sample 

size 

(385) 

(289) 

Phoenix 

Percent of Rent 
households 

Control households 

132 

128 

162 

145 

30 

17 

26 

18 

(280) 

(252) 

a Percentage change is defined as the mean of the ratio of the 

change in rent to the rent at enrollment. 

price elasticity of housing expenditures is the ratio of these two numbers 
or -0.20 (that is, for every 10% decrease in price, housing expenditures 
increased by about 2%). These crude comparisons of expenditure changes 
indicate that housing demand is somewhat (but not very) responsive to 
income and price incentives. More accurate estimates of the demand 
elasticities are presented next. 

ECONOMETRIC ESTIMATES OF DEMAND PARAMETERS 

Table 2-2 presents the price and income elasticities in the total sample 
of Percent of Rent and Control households, as estimated using both the 
log-linear and the linear expenditure functions.17 The price elasticity point 
estimates from the log-linear form for the total sample are about -0.18 in 

17 Two income variables were used in estimation of the demand parameters—a current 
income measure and a permanent income measure (3-year average income). Since theoreti-
cal arguments suggest that response to the average income measure is more closely related 
to household behavior, average income will be presented in the text. (The current income 
estimates are presented in Appendix IV.) 
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Table 2-2 
Price and Income Elasticity Estimates for the Overall Sample 

Demand function 

Log-linear 

Linear3 

Log-linear 

Linear3 

Pittsburgh 

-0.178 

(0.038) 

-0.164 

(0.042) 

0.333 

(0.028) 

0.291 

(0.021) 

Price 

Income 

Phoenix 

elasticity 

-0.234 

(0.049) 

-0.213 

(0.051) 

elasticity*3 

0.435 

(0.032) 

0.377 

(0.024) 

Sample size (674) (532) 

Note: Standard errors in parentheses; t-statistics all significant at 

the 0.01 level. 

a At mean income and price (mean monthly household income is $417 for 

Pittsburgh and $434 for Phoenix; mean Price is 0.75 for Pittsburgh 

and 0.77 for Phoenix). 

b Three-year average income is used here as a measure of permanent income. 

Pittsburgh and -0.23 in Phoenix; the income elasticity estimates from the 
log-linear specification are about 0.33 in Pittsburgh and 0.44 in Phoenix. 
Since under the linear specification the elasticities vary with price and 
income, the numbers presented for comparison represent derived linear 
price and income elasticities as computed from the estimated parameters 
of the linear demand function using the mean monthly income and mean 
relative price, (1 - a), for the sample. That the linear and log-linear 
estimates are so close at the mean for the low-income Demand Experi-
ment population suggests that, if a single elasticity estimate is needed, the 
log-linear demand function provides a reasonable approximation for the 
mean of the sample and, therefore, will be focused on for much of the rest 
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of this chapter. For some applications, one should nevertheless realize 
that the log-linear price elasticity estimate may be affected by the level 
and distribution of income in the sample used for estimation. 

The entire sample of renter households may not be the best sample to 
use in order to estimate the demand functions. The theory underlying the 
housing demand and expenditure functions discussed earlier was based on 
the household's choice of optimal, utility-maximizing amounts of housing. 
However, the expenses of search and moving that usually precede ad-
justments of housing consumption to changed household circumstances 
may be significant. Households may not adjust immediately to correct 
imbalances in their consumption of housing and nonhousing goods. Thus, 
unless they have moved recently, they may not be consuming their de-
sired amount of housing; the actual amount of housing they consume may 
differ from the amount implied by their demand function. (A more com-
plete discussion of the role of housing disequilibrium in residential mobil-
ity is presented in Appendix V.) 

If renters generally adjust their housing by moving, then households that 
did not move would be expected to show little change in housing expendi-
tures in response to the rent rebates. As these households move, they may 
respond more like the households that moved during the experimental 
period. Thus, estimates for movers may provide a better estimate of the 
underlying demand function and the eventual response to a rent rebate 
than would estimates based on the entire sample. This suggests that it is 
desirable to estimate a separate demand function solely for movers. 

The idea that the psychological and financial costs of moving may lead 
some households to consume apparently nonoptimal amounts of housing 
for long periods of time raises several other issues relevant for the estima-
tion of demand functions. For example, households may attempt to base 
their current housing purchases on their best notion of what their income 
and prices are likely to be over some period of time. In particular, they 
might either adjust slowly to the price changes offered by the Percent of 
Rent rebates or they might discount these rebates because the rebate was 
offered for only 3 years. These factors would suggest that the responses 
observed during the experiment would be lower than the eventual re-
sponse to a permanent program. On the other hand, households that move 
may be those having the greatest responsiveness to price changes and 
hence the greatest incentive to adjust their housing. This would mean that 
the responses of movers would tend to overestimate the eventual response 
to a permanent program. These and other issues in the analysis are dis-
cussed in Appendix II, where it is shown that they do not in fact pose 
serious problems in using mover households to estimate household re-
sponses to changes in price and income. 
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Table 2-3 presents the elasticities estimated for the sample of house-
holds that moved between enrollment and 2 years after enrollment. The 
site similarity is striking; the estimated price elasticities for the two sites 
are -0.21 in Pittsburgh and -0.22 in Phoenix, and the estimated income 
elasticities are identical: 0.36. Indeed, one demand equation can be esti-
mated for the entire mover sample (pooling the sites). As shown in Table 
2-4, the price elasticity estimated by a pooled log-linear regression with 
different site intercepts is -0.22, and the income elasticity is 0.36, both 
significantly different from zero at the 0.01 level. 

THE EFFECT OF DEMOGRAPHIC VARIABLES 

Different demographic groups may have different relative preferences 
for housing versus other goods and services. Furthermore, policy interest 

Table 2-3 
Price and Income Elasticity Estimates for the Movers Sample 

Demand Function 

Log-linear 

Lineara 

Log-linear 

Lineara 

Sample size 

Pittsburgh 

-0.211 

(0.063) 

-0.222 

(0.069) 

Price 

Income 

0.363 

(0.052) 

0.375 

(0.038) 

(236) 

Phoenix 

elasticity 

-0.219 

(0.059) 

-0.198 

(0.061) 

elasticity*3 

0.364 

(0.042) 

0.330 

(0.029) 

(292) 

Note: Standard errors in parentheses; t - s t a t i s t i c s a l l s ignificant a t 
the 0.01 leve l . 

a At mean income and pr ice (mean monthly household income i s $417 for 
Pittsburgh and $434 for Phoenix; mean Price i s 0.75 for Pittsburgh 
and 0.77 for Phoenix). 

k Three-year average income i s used here as a measure of permanent income. 
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Table 2-4 
Price and Income Elasticity Estimates for the Movers Sample (Pooled Sites) 

Elasticity estimate 

Price elasticity (log-linear) -0.216 

(0.043) 

95% confidence interval [-0.301, -0.131] 

Income elasticity3 (log-linear) 0.364 

(0.033) 

95% confidence interval [0.299, 0.429] 

Sample size (528) 

Note: Standard errors in parentheses; t-statistics significant at the 

0.01 level. 
a Ihree-year average income is used here as a measure of permanent income. 

is often focused on certain demographic groups, in particular, minority or 
elderly households. Thus the influences of demographic variables on the 
price and income elasticities are investigated further in the following 
pages. 

The data collected during the Demand Experiment enabled a detailed 
characterization of each household in terms of its demographic attributes. 
A combination of statistical tests, consideration of sample sizes, and 
judgment was used to reduce the relevant demographic characteristics to 
two statistically significant and policy-relevant variables: minority status 
and household composition. Minority status indicates whether the head of 
the household is a member of a minority group (black in Pittsburgh, and 
black or Hispanic in Phoenix). Household composition indicates whether 
the household is an elderly single person, is a single head of household 
(with children or other family members present), or is a couple (with or 
without children). These three types of households are referred to as 
single-person, single-headed with others present, and couple, respectively. 

To determine the importance of the demographic characteristics, the 
sample was stratified into subsamples defined by combinations of these 
variables. The results of this investigation are discussed shortly for the 
sample of movers. Because the results for the log-linear and the linear 
equations are very similar, only the former are discussed. 

Under this approach, each demographic group is allowed to have dif-
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ferent price and income elasticities. Each equation was estimated for white 
and minority households, for single-person households, households 
headed by a couple, and households headed by a single person with others 
present. In addition, each equation was estimated for subsamples created 
by combining the minority and the household composition criteria. These 
equations were used to test hypotheses of homogeneity of elasticities 
among the groups via variance-ratio tests. (The full equations are pre-
sented in Appendix IV.) 

In Pittsburgh, minority and white households were the same with re-
spect to their equilibrium demand for housing. This similarity is indicated 
by an insignificant variance-ratio test statistic (see Table 2-5). In Phoenix, 
minority and nonminority households appear to have had different equilib-
rium demand equations. A variance-ratio test for homogeneity of elas-
ticities, given different minority intercepts, rejects the hypothesis of ho-
mogeneity. Minority households in Phoenix had much lower price and 
income elasticities than did white households. Note also that, while the 
estimated elasticities for Hispanic households were lower than for any 
other group and not significantly different from zero, their error of esti-
mate was too large for a conclusive finding. 

In Pittsburgh, dummy variable regression indicated that intercepts may 
vary among the three household types. Examination of the elasticity esti-
mates reveals large differences among elasticities by household type (see 
Table 2-6), and test statistics reject the homogeneity assumption. House-
holds headed by a couple have the largest elasticities with respect to 
income (0.61) and with respect to price (-0.36). Pairwise comparisons of 
the elasticities among the three demographic groups show that the only 
significant difference is between the income elasticities for single-headed 
households and couples in Pittsburgh. In Phoenix, the hypothesis of ho-
mogeneity of the demand elasticities by household type cannot be re-
jected; no group appears more responsive than another to price and 
income changes. 

Pooling the sites was statistically possible for the complete mover sam-
ple. Although the preceding individual examination of the two sites iden-
tified somewhat different demographic patterns of demand response in 
each site, variance-ratio tests cannot reject the hypothesis that the two 
sites are homogeneous with respect to price and income elasticities when 
the sample was stratified by either race or by household composition 
(allowing for site-specific intercepts). Table 2-7 presents these estimated 
elasticities. Furthermore, once the samples of both sites are pooled, ho-
mogeneity across demographic groups is rejected for race/ethnicity but 
not for household types (despite the wide variation in coefficients among 
the different groups). It appears that minorities have smaller responses to 
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Table 2-7 
Price and Income Elasticity Estimates for Pooled Sites 
by Demographic Characteristics 

Household 

group 

All movers 

White households 

Minority households 

Single-person 

households 

Single head of house-

hold with others 

Households headed 

by a couple 

Price 

elasticity 

-0.217*** 

(0.044) 

-0.249*** 

(0.048) 

-0.182** 

(0.089) 

-0.175 

(0.116) 

-0.137** 

(0.063) 

-0.327*** 

(0.070) 

Income 

elasticity 

0.366*** 

(0.033) 

0.413*** 

(0.036) 

0.184*** 

(0.071) 

0.426*** 

(0.083) 

0.294*** 

(0.058) 

0.468*** 

(0.061) 

Variance-ratio 

F-statistica 

0.017 

0.437 

0.023 

0.723 

0.999 

1.665 

Sample 

size 

(519) 

(381) 

(138) 

( 65) 

(219) 

(235) 

Note: Standard errors in parentheses. Variance-ratio t e s t s indicate 
tha t , once pooling across s i t e s i s performed, pooling across house-
hold types i s possible [F(6,507) = 1.90] but pooling across races i s 
not [F(3,511) = 9.170]. 

a Testing s i t e homogeneity allowing s i te -speci f ic in tercepts . 

** t - s t a t i s t i c significant a t the 0.05 level . 

*** t - s t a t i s t i c significant a t the 0.01 leve l . 

price and income changes than do nonminorities. This effect is especially 
marked in Phoenix. In addition, while there is evidence of differences in 
elasticities across household types in Pittsburgh, these are not significant 
for the pooled-site estimates or for Phoenix alone. 

DYNAMIC MODELS OF HOUSING DEMAND 

The basic idea in using the sample of movers to estimate the equilib-
rium demand for housing is simple—households faced with the costs of 
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moving and other transactions do not adjust their housing consumption to 
a disequilibrium instantaneously. In other words, if an unforeseen change 
in the desired level of housing consumption occurs, the household will 
evaluate the benefits to be gained from adjusting housing and nonhousing 
consumption against the transactions costs and will make an adjustment 
only when the benefits from such an adjustment exceed the costs (see, for 
example, Muth, 1974; Quigley and Weinberg, 1977; Weinberg et aL, 1981; 
Appendix V). 

The existence of transactions costs will cause lags in adjustment be-
tween the actual and the desired or equilibrium levels of housing. Thus, in 
a random sample of households, some will consume their desired housing, 
while others may consume either more or less housing than they desire. 
The observation that households may be in housing disequilibrium for 
long periods of time, and the corollary that short-term response to a 
change in circumstances may differ from the long-term response, have led 
Hanushek and Quigley (1979) and Mayo (1977), among others, to describe 
the dynamic behavior of housing demand as a stock adjustment process. 
However, as is shown below, because of some econometric problems, such 
an interpretation of the dynamic adjustment of housing consumption may 
be misleading. 

In its simplest form, the stock adjustment model of demand assumes 
that: (a) households have some desired level of spending for particular 
goods or services; (b) the desired level is determined by exogenous influ-
ences, such as income and tastes; and (c) when desired and actual levels 
of spending differ, households adjust expenditures so as to close this gap 
at some fixed rate. Solving the model produces a time path of actual 
expenditures as they adjust toward their desired levels.18 Applied to rental 
expenditures, the model, in its log-linear version, may be stated 
mathematically as 

HRt) = ]n(Rt-i) + w[(ln(Ä?) - WRt-i)] n u 

= wln(Ä?) + (l -w)ln(Rt.i)
 yLl) 

where ln(/?f) is log rental expenditures in period t, l n ^ - i ) is log rental 
expenditures in period t - 1, ln(/?f) is log desired rental expenditures in 
period t, and w is an adjustment parameter. 

If the adjustment parameter equals one, then actual expenditures adjust 
instantaneously and completely to discrepancies between desired and ac-
tual expenditures. If 0 < w < 1, the adjustment is "incomplete" or "par-
tial"; actual expenditures will approach the desired level asymptotically. 

18 See Johnston (1972), pp. 300-320, or Intriligator (1978), pp. 235-248, for a detailed 
description of this model. 
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In most applications of the stock adjustment model, levels of desired 
consumption or expenditures are presumed to be unobservable, yet de-
termined by observable variables. For example, one could express de-
sired expenditures as 

ln(Ä?) = a + b ln(Yt) + c 1η(Λ), (22) 

where Yt is income in period t, and Pt is the relative price of housing in 
periods. Equation (22) is, in principle, no different from the static demand 
function, Eq. (8). In fact, the only theoretical contribution of the stock 
adjustment model to the static framework is that it hypothesizes a particu-
lar process by which a disequilibrium between desired and actual expendi-
tures is resolved. 

A stock adjustment model is typically estimated by substituting into 
Eq. (21) the function of observable variables determining/?? [Eq. (22)] for 
Rf itself, as did Mayo (1977). The equation estimated is therefore 

lnRt = aw + bw ln(Yt) + cw ln(P,) + (1 - w) ΙηΟΚ,.χ) + vt, (23) 

where vt is a stochastic error term. 
Alternatively, if a population thought to be in housing equilibrium can 

be found, Rf can be predicted by estimating Eq. (8) using a sample of this 
population, as in Hanushek and Quigley (1979) and in this chapter. 

The basic problem with the stock adjustment model is that it assumes 
that "on average, households adjust to their equilibrium positions by clos-
ing the gap between actual and desired housing at a constant rate" 
(Hanushek and Quigley, 1979, p. 92). However, both Mayo and Hanushek 
and Quigley reject this interpretation on the grounds that, because hous-
ing adjustments may involve large search and moving costs, the notion of 
incremental adjustment to equilibrium is inappropriate. Since repeated 
moves within a short period of time are costly, households may decide to 
adjust to equilibrium either completely or not at all. Consequently 
Hanushek and Quigley interpret their adjustment parameter, w, as "the 
average propensity to respond"—the proportion of households that will 
either move or improve their housing within a given time period. Simi-
larly, Mayo interprets the adjustment parameter as the probability that a 
randomly selected household makes a full adjustment to its desired level 
of spending within a given period. Since "the average propensity to re-
spond" or "the probability of making full adjustment" are characteristics 
of populations, it is not clear why they should be used to estimate demand 
parameters using individual households which are either in equilibrium or 
disequilibrium. A model that may be correct when applied to grouped data 
is not necessarily correct when applied to household level data. 
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Given these interpretations, the usefulness of the stock adjustment 
model becomes questionable. A more direct method of obtaining the de-
mand parameters is available. If after a move households consume their 
desired (equilibrium) quantity of housing, then the long-term demand pa-
rameters may be estimated by selecting a sample of recent movers. Fur-
thermore, aside from the problem of interpreting the parameters of Eq. 
(23), there is also an econometric problem in estimating them because of 
the presence of a lagged dependent variable, Rt-l9 in the equation. 

It is well known that serial correlation in the error terms of each house-
hold in 2 consecutive years is almost inevitable. There may be several 
reasons for such serial correlation; the most obvious of which is that some 
unobservable variables determining behavior, such as taste for housing, 
will remain more or less constant over a span of years when households 
are observed over time. The existence of serial correlation implies that, if 
the true model is 

ln(Rt) = a + b ln(ii) + c 1η(Λ) + eu (24) 

with 

e = pet-! + ut (25) 

where et is the error term in time t, ut is random error, and/? is the serial 
correlation coefficient, then combining Eqs. (24) and (25) gives 

ln(Äf) = a{\ - p) + b{\ - p) \n{Yt) + c(l - p) 1η(Λ) + P HRt-i) + ut. 
(26) 

Because Eqs. (23) and (26) are mathematically identical, it is very difficult 
to distinguish between them, particularly if the true model is a combination 
of the two. As a result, in the econometric analysis that follows, we 
specify the model as 

ln(Rt) = A + B ln(Yt) + C 1η(Λ) + D ]n(Rt-i) + et. (27) 

In the presence of serial correlation in Eq. (27), 1η(/^_χ), which includes 
et-l9 will be correlated with et. If the serial correlation is positive, the OLS 
estimate of the parameter/) will be biased upward, and the estimates of the 
parameters A, B and C will be biased downward. Consistent estimates of 
the parameters can be obtained if 2-Stage Least Squares (2SLS) is used.19 

To use 2SLS, however, one needs to find instrumental variables that are 
correlated with \n{Rt-^ but are uncorrelated with et. Unfortunately, such 
variables rarely exist. For almost every potential instrumental variable 
one might argue is correlated with Ι η ^ . χ ) , the variable is also correlated 

19 The use of 2SLS in situations that involve lagged dependent variables and serial corre-
lation was suggested by Griliches (1967). 
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with et-x and, therefore, et. For the subset of households in the Demand 
Experiment that moved during the experiment, one variable, length of 
residence at the initial residence, Lt-l9 meets the requirement. For such 
households, Lt-X was correlated with the initial premove rent, Rt-l9 but 
uncorrelated with the post move rent, Rh and is therefore also uncorre-
lated with et. 

Use of movers alone prevents us from making a direct test of the stock 
adjustment frameworks proposed by Hanushek and Quigley and Mayo. 
Nevertheless, it can give us an indication of the importance of serial 
correlation and consequently the likelihood of their misspecifications of 
the dynamic adjustment process. As was suggested previously, movers 
are likely to have made a complete adjustment to housing equilibrium. 
Thus, for them, the estimate of the coefficient D should be zero in the 
absence of serial correlation. If OLS is used for estimation and there is 
serial correlation, then according to Eq. (26), the coefficient estimate is 
equal to the serial correlation coefficient. Furthermore, 2SLS estimation 
of this model should purge the coefficient of serial correlation. 

The empirical results are summarized in Table 2-8. When OLS is used, 

Table 2-8 
Dynamic Demand Parameter Estimates for Mover Households 

Independent Variable 

Constant 

Phoenix Dummy 

Income 

Price 

Lagged Rent 

R2 

Standard error of estimate 

Sample size 

Pittsburgh 

OLS 

2.668*** 

(0.268) 

-

0.247*** 

(0.045) 

-0.204*** 

(0.059) 

0.289*** 

(0.058) 

0.28 

0.07 

(236) 

2SLS 

2.888* 

(1.799) 

-

0.323*** 

(0.042) 

-0.197*** 

(0.060) 

0.185 

(0.381) 

NA 

0.07 

(236) 

Phoenix 

OLS 

1.977*** 

(0.225) 

-

0.220*** 

(0.033) 

-0.178*** 

(0.050) 

0.470*** 

(0.048) 

0.42 

0.07 

(291) 

2SLS 

2.588*** 

(0.869) 

-

0.321*** 

(0.034) 

-0.212*** 

(0.053) 

0.269 

(0.180) 

NA 

0.08 

(291) 

.Pooled 

OLS 

*2.236*** 

(0.170) 

0.068*** 

(0.024) 

0.222*** 

(0.028) 

-0.194*** 

(0.039) 

0.401*** 

(0.037) 

0.37 

0.07 

(527) 

Sites 

2SLS 

2.739*** 

(0.715) 

0.120*** 

(0.024) 

0.323*** 

(0.026) 

-0.208*** 

(0.039) 

0.214 

(0.150) 

NA 

0.07 

(527) 

Note: NA is not available. 

* t-statistic significant at the 0.10 level. 

*** t-statistic significant at the 0.01 level. 
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the estimate for the coefficient/) is highly significant, approximately equal 
to 0.3 in Pittsburgh and 0.5 in Phoenix. When 2SLS is used, however, D is 
not significantly different from zero. The comparison of the OLS and the 
2SLS estimates of D implies considerable serial correlation. In addition, 
the price and income elasticities obtained from 2SLS estimates are very 
similar to those reported in Table 2-3. The evidence, therefore, does not 
suggest the superiority of the dynamic model and is consistent with view-
ing the complete adjustment model estimated earlier for movers as an 
adequate theoretical description of the behavior of low-income renters. 
This finding, therefore, contradicts the findings of Hanushek and Quigley 
(1979) and Mayo (1977), both of whom ignored the possibility of serial 
correlation. 

CONCLUSION 

This chapter has presented new evidence on price and income elas-
ticities of housing demand based on individual household data. Compara-
ble results were obtained from two different demand functions—log-linear 
and linear expenditures functions. The results demonstrate that both price 
and income elasticities of demand are not constant over a range of prices 
and incomes or across demographic types. The evidence indicates that 
low-income households change their housing consumption very little in 
response to income and housing price changes. A 10% increase in income 
or a 10% reduction in the price of housing induces a change in housing 
expenditures of less than 4%. More precisely, our estimates show that in 
both Pittsburgh and Phoenix a 10% reduction in the price of housing 
would result in only a 2.2% increase in housing expenditures; a 10% 
increase in household's average income would result in only a 3.6% in-
crease in housing expenditures. 

Minorities make smaller changes in housing expenditures in response to 
changes in the price of housing or income than do nonminorities. The 
percentage change in housing expenditures resulting from a given per-
centage change in household income is estimated to be about half as large 
for minority households as for nonminority households, while the per-
centage change in response to a price change is estimated to be three-
fourths that of nonminority households. There is no consistent evidence 
of important differences in response among other demographic groups. A 
variety of other demographic factors were tested, including the age, sex, 
and education of the head of household, as well as the size and composi-
tion of the household. Of these, only household composition proved sig-
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nificant when the sites were analyzed separately, and even this variable 
was not significant for estimates based on the combined sites. 

The chapter also argued that the equilibrium demand for housing can 
best be estimated when only recent movers are included in the sample. 
Evidence was developed that suggests that dynamic stock adjustment 
models of housing demand are inappropriate for estimating the equilib-
rium demand functions of individual households. 



Chapter 3 
The Demand for Housing Services 

The previous chapter discussed the demand for housing and the effects 
of proportional rent rebates on housing consumption solely in terms of 
housing expenditures. That focus was based on the implicit assumption 
that the household was buying a single homogeneous commodity called 
housing services. Each dwelling unit is presumed to yield some quantity 
of housing services during each period of time. As long as all consumers in 
a given housing market face the same price of housing services, and as 
long as this price does not vary during the analysis period, analysis of 
housing expenditures is akin to analysis of housing services. 

The alternative to viewing the housing market as a market in which 
housing services are bought and sold is to view it as the market in which 
households value various characteristics of the dwelling units (different 
combinations of rooms of different size and function, quality, location, 
etc.). Characterizing each dwelling unit type as a separate commodity be-
comes extremely cumbersome. Quigley (1976) attempted such an ap-
proach, classifying housing into 18 residential types (three structure types 
by two quality levels by three interior size measures). Even this approach 
clearly required substantial simplifying assumptions about what a house-
hold values in choosing a dwelling unit. An alternative approach to com-
paring different dwelling units is to find some method that measures the 
units in some common way. The method typically used is that of hedonic 
indices, which weight each characteristic by its importance in determining 
the unit's rental (or market) value. Such an index results in a dollar 
amount of housing, interpretable as housing services (see, for example, 
Follain and Malpezzi, 1979; King, 1972). 

47 
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AN EXPLANATION OF HEDONIC INDICES1 

The assertion that an apartment renting for $200 provides double the 
amount of housing services provided by a $100 apartment is similar to the 
assertion that the $200 food bundle contains twice as many groceries as a 
$100 food bundle. Just as the $200 grocery bundle does not necessarily 
contain two of every item in the $100 bundle, the $200 apartment may 
have a different mix of housing characteristics from the $100 apartment. 

The concept of hedonic indices of housing was developed to enable 
comparisons among different housing units. Where houses are identical in 
all but a single feature, comparison is simple. A 4-bedroom house, for 
example, clearly contains more housing than an otherwise identical 
3-bedroom house. Comparison becomes more difficult when dissimilar 
units are compared. It is not obvious whether a 3-bedroom unit with three 
baths represents more housing than a 4-bedroom house with two baths. In 
order to compare the two houses, we need to determine the relative value 
of a bathroom to a bedroom. For the grocery bundle, since all individual 
items have clearly marked prices, the more expensive bundle represents 
more groceries because the money used to buy the expensive bundle 
could be used to buy the less expensive bundle and there would still be 
money left over to buy more groceries. Comparisons of different housing 
units are unfortunately more complicated since the prices of the individual 
features which comprise a housing unit are not directly observable. 

The assumption underlying the hedonic approach is that the rent or 
value of a housing unit comes directly from the quantity and types of 
characteristics it contains and that the market prices of these housing 
characteristics can be estimated by pooling information from many dwel-
ling units via multivariate regression analysis between rents and dwelling 
characteristics.2 The result of the regression is a set of implicit prices 
which measure the value of each dwelling and neighborhood characteris-
tic for the time period and geographical area from which the sample of 

1 The following discussion is based, in part, on Follain and Malpezzi (1979). 
2 The hedonic methodology was first developed by Court (1939) and was later revived by 

Griliches (1971). The hedonic approach to the analysis of consumption rests on the assump-
tion that goods may be disaggregated into sets of basic characteristics, and that the charac-
teristics of the particular good, rather than the good itself, constitute the arguments of the 
consumer's utility function (see Lancaster, 1971). As summarized by Griliches (1971), the 
parametric version of the hedonic technique asserts the existence of a "reasonably well-
fitting" relation between the price of the composite commodity, for example "housing 
services," and the levels of its characteristics (the various dwelling unit characteristics and 
neighborhood and locational attributes). The coefficients that result from estimation of this 
relationship, usually by a regression, are referred to as the shadow, or implicit, prices of the 
characteristics. 
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dwellings is drawn. For example, the regressions might determine that an 
extra bathroom adds 10% or adds $20 to a dwelling unit's rent. Prices of 
the housing characteristics may differ among areas or over time. More-
over, it should be realized that these prices do not contain information 
about the underlying relationships of demand for and supply of housing 
characteristics but only about their interaction (see Rosen, 1974). 

More formally, the theory of hedonic indices suggests the following 
general hedonic specification: 

R = / (S ,L ,N) , (1) 

where R is rent, S are structural characteristics, L are locational charac-
teristics, and N are neighborhood characteristics. Regression estimates of 
a properly specified function can provide estimates of the coefficients of 
this expression. The relationship between housing characteristics and rent 
is, however, not likely to be the same for all types of households in all 
types of situations. It is well documented that some households or groups 
of households pay more than other groups for apparently similar housing. 
Almost everyone who has searched for a house or an apartment is aware 
that similar units in similar locations sometimes rent for different amounts. 
Thus, by careful and extensive shopping, or sometimes just by luck, a 
household can obtain its unit at a rent lower than the market average. 

Likewise, long-established tenants may pay lower rents because they 
are known to the landlord as good tenants, or because long-term residency 
may reduce landlord's costs, or simply because it is easier for landlords to 
raise rents when a unit turns over. Others may pay lower rent because of a 
particular relationship with the landlord (for example, a relative). Finally, 
discrimination against racial or ethnic minorities may result in price dif-
ferentials with the minority group paying more or less than the majority 
group for comparable housing.3 Thus, the basic hedonic relationship 
should be modified to reflect these cases: 

R = / (S ,L ,N ,T) , (2) 

where T are tenant characteristics which affect the housing prices such a 
consumer would face. 

3 Becker (1957) argued that even in segregated conditions, prices would equalize across 
black and white submarkets. Other theorists have suggested that whites will pay higher 
prices to maintain segregated conditions (see Bailey, 1966; Muth, 1969; Pascal, 1970, for 
example). Still others have argued that segregated housing is maintained by collusion and 
other restrictions rather than market prices, with the result that blacks pay higher prices 
(see Haugens and Heins, 1969; Kain and Quigley, 1975; for example). See Mieszkowski 
(1980) for a review of the literature on housing market segregation. 
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HEDONIC INDICES FOR THE DEMAND 
EXPERIMENT SITES 

Hedonic indices for the Demand Experiment sites were estimated by 
Merrill (1980). They are discussed briefly later, using excerpts from her 
report.4 As already suggested, hedonic indices give a dollar value for the 
amount of housing services provided by a unit, and this value can be 
interpreted as the expected or average market rent of a unit with given 
location, size, and other physical characteristics. The hedonic housing 
services index was derived by regressing the logarithm of rent on housing 
unit and neighborhood characteristics and on tenure conditions at enroll-
ment: 

ln(R) =a + Xb + Tc 4- w, (3) 

where X is a vector of housing unit, locational, and neighborhood charac-
teristics [S, L, and N, in Eqs. (1) and (2)]; T is a vector of tenure charac-
teristics, such as length of residence in the unit and whether the landlord 
lives in the building; a ,b,c are vectors of regression coefficients; and w is a 
stochastic error. 

Appendix Tables IV-8 and IV-9 present Merrill's estimated hedonic 
functions. The housing attributes included in the hedonic equations ex-
plain 66% of the variance of the log of rent in Pittsburgh and 80% in 
Phoenix. These results compare very favorably with the explanatory 
power obtained in other studies that used individual dwelling unit data. 
The included variables represent all major components of the housing 
unit—tenure conditions, dwelling unit quality, dwelling unit size, neigh-
borhood quality, and accessibility. Within most component groups, a 
broadly descriptive set of variables is significant. Dwelling unit descrip-
tors include basic facilities (such as heat or kitchen facilities), additional 
features (such as air-conditioning or appliances), and the surface and 
structural quality of walls, ceilings, and floors. Neighborhood quality is 
described by the immediate neighborhood (the ' 'block face" of the unit); 
by the housing and the socioeconomic characteristics of the census tract; 
and, for aggregations of census tracts, by numerous measures of amenities 
and public services as perceived by those enrolled in the Demand Exper-
iment. 

As might be expected, the hedonic regressions for Pittsburgh and 
Phoenix are different. Different variables are included and the coefficient 
values of included variables often differ substantially. The basic reason for 

4 See Merrill (1980) for a more detailed explanation of the procedures used in estimation 
of these indices. 
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this difference is that the two housing markets differ markedly. Phoenix 
residents generally have lived in their units for less time, reflecting higher 
mobility rates. Phoenix units are also generally newer (about half the 
average age of Pittsburgh units) and more often have features associated 
with newer units, such as a dishwasher, a garbage disposal, or a stove or 
refrigerator included with the unit. In addition, Phoenix units tend to have 
fewer and somewhat smaller rooms, somewhat higher average ratings for 
surface and structural quality, and higher overall evaluator ratings. The 
better fit achieved in Phoenix probably reflects its greater homogeneity; 
the Pittsburgh housing stock is generally older and is divided into many 
more well-defined neighborhoods than the Phoenix housing stock. 

These indices are used to divide actual rent into three components: the 
average market value of housing services consumed, the value of condi-
tions of tenure, and a residual. The log of the average dollar value of the 
amount of housing services consumed by a household in period t, ln(ß), 
was estimated by multiplying the vector of the dwelling unit, neigh-
borhood and location characteristics of the household's period t housing, 
X, by the vector of hedonic weights, b (the estimator of the implicit 
market prices of the housing attributes at enrollment). That is, ln(ß) is 
estimated as 

ln(ß) = ä + Xb. (4) 

Since the same vector of hedonic weights b is used to predict each time 
period's housing services, changes in estimated housing services occurred 
only because of changes in some or all of the characteristics of the house-
hold's housing. Similarly, the value of tenure conditions, ln(Z), is com-
puted as 

ln(Z) = Tc (5) 

The difference between the log of actual rent and the value of the the 
hedonic index plus the effect of tenure conditions is the estimate of the 
hedonic residual: 

w = \n(R) - [ ln(0 + ln(Z)]. (6) 

DEMAND FUNCTIONS FOR HOUSING SERVICES 

The major motivation for estimating demand equations using a hedonic 
index as the dependent variable is the possibility that the rent rebates 
could have affected the shopping behavior of recipients. The hedonic 
residual w indicates whether a unit is over- or underpriced. A negative w 
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indicates that the unit's rent is lower than the market average rent for a 
similar unit, so that the unit may be considered a bargain. On the other 
hand, a positive w indicates that the unit's rent is above the market rent 
for similar units, so that the unit may be considered a bad deal. In this 
context, efificient shopping for rental housing may be viewed as looking for 
units that are bargains. However, because of the rent rebates, recipients 
were paying less out-of-pocket than the normal market rent, since their 
net payments were reduced by 20-60% (depending on the particular rent 
rebate plan in which they were enrolled). For example, for a household 
with a 50% rent rebate, finding a unit that rents for $10 more or less than 
another makes only a $5 difference in the out-of-pocket cost to the house-
hold. Thus, as long as the search for bargains requires effort, Percent of 
Rent households might be expected to have shopped for new housing less 
vigorously than Control households. This can be tested by estimating the 
effects of rent rebates on the purchase of housing services and comparing 
these effects with the effects already estimated for housing expenditures. 

The estimates of price and income elasticities for both expenditures 
and the hedonic index using the sample of mover households are pre-
sented in Table 3-1. In Phoenix, the income elasticity estimates are almost 
the same for expenditures and housing services; in Pittsburgh, the income 
elasticity of housing services is slightly lower than that for expenditures, 
but their 95% confidence intervals substantially coincide. Rather striking 
differences are evident in the price elasticity estimates, however. The 
estimated price elasticity for housing services in Phoenix is close to zero 
and insignificant. In Pittsburgh, the estimated price elasticity of housing 
services is only one-half of the estimated price elasticity of expenditures. 
These results suggest that, in response to a decrease in the price of hous-
ing, households increased their housing services by less than their expen-
ditures. Moreover, in Phoenix the change in housing services for Percent 
of Rent households was no larger than for similar Control households. 

Several explanations are possible for these results. A rent rebate pro-
gram such as a Percent of Rent allowance that provides no direct incentive 
for households to increase their housing quality may lead to inefficiency in 
shopping behavior. Households would no longer be paying the full market 
price for each additional unit of housing services and would possibly be 
happy to reduce their search effort and accept less housing services per 
dollar than the market provides on the average. On the other hand, the 
estimated hedonic index may be subject to several types of specification 
bias. For example, if important attributes of the housing unit were omitted 
from the estimating equation, the index would not adequately reflect the 
unit's housing services, and the estimated price and income elasticities for 
housing services might be biased downward from the true elasticities. 
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Table 3-1 
Comparison of Price and Income Elasticities Estimated Using Housing 
Expenditures and a Hedonic Index of Housing Services 

Elasticity estimates Pittsburgh Phoenix 

Income elasticity 

Expenditures estimate 

Hedonic estimate 

Price elasticity 

Expenditures estimate 

Hedonic estimate 

0.338*** 
(0.054) 

0.226*** 
(0.047) 

-0.230*** 
(0.065) 

-0.113** 
(0.057) 

0.353*** 
(0.046) 

0.375*** 
(0.043) 

-0.215*** 
(0.064) 

-0.045 
(0.060) 

Sample sizea (214) (257) 

Note: Standard errors in parentheses. 
a Sample sizes differ from those presented in Chapter 2 due to the 

extra data requirements for the hedonic index. 

