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PREFACE

This report can be grouped, conceptually, with 4 other NBS Reports

under the blanket title "Pediatric Lead Paint Poisoning in the United

States—A Survey with Preliminary Estimates." Under this arrangement,

the "parts" of the study would be listed:

Part I NBS Report # 10499 "The Nature of the Lead Paint Poisoning
Hazard"

Part II NBS Report # 10657 "Data Collection and Assimilation for
the Lead Paint Poisoning Model"

Part III NBS Report # 10653 "Effect of Data Aggregation in Modelling"

Part IV NBS Report // 10654 "A Model to Estimate the Incidence of

Lead Paint Poisoning"

Part V NBS Report # 10651 "National Estimates of Lead Based
Paint Poisoning of Children (Estimated by Standard
Metropolitan Statistical Area)"

These papers were intended as interim progress reports covering work

done up to the time of publication. Reports describing validation and

refinement of the models and outputs as well as analysis of the outputs

will be issued subsequently. A summary report encompassing revision of

the current ones and those projected above, under one cover, is anticipated.

The bibliography for "Part I" NBS Report # 10499 is appended herein.
I

Numerical references in the body of the report apply to this bibliography.

References not appearing in this listing will be found as footnotes marked *.

An informal glossary of census related terminology appears at the beginning

of the text.
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ABSTRACT

This report describes the development of a mathematical model to

estimate the incidence in the United States, of pediatric lead poisoning

resulting from the ingestion of lead based paint. The kind of model, its

purpose, relevant variables and the model form are discussed. Several

possible models are listed and compared based on goodness of fit to known

data and on the "reasonableness" of their parameter values. The report

includes a glossary and a bibliography.
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Glossary of Census Related Terminology

The definitions are not all taken verbatim from census sources but

are intended to convey the substance of the technical definitions.

Census first count, second count, etc . Census data are assembled

and issued in stages. The "first count" is generally information from a

100% sampling and is available for distribution shortly after the end of

the nominal year of the decennial census. Fourth count tabulations are

developed from smaller samples and might not be published until up to

three years after the census data.

Census Tract . A roughly rectangular area with a population of about

5000. Urban census tracts are composed of "block groups", while finer

rural subdivisions are called "enumeration districts".

SMSA; Standard Metropolitan Statistical Area . Essentially, a city

of at least 50,000 people with its surrounding suburbs. There were 189

"^tabulated in the 1960 Decennial Census, 243 in 1970.

Household . A group, primarily a family, "living under the same roof".

Crowded Population . Households occupying housing units in which

the average number of people per room equals or exceeds fixed thresholds.

The two categories which have been tabulated in the census use the

threshold values 1.01 and 1.51. This definition does not apply to people

in "group quarters"—dormitories, rooming houses, etc.

Housing Categories :

Sound - Having no defects that could not be alleviated by routine

maintenance procedures.

iii



Glossary (Continued)

Deteriorating ~ Containing some serious defects: holes in wallboards

several inches in diameter, some rotting in structural members, heavy

splintering, etc.

Dilapidated - Severe surface damage, fractures in structural members,

etc

.

Unsound - Deteriorating or Dilapidated.

Substandard - Unsound or lacking an essential plumbing facility.

Essential Plumbing Facility ~ Hot running water, flush toilet, bath

or shower, for the exclusive use of a household.

Dwelling Unit; Housing Unit - Living quarters for a household;

primarily a house or apartment. For our purposes the terms are inter-

changeable. Census used "Dwelling Unit" through 1960 and "Housing Unit"

with minor technical changes in the definition, thereafter.

Housing Stock - Housing existing at a given time. The term is used

when needed to avoid ambiguity: "Pre 1940 Housing" could mean all

housing built before 1940, while "pre 1940 Housing Stock" would be limited

to housing built before 1940 and presently standing .

iv
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A MODEL TO PREDICT THE INCIDENCE OF LEAD PAINT POISONING

1. INTRODUCTION

It has been estimated that pediatric lead poisoning resulting from

the ingestion of lead based paint is a problem of epidemic proportions

27 28 25
in the United States. * Several cities, notably New York and

Chicago have mass screening programs to identify those children with the

disease, but many areas have no screening programs and authorities in some

are still unaware of the problem. ' Some cities do not even require re-

27 28
porting of lead poisoning cases, * while others report several hundred

25
cases a year. At present, the number of cases reported appears to

depend primarily on the effort spent looking for lead poisoning, rather

than on the size of the city. Thus it is desirable that the Federal

Government estimate the magnitude and extent of lead poisoning in all

areas of the country, in order to determine what level of Federal assis-

tance is most appropriate to combat this problem. This report describes

the factors considered by members of the Technical Analysis and Applied

Mathematics Divisions of the National Bureau of Standards in an attempt

to construct mathematical models with which to estimate the number of

children afflicted with lead poisoning from paint ingestion, in cities

or roughly equivalent geographical subdivisions and in the nation as a

whole.

Conversations with Dr. Herbert Slutsky, Chicago Board of Health.

^Chicago Daily News, 8/3/71.
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We are faced with an attempt to develop a forecast model under a

limited allocation of time and other resources. We have, moreover, a

substantially frozen data base, i.e., there is no possibility of under-

taking a structured major program of data acquisition. Such circumstances

uncover four question areas which call for early decisions, seriatim , as

each decision will influence the nature of the subsequent questions.

