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Summary
 

This report summarizes the results of a first inquiry into the effects
 

of improved housing on labor's output in a backward area of the United States.
 

The document reviews in some detail the technical problems of obtaining and
 

interpreting systematic informationfortesting such effects and analyzes
 

certain of the direct and indirect benefits associated with rehousing in im­

proved quarters. Because of several limitations -- small sample size, short 

time interval, limited data, and a restricted analytical framework -- the 

conclusions drawn are preliminary. The following tentative results emerged:
 

1. Improved housing conditions bore modestly but positively on
 
production levels. During the half-year following the rehousing of a group
 
of factory workers from sub-standard accommodations to adequate new housing,
 
hours worked per week increased 6 percent, and output per hour increased 14
 
percent compared to the six-month interval preceding relocation. The average
 
increase inproduction per week was 21 percent of which 7 percent, or a third
 
of the increase, was directly attributable to improved housing circumstances.
 

2. The rate of increase was smaller than would be expected in light
 
of the substantidl improvement inhousing quality. Several causal factors
 
may be postulated. First, relocation from comparatively primitive dwellings
 
to middle class housing may have created unanticipated domestic difficulties.
 
Second, and perhaps more importantly, the conditions governing continued
 
occupancy tended to discourage aspirations for higher incomes. Specifically,
 
the income maximum imposed as a condition for continued tenancy may have
 
restrained incentives toward greater achievement and higher earnings. Indeed,
 
other factors ignored in this analysis may also have been operative.
 

The study served three important ends: first, providing an initiation
 

into the difficulties of testing hypotheses relating housing conditions to
 

output levels; second, exploring the testability of the hypotheses themselves;
 

and third, amplifying and augmenting the criteria"for choosing additional
 

test-sites inmore remote locations. The report includes.a technical appendix
 

describing the statistical model used for estimatin'aoDroductivity and the
 

methodology for making relatedcalculations'i
 



REPORT ON A PILOT STUDY OF WORKER PRODUCTIVITY
 
IN RELATION TO HOUSING CONDITIONS
 

1. Introduction 

This report summarizes the results of a pilot study dealing with the 

relationship between improved housing conditions and production levels. The 

primary purpose of the study was to acquaint research workers with the 

technical problems of identifying, assembling, reconciling, and interpreting 

the information required for a detailed examination of this relationship. 

It was anticipated that the tools for analyzing productivity data could be 

sharpened during a preliminary study conducted at a domestically-located test
 

site characterized by many of the attributes of an underdeveloped area and
 

simultaneously satisfying certain of the criteria established for hypothesis­

testing in more remote locations. A secondary purpose was to explore in very
 

preliminary fashion the relationship itself. Specifically, the preliminary
 

investigation sought to determine whether increased productivity could be
 

associated with improved housing conditions and, if so, how the improvements
 

were connected with changes in worker output.
 

The pilot study satisfied both purposes. The problems of handling
 

data required for making systematic productivity measurements served as a
 

profitable introduction to the types of situations which might be encountered
 

elsewhere. Particularly challenging were the difficulties of dealing with
 

incomplete time-series or incompatible information. The solution of these
 

technical problems at this juncture will facilitate the handling of quantita­

tive information during subsequent stages. With respect to the second purpose,
 

this preliminary effort established the principal l priori hypothesis, that
 

housing improvements contribute to productivity, as testable for research
 



purposes. Tracing through the channels for the transmission of productivity
 

has provided insights into the complex skein of determinants of output levels.
 

However, any conclusions about this relationship which spring from this re­

port are tenuous due to limitations on the amount of quantitative information
 

available.
 

Data were obtained from several sources at the test-site, the Oglala-


Sioux Indian Reservation, Pine Ridge, South Dakota: (1) production records
 

of the Wright & McGill Company, a major producer of fish tackle with a branch
 

operation at the test-site, (2) field notes reflecting personal observations
 

obtained during the course of a field trip to the test-site, and (3) inter­

views with social workers and other public officials resident at the test­

site. Data on production levels of the entire labor force would have pro­

vided a norm against which the performance of rehoused laborers could be
 

compared. Regrettably, this information was not available, but will be in­

corporated in a subsequent report if supplied at a later date.
 

The authors' approach in this report is extensive rather than concise,
 

on the assumption that information which may seem peripheral at this early
 

stage may be directly relevant as the project moves forward. For this reason
 

alone, the report covers a broad variety of issues dealing with the housing
 

situation on the Reservation and the output of its gainfully employed re­

sidents but is not confined strictly to the direct linkages between the two.
 

The crude economic framework constructed for this analysis permits
 

only a partial explanation of the phenomena described. During the course
 

of the research effort, it became abundantly clear that the interplay of
 

social and psychological forces in combination with cultural tradition may
 

swamp purely economic explanations for the behavior observed. Because the
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field work was limited to the sources reported above, and interviews with
 

the relocated families were strongly discouraged, conclusions derived from
 

excursions outside our limited framework are conjectural. The "non-economic"
 

aspects receive oqly casual treatment due to the time and space limits imposed.
 

It will remain for others to provide these welcome additional insights before
 

definitive statements can be offered.
 

1.1. The Pine Ridge Indian Reservation
 

The Pine Ridge Indian Reservation, located in the southeastern corner
 

of South Dakota, is one of the most backward areas in the United States. The
 

literature abounds with references to the low standards of living and to
 

other measures of comparative poverty on this and other Reservations. While
 

a comprehensive review of these documents is beyond our scope, passing re­

ference to various indexes of the level of development suggests the parallels
 

between this region and the less developed areas of the world.
 

Prevailing incomes reveal clearly that twentieth century America has
 

failed to touch this portion of her population. While the evidence conflicts
 

in detail, all estimates indicate that incomes are below State and national
 

averages by substantial margins. For example, median personal income for
 

1959 reported by the U. S. Bureau of the Census fell in the class, $1,000 or
 

less, 1 compared to medians of $2,028 and $2,606 in South Dakota and the
 

1United States Bureau of the Census, U. S. Census of Population: 1960.
 
Subject Reports. Nonwhite Population by Race. Final Report PC(2)-lC.
 
(Washington, D. C.: U. S. Government Printing Office, 1963), p. 243. Within
 
this context, it should be noted that much of the "income" accruing to
 
the inhabitants of underdeveloped areas is not channeled through the customary
 
market place and goes unreported. To the extent that this holds true, re­
ported incomes understate true incomes.
 

-3­



United States respectively.2 Another estimate extrapolated to 1961 from
 

a 1956 survey more precisely fixed median income per family head or single
 

earner at $850 - 900, or o level less than one-third the poverty threshold,
 

as presently defined.
3
 

Not only are incomes low but unequally distributed over the geography
 

of the Reservation. From the 1956 sample enumeration, median family income
 

in the poorest village of nine reported, Potato Creek, stood at only 40 per­

cent of the median in the wealthiest, Pine Ridge community.4 Barely 16
 

percent of family heads and individuals resident on the Reservation belonged
 

to the comparatively wealthy group earning over $2,000 in 1956. This class
 

included Federal employees with median incomes approximating $2,800, Bureau
 

of Indian Affairs employees with roughly $1,000 more on average, and em­

ployees of the Tribe earning roughly $3,000.
5
 

2U. S. Bureau of the Census. U. S. Census of Population: 1960
 
Detailed Characteristics, South Dakota. Final Report PG(1)-43D.
 
(Washington, D. C.: U. S. Government Printing Office, 1962), p. 320;
 
U. S. Bureau of the Census, Statistical Abstract o' the United States 1961,
 
eighty-second edition (Washington, D. C.: U. S. Government Printing Office,
 
1961), p. 321.
 

3Everett E. Hagen, On the Theory of Social Change (Homewood,
 
Illinois: The Dorsey Press, 1962), p. 484.
 

4Ernest L. Schusky and Vernon D. Malan, The South Dakota Indian
 
Community, Preliminary Report (Brookings: South Dakota State College, 1961).
 

5Richard Metcalf, "The Demand for Low-Rent Public Housing on the
 
Pine Ridge Indian Reservation, South Dakota," unpublished report
 
(Washington, D. C.: Economics Branch, Public Housing Administration,
 
U. S. Housing and Home Finance Agency, July 1961), pp. 3-4.
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Employment levels are no less revealing than income levels of the
 

impoverished nature of this population. The most recent data for the
 

Reservation indicates that the rate of employment (39 percent) is nearly
 

nine times the national average (4.5 percent) and 14 times the state level
 

(2.8 percent).6 The local rate exceeds by a wide margin the highest peak
 

reached in the nation during the great depression.
7
 

Everett E. Hagen, who visited the Reservation in mid-winter 1960-61,
 

attributes the high ratio to unemployability and idleness. He observes,
 

evidence of social malaise pressed upon me, a sense
 
of heaviness or sluggishness, as though the villages
 
of Rosebud and Pine Ridge were seized with an in­
anition due to something more pervasive than mal­
nutrition and more penetrating than the cold. The
 
Dakotas (Oglala-Sioux) seemed as ghosts walking
 
about--withdrawn, passive, lifeless--or bodies
 
from which the breath of life has been (almost)
 
removed.8
 

Like nations in the earliest stages of development, employment at
 

Pine Ridge is agriculturally based. The proportion of the active labor
 

force engaged in agriculture was treble the national level in 1956 (15 per­

cent compared to 5.5 percent).9 The prospects for growth from reliance on
 

this industry, the most slowly growing in the nation, are indeed dim. Under
 

such conditions, nearly any diversification of the regional economic base
 

would stimulate growth.
 