** t-statistic significant at the 0.05 level. 

*** t-statistic significant at the 0.01 level. 

Next, if the housing markets in Pittsburgh or Phoenix were segmented, 
that is, if different groups of households (central city versus suburban 
residents or blacks versus whites, for example) faced different housing 
prices, the same set of relative prices for the housing attributes estimated 
by an overall hedonic index may not be applicable to all submarkets. 
Finally, the attribute weights estimated during the baseline period may 
not be applicable after 2 years due to changing market conditions or, more 
likely, to decisions made by movers to rent units in areas unlike those 
included in the original sample.5 

These issues can be addressed in a formal framework. As described 
previously, the hedonic housing services index was derived by regressing 

5 The housing units of all enrolled households were used to estimate the hedonic index. 
The sample is not a random sample of all dwelling units since those households all had low or 
moderate incomes. Furthermore, census tracts with low concentrations of rental units (less 
than 5% of housing units) were excluded from the sampling frame. These tracts might 
possibly have had rental units with higher average quality. 
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rent on housing unit and neighborhood characteristics and on conditions 
of tenure at enrollment: ln(R) = a + Xb + Tc + w. When rent at 2 years is 
predicted using the estimated coefficients, the estimated residual, w, may 
represent omitted quality variables, omitted tenure variables, experimen-
tally induced shopping inefficiency, and luck or other random effects. 

Several hypotheses can be tested to determine the correct interpreta-
tion of the estimated residual. If the residual involves some omitted qual-
ity (i.e., quality unmeasured by the variables included in the index), then 
it should be positively correlated with household income and possibly 
with household satisfaction. If the residual reflects changes in shopping 
behavior, then the search behavior of Percent of Rent households should 
show some differences from Control households. These specification is-
sues have been assessed in detail by Merrill (1980) in the development of 
the hedonic index, and by Kennedy and Merrill (1979) in analysis of the 
index's behavior over the experimental period. The next section sum-
marizes some of these analyses and provides some hypotheses concerning 
the reasons for the differences in the elasticity estimates for expenditures 
and housing services. 

ANALYSIS OF THE HEDONIC RESIDUAL 

If the hedonic residual contains only omitted quality items, then analy-
sis of housing quality should examine the sum of the hedonic index and 
the residual (a + Xb + vv) rather than just the index alone. On the other 
hand, if the residual does not consist solely of omitted quality, then analy-
sis of the price response should take account of possible shopping in-
efficiencies as well. 

If the hedonic residual includes some omitted quality, then it should be 
positively related to the household's satisfaction with its dwelling unit (to 
the extent that satisfaction is positively related to the level of housing 
quality). If, on the other hand, the hedonic residual is due largely to price 
effects rather than omitted quality, the association with satisfaction is 
expected to be negative—that is, that satisfaction increases as the amount 
of quality relative to expenditures increases (and the residual gets 
smaller). To test these hypotheses, the change in hedonic quality and the 
change in the hedonic residual over the 2 years of the experiment were 
each regressed on the change in dwelling unit satisfaction for Control 
households. The results showed that the change in quality and satisfaction 
had a significant and positive relationship in both sites. On the other hand, 
in both Pittsburgh and Phoenix, satisfaction and the hedonic residual have 
a negative relationship (which is significant only in Pittsburgh). Thus, it 
seems that the hedonic residual is not solely due to omitted quality items. 
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Similar hypotheses were tested concerning the relationship of search 
effort to quality and price effects. If the hedonic residual reflects price 
differences, then a diligent search will result in a better deal (more quality 
per dollar) than would a haphazard search. If this theory is true, then the 
hedonic residual will be negatively associated with search effort. This test 
would not be very powerful, however, because there is some evidence 
that some households who do not search at all obtain good deals by 
luck—being referred to a unit by friends or relatives (Vidal, 1980), for 
example. Tests were conducted accounting for this "windfall search" as 
well as for a more active search, using the number of days spent searching 
for housing as a measure of search effort.6 Increased search time does in 
fact result in getting a better deal, that is, more quality per dollar of 
expenditures in both Pittsburgh and Phoenix. 

Part of the smaller increase in housing services relative to expenditures 
for Percent of Rent households in both Phoenix and Pittsburgh may be due 
to conscious decisions to use less effort in searching for a new unit. Since 
there is a significant association between increased search time and ob-
taining more housing services per dollar of expenditures, if Percent of 
Rent households search less than Control households, then the price dis-
count will have a smaller effect on their housing services than on their 
expenditures. There is some weak evidence that a decrease in search 
effort occurred—Percent of Rent movers spent fewer days looking for a 
unit than did Control movers, although not significantly so (on average 97 
versus 119 days in Pittsburgh, and 34 versus 46 days in Phoenix).7 

Another approach to analyzing the residual is direct estimation of de-
mand for the residual and for the housing services and tenure components. 
During the develoment of the hedonic index, extensive analysis of the 
residual was carried out using the entire enrolled sample (see Merrill, 
1980). The hedonic residuals and the percentage deviation of predicted and 
actual rent were regressed on household income, race, household size, 
and age and education of head of household. The major hypothesis tested 
was the following: If important quality attributes were omitted, there 
would be a significant positive relationship between the residual and in-
come and, perhaps, education. The income coefficients were in fact sig-
nificant but were extremely small in both Pittsburgh and Phoenix. 

A series of similar models have been estimated for Percent of Rent 
households and Control households that remained in the experiment for 2 
years. In logarithmic form, Eq. (3) becomes 

ln(Ä) = ln(ß) + ln(Z) + ln(e) (7) 

6 See Kennedy and Merrill (1979) for additional details. 
7 See Table 3-5. 
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where 

l n ( 0 = (ä + Xb) the hedonic index of housing services abstracting from 
tenure characteristics, 

ln(Z) = Tc, the value of tenure characteristics, and 
\n(e) = w, the stochastic error. 

If each component of Eq. (7) [ l n ( 0 , ln(Z), and ln(<?)], is regressed on 
the logarithms of price and income, Eq. (7) implies that the sum of the 
price (or income) elasticities for Q, Z, and e will equal the price (income) 
elasticity of/?:8 

nR = nQ + nz + ne. (8) 

These elasticities may be estimated using log-linear regressions; they are 
summarized in Table 3-2. In Pittsburgh, both the price and income elas-
ticities of housing services are smaller than the respective expenditure 
elasticities. The difference is almost entirely accounted for by the hedonic 
residual and not by the tenure characteristics. Since there is a significant 
positive income elasticity for the residual in Pittsburgh, it becomes plau-
sible to assume that the residual in that site at least partially represents 
omitted quality variables (recall that the/?2 for Pittsburgh's hedonic equa-
tion was 0.66, lower than Phoenix's fit, 0.80). The presence of a significant 
price elasticity for the residual in both sites suggests that price differences 
due to shopping effects are also present in the residual. 

The ratio of the elasticities can also provide some information on the 
relative importance of omitted quality and price effects. As stated earlier, 
the significant income elasticity of the hedonic residual in Pittsburgh sug-
gests that, at that site, the hedonic residual does include some omitted 
quality. In this case, the estimated price and income elasticities based on 
the hedonic index would underestimate the true elasticities of housing 
services; at least part of the change in the hedonic residual w would 
represent real changes in housing in addition to the changes reflected by 
the index, ln(ö). Friedman and Weinberg (1980a) estimate this partial 

8FromEq. (7), 

θ ln(7?) = d ln(g) d ln(Z) d \n(e) 
dln(p) d\n(p) d\n(p) d \n(p)' 

and these elasticities are the estimated coefficients of log-linear demand functions for/?, Q, 
Z, and e. Actually, since the rent definition used for the hedonic analysis and the rent 
definition used for the housing consumption analysis are slightly different, there is another 
term representing this adjustment. The adjustment has no impact on any of the findings 
reported here (see Table 3-2). 
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Table 3-2 
Price and Income Elasticity Estimates for Rent Components 

Pittsburgh Phoenix 

Dependent variable Price Income Price Income 

elasticity elasticity elasticity elasticity 

Rent 

Hedonic index 

Hedonic residual 

Tenure characteristics 

Definitional difference0 

Sample size 

-0.230*** 

(0.065) 

-0.113** 

(0.057) 

-0.159*** 

(0.047) 

0.027** 

(0.013) 

0.016 

(0.013) 

0.338*** 

(0.054) 

0.226*** 

(0.047) 

0.089** 

(0.039) 

0.019* 

(0.010) 

0.004 

(0.010) 

(214) 

-0.215*** 

(0.064) 

-0.045 

(0.060) 

-0.193*** 

(0.048) 

(0.017 

(0.011) 

0.005 

(0.007) 

0.353*** 

(0.046) 

0.375*** 

(0.043) 

-0.021 

(0.034) 

.0.001 

(0.008) 

-0.002 

(0.005) 

(257) 

Note: Standard errors in parentheses. 
a Difference betvreen the analytic rent variable used for the expenditure 

analysis and that used in the derivation of the hedonic index. 

* t-statistic significant at the 0.10 level. 

** t-statistic significant at the 0.05 level. 

*** t-statistic significant at the 0.01 level. 

effect.9 Since the total price elasticity of housing services is the sum of the 
hedonic elasticity and the elasticity of omitted items, the implied overall 
price elasticity for housing services in Pittsburgh is -0.158. Since the 
expenditures price elasticity is -0.230, this implies a shopping effect of 
-0.072; that is, only about two-thirds of the expenditure increase induced 
by the Percent of Rent plans in Pittsburgh went to increase housing ser-
vices, while the other one third represents either shopping inefficiency 
(reduced quality per dollar of expenditure) or reduced search effort. 

9 The estimate is based on using the ratio of income elasticities for the hedonic index and 
the residual to indicate the proportion of omitted quality that is in the residual. 
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In contrast, the evidence in Phoenix seems most consistent with view-
ing the hedonic residual solely as a price effect (representing changes in 
shopping behavior) and not as omitted quality.10 The income elasticity 
estimates are the same for the hedonic index and rent, and zero for the 
residual. Almost all of the difference in price elasticity estimates is found 
in the residual. 

Thus, it appears that in Phoenix the rent rebates did not induce any 
significant increase in the consumption of housing services of recipients, 
but rather, only a change in their shopping behavior. On the other hand, 
the residual in Pittsburgh represents both some omitted quality and some 
price behavior changes and indicates a significant household response. 

DEMOGRAPHIC STRATIFICATION 

As was seen in Chapter 2, expenditure elasticities differ among certain 
demographic groups. Stratification by household composition was indi-
cated in Pittsburgh, and stratification by race was indicated in Phoenix. 
Since expenditures elasticities were not uniform across demographic 
groups, housing service elasticities probably will not be either. Tables in 
Appendix IV present the hedonic regression estimates cross-classified by 
demographic characteristics for movers. Variance ratio tests indicate that, 
as for expenditures, price and income elasticities differ by household 
composition in Pittsburgh but not in Phoenix (see Table 3-3). The overall 
estimated housing services price elasticity for Pittsburgh movers is -0.11 
(significantly different from zero at the .05 level). 

The estimates for the different types of households vary a great deal. 
The price elasticity of housing services was insignificant for single-person 
and single-headed households. In contrast, the price elasticity is -0.25 for 
households headed by a couple (still smaller than the expenditures esti-
mate for that group of -0.36, although within that estimate's 95% confi-
dence interval). The housing services income elasticities are much closer 
to each other. The largest estimate is again that for households headed by 
a couple: 0.49 (again within the 95% confidence interval of the expendi-
tures estimate for that group of 0.61). Indeed, all the estimated housing 
services elasticities by household type fall within the 95% confidence 
intervals of the corresponding expenditures estimates. 

In contrast to housing expenditures where racial stratification was im-
portant only in Phoenix, this stratification yields significant differences at 

10 In Phoenix, the income elasticity of the residual is small, negative, and not significantly 
different from zero. Therefore, no adjustment in the Phoenix housing services elasticity is 
indicated. 
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both sites for housing services (see Table 3-4). Minority households have 
an insignificant and positive estimated price elasticity in both sites, while 
nonminority households even in Phoenix (which has an insignificant over-
all elasticity) have a negative and significant price elasticity. On the other 
hand, minority households have zero or very low price and income elas-
ticities (though the estimated housing services income elasticity for 
Phoenix minority movers is very close to the expenditures estimate and is 
significant at the .10 level). When minority households in Phoenix are 
further divided into black and Hispanic groups, it is clear that it is the 
Hispanic households that did not increase their expenditures in response to 
these changes. Furthermore, the fit for this group for both expenditures 
and housing services is very poor (R2 = 0.02 and/?2 = 0.03, respectively). 

Apparently, then, the estimated equations do not describe the behavior 
of Hispanic households, in particular, very well. The price and income 
elasticity estimates for minority households in Phoenix, particularly for 
Hispanic households, suggest that these households did not respond to the 
Percent of Rent rebates by increasing their consumption of housing ser-
vices or their housing expenditures. One possible explanation for this lack 
of response is that minority households face market barriers that either 
prevent them from purchasing an average amount of housing services per 
dollar of additional expenditure or prevent them from entering areas with 
higher rent and higher quality units. If minority households face a different 
structure of housing attribute prices due to market segmentation or only 
have access to a limited range of housing choices (perhaps due to racial or 
ethnic discrimination) then use of a hedonic index with implicit attribute 
prices based on the full sample would misestimate the actual housing 
services consumed by minorities. 

A series of tests to assess market segmentation were made during the 
development of the hedonic index (Merrill, 1980). In Phoenix, separate 
equations were estimated for nonminority and Hispanic households, and 
comparison of these regressions did not indicate the existence of market 
segmentation.11 (There were too few black households in Phoenix to esti-
mate a separate submarket index for them.) Use of this submarket 
hedonic index does not change the results for any group; bias due to 
misestimated attribute prices is apparently not responsible for the insig-
nificant housing services price and income elasticities in Phoenix. 

Two alternate potential explanations for the elasticity differences be-
tween Hispanic and nonminority households deserve attention. First, 
quality variables may be omitted from the hedonic index which are sys-
tematically associated with the purchases of Hispanic households but not 

11 Although overall differences were minor, several important implicit prices, particularly 
for space, did differ. 
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of nonminority households. Second, minority Experimental households 
may have searched less than minority Control households, possibly due to 
discrimination. 

It is not at all clear which potential omitted variables, if any, might be 
systematically associated with minority or Hispanic housing consump-
tion. Investigation of several possibilities, as reported in Kennedy and 
Merrill (1979), resulted in the conclusion that such omissions would not 
bias the price elasticity estimate sufficiently to make it zero. Furthermore, 
since income is not significantly related to the hedonic residual in Phoenix 
for Hispanic movers, even at 2 years after enrollment, the evidence of 
systematic bias due to omitted variables seems rather slim. 

The last hypothesis concerns the effect of search effort on obtaining an 
amount of housing services per dollar of expenditure. As previously sug-
gested, part of a smaller increase in housing services relative to expendi-
tures for Experimental households in both Phoenix and Pittsburgh may be 
due to a conscious decision on their part to use less effort in searching for 
a new unit. Hispanic movers who received rent rebates did spend signifi-
cantly fewer days searching (28 days) than did Hispanic Control movers (76 
days); see Table 3-5. 

In summation, there is a general pattern of reduced shopping effective-
ness in Phoenix. That is, Experimental households apparently worked less 
hard to find housing bargains than they would have in the absence of a 
subsidy. The extent of this shopping effect is similar for all demographic 
groups (with the possible exception of some single-person and single-
headed households). There is also some evidence of reduced effectiveness 
in Pittsburgh, but it is much smaller than the reduction in Phoenix. 
Minorities in Phoenix, and especially Hispanic households, showed little 
or no real change in housing or rent in response to the rent rebates. No 
clear reason for this lower response—with the possible exception of re-
duced search effort—has been found. Indeed, the error of estimate for this 
group is large enough that the very low response estimates could simply 
reflect stochastic error. Furthermore, in contrast to housing expenditure 
functions, variance-ratio tests reject the possibility of pooling the sites, 
even when the combined housing services function includes a site-specific 
intercept. The hypothesis of homogeneity across sites of the demand for 
housing services was rejected for all mover households and for the mover 
subsamples stratified by race. 

CONCLUSION 

The housing services response of Percent of Rent households to the 
price discount offered to them was smaller than the expenditures re-
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sponse. This was true not only for all movers but also for most demo-
graphic groups as well. Even allowing for the fact that hedonic indices may 
not fully reflect all real changes in the amount of housing services, it still 
appears that about one-fifth of the increased housing expenditure by non-
minority Percent of Rent households in Pittsburgh went for increased 
spending above levels usually needed to purchase the level of housing 
services that they actually obtained. The comparable figure in Phoenix is 
one-half. This finding prompted further investigation into the nature of the 
hedonic index. 

There is evidence that some quality components were omitted from the 
Pittsburgh hedonic index. As a result, there is only weak evidence for 
shopping inefficiency for that site. In Phoenix, however, there was little 
evidence of omitted quality, implying that Percent of Rent households 
shopped inefficiently there and received less housing services per dollar 
than Control households. This shopping effect was much the same for all 
demographic groups except possibly single-person and single-headed 
households. 

In addition, it appears that single-headed households and minorities 
had little real change in housing in response to the Percent of Rent offers. 
This was especially marked for Hispanic households in Phoenix. They 
also appear to have had little or no change in expenditures. These low 
response levels may, however, reflect measurement imprecision due to 
the relatively small sample sizes rather than a genuine difference in be-
havior. 



Chapter 4 
The Effect of Minimum Standards 

Housing Allowances on 
Housing Consumption 

The analyses of the preceding chapters found that low-income families 
have low price and income elasticities of housing demand. These findings 
imply that an income support program that simply increases families' 
incomes while imposing no housing requirements is likely to induce only 
very modest increases in housing consumption and expenditures. How-
ever, the Housing Gap form of housing allowances was paid only to 
households that met particular housing requirements. Consequently, the 
response to such allowances may well be larger than to an otherwise 
similar cash transfer program. The following three chapters analyze the 
effect of Housing Gap housing allowances on the housing expenditures 
and services of recipients. 

It is the housing requirements used in the Demand Experiment that 
distinguish the Housing Gap allowance plans from general income support 
schemes and tie the allowance payment to housing. Household income 
and composition determined who was eligible to enroll in the program, but 
only enrolled households that met the housing requirements could receive 
allowance payments. The housing requirements thus played a central role 
in influencing household responses to the allowance program. 

The effect of a housing allowance on the housing consumption of recip-
ients, at least in theory, would be different from the effect of an uncon-
strained income transfer. Therefore, the housing consumption effect of 
constrained housing allowances should be evaluated not only relative to 
what housing consumption would have been without the allowances, but 
also relative to what housing consumption would have been if the allow-
ances were unconstrained. 

65 
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MEETING A PHYSICAL HOUSING 
REQUIREMENT 

One criterion for evaluating the effectiveness of housing allowances is 
the induced reduction in the incidence of substandard housing and over-
crowding, or, conversely, the increased incidence of meeting some physi-
cal housing standard, such as the experiment's Minimum Standards re-
quirement. 

Figure 4-1 is a representation of the actual behavior of households 
enrolled in the Minimum Standards plans and of Control households over 
the course of the experiment in terms of meeting the Minimum Standards 
requirement. In both sites, almost 80% of the households remaining active 
in the experiment for the full 2 years lived in housing that did not meet the 
Minimum Standards at enrollment (78% in Pittsburgh and 80% in 
Phoenix). Nearly all households that met the Minimum Standards re-
quirements in their enrollment units continued to do so over the course of 
the experiment. 

One indicator of program impact is the percentage of households that 
did not meet the Minimum Standards at enrollment but met them after 2 
years in the program. Figure 4-1 shows that of such Minimum Standards 
households, 32% in Pittsburgh and 49% in Phoenix improved their housing 
over the 2 years to meet the requirements. Not all of the increase in the 
number of households who met the housing requirements may be attrib-
uted to the incentive provided by the allowance offer, however. Exam-
ination of Control households' experiences in meeting the Minimum Stan-
dards indicates that meeting the requirements is a normal phenomenon 
that would occur even without a program, although with different inten-
sity. (It should be emphasized, however, that Control households were 
not told about the housing requirements, were not required to meet any, 
and were probably not even aware of their existence.) Data on Control 
households give information on how the housing of nonrecipients changed 
during the experiment in response to such nonexperimental factors as 
inflation, other changes in local economic conditions, and normal changes 
in household circumstances. 

The change in the probability of meeting the Minimum Standards at 2 
years for a household not meeting them at enrollment was estimated using 
a logit function which expressed the probability of meeting the standards 
as a function of household characteristics and program variables. This 
function was used to compute the probability of meeting the Minimum 
Standards for both a Control and an Experimental household (using the 
same mean household characteristics). Because Experimental households 
may have left the program differentially more often than Control house-
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Figure 4-1. Participation of Minimum Standards and Control households. 
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Key 

A. Enrolled households 
B. Active at 2 years after enrollment 
C. Met Minimum Standards at enrollment 
D. Met Minimum Standards at 2 years 
E. Did not meet Minimum Standards at 2 years 
F. Did not meet Minimum Standards at enrollment 
G. Met Minimum Standards at 2 years 
H. Did not meet Minimum Standards at 2 years 
I. Missing values 
J. Dropped out of the experiment 

Figure 4-1. (continued) 

holds, a second sample was used to estimate an alternative probability 
function. The latter sample included not only the households remaining in 
the program for the full 2 years but also households that voluntarily 
dropped out. Since there is no observational data on their housing at 2 
years, it is assumed that they would have continued not meeting the 
requirement. Consequently, this second sample gives a lower bound esti-
mate of the experimental effect on the probability of meeting Minimum 
Standards, since this assumption is clearly too conservative given the 
actual experience of Control households. 

The comparisons of the probabilities for a typical household suggest 
that the program had a sizeable eflFect on the probability of meeting the 
Minimum Standards (see Table 4-1). The probability of meeting the re-
quirements for an active Minimum Standards household was 20 percent-
age points higher in Pittsburgh and 28 percentage points higher in Phoenix 
than the probability for a comparable Control household. The prob-
abilities based on the expanded sample also indicate that Minimum Stan-
dards households have a larger probability of meeting requirements, al-
though the size of the effect is reduced when the extreme assumption 
about the behavior of dropouts is made. 

The experience of households in the Unconstrained plan illustrates the 
effect of the allowance income alone, without the imposition of housing 
requirements. Examination of Table 4-1 indicates that the estimated prob-
ability of meeting Minimum Standards for the Unconstrained households 
was essentially the same as that of Control households in Pittsburgh but 
somewhat higher than that of Control households in Phoenix, although 
this difference was not statistically significant. In any case, the probability 
of meeting Minimum Standards for Unconstrained households was lower 
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Table 4-1 
Probability of Initially Nonparticipating Households Meeting the Minimum 

Standards Requirements Following Enrollment 

Treatment type Pittsburgh Phoenix 

Control households 0.096 0.241 

Unconstrained households 0.106b 0.325b 

Minimum Standards households 

Computed using active 

sample only 0.298c 0.523c 

Computed using active sample 

plus voluntary dropouts 

(lower bound estimate)3 0.229c 0.370c 

Note: These probabilities are evaluated at the means of the independent 

variables. 
a This is a special sample that includes Minimum Standards households 
that dropped out of the program for voluntary reasons. It is assumed 

that these households maintained their enrollment housing requirement 

status. 
b Logit coefficient indicates probability not significantly different 

from that of Control households at the 0.10 level. 
c Logit coefficient indicates probability significantly different from 

that of Control households at the 0.01 level. 

than even the lower bound estimate for the effect on Minimum Standards 
households. 

The Minimum Standards measure is one possible gauge of housing 
quality, but it is a flawed one at best. Because the measure simply 
classifies housing into two discrete categories—standard and sub-
standard—it makes no distinction between a dilapidated or deteriorat-
ing unit and one barely failing the standard, or between a unit just passing 
the standard and one of high quality. In an attempt to resolve this prob-
lem, Budding (1980) created another measure of housing adequacy for 
units in the Demand Experiment. His method, mentioned in Chapter 1, 
also derived from the individual housing evaluations performed for each 
dwelling unit, classified units into one of three categories: 

1. If there was clear evidence that a dwelling unit contained one or 
more serious housing deficiencies, the unit was classified as clearly 
"inadequate." 
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2. If the unit passed every one of the indicators intended to measure 
serious housing deficiencies and received an overall evaluator rating 
consistent with such a classification, the unit was classified as at 
least minimally 4' adequate.'' 

3. If the unit was neither clearly inadequate nor adequate, the unit was 
classified as "ambiguous" or "questionable." 

Budding's measure was designed to reflect general housing policy con-
cerns. It was intended to be used to classify units as inadequate if they 
have one or more serious deficiencies. An ambiguous category accounts 
for cases where either the exact nature or the importance of the deficiency 
is not clear. The dichotomies "adequate/not adequate" and 
"inadequate/not inadequate" thus provide a range of possible program 
standards. Because of the ambiguous category, Budding's measure will 
tend to understate to some degree both the number of households in 
inadequate housing and the number of households in adequate housing. (It 
should be noted that the adequacy and the Minimum Standards measures 
are quite similar. Only a few items used in the adequacy measure were not 
included in some way in the Minimum Standards measure.) 

Table 4-2 presents the induced change in the probabilities of occupying 
an adequate and an inadequate unit at 2 years after enrollment. These 
probabilities were based on logit function estimates similar to those used 
to construct Table 4-1 and were evaluated at the mean of the independent 
variables. Of all households meeting the Minimum Standards at enroll-
ment, the probability that a Minimum Standards household was living in 
adequate or in inadequate housing 2 years after enrollment was no differ-
ent from the probability for a typical Control household. On the other 
hand, Phoenix Minimum Standards households that did not meet require-
ments at enrollment were significantly more likely than similar Control 
households to be living in adequate housing at 2 years and were signifi-
cantly less likely than similar Control households to be living in inadequate 
housing. No difference was found for these households in Pittsburgh. 

Part of this effect was due simply to the allowance payment— 
Unconstrained households in Phoenix were significantly less likely than 
Control households to be living in inadequate housing at 2 years, as well, 
and were somewhat more likely than Control households in both sites to 
be living in adequate housing. Overall, the estimated effects for Uncon-
strained households appear to be about the same as the effects for Mini-
mum Standards households who did not meet requirements at enrollment 
in both sites and for both categories of housing adequacy. This finding 
suggests that the effect of Minimum Standards requirements was very 
specific. In comparison with Unconstrained households, imposing Mini-
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Table 4-2 
Change in the Probability of Living in Adequate Housing 

Household Group 

All Minimum Standards households 

Did not meet Minimum 

Standards at enrollment 

Met Minimum Standards 

at enrollment 

Change in probability of living in: 

Minimally adequate Clearly inadequate 

housing housing 

Pittsburgh 

+ 4 - 2 

+ 6 0 

+ 1 -13 

All Unconstrained households + 8 

Phoenix 

All Minimum Standards households 

Did not meet Minimum 

Standards at enrollment 

Met Minimum Standards 

at enrollment 

All Unconstrained households 

+11** 

+13** 

- 2 

+10 

—14*** 

-18*** 

- 1 

-22*** 

Note: Ihe changes are measured as deviations from the probability for Control 

households, evaluated at the mean of the independent variables. Signi-

ficance is of the logit coefficient contrast with similar Control 

households. 

** t-statistic significant at the 0.05 level. 

*** t-statistic significant at the 0.01 level. 

mum Standards requirements increased substantially only the probability 
of meeting those explicitly imposed requirements; there was no significant 
difference even for the closely related alternatives defined by Budding's 
categories. 

Categorical measures such as Minimum Standards and adequacy are 
but one aspect of housing consumption. The next section develops a 
model for looking at continuous measures of housing consumption (hous-
ing expenditures and housing services). 
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A MODEL OF HOUSEHOLD BEHAVIOR 

Household response to a constrained housing allowance offer can be 
analyzed using the same microeconomic model of consumer behavior 
used in Chapter 2. In such a model, the conditional nature of the offer will 
have a profound effect on household response. This can be seen as fol-
lows. Assume, as in Chapter 2, that households normally consume the 
quantity of housing services H and nonhousing goods Z that maximizes 
household utility U(H, Z), subject to the budget constraint 

Y = pHH + pzZ (1) 

where Yis household income, pH is the price of housing (thus pHH is rent); 
and pz is the price of nonhousing goods. 

Init ial budget 
constraint 

Final budget 
constraint 

Housing 
(H) 

(a) 

Initial budget 
constraint 

Housing 
W 

(b) 

Figure 4-2. Allocation of the allowance payment to housing. 
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initial consumption of nonhousing goods and services 
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services associated w i th consumption of H* 

Figure 4-2. (continued) 

Figure 4-2 represents this diagrammatically with a hypothetical preen-
rollment household choosing to consume H0 quantity of housing and Z0 

quantity of nonhousing goods. Receipt of an unconstrained allowance 
payment (5) would move the budget line outward, inducing the household 
to increase consumption of both housing and nonhousing goods to Ηλ and 
Ζχ, respectively. However, a Housing Gap housing allowance is received 
only if the household's housing consumption is greater than some mini-
mum level, represented as Hmln9 which is the quantity of housing services 
implied by the minimum housing standards. 

The response to the allowance offer depends on the relationship among 
Hmin, H0, and Hx. Three cases are illustrated. In Figure 4-2(a), initial 
housing consumption exceeds Hmin, and the household automatically re-
ceives the allowance payment. These households can treat the payment 
simply as additional income. The change is indicated as the move from H0 

to Hx. If the income elasticity of demand is low, the change in housing 
consumption (the difference between Hx and H0) will be small. For exam-
ple, using the income elasticity estimate of 0.36 (from Chapter 2), a hous-
ing allowance that increases income by 30% will induce only about a 10% 
increase in housing consumption. 

Figure 4-2(b) illustrates a second case. This household would normally 

" 0 
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consume an amount of housing of less than Hmin and would not normally 
meet the housing requirement. If it were to receive the allowance pay-
ment, however, the income-induced increase in housing would be suffi-
cient for the household to meet the requirement. Such households, like 
those in the previous case, are in effect unconstrained by the requirement 
and are also free to treat the payment just as they would additional in-
come. As in the previous case, the housing allowance will induce only a 
modest increase in housing consumption. 

The final case is illustrated by Figure 4-2(c). A household whose hous-
ing consumption would be less than Hmin even with receipt of an uncon-
strained allowance payment is constrained to allocate more of the allow-
ance payment to housing than it normally would. Because it is required to 
make a nonoptimal allocation, its benefits from the program are lower 
than the overall benefits it could have under an unconstrained allowance 
offer. [Note that the indifference curve that passes through the point (Z*, 
i/min) is lower than the indifference curve that passes through the point 
(Ζχ, Ηχ)]. Nevertheless, as long as the household's utility with the allow-
ance payment and the nonoptimal consumption of housing is larger than 
the household's utility without the allowance, the household should 
choose to participate in the program. That is, the household should partic-
ipate as long as 

t/(//mln, Y0 + S - pHHmin) > U(H0, Yo ~ PHHQ). (2) 

For some households, however, the payment will not be large enough to 
compensate for the required nonoptimal allocation of their income to 
housing and nonhousing goods. Such households would not in theory 
participate in a program that requires them to consume more housing than 
they desire.1 The households that do participate will have the largest 
increase in housing in response to the program when they fall into case 
(c). (Under case [c], households must increase their expenditures by more 
than they would in response to the additional income from the allowance 
alone, and hence by more than they would if they were effectively uncon-
strained, as in cases [a] and [b].) 

For an individual household, the change in housing thus depends on the 
size of the allowance payment and the relationship between their enroll-
ment housing and the housing requirements level. The average change for 
a group of households will also be affected by the proportions of par-
ticipating households that fall into cases (a), (b)9 and (c). Two factors in 
particular complicate this model. First, Hmin is not well defined for the 

1 See Kennedy and MacMillan (1980) for further analysis of the participation decision. 
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Minimum Standards requirement. This requirement merely requires that 
the household's dwelling unit have certain specified features that reflect 
health, safety and space requirements. While units that meet the Mini-
mum Standards requirement do, on average, rent for more than those 
which do not, it is possible for a household to meet the Minimum Stan-
dards requirement while reducing its housing expenditures. 

In summary, the experimental program did not require households that 
already met the housing requirements at enrollment to alter their housing 
in any way. In particular, they were not required to spend any part of their 
allowance payment on improvements to their housing. As long as they 
continued to meet the requirements, they could treat that allowance pay-
ment like any other income.2 Although the housing requirements did not 
force households that already met them to consume more housing, the 
requirements still acted as a lower bound. Households could not reduce 
their housing below required levels without losing their allowance pay-
ments. Thus, even for households that already met the requirements at 
enrollment, the requirements may have kept average housing expendi-
tures above normal levels by discouraging some households from reduc-
ing their expenditures. 

It seems reasonable to suppose, therefore, that households that met the 
requirements at enrollment would divide the housing allowance between 
housing and nonhousing expenditures in much the same way they would 
divide any other additional income. The analysis in Chapter 2 on the way 
low-income households allocate additional income to housing expendi-
tures suggests that in this case only a small proportion of the housing 
allowance would be used to increase housing consumption. 

Households that did not meet the requirements at enrollment faced a 
very different situation. These households could receive the allowance 
payment only after they modified their housing to meet the housing re-
quirements. The program did not dictate how households should modify 
their housing—they could arrange with their landlords to fix their enroll-
ment units; they could fix their enrollment units themselves; or they could 
move to another unit that passed the housing requirements. Households 
choosing to move or upgrade their units to meet the requirements would 
generally be expected to spend a larger part of their allowance payment on 
increased housing expenditures than households that already met the 
housing requirements at enrollment. 

2 Actually, program rules permitted allowance payments to continue to a recipient non-
mover household whose unit no longer passed the housing requirement at an annual inspec-
tion. In an established program, payments would be discontinued if a unit no longer met the 
program standards. If the household moved, however, its new unit had to meet the Minimum 
Standards in order for the household to continue to receive allowance payments. 
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ACTUAL CHANGES IN HOUSING CONSUMPTION 

The preceding discussion indicated that a household's response to a 
Housing Gap allowance offer is likely to depend in a critical way on 
whether they met the Minimum Standards requirement when they enrol-
led in the program. Households that already met the requirement at enroll-
ment were not required to alter their normal housing consumption pattern 
and could treat the allowance payment essentially like any other addi-
tional income. The allowance payment was on average a 20% increase in 
the income of Minimum Standards households that met the Minimum 
Standards requirement in both their enrollment and 2-year units. Using 
the income elasticity estimated in Chapter 2 for movers of 0.36, this 
suggests that, when these households move, their housing expenditures 
would normally increase by about 7% (beyond normal increases such as 
those due to inflation). To the extent that not all households move, the 
overall average increase would be smaller. (The behavior of Control 
households indicates that almost all the households that met Minimum 
Standards at enrollment would normally have continued to meet them 
over the 2 years of the experiment, see Figure 4-1.) 

The response of households that met the Minimum Standards only after 
enrollment is more complex because this group includes households that 
would normally have met the requirements (see Figure 4-2[b]) and house-
holds that were induced to meet the requirements (see Figure 4-2[c]). The 
basic difficulty in estimating the allowance-induced changes in housing 
consumption for this group is the inability to determine which households 
belong to which case. The behavior of Control households indicates that 
at least one-third of the Housing Gap households who only met the stan-
dards after enrollment would also have done so normally. Furthermore, 
an unknown number of other households would have met the requirement 
if they had been given additional allowance income as an unconstrained 
transfer. 

Therefore, the group of households that met the standards only after 
enrollment contained both households whose behavior was similar to that 
of Housing Gap households that already met the requirements at enroll-
ment (responding only to the additional allowance-provided income) and 
households that were induced by the allowance offer to meet the require-
ments. The response of those households induced to meet requirements is 
likely to be larger than that implied by increased income alone, because, 
simply to meet the requirements, they had to increase their expenditures 
by more than they normally would have. 

The observed changes in housing expenditures between enrollment and 
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2 years after enrollment for Minimum Standards and Control households 
are summarized in Table 4-3. The changes in rent for Control households 
that already met the housing requirements at enrollment and continued to 
meet them during the experiment suggest that in Pittsburgh, normal in-
creases (that is, those not induced by the experimental program) 
amounted to 14%, while in Phoenix they amounted to 12%. These changes 
are not very different from estimated 2-year rates of rent inflation: 15% in 
Pittsburgh and 10% in Phoenix (see Merrill, 1980, p. 140). The percentage 
rent increases for Minimum Standards households in the same category 
were only slightly higher—16% in Pittsburgh and 13% in Phoenix. The 
tabular comparison thus suggests that the experiment induced households 
that already met the requirements at enrollment to increase their housing 
expenditures by only 1-2 percentage points. These rather small increases 
in expenditures for households who met requirements at enrollment imply 
that most of their allowance payment was used to increase nonhousing 
consumption (and thus to reduce the high fraction of income spent on rent 
by this group). 