The first involves specifying as explicitly as possibly the purpose

and scope of the model, because they exert a strong influence on the form

of the model and the difficulty of successful completion.

The second general question is: What "kind” of model can be produced?,

1.

e., what is the major component of the methodological basis for the

model? The answers here will determine whether the bulk of the analysis

will be qualitative, involving development of theories, or quantitative,

relying mainly on manipulation of numerical data.

Third, to what extent can the relevant variables be identified at

the outset?

Fourth, what is the most appropriate detailed formal structure of

the model in the context of answers to the previous questions?

We note in passing that when a model is to be produced by a group

of analysts in response to a request by another person or group, the

answer to the first question is primarily the responsibility of this

"customer" for the model effort.

2. THE PURPOSE OF THE MODEL

There are two general purposes for developing a model. In one case

some output of information is desired and the model is a device for

2



obtaining this output. In the second case the model itself is the end,

either because it is to be used to increase the comprehension of a process

or system by experimental simulation or because the model is part of a

generalized scheme and will be turned over to others who will apply it

to specific problems. The model described here falls into the first

category. The primary purpose for the lead paint poisoning model is to

estimate the present incidence of lead poisoning in the United States.

The emphasis is on the model output, rather than the model itself.

This decision on the purpose of the model has made the task easier

in several ways, and thus facilitated the construction of a lead poisoning

model within the required time span. The model is to be applied by the

analysts who designed it. This means that a different kind of documen-

tation is required, one aimed at a proper technical record of what was

done, rather than, e.g., a users manual to describe to city officials how

to apply the model in their cities.

The predictor variables are the ones which generally are most asso-

ciated with lead poisoning, although in a specific case other variables

might have stronger effect. (As an example, many transportation demand

models predict the number of trips between two geographical zones as a

function of the trip time, trip cost, and the populations of the two zones.

However, in any particular instance the factor which is most important in

the trip decision may be none of these, e.g., baggage carrying facilities.)

Local conditions vary, but because the model is to be applied at a fairly

gross level many of these local variations are subsumed in averages over

the larger areas. The fraction of dilapidated or deteriorating housing

3



for an SMSA is likely to have changed less than in a particular census

tract. Urban renewal can completely change the character of the housing

stock in a particular census tract, but even the largest renewal efforts

affect a relatively small proportion of the total number of housing units

in a metropolitan area. Thus there are advantages in predicting at this

gross level. This is particularly true since some desirable tract data items

are available only from the 1960 census and are not yet or will never be

available for 1970.

Another advantage of designing a model for producing a particular

output is that the application and the characteristics of that application

are known in advance. One knows the level of aggregation involved, and

thus the ranges of the numbers which will be used. This means that one

does not need to be concerned with all possible values of the variables,

but only those in the known ranges. The problems associated with different

levels of aggregation are reduced since the desired level of aggregation is

known at the outset, and problems arising during the model development

process can be anticipated and tackled as specific problems when they occur.

On the other hand, once having delimited the range of application we cease

expending resources on wringing the last dram of flexibility from a formu-

lation.

The purpose of the model described here is to predict the incidence

of lead poisoning. The model, which we hope will be valid for cities or

SMSA’s and possibly census tracts, is not designed to be applied at the

micro level to predict for very small areas within a city. It will

certainly not be able to predict individual cases. The model as a tool,

4



a part of the prediction process, is intended to furnish us specific in-

formation, and has not been designed to facilitate its application in settings

merely analogous to its explicit purpose. Further study and testing may

indicate that this can be done, but such testing is not part of the current

efforts

.

3. THE KIND OF MODEL

There are basically two ways to formulate mathematical forecast

models. The first of these could be called "cause and effect" modelling.

This procedure involves a working hypothesis and can be followed only when

the phenomenon being predicted is well enough understood that the modeller

can formulate mathematically the "laws" which govern the phenomenon’s

production as a consequence of its causes. Such a model can then be

applied in widely differing contexts by modifying the process equations

according to knowledge of the various milieus. However, good working

hypotheses for answering socio-economic or demographic questions are hard

to come by, since the phenomena under study are seldom well enough under-

stood to make this type of model possible. The second formulation pro-

cedure is based essentially on calculations of correlations among sets

of historical data or experimental observations. For this reason we will

call the result a "correlation" model. This type is used for phenomena

for which one knows or suspects several causative factors, but one does

not know the precise interrelationships among them and between this

causative set and the phenomenon to be predicted. In this case, the

exact functional form of the model is not chosen because of a known re-

lationship, but rather in general, to reflect some desired model behavior.
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The set of possible model variables may be large and is reduced by com-

paring model results and fits. Care must be taken in applying such models

since the fact that a model fits a particular set of data points does

not insure that it will fit others, particularly those out of the range

of the data base of observations. Care must also be taken in interpreting

such models since the function does not necessarily represent a cause and

its effect, but represents a relationship deduced from collections of

numbers, a dependence between "dependent” and "independent" variables.

The model described in this report is of the second type. Because of

the nature of our current knowledge of lead poisoning, we reiterate that

the model described here is a "correlation" model means that care must be

taken in applying it, particularly in a context slightly different from

the present one. The direct cause of most pediatric lead poisoning

is of course the ingestion of lead based paint chips by young child-

ren. Authorities disagree on why children eat paint. One group

believes that pica, an unreasonable craving for non-food substances,

is a major factor. However, the causes of pica are insufficiently

understood to be modelled. In fact, even the factors associated with

pica are not agreed upon, and many (such as emotional disturbance) are

not directly measured by demographic data and would have to be modelled

themselves. Thus with little knowledge of the actual causes of paint

eating by children, it is impossible to build a "cause and effect" model.

