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Recent literature indicates a considerable interest in

pursuing possible relationships between areal fertility and a

number of socio-economic indicators (called simply "indicators`"

hereafter) of an area. For international data, Weintraub (1962),

Adelman (1963), Russett (1964), Hoer (1966), and Friedlander and

Silver (1967) have tried to est:Ablish such relationships applying

regression analysis technique; the United Nations (1963) has pre-

sented simple correlation coefficients between the gross reproduc-

tion rate and certain indicators for a large number of countries;

Adelman and Morris (1966), employing the technique of factor

analysis, have studied the interdependence between the national

crude birth rate and various indicators.

Unfortunately, these multivariate approaches for the

study of international fertility differentials are based on very

heterogeneous samples, and data of varying degree of reliability.

Phillips et al. (1969) suggested that "a more homogeneous sample

of observations within a country is a more propitious beginning

for an interpretation of the relationship between birth rates and

economic variables". In fact, Friedlander and Silver discovered

that such correlations, which appeared to he large when all nations

of different levels of development were considered together,

tended to become small and meaningless within the nations of the

same level of development. The United Nations study also indicated



contradictory correlations with the same socio-economic character-

istics, depending on the country's level of fertility. Heer sug-

gested that "further research on small areas within nations may

serve to test" the relationship between economic development and

fertility.

There have been, of course, attempts to relate fertility

to the indicators of areas within the U.S. For the Puerto Rican

commonwealth, Mascisco (1965) used zero-order correlation coeffi-

cients to describe the level of association between municipio

fertility and 20 variables. In the Hathaway-Beegle-Bryant 1960

Census Monograph (1969), national and regional fertilities are

related to other characteristics of the population by regression

techniques and other procedures. Heer and Boynton (1970) recently

presented a multiple regression of country fertility on eight

indicators. A recent publication of the American Public Health

Association (Kiser, Grabill and Campbell, 1968) indicated high

correlations of county fertility with socio- economic indicators

but warned that a high correlation "does not mean that similar

high correlation would also be found from data for individual

counties." On the other hand, Phillips et al, used the data of

177 economic areas in 17 states from the 1940 cenpus to conduct a

regression analysis of fertility on eight indicators.

The areal association of fertility with indicators in

small homogeneous segments' within a given urban community appears

1
The need for homogeneity, as to race, education, occupa-

tion, income, etc., is in order to separate out one comparison
factor at a time.
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to be a research area requiring more exploration. The early reports

of Thompson and Ruth (1939), using 1930 census data, indicated

that the differentials in the ratios of children to women between

census tracts were rather closely related to certain social and

economic factors, when examining zero and first order correlation

coefficients. Hashmi (1964) also studied the variation of fertility

within Chicago using 1950 census data and employing correlational

analysis. IIe was surprised to find a strong positive correlation

with income, He asserted that probably 80 to 85 percent of fer-

tility variation between the various neighborhoods of any city

would be accounted for by such factors as income, education, female

labor-force participation, and color composition. However, Burgess

and Bogue stated in the introductory note to Hashmi's article that

"we must await the results of additional research for other places

and times to learn whether th is Larnal). approach is capable of

detecting relationships that are glossed over by the more conven-

tional 'aggr. egat ive' approach, or whether the multiple regression

method can lead us astray" because of its limitations.

In this paper efforts have been made to uncover possible

relationships between areal fertility and a large number of socio-

economic indicators within a well-defined urban corm unity, using

recent data. Both regression and factor analyses have been em-

ployed in order to measure the dependency of fertility on indicators

and the interdependency among all the variables involved. The data

studied here are for the 1960 census tracts of Honolulu, Hawaii.