The experimentally induced change in rent for Minimum Standards 
households that met the housing requirements only after enrollment cannot 
be estimated directly from the rent changes for the Control and Experi-
mental households shown in Table 4-3. Using those data directly would 
underestimate the induced change, since, as discussed earlier, the group 
of Minimum Standards households that only met the requirements after 
enrollment consists of two different groups of households—one that would 
have met the requirements even without a program and one that was 
induced to meet the requirements by the allowance offer. The normal 
change for the group can be approximated, however. Average normal rent 
change for households that would normally have met the requirements 
may be inferred from the change for Control households that only met 
requirements after enrollment. Average normal rent changes for house-
holds that were induced to meet the requirements may be inferred from 
the changes for Control households that would normally not have met the 
requirements (i.e., Control households that did not meet the requirements 
during the experimental period). Average normal rent changes for Mini-
mum Standards households that met the requirements only after enroll-
ment can then be computed as the weighted average of the changes for the 
two Control groups (those meeting the standards after enrollment and 
those never meeting them), using the proportion of households that nor-
mally met the requirements and the proportion of households that were 
induced to meet them as the weights. 

Using this approximation method, the computed normal rent changes 
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for Minimum Standards households meeting the standards after enroll-
ment are 20% in Pittsburgh and 23% in Phoenix.3 The implied experimen-
tally induced change in rent above normal expenditures is therefore 9% in 
Pittsburgh and 17% in Phoenix.4 These figures, which are based on 
straightforward comparison of means, are fairly close to the more care-
fully computed estimates to be developed later. 

In summary, the data in Table 4-3 suggest that households that already 
met the housing requirements at enrollment did in fact behave much as 
they would have without the requirements and that therefore the allow-
ance had only a small impact on their housing expenditures. On the other 
hand, in both sites, the derived changes above normal for households that 
only met the requirements after enrollment show that the change in ex-
penditures was much larger than the change for Control households. 
Thus, the responses of the two groups of households do, in fact, appear to 
be very different. Indeed, the change for the subset of households induced 
to meet housing standards is likely to be much larger than the overall 
average for the group of households that met requirements after enroll-
ment. 

The simple estimates just discussed neglect many nonexperimental dif-
ferences between Experimental and Control households. The next section 
presents an econometric technique for estimation of program effects that 
adjusts for these differences. 

ECONOMETRIC ESTIMATION 

Methodology 

Experimental effects are measured under the assumption that the actual 
housing expenditures of Minimum Standards households at 2 years after 

3 The formula used for computing the normal rent change is 

where Pc is the proportion of Control households that did not meet requirements at enroll-
ment that met them at 2 years, Pe is the proportion of Minimum Standards households that 
did not meet requirements at enrollment that met them at 2 years, &RC

M is the percentage rent 
change for Control households that met requirements only after enrollment, and &RC

NM is the 
percentage rent change for Control households that did not meet requirements at enrollment 
or at 2 years after enrollment. The proportion (Pc/Pe) is interpreted as the normal probability 
of Housing Gap households that did not meet requirements at enrollment meeting them at 2 
years after enrollment. 

4 Computed as the ratio of actual expenditures at 2 years, RAy over enrollment expendi-
tures, R0, to normal expenditures at 2 years, RN, over enrollment expenditures, minus one: 

(RA/RQ) , 

(RN/RO) 
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enrollment RA can be separated into two parts—the normal housing ex-
penditures that would have been made in the absence of the experiment 
RN, and an additional amount that is induced by the experiment, Rx. Thus, 

RA = RN + Rx (3) 

where RA is actual expenditures 2 years after enrollment; RN is normal 
expenditures 2 years after enrollment; and Rx is the experimental effect on 
expenditures. 

The experimental effect can be measured either as the difference be-
tween actual and normal expenditures or as their ratio: 

| ΐ = 3ϊ + Α = 1 + | ΐ . ( 4 ) 

Since log-linear functions proved useful in analyzing housing demand in 
response to the experimental rent rebates for households enrolled in the 
Percent of Rent plans (as was shown in Chapter 2), and for convenience, 
throughout this and the following chapters the experimental effect is mea-
sured as a percentage change. 

Experimental effects are estimated under the assumption that the ratio 
of actual to normal housing expenditures is functionally related to experi-
mental variables and a random error, specifically as 

RA/RN = exp(Xb + e), (5) 

or 

ln(RA/RN) = ln(RA) - ln(RN) = Xb 4- e (6) 

where X is a vector of experimental variables; b is a vector of experimen-
tal effects; and e is a random error term. The coefficients b of Eq. (6) may 
be interpreted as the median percentage change in rent associated with a 
change in the relevant variable in X.5 

The logarithm of a household's normal housing expenditures has been 
estimated by the procedure described in Appendix III using the sample of 
Control households.6 That appendix indicates that there is a possibility 
that the estimated experimental effect for Housing Gap households may 
be biased since only recipients were selected for analysis. However, for 

5 Since log rent is used, the estimated median percentage change is computed from the 
actual effect h as exp (£) - 1 with standard error exp(£) x {[exp(s2)]2 - exp(s2)}1/2 where s 
is the estimated standard error of b (see, for example, Hastings and Peacock, 1975, p. 84). 
Friedman and Kennedy (1977, Appendix V), showed that the mean would differ from the 
median for this sample by at most one-half percentage point. 

6 Percent of Rent households were not used in this estimation to preclude the possibility 
that misspecification of the price effect could lead to misprediction of normal rent. 
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Minimum Standards households, the estimated selection bias, using either 
of the methods presented in Appendix III, is statistically insignificant and 
close to zero.7 That is, once household characteristics and the initial con-
dition of the household's housing unit are taken into consideration in the 
prediction of normal rent, a further correction for selection bias appears 
unnecessary. Therefore, the effects of the Minimum Standards plans were 
computed as the mean of the difference between actual and predicted 
log rent.8 

Overall Results 

The estimated effects on the expenditures of Minimum Standards 
households are presented in Table 4-4. The effect for all recipient house-
holds is statistically significant only in Phoenix where the increase in 
expenditures was 16.2% above normal (the effect in Pittsburgh, 4.3%, is 
significant only at the 0.15 level). Stratifying the sample according to the 
enrollment unit's status with respect to the Minimum Standards require-
ment confirms that while the allowance had little or no effect on house-
holds living in units that already met the requirements at enrollment, it did 
significantly affect households whose units met the Minimum Standards 
only after enrollment. For the group that met Minimum Standards after 
enrollment, the median increase in rental expenditures was 7.5% above 
normal in Pittsburgh and 23.6% above normal in Phoenix; both increases 
are statistically significant. 

There are at least three potential reasons for the large difference in the 
estimated effects between the two sites: different initial housing conditions 
in the two sites, differences in the way the payment was used in the two 
sites, and differences in the size of the allowance payment itself between 
the sites. The first reason seems to provide at least a partial explanation 
for the site differences. One measure of the amount that households not 
meeting requirements at enrollment had to pay to obtain standard units is 
the difference between the ratio of enrollment rent to C*, the estimated 
cost of standard housing. A comparison between the ratio for the house-
holds that did not meet the standards at enrollment with the ratio for 
households that met the standards shows that this difference was much 
larger in Phoenix than in Pittsburgh. This difference suggests that Phoenix 
households that did not meet the requirements had to make larger changes 
in expenditures simply to obtain standard housing than did similar 
Pittsburgh households. 

7 A third method, described in Friedman and Weinberg (1981fr) also finds no important 
selection bias for these households. 

8 The results corrected for selection bias are presented in Appendix III. 
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Table 4-4 
Increase in Housing Expenditures above Normal for Minimum Standards 
and Unconstrained Households 

Household group 

All Minimum Standards 

recipients 

Did not meet require-

ments at enrollment 

Met requirements at 

enrollment 

Unconstrained recipients 

Median 

Pittsburgh 

percentage 

change in 

expenditures 

4.3 

(2.7) 

7.5** 

(3.9) 

1.1 

(3.5) 

2.6 

(3.1) 

Sample 

size 

(84) 

(47) 

(37) 

(59) 

Phoenix 

Median 

percentage 

change in 

expenditures 

16.2*** 

(3.9 

23.6*** 

(5.4) 

-0.7 

(3.8) 

16.0*** 

(5.6) 

Sample 

size 

(90) 

(63) 

(27) 

(37) 

Note: Standard errors in parentheses. 

** t - s t a t i s t i c significant a t the 0.05 leve l . 

*** t - s t a t i s t i c significant a t the 0.01 leve l . 

Another possible explanation for the difference in behavior between the 
sites is that the allowance payment was viewed differently at the two sites. 
This could happen if the administration of the experiment was not exactly 
identical in the two sites. Alternatively, households' planning horizons in 
the two sites could have been different. Since program participants knew 
that the allowance program would last for only 3 years, it is possible that 
they viewed the allowance income differently from their other, nonex-
perimental income. The analysis presented in Chapter 2 found that the 
income elasticity of housing was the same at the two sites. Yet if 
Pittsburgh recipients viewed the payments in differently from Phoenix 
recipients, the response to the payment would be different even though the 
income elasticity was not. Investigation of the way the Unconstrained 
households viewed allowance income when they made housing consump-
tion choices showed that in Phoenix the allowance income was not viewed 
differently from nonallowance income while in Pittsburgh allowance in-
come may have been discounted and was thus viewed as worth less than 



Econometric Estimation 83 

nonallowance income.9 If the Minimum Standards households at each site 
treated the allowance income similarly to the way Unconstrained house-
holds did, this would, then, at least partially explain the site differences. 

A third possible explanation for site differences is related to the fact 
that the allowance payments were typically much larger in Phoenix than in 
Pittsburgh. If allowance-induced rent changes were related to the size of 
the allowance, then the average response in Phoenix would be larger than 
the response in Pittsburgh. This larger payment may have been enough to 
induce some households in Phoenix to meet requirements by enabling 
those that had to spend more on the average to do so. Indeed, as indicated 
in Table 4-1, the effect of the allowance in inducing households to meet 
Minimum Standards was larger in Phoenix. 

So far, this section has presented the estimated impact on expenditures 
of a constrained income transfer—a Housing Gap allowance payment 
conditional on meeting a housing requirement (the Minimum Standards). 
In contrast, the Unconstrained group received housing allowance pay-
ments without having to meet any housing requirements. The procedure 
used to estimate the impact of the housing allowance on the Uncon-
strained households was the same as that used to estimate the impact of 
the housing allowances on the Housing Gap households. These estimates 
were presented in Table 4-4. Unconstrained households increased their 
expenditures significantly more than normal only in Phoenix—the in-
crease was 16.0% above normal there and only 2.6% above normal in 
Pittsburgh. The difference in response between the sites for Uncon-
strained households mirrors the differences for Minimum Standards 
households. 

Since Unconstrained households receive a Housing Gap form of pay-
ment without having to meet any housing requirements, comparison of 
Housing Gap and Unconstrained responses can reveal the effect of impos-
ing the requirements above and beyond that of the allowance payment. 
Table 4-5 presents this comparison for the Minimum Standards group 
(using the Minimum Standards requirement for determination of the 
hypothetical initial status of Unconstrained households). As was pointed 
out earlier, Housing Gap households that already met the Minimum Stan-
dards requirement at enrollment were essentially unconstrained in their 
behavior. Thus, they would be expected to show the same expenditure 
changes as similar Unconstrained households (after controlling for the 
size of the payments). 

In fact, while Pittsburgh households that met requirements at enroll-
ment showed no significant difference in response from Unconstrained 

9 See Friedman and Weinberg (19806) for further details. 
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.1 households 

Households that did not meet 

requirements at enrollment 

Households that met require-

at enrollment 

1.5 

(2.6) 

3.1 

(5.1) 

6.7^ 

(7.7) 

Table 4-5 
Increase in Housing Expenditures for Minimum Standards Households above That 
for Unconstrained Households 

Household group Pittsburgh Phoenix 

0.3 
(3.4) 

6.2 
(7.7) 

-15.2*a 

(7.3) 

Note: Standard errors in parentheses. 
a Comparison based on 15 or fewer Unconstrained household observations. 

* t-statistic of estimated effect significant at the 0.10 level. 

households, those in Phoenix increased their housing expenditures sig-
nificantly less, although the small sample sizes involved make inference 
precarious. This result might be explained if households in Phoenix al-
ready living in acceptable housing were reluctant to move and thus ended 
up spending less on housing than they would have with an unconstrained 
payment. Analysis of residential mobility, however, showed that house-
holds that met the requirement had the greatest increase in the probability 
of moving in Phoenix, followed by Unconstrained households, and then 
Minimum Standards households that did not meet requirements at enroll-
ment (see MacMillan, 1980, pp. 57, A-lll). Thus, it does not appear that, 
in comparison to a similar unconstrained income transfer, Minimum Stan-
dards requirements increased housing expenditures overall. As noted ear-
lier, however, Minimum Standards did induce a significant increase in the 
proportion of households that met the Minimum Standards requirements, 
whereas the Unconstrained offer did not. Thus, the lack of any differences 
in housing expenditure changes may in part reflect the relatively weak link 
between dwelling unit rent and whether the unit met the Minimum Stan-
dards requirements. 

Results for Movers 

As is evident from the preceding discussion, a household's response to 
the allowance offer was largely determined by its housing requirement 
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status at enrollment. Households that lived in units that met their housing 
requirements at enrollment had only normal increases in housing expendi-
tures, while those that met requirements after enrollment had significantly 
above-normal increases in housing expenditures. The household's mobil-
ity status may also play an important role in determining changes in ex-
penditures and services over the experimental period. Households that do 
not move typically do not make large changes either in their housing 
expenditures or in the characteristics of their unit. In contrast, movers are 
the households expected to be most responsive to any allowance payment 
and often make relatively large changes in their housing consumption. 
This section presents separate analyses for movers. 

The normal behavior of Experimental movers was predicted using an 
equation derived from the sample of Control movers. By estimating the 
normal behavior for Housing Gap movers using solely Control movers, it 
is implicitly assumed that no households were induced to move by the 
allowance offer. However, MacMillan (1980) found that Housing Gap 
households that did not meet their requirements at enrollment were more 
likely to move than otherwise similar Control households. Since the offer 
did apparently induce some households to move and changes for movers 
are higher than those for nonmovers, the normal rent and housing services 
estimated for Housing Gap movers in this manner would be too high and 
thus the estimated experimental effects would be biased downward. 

This analysis is nevertheless useful because it provides a better idea of 
the potential long-run response of households to an allowance program. 
MacMillan (1980, p. 26) found that most low-income households (70% in 
Pittsburgh and 88% in Phoenix) will have moved in a 5-year period. Thus, 
effects of the experiment due simply to induced moving might only be an 
acceleration of normal behavior. Consequently, direct comparison of the 
response of Housing Gap movers with that of Control movers, though an 
underestimate of short-run response, can be used to approximate the 
response of all households over a longer period of time.10 

The estimates of the experimental effect for mover households follow 
the same pattern as the estimates for all households (see Table 4-6). The 
response of the movers was larger, even though the estimates may be 
downward biased. The effects for the movers that only met Minimum 
Standards after enrollment were 9.9% above normal in Pittsburgh and 
27.1% in Phoenix, significant at the 0.10 level in Pittsburgh and at the 0.01 
level in Phoenix. Unconstrained movers had above-normal increases in 
rent of 3.7% in Pittsburgh and 17.9% in Phoenix (the latter significant at 
the 0.05 level). 

10 See Friedman and Weinberg (1981b) for estimates that take induced moving into 
account. 
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Table 4-6 
Increase in Housing Expenditures above Normal for Minimum Standards 
and Unconstrained Movers 

Household group 

All Minimum Standards 

recipients 

Did not meet require-

ments at enrollment 

Met requirements at 

enrollment 

Unconstrained recipients 

Median 

Pittsburgh 

percentage 

change in 
expenditures 

8.1 
(5.3) 

9.9* 

(6.1) 

[-6.4] 

(9.4) 

3.7 

(5.8) 

Sample 

size 

(31) 

(26) 

( 5) 

(22) 

Phoenix 

Median 

percentage 

change in 

expenditures 

19.2*** 

(5.5) 

27.1*** 

(7.3) 

[-4.0] 

(6.3) 

17.9** 

(7.8) 

Sample 

size 

(54) 

(43) 

(11) 

(22) 

Note: Standard errors in parentheses, 

fewer observations. 

Brackets indicate amounts based on 15 or 

* t-statistic significant at the 0.10 level. 

** t-statistic significant at the 0.05 level. 

*** t-statistic significant at the 0.01 level. 

Effects of the Size of the Payment 

Thus far, the analysis has been focused on determining whether the 
housing allowances had any eflfect on housing expenditures. We now turn 
to analyze the relationship between the size of the payment and the ex-
perimental effect. As described earlier, the experimental effects are esti-
mated under the specification 

(rA ~ rN) = Xb + e (7) 

where rA is the actual log rent at 2 years after enrollment; rN is the esti-
mated log normal rent at 2 years; (rA - rN) is the induced change in rent; X 
is a vector of experimental variables; b is a vector of experimental effects; 
and e is an error term. The first step in analyzing the payment effect was to 
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regress the induced change in expenditures on the amount of the payment 
S using the simple specification 

(rA - rN)=A + BS + e. (8) 

In this specification the parameter B measures the direct payment 
effect—a one dollar increase in the payment S will result in &B% change in 
rent. The estimates of B are shown in Table 4-7. None of the Pittsburgh 
coefficients were significant, indicating that in that site there was no rela-
tionship between the size of the payment and the allowance-induced 
change in rent. This may reflect the finding, previously noted, that house-
holds in Pittsburgh discounted the allowance payment. In contrast, the 
payment had a significant effect in Phoenix. For all recipients, and for 
those that met housing standards only after enrollment, a $10 increase in 
payment (about 12% of an average payment of $81) resulted in about a 3% 
increase in expenditures. For recipients that already met requirements at 
enrollment, a $10 increase in payment resulted in about a 2% increase in 
expenditures. 

A second step in analyzing the payment effect is to utilize the experi-
mental design. Recall that the Housing Gap payment formula was 

S = aC* - bY (9) 

Table 4-7 
Estimated Effect of the Size of the Payment on Expenditures8 

Household group 

All households 

Did not meet requirements 

at enrollment 

Met requirements at 

enrollment 

Pittsburgh 

0.0005 

(0.0007) 

0.0007 

(0.0012) 

0.0003 

(0.0007) 

Phoenix 

0.0032*** 

(0.0006) 

0.0032*** 

(0.0008) 

0.0017* 

(0.0010) 

Note: Standard errors in parentheses. 
a See Eq. (8). 

* t-statistic significant at the 0.10 level. 

*** t-statistic significant at the 0.01 level. 
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where S is the amount of the allowance payment; aC* is the basic payment 
level, where a was set at 1.2, 1.0, or 0.8, and C* was the estimated cost of 
modest, existing, standard housing in each site; b is the benefit reduction 
rate, where b was set at 0.15, 0.25, or 0.35; and Y is household income. 
Variations in the basic payment level enabled estimation of the effect of 
a 40% change in the payment. Variations in the benefit reduction rate, b, en-
abled estimation of the effect of a 20 percentage point change in that rate. 
The Minimum Standards plans may be shown schematically as follows: 

C Level 

1.2C* 
C* 

0.8C* 

0.15 

Plan 10 

b value 

0.25 

Plan 1 
Plan 2 
Plan 3 

0.35 

Plan 11 

Experimental response to the size of the payment may be due to two 
sources: variation in the size of the payment due to the experimental 
variables (the basic payment level and the benefit reduction rate), and 
variation in the size of the payment due to variations in household size and 
income. In fact, the two sources may operate in opposite directions. To 
determine the source of household response, further variables must be 
specified. 

First, to control for variation in payment levels due to variation in 
income and household size, a reference payment level is defined for each 
household as the payment it would have received if it were a household in 
the central plan (with a = 1.0 and/? = 0.25): 

SR = C* - 0.25 Y. (10) 

Therefore, in the specification 

('A - rN) = A + BSR + Cx BLVL + C2 CLVL + e, (11) 

SR controls for the effect of variation in payment due to income and 
household size, while BLVL and CLVL represent the effects of variations 
in payment parameters, as shown in Table 4-8. 

As previously noted, households that already met Minimum Standards 
at enrollment would be expected to respond to the housing allowance in 
the same way they would to any additional income that the household 
expected to receive for 3 years. Thus, since a positive income response 
was expected, Cu the coefficient of BLVL in Eq. (11), was expected to be 
negative (for households with a given income and household size, larger b 
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Table 4-8 
Definition of Experimental Variables Used to Characterize Variations in the Minimum 
Standards Plans 

Variable Definition Interpretation of coefficient 

aC* - bY, \Ahere Y is income 

(actual payment level) 

Overall effect of the payment 

C* - 0.25Y, the payment to 

a household in the central 

plan (reference payment 

level) 

Effect of payment variations 

among households due to vari-

ations in household size and 

income 

CLVL 1 if a = 1.2 

0 if a = 1.0 

-1 if a = 0.8 

Effect of increasing the 

basic payment level by 20% 

BLVL 1 if b = 0.35 

0 if b = 0.25 

-1 if b = 0.15 

Effect of increasing the 

contribution rate by 0.1 

Key: a = Experimental variation in basic payment level, 

b = Experimental variation in contribution rate. 

C* = Estimated cost of standard housing (varied by household size and site). 

means a smaller allowance payment), whereas C2, the coefficient of CLVL 
in Eq. (11), was expected to be positive (for households with a given 
income and household size, larger CLVL means a larger allowance pay-
ment). 

The expected response to larger allowance payments of households 
that only met Minimum Standards after enrollment is not simple to deter-
mine. As discussed earlier, this group of households includes both house-
holds that would normally have met the Minimum Standards after enroll-
ment and those that were induced to meet them by the allowance offer. 
The former group is expected to respond to the allowance offer in much 
the same way as households that already met the requirements at enroll-
ment, simply by treating the payment as additional income. Thus, these 
households would be expected to show a larger response at higher pay-
ment levels. 

It is not clear what effect higher payments would have on the expendi-
ture change of households that are induced to meet requirements. Higher 

file:///Ahere
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payments would, however, be expected to induce additional households 
to meet the Minimum Standards after enrollment (since they would 
receive larger payments if they did so). Indeed, logit analysis of the prob-
ability of meeting Minimum Standards did reveal higher predicted prob-
abilities for higher payment levels. (The logit equation included nonex-
perimental variables that affected the probability that a household would 
normally meet the Minimum Standards after enrollment as well as ex-
perimental variables that controlled for variations in the payment formu-
la's parameters.) Table 4-9 presents the effect of these parameters on the 
probability of meeting the Minimum Standards requirement at 2 years for 
movers and nonmovers. (These probabilities were calculated holding the 
nonexperimental variables constant at their mean values.) Each effect was 
in the expected direction—both a higher basic payment level (C level) and 
a lower contribution rate (b level) led to a larger probability of meeting 
Minimum Standards for both movers and nonmovers. The effect was 
largest for movers in Phoenix. 

Table 4-10 presents the estimated parameters of Eq. (11). Once again, 
none of the Pittsburgh coefficients is significant, confirming the result of 
the simpler specification (Eq. [8]). In Phoenix, SR, which measured the 

Table 4-9 
Effects of Payment Parameters on the Probability of Meeting Minimum Standards 
Requirements after Two Years (Increase in Probability above Normal) 

C level 

0.15 

Pittsburgh 

b value 

0.25 0.35 0.15 

Phoenix 

b value 

0.25 0.35 

Stayed i n enro l lmen t u n i t 

1.2C* — -K).06 — — -HD.07 — 

C* +0.10 -fO.05 -K).01 +0.06 +0.04 +0.02 

0.8C* — +0.03 — — +0.02 — 

Moved from enro l lmen t u n i t 

1.2C* — +0.15 — — +0.21 — 

C* +0.22 +0.08 0.00 +0.22 +0.15 +0.08 

0.8C* — +0.02 — — +0.09 — 
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Table 4-10 
Coefficients of Payment Parameters in Equation (11) 

Independent variables 

All Minimum Standards households 

SR 

CLVL 

BLVL 

Households that did not meet 
requirements at enrollment 

% 

CLVL 

BLVL 

Households that met 
at enrollment 

% 

CLVL 

BLVL 

requirements 

Pittsburgh 

0.0008 
(0.0007) 

-0.0421 
(0.0424) 

-0.0183 
(0.0374) 

0.0011 
(0.0012) 

-0.0226 
(0.0670) 

-0.0088 
(0.0599) 

0.0003 
(0.0008) 

-0.0651 
(0.0451) 

-0.0197 
(0.0392) 

Phoenix 

0.0026*** 
(0.0006) 

0.0191 
(0.0472) 

-0.0938** 
(0.0471) 

0.0026*** 
(0.0009) 

0.0088 
(0.0665) 

-0.0870 
(0.0634) 

0.0016 
(0.0007) 

-0.0105 
(0.0531) 

-0.0582 
(0.0579) 

Note: Standard errors in parentheses. See Table 4-8 for definitions of 
the independent variables. 

** t - s t a t i s t i c significant at the 0.05 level . 
*** t - s t a t i s t i c significant at the 0.01 level . 

effect of larger payments due to larger household size or smaller income, 
has a significant coefficient. When household size and income are con-
trolled for, there appears to be the expected negative relationship between 
the contribution rate and the housing response but not a significant rela-
tionship for variations in the basic payment level. It must be admitted that 
the lack of significance for some of the payment effects may result from 
the small sample sizes involved—of the five Housing Gap Minimum Stan-
dards plans, only one in each site had more than 15 households not meet-
ing requirements at enrollment and none had more than 15 households 
meeting requirements at enrollment. 
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The site difference in expenditure response is thus partly explained by 
the difference in the size of the allowance. Since the size of the payment 
and the payment parameters were both unrelated to the rent changes in 
Pittsburgh but were strongly related to response in Phoenix, the larger 
Phoenix payment contributed to the larger response. Unresolved is the 
question of why there was so little response to the payment in Pittsburgh. 

CONCLUSION 

This chapter focused on the effect of housing allowances with a Mini-
mum Standards requirement on the probability of meeting those standards 
and on housing consumption as measured by housing expenditures. Sev-
eral major conclusions emerged from the analysis. The housing allowance 
offers did induce households to meet the housing standards more often 
than households normally would have in the absence of the experiment 
and more often than they would have under a general income transfer. 

Table 4-11 
Effect of the Allowance Offer on Measures of Housing Adequacy 

Change in the probability3 of: 

Living in Living in 
Meeting minimally clearly 
Minimum adequate inadequate 

Household group Standards*3 housing housing 

Pittsburgh 

Minimum Standards households +20*** +14 -2 

Unconstrained households +1 +8 -3 

Phoenix 

Minimum Standards households +28*** +11** -14*** 

Unconstrained households +8 +10 -22*** 

a Measured in percentage points at 2 years after enrollment relative to 

Control households, at the means of the other independent variables. 
b For households that did not meet Minimum Standards at enrollment. 

** t-statistic of logit coefficient significant at the 0.05 level. 

*** t-statistic of logit coefficient significant at the 0.01 level. 
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Insofar as the experiment's minimum housing standards represent gen-
eral public policy concerns about housing quality, this result is encourag-
ing. Yet two alternative measures of housing adequacy/closely related to 
the Minimum Standards failed to indicate significant differences in hous-
ing improvement between Minimum Standards and Unconstrained house-
holds. This is summarized in Table 4-11. Housing allowances can be used 
to achieve specific housing improvements beyond those associated with a 
general income transfer, but it appears that any particular housing goals 
desired by policymakers must be explicitly required of participants. 

This conclusion also holds when housing consumption is measured by 
housing expenditures. The changes in housing expenditures induced by 
the Minimum Standards plan were similar to those induced by the Uncon-
strained allowance offers. The changes in housing expenditures of recip-
ients due to the allowance program were estimated to be 

Treatment Group Pittsburgh Phoenix 

Minimum Standards 4.3% 16.2% 
Unconstrained 2.6% 16.0% 

Chapter 5 extends the analyses of this chapter to the Minimum Rent 
plans in order to examine the feasibility of substituting an administratively 
simpler rent requirement for physical standards. Furthermore, since hous-
ing expenditures suffer the defect of not measuring exactly the housing 
quality provided by a dwelling unit, Chapter 6 examines the response of 
both Minimum Rent and Minimum Standards households with regard to 
the hedonic index of housing services described in Chapter 3. 



Chapter 5 
The Effect of Minimum Rent 

Housing Allowances on 
Housing Consumption 

The Minimum Standards housing requirement discussed in Chapter 4 is 
the approach most often considered in discussions of housing allowances. 
However, administration of a program that imposes physical and occu-
pancy requirements requires inspections of the dwelling units of applicant 
households to check whether they meet a variety of requirements for 
space, basic facilities, condition of structure and surfaces, light and venti-
lation, and the like. Such inspections are costly to the government and are 
likely to impose inconvenience on both tenants and landlords. Based on an 
assumption that housing quantity and quality increase with a unit's rent, 
an alternative requirement—setting a minimum rent level—was tested in 
the Demand Experiment. Such a requirement is easy to administer be-
cause rent payments can be verified by rent receipts. 

Under the Minimum Rent alternatives that were tested in the experi-
ment, households were required to live in units whose rent levels met or 
exceeded a certain minimum. Two levels of Minimum Rent were 
tested—70% and 90% of C*, where C* was the estimated cost of modest, 
existing, housing meeting the Minimum Standards requirement at each 
site. The two levels were referred to as Minimum Rent Low and Minimum 
Rent High. Setting the minimum rent level as a proportion of C* was 
intended to ensure that recipient households spent enough on housing to 
enable them to rent modest but close to standard units. The main appeal of 
a minimum rent requirement is that it might enable participants to choose 
improvements that they desired. For example, a household might sacrifice 
number of rooms for location in a preferred neighborhood. Minimum Rent 
requirements are likely to have disadvantages also. It is possible, for 
instance, that a recipient household would pay high rents for substandard 
housing by choice. Furthermore, there is at least the potential for collusion 
between the landlord and the tenant to falsify rent receipts. 

95 
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OVERVIEW OF HOUSING CHANGES 

Figures 5-1 and 5-2 present the behavior of Minimum Rent and Control 
households with respect to each Minimum Rent requirement. As would be 
expected, noticeably more Minimum Rent Low households met their re-
quirement at enrollment (62% in Pittsburgh and 54% in Phoenix) than did 

Pittsburgh Phoenix 

166 
128 

38 

f/7$ 

47 

-

v7o. 

1751 

98 

77 

Minimum Rent Low households 

50 
-

:45; 

^30] 

~2(f 

434 

321 

113 

197 

122 

-

189J 

49 ! 

73 

525 

282 

243 

121; 

155 

-

111j 

~30| 

125 

10 

Control households 

Figure 5-1. Participation of Minimum Rent Low and Control households. 
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Key 

A. Enrolled households 
B. Active at 2 years after enrollment 
C. Met Minimum Rent Low at enrollment 
D. Met Minimum Rent Low at 2 years 
E. Did not meet Minimum Rent Low at 2 years 
F. Did not meet Minimum Rent Low at enrollment 
G. Met Minimum Rent Low at 2 years 
H. Did not meet Minimum Rent Low at 2 years 
I. Missing values 
J. Dropped out of the experiment 

Figure 5-1. (continued) 

Minimum Rent High households (31% in Pittsburgh and 26% in Phoenix). 
The percentages of Minimum Rent High households that met their re-
quirements at enrollment in each site were close to the percentage of 
Minimum Standards households that met the Minimum Standards at en-
rollment. 

When only households that remained in the sample for the full 2-year 
experimental period are examined, the percentage of Minimum Rent Low 
households that met their requirements increased over the 2 years by a 
sizeable amount—from 62 to 85% in Pittsburgh (a change of 23 percentage 
points) and from 48 to 77% in Phoenix (a change of 29 percentage points). 
The change in the percentage of Minimum Rent High households that met 
the requirement was of the same magnitude—from 30 to 52% in Pittsburgh 
(22 percentage points) and from 20 to 50% in Phoenix (30 percentage 
points). The changes for Control households were smaller than those for 
Minimum Rent households, suggesting that some Minimum Rent house-
holds were induced to meet the Minimum Rent requirements by the offer 
of a housing allowance. 

As was true for the Minimum Standards plans, nearly all households 
that met their Minimum Rent requirement at enrollment continued to meet 
it in their 2-year unit; the rates for Control households were almost as high. 
Thus, it appears that, as was the case for Minimum Standards, almost all 
Minimum Rent households that met the Minimum Rent requirement at 
enrollment would have continued to meet requirements normally, even 
without the allowance offer. 

In contrast, in both sites, only 60% of Minimum Rent Low households 
that did not meet their requirement at enrollment had met the requirement 
by the end of 2 years. Comparable figures for Minimum Standards house-
holds were 32% in Pittsburgh and 49% in Phoenix, confirming that the 
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179 

Pittsburgh 

117 

62 

£35; 

82 

-
V35-; 

56 

10 

Phoenix 

191 

109 

82 

Minimum Rent High households 

■■2% 

84 

320Ϊ] 

51 

434 

321 

113 

98 

221 

.9.2 ] 

49 

172 

525 

282 

243 

f:65;; 

210 

Ä32V 

178 

Control households 

Figure 5-2. Participation of Minimum Rent High and Control households. 

Minimum Rent Low requirement was easier to meet. Among Minimum 
Rent High households that did not meet their requirement in their enroll-
ment units, only 32% in Pittsburgh and 39% in Phoenix met the require-
ments by the end of 2 years. These rates were below those for the Mini-
mum Rent Low plans but about the same as the Minimum Standards 
rates. 
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Key 

A. Enrolled households 
B. Active at 2 years after enrollment 
C. Met Minimum Rent High at enrollment 
D. Met Minimum Rent High at 2 years 
E. Did not meet Minimum Rent High at 2 years 
F. Did not meet Minimum Rent High at enrollment 
G. Met Minimum Rent High at 2 years 
H. Did not meet Minimum Rent High at 2 years 
I. Missing values 
J. Dropped out of the experiment 

Figure 5-2. (continued) 

The differences between figures for Experimental and Control house-
holds that did not meet Minimum Rent requirements at enrollment indi-
cate that Experimental households were induced by the allowance offer to 
meet the Minimum Rent requirements. This finding was further confirmed 
by a logit analysis of households that did not meet their Minimum Rent 
requirement at enrollment. As shown in Table 5-1, the allowance offer did 
have a sizeable effect on the probability of meeting the requirements for 
households not meeting them at enrollment. The probability that a Mini-
mum Rent Low household would meet the requirements after enrollment 
is 34 percentage points higher than that of a comparable Control house-
hold in Pittsburgh and 56 percentage points higher in Phoenix. These 
impacts are somewhat larger than the comparable changes for Minimum 
Standards households (20 percentage points in Pittsburgh and 28 percent-
age points in Phoenix). The probability that a Minimum Rent High house-
hold would meet the requirements after enrollment is 10 percentage points 
greater than that of a comparable Control household in Pittsburgh and 25 
percentage points larger in Phoenix. 

An important factor in deciding whether a Minimum Rent requirement 
can serve as an administrative proxy for a Minimum Standards require-
ment is the degree to which passing the two requirements is related. To 
receive an allowance payment, a Minimum Standards household had to 
rent a unit that passed the Minimum Standards. Minimum Rent house-
holds were neither required to meet the Minimum Standards, nor were 
they familiar with them. The fact that Minimum Rent households paid 
high enough rents to enable them to rent units that passed the Minimum 
Standards does not necessarily mean that they in fact chose to do so. For 
these reasons, the relationship between the two requirements is not prede-
termined. A strong empirical relationship between the two types of re-
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Table 5-1 
Probability of Meeting Minimum Rent Requirements for Households Who Did Not Meet 

Them at Enrollment 

Household group Pittsburgh Phoenix 

Requirement: Minimum Rent Low 

Obntrol households 0.341 0.128 

Unconstrained households 0.416b 0.394c 

Minimum Rent Low households 
Computed using active 

sample only 0.681d 0.685d 

Computed using active sample 
plus voluntary dropouts 
(lower bound estimate)a 0.560d 0.477d 

Requirement: Minimum Rent High 

Control households 0.176 0.081 

Unconstrained households 0.254b 0.202c 

Minimum Rent High households 
Computed using active 

sample only 0.280c 0.335d 

Computed using active sample 
plus voluntary dropouts 
(lower bound estimate)3 0.219b 0.211d 

a This is a special sample that includes households that dropped out of the 
program for voluntary reasons. It is assumed that these households main-
tained their enrollment housing requirement status. 

b Logit coefficient indicates probability not significantly different from 
that of Control households at the 0.10 level. 

c Logit coefficient indicates probability significantly different frcm that 
of Control households at the 0.05 level. 

d Logit coefficient indicates probability significantly different from that 
of Control households at the 0.01 level. 

quirements must be demonstrated for a Minimum Rent requirement to be 
considered as a viable policy alternative. It should be remembered, 
though, that the Minimum Standards are highly specific. Since Minimum 
Rent households were unaware of the Minimum Standards requirements, 
they could have improved their housing materially and still failed to meet 
the Minimum Standards for some relatively minor reasons. Because of 
this possibility, alternative housing measures were also evaluated. 