However, many factors associated with a high risk of affliction by lead

poisoning are known. These include extreme youth (age 6 and under)

,

poverty, low educational level of the mother, female household head.

6



crowding, and living in rented older housing in poor condition. These

factors are highly correlated and interrelated. Other factors correlated

with the ones listed above may be used to fill in current data gaps when

necessary.

4. IDENTIFICATION OF RELEVANT VARIABLES

The process of identifying the variables most relevant for use

in the model should, stagewise, choose the dependent variable, identify

associated independent variables, and analyze the independent variables.

4.1. The Dependent Variable

The choice of the dependent variable is critical to the modelling

process, since it determines what is being modelled. However, this does

not mean that the choice is obvious. There were several possible de-

pendent variables for the lead poisoning model:

a. number of lead poisoning cases

b. number of children with elevated blood lead levels (EBL)

c. the percent or fraction of the number of children with elevated

blood lead levels

d. the number or proportion of housing units offering a hazard.

Although this last is necessary for estimating costs as a part of planning

a deleading program, the primary measure of the lead poisoning problem is

the number of children who have lead poisoning. The definition of a lead

poisoning "case" is, however, sufficiently vague and differs from place

to place and doctor to doctor, so that quantitatively it is meaningless.

The output desired from the lead poisoning model is the number of children

with lead poisoning, but this can either be predicted directly or by first

7



predicting the incidence rate and applying this rate to the total child

population. Both of these methods have been used in the modelling effort

for this project, and the one used in a particular model will be indicated

in the description of the model. The actual numbers predicted, whether they

represent numbers of children or the fraction of children, refer to those

with "elevated blood lead levels." The cutoff used here is 40 yg lead

per 100 ml. of whole blood, the Surgeon General *s recommended level in-

18dicating undue absorption of lead. Not all children with blood lead

levels above 40 yg/100 ml. require treatment, but this can be determined

only by further diagnosis by a doctor. This cutoff level thus dis-

tinguishes children who require scrutiny in addition to measurement of

blood lead levels even in the absence of accompanying symptomology . Use

of a higher cutoff might miss some lead poisoning cases and, what is more

important, as is indicated above, would suppress information needed for

estimation of total diagnostic costs. The distribution of blood lead

levels above 40 yg/100 ml. can be estimated from existing blood lead data

so that fractions of the child population with higher levels are also

potentially available.

4.2. The Independent Variables

Table 1 contains a list of possible independent variables, all of

which have been tabulated at one time or another by the Bureau of the

Census. Some of the Census data also contain composites of these variables,

such as "female household heads living in crowded housing", or "population

under age 18 living in crowded housing". Such composites are especially

useful for focusing attention on the particular population of interest.

8



Table 1: Variables for Use In a Lead Poisoning Model

1. Housing stock built before 1940, and housing stock built between

1940 and 1949.

2. Dilapidated H.U. (housing units)

3. Deteriorating H.U.

4. Value of owner occupied housing (Median dollar value of housing unit

e.g., house, coop apartment, etc.)

5. Monthly contract rent ($/mo.)

6. Housing vacancy rate

7. Multiple unit structures

8. Children under 5 years old

9. Children 5 years old

10. Children 6 years old

11. Female household heads

12. Crowded population (- 1.01 per room)

13. Crowded population (- 1.51 per room)

14. Region of birth of household head (distribution)

15. Educational level of household head (distribution by years of school

completed)

16. Median family income ($/ann.)

17. Number of families with income below the poverty level (Criterion is

frequently revised, and is different for rural and urban population)

18. Work status of head of household (Employed or unemployed; distributions

by type of employment)

19. Race

9



since they enumerate people with combinations of the desired character-

istics. The sources of these data and the motivation for their use are

discussed more fully in NBS Reports #10499, Nature of the Lead Paint

Poisoning Hazard, and #10657, Data Collection and Assimilation for the

Lead Paint Poisoning Model. A typical lead poisoned child is less than

six years old, comes from an urban poor family, and lives in a housing

unit containing surfaces with peeling lead based paint. The variables

listed in Table 1 help to characterize the areas in which this situation

is most likely to exist.

4.2.1. Rankings of Independent Variables

Once the data have been collected and assimilated, some preliminary

analysis is carried out. Table 2 lists for 189 SMSA*s, the values of

several data items and the ranks of the SMSA*s by these items. For

example, in Abilene, Texas .3998 of the houses were built before 1940;

Abilene ranks 41st among the SMSA^s in this attribute. All the ranks

are from lowest to highest, so that the SMSA ranked 1 in a column has

the smallest fraction of houses built before 1940, the smallest fraction

of housing rented, the smallest population, or the least average rent.

The purpose of this exercise is to display the data in a form to enable

one to see plainly trends and relationships between variables. For

instance, it can be deduced from Table 2 that pre 1940 housing is con-

centrated in the Northeast and Mississippi Valley, so that this variable

may explain some of the regional differences which have been associated

with lead poisoning incidence.

^Conversations with Jim Simpson of the Bureau of Community and Environmental

Management, Department of Health, Education, and Welfare.
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COLUMN HEADINGS FOR TABLE 2

Note: The 189 SMSA*s listed here are those that were SMSA's

in 1960.