6Ibid., p. 2.
 

7The peak of 24.9 percent was registered in 1933. United States
 
Bureau of the Census, Statistical Abstract of the United States: 1959
 
(Washington, D. C.: U. S. Government Printing Office, 1959), p. 206.
 

8Hagen, op. cit.
 

9U. S. Bureau of the Census, Statistical Abstract of the United
 
States: 1959, op. cit., p. 3.
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With two notable exceptions -- a new housing project and a new
 

source of employment -- little has changed since Hagen characterized the
 

Reservation as an area of "extreme rural poverty." 10 It is against this
 

somber background that a first attempt was made at industrialization.
 

1. 2. The Production Process
 

The Wright & McGill Company, a major manufacturer of fish tackle
 

equipment in the nation, established a branch plant in an existing structure
 

at Pine Ridge during January 1961. Two influences prompted the decision.
 

First, labor was available at less cost than in many other locations, hence
 

lowering production costs and improving Wright & McGill's competitive position
 

in world markets, particularly relative to Mexican and Japanese suppliers.
 

Second, the Industrial Development Division of the Bureau of Indian Affairs
 

initiated a program of attracting new industry to Indian reservations in a
 

concerted effort aimed at creating new and broader job opportunities.
 

Wright & McGill manufactures a complete line of tackle equipment,
 

such as hooks, lines, lures, poles, etc., at its Denver, Colorado headquarters.
 

The process requires machinists, tool and dye makers, steel tempering
 

specialists, and other skills not available among the labor force of the Pine
 

Ridge Reservation. For this reason, the only portion of the production pro­

cess decentralized to the branch plant has been snelling, an operation which
 

involves tying a short length of nylon or similar material to the shank of
 

a hook for connection to the fishing line. It is reported that the skill
 

required to perform this elementary job at a "satisfactory rate," is acquired
 

in an average of three months. According to officials interviewed at both
 

10Hagen, or) cit., p. 484.
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the branch and head offices, the Indians perform well on this count. The
 

branch plant employs approximately 400 workers at peak and as few as 200
 

during slack seasons which extend roughly from April through August each
 

year.
 

The hourly wage of $1.25 is paid only for time on the job up to 40
 

hours per week with a bonus of 9 per dozen over the weekly minimum of 40
 

gross. Since the minimum is based on a week's production, time taken off
 

from work reduces the possibility of earning the incentive wage. If a
 

worker produces the minimum or less during a 40-hour week, his total weekly
 

earnings are equivalent to his time wage ($50). However, if his weekly
 

output is twice the minimum, for example, his income will increase 86 per­

cent (to $93.20). Hence, because pay is nearly equivalent to piece rates,
 

the bonus provides a powerful incentive to increased effort with a floor
 

on earnings set by the number of hours on the job.
 

The operation is highly labor intensive. First and most obviously,
 

the low wage scale suggests that capital is substitutable only at relatively
 

high cost. Second, the peculiar nature of property rights, as defined by the
 

Tribe, discourage long-run investment in equipment. Because the Tribal
 

Authority refuses to write leases for periods longer than three years, in
 

the absence of options on future leases, only investments with very short
 

pay-out periods are warranted. The procedure by which lease violations are
 

appealed only to the Tribe itself also discourages new long-term investment.
 

Mainly for these reasons, the ratio of labor to capital is very high. The
 

contents of the plant could be removed practically overnight, thus reducing
 

whatever security such an operation lends to the permanent employment
 

structure of the Reservation.
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1.3. The Public Housing Project
 

Many of the problems associated with the old housing are attributed
 

to overcrowding and lack of privacy. 11 It is not unusual to find as many
 

as three generations of a single household living under a single roof, and
 

when the total number of persons is considered, the consequences of insecurity,
 

lack of privacy, and deficient sanitation, readily become apparent. In one
 

case, it was reported that 24 persons occupied a two-room dwelling measuring
 

approximately 300 square feet. Due to crowding, children must sleep in
 

flimsy tents adjacent to the family shelter.12 The dwellings themselves
 

are little better. Many are constructed of bed springs stood upright and
 

stuffed with a variety of materials, none of which provide very effective
 

protection from the elements.
 

The impressions of squalor are confirmed by 1960 Census data which
 

reveal the primitive nature of housing conditions on the Reservation re­

lative to the State and nation. Because data are available in greater detail
 

at the County level, Shannon County constitutes the basis for comparison in
 

Table 1 rather than Pine Ridge community. Shannon County includes Pine
 

Ridge community and about 60 percentl3 of the Indian population resident in
 

the South Dakota portion of the Reservation.
 

IlFor a more extended discussion of housing and general living con­
ditions, see ibid., Metcalf, op. cit., and Vernon D.Malan, The Dakota Indian
 
Family, Bulletin No. 470 (Brookings: South Dakota State College, 1958).
 

12According to a comprehensive sanitation report by the U. S. Public
 
Health Service in 1960, and cited in Metcalf, op, cit., p. 11, about one
 
percent of the families occupy tents throughout the year.
 

13Based on estimates in ibid., p. 9, and U. S. Bureau of the Census.
 
U. S. Census of Population: 1960. General Population Characteristics, South
 
Dakota . Final Report PC(1)-43B (Washington, D. C.: U. S. Government Printing
 
Office, 1961), pp. 47, 51, 52, 55, 61, 63. U. S. Bureau of the Census. "L .
 
Census of Population: 1960. General Population Characteristics, Nebraska.
 
Final Report PC(l)-43B (Washington, 0. C.: U. S. Government Printing Office,
 
1961), pp. 55, 66.
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TABLE 1 

SELECTED MEASURES OF THE QUALITY OF THE HOUSING STOCK, SHANNON COUNTY, SOUTH DAKOTA, AND UNITED STATES, 1960
 

Characteristic 


Median value per owner-occupied unit 


Median gross monthly rent per renter-occupied unit 


Percent of units sound with all plumbing 


Percent of units deteriorating 


Percent of units dilapidated 


Percent of units with toilets 


Percent of units with telephones 


Percent of units with more than one person per room 


Median number of rooms per owner-occupied unit 


Median number of rooms per renter-occupied unit 


SOURCES: 1U. S. Bureau of the Census. U. S. Census of Housing: 


Shannon 1 South1 United2
 

County Dakota States
 

$5,000 $8,800 $11,900
 

$35 $67 $71
 

41.9% 77.8% 74.3%
 

40.5% 17.8% 13.8%
 

17.7% 4.4% 5.0%
 

23.0% 76.7% 89.8%
 

10.0% 77.4% 78.5%
 

60.4% 13.0% 5.2%
 

2.0 5.5 5.5
 

3.1 4.5 3.9
 

1960. Volume 1, States and Small Areas.
 
South Dakota. Final Report HC(l)-43. (Washington, D. C.: U. S. Government Printing Office, 1961),
 
pp. 6, 9, 10, 11, 33, 39, 45.
 

2U. S. Bureau of the Census. U. S. Census of Housing: 1960. Volume 1. States and Small Areas.
 
United States Summary. Final Report HC(l)-1. (Washington, D. C.: U. S. Government Printing Office,
 
1963), pp. 4, 10, 22, 28.
 



Regardless of the characteristic chosen from the catalog, housing
 

quality in the State and nation is vastly superior to the Reservation.
 

Average values and rents are less than half the national average. The
 

typical (median) house on the Reservation would be classed as deteriorating
 

compared to the typically sound unit in either the State or nation. Nine
 

out of ten houses are without telephone compared to two out of ten South
 

Dakota and U. S. houses. Less than one-fourth of Shannon County dwellings
 

have toilets. The average dwelling unit in the County is significantly
 

smaller than the State or national average and two in three are overcrowded
 

compared to one in 20 in the nation (Table 1).
 

Cognizant of the syndrome of low living standards, bad housing,
 

ineffective demand, and apparent social need, the Public Housing Administra­

tion (PHA) appropriated funds beginning in 1961 for the construction of new
 

housing on American Indian Reservations. Once they were recognized by the
 

courts as sovereign entities, the Reservations qualified for PHA grants.
 