Figure 5-3, which shows the proportion of households that met the Min-
imum Standards requirement in the various experimental plans, indicates 
that neither Minimum Rent requirement serves as a good proxy for Mini-
mum Standards. Furthermore, only about one-third to one-half of the 
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Key 
Percentage passing at 2 years after enrollment 
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Figure 5-3. Passing the Minimum Standards. 

households that met Minimum Rent Low or Minimum Rent High in either 
site passed Minimum Standards. That the Minimum Rent requirements 
were inadequate in this regard was confirmed by a logit analysis of the 
probability that Minimum Rent households met the Minimum Standards at 
2 years. While the estimated effects of the Minimum Rent offers on the 
probability of passing Minimum Standards were generally positive, the 
estimates were always small and never significant. This was true both for 
households that did and that did not meet the Minimum Rent requirements 
at enrollment. 
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Pittsburgh

Key ~ Percentage at 2 years after enrollment

Percentage at enrollment

Phoenix

Figure 5-4. Changes In housing adequacy.

As was indicated in Chapter 4, the Minimum Standards categorization
is somewhat arbitrary because it was designed for a specific program.
Therefore, the effect of the Minimum Rent plans on Budding's measure of
housing adequacy was also examined. Recall that this measure classifies
housing as inadequate, ambiguous, or adequate. The inadequate category
is intended to include only units with serious physical deficiencies, which
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would be unlikely to be acceptable under any reasonable policy standard. 
On the other hand, the adequate category represents units that seem likely 
to meet most public policy concerns for housing. Analysis of the impact of 
a Minimum Rent requirement on the proportion of households that were 
living in either inadequate or minimally adequate housing therefore can be 
used to examine the effectiveness of Minimum Rent requirements as prox-
ies for a range of explicit physical standards, one less stringent than the 
Minimum Standards (not inadequate) and one more stringent (adequate). 

Figure 5-4 summarizes the changes in housing adequacy. As for Mini-
mum Standards households, there appears to be little or no effect for most 
Minimum Rent households. This further bolsters the finding that the Min-
imum Rent requirements alon»? do not focus households' housing changes 
on the particular physical standards usually called for by housing 
policymakers. 

RENT CHANGES INDUCED BY THE MINIMUM 
RENT PLANS 

Tables 5-2 and 5-3 present the changes in housing expenditures for 
Minimum Rent households that met their Minimum Rent requirements at 
2 years after enrollment. Minimum Rent High households that met their 
requirement only after enrollment did increase their rent by more than 
similar Control households; however, Minimum Rent Low households 
that met their requirement only after enrollment did not. Recall, however, 
that Minimum Rent households that did not meet their requirements at 
enrollment may have been induced to meet the Minimum Rent require-
ments by the prospect of the housing allowance payment; so the relevant 
comparison is with normal rent, the amount they would have spent in the 
absence of the allowance offer (as computed in a manner similar to that for 
Minimum Standards households' normal rent; see Chapter 4). 

A sizeable above-normal change in expenditures is indicated for each 
Minimum Rent group. Minimum Rent Low households meeting their re-
quirement after enrollment had an increase in expenditures of 10% above 
normal in Pittsburgh and 42% above normal in Phoenix. The increases 
above normal for Minimum Rent High households meeting their require-
ment after enrollment were 18% in Pittsburgh and 36% in Phoenix. These 
increases were both larger than the increases for Minimum Standards 
households meeting housing standards after enrollment (9% in Pittsburgh 
and 17% in Phoenix). 

The tabular comparisons presented above indicate that the housing 
allowance offers did induce increased housing expenditures. However, 
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the comparisons are only suggestive because they lacked adequate ad-
justment for differences in initial condition, selection bias, and nonex-
perimental variables. To control for these differences we used the meth-
odology described in Appendix III. 

As with the Minimum Standards plans, the effect of the housing allow-
ances on rent changes of recipients was defined as the median percentage 
change in rent relative to the normal rent level. Unlike the analysis of the 
effects of Minimum Standards plans on rental expenditures, the analysis 
of the effects of Minimum Rent plans had to utilize the method developed 
in Appendix III in order to correct for significant selection bias. This was 
not unexpected; while a Minimum Rent household's recipient status was 
directly related to the household's actual rent outlay, recipient status in 
the Minimum Standards plans was only indirectly related to rent (as the 
previous section indicated, the relationship between rent and the probabil-
ity of passing the Minimum Standards is rather weak). The estimated 
effects corrected for selection bias are presented in Table 5-4. 

In Pittsburgh, the Minimum Rent Low plans had only a small effect on 
expenditures. In contrast, in Phoenix these plans induced rather large and 
significant increases in rental expenditures above normal—the median 
increase was about 16%. Minimum Rent Low households that met the 
requirements only after enrollment had a median increase of 42% above 
normal while the change for similar Pittsburgh households was only 9% 
above normal (significant only at the 0.10 level). 

Minimum Rent High plans had large and significant effects in both sites, 
with larger effects in Phoenix. In Pittsburgh Minimum Rent High plans 
clearly had much larger effects than the Minimum Rent Low plans (8% for 
all households and 16% for households meeting requirements after en-
rollment) than the Minimum Rent Low plans. In Phoenix, the effects of 
the two plan types were similar for households that met the requirements 
only after enrollment (42% above normal for Phoenix Minimum Rent Low 
households; 43% percent for Minimum Rent High households). Overall, 
however, the effect of the Minimum Rent High plans was larger in Phoenix 
than either the Minimum Rent Low or the Minimum Standards plans. 

The site difference in response can be partially explained by the same 
reasons that led to site differences for Minimum Standards households: 
different initial housing conditions and different payment levels. An aver-
age Phoenix Minimum Rent household that met requirements after enroll-
ment had to make larger changes in expenditures than did an average 
Pittsburgh household. As before, though, this difference in initial position 
can account for only part of the difference. 

The response of Minimum Rent households can also be compared to 
that of a cash transfer as represented by the Unconstrained plan. Table 5-5 
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Table 5-4 
Median Percentage Increase in Housing Expenditures above Normal for Minimum 

Rent Households 

Household group 

All Minimum Rent Low recipients 

Did not meet requirements 

at enrollment 

Met requirements at 

enrollment 

All Minimum Rent High recipients 

Did not meet requirements 

at enrollment 

Met requirements at 

enrollment 

Pittsburgh 

Sample 

Change 

2.8 

(2.5) 

8.7* 

(5.1) 

2.4 

(2.9) 

8.5** 

(3.6) 

15.8*** 

(6.4) 

4.6 

(3.7) 

size 

(101) 

( 27) 

( 74) 

( 57) 

( 25) 

( 32) 

Phoenix 

Change 

15.7*** 

(4.4) 

42.0*** 

(9.3) 

-1.2 

(3.3) 

28.4*** 

(6.3) 

42.6*** 

(9.7) 

7.4 

(5.0) 

Sample 

size 

(68) 

(26) 

(42) 

(45) 

(28) 

(17) 

Note: Standard errors in parentheses. Effects are corrected for selec-

tion bias using Control households that did not meet the require-

ments at 2 years after enrollment (see Appendix III for more 

details). 

* t-statistic of estimated effect significant at the 0.10 level. 

** t-statistic of estimated effect significant at the 0.05 level. 

*** t-statistic of estimated effect significant at the 0.01 level. 

presents the comparison between the Unconstrained group and each Min-
imum Rent group (using the appropriate minimum rent requirement to 
determine the initial status of the Unconstrained households). Overall, 
Minimum Rent Low households increased their housing expenditures by 
about the same percentage as Unconstrained households. Minimum Rent 
High households in both sites increased their expenditures significantly 
more than Unconstrained households, although the difference is larger in 
Phoenix. There is no significant difference in the response of Minimum 
Rent households that met their requirement at enrollment from that of 
comparable Unconstrained households. 

Minimum Rent households that only met requirements after enrollment 
would be expected to have to spend more on housing than similar Uncon-
strained households. While some of these households would probably 
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Table 5-5 
Median Percentage Increase in Housing Expenditures for Minimum Rent Households 
above That for Unconstrained Households 

Household Group 

All households 

Did not meet requirements 

at enrollmenta 

Met requirements 

enrol lmenta 
at 

Pittsburgh 

Minimum 

Rent Lew 

0.1 
(3.9) 

6.2 
(7.2) 

-1.0 

(4.6) 

Minimum 

Rent High 

5.8* 

(3.5) 

10.5 

(7.4) 

6.1 
(5.9) 

Phoenix 

Minimum 

Rent Low 

-0.2 

(3.8) 

9.6 
(10.9) 

-A.6 
(5.7) 

Minimum 

Rent High 

10.7** 

(5.4) 

16.8* 

(10.4) 

9.1b 

(8.8) 

Note: Standard errors in parentheses. 
a Comparison uses Unconstrained households that did or did not meet the appro-

priate Minimum Rent requirements at enrollment. There is no selection bias 

for households that met requirements at enrollment. 

k Comparison based on 15 or fewer Unconstrained household observations. 

* t-statistic based on estimated contrast significant at the 0.10 level. 

** t-statistic based on estimated contrast significant at the 0.05 level. 

spend enough to meet the requirements due solely to the income effect of 
the allowance payment, at least the Minimum Rent High requirements 
were large enough to induce additional expenditures. The difference be-
tween the groups was significant, however, only for Minimum Rent High 
households in Phoenix, apparently reflecting the relatively small number 
of Unconstrained households (and accordingly large standard errors of 
estimate). 

An additional comparison is possible—between Minimum Rent and 
Minimum Standards households. Because of the direct link between addi-
tional expenditures and meeting the Minimum Rent requirements, Mini-
mum Rent households that met their requirements after enrollment could 
be expected to increase their rent more than the Minimum Standards 
households. This is in general confirmed by the estimates in Table 5-6. 
Minimum Rent households that met their own requirements after enroll-
ment show larger increases in expenditures than Minimum Standards 
households that met Minimum Standards requirements after enrollment. 
The difference is large and significant only in Phoenix. In contrast, there is 
no significant pattern for households that met requirements at enrollment. 
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Table 5-6 
Median Percentage Increase in Housing Expenditures for Minimum Rent Households 
above That for Minimum Standards Households 

Household group 

All households 

Did not meet requirements 

at enrollment 

Met requirements 

enrol lmenta 
at 

Pittsburgh 

Minimum 

Rant Low 

-1.5 

(3.5) 

1.1 

(4.8) 

-1.3 

(4.5) 

Minimum 

Rent High 

4.1** 

(3.4) 

7.8 

(5.9) 

3.6 

(5.1) 

Phoenix 

Minimum 

Rent Low 

-0.4 

(3.8) 

14.9 

(7.5) 

-0.5 

(5.1) 

Minimum 

Rent High 

10.5** 

(5.4) 

15.4** 

(7.9) 

8.2 

(6.5) 

Note: Standard error in parentheses. 
a No selection bias for t h i s group. 

** t - s t a t i s t i c based on estimated contrast significant a t the 0.05 leve l . 

RESULTS FOR MOVERS 

The separate analysis of Minimum Standards movers in Chapter 4 con-
cluded that their experimentally induced change in housing expenditures 
followed the same pattern that was estimated for all households. Recall 
though that the response of the movers was larger than for all households 
despite the possible downward bias in the estimates of their change. The 
same downward bias is possible for Minimum Rent movers as well. The 
expenditures for these households are summarized in Table 5-7. 

The effects for Minimum Rent movers that only met requirements after 
enrollment were significant at the 0.01 level, with one exception: for Min-
imum Rent Low movers, 5% (not significant) above normal in Pittsburgh 
but 33% above normal in Phoenix; for Minimum Rent High movers, 22% 
above normal in Pittsburgh and 36% in Phoenix. As was found for all 
Minimum Rent households, there were no significant above-normal in-
creases in rent for the movers that already met requirements at enroll-
ment. Unconstrained movers had above-normal increases in rent of 3.7% 
in Pittsburgh and 17.9% in Phoenix (the latter significant at the 0.05 level) 
(cf. Table 4-6). Only one experimental group of movers had a significantly 
larger increase than did similar Unconstrained households—Minimum 
Rent High households in Pittsburgh (but only at the 0.10 level). 
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Table 5-7 
Median Percentage Increase in Housing Expenditures above Normal for Minimum 
Rent Movers 

Household group 

Minimum Rent Low movers 

Did not meet requirements 

at enrollment 

Met requirements at 

enrollment 

Minimum Rent High movers 

Did not meet requirements 

at enrollment 

Met requirements at 

enrollment 

Pittsburgh 

Sample 

Change 

5.1 

(4.6) 

[5.4]* 

(7.4) 

8.7 
(6.1) 

14.0*** 

(5.7) 

21.9*** 

(8.2) 

[4.9] 

(7.3) 

size 

(41) 

(15) 

(26) 

(29) 

(15) 

(12) 

Phoenix 

Change 

14.5*** 

(5.5) 

33.1*** 

(9.8) 

-2.8 

(4.8) 

26.4*** 

(7.0) 

36.1*** 

(9.7) 

[7.7] 

(7.1) 

Sample 

size 

(49) 

(23) 

(26) 

(39) 

(28) 

(11) 

Note: Standard error in parentheses. Effects are corrected for selec-

tion bias using Control households that did not meet the require-

ments at two years after enrollment (see Appendix III for more 

details). Brackets indicate amounts based on 15 or fewer obser-

vations . 
a Correction for selection bias based on 15 or fewer Control observa-

tions . 

*** t-statistic of estimated effect significant at the 0.01 level. 

CONCLUSION 

Table 5-8 summarizes the estimated effects of the various Housing Gap 
allowance plans on housing expenditures. The pattern of expenditure re-
sponse was similar in the two sites, although response levels were gener-
ally higher in Phoenix. Overall, the allowance programs did lead to 
increased housing expenditures in both sites, although effects for all recip-
ients in Pittsburgh are only significant for Minimum Rent High. The in-
crease was concentrated among household that met their requirements 
only after enrollment. Effects for these households were substantial and 
significant in both sites ranging from 8 to 16% in Pittsburgh and from 24 to 
43% in Phoenix. On the other hand, households that already met require-
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Table 5-8 
Summary of Experimental Effects on Expenditures (Percentage Increase 
above Normal) 

Household group 

Minimum 

Standards 

households 

Minimum 

Rent Low 

households 

Minimum 

Rent High 

households 

Uncon-

strained 

households 

Pittsburgh 

All households 

Did not meet 

requirements 

at enrollment 

Met requirements 

at enrollment 

All households 

Did not meet 

requirements 

at enrollment 

Met requirements 

at enrollment 

4.3 
(2.7) 

7.5** 

(3.9) 

1.1 
(3.5) 

16.2*** 

(3.9) 

23.6*** 

(5.4) 

-0.7 

(3.8) 

2.8 
(2.5) 

8.7* 

(5.1) 

2.4 
(2.9) 

Phoenix 

15.7*** 

(4.4) 

42.0*** 

(9.3) 

-1.2 

(3.3) 

8.5** 

(3.6) 

15.8*** 

(6.4) 

4.6 
(3.7) 

28.4*** 

(6.3) 

42.6*** 

(9.7) 

7.4 
(5.5) 

2.6 
(3.1) 

NA 

NA 

16.0*** 

(5.6) 

NA 

NA 

Note: Standard errors in parentheses. NA means not applicable. 

* t-statistic based on estimated effect significant at the 0.01 level. 

** t-statistic based on estimated effect .significant at the 0.05 level. 

*** t-statistic based on estimated effect significant at the 0.10 level. 

ments at enrollment showed generally modest and always insignificant 
increases in expenditures above normal levels. (Estimates for these 
households were, however, consistent with responses to changes in in-
come estimated in Chapter 2.) 

As summarized in Table 5-8, the different housing requirements did lead 
to different responses in terms of housing expenditures. In comparison to 
Minimum Standards, the Minimum Rent High requirement induced larger 
expenditure changes for recipients as a whole and for households that met 
requirements only after enrollment (both are significant only in Phoenix). 
Indeed, even increases among households that already met requirements 
at enrollment were larger for Minimum Rent High than for Minimum 
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Standards, although the difference was not significant. Expenditure effects 
for Minimum Rent Low households fell between those of Minimum Stan-
dards and Minimum Rent High. For all recipients, Minimum Rent Low 
induced overall increases comparable to (in Phoenix) or below (in 
Pittsburgh) those of Minimum Standards households. For households that 
only met requirements after enrollment, increases were similar to those of 
Minimum Standards households in Pittsburgh and similar to Minimum 
High Rent households in Phoenix. 

On the other hand, the Minimum Standards requirement did lead to 
increases in the proportion of households that met it and other indicators 
of housing quality. Minimum Rent requirements did not. Thus, it appears 
that the response to the housing allowance payment was focused by the 
requirements on the measure dictated by the requirements (increased 
housing standards for Minimum Standards households or increased rent 
for Minimum Rent households). 

Differences between the two sites may have been partly due to dif-
ferences in the initial housing situation of participants. In particular, 
households in Phoenix that did not meet their requirements at enrollment 
generally had to increase their housing expenditures by much more than 
comparable households in Pittsburgh in order to meet requirements. Dif-
ferences between the sites may have also reflected basic differences in the 
way in which households regarded the allowance. Expenditure changes 
by Unconstrained households showed the same pattern as Housing Gap 
households—markedly higher responses in Phoenix than in Pittsburgh. 
When the expenditure changes of Housing Gap recipients were compared 
to those of Unconstrained households, as summarized in Table 5-9, the 
differences between the sites, although still present, were much smaller. 

Only Minimum Rent High plans led to significantly larger increases in 
housing expenditures for all recipients relative to the Unconstrained plan. 
Comparisons for households that did and did not meet the various re-
quirements at enrollment were generally insignificant (due mainly to the 
small number of Unconstrained households). There is some indication 
that allowance recipients that only met requirements after enrollment 
tended to show larger differences when compared to Unconstrained 
households than recipients that already met requirements at enrollment. 
This is further evidence that the presence of the Minimum Rent require-
ments focused household response on increased expenditures relative to 
the response to an Unconstrained payment. 

Overall, then, the analysis suggests that housing allowances affected 
recipients in two ways. First, the payment itself was sufficient to induce 
some increase in expenditures, as indicated in the response of the Uncon-
strained households (particularly in Phoenix). Second, the housing re-
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Table 5-9 
Median Percentage Increase in Housing Expenditures for Housing Gap 

Households above That for Unconstrained Households 

HDusehold group 

Minimum 

Standards 

households 

Minimum 

Rent Low 

households 

Minimum 

Rent High 

households 

Pittsburgh 

All households 

Did not meet 

requirements 

at enrollment 

Met requirements 

at enrollment 

All households 

Did not meet 

requirements 

at enrollment 

Met requirements 

at enrollment 

1.5 
(2.6) 

3.1 
(5.1) 

6.7 
(7.7) 

Phoenix 

0.3 
(3.4) 

6.2 
(7.7) 

-15.2* 

(7.3) 

0.1 
(3.9) 

6.2 
(7.2) 

-1.0 

(4.6) 

-0.2 

(3.8) 

9.6 
(10.9) 

-4.6 

(5.7) 

5.8* 

(3.5) 

10.5 

(7.4) 

6.1 
(5.9) 

10.7** 

(5.4) 

16.8* 

(10.4) 

9.1 
(8.8) 

* t-statistic based on estimated contrast significant at the 0.10 

level. 

** t-statistic based on estimated contrast significant at the 0.05 

level. 

quirements led to additional housing changes which varied according to 
the specific requirement used. Minimum Standards requirements resulted 
in additional households meeting the Minimum Standards but caused no 
increases in housing expenditures or in two housing adequacy measures 
above those of Unconstrained households. Minimum Rent requirements 
(when set at high enough levels) led to further increases in expenditures 
but no change in the proportion of households meeting Minimum Stan-
dards. This last finding indicates the undesirability of using minimum rent 
requirements as administrative proxies for physical housing standards. 



Chapter 6 
The Effect of Housing Gap 

Allowances on the Consumption 
of Housing Services 

The previous two chapters analyzed the effect of Housing Gap allow-
ances on housing consumption in terms of changes in the physical housing 
standards and the housing expenditures of recipients. However, as dis-
cussed in Chapter 3, in certain situations changes in housing expenditures 
may differ from changes in housing services. Therefore, this chapter ex-
amines housing consumption in terms of housing services, as measured by 
the hedonic indices described in Chapter 3. In addition, the chapter exam-
ines the effect of the allowance payments on the way households look for 
rental units, that is, their shopping behavior in the housing market. 

Like the rent rebates given to Percent of Rent households, Housing Gap 
allowance offers could potentially alter households' shopping behavior in 
a way that would result in recipients paying above market-average rents 
(overpaying) for their units. If this indeed happened, then in terms of the 
model developed in Chapter 3, allowance recipients would be expected to 
have, on average, bad deals (a positive hedonic residual w). That is, they 
would be getting a less than average amount of housing services per dollar 
of rent. 

In general, there is no particular reason to expect a randomly selected 
group of households, such as the Control households, to have rented 
housing that provides below- or above-average amounts of housing ser-
vices per dollar of housing expenditure. Similarly, households in the Un-
constrained plan would be expected to have purchased an average amount 
of housing services per dollar of expenditure. Unconstrained households 
were free to treat the allowance income just as they would income from 
any other source, so there is no reason why their shopping behavior would 
have been altered. 

This reasoning would also apply to changes in housing expenditures by 
115 
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Housing Gap households that already met their housing requirements at 
enrollment, since, as the analyses of Chapters 4 and 5 indicated, these 
households were effectively unconstrained also. Note, however, that the 
initial housing expenditures of these households may well have resulted 
from unusual shopping behavior. In particular, households that were pay-
ing rents high enough to meet the Minimum Rent requirement may well 
have included those that were paying more than the market average rent 
for their housing (in other words, this group may include a dispropor-
tionate number of households whose housing may be considered a bad 
deal). Likewise, households that met Minimum Standards at enrollment 
may to some extent have been households that had purchased exception-
ally good housing as well as being households that spent more, or hap-
pened by chance to buy standard housing. 

In contrast, the allowance offers were likely to have altered the shop-
ping behavior of households that did not meet the housing requirements at 
enrollment. Consider first a household in a Minimum Rent plan. At enroll-
ment, the household did not spend enough money on rent to pass the 
requirement. Therefore, to qualify for the allowance payments, it had to 
find a more expensive unit. This could have led the household to prefer a 
unit that would normally be considered a bad deal, but which passed the 
Minimum Rent requirement, over a unit that would be considered a good 
deal, but which did not pass the requirement. 

This can be seen with the aid of Figure 6-1. In this figure, the vertical 
axis measures housing services (H) and the horizontal axis measures hous-
ing expenditures (R). The diagonal line represents the average relationship 
between housing expenditures and housing services, that is, R = pHH, or 
w = 0. Units to the left of the diagonal would be considered good deals 
(w < 0); units to the right of the diagonal would be considered bad deals 
(w > 0). In the absence of a housing allowance offer, a utility-maximizing 
household would normally prefer unit A which provides HA units of hous-
ing services and rents for RA dollars over unit B which provides HB units 
of housing services and rents for RB dollars, because unit A both provides 
more housing services and leaves more income for other purchases. Thus, 

U(HA, Y- RA)> U(HB, Y - RB) (1) 

where U is the household's utility function, and Y is the household's 
income. 

However, the allowance offers may change this inequality. Since unitB 
passes the Minimum Rent requirement and unit A does not, it is possible 
to find an allowance payment, S, high enough such that 

U(HA, Y- RA)< U(HB, Y+ S - RB). (2) 
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( w = 0 ) 

Housing 
Expenditures 

Figure 6 -1 . The relationship between housing expenditures and housing services. 

Of course, some units may both meet the Minimum Rent requirement 
and be good deals. However, finding these units may require additional 
search effort, during which the household may both spend part of its 
preallowance income on search costs and get no allowance payment. 
Thus, under these circumstances, the mean value of the hedonic residual 
at 2 years after enrollment for recipient households that met the Minimum 
Rent requirements only after enrollment might easily be positive; their 
units might be classified as bad deals. 

For Minimum Standards households the argument is similar, although 
for them the incentive to choose overpriced units (w > 0) was less direct. 
These households were looking for units that passed the Minimum Stan-
dards, not for more expensive units. However, if in their search for units 
that passed the Minimum Standards, they found a unit that passed the 
standards but was overpriced (w > 0), they could have chosen to occupy 
it even if they would normally have continued searching. To the extent 
that continued search for units that met Minimum Standards required 
additional effort, it is reasonable that, on average, this group of house-
holds could also have positive hedonic residual. For example, if any 
household has difficulty finding a dwelling unit with attributes it likes, it 
may overpay simply to avoid further search costs. 

There are two serious consequences of overpayment, should it occur. 
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First is the potential for housing price inflation. If there is a reduced 
incentive on the part of tenants to hold down the rent levels they are 
willing to pay, landlords will have more freedom to raise rents. This would 
have particularly unfortunate consequences on those low-income house-
holds not participating in the housing allowance program who would suf-
fer rent inflation without receiving a housing subsidy. The second conse-
quence is the presence of wasted dollars. That is, housing allowance 
dollars would not purchase as many housing services as they should, 
leaving the program somewhat inefficient. 

ALLOWANCE EFFECTS ON OVERPAYMENT 

In this section, the allowance effects on overpayment are analyzed 
separately for each of the three types of housing requirement. As in Chap-
ter 3, the logarithm of the overpayment, H>, was computed as the differ-
ence between the logarithms of the unit's actual and predicted rent (as 
explained there, the predictions were based on hedonic regressions which 
predict a unit's average rent based on its characteristics and tenure condi-
tions): 

w = ln(R) - [1η(ρ) + ln(Z)]. (3) 

The median percentage overpayment was therefore computed as exp(>v) 
- 1. 

The effect of the Minimum Standards requirement on overpayment is 
shown in Table 6-1, which presents the median percentage overpayment 
for the Minimum Standards, Control, and Unconstrained households ac-
cording to their status relative to the Minimum Standards requirements at 
2 years after enrollment. Recall that of these three groups, only the Mini-
mum Standards households were told about these standards, and only 
they were required to meet them. No significant overpayment relative to 
the market average was found in either site for any of the three groups. 
Nor does it appear that the Minimum Standards allowance offer induced 
households to overpay for their units—there is no significant difference 
between overpayment by Minimum Standards and Control households or 
between that by Minimum Standards and Unconstrained households. 

The effects of the Minimum Rent requirements on overpayment are 
shown in Tables 6-2 and 6-3, which present the median percentage over-
payment for Minimum Rent, Control, and Unconstrained households rela-
tive to the two Minimum Rent requirements, respectively, at 2 years after 
enrollment. The tables indicate that significant overpayment did occur in 
both sites for both Control and Experimental households that met the 



Allowance Effects on Overpayment 119 

Table 6-1 
Estimated Overpayment Relative to the Market Average—The Minimum Standards Requirement 

Pittsburgh Phoenix 

Household group 

Percentage 

overpayment 

Sample 

size 

Percentage 

overpayment 

All households that met Minimum 

Standards requirements at two 

years after enrollment 

Control households 

Minimum Standards households 

Unconstrained households 

Households that did not meet Mini-

mum Standards requirements at 

enrollment 

Control households 

Minimum Standards households 

Unconstrained households
 [-

Households that met Minimum Stan-

dards requirements at enrollment 

Control households 

Minimum Standards households 

Unconstrained households 

Sample 

size 

2.8 
(1.8) 

0 .3 
(2.3) 

O3.0] 
(4.9) 

(81) 

(83) 

(14) 

-1.7 
(2.0) 

1.8 
(3.0) 

5 .4 

(6.2) 

(87) 

(84) 

(17) 

1.5 
(0.9) 

0 .2 
(3.0) 

10.2] 
(6.9) 

3.6 

(2.3) 

0 .5 
(3.3) 

[2.8] 
(7.0) 

(29) 

(45) 

( 6) 

(52) 

(38) 

( 8) 

-5.7 
(6.5) 

1.1 
(3.5) 

[3.4] 
(8.3) 

3 .7 
(4.6) 

3 .4 
(5.3) 

[7.8] 
(9.5) 

(49) 

(59) 

( 9) 

(38) 

(25) 

( 8) 

Note: Brackets indicate amounts based on 15 or fewer observations. Standard errors in 

parentheses. Estimated overpayment of Control and Unconstrained households not 

significantly different from that of Minimum Standards households at the 0.10 

level. 

Minimum Rent requirements (either Low or High). This effect is to be 
expected because, as mentioned earlier, these groups by definition in-
cluded households with above-average housing expenditures and were 
likely to include households that paid more than market average rent for 
the housing they obtained. 

There was however no significant difference between the Minimum 



Table 6-2 
Estimated Overpayment Relative to the Market Average -The Minimum Rent Low Requirement 

Pittsburgh 

Household group 

Percentage 

overpayment 

Sample 

size 

Phoenix 

Percentage 

overpayment 

Sample 

size 

All households that met Minimum 

Rent Low requiremetns at two 

years after enrollment 

Control households 

Minimum Rent Low households 

Unconstrained households 

Households that did not meet Mini-

mum Rent Low requirements at 

enrollment 

Control households 

Minimum Rent Low households 

Unconstrained households 

Households that met Minimum Rent 

Low requirements at enrollment 

Control households 

Minimum Rent Low households 

Unconstrained households 

4#9*** 
(0.6) 

6.8** 
(2.3) 

2.7 
(3.2) 

(214) 

( 95) 

( 39) 

7.9*** 
(1.5) 

9.0** 
(3.7) 

5.5 
(5.5) 

(125) 

( 84) 

( 23) 

-2 .1*** 
(0.3) 

3.7 
(4.2) 

[-8.0] 
(5.7) 

( 43) 

( 24) 

( 10) 

7.5*** 
(1.5) 

13.5** 
(5.9) 

[1.9] 
(9.7) 

( 28) 

( 25) 

( 7) 

6.8*** 
(0.8) 
7.9*** 

(2.6) 

6.7* 
(3.7) 

(171) 

( 71) 

( 29) 

8.0*** 
(1.5) 

6 .1 
(4.4) 

7.0 
(6.6) 

( 97) 

( 38) 

( 16) 

Note: Brackets indicate amounts based on 15 or fewer observations. Standard errors in 

parentheses. Estimated overpayment of Control and Unconstrained households not 

significantly different from that of Minimum Rent Low households at the 0.10 

level. 

* t-statistic of residual significant at the 0.10 level. 

** t-statistic of residual significant at the 0.05 level. 

*** t-statistic of residual significant at the 0.01 level. 
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Table 6-3 
Estimated Overpayment Relative to the Market Average -The Minimum Rent High Requirement 

Pittsburgh Phoenix 

Household group 

Percentage 

overpayment 

Sample 

size 

Percentage 

overpayment 

Sample 

size 

All Households that met Minimum 

Rent High requirements at two 

years after enrollment 

Control households 

Minimum Rent High households 

Unconstrained households 

Households that did not meet Mini-

mum Rent High requirements at 

enrollment 

Control households 

Minimum Rent High households 

Unconstrained households
 | 

Households that met Minimum Rent 

High requirements at enrollment 

Control households 

Minimum Rent High households 

Unconstrained households 

10 .9*** a 

(1 .2 ) 

17.7*** 
(3 .1) 

4.4*> 
(3 .2) 

( 129) 

( 58) 

( 25) 

10.4*** 
(2 .3 ) 

1 4 . 1 * * * 

(4 .4 ) 

[ 1 4 . 1 ] * 
(5 .5 ) 

(80) 

(44) 

(15) 

7.6*** 
(0 .8 ) 

20 .3*** 
(4 .7 ) 

[ - 1 . 2 ] b 
(5 .5) 

12.5*** 
(1 .3 ) 

15.7*** 
(3 .9 ) 

[ 9 . 8 ] * 
(5 .7) 

( 41) 

( 25) 

( 12) 

( 88) 

( 33) 

( 13) 

9 . 1 * * * 

(2 .0 ) 

14.9*** 
(5 .7) 

[ 1 1 . 9 ] 
(9 .7) 

1 1 . 1 * * * 
(2 .5) 

1 3 . 1 * 
(6 .7 ) 

[ 1 6 . 6 ] 
(10.9) 

(26) 

(26) 

( 8) 

(54) 

(18) 

( 7) 

Note: Brackets indicate amounts based on 15 or fewer observations. Standard errors 

in parentheses. 
a Estimated overpayment significantly different frcm that of Minimum Rent High house-

holds at the 0.05 level. 
b Estimated overpayment significantly different frcm that of Minimum Rent High house-

holds at the 0.01 level. 

* t-statistic of residual significant at the 0.10 level. 

*** t-statistic of residual significant at the 0.01 level. 
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Rent Low and the Control groups or between Minimum Rent Low and the 
Unconstrained households. This suggests that the Minimum Rent Low 
requirements did not induce very substantial overpayment. In contrast, 
significant effects on overpayment were found for Minimum Rent High 
households in "Pittsburgh. The difference between all Minimum Rent High 
and all Control households that met the Minimum Rent High requirement 
at 2 years after enrollment (and between those two groups that only met 
them after enrollment) was significant at the 0.05 level. Furthermore, 
Minimum Rent High households overpaid by significantly more than simi-
lar Unconstrained households in Pittsburgh. The fact that this did not 
occur in Phoenix (which had a relatively high vacancy rate during the 
experiment) suggests that the Minimum Rent High requirements them-
selves may induce significant overpayment only in a relatively tight hous-
ing market, where the vacancy rates are low (as was true of Pittsburgh 
during the experimental period). Figure 6-2 summarizes the findings. 

The demographic differences in the pattern of expenditures and housing 
services changes in response to rent rebates indicated in Chapter 3 suggest 
that there may have been demographic differences in overpayment in 
response to the Housing Gap offers as well. Furthermore, when faced 
with the need to meet housing requirements, certain groups of households 
may have found it particularly difficult to shop for housing. For example, 
minority households may face discrimination; elderly households may find 
housing searches difficult; and very poor households may not be able to 
afford extensive searches. Disadvantages of these kinds may result in 
such households ending up in overpriced units. 

Table 6-4 indicates that, relative to similar Control households, poverty 
households were overpaying significantly more than nonpoverty house-
holds in both sites (mainly for units meeting the Minimum Standards). 
This suggests that poorer households found it difficult to locate housing 
that met the Minimum Standards without overpaying (relative to nonpov-
erty households). Poverty households that met the Minimum Rent Low 
requirement in Pittsburgh were also overpaying relative to nonpoverty 
households, although this was not true in Phoenix or for the Minimum 
Rent High households in either site. 

Finally, it should be noted that minority households paid significantly 
more than nonminority households for units that met the Minimum Stan-
dards in Pittsburgh but not in Phoenix. Together with the other findings, 
this suggests that, in a tight housing market, disadvantaged households 
may find it difficult to locate housing that meets the Minimum Standards 
requirement without overpaying for those units. From findings presented 
earlier in the chapter, it does not appear that it was the Minimum Stan-
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Table 6-4 
Median Percentage Overpayment above That of Similar Control Households by 
Demographic Characteristics 

Household group 

All households 

Nonminority 

Minority0 

Nbnelderly 

Elderly 

Nbnpoverty 

Poverty 

All households 

Nonminority 

Minority0 

Nonelderly 

Elderly 

Nbnpoverty 

Poverty 

Minimum 
Standards 

Minimum 
Rent Low 

Pittsburgh 

-2.4 
(2.8) 
-3.9 
(2.9) 

18.0*c 

(9.9) 
-2.3 
(3.4) 

-2.8 
(5.3) 

(3.6) 

8.0 
(5.6) 

Phoenix 

3.5 
(3.7) 
0.3 
(4.1) 

4.0 
(9.9) 
0.1 
(4.0) 

13.2 
(8.6) 

(3.6) 

31.9*** 
(10.7) 

1.8 
(2.1) 
2.1 
(2.3) 

2.8 
(6.1) 
1.8 
(2.4) 

1.4 
(4.4) 
-1.7b 
(3.0) 

6.5** 
(3.4) 

1.1 
(3.6) 
0.3 
(4.3) 

1.8 
(6.1) 
2.7 
(4.1) 

-3.2 
(7.9) 
-1.7b 
(3.0) 
4.6 
(8.0) 

Minimum 
Rent High 

6.1* 
(2.8) 
6.2* 
(2.7) 

5.5 
(11.5) 
6.9** 
(3.2) 

2.7 
(5.4) 
7.6** 
(3.3) 

4.7 
(5.0) 

3.4 
(4.4) 
4.0 
(5.0) 

-2.7 
(11.5) 
3.1 
(4.5) 

3.3 
(13.0) 
7.6** 
(3.3) 

3.3 
(12.4) 

Note: Standard errors in parentheses. 
a Minority is black households in Pittsburgh and Hispanic Households in 
Phoenix, 

b Overpayment by the tws groups of households in this stratification is 
significantly different at the 0.10 level. 

c Overpayment by the twD groups of households in this stratification is 
significantly different at the 0.05 level. 

^ Overpayment by the tvo groups of households in this stratification is 
significantly different at the 0.01 level. 

* Overpayment by Housing Gap households in this group is significantly 
above that for similar Control households at the 0.10 level. 

** Overpayment by Housing Gap households in this group is significantly 
above that for similar Control households at the 0.05 level. 

*** Overpayment by Housing Gap households in this group is significantly 
above that for similar Control households at the 0.01 level. 

dards allowance offer itself that induced these households to overpay, 
since there was no significant difference between overpayment by Mini-
mum Standards and Control households or between that by Minimum 
Standards and Unconstrained households. 