1. Alphabetical Index of SMSA According to 1970 Listing

2. Name of SMSA

3. "% Old Houses" -* Fraction of 1967 Housing Stock Built Before 1940

4. "% Rental" - Fraction of 1970 Housing Stock Renter Occupied or

"Vacant for Rent"

5. "Pop" - 1970 Population

6. "Rent" - 1970 Monthly Rent in Dollars

7. "Age of House" ~ Rank with Respect to Col. 3, (Low Rank Fewer Pre

1940 H.U.)

8. "% Rented" - Rank with Respect to Col. 4, (Low Rank Fewer Renters,
c

More Owners)

9. "Pop" “ Rank with Respect to Col. 5, (Low Rank Low Pop)

10.

"Rent" - Rank with Respect to Col. 6, (Low Rank Low Rent)

11
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4.2.2. Correlations

A second type of analysis that can be performed on the data is the

calculation of correlations among the independent variables. Table 3

gives the simple correlation coefficients and Table 4 the Spearman rank

correlation coefficients, calculated on tract data for the city of New

Haven. These data are being used for model calibration, since at the

time these analyses were being carried out. New Haven was the only

available source of tract incidence data. A correlation coefficient of

1 indicates the two variables differ at most by a constant scale factor.

(For example, the same measurements both in inches and in feet differ by

the constant scale factor 12 inches/foot.) The interpretation of the

simple correlation coefficient assumes the variables are normally dis-

tributed throughout the whole population, while for the rank correlation

coefficient no assumption on the distribution of the variables is made.

The first column of each table gives the correlation coefficients between

each of the independent variables and the dependent variable.

The analysis of the correlations is used in the modelling process in

two ways:

1) to avoid fitting error

2) to substitute for unavailable variables.

If two (or more) parameters are assumed to vary independently of

each other whereas in fact they are correlated, spurious coefficients may

occur in the process of curve fitting. If the resultant model is to be

used simply for predictions based on the insertion of observed values of

the model parameters, no real harm is done, because presumably the observed
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values of the correlated variables will be correctly noted. If, however,

the model is used for experimental simulation, e.g., varying selected

parameters while leaving others fixed, serious distortions will ensue,

very likely invalidating the experiment. A clarifying example follows:

Suppose we estimate that some variable Z is related to variables X

and Y,

Z = ax’^Y'^,

where we think that X and Y are independent of each other. Suppose, then,

that the formulation is correct except that in fact, X and Y obey the

relationship

Y = gX ,

so that in reality, the relationship between the dependent variable (Z)

and the Independent variable X is

Therefore, formally

Z = aX Y = aX (gX) = ag X

Thus a calibration process for determining the numerical values of a, b

and c may properly yield any values as long as they satisfy

ag^ = a*

b + c = b\

which has infinitely many solutions for fixed a*, b', g. It is easy to

see what varying X without changing Y (after a, b, and c have been cal-

culated) will lead to incorrect values for Z.

Correlations among observations need not always give cause for alarm.

They can be utilized fruitfully by allowing us to choose a variable when

19



there are several available with differing precision of observation or

when a desirable variable is unavailable. This is indeed true of the

lead paint poisoning model. Values of several census descriptors be-

lieved to be directly related to the incidence of elevated blood lead

levels are not included in the Census First Count tabulation, and are

therefore unavailable for a preliminary model. Substitute parameters

drawn from the available data were selected by examining the correlation

coefficients in Tables 3 and 4. As an example, the incidence of lead

poisoning is higher among the poor, but the income data are not yet

available. Therefore, rent has been used as a substitute for income in

the model. This process is of course, something of a gamble. The

example at the beginning of this discussion used a pure linear correlation

between variables. Nothing descriptive of human populations in an uncon-

trolled small sample can be expected to yield completely unambiguous

results. We felt reasonably justified in making substitutions of variables

where both correlation coefficients for a pair were greater than ,7. After

all, the substitution of one variable for another was to be made before

a calibration, which means that the curve fitting program is determining

coefficients and/or exponents for the substitute variables, and thus it

is less likely to generate distortions than it would if the substitution

of variables occurred after the model calibration.

4.2,3. Data Gaps

In addition to using the correlations to fill in gaps in the avail-

able data items, some extra modelling has been necessary. The most

serious data gap is the lack of 1970 data on age and condition of housing.
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To remedy the discontinuation in 1970, of tabulation of "condition of

housing" data the Census Bureau has developed a method for predicting

that information from the 1970 data and 1960 Fourth Count Census items

including (1) units with central heating facilities, (2) rent, (3) units

with crowded population; 1,01 per room, (4) multiple unit structures,

(5) educational level of household head, ( 6 ) race of household head, (7)

owned or rented, and (8 ) vacant units. The dwelling units are divided

into categories determined by cutoff levels of the above attributes, and

separate growth patterns are applied to each of the categories. However,

since the Census Fourth Count data are not yet available, this model

could not be used to furnish inputs to the lead poisoning models at the

present stage.

The following make shift housing adjustment therefore was applied to

the census tract level data, on the assumption that the results, if crude

were likely to be more consistent with available 1970 EBL incidence data

from New Haven tracts, than raw 1960 condition of housing figures.