The first appropriation under the new program, a planning grant for $30,000,
 

was made to Pine Ridge. One hundred and fifty units were programmed with a
 

stipulation that only about 50 be constructed initially in order to better
 

determine the real demand for housing at the prices (rentals) necessary to
 

justify financing.14
 

Construction on the first project in the series of three started
 

during May 1962 with occupancy commencing eight months later. Average cost
 

14For more detail, see Mrs. Bessie Cornelius, "Oglala-Sioux Indians
 
Prepare for New Homes, New Life, New Public Housing Community," The Journal
 
of Housing, Vol. XXI, No. 3 (April 1964), pp. 129-131, and recent Annual
 
Reports of the Housing and Home Finance Agency (Washington, D. C.: U. S.
 
Government Printing Office, various years).
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per unit including site and overhead costs was $15,562 and the 
investment in
 

the total project totaled approximately $800,000. Costs broke down for the
 

average unit as follows:
15
 

Site acquisition and improvement $ 2,863 (18%)
 
11,064 (71%)
Structure 

1,635 1%)
Other costs and contingency 


$15,562 (100%)
Total 


In order to tap the pool of unemployed labor and create additional
 

skills, PHA departed from its usual policy of building under contract. 
Local
 

labor was mobilized and trained for the entire construction process 
including
 

finish work. The demonstrated level of workmanship indicates that quality
 

is comparable to structures of like or higher cost built under contract at
 

other places on the Reservation.
 

The new dwellings average 5.8 rooms per unit (nearly three times the
 

median for the 1960 housing stock) and range in size between two and four
 

bedrooms, each with well-equipped kitchen, complete utilities, unit heat,
 

and full basements. The homes accommodate single families, permitting a range
 

a two-bedroom unit to as
in household size from two or three children in 


many as ten in a four-bedroom structure. Larger families have divided portions
 

of their basements into sleeping quarters, occasionally with an additional
 

bath. Even in these cases ample room remains for an indoor play area and
 

laundry room.
 

While design is purposely unpretentious, the general appeal of the
 

finished product is not dissimilar from average or better quality tract
 

The development is enhanced by paved
developments elsewhere in the nation. 


15From data supplied by Public Housing Administration, HHFA,
 

Washington, D. C.
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streets, landscaping, and the general orderliness of a new community, all
 

of which contrasts sharply with the older neighborhoods. Judging from the
 

standards by which the occupants have maintained their homes to-date, the
 

appeal is destined to remain.
 

A program for educating the project's future residents has run
 

concurrently with the progress of construction. PHA and social workers have
 

collaborated in an effort aimed at training housewives in the rudiments of
 

home management, such as drapery- and furniture-making, and upholstering, and
 

generally attempting to ease the transition from bad to good housing.
 

However, one problem remains unsolved. Before rehousing, the typical
 

household consisted of one or more elder generations living with a primary
 

family and their children. Older family members were available to care for
 

the numerous pre-school offspring when both parents were employed. With
 

relocation to the project and undoubling, these important services were not
 

as readily available, Hiring a professional sitter from outside the family
 

has not proved to be a completely satisfactory alternative. When an errant
 

sitter failed to arrive, an employed parent was forced to remain at home.
 

By reducing the availability for work, the problem may be an indirect cost
 

of better housing.
 

Qualifications for occupancy, as with other PHA projects, are based
 

essentially on need criteria rather than ability to pay. 
Only families re­

ceiving combined incomes below $4,900 are eligible for consideration. Each
 

year the family's financial status is reviewed. If annual income exceeds
 

$4,900, exclusive of allowances of up to $780 for baby-sitting expenses, $600
 

for working spouses, $100 per child, and income and F.I.C.A. taxes, notice is
 

given to vacate within six months. During this period, the family is expected
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to-seek sanitary, decent, adequate housing outside the project. If the
 

efrort isunsuccessful, the monthly rent isboosted from $69 to $93
 

in an attempt to "freeze-out" the occupants, However, it isdubious
 

whether substitute housing arrangements of equal quality at comparable
 

rentals are available on or near the Reservation. Parenthetically, it
 

should be pointed out that the income maximum isnot strictly enforced
 

inevery case, although several evictions have been ordered of families
 

whose economic status did not warrant continued occupancy. The occupants
 

are reported to be unaware of these exceptions, but only that tenancy
 

can continue so long as income, net of allowances, does not exceed the
 

stated 	limit.
 

The nature of occupancy ranges from the actively employed to
 

those whose sole source of income iswelfare payments. Although there
 

is no connection with PHA, the management of Wright & McGill has attempted
 

to assist their workers ingaining admission to the project. However,
 

it isclear that the allocation scheme offers no preference to families
 

with employed heads and perhaps even places such families at a comparative
 

disadvantage since their case for "need" is less compelling than for
 

the unemployed. Indeed, such appears to be the case, for inAugust 1964
 

only 16 current or previous employees of Wright & McGill were housed in
 

the project which, at that time, numbered about 50 occupied units with
 

an additional 75 in various stages of completion.
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The new housing development represented a sudden qualitative
 

improvement in the housing stock. The project was one of the most sig­

nificant major capital investments in overhead to take place at Pine
 

Ridge for a considerable time. It may be expected that the social and
 

economic ramifications of this dramatic, isolated change are many
 

and varied. Questions such as the following are raised:
 

1. Have improved living conditions raised output
 

and increased work efficiency?
 

2. Has absenteeism from work declined since
 

rehousing?
 

3. 	Has income increased and, if so, can
 

the increase be traced directly to superior
 

housing?
 

4. 	What indirect benefits, such as health
 

improvements, can be attributed to housing
 

of better quality?
 

5. 	In short, has the investment in new and
 

superior housing contributed to the social
 

and economic growth of an underdeveloped area?
 

These are the types of tightly interrelated questions addressed in sub­

sequent sections.
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. Measurement of Benefits from Improved Housing
 

Measurinagthe productivity of investment in social overhead projects,
 

such as raclities for education, health and medical care, and housing, offers
 

greater challenges than estimates for industrial and other economic over­

head projects since the returns or benefits are more elusive and difficult
 

to quantify. The method for obtaining and analyzing such measurements as
 

a tool for improving decision-making has been outlined elsewhere.16 The
 

estimates obtained in this pilot study yield only a first approximation
 

and completely exclude any consideration of the profitability of alter­

native investments.
17
 

In assessing the "returns" from the investment in improved housing,
 

we have chosen to distinguish between direct and indirect benefits, however
 

arbitrary the dichotomy-mouy be. The direct benefits are easily quantified
 

with output data reflecting production levels. To gain further insight
 

into the structure of production, the data have been disaggregated to yield
 

separate measures for hours worked and output per hour. Combining production
 

and income gives a financial base for identifying benefits. The direct
 

benefits would thus be the increases in output, which are attributed to
 

housing. A long listing of potential indirect benefits could be drawn up.
 

The catalog would include reduced costs of public services associated with
 

16A Proposal for a Study of the Relation of Investment in Housing
 
to Economic Growth, prepared and submitted by the Real Estate Research
 
Program, Graduate School of Business Administration, UCLA, to the Agency
 
for International Development, May 1963, Appendix A.
 

17The case at hand Is simplified since no recent investments of any

significance, other than the housing project, are known to the researchers,
 
nor are any contemplated.
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lower risks of fire damage, delinquency and crime, and medical care; more
 

efficient use of educational and possibly other public facilities; long-run
 

gains in emotional, social, demographic, and political stability; and a host
 

of others. In passing, the possibility should be recognized that anticipated
 

benefits may become costs if behavior diverges from the predicted course.
 

For example, the relocation in middle-class housing of a population accus­

tomed to primitive living circumstances may create unanticipated social costs.
 

Two examples of indirect benefits relating primarily to health conditions,
 

reduced morbidity and increased school attendance, are singled out for
 
* 

cursory examination.
 

2. 1. The Indirect Benefits
 

The economic benefits of improved housing clearly extend beyond the
 

mere building of morale and motivation, and the reduction of absenteeism
 

and improvement of health as they translate into greater productivity.
 

The Pine Ridge case offered two possibilities for observing changes in the
 

need for educational and health services with indirect benefits potentially
 

linked to better housing.
 

Whether an improvement in health conditions led to a reduction in the
 

incidence of illnesses requiring hospitalization could be determined from
 

an examination of health records, although this source would produce little
 

information on minor illnesses or malingering. It might be expected that
 

the frequency of hospital visits would decline after rehousing or, alterna­

tively, that the admission rate of the rehoused was lower than for the re­

mainder of the population. Still, if rehoused individuals are more con­

cerned than others with maintaining their health, hospital visits could
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becomemore frequent. This possibility can be accounted for by carefully
 

examining the reasons for each visit and the length of time for confinement.
 

While an examination of hospital records would have illuminated an
 

interesting indirect benefit of housing, the resources required for 
a
 

Also,

detailed search of records prevented pursuing this aspect further. 


because a search through confidential records would have required 
a sub­

contract with the hospital administration, the effort was abandoned 
with
 

regret.
 