Allowance Effects on the Consumption of Housing Services 125 

ALLOWANCE EFFECTS ON THE CONSUMPTION 
OF HOUSING SERVICES 

The same methodology that was used to determine the experimental 
impact on the expenditures of Housing Gap households was used to de-
termine the experimental impact on the consumption of housing services 
as measured by the hedonic index. As discussed in Chapter 3, because of 
omitted quality measures in Pittsburgh, changes in housing services esti-
mated using the hedonic indices can only be considered lower bounds on 
the actual changes in real housing. In addition, selection bias was indi-
cated for each group of Housing Gap households. The estimates presented 
in the following paragraphs for the median increase in housing services 
above normal have therefore been corrected for this bias by the methods 
described in Appendix III (used earlier in the analysis of the allowance 
effects on the expenditures of Minimum Rent households). 

The overall effects of the allowance payment on housing services are 
much the same for the four groups analyzed—Minimum Standards, Mini-
mum Rent Low, Minimum Rent High, and Unconstrained households. 
As was true for housing expenditures, the overall increase in housing 
services above normal for households in Pittsburgh was not significant 
(see Table 6-5). Unlike housing expenditures, there was also no significant 
effect on housing services even for households that met requirements only 
after enrollment in Pittsburgh. The estimated changes in housing expendi-
tures for each group of recipients in Pittsburgh were all about 40% higher 
than the estimated changes in housing services. As suggested in Chapter 
3, because there is evidence that the hedonic index in Pittsburgh omitted 
some quality items, an upward adjustment (of about 50%) is reasonable 
there. This would make the estimated change in housing services match 
the change in expenditures for Minimum Standards households almost 
exactly. The expenditure estimates and the adjusted housing services es-
timates were then: 

Increase above normal in 
Adjusted 

Household group Expenditures housing services 

All Minimum Standards recipients 4.3% 4.6% 
Minimum Standards recipients that 

met requirements after enrollment 7.5 8.4 
Minimum Standards recipients that 

met requirements at enrollment 1.1 1.2 

The changes in housing services in Phoenix are significant at at least the 
0.05 level both for all households and for households that only met re-



126 6. Effect of Housing Gap Allowances on the Consumption of Housing Services 

Table 6-5 
Increase in Housing Services above Normal (Percentage of Change) 

Household group 

All recipients 

Did not meet 

requirements at 

enrollment 

Met requirements 

at enrollment 

All recipients 

Did not meet 

requirements at 

enrollment 

Met requirements 

at enrollment 

Minimum Standards 

Sample 

Percentage 

3.1 

(2.5) 

5.6 

(4.1) 

0.8 

(2.6) 

10.2*** 

(3.7) 

10.5** 

(4.7) 

8.1* 

(4.9) 

size 

(79) 

(43) 

(36) 

(71) 

(50) 

(21) 

Minimum Rent Low 

Percentage 

Pittsburgh 

0.0 

(2.0) 

-0.9 

(4.4) 

0.5 

(2.2) 

Phoenix 

11.0*** 

(3.8) 

20.2*** 

(7.2) 

2.5 

(4.0) 

Sample 

size 

(85) 

(20) 

(65) 

(55) 

(20) 

(35) 

Minimum Rent 

Percentage 

0.9 

(2.6) 

3.1 

(4.8) 

-0.7 

(2.7) 

18.0*** 

(4.9) 

26.0*** 

(7.3) 

4.2 

(5.2) 

High 

Sample 

size 

(53) 

(23) 

(30) 

(41) 

(25) 

(16) 

* t - s t a t i s t i c of the estimated effect significant a t the 0.10 level . 

** t - s t a t i s t i c of the estimated effect significant a t the 0.05 leve l . 

*•* t - s t a t i s t i c of the estimated effect significant at the 0.01 level . 

quirements after enrollment. As with expenditures, these increases were 
larger than those estimated for Pittsburgh (even after the Pittsburgh esti-
mates are inflated by a factor of 1.5, as suggested earlier). The increases in 
housing services in Phoenix were, however, much lower than increases in 
expenditures. This suggests, contrary to Table 6-1, that Phoenix Minimum 
Standards households did overpay, at least in terms of the changes in 
expenditures associated with the allowance. This overpayment is concen-
trated among Phoenix households that did not meet the Minimum Stan-
dards requirements at enrollment. Indeed, households that already met 
requirements at enrollment show a significant (at the 0.10 level) increase in 
housing services even though they showed no significant increase in ex-
penditures. Why this should be the case is not clear, and the result must 
be treated with some caution. 

Table 6-5 also presents the estimates of housing services changes for 
Minimum Rent households. Minimum Rent Low households in Pittsburgh 
showed no significant increase in housing services (recall that they also 
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did not show any significant increase in expenditures). Even Pittsburgh 
Minimum Rent Low and Minimum Rent High households that only met 
requirements after enrollment showed no increase in housing services. 
This is in contrast to significant housing expenditures increases for this 
group (almost 9% expenditure increase for Minimum Rent Low house-
holds, and almost 16% increase for Minimum Rent High households). 
Thus, it appears that the allowance had little or no effect on the housing 
services obtained by Minimum Rent households in Pittsburgh. Such addi-
tional housing expenditures as there were by households in that site wenl 
largely for increased rents without any material change in real housing. 

In Phoenix, the median allowance-induced increases in housing ser-
vices above normal were significant for both Minimum Rent groups (about 
11% for households in the Minimum Rent Low plans and about 18% for 
households in the Minimum Rent High plans). Households that met the 
housing requirements only after enrollment had the largest increases (20% 
in Minimum Rent Low plans and 26% in the Minimum Rent High plans), 
while those that already met requirements at enrollment showed no sig-
nificant increases. Nevertheless, the change in housing services above 
normal was still substantially less than the change in expenditures.1 

Unconstrained households had an increase in housing services above 
normal of 3% in Pittsburgh and 13% in Phoenix, the latter being significant 
at the 0.01 level.2 These increases are not significantly different from those 
of the Housing Gap groups. Unconstrained households did not overpay 
for their units, and this increase in housing services reflects the change for 
expenditures: 3% above normal in Pittsburgh and 16% above normal in 
Phoenix. 

CONCLUSION 

In summary, the three housing allowance plans with housing require-
ments had about the same overall effect on the housing services of partici-
pants as the Unconstrained payments. In no case is the estimated overall 

1 The percentage change in expenditures from Chapter 5 was: 

Pittsburgh Phoenix 
All households 

Minimum Rent Low 2.8 15.7 
Minimum Rent High 8.5 28.4 

Households that did not meet 
requirements at enrollment 

Minimum Rent Low 8.7 42.0 
Minimum Rent High 15.8 42.6 

2 The percentage increase in housing services above normal for Unconstrained house-
holds was 3.4% in Pittsburgh (with a standard error of 2.5 percentage points) and 12.6% in 
Phoenix (with a standard error of 4.7 percentage points). 
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increase in housing services significantly different from that found for 
Unconstrained households. For Minimum Rent High plans in Pittsburgh 
and for Minimum Standards plans in Phoenix, this partly reflects induced 
abnormal shopping behavior. Households in these groups increased their 
expenditures by more than Unconstrained households. However, they 
were apparently induced by the allowance to shop less carefully that 
Unconstrained households, so that their overall increase in housing ser-
vices was effectively the same. 

It must be emphasized that both the evidence on overpayment and the 
changes in housing services depend on the acceptance of the hedonic 
indices as a reliable measure. As was already noted, there is evidence that 
the Pittsburgh index tends to understate the value of housing services 
provided by a unit because of some omitted quality items. Even if the 
hedonic index does understate the absolute level of housing change, how-
ever, there is little reason to !>elieve that the relative magnitude of error 
between the index for Housing Gap and for Unconstrained households is 
misstated. 



Chapter 7 
Policy Implications 

Any examination of the information on the housing situation of low-
income households clearly reveals a housing problem in the United 
States. The proportion of poor households whose housing is substandard, 
overcrowded, or too expensive is large. More than 40 years of local, state, 
and federal housing programs indicates that the housing problem has been 
perceived as one that should be ameliorated by public intervention. There is 
no consensus, however, on the type or mix of programs that should be used 
or even the level of government that should be providing the programs. 

The traditional approach was to try and solve the U.S. housing problem 
by a variety of construction-oriented programs. The programs varied in 
detail, but their goal was simple. Supply-oriented programs provided 
low-income households with newly constructed standard housing at 
below-market rents. Public subsidy payments were used for both con-
struction and operating costs. These programs had only a limited impact, 
however, because the programs required large subsidies per program unit. 
The Congressional Budget Office estimated that in 1980 the cost ranged 
from $2200 to $2530 per dwelling unit per year (Congressional Budget 
Office, 1979). 

Because the cost per unit was so very high, only a limited number of 
housing units could be built with the available housing funds each year. 
Consequently, only a small number of income-eligible households could 
be helped each year. Indeed, in recent years, less than 10% of income-
eligible households were receiving housing assistance by occupying sub-
sidized housing. The remaining, often equally deserving, 90% received 
nothing. National housing policy has thus created inequities within the 
low-income population. It has provided large and costly subsidies for 
relatively few and nothing for the rest. 

129 
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A related problem is the high cost of construction programs. Mayo et 
al. (1980b) estimated that the total annual program cost (including admin-
istration costs) required to provide a minimum standard unit by a new 
construction program was from 35 to 91% higher than the cost required to 
rent such a unit in the housing market. This much higher cost associated 
with new construction programs probably reflects construction, opera-
tion, and implementation inefficiencies. 

Another problem with the programs is that they restrict the partici-
pants' choices of location and tend to create high concentrations of the 
poor in racially segregated neighborhoods. The problems of such a con-
centration were graphically illustrated by the colossal failure of the 
Pruitt-Igoe Public Housing project in St. Louis.1 Although that project 
should be considered an atypical extreme, the demolition of the project in 
1970 convinced many housing experts that a new approach to solving the 
housing problem was needed. 

The alternative housing program of housing vouchers should be evalu-
ated against this background of inequity, inefficiency, and failure. In addi-
tion, the more general question of whether a special housing program is 
indeed needed has to be answered. If housing deprivation in the U.S. 
occurs mainly among poor households, advocates of general antipoverty 
programs such as an unrestricted income maintenance program might 
suggest that the best way to eliminate housing deprivation is by eliminat-
ing poverty itself. The research presented in this book as well as the work 
of our colleagues provides guideposts in addressing these issues.2 

CASH TRANSFERS VERSUS HOUSING 
ASSISTANCE 

Basic direct cash assistance to poor families has the advantage of per-
mitting the recipients to spend the money on the goods and services they 
deem most important. Only if the donor (the public) believes that the 
families in question will not make the ς'right" choices (according to the 
donor's values) should it intervene in this process. The motivation for 

1 The Pruitt-Igoe project, completed in 1956, consisted of 43 buildings on 57 acres near 
St. Louis' city center. By 1970, the project was so riddled with crime and vandalism and was 
so deteriorated as a result of the inability of the St. Louis Housing Authority to keep up 
proper maintenance and repair that it became impossible to find tenants for the many vacant 
units in the project. At first, the Housing Authority responded by closing down more than 
half of the buildings. Eventually the entire project was vacated and demolished (Heilbrun, 
1981, p. 369). 

2 Our colleagues' work is summarized in three books—Bradbury and Downs (1981), 
Friedman and Weinberg (1983), and Struyk and Bendick (1981). 
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intervention need not be patronizing, however. A poverty household's 
"incorrect" choices could result from lack of information or even misin-
formation. 

Assuming for the sake of argument that the government just provided 
additional income to poverty households, what then would their housing 
response be? Evidence from both our analyses in this book and analysis of 
DIME—the Denver Income Maintenance Experiment (Ohls and Thomas, 
1979)—suggests that the answer to this question is "not very much." That 
is, if the program merely augments the income of its beneficiaries, as in the 
case of the Unconstrained households in the Demand Experiment and all 
experimental households in DIME, relatively little of the additional in-
come is spent on housing. Using the income elasticity estimate reported in 
Chapter 2 and an income subsidy of the same magnitude as that used in 
the Demand Experiment (an increase in income of about 20%), one would 
expect an increase in housing expenditures of only about 5-10% and a 
similar increase in the consumption of housing services. Averaging the 
estimated changes in the two Demand Experiment sites, this was indeed 
the range of actual response for Unconstrained households. (Their ex-
perimental response was a 9% increase in housing expenditures and an 8% 
increase in services.)3 If, instead of expenditures, specific physical hous-
ing standards are the basis of comparison, the answer is similar. House-
holds receiving a general income transfer without housing requirements to 
meet did not achieve any significant physical housing improvements be-
yond those of similar unsubsidized (Control) households. The low income 
elasticity of demand for housing by poor renter households implies that 
they would use the bulk of any cash transfer they might receive for non-
housing expenditures. Thus, while a general income transfer program 
might mitigate the problem of excessive housing cost (since rental ex-
penditures would increase at a slower rate than income), the problems 
of substandard and overcrowded housing would be likely to remain. 

The alternative to a direct income transfer program to help improve 
poor families' housing is a program that includes some tie to housing. Two 
methods of focusing the subsidy on housing were tested in the Demand 
Experiment—one, Percent of Rent, was tied directly to rent levels; the 
other, Housing Gap, imposed housing requirements. We have shown in 
Chapter 2 that the Percent of Rent program is a housing price subsidy 
program. From a theoretical point of view, a housing price subsidy will 
always induce greater changes in housing consumption than an equivalent 

3 This response is somewhat larger than the 6% change in housing expenditures found by 
Kaluzny (1979) for Gary Income Maintenance Experiment households. (The finding for 
Gary is, however, identical to the result found in Pittsburgh, a similar heavy industry-
oriented metropolitan area.) 
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(in dollar terms) income subsidy. With an equivalent income subsidy, the 
household can purchase the same amounts of housing and other goods as 
it purchases under the price subsidy. However, under the income subsidy 
it still faces the original, higher price for housing and so may be expected 
to buy less housing than under the price subsidy, which offers the incen-
tive of lower housing prices.4 

For example, for an initial rent-income ratio of 0.30, the payment 
needed to induce a given housing change under a price discount plan 
would range from less than one-half (with a 20% rebate) to less than 
one-third (with a 60% rebate) of the payment needed under an unre-
stricted income transfer. For a household spending 30% of its monthly 
income of $500 on rent ($148), a price subsidy of 40% would lead to an $18 
increase in rent to $166 and result in a subsidy payment of $66. To induce 
the same $18 change in rent, an income subsidy would have to be $183. 
This relative efficiency in converting subsidy payments into housing 
changes is obtained at the cost of a reduced value of the payment to the 
recipient. Just as rent rebates are always more efficient than direct income 
transfers in achieving a given change in rent, an income transfer is theoret-
ically more efficient than rent rebates at making people ' 'better off" (in 
their own terms). More of the income subsidy is spent on nonhousing 

4 The extent of the difference in housing expenditures under the two types of subsidies 
depends on the income and price elasticities (bx and b2), the initial rent-income ratio {R0/Y), 
and the percentage of rent rebated, a. The relative efficiency of price subsidies (the ratio of 
the subsidy needed under a price subsidy, 5P, to that needed under an income subsidy, SY, 
for the same change in housing, in translating an allowance payment into a given additional 
expenditure on housing is, as based on the log-linear formulation, 

E = J* = a (ψ) [(1 - fl)-wi-<i/ft» - (1 - a)-1"]'1. (1) 

The efficiency is generally larger (for a given initial rent-income ratio), as the price 
elasticity is larger in absolute value, and is larger as the income elasticity is smaller. The 
following table presents the efficiency of a price subsidy relative to an income subsidy for 
various rent-income ratios and price discounts based on a log-linear demand function with 
a price elasticity of -0.22 and an income elasticity of 0.36, assuming households are initially 
consuming an amount of housing determined by the demand function using initial prices as 
can be seen in the table below. 

Efficiency of Price and Income Subsidy 

Initial rent-income ratio 
Price discount 

(Percentage rebate) 0.20 0.30 0.40 

20 0.29 0.43 0.57 
40 0.24 0.37 0.49 
60 0.20 0.29 0.39 
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goods, a result of allowing households unrestricted consumption oppor-
tunities. 

While rent rebates induce increased housing expenditures, they do not 
necessarily reduce the incidence of substandard or overcrowded housing. 
The proportion of Percent of Rent households in adequate housing did not 
change materially over the course of the first 2 experimental years. (There 
was an increase of 3% in Phoenix and a decrease of the same magnitude in 
Pittsburgh.) Thus, rent rebates are just as ineffective as general cash trans-
fers in reducing the incidence of substandard or overcrowded housing. 
Our analysis indicated that such a reduction can be achieved only if the 
payment is conditional on recipients occupying standard housing. A price 
reduction program with housing requirements was not tested in the De-
mand Experiment, but the Housing Gap programs that were tested 
imposed housing requirements and can shed light on the role of the re-
quirements in housing change. 

Some allocation of housing allowance payments to nonhousing expen-
ditures may be desirable. Indeed, to the extent that the allowance pro-
gram's housing requirements adequately reflect public policy objectives 
with respect to adequate housing, there may be little interest in inducing 
households that already meet these requirements to spend more on hous-
ing. In fact, the response to the allowance offer was concentrated among 
households that met their housing requirements only after enrollment. 
Households that already met their housing requirements at enrollment 
automatically qualified for allowance payments and used only a small 
portion of the allowance payment for increased housing expenditures and 
services. Similarly, unconstrained households allocated only an average 
of 12% of their payments toward increased housing expenditures. In con-
trast, households that only met their requirements after enrollment in-
creased their housing expenditures and housing services substantially 
and devoted a much larger portion of the payment to increased expendi-
ture (see Table 7-1). 

Households receiving a rent rebate also devoted about one-quarter to 
one-third of the allowance payment to increased housing expenditures. 
(While the proportion of a rent rebate allowance payment used for in-
creased housing expenditures tends to increase with the rebate level, the 
estimated responses to changes in housing prices indicate that even a 
rebate of 90% of rent would result in increases in housing expenditures 
amounting to less than half the total payment.) 

As a result of the use of much of the payments for non-housing purposes, 
all plans, including the general income transfer plan, led to sharp reduc-
tions in rent burden (the fraction of income spent on rent). At enrollment, 
recipients in each site were spending well over 30% and often over 40% of 
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Table 7-1 
Percentage of Allowance Payment Used for Increased Expenditures above Normal 

Pittsburgh Phoenix 

Household 
group 

Did not 
Met meet 
requirements requirements 
at enrollment at enrollment All 

Did not 
Met meet 
requirements requirements 
at enrollment at enrollment All 

Minimum 
Standards 9 
households 

Minimum 
Rent Low 6 
households 

Minimum 
Rent High 23 
households 

Unconstrained 6 
households 

14 

15 

27 

25 

14 39 41 

19 

15 

33 

42 

50 

their disposable income on rent. At the end of the second year, net median 
rent burdens of allowance recipients were reduced by approximately 15 
percentage points to about 25% of income or less.5 

The effect of the housing allowance on housing consumption beyond 
that of a similar general income transfer was closely tied to the housing 
requirement used. Thus, for example, increases in the probability that a 
household would meet the minimum dwelling unit standards occurred 
only when the minimum standards were explicitly required by the allow-
ance offer and not under a similar general income transfer program (or a 
program of rent rebates). However, in comparison to a general income 
transfer, even the Minimum Standards allowance plan showed no sub-
stantial additional effect on the proportion of households that met two 
alternative physical standards (see Table 7-2). Nor did the rent rebate 
plans show any improvement in these measures. In terms of changes in a 
general index of housing services, the effect of each allowance program on 
recipients' housing was about the same as that of the Unconstrained plan. 
These results indicate that housing allowances can be used to achieve 
specific housing improvements beyond those associated with a general 
income transfer but that any particular housing goals desired by 
policymakers must be explicitly required of participants. 

The changes in housing expenditures induced by the Housing Gap 
plans were different from those obtained under a general income transfer 

5 Historically, low-income households that spend more than 25% of their income on 
housing are often considered to be "housing-deprived" in the sense that their residual 
income is insufficient for them to buy enough nonhousing goods and services to achieve a 
modest standard of living. As discussed in Chapter 1, the 25% level is essentially arbitrary. 
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Table 7-2 
Effect of the Allowance Offer on Measures of Housing Adequacy 

Household group 

Minimum Standards 
households 

Minimum Rent Low 
households 

Minimum Rent High 
households 

Unconstrained 
households 

Pittsburgh 

a 
Change in the probability of: 

Meeting 
Minimum . 
Standards 

+20*** 

-Hi 

-1 

+1 

Living in 
minimally 
adequate 
housing 

+4 

-2 

-4 

+β 

Living in 
clearly 
inadequate 
housing 

-2 

+1 

46 

-3 

Phoenix 

a 
Change in the probability of: 

Meeting 
Minimum . 
Standards 

+28*** 

+4 

+4 

+8 

Living in 
minimally 
adequate 
housing 

+11** 

+5 

+6 

+10 

Living in 
clearly 
inadequate 
housing 

—14*** 

-12*** 

_n*** 

-22*** 

a Measured at 2 years after enrollment in percentage points relative to Control 

households, at the means of the other independent variables. 
D For households that did not meet the Minimum Standards at enrollment. 

** t-statistic of logit coefficient significant at the 0.05 level. 

*** t-statistic of logit coefficient significant at the 0.01 level. 

only for allowance programs that imposed specific requirements on rent, 
and only for households that met their requirements after enrollment. 
Housing expenditure response for household that met their requirements 
at enrollment was generally consistent with the estimated relationship 
between the housing expenditures of low-income households and changes 
in housing prices and income as estimated using Control and Percent of 
Rent households (Chapter 2). These estimates indicate only small changes 
in gross housing expenditures in response to change in price or income 
(see Table 7-3). 

Real changes in the housing of Percent of Rent households were smaller 
than expenditure changes. It appears that from one-fifth to one-half or 
more of the expenditure changes induced by the rent rebates represented 
increasing spending without concomitant increases in housing services 
obtained.6 Minimum Standards, Minimum Rent Low, and Unconstrained 

6 Whether this gap is "waste" is open to question. From the point of view of the land-
lords, it clearly is not—they receive above normal returns on their housing investment, and it 
is at least conceivable that this could lead to increased housing production for low-income 
households. From the point of view of the tenant, there may also be attenuating circum-
stances. For example, there is some evidence that the time spent searching for housing is 
reduced in the presence of rent rebates with the implication that some of the household's 
benefits accrue in the form of reduced search effort and cost. 
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Table 7-3 
Median Percentage Increase in Housing Expenditures and Housing Services above Normal by 

Initial Housing Status 

Pittsburgh Phoenix 

Household group 

Percentage Percentage 
change in change in 
expenditures services 

Percentage Percentage 
change in change in 
expenditures services 

All households that met requirements 
at tvso years after enrollment 

Minimum Standards households 

Minimum Rent 1CM households 

Minimum Rent High households 

Households that did not meet require-
ments at enrollment 

Minimum Standards households 

Minimum Rent Low households 

Minimum Rent High households 

Households that met requirements at 

enrollment 

Minimum Standards households 

Minimum Rent lew households 

Minimum Rent High households 

All Unconstrained households 

4 .3 
(2.7) 

2 .8 
(2.5) 

8.5** 
(3.6) 

7.5** 
(3.9) 

8.7* 
(5.1) 

15.8** 
(6.4) 

3 .1 
(2.5) 

0 .0 
(2.0) 

0 .9 
(2.6) 

5.6 
(4.1) 

-0.9 
(4.4) 

3 .1 
(4.8) 

16.2*** 
(3.9) 

15.7*** 
(4.4) 

28.4*** 
(6.3) 

23.6*** 
(5.4) 

42.0*** 
(9.3) 
42.6*** 
(9.7) 

10.2*** 
(3.7) 

11.0*** 
(3.8) 

18.0*** 
(4.9) 

10.5*** 
(4.7) 

20.2*** 
(7.2) 

26.0*** 
(7.3) 

1.1 
(3.5) 

2 .4 
(2.9) 

4 .6 
(3.7) 

2.6 
(3.1) 

0 .8 
(2.6) 

0 .5 
(2.2) 

-0.7 
(2.7) 

3 .4 
(2.5) 

-0.7 
(3.8) 

-1.2 
(3.3) 

7 .4 

(5.0) 

-16.0*** 
(5.6) 

8.2* 
(4.9) 

2 .5 
(4.0) 

4 .2 
(5.2) 

12.6*** 
(4.7) 

Note: Standard errors in parentheses. Expenditures amounts are changes above median 

normal expenditures; services amounts are changes above median normal services. 

* t-statistic of estimated effect significant at the 0.10 level. 

** t-statistic of estimated effect significant at the 0.05 level. 

*** t-statistic of estimated effect significant at the 0.01 level. 

households all obtained increases in housing services in roughly the same 
proportion to their increases in housing expenditures. The Minimum Rent 
High plans, however, like the Percent of Rent plans, apparently induced 
households to overpay for their units. Thus, the larger increases in expen-
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ditures obtained under a Minimum Rent High requirement were not 
matched by larger increases in services (see Table 7-4). 

The effect of the housing requirements in focusing housing change 
among households that were in the worst housing at enrollment (as defined 
by the housing requirements) was apparent in demographic differences in 
response. Although small sample sizes preclude strong conclusions, par-
ticipants from demographic groups in the worst housing at enrollment 
(minority, nonelderly, and poverty households) made larger increases in 

Table 7-4 
Median Percentage Overpayment at Two Years after Enrollment Relative to the Market Average 

by Initial Housing Status 

Household group 
, All households that met requirements 

at two years 

Minimum Standards households 

Minimum Rent Low households 

Minimum Rent High households 

Pittsburgh 

Control 

2.8 
(1.8) 

(0.6) 

10.9*** 
(1.2) 

Households that did not meet require-
ments at enrollment 

Minimum Standards households 

Minimum Rent Low households 

Minimum Rent High households 

Households that met requirements at 
enrollment 

Minimum Standards households 

Minimum Rent Low households 

Minimum Rent High households 

1.5 
(0.9) 

—2.1*** 
(0^3) 

7.6*** 
(0.8) 

3.6 
(2.3) 

6.8*** 
(0.8) 

12.5*** 
(1.3) 

Housing Gap 

0.3 
(2.3) 

6.8*** 
(2.3) 

U# 7***a 
(3*.ι) 

0.2 
(3.0) 

3.7 
(4.2) 

20.3***a 

(4.7) 

0.5 
(3.3) 
7#9*** 
(2.6) 
15.7*** 
(3.9) 

Phoenix 

Control 

-1.7 
(2.0) 
7 Φ 9*** 
(l".5) 

10.4*** 
(2.3) 

-5.7 
(6.5) 
7.5*** 
(1^5) 

9.1*** 
(2.0) 

3.7 
(4.6) 

8.0*** 
(1.5) 

11.1*** 
(2.5) 

Housing Gap 

1.8 
(3.0) 

9.0** 
(3.7) 

14.1*** 
( 4 ^ 

1.1 
(3.5) 

13.5** 
(5.9) 

14.9*** 
(5.7) 

3.4 
(5.3) 

6.1 
(4.4) 

13.1* 
(6.7) 

Note: Standard errors in parentheses. 
a Estimated overpayment significantly different from that of Control households at 

the 0.05 leve l . 

* t - s t a t i s t i c of residual significant at the 0.10 level . 

** t - s t a t i s t i c of residual significant at the 0.05 level . 

*** t - s t a t i s t i c of residual significant at the 0.01 level . 
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their housing expenditures under all three types of Housing Gap allow-
ance plans than nonminority, elderly, and nonpoverty households, respec-
tively. It does appear, though, that minority household ordinarily make 
smaller changes in housing expenditures in response to changes in the 
price of housing (or in unrestricted income) than nonminorities. 

OTHER HOUSING OUTCOMES 

Upgrading 

An important way of meeting Minimum Standards requirements and 
thus qualifying for allowance payments was upgrading of existing dwel-
lings (see Merrill and Joseph, 1980). Almost 36% of the households that 
met the Minimum Standards after enrollment did so by upgrading their 
enrollment dwelling unit. Overall, the upgrading process involved only a 
modest extension of normal maintenance and repair activities. Neverthe-
less, the housing allowance offer does appear to have induced some addi-
tional upgrading of units that were in moderately worse condition than 
those normally upgraded. This additional upgrading occurred early in the 
experiment and was generally concentrated in better quality units and 
usually involved only small changes to the unit, with no above-normal 
increase in rent. 

Substantial and frequent maintenance and repair of the rental housing 
stock was undertaken by both landlords and tenants. As might be ex-
pected, while the mean number of repairs was the same for landlords and 
tenants, the types of repairs undertaken were different. Tenants more 
often made fairly easy and lower-cost improvements such as interior 
painting, wall-papering, repairs to floors, or installation of carpets. Land-
lords more often made more major repairs—they installed or repaired 
plumbing, heating, or air conditioning equipment and added landscaping 
more often than did tenants. The various allowance offers had no apparent 
effect on the overall level of maintenance and repair activity by either 
landlords or tenants. 

Residential Mobility 

A substantial fraction of enrolled households did not move during the 2 
years of the experiment and others either already met the requirements at 
enrollment or were able to meet their requirements with only small 



Other Housing Outcomes 139 

changes in their units. Since recipients that did not move showed only 
small changes in either expenditures or services, the housing change in-
duced by an allowance program might be expected to grow over time. 
Estimated changes for nonmover households were not significantly above 
normal, even for those households that met their requirements only after 
enrollment. The responses of the recipient movers were much larger. At 
the same time, estimates for recipient movers were not substantially dif-
ferent from the estimates for all recipients, suggesting that the response to 
a long-term housing allowance program will not be appreciably larger than 
that observed during the 2 years of the experiment. This in part reflects 
the fact that the 2-year estimates include the effects of additional moving 
induced by the experiment (which would disappear as the remaining 
households move). The lack of any substantial increase in recipients' 
housing consumption responses over time is further confirmed by com-
parison of estimated responses for the first and second years of the exper-
iment and by other evidence that indicates there is no apparent effect of 
experimental duration on response, though this conclusion is open to de-
bate (see Burtless and Greenberg, 1980; see also Appendix V). 

Rent Inflation 

The possibility that a housing allowance program will cause rent infla-
tion was a major drawback mentioned in preexperimental discussions. 
Such fear was expressed because it was assumed that the allowances 
would unleash strong demand for standard housing, and the response of 
landlords and other housing suppliers was unknown. Our analysis indi-
cates that this fear was unfounded. The allowance program could not 
release a tidal wave of unsatisfied housing demand for several reasons. 
First, large changes in housing take place only when households move, 
and mobility occurs only gradually over time. Second, because of the low 
income elasticity of housing expenditures, only a small fraction of the 
allowance payment is used for housing. Finally, because of the fairly 
stringent housing requirements, participation is not universal. 

Results from the Housing Assistance Supply Experiment (HASE) sup-
port this conclusion and provide additional information. With an open 
enrollment program as tested in HASE, the participation rate increased 
slowly over time and reached a plateau at a rate of slightly over 40% of all 
income-eligible renters after 4 years of program operation (Rydell et al., 
1978). As participation was increasing, the housing market showed re-
markable flexibility in its ability to absorb the new demand. Both land-
lords and tenants were willing to repair small defects in their units in order 



140 7. Policy Implications 

to convert them from substandard to standard.7 Another way by which 
the housing market accommodated the added demand for standard hous-
ing was by a reduction in the vacancy rate (see Rydell, 1979, for further 
details). 

EXISTING HOUSING PROGRAMS 

An important part of the Demand Experiment analysis was a compari-
son of the Housing Gap Minimum Standards plan with several existing 
federal rental housing programs—Public Housing owned by local housing 
authorities, Section 23 leased (existing) housing, and Section 236 housing 
with and without Rent Supplements. We will first summarize the results 
of this analysis8 and then draw some implications of this and the analysis 
in earlier chapters for the major current federal housing program—Sec-
tion 8, the successor to Section 23. Finally, we offer an outline of an 
alternative proposal for a housing allowance program. 

The major differences among the comparison programs studied were 
the extent to which they relied on the private market to supply housing 
and the extent to which they placed the responsibility for obtaining decent 
housing on recipients, as opposed to federal and local governmental agen-
cies. In Public Housing and Section 236, units are newly built or rehabili-
tated, either under direct contract to local Public Housing Agencies (in the 
case of Public Housing) or under regulations administered by the Federal 
Housing Administration (in the case of Section 236). These units are then 
offered to eligible households at rents below costs. The extent of the 
subsidy is usually, but not always, conditioned by income and household 
size. 

The Section 23 leased (existing) housing program and housing allow-
ances, on the other hand, use the existing rental housing stock. Under the 
original Section 23 program, acceptable units were generally leased from 
private landlords by a local Public Housing Agency (PHA) and in turn 
sublet to eligible households at below market rents. Under housing allow-
ances, the responsibility for finding and renting acceptable units in the 
private market rested entirely with recipients. Payments were then made 
directly to households. The revised Section 23 program (and its successor, 

7 The major repairs were installation of a handrail (29% of all improvements, $10 average 
cost) and window repairs (25% of all improvements, $9 average cost). These types of im-
provements, while not costly, are clearly important from a health and safety viewpoint. 

8 Descriptions of the comparison programs and their relative benefits and costs are from 
Mayo et al. (1980a and 1980/?). Our shortened summary, focusing on housing consumption, 
cannot do justice to the extensive analyses of other issues presented therein. 
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the Section 8 Existing Housing program) fall between housing allowances 
and the original Section 23 program. Under these programs responsibility 
for finding acceptable units is generally placed with recipients, but the 
actual leasing of the unit involves all three parties—the landlord, the 
tenant, and the PHA—with a restriction on the total rent that may be paid. 

In both Pittsburgh and Phoenix, housing provided by housing allow-
ances and the comparison programs was, on average, close in rental value 
to the median rent of all private unsubsidized housing, but the range of 
housing provided in housing programs was more limited than that of the 
unsubsidized stock. Section 236 consistently provided housing with the 
highest average estimated market value. Other programs varied in their 
rankings between the sites. There was, however, a considerable degree of 
overlap in the market values of units provided in each program. Housing 
allowances, in particular, provided units with a wide range of market 
values which, in each site, almost completely spanned the range of values 
encompassed by all three comparison programs combined. Housing al-
lowances thus appear to present a wide range of choice relative to that 
available in the subsidized housing stock. 

Housing allowances provided economic benefits to tenants that were 
generally comparable to those provided by most comparison programs 
and significantly greater than those provided by Section 236. Public hous-
ing and housing allowances provided roughly comparable benefits at each 
site; followed by Section 23, which provided a lower level; and Section 
236, which provided the lowest level. Benefits were higher in Phoenix 
than in Pittsburgh, a result of generally higher market rental values of 
units in Phoenix and roughly comparable tenant rents in the two sites. 

Participants in subsidized housing programs obtained housing that is 
only modestly different in rental value than that occupied by similar un-
subsidized households. Only Section 236 appears likely to provide similar 
participants with a consistently greater change in housing than does a 
housing allowance. The greatest apparent source of economic benefits to 
tenants provided by both housing allowances and comparison programs 
(with the single exception of Section 236) was increases in disposable 
income (reductions in rent) relative to similar unsubsidized households. 
For housing allowances, Public Housing, and Section 23, from roughly 
two-thirds to three-fourths of the economic benefits from the programs 
appeared to be in the form of increased income rather than increased 
housing. Section 236, which both provides higher market value housing 
than other programs and charges tenants higher rents, appeared to pro-
vide benefits entirely in the form of better housing in Pittsburgh and to 
provide about 40% of its economic benefits in the form of increased in-
come in Phoenix. 
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In general, participants in housing allowances and comparison pro-
grams occupied housing which passed the Minimum Standards housing 
requirements at high rates (but less than 100%), well in excess of rates 
observed for similar unsubsidized households. Furthermore, median rent 
burdens in housing allowances, Public Housing, Section 23, and Section 
236 with rent supplements were all below the most commonly expressed 
threshold of policy concern, 25%, although some households in each of 
those programs paid more than 25% of their disposable incomes for rent. 
In each of these programs, moreover, both median rent burdens and the 
fraction of households paying more than 25% of income for rent were well 
below those of similar unsubsidized households. Section 236 without rent 
supplements, by contrast, had median rent burdens not only above 25% 
but also above the level of similar unsubsidized households. 

Program outcomes relating to the type and market value of housing, the 
ability to pass standards, and the level and distribution of tenant benefits 
are subject to varying degrees of influence by program rules and adminis-
trative practices. In many cases, it appears that comparative outcomes in 
these areas could be changed by straightforward program changes which 
would, nevertheless, leave basic program structures intact. Some differ-
ences among programs will remain, particularly with regard to program 
costs. The comparative analysis unequivocally showed that housing al-
lowances can provide decent housing at a fraction of the cost of 
construction-oriented programs, are capable of serving from two to three 
times as many households per dollar of subsidy, and can provide more 
housing value in relation to cost than either owned Public Housing or 
Section 236. Such comparative outcomes are the result not only of pro-
gram features of housing allowances and other programs, but also of 
pervasive economic trends that have affected the relative costs of new 
construction and rehabilitation vis-ä-vis leased existing housing. Thus 
cost differences are firmly rooted in the institutional structure and the 
economic environment of the housing programs. As such, they are much 
less subject to influence and control than are the other comparative out-
comes. 