Let: H^q ~ total 1960 housing units

H^q - total 1970 housing units

- total 1960 unsound units
60

DyQ - total 1970 unsound units

^70 - ^
60 ’

^70 " ^
60

*

If H^q < H^q, then

D
70 = max [,05D^q, (D^q - ,9(H^q - H^q))].
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This means that, if the number of housing units in a tract has increased,

we don’t attempt to adjust the number of unsound units. If housing has

decreased, it was assumed that 90 percent of the decrease represents

demolition of unsound housing. However, if "net demolitions" appear to

exceed the total 1960 unsound housing stock, then 5 percent of this un-

sound stock was assumed still standing. The choices of the .05 and .9

are arbitrary but have been chosen to approximate patterns stated to

exist in New Haven. (This "model" could not be applied usefully at the

SMSA level because it would predict no change in unsound stock since

almost all metropolitan areas have grown in the last 10 years. Units

demolished in the central cities are more than counter-balanced by ones

built in the suburbs.) Thus the housing figures used in the modelling

process are not as current as one would desire and may be altered in

future modelling procedures.

In response to a request from the Department of Housing and Urban

Development, the present study includes a method for rough estimation of

housing units in each SMSA believed to contain sufficient concentrations

of lead on painted surfaces to constitute lead poisoning hazards. (Although

this estimated number of "hazardous environments" has not yet been in-

corporated as a variable into the EBL models tested, the formulation of

the method is presented here to make the current record complete.)

The housing estimation embodies the following assumptions:

(1) Almost all housing units constructed before 1940 in urbanized

regions contain lead paint from original surfacing and/or

Reported orally during field trip to office at New Haven Lead Poisoning

Prevention Program.
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bi<Lisequent refurbishment.

(2) About half of the housing units built between 1940 and 1949 in

urbanized areas are similarly contaminated. (This is an informal

estimate based on the reduction in the quantity of lead paint

manufactured in this decade, relative to housing construction in

*
the same period.)

(3) Only 5% of housing constructed between 1950 and 1959 has interior

lead paint, and post 1960 housing can be ignored in the estimates.

(4) Areas in which non-negligible fractions of the housing stock

were largely unpainted or merely whitewashed (substantially in

the rural South) or other areas in which the climate allowed

painting materials to be selected without great concern for

weathering properties, such as the south west and far west, can

be distinguished crudely from high hazard concentration areas by

differences in the fraction of dwelling units which are single

unit structures.

Reasoning from (4) above, the estimates by age in (1), (2), and (3)

are attenuated in the model by the fourth root of the fraction of dwelling

units in multi-unit structures. (Weighting by the actual fractions of

multi-unit structures leads to counts of contaminated dwelling units

which are suspiciously low, so they have been adjusted upward by using

the fourth root, the square root of the square root, of these fractions.

The fourth root has desirable properties of being easy to calculate, and

^Census of Manufactures and Minerals Yearbook were analyzed to calculate

these figures.
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remaining smaller than 1.0 for fractions. It also compresses the range

of the weights.) Typical values of these fractions in southern cities

I
*

and SMSA s are .3 and .2, respectively, in northeastern cities and SMSA s

.7 and .5 respectively. The fourth roots of these numbers are, in the order

listed, .74, .67, .91, and .84.

The count of housing units by age in each SMSA has to be estimated,

because while 1970 national figures for % of housing by decade of con-

struction have been published by the Bureau of the Census, counts by

SMSA are not yet available. The estimates are made by multiplying the

1960 census counts by the ratios of national percentages in 1960 and

1970. Thus the estimate has the form

HL =
h

40/60 h
40/70

40/60
+ .5H

h

50/60 h
50/70

50/60
+ .05H

h

60/60 h
60/70

60/60

where HL is the estimated number of contaminated housing units in an SMSA

^40/60* ^50/60* ^60/60
counts of 1960 housing stock in the

SMSA built before 1940, during 1940-49, and during 1950-59,

according to 1960 census data.

^40/60* ^50/60’ ^60/60
fractions of the 1960 national housing

stock built before 1940, during 1940-49, and during 1950-59,

according to 1960 census data

^40/70* ^50/70* ^60/70
fractions of the 1970 national housing

stock built before 1940, during 1940-49 and during 1950-59,

according to 1970 census data.

*
City and County Data Book 1967 , U.S. Department of Commerce, Bureau of

the Census.
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it should be noted that the estimates of EBL in children presuppose

at least surface deterioration in the bulk of aging housing units, making

paint with significant lead content easily accessible to the risk popu-

lation of children 6 years of age or younger. The estimates of the above

housing model, therefore, would identify only potential sources of lead

poisoning

.

Three obiter dicta are in order here; first, areas of potential

hazard of the type described become active hazards rather shortly in periods

of economic change and rapid migration, under the kind of dereliction of

maintenance that usually accompanies such sociological phenomena, so that

in effect, tracts of latent contaminated housing are apt to lose their

latency virtually en masse .

Second, we, and others, have tacitly assumed that housing units

dating from the period of pervasive use of lead paint, but not deteri-

orating or dilapidated according to census criteria, presented no immediate

hazard. In fact, however, housing units with (possibly extensive) paint

peeling from wall surfaces could be judged sound by census criteria if no

other defects were present, because peeling paint can be repaired by

simple maintenance effort.

Third, all housing conditio)?s and socio-economic factors aside, any

curious very young child, unless under physical restraint or under literally

continuous supervision, can readily fracture the integument of a wall sur-

face and ingest sufficient quantities of lead, (if present) to result in

lead pathologies.
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While these observations don*t pertain to model construction, we offer

them as insights gleaned from the analytical activities in the model de-

velopment, which advert to an underlying motivation for the models: assess-

ment of the lead paint hazard.