Cne alternative would
Indicators of improved education are many. 


be changes in average grades received by enrolled pupils who have been
 

The more

relocated in environments better suited to productive study. 


customary comparison used in past research is the relationship 
between the
 

amount of schooling and income.
18
 

To the extent that better housing increases exposure to education
 

by reducing pupil absenteeism, housiqg investment may be credited 
with
 

The mechanism
incremental benefits in the form of higher future incomes. 


at work for school children relies on the same premises as for employed
 

he time at which benefits become
labor, the only difference being 


apparent. The principal financial benefits to education are not fully
 

realized until the student enters the active labor force.
 

Information on absences was supplied by the administration of the
 

state government school. Constructing a sample presented the chief
 

18For one study in many, see Herman P. Miller, "Education: An
 

Advantage for a Lifetime," Occupational Outlook Quarterly, Vol. VII,
 

No. 4 (December 1963).
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difficulty. Addresses were not available to identify the children of re­

housed families, and frequently even the surnames by which pupils were
 

enrolled were either not recorded or failed to correspond with their
 

parents' names. Because of these difficulties, the administrator was able
 

to successfully identify only nine students as members of relocated house­

holds. The data, summarized in Table 2 indicate that on average (mean),
 

absenteeism after rehousing increased nearly a day. This average is the
 

result of only two large increases (pupils 5 and 6) and the typical
 

student's attendance record actually improved after rehousing. Of the
 

nine sampled, absenteeism decreased by one school day per hundred taught
 

for the median pupil, or about two days over the course of an average
 

school year.
 

Interviews with school administrators were more illuminating.
 

Opinions ranged from one who believed that the educational effect was
 

minimal if not insignificant, to another respondent who maintained that
 

improvements could be observed already. The latter claimed that a marked
 

change in eagerness, cleaniness, and attendance characterized the students
 

who had moved into the new housing.
 

Both the quantitative and qualitative observations are most likely
 

premature. tiny effects of better housing accruing to education in the
 

form of reduced absenteeism would result from improved health. Substantially
 

more than one year would normally be required to uncover noticeable effects.
 

2. 2. The Direct Benefits
 

The hypothesis that improved housing affects productivity can be
 

tested either in cross-section or over time from sufficiently detailed data.
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TABLE 2
 

NUMBFR AV"ABSENECES PER PUPIL PER HUNDRED DAYS' INSTRUCTION,
 
PINE RIDGE PUBLIC SCHOOL
 

Before - Rehousing Mfter - Rehousing
 
Pupil (1962-63) (1963-64) Change
 

All Pupils 6.7 5.9 -0.8
 

Rehoused
 
Pupils
 

1 8.1 7.0 -1.1
 

2 12.8 9.0 -3.8
 

3 0.0 0.0 0.0
 

4 12.8 11.6 -1.2
 

5 0.0 9.3 9.3
 

6 0.0 6.8 6.8
 

7 6.9 8.5 1.6
 

8 21.4 18.9 -2.5
 

9 5.1 6.1 -1.0
 

4ean 7.6 8.5 0.9
 

Median 6.9 8.5 -1.0
 

SOURCE: Shannon County School Board, Batesland, South Dakota.
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Cross-sectional analysis would compare production levels at equivalent
 

points or periods of time for a test group of rehoused workers with a control
 

group drawn from all others. The extent of the data supplied by the
 

Wright & McGill plant precludes analysis in cross-section. For this reason,
 

time-series data are used for a longitudinal analysis.
 

A longitudinal analysis involves comparing the productivity levels
 

of the test group before and after rehousing. In order to isolate the
 

productivity of housing alone, non-housing factors such as on-the-Job
 

training, or increases in knowledge of a more general nature, are removed
 

from the after-rehousing productivity data. This adjustment is made by
 

deducting from post-rehousing production the "expected" output that would
 

have been produced if the laborer had not been rehoused. These manipu­

lations are spelled out in greater detail below.
 

Two different changes in productivity may be distinguished. The
 

first, primarily an indicator of motivation, is measured by output on the
 

job. The second is associated with availability for work.
 

If employee morale is positively correlated with the total environ­

ment, and further, if improved morale stimulates greater output, it follows
 

that an improvement in the home or work environment leads to higher pro­

duction. This cause-effect chain may result from morale considerations
 

or the desire for maintaining improved levels of housing.
 

This action is consistent with the "income effect", albeit in reverse
 

sequence. Whereas the income effect asserts that increased income leads
 

to increased demand for a good such as housing, the hypothesis under con­

sideration postulates an improvement in housing which is then associated
 

with a higher level of income.
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ther effects closely related to motivation concern improved health
 

conditions for the rehoused. Productivity may improve because the worker
 

is inbetter physical condition when he appears for work and is able to
 

devote his full attention to the tasks at hand. In parallel, if the health
 

benefits of better housing accrue to the other members of his family as
 

well, the worker needs to be less concerned with their physical welfare.
 

A closely related effect was noted by the manager of the Pine Ridge
 

plant. He indicated that the rehoused worker had little reason to worry
 

at work about whether his family was sufficiently protected from weather,
 

This re­or other conditions affecting his family's comfort and safety. 


leased him from a burden which adversely influenced his output level. In
 

this light, health improvements positively affected work discipline as well
 

as availability for work. The latter effect is assessed by the second type
 

of productivity measure.
 

Not only might qualitatively better housing be expected to increase
 

productivity by improving health, both physical and mental, but also by
 

reducing the incidence of debilitating illnesses which prevent work. There­

fore, a reduction in absenteeism attributable to better housing via improved
 

health, may account for an increase in output and availability, and hence
 

in production.
 

While questions of spatial distribution stand apart from investment,
 

the location of housing still influences the number of hours available for
 

work. One of the very real problems faced in the past by the management of
 

Wright & McGill was securing enough workers during severe winters when
 

access to the facility was cut off for workers travelling any appreciable
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distance. Although data are not available to support the claim, observation
 

indicates that the average journey to work has not changed perceptably
 

for workers comprising this sample. Cn average, their old and new homes
 

are located about equidistant from the plant.
 

In sum, two components of productivity are identified separately.
 

The first, ascribed to morale and termed "motivational", is measured by
 

he level of output per hour on the job. The second, "availability", is
 

indicated by the number of hours worked per week. The specific determinants
 

of change may differ between components but health considerations cut across
 

both. Time-series data for each component, as well as for total production,
 

are presented and analyzed in Section 3.
 

2. 3. The Measurement Technique
 

In this section, an elementary model for comparing productivity levels
 

before and after rehousing is verbally described and tested. 19 The data are
 

In time-series representing the output for a small sample of rehoused
 

employees of the Wright & McGill branch operation at Pine Ridge.
 

Two variables are of obvious relevance, production per unit of time
 

and time itself. The components of production are hours worked per week
 

and output in units per hour. The product of these two variables yields
 

weekly total production. Each time-series is divided into before- and after­

rehousing periods with productivity calculated separately for each time
 

19For an algebraic statement, see Section A.i., Technical Appendix.
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segment. The average absolute change in each of the production components
 

is obtained by regressing output per hour against time and hours worked
 

per week against time. Each regression reduces'the data to a trend of
 

the average increase or decrease per unit of time. For the post-rehousing
 

period, in order to estimate output if rehousing had not occurred, trends
 

established during the before period are extrapolated into the after period.
 

This share of production during the latter period, termed "expected output"
 

for convenience, is attributable to non-housing factors. Thus, the con­

tribution of housing is defined as the total output for the post-rehousing
 

period less the-production extrapolated from the pre-rehousing period.
 

With a single exception, all sets of equations are linear, assuming
 

that changes in variables are absolute rather than relative with respect
 

to time. Like learning curves, production tr'nds are generally curvi­

linear, increasing very rapidly from the start of work at time period 0,
 

then with the accumulation of work experience, levelling off and approaching
 

the horizontal near the capacity level (Figure ).20 AS indicated earlier,
 

the typical Indian worker at Wright & McGill requires about three months'
 

experience on the job to perform at average levels. Segment 01 in the
 

accompanying figure would represent output during the initial period for a
 

typical case. Output:for the interval is decidedly curvi-linear, climbing
 

first rapidly with positive absolute increases at declining rates; techni­

cally, output increases at a declining rate. Output levels off as capacity
 

is approached and remains about constant during interval AB, or the re­

lationship to time is approximately linear. All of the workers in the
 

20The equation for such curvi-linear functions is of the general form
 
'n 
1 + e-n

p= c 
where P is output per unit of time, c is capacity, n ' is 

the rate of change from base e, and n is the number of time periods since 
start of work.. 