The Section 8 Lower Income Housing Assistance Program was begun 
as the successor program to the Section 23 revised program. Its goal was 
the same—enabling low-income families to live in decent housing at af-
fordable cost. Two major modifications to the Section 23 program were 
undertaken. The first was extension of benefits to a slightly higher income 
class, moderate-income families—those up to approximately 80% of an 
area's median income (the proportion varying by family size). The second 
was the addition of two components to the program: the New Construe-
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tion and the Substantial Rehabilitation programs. In the Section 8 Existing 
Housing Program, as in Section 23 revised, eligible households are to find 
acceptable dwelling units in the private market, and then a public housing 
authority makes payments to the landlords on behalf of those households. 
Under the New Construction and the Substantial Rehabilitation Pro-
grams, HUD guarantees private developers that it will provide subsidies 
for income-eligible households who apply for rental housing directly to the 
project's owner. 

Some of the findings of our analysis of the Demand Experiment rein-
force the findings of a recent evaluation of the Section 8 New Construction 
and Existing Housing programs (for details, see Wallace et al., 1981). In 
particular, it seems clear that many of the participants moved from units 
that did not meet the Section 8 acceptability criteria (which were not very 
different from the Demand Experiment Minimum Standards) to units that 
were supposed to meet them. This type of change emphasizes the impor-
tance of designing the standards—the evidence from the Demand Exper-
iment shows that Section 8 households will search carefully enough to get 
the specifics required of them but no more. Furthermore, detailed stan-
dards are likely to reduce participation as households find it cumbersome 
to find units that are acceptable to the program. Indeed, under limited 
resources, reducing participation to the funded level may be bureaucrat-
ically necessary, and the standards could conceivably be manipulated as a 
rationing device to balance supply and demand. Such an approach, 
though, would be inequitable, as it is the lowest income households, often 
in the poorest housing, that tend to drop out first. Furthermore, even if the 
program's funding level can theoretically be tempered to equalize supply 
of and demand for acceptable units in each housing market, there is no 
evidence that the federal government is capable of implementing or is 
willing to implement such housing market manipulations. 

In addition to more care in setting standards requirements, removal of 
the Fair Market Rent (FMR) ceiling on rents that can be paid for existing 
housing would likely have beneficial effects on Section 8, as long as the 
payment computation method (subsidizing rent only up to FMR) does not 
change. We agree with the arguments advanced by Zais et al. (1979) that 
such an action would not result in wasteful expenditures by recipients. 
Minimum Standards households did not overpay for their units under such 
circumstances (subsidized rents were limited to C*, the estimated cost of 
standard housing, but households could rent any standard unit). Further-
more, removing the FMR restriction would be likely to mitigate the unfor-
tunate apparent tendency of landlords to increase their rents up to the 
FMR ceiling (Drury et al., 1978, p. 71). 
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Both of these changes—reevaluating the standards and eliminating the 
FMR ceiling—would help increase the effectiveness of the Section 8 pro-
gram, though in the end its effectiveness in reducing housing deprivation 
depends on the level of congressional funding. Each of these changes, 
coupled with direct payment of the subsidy to the household, would bring 
the Section 8 Existing Housing Program very close to a Minimum Stan-
dards housing allowance program.9 

There is one major problem in giving unqualified endorsement to a 
housing allowance program. Even though it appears that a program can be 
designed that performs the dual purpose of improving recipients' housing 
and reducing the proportion of income that they spend on housing, these 
benefits are limited to participants. To the extent that the poor families fail 
to participate, such a plan would be a failure. It is indeed unfortunate, 
therefore, that it appears to be those most in need who are the least likely 
to participate in a housing allowance scheme. Kennedy and MacMillan 
(1980, p. 53) estimated that the Housing Gap programs tested in the De-
mand Experiment were able to reach less than one-fourth of the eligible 
households that would normally live in program-defined substandard 
housing. Furthermore, "because households in housing that did not meet 
program requirements were unlikely to participate, participation rates in 
the Housing Gap programs were significantly lower for those in the worst 
housing, including the very poor, minorities, and very large households" 
(Kennedy and MacMillan, 1980, p. S-5). Such households might be better 
served by supply-oriented programs. For example, the study by Mayo et 
al. (1980a) previously summarized found that minority households partic-
ipated at a higher rate than nonminority households in some of the 
supply-oriented housing programs (Public Housing and Section 236). 
While this greater participation appears to have resulted in part from the 
peculiar location of this housing (i.e., a tendency to be concentrated in 
minority areas), it appears that minority households, at least, can be 
served to a greater extent than nonminority households by such pro-
grams.10 

9 One additional change we advocate is permitting wider locational choice. Currently 
Section 8 recipients are usually restricted to one jurisdiction, and eliminating this constraint 
can only improve their welfare and satisfaction, although though there may be opposition to 
this change at the local level. Zais et al. (1979) also advocate extending the program to 
homeowners and providing subsidy payments directly to households. We agree that these 
changes are also warranted, particularly if some provision is made to consider home equity 
in determining eligibility and payment level. 

10 On the other hand, Wallace et al. (1981) found that the Section 8 New Construction 
program reaches a smaller fraction of minority households than are in the eligible population. 
This may be due to the fact that most new projects were located in suburban, low-minority 
areas. 
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SUMMARY 

The major findings of our analysis are as follows. First, housing allow-
ances should be preferred over new construction programs—allowances 
can provide similar housing at roughly one-half to three-fourths the cost, 
with greater recipient satisfaction and equal or lower levels of racial and 
economic segregation.11 Second, the advantages of an allowance program 
over a similar expansion of cash transfer payments are not as clear cut— 
housing allowance recipients can achieve substantially greater improve-
ments in housing than those obtained by participants in a similar program 
of unrestricted cash transfers only when the allowance program imposes 
stringent housing requirements. However, the additional housing change 
is focused on the specific requirements imposed and sharply reduces par-
ticipation by households in substandard housing. 

The best housing program may not be one program at all, but rather it 
may be a combination of programs, each taking a different approach. A 
program of housing allowances appears to be viable for many of the 
households that Frieden and Solomon (1977) termed as housing-deprived 
by reducing substandardness, overcrowding, and excessive housing costs 
for recipients while providing them with freedom of choice among neigh-
borhoods. For households choosing not to participate in a housing allow-
ance scheme, an alternative supply-oriented program may be worthwhile. 
It is worth pointing out, though, that such supply-oriented programs ap-
pear to be extremely inefficient, with costs greatly outweighing benefits 
(Mayo et al., 19806; Weinberg, 1982). 

One possible solution to the problem of reduced participation due to 
enforced housing standards is a program that couples graduated standards 
with graduated incentives. Investigation of the decision of enrolled Mini-
mum Standards households to participate resulted in two major findings: 
participation increased as the subsidy level increased and the imposition 
of the Minimum Standards requirement significantly reduced participation 
(Kennedy and MacMillan, 1980). Unfortunately, the program design did 
not include variations in the physical requirements themselves, so that 
conjectures about the impact of alternate standards must remain specula-
tive. Nevertheless, it seems clear that less stringent physical standards are 
easier to meet and would result in a higher participation rate than the 
standards required in the Demand Experiment. 

It is clear from the analysis of alternate housing standards in Chapter 4 
that specific housing requirements should be imposed only if the 
policymakers have very strong preferences about the particular require-

11 See Mayo et al. (1980a) for a comparative discussion of geographic impacts. 
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ments, because housing allowance recipients apparently try to obtain 
housing that satisfies just those requirements while otherwise obtaining a 
normal level of "quality" per dollar of expenditure. Once a basic level of 
standards is established as an irreducible minimum level of dwelling unit 
quality the government is willing to subsidize, a corresponding basic level 
of payment can be established which trades off increased participation 
against increased program cost. A second, higher level of standards could 
then be established that includes additional requirements by associating 
this higher level of requirements with a higher housing allowance pay-
ment. 



APPENDIX I 

Design of the Demand Experiment 

This appendix presents a brief overview of the Demand Experiment's 
data collection procedures, experimental design, and sample allocation. 

DATA COLLECTION 

The Demand Experiment was conducted in two Standard Metropoli-
tan Statistical Areas (SMS As)—Allegheny County, Pennsylvania 
(Pittsburgh), and Maricopa County, Arizona (Phoenix). HUD selected 
these two sites from among large SMSAs on the basis of their growth 
rates, rental vacancy rates, degree of racial concentration, and level of 
housing costs. Pittsburgh and Phoenix were chosen to provide a contrast 
between an older, more slowly growing eastern metropolitan area and a 
newer, relatively rapidly growing western metropolitan area. In addition, 
Pittsburgh has a substantial black and Phoenix a substantial Hispanic 
minority population. 

Information on participating households was collected using several 
methods: 

1. Baseline Interviews, conducted before households were offered en-
rollment; 

2. Initial Household Report Forms and monthly Household Report 
Forms (which provided data on household size and income and on 
housing expenditures), completed by participating households dur-
ing and after enrollment, respectively; 

3. Supplements to the Household Report Forms (which provided data 
on assets, income from assets, actual taxes paid, income from self-
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employment, and extraordinary medical expenses), completed an-
nually by participating households; 

4. Payments and status data on each household; 
5. Housing Evaluation Forms (which provided information on housing 

quality), completed by evaluators at least once each year for every 
dwelling unit occupied by participants; 

6. Periodic Interviews, conducted approximately 6, 12, and 24 months 
after enrollment; and 

7. Exit Interviews, conducted for a sample of households who declined 
the enrollment offer or dropped out of the program. 

Since households were enrolled throughout the first 10 months of pro-
gram operation, the operational phase of the experiment extended over 
nearly 4 years in total. Analysis was based on data collected from house-
holds during their first 2 years after enrollment in the experiment. The 
experimental programs were continued for a third year in order to reduce 
confusion between participants' reactions to the experimental offers and 
their adjustment to the phaseout of the experiment. During their last year 
in the experiment, eligible and interested households were aided in enter-
ing other housing programs, such as Section 8. 

ALLOWANCE PLANS USED IN THE DEMAND EXPERIMENT 

The Demand Experiment tested a number of combinations of payment 
formulas and housing requirements and several variations within each of 
these combinations. These variations allowed estimation of key responses 
such as participation rates and changes in participant housing in terms of 
basic program parameters such as the level of allowances and the level 
and type of housing requirements. These response estimates can be used 
to address the policy questions for a larger set of potential program plans, 
beyond the plans directly tested. 

Two payment formulas were used in the Demand Experiment— 
Housing Gap and Percent of Rent. Under the Housing Gap formula, pay-
ments to households were determined by the difference between a basic 
payment level C and some reasonable fraction of income. The payment 
formula was S = zC - bY, where S was the payment amount; C was the 
basic payment level; z was a parameter that experimentally varied the 
payment level; b was the rate at which the allowance was reduced as in-
come increased; and Y was net family income. Payments could not ex-
ceed actual rent. The basic payment level, C, varied with household size 
and was proportional to C*, the estimated cost of "modest, existing, 
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standard housing" of each size at each site, as determined by a panel of 
housing experts. Thus, payment under the Housing Gap formula can be 
interpreted as making up the difference between the cost of decent hous-
ing and the amount of a household's own income that it should be ex-
pected to pay for housing. 

Under the Percent of Rent formula, the payment was a percentage of 
the household's rent. The payment formula was S = aR, where R was 
rent, and a was the fraction of rent paid by the allowance; to aid analysis, 
this fraction remained constant once the household had been enrolled. 

The Percent of Rent formula was tied directly to rent: A household's 
allowance payment was proportional to total rent. Under the Housing Gap 
formula, however, specific housing requirements were needed to tie the 
allowance to housing. Two types of housing requirements were used— 
Minimum Standards and Minimum Rent. 

Under the Minimum Standards requirement, participants received the 
allowance payment only if they occupied dwellings that met certain physi-
cal and occupancy standards. Participants occupying units that did not 
meet those standards either had to move or arrange to improve their 
current units to meet the standards. Participants already living in housing 
that met standards could use the allowance to pay for better housing or to 
reduce their rent burden (the fraction of income spent on rent) in their 
present units. These requirements are presented in Table 1-1. 

If housing quality is broadly defined to include all residential services 
and if rent levels are highly correlated with the level of services, then a 

Table 1-1 
Components of Minimum Standards (Program Definition) 

1. Complete plumbing: 
Private toilet facilities, a shower or tube with hot and cold running water, and a 
washbasin with hot and cold running water will be present and in working condition. 

2. Complete kitchen facilities: 
A cooking stove or range, refrigerator, and kitchen sink with hot and cold running 
water will be present and in working condition. 

3. Living room, bathroom, kitchen presence: 
A living room, bathroom, and kitchen will be present. (This represents the dwelling 
unit "core," which corresponds to an efficiency unit.) 

4. Light fixtures: 
A ceiling or wall-type fixture will be present and working in the bathroom and kitchen. 

5. Electrical: 
At least one electric outlet will be present and operable in both the living room and 
kitchen. A working wall switch, pull-chain light switch, or additional electrical outlet 
will be present in the living room.3 
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Table 1-1 (continued) 

6. Heating equipment: 
Units with no heating equipment; with unvented room heaters which burn gas, oil, or 
kerosene; or which are heated mainly with portable electric room heaters will be 
unacceptable. 

7. Adequate exits: 
There will be at least two exits from the dwelling unit leading to safe and open space at 
ground level (for multifamily buildings only). Effective November 1973 (retroactive 
to program inception), this requirement was modified to permit override on 
case-by-case basis where it appears that fire safety is met despite lack of a second 
exit. 

8. Room structure: 
Ceiling structure or wall structure for all rooms must not be in a condition (such as 
severe buckling or leaning) requiring replacement. 

9. Room surface: 
Ceiling surface or wall surface for all rooms must not be in a condition (such as 
surface material that is loose, containing large holes, or severely damaged) requiring 
replacement. 

10. Ceiling height: 
Living room, bathroom, and kitchen ceilings must be 7 feet (or higher) in at least 
one-half of the living room area.3 

11. Floor structure: 
Floor structure for all rooms must not be in a condition (such as large holes or missing 
parts) requiring replacement. 

12. Floor surface: 
Floor surface for all rooms must not be in a condition (such as large holes or missing 
parts) requiring replacement. 

13. Roof structure: 
The roof structure must be firm. 

14. Exterior walls: 
The exterior wall structure/exterior wall surface must not need replacement. (For 
structure, this could include such conditions as severe leaning, buckling, or sagging, 
and for surface conditions such as excessive cracks or holes.) 

15. Light/ventilation: 
The unit will have a 10% ratio of window area to floor area and at least one openable 
window in the living room, bathroom, and kitchen or the equivalent in the case of 
properly vented kitchen and/or bathrooms.3 

16. Occupancy: 
No more than two persons per adequate room. 

3 This housing standard is applied to bedrooms in determining the number of adequate 
bedrooms for the program occupancy standard (number 16). 

straightforward housing requirement that is relatively inexpensive to ad-
minister would be the stipulation that recipients spend some minimum 
amount on rent. Such a Minimum Rent requirement was considered in the 
Demand Experiment to observe differences in response and cost, allowing 
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assessment of the relative merits of the two types of requirements. Al-
though the design of the experiment used a fixed minimum rent for each 
household size, an assistance program could employ more flexible formu-
las. For example, some features of the Percent of Rent formula could be 
combined with the Minimum Rent requirement—instead of receiving a 
zero allowance if their rent is less than the Minimum Rent, households 
might be paid a fraction of their allowance depending on the fraction of 
Minimum Rent paid. 

The three combinations of payment formulas and housing requirements 
used in the Demand Experiment were Housing Gap Minimum Standards, 
Housing Gap Minimum Rent, and Percent of Rent. A total of 17 allowance 
plans were tested. The 12 Housing Gap alowance plans are shown in 
Figure 1-1. The first 9 plans included three variations in the basic payment 
level, C (1.2C*, C*, and 0.8C*), interacted with three variations in hous-
ing requirements [Minimum Standards, Minimum Low Rent (0.7C*), and 
Minimum Rent High (0.9C*)]. The value of b (the rate at which the allow-
ance was reduced as income increased) was 0.25 for each of these plans. 
The next 2 plans had the same level of C (C*) and used the Minimum 
Standards housing requirement, but used different values of/?, (0.15 and 
0.35). Finally, the twelfth plan was unconstrained, that is, it had no hous-
ing requirement for the households to meet. This Unconstrained plan 
allowed a direct comparison with general income-transfer programs. Eli-
gible households that did not meet the housing requirements were still able 
to enroll. They received full payments as soon as they met the require-
ments during the 3 years of the experiment. Even before meeting the 
housing requirements, such households received a cooperation payment 
of $10 per month as long as they completed all reporting and interview 
requirements. 

In addition to the various allowance plans, a control group was neces-
sary in order to establish a reference level for responses, since a number 
of uncontrolled factors could also induce changes in family behavior dur-
ing the course of the experiment. Control households received a coopera-
tion payment of $10 per month and reported the same information as did 
families that received allowance payments. Two control groups were used 
in the Demand Experiment. Members of one group (Plan 24) were offered 
a Housing Information Program when they joined the experiment and 
were paid $10 for each of five sessions attended. (This program was also 
offered to households enrolled in the experimental allowance plans, but 
they were not paid for their attendance.) The other control group (Plan 25) 
was not offered the Housing Information Program. 

All the households in the various allowance plans had to meet a basic 
income eligibility requirement. This limit was approximately the income 
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Housing Gap: (Payment = C — bY) 

b value 

-6 = 0.15 

b = 0.25 

b = 0.35 

C level 

C* 

1.2C* 

C* 

0.8C* 

C* 

HOUSING REQUIREMENTS 

Minimum 
Standards 

Plan 10 

Plan 1 

Plan 2 

Plan 3 

Plan 11 

Minimum Rent 
Low (0.7C*) 

Minimum Rent 
High (0.9C*) 

Plan 4 

Plan 5 

Plan 6 

Plan 7 

Plan8 

Plan 9 

No requirement 
(Unconstrained) 

Plan 12 

Percent of Rent (Payment = aR): 

a = 0.6 

Plan 13 

a = 0.5 

Plans 14-16 

a = 0.4 

Plans 17-19 

a = 0.3 

Plans 20-22 

3 = 0.2 

Plan 23 

With housing 
information 

Plan 24 

Without housing 
information 

Plan 25 

Control : 

Symbols: C* = Basic payment level varied by household size and site 
Y = Net income 
/? = Rent 
a = Percentage of rent subsidized 
b = Rate at which the Housing Gap allowance was reduced 

as income increased 

Figure 1-1. Allowance plans tested. 

level at which the household would receive no payment under the Hous-
ing Gap formula (C*/0.25). In addition, households in plans with lower 
payment levels (Plans 3, 6, 9 and 11) had to have incomes low enough at 
enrollment to receive payment under these plans. Finally, only house-
holds with incomes in the lower third of the eligible population were 
eligible for enrollment in Plan 13, and only those in the upper two-thirds 
were eligible for Plan 23. 

Final analysis of the impact of the housing allowance was based on the 
first 2 years of experimental data. Thus, the key sample sizes for this book 
are the number of households in the experiment at the end of the first 2 
years, shown in Figure 1-2, and constitutes households that were still 
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Housing Gap 

b value 

6 = 0.15 

b = 0.25 

b = 0.35 

C level 

C* 

1.2C* 

C* 

0.8C* 

C* 

HOUSING REQUIREMENTS I 

Minimum 
Standards 

PGH = 45 
PHX = 36 

PGH = 33 
PHX = 30 

PGH = 42 
PHX = 35 

PGH = 43 
PHX = 39 

PGH = 41 
PHX = 34 

Minimum Rent 
Low (0.7C*) 

Minimum Rent 
High (0.9C*) 

PGH = 34 
PHX = 24 

PGH = 50 
PHX = 39 

PGH = 44 
PHX = 35 

o o 
CO

 CO
 

II 
II 

X
 

X
 

o x 
PGH = 44 
PHX = 44 

PGH = 43 
PHX = 35 

No requirement 
(Unconstrained) 

PGH = 63 
PHX = 40 

Total Housing Gap: 512 households in PGH, 421 households in PHX. 

Percent of Rent 

a = 0.6 a = 0.5 a = 0.4 a = 0.3 a = 0.2 

PGH = 28 
PHX = 21 

PGH = 109 
PHX = 81 

PGH= 113 
PHX = 66 

PGH = 92 
PHX = 84 

PGH = 65 
PHX = 46 

Total Percent of Rent: 407 households in PGH , 298 households in PHX . 

Control: With housing Without housing 
information information 

PGH = 159 PGH = 162 
PHX = 1 3 7 PHX = 1 4 5 

Total Control: 321 households in PGH, 282 households in PHX. 

NOTE: This sample included households that were active although not necessarily receiving payments 
after 2 years of enrollment; households whose enrollment income was above the eligibility limits or that 
moved into subsidized housing or their own homes were excluded. PGH = Pittsburgh; PHX = Phoenix. 

Figure I-2. Sample size after two years. 

active in the sense that they were continuing to fulfill reporting require-
ments. (The sample size for a particular analysis may be smaller due to 
missing data.)1 

Table 1-2 sets out the preexperimental (baseline) demographic charac-
teristics for the eligible, enrolled and 2-year active population. Compari-
son of the baseline characteristics of experimental and control households 
at enrollment and at 2 years after enrollment shows that the mean preex-
perimental sample characteristics change by only small amounts due to 
the acceptance of the enrollment offer and attrition from the experiment. 
This suggests that no substantial selection on demographic characteristics 

1 Households with an annual income of less than $1000 were excluded from the analysis. 
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was introduced by analyzing the 2-year active sample. More sophisticated 
analysis of such issues is presented in Appendices II and III. 

KEY VARIABLES 

Key variables used in this book include income, rent, and housing 
standards. Definitions of the variables used in this book are discussed in 
the following subsections. The hedonic index of housing services, de-
scribed briefly in Chapter 3, is discussed at length in Merrill (1980). 

Income 

A major variable used in the analysis in this report is "Net Income for 
Analysis," a measure of household disposable income. Net Income for 
Analysis was an estimate of the annual income received by all household 
members aged 18 or over; it was the sum of earned and other income after 

Table 1-2 
Selected Household Characteristics at Baseline for the Eligible, Enrolled, and Two-year Active 

Samples 

Sample 

Eligible households 

Enrolled households 
Percent of Rent 

Housing Gap 
Minimum Standards 
Minimum Low Rent 
Minimum Rent High 

Unconstrained 

Control 

Households active at two 
years 

Percent of Rent 

Housing Gap 
Minimum Standards 
Minimum Rent Low 
Minimum Rent High 

Unconstrained 

Control 

Mean 
rent 

$107 

111 

108 
104 
109 
114 

110 

114 

112 

110 
107 
109 
114 

112 

115 

Mean 
monthly 
income 

$335 

377 

350 
344 
357 
354 

355 

389 

384 

351 
344 
359 
354 

342 

399 

Mean 
household 
size 

Pittsburgh 

2.8 

3.0 

3.2 
3.2 
3.2 
3.3 

2.9 

3.2 

3.0 

3.2 
3.2 
3.3 
3.1 

2.9 

3.3 

Elderly-
headed 

37% 

28 

25 
29 
24 
22 

28 

23 

28 

25 
28 
24 
21 

32 

21 

Minority-
headed 

20% 

25 

26 
26 
24 
27 

28 

20 

21 

25 
26 
26 
23 

27 

19 

Female-
headed 

54% 

49 

60 
58 
61 
62 

56 

50 

50 

62 
59 
65 
65 

55 

51 

Sample 
size 

(2948) 

( 480) 

( 575) 
( 258) 
( 155) 
( 162) 

( 71) 

( 403) 

( 382) 

( 414) 
( 188) 
( 119) 
( 107) 

( 60) 

( 297) 
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Table I-2 (continued) 
Phoenix 

Eligible households 128 417 3.2 22 34 34 (2956) 

Enrolled households 
Percent of Rent 

Housing Gap 
Minimum Standards 
Minimum Low Rent 
Minimum Rent High 

Unconstrained 

Control 

Households active at two 
years 

Percent of Rent 

Housing Gap 
Minimum Standards 
Minimum Rent Low 
Minimum Rent High 

Unconstrained 

Control 

134 

127 
126 
126 
129 

133 

131 

130 

120 
121 
117 
122 

131 

124 

442 

424 
434 
427 
407 

508 

434 

429 

395 
401 
391 
389 

438 

420 

3.2 

3.4 
3.6 
3.3 
3.2 

3.2 

3.4 

3.3 

3.3 
3.3 
3.2 
3.3 

3.4 

2.0 

21 
19 
25 
22 

14 

18 

23 

27 
26 
35 
21 

22 

31 

34 
35 
36 
33 

27 

31 

36 

38 
36 
41 
40 

36 

37 

37 
35 
36 
43 

37 

35 

43 

43 
38 
47 
49 

44 

( 454) 

( 632) 
( 303) 
( 151) 
( 178) 

( 63) 

( 477) 

( 274) 

( 342) 
( 157) 
( 86) 
( 99) 

( 35) 

( 258) 

Samples: Eligible households—all experimental and control households that ccmpleted 
the Baseline Interview that were determined to be eligible for the experi-
ment on the basis of their baseline income and household size. 

Enrolled households—all experimental and control households, excluding those 
with enrollment incomes over the eligibility limits. 

Two-year active households—all experimental and control households active 
at 2 years after enrollment, excluding those with enrollment incomes over 
the eligibility limits and those living in their own homes or in subsi-
dized housing. 

taxes and alimony were paid. A complete list of all components that are 
included in this definition of net income and its relationship to two other 
income measures (the income definition used to determine eligibility for 
the experimental program and that used by the Bureau of the Census) are 
given in Table 1-3. (Census gross income was used to determine household 
status with respect to the official poverty line.) 

Rent 

Analysis of participant expenditures on housing can take two basically 
different approaches: (a) how much households spend on rent; (b) how 
much it costs to rent a dwelling unit with particular characteristics. These 
differences in approach require different analytical definitions of rent. For 
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Table I-3 
Components Included in the Definition of Net Income for Analysis and Comparison with 
Census and Program Eligibility Definitions 

Net Income for 
Components Eligibility 

Gross income 
Earned Income 
Wages and salaries 
Net business income 

Income-conditioned transfers 
Aid to Families with Dependent 
Children 

General Assistance 
Other welfare 
Food Stamps subsidy 

Other transfers 
Supplemental Security Income 
Social Security 
Unemployment compensation 
Workman's compensation 
Government pensions 
Private pensions 
Veteran's pensions 

Other income 
Education grants 
Regular cash payments 
Other Regular Income 
Alimony received 
Asset income 
Income from roomers and boarders 

Gross Expenses 
Taxes 
Federal tax withheld 
State tax withheld 
FICA tax withheld 

Work-conditioned expenses 
Child care expenses 
Care of sick at home 
Work-related expenses 

Other expenses 
Alimony paid out 
Major medical expenses 

X 
X 

X 
X 
X 
-

X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X* 
-

X* 
X* 
X* 

X 
X 
X* 

X 
X 

Net Income 
for Analysis 

X 
X 

X 
X 
X 
X* 

X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X* 
-

X* 
X* 
X* 

-
-
-

X 
~ 

Census 
(Gross income) 

X 
X 

X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X* 
X 

-
-
-

-
-
-

-
— 

* The amounts of these income and expense items were derived using data 
reported by the household. All other amounts are included in the income 
variables exactly as reported by the household. 

example, reduction in rent for contributions from roomers and boarders is 
appropriate for the first approach but not the second. 

Analytical adjusted contract rent was defined as the monthly payment 
for an unfurnished dwelling unit including basic utilities. The formula is 

adjusted contract rent = contract rent + utilities - furnishings 
4- work-in-lieu-of-rent adjustment. 
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The components are 

1. Contract rent. Contract rent was adjusted to a monthly amount to 
provide a common rental period. 

2. Utilities adjustment. If the costs of utilities were not included in the 
household's contract rent, utilities adjustments were added to con-
tract rent. Adjustments were made via site-specific tables for elec-
tricity, gas, heat, water, and garbage and trash collection. The 
amount of the adjustments depended on the numbers of rooms re-
ported in the Housing Evaluation Form. No adjustment was made 
for any other utilities or services, such as parking. Allowance was 
made for increased utility costs over the 2-year experimental 
period. 

3. Furnishings adjustment. For furnished units, a deduction of 11.5% of 
gross rent was made for the rent equivalent of furnishings. 

4. Work-in-lieu-of-rent adjustment. If the contract rent paid by the 
household was reduced because a household member worked for 
the landlord, the amount of the reduction was added to contract 
rent. (The adjustment was not added to income.) 

The analytical adjusted contract rent used in this book for the analysis of 
housing expenditures refers to shelter costs borne by the household, so 
contributions from roomers and boarders were subtracted from contract 
rent. 

Rent Burden 

Rent burden was calculated as the ratio of analytical rent to net income 
for analysis, adjusted for the allowance payments. Rent burden was thus 
defined as net rent over net income: 

™ * u Λ contract rent-allowance payment 
Rent burden = -7-: —: 7—*—*-*—— · 

monthly net income for analysis 

Rent burden statistics are highly sensitive to the definition of income 
used. Statistics calculated from different sources using different defini-
tions of income may have to be recalculated or adjusted before compari-
sons may be made. The Housing Allowance Demand Experiment data 
appear to be unique both in attempting to use an analytic definition of net 
disposable income and in having the data to do so. 

Program Housing and Occupancy Standards 

The main housing and occupancy measures used in the analysis were 
based on the Minimum Standards housing requirements used in one part 
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of the experiment. They were developed from elements of a model hous-
ing ordinance developed by the American Public Health Association with 
the Public Health Service in 1971. Table I-l lists the Minimum Standards 
housing requirements as they applied to the dwelling unit itself. The re-
quirements were grouped into 15 components of related items. 

The occupancy requirement, Component 16, set a maximum of two 
persons for every adequate bedroom, regardless of age. An adequate 
bedroom was a room that could be completely closed off from other 
rooms and that met the following program housing standards: ceiling 
height, light/ventilation, and electrical service. (A studio or efficiency 
apartment was counted as a bedroom for the occupancy standards.) In 
addition, for a unit to meet Minimum Standards, all rooms had to meet the 
housing standards for the condition of room structure, room surface, floor 
structure, and floor surface. 



APPENDIX II 
Selection Bias in Price Elasticity Estimates1 

The sample of households offered rent rebates was carefully designed to 
be a random sample of the low-income population in each site. The 
equilibrium demand functions were, however, estimated on a different 
sample of households—households that accepted the enrollment offer, 
were verified to be within the income eligibility limit, remained in the 
experiment, and moved sometime between enrollment and 2 years after 
enrollment. Each of these selection criteria may have introduced bias in 
the estimated coefficients, so that they may differ from the population 
coefficients, as follows: 

1. Acceptance bias. Households offered higher payments may have 
been more likely to accept the enrollment offer than households 
offered lower payments. Since, for each rebate level, payments in-
creased with housing expenditures, households that accepted the 
rent rebate offers may have tended to spend more for housing than 
Controls. In this case, cross-sectional comparison of Experimental 
and Control households might overestimate the effect of the rebate. 

2. Attrition bias. Likewise, households may be more likely to remain in 
the program if they received higher payments. Again, Experimental 
households that tend to spend more on housing regardless of the 
experiment may have been more likely to remain in the experiment. 

3. Mobility bias. In theory, households move to change their housing 
and the larger their desired change, other things equal, the more 
likely the move. Households may move in order to spend less or to 
spend more on housing. The rent rebates offered to Experimental 
households would be expected to encourage moving by households 

1 This appendix was written with Stephen D. Kennedy and is based on Kennedy (1978). 
159 
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that would have moved to increase their spending. Thus the sample 
of Experimental movers may not be comparable to the sample of 
Control movers. 

This appendix evaluates the actual extent of such selection bias. 
As suggested by Kennedy (1978), the selection bias problem may be 

formally characterized in terms of the stochastic error term in the esti-
mated demand function. Specify, for example, the log-linear expenditure 
function as 

ln(Ä,) = b0 + bx \n{Yt) + b2 ln(l - a) + et. (1) 

Under Eq. (1), if households had not received the rent rebates, the value 
of ln(l - a) would have been zero (a = 0), and their rental expenditures 
would have been determined by 

ln(Äfl = ft0 + M n ( n ) + et (2) 

where R? is, therefore, the normal level of expenditures that would have 
occurred in the absence of the experiment. 

All the sample selection biases described above suggest that, at various 
periods, Experimental households with higher levels of ln(7?f)—that is, 
with higher values of et—were more likely to accept enrollment, stay in 
the experiment, or move than households with lower levels of ln(7?f). 
Furthermore, this effect is likely to be larger at higher rebate levels. Thus, 
even if households were randomly assigned so that et was, for the entire 
assigned population, independent of ln(l - a), among selected households 
et and ln(l - a) may be correlated. In this case, the OLS estimate of b2 

will be biased. 
The expenditure functions estimated in this paper were based on 

cross-sectional observations at the end of the second year of the experi-
ment (t = 2). Thus the concern for estimation is sample selection that 
directly or indirectly affects e2. The problem is that observations at 2 
years after enrollment cannot distinguish between genuine experimental 
effects and the artifacts of sample selection. Some indirect way must be 
found to identify sample selection. 

The basic method used here for testing for selection bias is based on 
serial correlation between e0 (i.e., at enrollment) and e2. To the extent that 
the stochastic term, et, reflects underlying differences in tastes or other 
slowly changing factors, it is reasonable to assume that the value of et for 
any individual household will change only gradually over time. Thus et 

and et+1 or et-x are expected to be correlated. More exactly, the usual 
assumption is that et and et„x have a bivariate normal distribution with 
means ut and ut-u variancessf ands?_j, and correlation coefficient, p. But 
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this means that e2 and e0 (the values of e at 2 years and at enrollment, 
respectively) are linked by the relationships 

e2 = u2 + p — 0 0 - u0) + n2 

5° ( 3 ) 

e0 = w0 + p — (e2 - u2) + vv0 

where p is the correlation between e2 and e0, and n2 and w0 are stochastic 
terms distributed independently of e0 and e2, respectively with mean 
zero. (The estimated 2-year serial correlation for movers is 0.478 in Pitts-
burg and 0.461 in Phoenix.) 

Now assume that there is some selection, S, of households between 
t0 and t2. Observations are available at t0 for both selected and non-
selected households and at t2 for selected households. Given the serial 
correlation of Eq. (3), if the selection S affects the distribution of e2 for 
the selected sample, so that 

el = κ 2 + /ο+ / ι1η (1 -a) + g2 (4) 

where el is e2 for the selected sample, and E(g2) = 0, then el will also 
be related to (1 - a), using Eq. (3) by 

el = w0 + p — (el - u2) + w0, (5) 

or 

eso = «o + P - r [ / o + / i l n ( l - f l ) + £2] + w/0. (6) 
^2 

Since households were randomly selected, the effect of the subsequent 
selection, 5, can be identified by 

*o = «o + (p f2fo)d + (p ^ / , ) r f ln(l - a) + x* 

= " o + / o +/frfln(l - a) + x0 

(7) 

where 
f l if 
Ιθ if 

the household is subsequently selected, 
the household is not subsequently selected, 

ft = P ?/o, 

S2 

^2 
and 

£(*<>) = 0. 
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Equation (7) can be used to test for the effects of selection by testing the 
hypothesis that the coefficients of d and d ln(l —a) are zero. If they are 
significantly different from zero, the bias introduced into el by the selec-
tion can be inferred by dividing the estimated coefficient of d ln(l - a) by 
the term (ps0/s2). 

Fortunately, neither f% nor/f is significantly different from zero at the 
0.05 level, indicating that sample selection processes if they occurred 
were not severe enough to materially alter the conclusions of Chapter 2. 
These estimates are 

Pittsburgh Phoenix 

0.053 -0.009 
(0.028) (0.029) 

0.053 -0.056 
(0.064) (0.063) 

ft 

ft 

(Standard errors in parentheses.) 



APPENDIX 111 

The Methodology for Estimating 
the Experimental Effects on 

Housing Gap Households 

Experimental effects for Housing Gap households were measured 
under the assumption that the actual housing consumption of households 
at 2 years after enrollment, RA, could be separated into two parts—the 
normal housing consumption that would have been made in the absence of 
the experiment, RN, and an additional amount that is induced by the 
experiment, Rx.

x Thus, 

RA = RN + Rx (1) 

where RA is actual expenditures 2 years after enrollment; RN is normal 
expenditures 2 years after enrollment; and Rx is the experimental effect on 
expenditures. The experimental effect can be measured either as the dif-
ference between actual and normal expenditures or as their ratio: 

^ = ^ ^ = 1 + ^ · (2) 

Because log-linear functions proved useful in analyzing housing demand 
in response to experimental rent rebates for households enrolled in the 
Percent of Rent plans of the Demand Experiment (see Chapter 2), 
throughout this book the experimental effect is measured in terms of the 
ratio. 

Experimental effects are estimated under the assumption that the ratio 
of actual to normal housing expenditures is functionally related to ex-

1 In this appendix, housing consumption is measured in terms of housing expenditures, 
although the same methodology was used to estimate the experimental effects in terms of 
housing services, as measured by hedonic indices. 
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perimental variables and a random error, specifically 

f* = exp(Xb + w) (3) 

κΝ 
or 

ln(RA/RN) = ln(RA) - ln(RN) = Xb + w (4) 

where X is a vector of experimental variables; b is a vector of experimen-
tal effects; and w is a random error term distributed 7V(0,^). The coeffi-
cients b of Eq. (4) measure the proportional change in (RA/RN) in response 
to a unit change in the variables in X. 