5. THE MODEL FORM

The choice of an initial model structure in the absence of a highly

detailed explanatory hypothesis rests on two principal criteria:

simplicity and conceptual plausibility. The first, which is more or less

objective, affects ease of calibration and amenability to modification

when inevitable improvements in data availability occur. (It is the

nature of the universe that the data base for a first model effort is

invariably so bad as to elicit desperate thoughts of total infeasibility.)

Conceptual plausibility is somewhat subjective and is really a measure of

how comfortable one is with whatever ideas support a given simple formu-

lation.

The two simplest kinds of representation of the dependency of a

numerical measure of some phenomenon on the values of a set of others

are grouping them additively (linear models) or multiplicatively (expo-

ential models)

.

A linear model with 5 independent variables is of the form

(1) Y = aQ + + ^2^2 ^ ^3^3 ^ ^5^5

A multiplicative model in 5 variables would be
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.iUtLce that each of these has 6 formal parameters; a constant term

(which defines an initial level in the additive model and which serves

as a scaling factor in the multiplicative model) and a parameter for each

variable, which are additive coefficients in the linear model or multi-

rlicative exponents in the exponential model. Notice also in the multi-

plicative version, that unless aQ is zero (in which case the model is just

the constant, Y = 0) , it is not possible to represent zero values of the

ucpendent variable, which would require one of the exponents to be

(leading again to the constant model, Y = 0)

.

Barring the feasibility of a child-by-child enumeration by blood levels

estimated along the lines of the very detailed physiological model of

40
Batelle Institute, no attempt at formulation of a linear model was re-

motely successful.

The notion of rates of incidence in the population as conditional

probabilities, i.e., defining incidences as the intersection or con-

comitance of various conditions believed to be factors in ingestion of

lead by children, leads naturally to a formulation multiplying relative

frequencies of occurrence of suspected causative factors. For example,

one might think of the expected number of elevated blood lead levels as

the child population times the probability that a child will live in a

house offering a hazard, times the probability that the child will ingest

the hazardous material. Of course, this last probability is not known

per se, but factors believed relating to it are available from the data

base.
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The simplest multiplicative model would apply if the concurrent

presence of the listed factors insured the presence of lead poisoning.

However, the data base and our understanding of the lead poisoning process

do not lend themselves to such an exact interpretation. Exponents therefore,

are introduced to represent the less sure situation and to reflect the

different levels of contributions of the factors. That is, the "probability"

factors are exponentiated yielding additional degrees of freedom. Thus,

instead of an estimating expression for a quantity E of the form

E = P]^P2 ***Pk>
which is fixed, given the values of factors p^, we would

ai a2 a^^

have E = p^ ***Pk the values of the exponents a^ can be

varied to obtain values for E consistent with observations. These ex-

ponents also may help overcome difficulties occurring because of depen-

dencies between the supposedly independent variables.

5.1. Curve Fitting for Parameter Estimation - Log Linearity

In the models described below several parameters must be estimated;

this procedure is called curve fitting. The standard procedure involves

the "least squares estimate of a straight line." However, the model form

chosen for the lead paint poisoning model is multiplicative rather than

linear

.

While the equation Y = aX + b with a and b as parameters represents

only straight lines, the equation Y = bX^ can represent a mathematically

simple, but wide ranging, family of curves. This exponential form "induces"

additional degrees of freedom for attempts to fit simple curves to ob-

served data points and still permits one to use linear curve fitting

methods by taking logs of both sides of the equation . Thus if
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(1) Y = bX^ then

(2) log Y = a log X + log b,

and changing variables just for neatness: letting Z = log Y, W = log X,

and b* = log b, we have

(3) Z = aW + b'. Similarily for many variables, the equation

^1 ^^2
(1) ’ Y = ^0^1 ^2 * *

*^k
equivalent to

(3)* Z = ^2^2 ***^k^k*

The name "log linear" is used to describe multiplicative relationships

of form (1) ,
(1) ' for reasons which are obvious from (3) ,

(3) '

.

There

is one special danger (a psychological flaw) in using models of this type,

in that it is easy to forget that the linear form used in the calculations

must be exponentiated to interpret results. Let us clarify this with an

example

.

Supposing we have deduced the model Y = 1.6X + 2 from observations of

some physical phenomenon. Now, if e.g., for X = 2 the true value of Y is

Dy then the relative error is ^ ^ ^
or .04 if X

and Y are the variables of interest. If, however, they are the logarithms

of these variables then our error is the relative error in the logarithms

5.2 5
0 — 0

*^

and the actual relative error is = = .22, more than 5 times as

much.

5.2

.

Judging the Quality of a Model

A common practice in judging the validity of a model is to calculate

on the original data set, the average difference in magnitude between

predicted and observed values of the variable to be estimated, divided by

the value of a typical observation, that is, the prediction error as a
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percentage of the observed value. If this figure is small, the model is

asserted to be a good one. In fact it may be nothing of the kind. The

number described is an excellent measure of how well the formulation fit

a given set of observations in question but purely by luck the fit could

be perfect while the underlying hypothesis by which the functional form

was articulated is dead wrong, because a given set of points can lie on

more than one curve. The figure below illustrates this

/

/

In the figure the points A through F lie on the broken line a_ and on the

solid curve _b. If we were predicting behavior based on the fit to curve

a of a phenomenon actually governed by the curve _b, we would certainly

have more and more to regret the further we moved to the right because

b is presumably converging to the value on the level dotted line while ^

it

is growing.