FIGURE 1. HYPOr'ETICAL LEARNING CURVE 

Output 
per Unit 
of Time 

A 

i i t ' l1 I I ' i 
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sample, -save one,:produced in tne mature area 4B. The OArange best
 
approximates the production recordofrthe exception, a new recruit. Linear
 

and curvilinear trends were.fit toall out data and, with the exception of
 

the novice, the linear fits were as satisfactory.21
 

2 4. The Data
 

Data forestimating the model were obtained from production records
 

indicating the-number of hours worked weekly and uniform pieces produced
 

hourly. Pieces are stated ingross quantities of fish hooks snelled. These
 

criteria governed selection of the sample: the worker must have been em­

ployed by the Wright & McGill plant for a minimum of 20 weeks before- and
 

after-rehousing with a work record for a single process covering at least
 

three-fourths of this period.
 

Of the 16 residents inthe housing project employed currently
 

(August 1964) by Wright & McGill, or at some time inthe past, only six
 

satisfied these criteria fully. The sample isalso similar in the following
 

respects: all employees are in their late twenties, all have large families
 

ranging from five to eight children per household, all left housing of 

equally bad quality and moved to superior housing of approximately equivalent 

size and quality, all formerly lived doubled up with the members of at least 

one additional generation, and all except one performed precisely the same 

job' operation. 

21The determination was based on two standards, an examination of
 
residuals (the difference between actual and calculated values) and co­
efficients of determination (the percentage of the total variance explained
 
by the relation between the two time-series). Residuals were randomly
 
distributed and coefficients of determination were nearly identical for both
 
the linear and curvi-linear fits to the data for all except the new worker.
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For all workers, output 'and employment were discontinuous over time,
 

particularly 'during the pre-rehousing period. A variety of causes, seasonal
 

lay-offs, maternity leaves, or illness, temporarily interrupted production
 

for periods ranging from a day to several months. Introducing into the
 

regression zero values for the weeks when employees were absent from work
 

created special problems. If the zeros were included for all absences,
 

regardless of cause, output would have been underestimated. For those
 

workers first laid off and last rehired due to seasonal cut-backs, pro­

duction would be seriously understated as well. On the other hand, inter­

polating averages from a regression based on non-zero values would wash
 

out the important effects of different housing qualities on availability.
 

The most realistic procedure for handling zero values without under- or
 

over-estimation, while still providing a measure of the change in availa­

bility, seemed to be excluding zero values (1) for hours worked, whenever
 

work was interrupted for seasonal reasons only, and (2) for output per
 

hour. These conditions assume that hours lost are at least a function of
 

living conditions but not of seasonality, and that hourly production is
 

not affected by hours absent from work. For both measures, output per hour
 

and hours worked per week, seasonal lay offs were omitted from the regression,
 

assuming that the beginning output levels after rehiring remain roughly the
 

same as ending levels at time of lay off.22 Because of the remaining
 

22Residuals for observations for the time units following rehiring
 
after seasonal lay off followed no consistent pattern, nor did they appear

larger than average. Hence the assumption seems realistic.
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interpolations, the number of weeks spanned generally exceeded the number of
 

observations for any worker. Employees 1 - 5 performed identically the same
 

snelling operation; the operation performed by worker 6 differs in detail.
 

Although the distinctions among functions are minor, data for periods when
 

a worker temporarily shifted to a different operation were omitted and re­

placed by interpolations from the worker's performance on the principal
 

operation.
 

The number of observations available for the two before-rehousing
 

time-series ranged in length from 4.5 months to more than 1.5 years (Table 3).
 

The average length of the after-rehousing series was considerably shorter,
 

33 weeks compared to 44 for the before-rehousing series, and ranged between
 

nearly five months and about a year.
 

Analysis of the data was limited to a one-year time period embracing
 

the half year before rehousing and the half year following. Measurement
 

over a longer period was not warranted inlight of the limited number of
 

observations for each variable. Because the before and after series rarely
 

covered precisely a half year each, an adjustment to a "standardized year"
 

was necessary. First, regressions covering all observations were run.
 

Second, when observations covered a period exceeding one-half year (25
 

weeks by our definition), only the relevant section of the time trend was
 

used; when observations covered an interval shorter than one-half year,
 

the time trend was extrapolated to fill the period. The treatment of output
 

per hour data for employee Number 1 serves as an illustration. Itwill be
 

noted from Table 3 that data for 64 weeks were available for the before­

rehousing period and for 20 weeks for the after-rehousing period. The
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before-rehousing time-series exceeded a half year by 39 weeks (64 minus 25)
 

but the after-rehousing series was short by five weeks (20 minus 25). After
 

regressions were run of each complete time-series, the first relevant before­

rehousing observation for output per hour was for week 39.23 The after­

rehousing time-series was extrapolated an additional five time periods
 

to yield a terminal estimate 	for the variable one-half year after rehousing.
24
 

TABLE 3
 

NUMBER OF OBSERVATIONS IN SAMPLE 

Before - Rehousing 	 After - Rehousing 

Output Hours Worked Output Hours Worked
 
Employee Per Hour Per Week Per Hour Per Week
 

V V 	 A A 

i 	 Ai hi Ai 

1 64 	 70 20 35
 

2 29 46 46 50
 

3 30 63 36 36
 

4 42 	 73 23 23
 

87 38
5 87 38 


6 20 20 27 27
 

34.8
Mean 45.3 	 59.8 31.7 


Because of the small size of the sample and the relatively brief
 

span of each time-series, only cautious conclusions can be drawn. The
 

23The estimated initial value for output per hour before-rehousing
 
(M1 .25)is 2.27 (Table 5).
 

A
 
24The estimate (M1 ,25 ) is 1.54 (Table 5).
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different-patterns of response to improved housing of output per hour, hours
 

worked perweek, and hence of total production, are considered separately in
 

the following section.
 

3. Analysis of Direct Benefits
 

Both productivity and availability of the average worker increased
 

significantly after rehousing as the comparative data of Table 4 indicate.
 

From the weighted averages of the before-andafter-rehousing series, out­

put per hour increased 14 percent, hours worked, 6 percent, and production,
 

21 percent (Table 5). Albeit encouraging, these findings must be considered
 

with care.
 

The after-rehousing levels fail to separate the influence of improved
 

housing from skills normally acquired with experience on the job. Conse­

quently, it is spurious to attribute the 21 percent increase in production
 

entirely to housing since a portion of the improvement results from auto­

nomous increases in output due to learning. For this reason, housing
 

determinants are distinguished from other determinants in the after-rehousing
 

As noted before, the latter type determinants consist
output estimates. 


of output that would have-been generated if rehousing had not occurred and
 

are measured from extrapolations of before-rehousing time trends into the
 

after-rehousing period. For brevity, the extrapolated trends are referred
 

"expected" and trends calculated exclusively from data for the post­to as 


rehousing period are termed "actual".
 

The temporal behavior of output per hour, the measure of motivation,
 

shows impressive gains during the initial weeks following rehousing with
 

sharp declines thereafter. At the time of rehousing, actual output per hour
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AVERAGE OUTPUT PER HOUR, HOURS WORKED PER 

TABLE 

IWJEEK AND 

4 

OUTPUT PER WEEK, BEFORE AND AFTER REHOUSING 

Before - Rehousing After - Rehousing Percentage Increase (Decrease) 

Employee 
Output 
Per 
Hour 

Hours 
Worked Per 

Week 

Output 
Per 
Week 

Output 
Per 
Hour 

Hours 
Worked Per 

leek 

Output 
Per 

eek 

Output 
Per 
Hour 

Hours 
Worked Per 

Week 

Output 
Per 
Week 

1 

2 
3 

2.49 

2.20 
1.96 

26.80 

31.90 

33.45 

66.31 

69.93 

65.43 

2.17 

2.85 

2.58 

36.89 

34.01 

33.33 

79.92 

97.05 

85.15 

(12.9) 

29.5 

31.6 

37.6 

6.6 

0.0 

20.5 

38.8 

30.1 

4 

5 

2.41 

2.57 

27.98 

35.79 

67.00 

91.80 

2.75 

2.94 

29.48 

31.80 

80.93 

92.28 

14.1 

14.4 

5.4 

(11.1) 

20.8 

0.5 



ES'IMMAT OF VARIAN E .wi COMOcI M 

VARI ABL ES 

Employee 

i 

2 

3 

,4 

5 

r 

Before 
v 
Mi.*25 

(1) 

2.27 

2.16 

1.58 

2.00 

2.47 

utOwltPer Hor 

Rehousso eries After - Reousi Series 
v v A A 
Uo .2 U1 0  t1.25 

((4(2)j 

2.70 3. in 2.80 L.54 

2.23 2.29 2.90 2.80 

2.33 3.09 2.q7 2.19 

2.81 3.63 3.01 2.49 

2.66 2.86 3.27 2.61 

Before 
V 
A1 .­2 5  

(6 

27.90 

34.25 

33.35 

28.67 

35.20 

Hours Worked Pr Week 

eboiiLM Series After - Ri 
V V A 

A,* Ai.2. Ain 

(7) JjJ (9) 

25.69 23.39 36.61 

29.54 24.83 32.76 

33..0- 33.75 31.52 

27.28 25.09 2'.O..4 

36.37 37.53 27.69 

usloctSeries 
A 

Ai 2 5  

•(10) 

37. 1 

35.26 

35.14 

29.4-1 

351.90 

Nf r 
V 

Pi.-25 

(41 

63.33 

73.q 

12.69 

57.26 

06.78 

re'- Rehousn 
V, 

Pie 

( 

60.28 

.,87 

7R. 17 

76.73 

96.AI 

Owtt Per Netk 

SerieseouiAft 
V 

P1 .2.5 

(13) 

74.43 

56.86 . 