The data have been examined separately by level of urban gradation

and type of fertility measurement.
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Data and Methods

The bulk of the study material was taken from the 1960

census report for the census tracts of the Honolulu Standard

Metropolitan Statistical Area (SMSA) (U.S. Bureau of the Census,

1962). Supplementary information was provided by the Hawaii State

Department of Planning and Economic Development (1961, 1963) and

the Hawaii State Department of Health (1966). The census tracts

were grouped into three categories according to the administrative

boundaries of the island of Oahu: the entire SMSA, Honolulu City

proper, and the central town of Honolulu. (It is realized that the

outer areas are inclusive of inner areas. Chiefly because of the

smallness of the sample, this approach was taken rather than

separating out three mutally exclusive areas.)

Out of a total of 113 census tracts in the island of

Oahu, which forms the Honolulu SMSA, 80 tracts were selected in

order to restrict the study material to "ordinary" residential

areas. Tracts falling into any of the following arbitrary cate-

gories were excluded from the study:2

Tracts having (1) less than 2 persons as the

average population per household, (2) more than
20 percent of the total population as unrelated

individuals in the house, (3) less than 1,000

persons as its total. population, (4) more than

10 percent of its population in group quarters,

and (5) 80 percent or more of its male labor
force in the military force.

2Although perhaps arbitrary, the choice was generally

designed to exclude tracts where, for instance, most of the pope
lation were resident in the State mental Hospital or in prison,
which would have the effect of biasing the fertility figures.
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The majority of tracts eliminated met two or more of the

above criteria simultaneously; out of a total of 33 tracts elimi-

nated, 14 were deleted by a single criterion only. Criterion (1)

alone eliminated none, (2) eliminated 4 tracts, (3) 1 tract, (4)

5 tracts, and (5) 5 tracts. In the City proper, 56 tracts were in-

cluded out of a total of 72 and in the central town 39 out of 50.

In addition, crews of vessels were excluded from the analysis.

Out of a total population of 500,409 in the entire SMSA, 385,485

or 77 percent lived in the 80 selected census tracts. For both

the City proper and central town, the selected populations made up

85 percent of the total.

For indicators of the fertility level, three indices

were calculated for each tract; (1) child-woman ratio--the number

of children under 5 years of age per 1,000 women of 15-44 years of

age (CWR), (2) child-ever-married-woman ratio--the number of

children under 5 years of age per 1,000 ever married women of

14-44 years of age (CMWR), and (3) general fertility rate--the

number of live births per 1,000 women of 15-44 years of life in

1960 (GFR). The data for the calculation of CUR and C'MWR were

entirely obtained from the official census tract report, while

those for GFR came from two different sources; Hawaii State Depart-

ment of Health (numerator) and U.S. Bureau of the Census

(denominator). In this paper the term (five-year) cumulative

fertility is frequently used as the surrogate for CWR and CMWR,

and the current fertility for GFR.
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The following 23 indices were chosen as the socio-economic

indicators for the census tracts, plus 2 additional variables for

the City and central town. All these indicators were measured as

of the 1960 census date, unless otherwise indicated. Definitions

not specified follow those of the census. Demographic variables

which have direct relations with fertility, such as women by age

and marital status, were intentionally excluded.

Demographic Indicators:

(1) Proportion of whites (WFTITE)
(2) Proportion of Japanese (JAPAN)
(3) Proportion of Chinese (CHIN)
(4) Proportion of Filipinos (FILIP)
(5) Proportion of Hawaiians and part-Hawaiians (HAWN)

(6) Proportion of persons of foreign stocks (FORST)
(7) Proportion of the foreign born (FORBO)
(8) 3-year fetal and infant deaths per 1,000 live

births, 1960-62 (MORT)

Social and Housing Indicators:

(9) Median school years completed (EDUC)
(10) Median family income in 1959 (INCOM)

(11) Proportion of housing units occupied by the
owner (OWNER)

(12) Proportion of housing units deteriorating or
dilapidated (S1T13ST)

(13) Proportion of housing units without or sharing
bathroom (BATH)

(14) Proportion of housing units with more than 1

person per room among occupied units (CROWD)

(15) Median number of rooms per housing unit (SIZE)

Migration Variables:

(16) Proportion of persons living in 1960 in the same
residence as in 1955 (MOEL 1)