*Note that in general, k + 1 points can be fitted exactly with a poly-

nomial curve of degree k.
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Therefore, judging the quality of a model, requires, in addition to

mechanical criteria used in curve fitting, some determination of whether

the model actually mirrors the process it is supposed to describe. Referring

back for a moment to the determination of "goodness of fit", Appendix A

consists of the output from a computer run of a standard curve fitting

program. The printout is from a calibration of one of the versions of

the EBL incidence model. ("Calibration" is the calculation of values

for the parameters of the model.) The statistical measure of accuracy

of the fit is a slight generalization of the one outlined in the example.

It is the square of the multiple correlation coefficient ; it is denoted bv

the symbol R^, (usually read literally: "capital R square") and has the

formulation:

R = 1 -
(Vi-yi)

Thus it is one (1.0) minus the ratio of the sum of the squares of the

differences between the observed values of the dependent variable and

their predicted values, and to the sum of the squares of the observed values,

or using the terminology of the printout, 1.0 minus "the residual sum

of squares divided by the total sum of squares."

A
Natrella, M. G., Experimental Statistics , National Bureau of Standards

Handbook 91, Washington, D.C., August 1, 1963.
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The criteria we have used for acceptability of fit in the first set

of experimental model formulations are:

2
For a given model, whether or not R exceeds .9

For refinements of acceptable models, produced by the introduction

2
of additional variables, whether or not R for the refined model

is increased by .05. (This sets a tradeoff rate for complexity

vs. fit improvement.)

As we have implied previously, "fitness" of a model involves more

than the "quality of fit". One relatively simple test that can be

applied individually to the calculated parameters (coefficients and

exponents) is whether their signs are consistent with our judgments (or

prejudices) . For example, we would expect the variable "family income"

to appear here in a multiplicative model, with a negative exponent, because

we believe the incidence of EBL in an area to decrease as the income level

rises. Enumerating a few more examples, we expect positive exponents for

Crowding (a concomitant of bad housing and poverty)

Proportion of "bad" housing

Population of young children

Population

Number of female household heads (implying straitened economic

circumstances and reduced capability for supervision of young

children)
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If the characteristics of a parameter are "counterintuitive" the

data sample may be distorted, the general formulation of the model may be

inappropriate, the variable may have been selected by erroneous reasoning,

or indeed, the rationale for the sign criterion for the parameter might

be mistaken. One immediate example of possible ambiguity occurs in con-

sidering the "crowding" variables. Early in the study, during initial

selection of relevant variables, several staff members put forth the idea

that extreme crowding might militate against lead ingestion, because it

would tend to afford a paint eater less opportunity to remove chips from

walls undetected.

In general, in the models that follow, wherever we state that a

calculated parameter is "wrong" or "incorrect" it is to be interpreted

in the sense described above.

One final comment. The "Model" implied by the title of this paper

is at this stage a composite of models 1 and 2.9 below, which was employed

to produce sample estimates. It should not be assumed that we consider

this model output as authoritative in any way. It is an interim model

from a study in progress and should be regarded that way. If the reader

requires a further caveat, recall section 5.1 and consider that the values

of R for the models below pertain to calibration runs with the models

entered in "log linear" form and that the true measures of fit would be

somewhat less impressive.
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6 . THE MODELS

6.1. The Variables and Sjmibols Used in the Models

^0 * ^1 * * * * parameters estimated by the curve fitting process

^101 crowded population (- 1.01 per room)

^151 crowded population 1.51 per room)

crowded (1.01) population with female household head

D dilapidated or deteriorating housing units (number)

E number of children with elevated blood lead levels

(> 40 yg/100 ml.)

F number of female household heads

H number of housing units

I fraction of child population with elevated blood lead

levels

^4 number of children 4 years old or younger

number of children 6 years old or younger

L number of housing units lacking one or more plumbing

facilities

P total population

R median rent $/mo.

^40 number of units with rent 1 $40

^60 number of units with rent 1 $60

Y median family income $/ann.
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6.2. Model 1

where = .24.

In this model Sq was estimated by averaging known incidence rates

from existing programs. These programs have for the most part screened

children living in neighborhoods with poor housing. If one makes the

assumption that the number of children per dwelling unit is the same for

poor housing as for all housing, then is the number of children 6

years old or less who live in poor housing.

6.3. Model 2

The versions of Model 2 are exponential in form and all use unsound

housing as a variable.

6.3.1. Model 2.1

E = a.

where a^ = e
-2.222

a^ = .3197

= .1305

a^ = -.7846

= 1.757

Residual sum of squares 7.37

Total sum of squares 26.24 = .719

The fit of this model is not too good and a^ has the wrong sign,
I

since one would expect areas with more children to have a higher incidence

of lead poisoning.,

See Table 4 of "National Estimates of Lead Based Paint Poisoning of
Children (Estimated by Standard Metropolitan Statistical Area)"
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6.3.2. Model 2.2

, -3.912
where * e

= -.1911

a2 = .3232

a^ = .1969

a, = 1.052
4

Residual sum of squares 5.53

2
Total sum of squares 122.75 R = .955

Although the fit for this model is very good, the sign of a^ is wrong.

6.3.3. Model 2.3

^ = ^o(f) 70
'

"7^)
"

, 12.798
where Sq = e

a^ = -.6470

= .3483

a^ = -2.1726

a, = .4338
4

a^ = .9413

Residual sum of squares 4.93

2
Total sum of squares 122.75 R = .960

Although the fit is quite good, the sign of a^, is incorrect.