93. 3 

t07.30 

Aftert-
A 

P i 

(14) 

102.548 

95.10 ­

9.93.49 

87.42 

90.95 

A 

P125 

(!.) 

57.21 

9R.l9 

76.8l 

74.44 

93.61 

'leas
(.5) 2.10 2.55 3.01 2.qq 2.3 31.07 30.49 29.w 31.52 34.60 Will 77.37 87.36 .93.92 80.20 

Z­

,mplov" 

J 

2 

3 

4 

5 

____or__-

letforp-
Rehousing 

V 
i 

(4th) 

1,650 

1,748 

1.636 

1.675 

2.295 

V AiI AlI 1S (Continued) 

Total Output 

Aftvr - Rehnus~io 
A A 

1. 1. pfi I, 

(17) (18) 

1,998 1.796 

2,426 1,534 

2.129 2.281 

2.023 2.133 

2,307 2,551 

A 

ph11i 

(it) 
202 

892 

-152 

-110 

-244 

Output Per Hour 

V A 
1U, U4a 

(20) 2) 

.01940 .. r048 

.00248 -. O0400 

. %06 -.05178 

.03261 -. 02094 

.00737 -. 02648 

COEFFI CI ENTS 
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V A 
4l4I 
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V A 

(24) (25) 

-1.81311 

-. 360410 .14983 

1.0480 -. 66719 
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far exceeded expected output with a comparatively rapid decay of the 
margin
 

The duration of the increased motivational effect is measured
 
over time. 


by finding the point in time where the level of actual after-rehousing out­

put equals the expected level.25 These intersections are as follows:
 

Duration of
 

Employee Motivational Effect
 
in Weeks
 

1.4
1 

103.4
2 

7.8
3 

3.7
4 

17.0
5 


26.8
Mean 


Hence, with a mean of little more than one-half year, 
the effects of housing
 

While it may be assumed that
 on motivation are relatively short-term. 


actual production beyond this point would never fall 
below the expected
 

level, for our purposes of estimating housing's 
contribution to output, we
 

have made the more conservative assumption that production 
continues to
 

While the result may underestimate the
 decline, as the function suggests. 


full impact of improved housing, in the absence of extended time-series,
 

the true nature of hourly output over the long 
run is difficult to approxi­

mate.
 

The sharp decreases
 
Explanations for this phenomenon are not easy. 


following the notable early gains may reflect 
group pressures brought to
 

If the individual
 
bear on the individual who abruptly sets a new 

pace. 


responds to the group's wishes, his production 
returns to some norm, per­

haps his former level of output or the group average. 
another possibility
 

25See Section A.2., Technical Appendix, for the algebraic statement.
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Is that the lndlvldual reacts'zavoraoly to hisnew environment during the
 

first weeks-following rehousing, but soon takes forgranted the advantages
 

of his improved living circumstances. The new impetus for greater output
 

is replaced-by-indifference or complacency and work returns to its former
 

pace, or conceivably to an even lower level. The nature of the average
 

trend lines-may in part explain the reaction. Due to the averaging pro­

perties of regression analysis, high initial values coupled with average
 

or lower subsequent values tend to generate a least-squares linear fit with
 

unusually large positive intercepts and negative regression coefficients,
 

hence explaining in part the typically rapid decline of the estimated
 

function. Itis important to note, however, that rehousing has a decidedly
 

favorable effect on productivity, albeit an apparently rather brief one for
 

most workers.
 

The temporal behavior of hours worked per week, the measure of
 

availability, exhibits a contrasting pattern. Unlike the motivation
 

measure which increases regularly up to the time of rehousing, then suddenly
 

and sharply following rehousing, and declines thereafter, the average number
 

of hours worked tends to decline during the pre-housing period, and to
 

increase after rehousing. Since production per week is the product of
 

hours worked per week and output per hour, production after rehousing can
 

exceed production before only if the decreases in output per hour are more
 

than offset by the increases in hours worked per week.
 

The production records of the individual workers indicate that the
 

decreases inoutput per hour following the genezally dramatic upsurges
 

immediately after relocation are at least partially compensated for by
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increases in hours worked. The data graphed inFigure 2 indicate that the
 

behavior of workers 1, 3, and 4, is similar. Although availability increases
 

after housing, the changes are not large enough to offset the declines in
 

motivation. The result is that the effect of improved housing on pro­

duction levels is relatively short. As with motivation, duration can be
 

estimated by finding the intersection of the before- and after-rehousing
 

production trends, or, in other words, the point in time where the curves
 

converge.26 The intersections are as follows:
 

Duration of
 
Employee Increased Production 

in Weeks 

1 18.1 
2 
3 6.9
 
4 19.4
 
5 0.0
 

Excluding employees 2 and 6, the average duration for increased
 

production runs about 10 weeks. The curves for employees number 2, 5, and
 

6 never converge. The post-rehousing records of 5 and 6 are not as en­

couraging as prior to rehousing. Expected output not only exceeds actual
 

output but increases more rapidly. The behavior of employee 2 represents
 

the opposite extreme. A history of declining output was reversed after
 

rehousing with positive rates of increase thereafter. Because of these
 

disparities, the trend lines for all three fail to cross. The differences
 

26For the algebraic statement, see Section A.3., Technical Appendix.
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in-performance between workers 2 and 6'are at least partially explained
 

by current living conditions and bythe margin separating income levels and
 

the maximumimposed for continued occupancy. An exploration of these
 

possible explanations reveals important contrasts.
 

The husband ofworker 2 is unemployed. As the sole breadwinner in
 

the family, she is highly motivated. Furiher, her husband provides child
 

care services not available to the other three mothers in the sample whose
 

husbands work full or part-time. These two reasons may account for the
 

superior work record of this individual'as well as her favorable response
 

to rehousing.
 

Employee 6, whose work record is the poorest, is unrepresentative
 

of the sample in most respects. First, she performs operation #7 at
 

Wright & McGill whereas the other five perform operation #1, as noted.
 

Consequently, her output is in units similar, but not wholly comparable,
 

to the remainder of the sample. Second, her period of employment before
 

rehousing is by far the shortest in the sample -- 20 weeks compared to an
 

average of 50 for the other five. Hence, her production record before re­

housing parallels the early stages of the learning curve described earlier,
 

with rapid initial increases in output followed by a levelling off, say, at
 

about three months from first employment. The extrapolation into the post­

rehousing period of these rapid increases at the same rate seriously over­

estimate the output that would have been produced in the absence of re­

housing and accordingly underestimate the contribution of housing. For
 

example, because of large initial increases, a linear extrapolation of
 

availability to one-half year past rehousing yields an estimate of nearlv
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44 hours worked per week, or four more.than permitted by.Wright & McGill.
 

The same curve estimates'hours worked oneyear after rehousing at nearly
 

501. As a-result, the estimates generated by a linear fit to these data are
 

misleading. The curvi-linear fits shown in Figure 2 are no more appropriate
 

for extrapolation. Finally, 'the combined earnings of worker 6 and her
 

husband had reached a level dangerously close to the maximum imposed by
 

PHA for continued occupancy. Because their high total incomes posed the
 

threat of eviction, it was necessary for one or both wage-earners to reduce
 

The record of worker 6 (Figure 2) suggests a voluntary
their earnings. 


reduction in availability in order to restrain income to a level below
 

For these reasons, which demonstrate the atypicality of
PHA's threshold. 


worker 6's domestic environment, her work record is omitted in the compu-.
 

tation of the averages reported.
 

The work record for the average worker can be described by reference
 

to Figure 3 and the averages in Table 5 from which it is drawn. At the
 

beginning of the period under consideration, the average employee produced
 

2.1 units per hour, increasing on average of .02 units per week to a level
 

of 2.6 per hour at the time of rehousing. After the sharp temporary increase
 

in motivation, hourly output declined during the half year following re­

housing at an average rate of .031 units per week. The behavior of hours
 

worked differed substantially. For the average worker, the number of hours
 

spent on the job declined from 32 at the beginning of the period to 30, a
 

After rehousing, availability
reduction'of .06 hours (3.6 minutes) per week. 


rose from 32 hours to 35, an average increment of .13 hours (7.8 minutes)
 

per week. Weekly production increased from a starting level of nearly
 



FIGURE 3. OIeT PER HOUR, HOURS WORKED PER WEEK, AND OUTPUT PER 
WEEK, . THE AVERAGE WORKERBEFORE AND AFTER REHOUSING, 
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67 units to over 77 units at the time of relocation, or a weekly increase
 

of .23 units on average. The sharp temporary increase in output per hour
 

produced a starting level of 94 units per week after rehousing with an
 

average decline thereafter of .55 units each week to yield a terminal level
 

of 80 units.
 