Since the log of normal rent, ln(RN), was not observed for allowance 
recipients, it had to be estimated. The procedure used in estimation is 
described next. 

PREDICTING NORMAL HOUSING CONSUMPTION 

Assume that the log of normal housing expenditures for Control house-
holds at time / is given by 

rt= \n(Rt) = at + bt ln(F,)+ c,D,+ et (5) 

where Y is household income; D is a vector of household demographic 
characteristics; and e is a stochastic residual. Given the specification of 
Eq. (5) and the fact that observations on each household/ are available for 
two time periods, t = 0 (enrollment) and t = 2 (2 years), a critical issue in 
estimating the parameters of the equation is the assumptions about the 
nature of the stochastic residual, e\. If ei and e\ are serially correlated, as 
is likely, then the Ordinary Least Squares (OLS) estimation of this equa-
tion, which ignores this possibility, would be inefficient. An asymptot-
ically more efficient estimation technique, seemingly unrelated regression 
(SUR), developed by Zellner (1962), was used. 

Using the SUR procedure, Eq. (5) was estimated separately for the two 
time periods using OLS; then/?, the correlation between the estimated 
errors, el

0 and ei is computed, which is an unbiased estimate of the serial 
correlation coefficient. Finally, the estimated/? is used to transform the 
independent and dependent variables in Eq. (5) to provide more efficient 
estimates for the parameters. 

A prerequisite of efficiency gains in estimation using SUR is that the 
values of the explanatory variables in the two equations vary from one 
period to the next. If there is no temporal variation, then the OLS and 
SUR coefficient estimates will be identical. In fact, there was only small 
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temporal variation in the independent variables used here. Many of the 
household demographic characteristics did not change between enroll-
ment and 2 years. Furthermore, there was a high correlation between 
enrollment and 2-year income. Yet, the goal is to obtain good predictive 
equations, and if there is any temporal variation in the demographic vari-
ables, relationships estimated using SUR will have superior predictive 
power since they use the estimated serial correlation for prediction. Addi-
tional independent variables describing initial housing conditions were 
valuable in further improving the predictive power of the regression be-
yond that provided by serial correlation alone. 

Once the parameters of Eq. (5) and the serial correlation and coeffi-
cient, /?, are estimated, the asymptotically best linear unbiased predictor 
(see, for example, Pindyck and Rubinfeld, 1976) of r\ (the natural 
logarithm of the rental expenditures at 2 years) for a household /', given 
rental expenditures (at enrollment) and income (at enrollment and at 2 
years) is provided by the following equation, which takes account of serial 
correlation: 

r\ = a2 + b2 ln(F|) + c2D| + peh. (6) 

Since el is the difference between the predicted and actual values at en-
rollment (t = 0), Eq. (6) may be rewritten as 

r\ = a2 - pa0 + b2 ln(F|) - pb0 1η(Π) + c2D| - pcM + /?>j. (7) 

The demographic variables D used were minority status and household 
composition. Minority status indicated whether the head of the household 
was a member of a minority group (black in Pittsburgh, black or Hispanic 
in Phoenix). Household composition indicated whether the household was 
a single person (restricted by program rules almost exclusively to elderly 
persons), was a single head of household (with children or other family 
members present), or was a couple (with or without children). Also in-
cluded in the model were dummy variables that indicated whether the 
household met each of the three housing requirements (Minimum Stan-
dards, Minimum Rent Low, and Minimum Rent High) at enrollment. 
These dummy variables effectively ensure, for Control households, that 
the expected value of the difference between actual and predicted log rent 
will be zero for subsamples selected on the basis of enrollment housing 
requirement status. Finally, separate equations were estimated for each 
site. 

The estimated equations are presented in Tables III-l through III-4. 
Three statistics can be used to evaluate the predictive ability of the mod-
els. The first statistic was the correlation coefficient between actual and 
predicted log rent (or housing services). The second statistic was the 
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Table 111-1 
Predicting Equations for Normal Log Housing Expenditures: All Households 

Independent variables 

Constant 

Log (monthly income) 

Nonminority single-person 
household0 

Nonminority single head of 
household with others 
present 

Minority single-person 
household 

Minority single head of 
household with others 
present0 

Minority household headed 
by a couplea 

Enrollment unit passed 
Minimum Standards 
requirement 

Enrollment unit passed 
Minimum Rent Low 
requirement 

Enrollment unit passed 
Minimum Rent High 
requirement 

Serial correlation 

Correlation of actual and 
predicted rent 

Standard error of estimate 

Sample size 

Pittsburgh 

Coefficients 

At 
two years 

3.838 
(0.235) 

0.132 
(0.037) 

-0.152 
(0.051) 

0.026 
(0.036) 

-0.222 
(0.109) 

0.055 
(0.047) 

0.036 
(0.057) 

0.043 
(0.036) 

0.205 
(0.034) 

0.247 
(0.036) 

0 

0 

0 

417 

77 

20 

(289) 

At 
enrollment 

3.673 
(0.184) 

0.127 
(0.030) 

-0.184 
(0.038) 

0.009 
(0.027) 

-0.035 
(0.094) 

0.119 
(0.035) 

0.037 
(0.046) 

0.051 
(0.028) 

0.284 
(0.266) 

0.326 
(0.028) 

Phoenix 

Coefficients 

At 
two years 

3.303 
(0.264) 

0.244 
(0.043) 

-0.210 
(0.062) 

-0.045 
(0.049) 

-0.308 
(0.118) 

0.067 
(0.063) 

-0.087 
(0.057) 

0.045 
(0.053) 

0.311 
(0.049) 

0.142 
(0.059) 

0.431 

0.77 

0.26 

(256) 

At 
enrollment 

3.556 
(0.191) 

0.174 
(0.031) 

-0.183 
(0.049) 

-0.025 
(0.037) 

-0.414 
(0.124) 

-0.022 
(0.043) 

-0.041 
(0.040) 

-0.031 
(0.039) 

0.395 
(0.037) 

0.252 
(0.043) 

Note: Standard errors in parentheses. 
Dummy variables; emitted category i s nontrdnority household headed by a couple. 

b 
Dummy variables. 

Percentage Root-Mean-Square error (PRMS) and is defined as (see Pin-
dyck and Rubinfeld, 1976): 

PRMS = 
JTi - fd 

(8) 
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Table III-2 
Predicting Equations for Normal Log Housing Expenditures: All Movers 

Independent variables 

Constant 

Log (monthly income) 

Nonminority single-person 
household3 

Nconinority single head of 
household with others 
present 

Minority single-person 
household0 

Minority single head of 
household with others 
present 

Minority household headed 
by a couple 

Enrollment unit passed 
Minimum Standards 
requirement 

Enrollment unit passed 
Minimum Rent Low 
requirement 

Enrollment unit passed 
Minimum Rent High 
requirement 

Serial correlation 

Correlation of actual and 
predicted rent 

Standard error of estimate 

Sample size 

Pittsburgh 

Coefficients 

At 
two years 

3.244 
(0.516) 

0.247 
(0.083) 

0.111 
(0.124) 

0.116 
(0.069) 

0.000 
(0.000) 

0.069 
(0.084) 

0.041 
(0.129) 

0.048 
(0.079) 

0.073 
(0.070) 

0.226 
(0.072) 

At 
> enrollment 

0.107 

0.63 

0.24 

(94) 

3.037 
(0.363) 

0.228 
(0.060) 

0.186 
(0.103) 

0.854 
(0.049) 

0.000 
(0.000) 

0.174 
(0.060) 

0.012 
(0.100) 

0.037 
(0.059) 

0.295 
(0.050) 

0.391 
(0.053) 

Phoenix 

Coefficients 

At 
two years 

3.241 
(0.401) 

0.280 
(0.065) 

-0.225 
(0.102) 

-0.089 
(0.072) 

-0.273 
(0.177) 

0.132 
(0.094) 

-0.172 
(0.092) 

0.108 
(0.085) 

0.212 
(0.072) 

0.059 
(0.087) 

At 
enrollment 

0.247 

0.66 

0.28 

(126) 

3.427 
(0.317) 

0.198 
(0.051) 

-0.156 
(0.096) 

0.0025 
(0.056) 

-0.496 
(0.226) 

0.0032 
(0.065) 

-0.004 
(0.060) 

-0.016 
(0.062) 

0.375 
(0.052) 

0.215 
(0.062) 

Note: Standard errors in parentheses. 

Dummy variables; omitted category i s nonminority household headed by a couple. 

Dummy variables . 

where r{ is the predicted log rent at 2 years; r{ is the actual log rent at 2 
years; and N is the number of households. This statistic measured the 
deviation of predicted log rent from actual log rent in terms of percent-
ages. The third statistic was the standard error of estimate. Tables III-5 
and III-6 present the three statistics computed both for the normal rent 
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Table III-3 
Predicting Equations for Normal Log Housing Services: All Households 

Independent variables 

Constant 

Log (monthly income) 

Nonminority single-person 
household 

Noraninority single head of 
household with others 
present3 

Minority single-person 
household3 

Minority single head of 
household with others 
present 

Minority household headed 
by a couple 

Enrollment unit passed 
Minimum Standards 
requirement 

Enrollment unit passed 
Minimum Rent Low 
requirement 

Enrollment unit passed 
Minimum Rent High 
requirement 

Serial correlation 

Correlation of actual and 
predicted housing services 

Standard error of estimate 

Sample size 

Pittsburgh 

Coefficients 

At 
two years < 

3.739 
(0.196) 

0.141 
(0.031) 

-0.041 
(0.043) 

0.025 
(0.032) 

-0.046 
(0.089) 

0.129 
(0.042) 

-0.043 
(0.052) 

0.072 
(0.032) 

0.101 
(0.031) 

0.164 
(0.033) 

0.539 

0.77 

0.16 

(254) 

At 
enrollment 

3.665 
(0.174) 

0.148 
(0.029) 

-0.047 
(0.035) 

0.018 
(0.025) 

-0.012 
(0.075) 

0.069 
(0.034) 

0.021 
(0.043) 

0.108 
(0.027) 

0.107 
(0.026) 

0.187 
(0.027) 

Phoenix 

Coefficients 

At 
two years 

3.737 
(0.223) 

0.181 
(0.036) 

-0.124 
(0.053) 

-0.003 
(0.042) 

-0.346 
(0.120) 

0.003 
(0.051) 

-0.066 
(0.047) 

0.030 
(0.045) 

0.193 
(0.043) 

0.153 
(0.051) 

0.388 

0.75 

0.21 

(230) 

At 
enrollment 

3.955 
(0.180) 

0.120 
(0.030) 

-0.113 
(0.045) 

-0.020 
(0.035) 

-0.487 
(0.111) 

-0.103 
(0.039) 

-0.088 
(0.038) 

0.114 
(0.036) 

0.275 
(0.352) 

0.152 
(0.040) 

Note: Standard errors in parentheses. 

Dummy variables; omitted category is nonminority household headed by a couple. 

Dummy variables. 

equations and the normal housing services equations. All three statistics 
indicate reasonably good fit. 

Even though the equations predict normal rent and housing services 
well, a potential problem may arise because the focus of the analysis is 
recipient households who are selected based on their housing consumption 
status at 2 years after enrollment. This issue is addressed next. 
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Table III-4 
Predicting Equations for Normal Log Housing Services: All Movers 

Independent variables 

Constant 

Log (monthly income) 

IStonminority single-person 
household3 

Nonminority single head of 
household with others 
present3 

Minority single-person 
household3 

Minority single head of 
household with others 
present3 

Minority household headed 
by a couple3 

Enrollment unit passed 
Minimum Standards 
requirement 

Enrollment unit passed 
Minimum Rent Low 
requirement 

Enrollment unit passed 
Minimum Rent High 
requirement 

Serial correlation 

Pittsburgh 

Coefficients 

At At 
two years enrollment 

3.084 
(0.459) 

0.258 
(0.740) 

0.155 
(0.109) 

0.080 
(0.064) 

0.000 
(0.000) 

0.333 
(0.083) 

-0.235 
(0.113) 

0.038 
(0.075) 

0.003 
(0.065) 

0.144 
(0.067) 

0.282 

Correlation of actual and 
predicted housing services 0.68 

Standard error of estimate 

Sample size 

0.20 

(83) 

3.381 
(0.340) 

0.187 
(0.057) 

-0.138 
(0.092) 

0.076 
(0.046) 

0.000 
(0.000) 

0.102 
(0.060) 

-0.004 
(0.090) 

0.100 
(0.058) 

0.112 
(0.049) 

0.232 
(0.051) 

Phoenix 

Coefficients 

At 
two years 

3.392 
(0.326) 

0.261 
(0.053) 

-0.119 
(0.093) 

-0.065 
(0.061) 

-0.505 
(0.242) 

0.048 
(0.075) 

-0.093 
(0.075) 

-0.050 
(0.077) 

0.127 
(0.067) 

0.170 
(0.076) 

At 
enrollment 

0.108 

0.67 

0.22 

(108) 

3.626 
(0.283) 

0.166 
(0.046) 

-0.063 
(0.087) 

0.024 
(0.052) 

-0.605 
(0.194) 

0.014 
(0.059) 

-0.086 
(0.057) 

0.100 
(0.061) 

0.295 
(0.052) 

0.161 
(0.060) 

Note: Standard errors in parentheses. 

Dunmy variables; omitted category is nonminority household headed by a couple. 

Dunmy variables. 

SPECIFICATION OF SELECTION BIAS 

As previously discussed, the overall experimental effect rx is estimated 
as the mean of 

rx — rA — rN (9) 
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where rA is the actual log rent at 2 years, and rN is the estimated normal log 
rent at 2 years (using the Control sample). The analysis focuses on recip-
ient households whose housing requirement was met at 2 years after en-
rollment. Therefore, because of the correlation between the housing re-
quirements and housing expenditures, bias in the estimate of rx may have 
been introduced when households were selected for analysis based on 
whether they met their housing requirement at 2 years after enrollment. 

Figure III-l illustrates one way in which bias may have been introduced 
in analyzing recipients. The figure shows a hypothetical scatter diagram 
and regression of actual on predicted rent. In the population, the regression 
line has no intercept and a 45° slope. The relationship has an error with 
mean zero and some variance, hence, the scatter of the points around the 
regression line. 

In the Minimum Rent plans, recipient status depended on the actual 
rent level of the household—the recipient group consisted therefore of 
households with rents above the Minimum Rent line. Thus, the selection 
of households into the group of recipients may have selected households 
that were more likely to have had positive differences between actual and 
predicted rent and omitted households that were more likely to have had 
negative differences. The observed mean differences for the group of re-
cipients was therefore likely to be positive even if there were no true 
effect. In Minimum Standards plans the connection between recipient 
status and rent was less direct, but it undoubtedly existed. 

An alternate way of looking at the effect of selection is presented in 
Figure III-2. The normal curve represents the distribution of residuals 
(actual minus predicted rent) and has a mean of zero. If households that 
did not meet the Minimum Rent requirements had residuals less than X and 

Regression 
line for the 
whole population 

Minimum rent 
selection 

Predicted rent 

Figure 111-1. The effect of selection on regression parameters. 
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Frequency 

X 0 μ 

Actual minus predicted rent (Residual) 

Figure III-2. The effect of selection on the distribution of residuals. 

are therefore removed from the sample, the mean of the remaining house-
holds would have increased to μ. Interpreting the mean μ as an effect of 
the allowance payment would be misleading. 

The estimated experimental effect rx is thus related to the true experi-
mental effect rx as 

rx = rx + d, (10) 

where d is the expected value of normal residuals for selected households 
(the selection bias). Estimation of the bias rests on the tautology that for 
the entire population (that is, when no subsample of households is se-
lected), the expected value of the prediction error in normal rent, ey is 
zero. 

When the entire sample of enrolled households, for which E{e) = 0, is 
divided into three groups—recipient households (status R), households 
remaining in the sample but not participating (status /?), and households 
that dropped out of the experiment before the end of 2 years (status D)— 
the relationship between the expected value of e for each of the three 
groups and the expected value of e for the entire sample is given by 

E(e) = £ £ E(e \R) + ̂  E(e \R) + ^ E(e \D) = 0, 
N N 

ND 
N 

or 

E(e\R) = - ^ E(e\R) - ^ E(e\D) 
NR 

(11) 

(12) 

where N is the total number of enrolled households, NR is the total num-
ber of recipient households, NR is the total number of nonparticipating 
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households, ND is the total number of households that dropped out of the 
experiment, and E(e \ i) is the expected value of e for households of 
status /. Under the assumption that E(e \ D) = 0, the bias d [equal to 
E(e\R)] can be determined from 

d= -^E(e\R). (13) 

The assumption thatE(e | D) = 0 was supported by the data. To the extent 
that households that dropped out of the experiment because their incomes 
rose too high to leave them eligible for payment were balanced by those 
whose housing consumption was too low for them to attempt to meet the 
requirements, there is no clear expectation about the sign of E(e\D). 
Unfortunately, since these households did drop out of the experiment, 
there was no information available to compare their actual rent with their 
normal rent at 2 years. Inference had to rely on an approximation to this 
comparison—the difference between actual rent and normal rent at en-
rollment. Since rents at enrollment and at 2 years after enrollment were so 
highly correlated, this comparison provided a reasonable approximation. 

Table III-7 presents the means of the difference between actual and 
predicted log rent at enrollment for various groups of households that 
dropped out of the experiment. All the means are statistically insignifi-
cantly different from zero indicating that for each group attrition bias was 
negligible. These findings on the absence of attrition bias are reinforced by 
findings on the role of attrition in other social experiments. For example, 
Hausman and Wise (1979) found that their estimate of experimental ef-
fects in the New Jersey Graduated Work Incentive Experiment was unaf-
fected by attrition, when demographic covariates were included in their 
model. 

The value oiE{e \R) was estimated as the mean of the prediction error 
for the group of Control households whose units did not meet the housing 
requirements at 2 years after enrollment. Tables III-8 and III-9 summarize 
the findings on the significance of the bias, for housing expenditures and 
services, respectively. 

The implicit assumption made in using Control households not meeting 
the requirements at 2 years to estimateE(e \ R) is equivalent to an assump-
tion that the Experimental households that were induced to meet the 
requirements were drawn at random from among households that would 
normally not meet them (that is, drawn without regard to their normal 
expenditure levels). An objection against this method may be raised if the 
Housing Gap households that became recipients after enrollment were 
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Table III-7 
Residual of Predicted Rent at Enrollment for Households Who Dropped Out of the Program 
within Two Years after Enrollment 

P i t t s b u r g h Phoenix 

Household group Mean t - s t a t i s t i c Mean t - s t a t i s t i c 

Minimum Standards househo lds - 0 . 0 2 9 

Did no t meet r equ i remen t s 
a t en ro l lment -0 .026 

Met r equ i rement s a t 
en ro l lment -0 .067 

Minimum Rent Low househo lds - 0 . 0 1 2 

Did n o t meet r equ i rement s 
a t en ro l lmen t -0 .054 

Met r equ i rement s a t 
enro l lment - 0 . 0 1 1 

Minimum Rent High households - 0 . 0 2 1 

Did n o t meet r equ i rement s 
a t en ro l lmen t -0 .037 

Met r equ i rements a t 
enro l lment -0 .014 

Note : No t - s t a t i s t i c i s s i g n i f i c a n t a t t h e 0.10 l e v e l . 

precisely those that were closest to meeting the requirements at enroll-
ment. Comparison of E(e\R) for Experimental and Control households 
suggested that this assumption was reasonable, though. 

An alternative method assumed that the experiment had no ̂ flfect on 
the housing consumption of nonrecipient households in sample R (house-
holds enrolled in Housing Gap plans that did not receive allowance pay-
ments because their units did not meet the housing requirements of their 
particular plans). If the mean experimental effect for the group of nonreci-
pient households is assumed to be zero, any estimated experimental effect 
for this group must be due to bias alone. An objection can be raised to the 
assumption that the experiment did not affect the housing consumption of 
nonrecipient households. Some households in this group may have at-
tempted to receive allowance payments but were somehow unsuccessful 
in that attempt, and if true, then the true experimental effect for this group 
would be greater than zero, and therefore the mean of the estimated 
experimental effect for this group would overestimate the bias. 
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Both methods of estimating the bias clearly had drawbacks. The 
method of using comparable Control households was used in the text to 
estimate the bias. Estimates based on the assumption of no effect for 
nonparticipating households indicated qualitatively similar results (see 
Friedman and Weinberg, 1980&, for more details). 



APPENDIX IV 
Additional Tables 

Table IV-1 
Overall Characteristics of Variables Used in Regression Analyses 

Equations 

Log-linear expenditures 
Log (rent) 

Log (average monthly 
income) 

Log (current monthly 
income) 

Log (1 - %age rebate) 

Mean 

4.869 

5.958 

6.040 

-0.292 

Pittsburgh 
Standard 
deviation 

Sample 
size Mean 

All households 

0.313 

0.395 

0.452 

0.294 

(674) 
4.966 

5.982 

5.999 

-0.265 

Phoenix 
Standard 
deviation 

0.385 

0.442 

0.491 

0.291 

Sample 
size 

(532) 

Linear expenditures 
Rent 

(674) 
136.72 

Average monthly income/ 
(1 - %age rebate) 573.69 

Current monthly income/ 
(1 - %age rebate) 638.84 

1/(1 - %age rebate) 1.400 

Log-linear housing services 
Log (hedonic index of 
housing services) 4.739 

44.43 

266.91 

334.19 

0.435 

0.235 

(635) 

153.89 

588.07 

612.90 

1.362 

4.931 

56.02 

303.01 

362.26 

0.429 

0.325 

(532) 

(486) 

Log (average monthly 
income) 

Log (1 - %age rebate) 

5.954 

-0.291 

0.393 

0.293 

5.986 

-0.264 

0.438 

0.289 

179 
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Table IV-1 (continued) 

Log-linear expenditures 
Log (rent) 4.977 

Log (average monthly 
income) 5.968 

Log (current monthly 
income) 5.968 

Log (1 - %age rebate) -0.311 

Linear expenditures 
Rent 152.08 

Average monthly income/ 
(1 - %age rebate) 579.81 

Current monthly income/ 
(1 - %age rebate) 652.54 

1/(1 - %age rebate) 1.426 

0.308 

0.356 

0.416 

0.294 

48.76 

243.50 

312.48 

0.435 

MDvers 

(236) 

(236) 

5.085 

5.998 

6.006 

-0.305 

171.13 

617.93 

640.70 

1.423 

0.347 

0.426 

0.478 

0.306 

56.62 

305.59 

377.73 

0.459 

(292) 

(292) 

Log-linear housing services (214) (257) 
Log (hedonic index of 
housing services) 4.783 0.251 5.005 0.329 

Log (average monthly 
income) 

Log (1 - %age rebate) 

5.954 

-0.313 

0.354 

0.292 

6.001 

-0.304 

0.422 

0.302 
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Table IV-2 
Log-Linear Expenditure Functions 

Household group 
Price Sample 

Constant elasticity elasticity R SEE Size 

Pittsburgh 

All households 
Current income 

Average income 

Mover households 
Current income 

Average income 

3.065 
(0.149) 

2.835 
(0.169) 

2.955 
(0.271) 

2.744 
(0.317) 

0.291 
(0.024) 

0.333 
(0.028) 

0.324 
(0.044) 

0.363 
(0.052) 

-0.164 
(0.037) 

-0.178 
(0.038) 

-0.195 
(0.062) 

-0.211 
(0.063) 

0.08 

0.18 

0.20 

0.18 

0.28 

0.28 

0.28 

0.28 

(674) 

(674) 

(236) 

(236) 

Phoenix 

All households 
Current income 

Average income 

Mover households 
Current income 

Average income 

2.678 
(0.179) 

2.303 
(0.195) 

3.065 
(0.229) 

2.834 
(0.256) 

0.371 
(0.030) 

0.435 
(0.032) 

0.325 
(0.038) 

0.364 
(0.042) 

-0.239 
(0.050) 

-0.234 
(0.049) 

-0.219 
(0.059) 

-0.219 
(0.059) 

0.25 

0.27 

0.23 

0.23 

0.33 

0.33 

0.31 

0.31 

(532) 

(532) 

(292) 

(292) 

Note: Standard errors in parentheses. All t-statistics are significant at the 
0.01 level. The model used here is 

In(rent) = b + b, ln(income) + b 2 ln(l-a) 

vshere a is the percentage rebate for Percent of Rent households. 
SEE is the standard error of estimate. 
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Table IV-3 
Log-Linear Expenditure Functions (Sites Pooled) 

Income Price Phoenix 
Household group Constant elasticity elasticity dummy SEE 

Sample 
size 

Pooled site intercept 

All households 
Current income 

Average income 

Mover households 
Current income 

Average income 

2.907 
(0.117) 

2.544 
(0.129) 

3.068 
(0.177) 

2.765 
(0.200) 

0.324 
(0.019) 

0.387 
(0.021) 

0.316 
(0.029) 

0.369 
(0.033) 

-0.189 
(0.031) 

-0.200 
(0.030) 

-0.205 
(0.044) 

-0.205 
(0.044) 

0.20 

0.23 

0.20 

0.21 

0.31 

0.31 

0.30 

0.30 

(1206) 

(1206) 

( 528) 

( 528) 

Different site intercepts 

All households 
Current income 

Average income 

Mover households 
Current income 

Average income 

2.817 
(0.116) 

2.517 
(0.128) 

2.942 
(0.175) 

2.738 
(0.197) 

0.330 
(0.019) 

0.385 
(0.021) 

0.325 
(0.028) 

0.364 
(0.033) 

-0.199 
(0.030) 

-0.207 
(0.030) 

-0.209 
(0.043) 

-0.216 
(0.043) 

0.117 
(0.018) 

0.094 
(0.018) 

0.128 
(0.026) 

0.098 
(0.026) 

0.23 

0.24 

0.24 

0.23 

0.31 

0.30 

0.29 

0.29 

(1206) 

(1206) 

( 528) 

( 528) 

Note: Standard errors in parentheses. All t-statistics are significant at the 
0.01 level. The model used here is 

In(rent) b + b ln(income) + b 2 ln(l-a) + b_ D 

where a is the percentage rebate for Percent of Rent households, and 
D is a dumny variable for Phoenix (different intercepts equation only). 

F-tests of overall homogeneity indicate rejection at the 0.01 level. F-tests 
of the elasticities (allowing for different site intercepts) indicate rejec-
tion only for all households (at the 0.05 level). See table below. 

Overall Hcmogeneity Different Elasticities 

All households-current income 
All households-average income 
Movers-current income 
Movers-average income 

F-statistic 
16.111 
11.535 
8.203 
4.825 

d.o.f. 
(3,1200) 
(3,1200) 
(3, 522) 
(3, 522) 

F-statistic d.o.f. 
2.804 
3.161 
0.035 
0.001 

(2,1201) 
(2,1201) 
(2, 523) 
(2, 523) 

SEE is the standard error of estimate. 
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Table IV-4 
Linear Expenditure Functions 

Household group 

All Households 
Current income 

Average income 

Mover households 
Current income 

Average income 

Constant 

115.47 
(5.36) 

113.98 
(5.43) 

120.79 
(9.83) 

117.41 
(10.03) 

Income 
coefficient 

Price 
coefficient 

Pittsburgh 

0.0577 
(0.0053) 

0.0714 
(0.0069) 

0.0804 
(0.0102) 

0.1027 
(0.0136) 

-11.15 
(4.10) 

-13.00 
(4.26) 

-14.86** 
(7.34) 

-17.43 
(7.63) 

R2 

0.16 

0.14 

0.22 

0.21 

SEE 

40.9 

41.2 

43.3 

43.7 

Sample 
size 

(674) 

(674) 

(236) 

(236) 

Phoenix 

All Households 
Current income 

Average income 

Mover households 
Current income 

Average income 

122.80 
(7.25) 

120.11 
(7.09) 

138.60 
(9.69) 

133.25 
(9.55) 

0.0745 
(0.0069) 

0.1021 
(0.0083) 

0.0733 
(0.0090) 

0.1018 
(0.0114) 

-10.69 
(5.80) 

-19.28 
(5.89) 

-10.14a 

(7.42) 

-17.57** 
(7.58) 

0.20 

0.24 

0.21 

0.24 

50.2 

49.0 

50.6 

49.7 

(532) 

(532) 

(292) 

(292) 

Note: Standard errors in parentheses. All t-statistics are significant at the 0.01 
level except where noted. The model used here is 

Rent = A [l/(l-a)] + B [Income/(1-a)] + C 
where a is the percentage rebate for Percent of Rent households, 

t-statistic not significant at the 0.10 level. 
** t-statistic significant at the 0.05 level. 
SEE is the standard error of estimate. 
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Table IV-5 
Stratified Log-Linear Expenditure Functions (Movers Sample) 

Household group 

All Households 

Single-person households 

Single heads of house-
hold with others 

Households headed by a 
couple 

Noriminority households 

Nonminority single-
person households 

Nonminority single heads 
of household with others 

Nonminority households 
headed by a couple 

Minority households 

Minority single-person 
households 

Minority single heads 
of household with others 

Minority households 
headed by a couple 

Constant 

2.768*** 
(0.322) 

3.272*** 
(1.048) 

3.958*** 
(0.605) 

1.131** 
(0.566) 

2.606*** 
(0.346) 

3.352*** 
(1.196) 

3.881*** 
(0.629) 

0.792 
(0.622) 

3.643*** 
(0.899) 

4.121* 
(1.845) 

3.059* 
(1.506) 

Income 
elasticity 

Price 
elasticity 

Pittsburgh 

0.359*** 
(0.053) 

0.274 
(0.184) 

0.165 
(0.102) 

0.613*** 
(0.090) 

0.386*** 
(0.057) 

0.258 
(0.210) 

0.182* 
(0.107) 

0.668*** 
(0.100) 

0.212 
(0.148) 

-0.213*** 
(0.064) 

-0.077 
(0.189) 

-0.156* 
(0.092) 

-0.364*** 
(0.096) 

-0.210*** 
(0.069) 

-0.072 
(0.202) 

-0.121 
(0.096) 

-0.377*** 
(0.104) 

-0.204 
(0.179) 

[not estimated] 

0.133 
(0.307) 

0.301 
(0.237) 

-0.303 
(0.296) 

-0.1-93 
(0.279) 

R2 

0.18 

0.07 

0.05 

0.33 

0.20 

0.05 

0.06 

0.37 

0.07 

0.06 

0.13 

SEE 

0.28 

0.28 

0.27 

0.27 

0.28 

0.30 

0.25 

0.27 

0.30 

0.35 

0.27 

Sample 
size 

(234) 

( 33) 

( 98) 

(103) 

(196) 

( 30) 

( 77) 

( 89) 

( 38) 

( 3) 

( 21) 

( 14) 
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Table IV-5 (continued) 

Household group 

All Households 

Single-person households 

Single heads of house-
hold with others 

Households headed by a 
couple 

White households 

Nonminority single-
person households 

Nonminority single heads 
of household with others 

Nonminority households 
headed by a couple 

Minority households 

Minority single-person 
households 

Minority single heads 
of household with others 

Minority households 
headed by a couple 

Hispanic households 

Black households 

Constant 

2.796*** 
(0.260) 

2.179*** 
(0.457) 

2.995*** 
(0.429) 

2.669*** 
(0.518) 

2.463*** 
(0.286) 

2.407*** 
(0.570) 

2.563*** 
(0.555) 

2.739*** 
(0.503) 

3.643*** 
(0.493) 

3.771*** 
(0.757) 

3.415*** 
(1.092) 

4.148*** 
(0.606) 

3.524*** 
(0.965) 

Income 
elasticity 

Phoenix 

0.370*** 
(0.043) 

0.480*** 
(0.080) 

0.342*** 
(0.072) 

0.383*** 
(0.083) 

0.431*** 
(0.047) 

0.444*** 
(0.099) 

0.410*** 
(0.091) 

0.390*** 
(0.080) 

0.177** 
(0.083) 

Price 
elasticity 

-0.219*** 
(0.060) 

-0.245* 
(0.138) 

-0.128 
(0.087) 

-0.327*** 
(0.100) 

-0.287*** 
(0.068) 

-0.147 
(0.157) 

-0.297** 
(0.115) 

-0.290*** 
(0.104) 

-0.179* 
(0.105) 

[not estimated] 

0.213 
(0.132) 

0.227 
(0.178) 

0.133 
(0.101) 

0.224 
(0.188) 

0.029 
(0.132) 

-0.415** 
(0.177) 

-0.137 
(0.122) 

-0.255 
(0.217) 

R2 ; 

0.23 

0.57 

0.16 

0.19 

0.35 

0.46 

0.26 

0.26 

0.07 

0.05 

0.15 

0.04 

0.12 

SEE 

0.31 

0.20 

0.31 

0.33 

0.27 

0.21 

0.29 

0.27 

0.34 

0.32 

0.34 

0.33 

0.37 

Sample 
size 

(285) 

( 32) 

(121) 

(132) 

(185) 

( 27) 

( 71) 

( 87) 

(100) 

( 5) 

( 50) 

( 45) 

( 72) 

( 28) 

Note: Standard errors in parentheses. Dependent variable is In(rent). 
* t-statistic significant at the 0.10 level. 
** t-statistic significant at the 0.05 level. 
*** t-statistic significant at the 0.01 level. 
SEE is the standard error of estimate. 
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Table IV-6 
Stratified Log-Linear Expenditure functions (Sites Pooled) 

Household group 

All households 

Nonminority 
households 

Minority 
households 

Single-person 
households 

Single heads of 
household with 
others 

Households headed 
by a couple 

Constant 

2.723*** 
(0.201) 

2.433*** 
(0.219) 

3.818*** 
(0.431) 

2.389*** 
(0.473) 

3.210*** 
(0.345) 

2.032*** 
(0.382) 

Income 
elasticity 

0.366*** 
(0.033) 

0.413*** 
(0.036) 

0.184*** 
(0.071) 

0.426*** 
(0.083) 

0.294*** 
(0.058) 

0.468*** 
(0.061) 

Price 
elasticity 

-0.217*** 
(0.044) 

-0.249*** 
(0.048) 

-0.183** 
(0.089) 

-0.175 
(0.116) 

-0.137** 
(0.063) 

-0.327*** 
(0.070) 

Phoenix 
dummy 

0.096*** 
(0.026) 

0.145*** 
(0.028) 

-0.006 
(0.063) 

0.111* 
(0.064) 

0.066* 
(0.040) 

0.111*** 
(0.040) 

2 
R 

0.23 

0.32 

0.07 

0.34 

0.12 

0.26 

SEE 

0.30 

0.27 

0.33 

0.25 

0.29 

0.30 

Sample 
size 

(519) 

(381) 

(138) 

( 65) 

(219) 

(235) 

Note: Standard errors in parentheses. Dependent variable is In(rent). 
* t-statistic significant at the 0.10 level. 
** t-statistic significant at the 0.05 level. 
*** t-statistic significant at the 0.01 level. 
SEE is the standard error of estimate. 
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Table IV-7 
Stratified Log-Linear Housing Services Functions (Movers Sample) 

Household group 

All Households 

Single-person households 

Single heads of house-
hold with others 

Households headed by a 
couple 

Nonminority households 

Nonminority single-
person households 

Nonminority single heads 
of household with others 

Nonminority households 
headed by a couple 

Minority households 

Minority single-person 
households 

Minority single heads 
of household with others 

Minority households 
headed by a couple 

Constant 

3.402*** 
(0.287) 

3.338*** 
(0.929) 

3.745*** 
(0.562) 

1.681*** 
(0.473) 

3.126*** 
(0.291) 

3.135*** 
(1.025) 

3.316*** 
(0.627) 

1.742*** 
(0.471) 

4.922*** 
(0.923) 

6.639*** 
(0.993) 

0.941 
(1.738) 

Income 
elasticity 

Price 
elasticity 

Pittsburgh 

0.226*** 
(0.047) 

0.241 
(0.163) 

0.181* 
(0.095) 

0.489*** 
(0.076) 

0.269*** 
(0.048) 

0.275 
(0.180) 

0.245** 
(0.107) 

0.484*** 
(0.075) 

-0.012 
(0.151) 

[not estimated] 

-0.273 
(0.165) 

0.575* 
(0.274) 

-0.113* 
(0.057) 

-0.118 
(0.168) 

-0.038 
(0.085) 

-0.246*** 
(0.080) 

-0.143** 
(0.057) 

-0.112 
(0.174) 

-0.121 
(0.091) 

-0.202*** 
(0.077) 

0.067 
(0.201) 

0.275 
(0.166) 

-0.611 
(0.353) 

2 
R 

0.10 

0.07 

0.04 

0.32 

0.16 

0.08 

0.10 

0.35 

0.004 

0.23 

0.34 

SEE 

0.24 

0.25 

0.23 

0.21 

0.22 

0.25 

0.22 

0.19 

0.30 

0.18 

0.31 

Sample 
size 

(214) 

( 32) 

( 87) 

( 95) 

(180) 

( 29) 

( 69) 

( 82) 

( 34) 

( 3) 

( 18) 

( 13) 
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All Households 

Single-person households 

Single heads of house-
hold with others 

Households headed by a 
couple 

Nbnminority households 

Nonminority single-
person households 

Nonminority single heads 
of household with others 

Nonminority households 
headed by a couple 

Minority households 

Minority single-person 
households 

Minority single heads 
of household with others 

Minority households 
headed by a couple 

Hispanic households 

Black households 

2.739** 
(0.259) 

2.201*** 
(0.578) 

2.549*** 
(0.401) 

2.753*** 
(0.510) 

2.379*** 
(0.272) 

2.309*** 
(0.711) 

2.042*** 
(0.497) 

2.315*** 
(0.464) 

3.962*** 
(0.501) 

3.752*** 
(0.704) 

4.906*** 
(1.229) 

4.345*** 
(0.611) 

3.818*** 
(0.949) 

Ehoenix 

0.375*** 
(0.043) 

0.464*** 
(0.101) 

0.416*** 
(0.067) 

0.365*** 
(0.082) 

0.440*** 
(0.045) 

0.454*** 
(0.123) 

0.497*** 
(0.082) 

0.448*** 
(0.074) 

0.154* 
(0.085) 

[not estimated] 

0.205* 
(0.122). 