6.3.4. Model 2 .

4

I = a
0

«>#)
a,
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^ 6.895
where ag *= e

= -.4757

a2 = .3560

a^ = -.9926

a^ = .2663

a^ =» -.3433

Residual sum of squares 1.59

2
Total sum of squares 40.2 R = .960

Although ,the fit is quite good, the signs of both a^ and a^

are wrong.

6.3.5. Model 2,5

-*ofr) (f) (t)
u 7.654

where a^ = e

a^ = .9697

a^ = -.5163

a^ = .3113

a^ = -.9008 .

a^ = -.374

Residual sum of squares 1.34

2
Total sum of squares 40.2 R = .967

Although the fit is quite good, the signs of a^^ and a^ are wrong.

6.3.6. Model 2.6

I
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, 2.4785
where = e

= .8806

a2 = -.3186

a^ = .3062

a^ = -.6207

a^ = -.6908

Residual sum of squares 1.32

2
Total sum of squares 40.2 R - .967

Although the fit is quite good, the signs of and a^ ars wrong.

6.3.7. Model 2.7 a, a« a^

• (i) (I)
-•*

, .5306
where a^ = e

a^^ = .6416

a2 = -.4574

a^ = .3001

a^ = .1729

Residual sum of squares 1.5

2
Total sum of squares 40.2 R = .963

Although the fit is quite good, the signs of a
2

and a^ are wrong.

6.3.8. Model 2.8 a^ a«

- -c(^) (l)
-*=
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.945

, -.3362
where = e

= .3003

a2 = .2485

a^ = .0129

Residual sum of squares 2.21

• < '2
Total sum of squares 40.2 R =

Although the fit is quite good, the sign of a^ is wrong.

6.3.9. Model 2.9 a^ a«

-•o(^) (I)
, -.2914

where a^ = e

a^ = .2967

a2 - .2484

Residual sum of squares 2.21

2
Total sum of squares 40.2 R = .945

The fit is good, and the signs of all parameters are correct. This

is the "best" Model 2 version.

6.4. Model 3

All of the versions of Models 1 and 2 involved the poor housing

variable. However, because this will not be available for 1970, an

attempt was made to construct a model using only currently available

1970 Census First Count Data items.

6.4.1. Model 3.1
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.908

, .8428
where = e

= .6747

a2 = .2479

Residual sum of squares 3.71

2
Total sum of squares 40.20 R =

The fit is good and the signs of all parameters are correct.

6.4.2. Model 3.2

, .8853
where a^ = e

a^ = .5825

a2 = .0712

a^ = .2354

Residual sum of squares 3.68

2
Total sum of squares 40.2 R = .908

The fit is good and all signs of parameters are correct. However

the third factor only reduces the residual sum of squares .03 from model

3.1, so that is the preferred model.

6.4.3. Model 3.3 a^
\ ^3

^ 1.9422
where a^ = e

a^ = .6104

a2 = .4743 ,

a^ = .3481

a. = -.3603
4
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.921

Atoxdual sum of squares 3.18

2
iolai- sum of squares 40.2 R =

Although the residual sum of squares has been reduced from Model 3.2,

the sign of a^ is wrong.

6,4.4. Model 3.4 a^ a„

a>1?)
1.6604

wiitire a^ = e

= .6869

a^ = .3898

a^ = .1670

a^ = -.2349

Residual sum of squares .32

2
Total sum of squares 4.78 R = .933

This fit was done as a weighted regression where the weights were

the fraction of total child population of each census tract screened.

The sign of a^ is incorrect.

7. FUTURE MODELLING WORK

Future modelling work can be divided into four areas:

a. further variations similar to those described above

b. modelling of the dilapidated and deteriorating housing for 1970

c. correction for the bias in the New Haven data

d. modelling poisoning in areas of less high risk.

Several other variations of models similar to those described above

can be tried. However, it should be noted that in all the models tried
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so far the child population and the extent of unsound housing have been

the strongest factors in the reduction of the sum of squared residuals.

All other variables have contributed significantly less. Therefore,

although in the interests of completeness other variations should be

tried, little improvement is to be expected of this effort.

Since the quality of housing is apparently a major determinant of lead

poisoning, it is hoped that obtaining a model for more current unsound

housing figures will improve the simple version of Models 1 and 2. A

procedure for this improvement was described earlier in this report but

has not yet been implemented.

The rates obtained from the New Haven data may have led to too high a

national projection. This is believed to be because screening in New

Haven has been only in very high risk areas. A possible way to overcome

the difficulty is to apply the rate obtained from the model only to high

risk children (children in bad housing, e.g.) rather than to all children

under 6 years old. This procedure has been used in the current effort.

Another possibility is to consider only children in the central city

instead of all children in the SMSA. If there were data on lead poison-

ing of children from middle income families, then one might be able to

calculate different rates for high risk and lower risk children. The

lack of good incidence data is the major difficulty in the modelling

process. Chapter 4 of "Data Collection and Assimilation for the Lead

Paint Poisoning Model is devoted entirely to a discussion of this problem."

As the data from Aurora, Illinois, mentioned in that report, become

available this will be alleviated somewhat. However, if these data are used

for model development as it seems it will be necessary to do, another

source must be found for model validation.
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APPENDIX A

Sample Calibration Output
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