The mid-points for each before- and after-rehousing function are
 

the averages, or the calculated levels midway in the time-series. The
 

values are summarized as follows:
 

Percentage
 

Before - Rehnusinp After - Rehousina Change 

Average production per week 72.1 87.1 20.8 

Average production per hour 2.3 2.7 17.4 

Average hours worked per week 31.2 33.1 6.1 

As indicated before, productivity in the post-rehousing period would
 

be expected to exceed productivity in the earlier period. Estimates27 of
 

total production for each period (Columns 16-17, Table 5) indicate that total
 

output in the later period exceeded the earlier by 375 units for the average 

worker, or an increase of 21 percent. Given the positive relation between out­

put and time, not all of this increase can be attributed to the better housing 

A portion results fromcircumstances of those responsible for production. 


autonomous influences such as repetition and skills acquired from experience
 

on the job. The relevant measure of housing's contribution is the increment
 

27Which are the same as actual output data since, by definition,
 

the difference between the sum of estimates obtained from the least­
zero.
squares line and the sum of actual values is 
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over this level, The average increment of 118 units (Column 19, Table 5)
 

for the six-month period may be attributed to the influence of improved
 

housing. This quantity represents approximately 5 percent of total output
 

in the six-month period following rehousing, or 31 percent of the increase
 

in production. The response to better housing differed among employees
 

with the work records of employees 3, 4, and 5 showing negative effects in
 

contrast to a profound positive effect observable in the output experience
 

of employee 2. In this last case, which admittedly is not wholly represen­

tative of the sample, improved housing was apparently responsible for
 

reversing a downward sloping production trend.
 

While the findings of this analysis suggest that better housing bears
 

favorably on labor's product, the contribution seems smaller and shorter­

lived than might be expected. However, a definitive conclusion requires
 

an investigation of the lonQ run effects on productivity.
 

If the series were extrapolated forward an additional six months,
 

the results would offer less to support the claim that housing investment
 

contributes significantly to productivity. An extension over a long period
 

would eventually yield negative returns since the expected level of output
 

would exceed the actual level under superior housing conditions. The
 

linearity assumption explained earlier is largely responsible; however,
 

in the absence of data covering a much longer time span, it is impossible
 

to determine whether the decline is constant, or levels off, or actually
 

rises after a given point in time. In sum, the assumption is most likely
 

to underestimate the share of increased production to be credited to
 

improved housing.
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The general nature of the relationship between output per hour and
 

hours worked per week raises further questions. The workers' performance
 

particularly during the half year following rehousing suggests a sub­

stitution between the two measures (Figures 1 and 2). In every case,
 

hours worked increased over time during the post-rehousing period, but not
 

enough to offset the declines in output per hour. Taken together, both
 

findings are disturbing and strongly suggest an unacknowledged force at
 

work constraining efficiency or at least restraining output.
 

Conceivably, the sample is composed of "target workers", or laborers 

who seek only to maintain a given level of earnings rather than maximizing 

money income or profit, the normal posture assumed in investigations of 

entrepreneurial behavior. Both of the disturbing problems emerging from 

our analysis may be addressed by testing an hypothesis that the employees
 

sampled substitute (increases in) hours worked for (decreases in) output
 

per hour in order to maintain a certain income. The traditional production
 

function, which measures the substitutability of capital and labor, may be
 

recast into a function measuring the substitution rate of hours worked for
 

output per hour.28 The regression of these data indicates nearly perfect
 

substitution. A one percent increase in output per hour has nearly the same
 

effect on total production as a one percent increase in hours worked.
 

Clearly, in seeking to maintain income at a given level, rather than attempt­

ing to maximize either the level or the increase over time, the workers are
 

28See Section A.4., Technical Appendix, for the algebraic explanation
 
of this concept and the estimation of substitution rates.
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compensating for any change in one component by changing the other com­

ponent proportionately and in the opposite direction. The calculated rates
 

of change in the number of hours worked, output per hour, and total production
 

are given in Table 6.
 

A significant negative correlation is apparent between output per
 

hour and number of hours worked during the period following rehousing
 

(Table 6). Clearly, each worker is spending more hours on the job but
 

making less efficient use of the time. The same general observation fails
 

to hold for the period preceding rehousing, however, where there is little
 

correlation between the two measures. Dividing the means of Table 6 by the
 

relevant absolute averages of the first week after rehousing yields the
 

percent changes in each measure:
 

Output per hour -1.0%
 
Hours worked per week +0.4
 
Output per week -0.6
 

As noted earlier, a one percent increase in output per hour has
 

approximately the same effect on total output as a one percent increase in
 

hours worked. In other words, the relative change in weekly output (-0.6
 

percent) can be explained by the relative weekly change in motivation
 

(-1.0 percent) and the relative change in the weekly number of hours worked
 

(+0.4 percent). In this fashion, the effect on production of a one percent
 

decrease in motivation is offset by an increase in availability of corres­

ponding magnitude.
 

On the other hand, the observed negative correlation is not perfect;
 

that is,each worker does not substitute perfectly in order to maintain
 

income. As the data indicate, weekly income decreases during the period
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TABLE 6
 

RATES OF CHANGE IN OUTPUT PER HOUR, 
HOURS WORKED PER WEEK, AND OUTPUT PER WEEK 

Before - Rehousing After - Rehousing 

Output 

Employee per Hour 

1 .0194 


2 .0025 


3 .0301 


4 .0326 


5 .0079 


Mean .0185 


SOURCE: Table 5.
 

Hours Output Output Hours Output 
Worked per Week per Hour Worked per Week 

per Week per Week 

-.0920 .0260 -.0505 .0226 -1.8131 

-.1883 -.3604 -.0040 .1000 .1493 

.0081 1.0448 -.0518 .1450 -.6672 

-.0556 .0308 -.0209 .0354 -.5192 

.0466 .4196 -.0265 .3287 .1063 

-.0562 .2322 -.0307 .1263 -.5488 
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after rehousing due to the fact that anticipated annual earnings based on
 

income of the first few weeks after rehousing apparently far exceed the
 

annual income goals set by the workers themselves or the maximum set for
 

continued occupancy.
 

Predetermined income goals consciously set by the workers themselves
 

may explain this behavior. The target income effect, which appears to be
 

important in the objectives and work habits of the persons in this sample,
 

is more than culturally or traditionally based. Occupancy policy seems to
 

be of considerable Importance. The negative role assigned to income in the
 

determination of occupancy priorities and of continued occupancy not only
 

operates counter to the goals of economic growth but is an enigma to the
 

worker striving to improve his productive effort in response to better
 

housing. Under the conditions of occupancy imposed on tenants of the
 

project, the ambitious worker who responds favorably to improved housing
 

circumstances is penalized with the threat of losing the very cause of
 

his improved performance.
 

The income limit presents the worker approaching the maximum with
 

He can return to the housing he left, or attempt
few desirable alternatives. 


to secure equally desirable accommodations elsewhere (which would almost
 

require leaving the Reservation), or take steps to remain in the project
 

The
by restraining earnings. The last alternative is most plausible. 


excess of the limit and attempting to remain in the
laborer earning in 


project is faced also with lower real income since an effort will be made
 

to force him out by raising his rent. The difference averages $24 per month
 

or $288 per year. Hence any increase in annual income less than $288
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represents a reduction in the worker's real income combined with the
 

threat of eventually returning to his original housing. The margin between
 

subsidized (lower) rents in the project and (higher) rents outside the
 

project further explains the comparatively sluggish response of income and
 

productivity after rehousing. Given these explanations, the worker will
 

wisely hold his income within the limit by reducing his number of hours
 

available for work, his productive effort on the job, or both.
 

To sum up, direct benefits accruing in the form of increased pro­

duction and incomes may be credited to improved housing. However, the
 

existance of an income maximum for continued tenancy operates as a powerful
 

disincentive. The behavior of workers following relocation in lodgings
 

of superior quality is fairly consistent. Output per hour increases sharply
 

but briefly. Apparently, the typical worker projects his substantially
 

higher income earned in the initial period following rehousing to the
 

entire year ahead, and realized that earnings maintained at this level will
 

exceed the limit and lead to ultimate eviction. The response is reduced
 

productivity. Simultaneously, hours worked on the job increase steadily
 

each week but output per hour continues to decline in parallel. On average,
 

the two rates are substituted nearly perfectly in order to restrain and
 

level income within established limits. Granting that other factors may
 

influence the behavior of rehoused laborers, and influence their producti­

vity, the income policy offers the most convincing explanation for the
 

modest increases.
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4. Recommendations
 

4. 1. Experience gained from this study suggests the following additional
 

criteria for the selection of test sites abroad:
 

(a.) A larger sample should be required. A sample roughly ten times 

the size available for this study would yield results of sub­

stantially greater confidence and permit limited disaggregation, 

if desired, without serious loss of significance. 