-0.012 
(0.199) 

0.100 
(0.102) 

0.159 
(0.165) 

-0.045 
(0.050) 

-0.366* 
(0.197) 

0.045 
(0.081) 

-0.121 
(0.098) 

-0.129** 
(0.065) 

-0.249 
(0.225) 

-0.145 
(0.101) 

-0.123 
(0.097) 

0.023 
(0.106) 

0.185 
(0.125) 

-0.120 
(0.193) 

0.116 
(0.121) 

-0.138 
(0.218) 

0.23 

0.48 

0.27 

0.15 

0.38 

0.40 

0.38 

0.32 

0.04 

0.10 

0.01 

0.03 

0.06 

0.29 

0.25 

0.27 

0.31 

0.24 

0.25 

0.24 

0.25 

0.32 

0.29 

0.35 

0.31 

0.35 

(257) 

( 29) 

(111) 

(117) 

(168) 

( 24) 

( 64) 

( 80) 

( 89) 

( 5) 

( 47) 

( 37) 

( 62) 

( 27) 

Note: Standard errors in parentheses. Dependent variable is In(rent). 
* t-statistic significant at the 0.10 level. 
** t-statistic significant at the 0.05 level. 
*** t-statistic significant at the 0.01 level. 
SEE is the standard error of estimate. 
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Table IV-8 
Semilog Hedonic Equation: Pittsburgh 

Variable description Coefficient t-statistica 

Related to landlord (0,1) 
Tenure char- Length of residence (exponential function) 
acteristics Landlord lives in building (0,1) 

Number of persons per roan 
Number of landlord contacts for maintenance 

Area per room (natural log) 
Total number of rooms (natural log) 
Building age (years) 
Stove and refrigerator provided (0,1) 
Inferior or no heat (0,1) 
Garage provided (0,1) 
Off-street parking provided (0,1) 
Overall evaluator rating (4 point scale) 
Dishwasher and/or garbage disposal provided (0,1) 

Dwelling unit Recent interior painting or papering (0,1) 
features Many high quality features (0,1) 

Poor wall and ceiling surface (factor score) 
Poor window condition (factor score) 
Poor bathroom wall and ceiling surface (factor score) 
High quality kitchen (0,1) 
Presence of adequate exits (0,1) 
Air-conditioning present (0,1) 
Presence of adequate ceiling height (0,1) 
Adequate kitchen facilities present (0,1) 
Large multifamily structure (0,1) 
Working condition of plumbing (5 point scale) 
Presence of private yard (0,1) 

Neighborhood 
features 

Good recreational facilities and access (factor score) 
Traffic and litter problems (factor scores) 
Problems with crime and public services (factor score) 
Census tracts with higher priced units and higher 
socioeconcmic status 

Nonminority census tracts with higher socioeconomic 
status 

Blue collar workers and nonminority residents in 
census tracts 

High quality block face (0,1) 

-0.102 
-0.141 
-0.067 
0.082 
0.012 

0.170 
0.565 

-0.002 
0.111 

-0.077 
0.091 
0.022 
0.053 
0.054 
0.052 
0.038 

-0.019 
-0.018 
-0.013 
0.034 
0.046 
0.025 
0.034 
0.117 
0.038 
0.008 
0.015 

0.024 
-0.009 
-0.015 

0.032 

0.032 

-0.026 
0.043 

5.813 
11.570 
4.376 
5.946 
3.491 

6.449 
29.073 
4.168 
6.382 
6.403 
4.912 
1.352 
5.846 
2.692 
3.497 
1.576 
4.020 
3.697 
2.992 
1.982 
2.709 
1.698 
2.170 
2.267 
2.527 
1.539 
1.468 

4.964 
1.607 
2.926 

5.626 

5.542 

5.694 
4.160 

Constant 2.629 

R = 0.662 F = 89.140 Sample size = 1,583 

Source: Merrill, 1980, Table 3-2. 
a t-statistic > 1.0 indicates significance at the 0.25 level of significance for a two-tailed 
test and 0.125 level of significance for a one-tailed test. 
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Table IV-10 
Sample Sizes at Enrollment and at Two Years 

Treatment group 

All Housing Gap households 

Minimum Standards households 
Plan 1 
Plan 2 
Plan 3 
Plan 10 
Plan 11 

Minimum Rent Low households 
Plan 4 
Plan 5 
Plan 6 

Minimum Rent High households 
Plan 7 
Plan 8 
Plan 9 

Unconstrained households 

Percent of Rent households 
Plan 13 
Plans 14-16 
Plans 17-19 
Plans 20-22 
Plan 23 

Control households 

Pittsburgh 

Sample size 
at enrollment 

626 

281 
43 
59 
62 
57 
60 

166 
43 
62 
61 

179 
45 
67 
67 

75 

510 
34 
121 
145 
118 
92 

434 

Sample size 
at two years 

449 

204 
33 
42 
43 
45 
44 

128 
34 
50 
44 

117 
30 
44 
43 

63 

407 
28 
109 
113 
92 
65 

321 

Phoenix 

Sample size 
at enrollment 

695 

329 
48 
74 
66 
64 
77 

175 
42 
70 
63 

191 
43 
78 
70 

70 

490 
32 
110 
118 
140 
84 

525 

Sample size 
at two years 

381 

174 
30 
35 
39 
36 
34 

98 
24 
39 
35 

109 
30 
44 
35 

40 

298 
21 
81 
66 
84 
46 

282 

Sample at enrollment: All enrolled households, excluding those with enrollment 
incomes over the eligibiltiy limits. 

Sample at two years: All households active at 2 years after enrollment/ excluding 
those with enrollment incomes over the eligibility limits and those living in their 
own homes or in subsidized housing. 

Note: The sample size for a particular analysis may be smaller due to sample selection, 
missing values, or both. 



APPENDIX V 

Intraurban Residential Mobility: 
The Role of Transactions Costs, 

Market Imperfections, 
and Household Disequilibrium1 

D A N I E L H . W E I N B E R G , J O S E P H F R I E D M A N , A N D S T E P H E N K . M A Y O 

A clear understanding of intraurban residential mobility is vital to 
understanding the housing market behavior of urban consumers. Yet, 
recent analyses have produced inconsistent evidence and ambiguous find-
ings on the major determinants of moving (see [9] for a recent review of 
residential mobility studies). This paper uses the theoretical framework of 
microeconomics to formulate and quantify a model of household residen-
tial search and mobility that is both theoretically plausible and empirically 
tractable. Previous models of mobility were based on a loose theoretical 
perspective of the decision-making process, emphasizing the somewhat 
vague concepts "dissatisfaction" and "stress." (Two representative models 
are [1] and [10]). In contrast, the model presented here is cast explicitly in 
terms of a rigorous microeconomic model of housing demand. This model 
permits changes in household and housing market characteristics to in-
fluence a household's decision to search for and move to a different 

'An earlier version of this paper was presented at a conference on the Housing Choices of 
Low Income Families, Washington, D. C , March 8-9, 1979. Financial support for this 
research was provided by the U.S. Department of Housing and Urban Development under 
Contract H-2040R to Abt Associates Inc. The authors wish to thank Stephen Kennedy and a 
referee whose comments and suggestions were helpful. Responsibility for the results reported 
here remains with the authors. Reprinted from the Journal of Urban Economics, Vol. 9, pp. 
332-348, 1981. 

2 · 3 [Omitted.] 
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residence. The basic motivating factor is the benefit from moving; the 
basic deterring factor is costs. 

A MICROECONOMIC MODEL OF SEARCH AND 
MOBILITY 

Households typically adjust housing consumption to desired (equi-
librium) levels by moving. Households search for housing and move when 
the expected gains from changing their housing outweigh the costs of 
finding and moving to a new unit. If there were no costs, a household 
would adjust its housing immediately when desired consumption changed. 
For renters, the typical method of changing housing consumption is by 
moving. 

Instantaneous adjustments are, however, implausible because the costs 
of searching and moving are often substantial (see Muth [8], for example). 
Having once chosen a satisfactory unit, the existence of transaction costs 
(both monetary and psychological) suggests that households do not neces-
sarily move when small changes render their current unit nonoptimal. This 
immobility leads to utility losses, in the sense that utility attainable in the 
optimal unit exceeds utility actually attained in the current unit. The 
household moves only when the utility loss of staying in the current unit 
outweighs the costs of moving. 

In principle, the utility gain foregone when a household does not move 
to its equilibrium may be measured in monetary terms using the concept of 
the compensating income variation—the maximum amount of money that 
the household could spend on transactions costs (given the prevailing 
prices and income) and be as well off after the move as before. If the 
compensating income variation is larger then the actual costs of moving, 
the household would, in theory, move. 

In any given period the household is assumed to maximize its utility 
(/(//, Z), where H represents housing services and Z represents other 
goods, subject to a budget constraint. This maximization implies an 
equilibrium housing demand function 

H* = H(pH,Y), (1) 

where 

pH = the relative price of housing 

Y — household income. 

Assume that the household is consuming a nonoptimal level of housing H0 

and is spending R0 on rent. The income compensation is simply the 
amount of money IC that if subtracted from a household's income, would 
leave the household as well off with its nonoptimal housing H0 as it would 
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if it were to consume the optimal amount H* at a rent of /?*. The value of 
IC is obtained by solving the equation 

U(H0<Y - R0) = U(H\Y- R* - IC). (2) 

If there are transactions costs, TC, the household moves only if TC < IC. 
The optimal amount of housing after moving under a regime of transac-
tions costs therefore lies between H0 and H*. 

If the utility function is known, the exact (Hicksian) measure of the 
compensating income of any disequilibrium can be derived directly from 
(2). Alternatively, if the household demand function (but not utility func-
tion) is known, the Marshallian income compensation, a close approxima-
tion to the exact Hicksian income compensation, can be computed.4 It is 
simply the difference in consumers surplus between consuming the equi-
librium level of housing services H* at a rent of R* and the initial position 
of consuming H0 housing services at a rent of R0: 

/C = (H\D(H)dH] - RA -\ (H°[D(H)dH] - R0 
Jo J L ^o 

= (H\D(H)dH] + ( / ? 0 - / ? * ) , 

(3) 

where D(H) is the inverse demand function from (l). For example, if the 
housing demand function is log-linear 

\n(H*) = \n(K) + a\n(Y) + b\n(pH), (4) 

The income compensation is (using (3)) 

lc-{j^) (iTr)!«'."·'·*""-«'.".' s P i fV I I * . 4 - I I J 

+ R0-R*. (5) 

Other demand functions could be analyzed in a similar fashion. 
Housing services H in (5) are not readily observable, but must be 

estimated. The value of the housing services provided by a unit can be 
measured using a hedonic index, whose value can be interpreted as the 
average market rent of a unit with given location, size and other physical 
characteristics.5 

A hedonic index of housing services is derived by regressing rent or the 
logarithm of rent on structural and neighborhood charactenstics of the 

4Willig [12] demonstrated that in many practical situations the Marshallian and Hicksian 
measures of income compensation are numencally very close. The distinction is that the 
Hicksian measure uses a compensated demand curve while the Marshallian measure uses an 
uncompensated one. For the data used in this paper, the approximation error is under 2%. 

5See Merrill [7] for an extended discussion of the meaning and use of hedonic indexes. 
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unit and on conditions of tenure 
ln(Ä) = a + Xß + Ζγ + μ, (6) 

where 
X = a vector of structural and neighborhood characteristics, 

Z = a vector of tenure characteristics such as length of the 
household's residence in the unit and whether the tenant is 
related to the landlord, and 

μ = a stochastic error. 

The logarithm of the dollar value of the amount of housing services 
consumed by household j in period t,\n(pHHj), is then determined by 
multiplying the vector of housing characteristics, Xj, by the vector of 
estimated hedonic weights, β: \n(pHHj) = ά + Xjß. Two factors can thus 
account for any difference between the value of housing services and rent 
— a discount or premium due to conditions of tenure (Ζγ) and a residual 

(μ). 
The term Ζγ consists mainly of a rental discount associated with 

long-term occupancy, and this is due to several factors: 
Lease provisions or long-term residence may tend to slow the adjustment of rents 
to inflation or other changing market conditions. Long-term tenant-landlord 
relationships may also bring nonmonetary benefits to the landlord or may actually 
lower the cost of providing housing services. Over long periods, landlords are 
likely to gain real cost savings from not having to advertise, from not losing rent 
during temporary vacancies, and possibly from lower maintenance expenditures. 
[7, p. 51] 

The residual, μ, represents the deviation of the unit's rent from the average 
market rent for a unit with the same characteristics. A unit with μ > 0 can 
be considered a "bad deal." In this context, shopping for rental housing 
may be viewed as looking for units with negative μ (bargains).6 A hedonic 
index can therefore be used to determine the amount of housing services 
currently consumed by a household (pHH0). An equilibrium demand for 
housing function can be used to estimate a household's desired consump-
tion ipHH*) and the price elasticity of demand (b). These can then be 
used in (5) to determine the compensating income variation IC. 

6 Competitive market forces tend to reduce the variance of μ (but not to zero). A household 
with a bad deal may have μ < 0 for reasons other than inefficient shopping. If the availability 
of units satisfying its particular needs is low, it may be forced to accept a bad deal. Similarly, 
households may accept bad deals to reduce their search costs. Further, categorizing units as 
good or bad deals solely on the basis of the hedonic residual ignores the possibüity of omitted 
housing or neighborhood characteristics. To the extent that this residual measures expendi-
tures on omitted components, then the interpretation of the residual as a bad deal is 
overstated. Tests of the hedonic indexes used in this paper showed that the hedonic residual is 
not entirely due to omitted quality items but does include some price effects. See [3] for more 
details. 
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BENEFIT AND COST MEASUREMENT 

The change in household circumstances analyzed here is a change in 
relative price of housing resulting from rent rebates to low-income renters. 
These rebates were introduced through a controlled social experiment, the 
Housing Allowance Demand Experiment, conducted in two large metro-
politan areas, Allegheny County, Pennsylvania (Pittsburgh), and* Maricopa 
County, Arizona (Phoenix). 

The experiment was aimed at developing and testing alternative pro-
grams for helping low-income households improve their housing by direct 
cash grants to participants. One major type of program testing was a 
"Percent of Rent" housing allowance. Recipients of the rent rebate re-
ceived a payment S equal to a fixed fraction " 0 " of their gross rental 
payments (including utilities), S = 9R. The relationship of the household's 
net to their gross housing expenditures measures the change in the relative 
price of their housing. This can be seen by expressing rent as the price of 
housing times the quantity of housing, R = pHH. For the same quantity of 
housing, the net outlay of those who received rent rebates is Rn = (1 — 
θ)ρΗΗ. Thus, their price of housing changes from pH to (1 — θ)ρΗ. This 
change in the effective price of housing permitted econometric estimation 
of the price of elasticity of housing demand (see [2]). 

In the experiment, the rebate Θ was varied from 0.2 to 0.6 increments of 
0.1, in effect reducing the price of housing by between 20 and 60%. In 
addition, there was a control group that received no rent rebate (Θ = 0.0). 
Households were randomly assigned to either the treatment group or the 
control group. Altogether, 672 households in Pittsburgh and 513 in Phoenix 
participated in these treatment and control groups for the first two years of 
the experiment (late 1973 to early 1975) and for which sufficient data for 
analysis were collected. (See [3] for additional details.) 

The effects of rent rebates on mobility depend on the existence and 
direction of any pre-experimental housing disequilibrium. Ignoring moving 
costs for the sake of exposition, in the case of initial underconsumption, 
actual housing H0 is less than the desired amount Ηζ. (Likewise, in the 
case of initial overconsumption, / /0 is larger than Ηξ.) The household's 
pre-experimental utility gain from moving is (£/0* — U0). With the introduc-
tion of the experimental price discount, the utility of consuming the new 
desired level of housing H* becomes U* while the household's intial utility 
level increases from U0 to Ue (since payments are received in the initial 
unit). 

The utility gain from moving to the optimal unit (U* — Ue) may be 
decomposed into three parts: 

(u; - ue) = (u; - u0*) + (t/0* - u0) - (ue- t/0). (7) 
(U* - U*) represents the experimentally induced change in equilibrium 
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utility levels, (U0* — U0) represents the pre-experimental disequilibrium, 
and (Ue— U0) represents the actual utility gain at the initial position. This 
decomposition may be relevant because of the limited duration of the 
experiment (three years). The household might respond differently to an 
experimentally induced disequilibrium [(U* — U0*) — (Ue — U0)] than to a 
nonexperimental disequilibrium (U0* — U0). 

The compensating income variations of these separate components of 
utility gain can be computed, allowing hypotheses about their separate 
effects to be tested.7 To compute these decomposed compensatory income 
variations for a log-linear demand function, the following quantities must 
be determined: the household's initial consumption of housing services 
(pHH0), its preexperimental equilibrium level of housing services (ρΗΗξ), 
its experimental equilibrium level of housing services (pHH^)y and its 
expenditure on these housing services (R^R*); the household's initial 
expenditure R0 is known. 

Housing services are measured using hedonic indices for the two De-
mand Experiment sites (see Merrill [7]). The hedonic indices take into 
account a wide variety of physical and locational characteristics and 
account for 66 to 80% of the observed variation in rents. Furthermore, tests 
of their validity support the contention that they measure housing services 
with a high degree of accuracy. 

Equilibrium household consumption of housing services (pHH*) was 
estimates from a log-linear demand function that incorporated demo-
graphic characteristics and serially correlated errors.8 The estimated price 
elasticities of demand for housing services were —0.12 in Pittsburgh and 
0.01 in Phoenix; the estimated income elasticities were 0.22 and 0.34, 
respectively.9 Because of the variability of the price elasticity estimates and 
the possibility of omitted variables, the price elasticity was treated parmet-
rically and was set equal to —0.22 in order to reestimate the demand 
equations.10 The most important consequence of low price (and income) 

7For the log-linear demand function these variations (using (3)) are: 

(i) Total disequilibrium - f$[D(H)dH] - (1 - 9)R*e + (1 - θ)ϋ0~ (1 - 9){(b/(b 

+ W\/pHH;)l/b[(PHH:)ib+l)/b ~ (PHHo)(b+l)/b] ~ * ; + *o} ; 
(ii) Initial disequilibrium = $fi*[D{H) dH] - R*0 + R0= (b/(b + 1)) 

(\/pHHS)l'b[(pHHg)<b+lvb- (pHH0)
ib+l)0/b) - *t + * 0 ; 

(iii) Induced disequilibrium = Total disequilibrium — Initial disequilibrium. 
8 To predict accurately the equilibrium level of housing services, the post-move income used 

in the prediction equation should be measured net of moving costs. Moving costs when 
amortized are only a small fraction of income, so that ignoring moving costs in the prediction 
of ρΜΗ* should make little difference in the measure of benefits. 

9See Friedman and Weinberg [3] for more details. 
10This price elasticity used is the expenditure price elasticity estimated by Friedman and 

Weinberg [2]. The estimated equations are presented in an appendix available on request 
from the authors. 
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elasticities of demand in the context of this analysis is that large changes in 
income or prices lead to only small changes in demand, and to even 
smaller changes in the benefits from moving. 

Equilibrium household expenditure (/?*) was based directly on the value 
predicted from the household's demand function for housing services. That 
is, if households are estimated to demand H housing services, the house-
holds are presumed to pay the going market price for those housing 
services, $//. This assumes in effect that the household surrenders any 
tenure-related discount that is enjoyed at its previous location, and, in 
addition, either surrenders any "good deal" beyond the tenure discount or 
eliminates any "bad deal." 

11 An alternative method tested treated the good or bad deal experienced by a household as 
possibly reproducible, depending on the characteristics of the local housing market. In a tight 
housing market, such as Pittsburgh with a rental vacancy rate of 5.1% in 1974, households 
that move are likely to find it difficult to reproduce a good deal and difficult to improve a 
bad deal. On the other hand, in loose housing markets, such as Phoenix (14.4%), previous bad 
deals may be easily reversed and good deals reproduced. (Rates are from [11].) 

To test these hypotheses, regression equations of the following form were estimated for 
Control households that moved at each site: μ = α + ρ μ 0 + ω , where μ * estimated hedonic 
equation residual (good or bad deal) after moving, /i0 « estimated hedonic equation residual 
before moving, ω — error term. 

The results of the estimation tended to support the hypothesis concerning market effects on 
the reproducibility of good or bad deals at the two sites. These results follow. 

Pittsburgh Phoenix 

Independent 
variable 

Constant 

Initial deal 

R2 

Sample size 

Initial 
bad deal 

0.067 
(0.051) 
0.155 

(0.272) 
0.01 

48 

Initial 
good deal 

0.061 
(0.051) 
0.194 

(0.264) 
0.02 

34 

Initial 
bad deal 

- 0.077 
(0.051) 
0.415 

(0.326) 
0.03 

50 

Initial 
good deal 

0.071 
(0.058) 
1.179 

(0.368) 
0.17 

52 

Note: Standard errors are in parentheses. 

An initial bad deal is estimated to persist in Pittsburgh, whereas in Phoenix, it turns into a 
small good deal, on average, after moving. Similarly, in Pittsburgh, good deals disappear 
upon moving whereas they are reproduced in part in Phoenix. 

In the alternative method, therefore, the observed persistence (or lack of persistence) of 
good and bad deals as based on the estimated regressions was incorporated into the expected 
post-move level of expenditures. Thus, rather than threat the entire good or bad deal 
experienced by a household in its initial unit as a potential cost or benefit from moving as the 
first method implies, the alternative method of measuring expenditures treats it only partially 
as a potential cost or benefit. 
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The specification of several important costs of moving is straightfor-
ward. The potential costs of moving included here are out-of-pocket costs 
of moving, the costs of searching for a new unit, and a proxy for the 
psychological costs of moving attributable to such factors as neighborhood 
social attachment. Since the household makes its decision before actually 
incurring the cost, it is the expected moving costs that matter. 

The cost most clearly associated with moving is out-of-pocket costs of 
moving possessions from one unit to another. Expected out-of-pocket costs 
were estimated by using a household-specific predicted value of such costs 
obtained from a regression of actual moving costs on household demo-
graphic characteristics.12 Expected search costs also were estimated based 
on household-specific predicted value of a regression, one relating the time 
spent searching for the household's initial enrollment to the same house-
hold characteristics used to explain out-of-pocket moving costs.13 The 
proxy used for the psychological costs of breaking neighborhood attach-
ments is a function of the length of residence, the tenure discount.14 

Combining the measure of costs and benefits into a single net benefit 
measure was explicitly avoided. Using such a procedure requires that all 
costs and benefits be measured in the same units; in addition, it would 
have required a choice of discount rate and planning horizon (expected 
length of residence). In short, such a procedure would have imposed 
untestable restrictions on the model. 

12 The mean out-of-pocket moving cost reported by movers was $54.06 in Pittsburgh and 
$12.59 in Phoenix. The costs are low in Phoenix because 85% reported moving their 
belongings using their own or a borrowed vehicle or no vehicle at all (35% in Pittsburgh). In 
order to get a monthly cost, the expected moving cost should be amortized over the 
household's estimated tenure in the new unit. Using expected total moving costs as expected 
from the regression equation directly as an independent variable allows the sample itself to 
determine simultaneously the amortization rate and its effect on mobility. To the extent that 
movers tend to be households with lower than average costs, this method underestimates the 
potential out-of-pocket moving costs of a randomly selected household The equations 
predicting both expected out-of-pocket moving costs and expected search costs are available 
on request from the authors. 

13 The mean search time reported in the baseline interview was 95 days in Pittsburgh and 33 
days in Phoenix. Again, when included in the mobility equation, this measure's coefficient 
could implicitly measure the (amortized) price of search time. Since this measure is reported 
by all households, no bias is expected. 

14 The discount is expressed as a negative exponential function of the length of residence, 
where the maximum of about $15 per month in Pittsburgh and $23 per month in Phoenix was 
reached after about 10 years [7]. While part of the site difference may be explained by 
generally higher rents in Phoenix, the higher discount in Phoenix may also reflect the 
generally looser market there, with landlords increasing rents relatively slowly to induce 
tenants to remain. The loss of the discount is already included in the benefit measure so its 
inclusion as a cost measure as well as in a sense a misspecification. However, it quantifies the 
psychological costs in dollar terms, the same metric used for expected out-of-pocket moving 
costs and for the benefit measures. 



TABLE 1 

Characteristics of Cost Measures 

Measure 

Expected out-of-pocket 
moving cost ($) 

Expected search time 
(days) 

Current tenure discount 

($) 

Expected out-of-pocket 
moving cost ($) 

Expected search time 
(days) 

Current tenure discount 

($) 

Median Mean 
Standard 
Deviation 

Pittsburgh (sample size 

58 

61 

5 

Phoenb 

17 

37 

5 

61 

59 

6 

i (sample size 

16 

37 

7 

- 6 7 2 ) 

16 

19 

6 

- 5 1 3 ) 

5 

18 

8 

Minimum 

0 

0 

0 

0 

0 

0 

Maximum 

138 

105 

15 

39 

88 

23 

TABLE 2 

Characteristics of benefit measures (in Dollars) 

Measure 
Standard 

Median Mean Deviation Minimum Maximum 

Pittsburgh 
Experimental households (sample size — 377) 

Initial disequilibrium 10 
Induced disequilibrium 1 
Overall disequilibrium 9 

Control households (sample size = 295) 
Initial disequilibrium 9 
Induced disequilibrium 0 
Overall disequilibrium 9 

F 
Experimental households (sample size = 264) 

Initial disequilibrium 14 
Induced disequilibrium 4 
Overall disequilibrium 16 

Control households (sample size = 249) 
Initial disequilibrium 16 
Induced disequilibrium 0 
Overall disequilibrium 16 

19 
- 2 
18 

18 
0 

18 

snix 

24 
2 

26 

25 
0 

25 

34 
16 
31 

34 
0 

34 

36 
17 
37 

39 
0 

39 

67 
67 
55 

52 
0 

52 

36 
65 
27 

74 
0 

74 

214 
31 

230 

184 
0 

184 

191 
53 

219 

180 
0 

180 

201 
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The median, mean, standard deviation, and range for each of the 
measures of costs are represented in Table 1 and for the benefits in Table 
2.15 The tables reveal that the potential benefits of moving that result from 
the price discounts offered by the Demand Experiment are small, espe-
cially in relation to the expected costs of moving. The size of the induced 
benefit is a direct result of the low price elasticity of housing demand for 
low-income households. With ä low elasticity, the experiment creates 
neither a large disequilibrium in housing consumption nor a large benefit 
from moving. Because of both this small disequilibrium and (measured and 
unmeasured) costs of moving, households would appear to be about as 
well off not moving (and accepting the rent rebate associated with their 
initial unit) as they would be if they adjusted all the way to their 
equilibrium experimental position //*. The modest size of the incremental 
benefits to be gained from moving thus suggests that households may be 
unlikely to respond in a major way to the benefit measures, although there 
should still be a positive relationship between searching and moving and 
the measures of benefits. 

ESTIMATION OF A BENEFIT-COST MODEL OF 
SEARCH AND MOBILITY 

The microeconomic model of search and moving presented in Section I 
predicted that a household would search for housing if it believed that the 
present discounted value of search and moving costs (TC) was less than 
the present discounted value of the disequilibrium that could be eliminated 
(IC). In other words, if the net expected gain from searching and moving 
is positive, a household is likely to look for a new unit. 

In general, the benefit and cost measures for each household j can be 
specified as 

ICj=id + cIy, 

rc ,= rc + c2>, (8) 

where the benefits and costs are estimated by IC and TC, respectively, and 
€{J and €2J are random prediction errors. The stochastic terms c, and c2 

may arise for several reasons. For example, variation in tastes among 
households and uncertainty about the future affect the valuation of the 

15 Benefit measures are presented only for the case in which good and bad deals are 
assumed not to persist; that is, households are assumed to pay the average market price for a 
unit when they move. Assuming persistence of the initial good or bad deal influences the 
benefit measures but does not affect the relationship between the benefit measures and 
searching or moving. 
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income compensation associated with eliminating a disequilibrium; imper-
fect information about the availability of units providing different amounts 
of housing services affects the costs. 

Since tXJ and e2j
 a r e n o t observable, the model of searching and moving 

must be specified in a probablistic framework. Let Pj denote the proba-
bility that household j will search or move. Then 

Pj = prob(/C; > TCj) = prob(/C - TC > e2j - c ly). (9) 

The probability of searching and moving is positively related to the 
expected value of the compensating income variation (the benefit from 
moving) and negatively related to the expected costs. 

The housing market affects the relationship between the benefit from 
and the probability of moving. A household may search for a unit because 
it expects to increase its utility, but the search may lead the household to 
realize that housing units with the appropriate housing services are not 
available. Because a household can move only if its search is successful, 
the lack of adequate units may attenuate the link between the potential 
benefits of moving and the probability of moving. 

Two specifications of benefit measures were used. Model I includes 
measures that partition the household's disequilibrium into an initial (that 
is, pre-experimental) disequilibrium and an experimentally induced dis-
equilibrium, as indicated in Table 2. Households may discount the experi-
mental disequilibrium, so the initial and induced equilibrium may have 
different impacts on mobility. Model II includes only an overall measure 
of disequilibrium. Tables 3 and 4 present results of estimating separate 
benefit-cost models of search and of mobility using logit analysis for the 
case of benefit measures that do not account for the persistence of good or 
bad deals.16 The cost and the benefit measures perform well at both sites. 
The significant variables have the expected sign in both the search and the 
mobility models. In the combined site equations almost all the variables 
have the correct sign and almost all are highly significant.17 

The benefit measures add significantly to the explantory power in eight 
of the twelve equations estimated. As expected, the benefit measures are 
more significant in explaining search than in explaining mobility, although 
only slightly so. Further, as might be expected, expected search time bears 

16 When the benefit measures used in the search and moving equations account for this 
persistence, the results are basically unchanged from those in Tables 3 and 4 and so are not 
presented. 

17Chi-square tests do however indicate that search and mobility behavior in the two sites is 
different. Only for mobility Model I does the test indicate no significant difference at the 0.05 
level, although all·do so at the 0.01 level. 
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a stronger relationship to the probability of searching than to the proba-
bility of moving. The estimated impacts of both the initial and total 
disequilibria are comparable in the search and mobility equations and 
across sites. The estimated impact of the experimentally induced disequi-
librium is more than that of the initial disequilibrium although in no 
equation is there a significant difference between the coefficients of the 
initial and the induced disequilibrium. An increase of $10 in the total 
disequilibrium is estimated to increase the probability of search by 1.2 
percentage points and the probability of moving by 1.1 percentage points. 
Despite the significance of the benefit measures, the small average size of 
the disequilibrium (cf. Table 2) indicates that the overall impacts of 
housing disequilibrium on search and mobility are small. 

CONCLUSION 

The model presented in this paper provided a rigorous framework for 
analyzing residential search and mobility. Despite some tantalizing results 
concerning the roles of household disequilibrium, transactions costs, and 
market phenomena in influencing search and moving, there is clearly room 
for more development of this model. Before describing such new direc-
tions, it is worth recapitulating the results. 

The major finding of the model is that, for low-income households, the 
benefits of moving are small. The economics of the housing demand of 
low-income households is such that relatively large changes in traditional 
economic variables such as prices and income result in relatively small 
changes in equilibrium housing demand. Further, because immobile 
households are partially compensated for any suboptimal housing con-
sumption by increased nonhousing consumption, the potential benefit 
from moving is further decreased.18 The conclusions stem directly from 
observed values of price and income elasticities of housing demand among 
low-income households and are robust with regard to the range of alterna-
tive estimates of such parameters that appear in the literature. That is, even 

18 For example, if the price elasticity of housing demand among low-income households is 
- 0.22 and if a price rebate of 40 percent is given to a household that initially spends $150 
per month for housing, equilibrium housing demand would increase by roughly $13 per 
month, but the compensating income or cash equivalent value of actually moving to the new 
equilibrium position would be less than $3 per month. (For a price elasticity of - 0.22 and a 
price reduction of 40%, demand would increase by 0.22 x 0.40 = 8.8%. The compensating 
income of such a price reduction is approximated by 1/2 x change in price X change in 
demand = $2.60.) Thus, what appears to be a sizeable incentive to move, a subsidy of at least 
$60 per month, actually results in a very modest incentive. Roughly comparable incentives to 
move would be created by doubling the income of low-income households (using an 
estimated income elasticity of 0.36). 
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if the " t rue" price and income elasticities of housing demand are consid-
erable larger than those used in the analysis, their qualitative implications 
for moving incentives would be basically unchanged.19 

By contrast, the costs of moving appear to be highly significant in 
influencing rates of residential search and mobility. In the models pre-
sented here, cost variables consistently explained more variation in search 
and mobility than did benefit variables, reiterating a finding of Goodman 
[4]· 

The costs of search and moving appear to be highly variable from place 
to place. Although it is obviously inappropriate to generalize from only 
two sites, households in a fairly loose housing market (Phoenix) had much 
lower costs and higher mobility than households in a very tight housing 
market (Pittsburgh). Likewise, variations in the price per unit of housing 
services among metropolitan areas resulting from variation in factor prices, 
mismatches between supply and demand, discrimination, and the degree to 
which good or bad deals can be reproduced may all influence the benefits 
of moving. 

Despite the insights provided by this model, its empirical results are 
somewhat dissappointing. The explanatory power of the empirical models 
is smaller than that of models that rely heavily on sociodemographic 
variables (see [5] for such models estimated for the same sample). A 
number of extensions of the model could enhance its generality and 
improve its goodness of fit. Among the most promising extensions are: 

• the use of demographically disaggregated demand functions to esti-
mate benefit measures; 

• decomposition of the housing bundle into components; 
• more rigorous specification of expected costs of search and moving; 

and 
• interactive determination of demand functions and mobility equations. 
Part of what is estimated to be housing disequilibrium may really be 

variation in housing preferences not captured by the housing demand 
functions. Demand functions disaggregated by demographic characteristics 
such as household size and composition, age, race, and/or sex would yield 
more accurate estimates of equilibrium housing demand and consequently 
better estimates of the benefits to be gained from moving. 

A more fundamental reason for the small impact of benefit measures is 
that disequilibrium in 'housing services" may matter relatively little to 
households. A more significant incentive to move may arise from disequi-
librium regarding specific housing features, such as components of the 

19 For example, when the model was estimated with a price elasticity of - 0.40, the results 
were qualitatively unchanged. 
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housing bundle (for example, interior space and quality, neighborhood 
features, and accessibility). Changes in some household characteristics may 
have only a modest influence on overall housing services demand but a 
dramatic impact on the demand for specific housing features. For example, 
several analyses have shown that housing demand first rises and then falls 
with increasing household size [6]; thus very small and very large house-
holds could demand the same dollar amount of housing services, but a 
different composition of the housing bundle. Consequently, changes in 
household size or composition can lead to large disequilibria in the desired 
housing bundle even though desired expenditure levels can remain nearly 
constant. It is possible to estimate demand functions for several separate 
housing components based on the hedonic index used in this analysis. 
Measures of disequilibrium in such components could then be used to 
calculate the income compensation associated with moving to eliminate a 
particular disequilibrium, using a generalized version of the methods 
presented here. 

Two improvements in specifying the cost side of the model may also be 
useful. Out-of-pocket costs and search costs estimated here from regres-
sions of actual costs on demographic variables, can be disaggregated 
further according to household demographic characteristics and other 
variables, in addition, the degree to which good and bad deals are likely to 
be replicated upon moving could be specified to depend not only on 
housing market characteristics but also on household characteristics and 
initial location within a city. 

Finally, the model may be estimated interactively rather than in a two 
stage procedure. In the model as it now stands, housing demand functions 
are estimated before the equations describing search and mobility. It is 
possible to estimate demand and mobility parameters simultaneously using 
maximum likelihood techniques; such a procedure could lead to a more 
efficient set of parameter estimates describing each kind of behavior. 

In sum, this paper represents but an early stage in modeling residential 
mobility—the introduction of a rigorous framework and a richer view of 
the determinants of mobility than has been typical of mobility studies. 
Much remains to be done. 
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