(b.) More extended data series than were available for the pilot 

study should be required. For longitudinal tests, output data 

for each period before and after rehousing should cover minima 

of one year. For cross-sectional tests, a total series covering
 

one year should be minimal. Longer time-series will permit
 

more accuracy in the estimation of output functions and allow
 

greater experimentation with non-linear fits. Further, because
 

availability changes appear to be relatively long-run, longer
 

series will permit more accurate assessment of the influence
 

of the important effects associated with this measure.
 

(c.) Clear evidence should be available that workers strive to in­

crease incomes rather than to maintain a "satisfactory" or
 

subsistence level. Evidence should be available also of the
 

availability of R variety of consumption alternatives, or
 

goods with "demonstration effects," each of which allows the
 

rehoused individual to differentiate himself from others in
 

some respect.
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(d.)'Socialneed should not be the major criterion for relocation;
 

a:favorable-income positionshould influence neither admissio..
 

to or continuance in superior housing. If superior housing is
 

to have the desired demonstration effect of lifting the aspira­

tions of others, the positions-of the efficient in scheduling
 

rehousing priorities should not be jeopardized by the inefficient
 

who can build stronger cases on welfare grounds. Similarly,
 

while it is desirable for home prices or rents to reflect
 

market prices, income increase by the rehoused should not be
 

"taxed away" in the form of proportionately higher rents and
 

prices.
 

4. 2. The possibility should be explored of assembling additional output
 

data on the Pine Ridge case at a later date or of including additional
 

workers in the sample, resources permitting. Longer time-series and a broader
 

sample could illuminate certain of the conjectures in this report.
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TECHNICAL APPENDT X
 

A. 1. Amultiyle-eauation rearession model 

production per unit of time'(week), isdisaggregated .into two
 

components, A hours worked per week, and M average output in units per

t2 t
 

hour during that week.29  At indicates availability for work and Mt measures
 

the motivational effect. Hence, for worker i,
 

Pt=MtAt (1)
it itit, (t= 1,2, 3, ... , n) 

Since the variables are functions of tlme,each may be written as follows,
 

P = P + .t, (2)
 
it io I
 

Mt iM +)tt (3)
 

Ait =A1 + ait, (4) 

where t = o for the week of rehousing, t= -n for the first week inthe period
 

before rehousing, and t = +n for the last week after rehousing; and co­

efficients n, IL, and a, are the respective average absolute increases per
 

unit of time t in production per week, output per hour, and hours worked
 

per week.
 

By dividing each time-series into its before-and after-rehousing 

components, equation (1)may be rewritten as, 
V V V 

It itAit( 

A A A
Pit MitAit (1.2)
 

29Symbols are listed and defined InSection A.5., this Appendix.
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where vindi'cates variables designating before.rehousing .observations and
 

A denotes after-rehousing. Similarly, (2) - (4)become,
 
V V
 
Pit =Pio + 7 1t , (2.1)
 

A A A
 
Pio =PIo +7CIt , (2.2)
 

V V V
 
Mit Mio it
 

A A A 
Mit MIo +it (3.2)
 

V V V
A =A + t,(.1
 

it io i
 
A A A 
A = A + a t , (4.2)it io i
 

Reference to Figure A will assist in locating levels of P defined
 
V
 

above. In this hypothetical example it is assumed that P is an iri-reasing
 

i AV A 
function of time (0<7) and Pi is a decreasing function over time(O>i). A 

A 
division of Pi into two components yields a definition of determinants
 

between housing and non-housing factors:
 
A A +=
P P Pf (5)
 
i I i
 

where superscripts h and f distinguish the portions of production attribu­

table to housing and non-housing respectively. The assumption that the
 

non-housing segment is the output that would have been produced if housing
 

had not occurred, leads to a definition of the contribution of housing as

A A 

the residual of total output. Hence, P. is the difference between P'f and
i I

A


A 

Pi. Pi' the total production of a time period, is obtained by summing
 

levels of output per unit of time for the entire time period, or given a
 

least-squares estimate of the linear function, the same result obtains by
 

taking the product of a simple average of beginning and ending levels and
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FIGURE A. ERCDUCTION BEFORE AND ATER REkHWSING,
 
A HYPOHETICAL EXAMPLE
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then umber of.time.units.. Algebraically,
 

(A A 'A A 
.. Pn+PAP =p. A 

= = io it 2 - +p ) , (6) , n 2o 
 it.
 
t-1
 

and similarly,
 
V V V V

yfn V 2io + Pit, n( 
(P io+ Pit). (7)= 11 n0+ it 

2 / 21 

Equation (7)isobtained from an extrapolation of the pre­(See Figure 4). 


rehousing production record into the post-rehousing period in line with the
 

assumption that the non-housing factors influencing output persist 
through­

out the time period considered. This extrapolation isalgebraically stated
 

by rewriting (2.1) as,
 

V V V 
(2.3)
Pit = Pio +nt. 


and simplifying, gives,
Substituting (2.2) into (6)and (2.3) into (7), 


A A 1A (6.1)
 
P. = n (P. + t) 

and
 

vf V 1 v . (7.1)" n (P io+ *Ii ) 

Deducting the non-housing portion of production from total 
leaves the share
 

attributable to improved housing:
 

VAh o' 
lA

7 t) - n (P t) (8)p n ( 0 


which is obtained by rewriting equation (5) and substituting (6.1) and
 

(7.1). Collecting terms in (8) gives the final estimating equation.
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io) 
 2(t 1 Vi )1 n (io V 1A
PNA P)- (t.t 7r. t))-n.Cn(P 0 

For the actual calculations performed in this study, the P variables
 

(1.1), and (1.2).

were obtained from the products of relevant MA's as in (1), 


M and A were estimated by regressing output data on time 
in the form of
 

a's as the regression co­(3.1), (3.2), (4.1), and (4.2) with ji's and 


Since P's were indirectly calculated, estimates of 7r 
were
 

efficients. 


obtained as in (2.1), (2.2), and (2.3).
 

A. 2. Calculation of duration of increased motivation 
attributable to
 

rehousing
 

The point in time where the after-rehousing output function equals
 

A V 
1. is obtained by rewriting equation (3.1)
=expected output, i.e., id 


for t > 0, and setting it equal to (3.2),
 

A 
Mio + 

A 
it = 

V 
Mio + 

V 
it 

A V 

and solving for t, 
M. 
10 

- M. 
10 

t V A 0 
Ili - IPi. 

A. 3. Calculation of duration of increased production 
attributable to
 

rehousing
 

As with motivation (A.2. above), the duration of the effect of rehousing
 

on production can be estimated by finding the intersection 
of the before­

and after-rehousing production trends, that is,the 
point in time where
 

set equal to (2.2),
the curves converge. Thus, as before, (2.1) is 
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A A V V 
Pio + 7rit =Pio + 7it 

with the following solution in t,
 

A V 
Pio " io 

t V A 

A. 4. Calculation of substitution rate for hours worked and output per hour
 

If the traditional production function is recast to measure the
 

substitution rate of hours worked for output per hour, the function becomes:
 

where the variables are defined as before, and a and 6 are the respective
 

If one
elasticities of hours worked per week, and output per hour. 


variable is 0, production is0 regardless of the size of the other variable.
 

This non-linear function is transformed into a linear function for esti­

mation by restating variables in logarithms.
 

Regressing all observations in pairs of A and M (a sample size of
 

190), yields the following estimates for the parameters in the above
 

equation:
 

log P = -0.00013 + 1.00007 log A + 1.00004 log M,
 
(0.000008) (0.000003)
 

2
with perfect correlation (r = 1.0) as would be expected.
 

Rewriting the substitution equation in original form, and neglecting
 

constant c, -0.00013, gives
 

1.00007 1.00004
 
P = A M
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A. 5. List of symbols
 

Variables
 

P = number of units produced per week
 

M = number of units produced per hour
 

A = number of hours worked per week
 

Coefficients 

change in number of units produced per week 

S= change in number of units produced per hour 

= change in number of hours worked per week 

1 rate of change from base e in number of units produced per week7o = 


a = elasticity of hours worked
 

6 = elasticity of output per hour
 

Super- and Sub-scripts 

A = before rehousing 

v = after rehousing
 

h = attributable to housing
 

f = attributable to other than housing
 

i = employee i ( i = 1, 2, 3, ... , 6)
 

t = time in weeks before (-) or after (+) rehousing (t = 1, 2, 3,...,n) 
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