(17) Proportion of persons living outside Honolulu
SMSA in 1955 (NOEL 2)
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Economic Activity Indicators:

(18) Proportion of civilian males in labor force (M.LF)
(19) Proportion of females in labor force (FLF)
(20) Proportion of males employed in occupation groups

I and IT (MOCP)
(21) Proportion of females employed in occupation

groups I and i T (POOP)
(22) Proportion of civilian males unemployed (MEMP)
(23) Proportion of females unemployed (FEMP)

The additional indicators for the City and central town:

(24) Proportion of housing units without automobile
(AUTO)

(25) Population density per acre (DENS)

In an Appendix individual tracts are listed together with their

place names, fertility indices, and levels of selected indicators.

Maps showing high an d low fertility areas also included in the

Appendix.

Only linear relationships between the indicators and

fertility were assumed; no transformations of indicators were

considered. For the selection of the "best regression equation"

the stepwise multiple regression procedure was applied for each of

the 9 samples composed of the three. areas and the three fertility

indices. For factor analysis 3 , five factors were orthogonally

rotated to obtain a varimax solution, as an examination of the un-

rotated factor matrices revealed that in all 9 samples there were

five factors whose eigenvalues were greater than unity. (However,

3
For a detailed treatment of factor analysis, see

H.H. Harman, Modern Factor Analysis , rev. ed, (Univ. of Chicago
Press, 1967) and L.L. Thurston, Multiple Factor Analysis (Univ. of
Chicago Press, 1961). The recent publication by R.J. Rummel,
Appj^ Factor Analysis (Northwestern [Jniv. Press, 1970), emphasizes
aspects of application,
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in the City proper the sixth factor has the eigenvalue of an order

of 1.1). The University of California Biomedical Computer Programs

were employed for both regression and factor analyses.

The frequency distribution of each fertility index is

shown in Figure 1, and means and intercorrelations of these indices

are given in Table 1. As one might expect, the general level is

much higher for the SMSA than for the other two areas. However,

the difference is small between the entire city and the central

city. Especially in the case of the current fertility, the fringe

part of the city presents a slightly lower mean value (unweighted,

115.1 vs. 112.5).

While correlations between child-woman ratio and child-

ever-married-woman ratio are very high (over .90), those between

the general fertility rate and other fertility indices are low,

especially in the central town, the correlation with the child-

ever-married-woman ratio being as low as .36. Whether this low

correlation is due to the discrepancy in sources between CWR. and

CMWR on one hand and GFR on the other, or due to rapid changes of

fertility in the urban center even in a short period of five years

4
cannot be determined here. Further, GFR of census tract is an

annual rate, being necessarily based on a relatively small number

of births. (In the central town the average number of births per

4
See Page 5 for the sources of these indices.
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TABLE 1

Means, Standard Deviations and Intercorrelations

of Fertility Indices of Census Tracts, Honolulu, 1960

0

SMSA CITY CENTRAL

CWR* CMWR** GFR.+ CWR* CMWR** GFR+ CWR* CMWR** GFR+

CWR 1.00 1.00 1.00

CMWR .91 1.00 .90 1.00 . 93 1.00

GFERT .72 .60 1.00 .60 . 49 1.00 . 56 .36 1.00

Mean 584.8 823.8 129.0 519.6 770.5 112.5 495.3 759.8 115.1

St. Dev. 165.7 166.1 46.2 138,7 153.6 33.4 123.4 153.6 31.7

CWR* Number of children under 5 years of age per 1,000 women of 15-44 years of age

CMWR** Number of children under 5 years of age per 1,000 even married women of 14-44 years of age

GFR+ 	Number of Live births per 1,000 women of 15-44 years of age

++ Unweighted



census tract in 1960 was about 121.) Thus, GFR is subjected to

greater random variation than either CWR or CMWR. In general, the

variability of fertility tends to become greater, as the area

under anal y sis includes more and more of the island.

The simple correlation coefficients of fertility with the

i ndicators are shown in Table 2 together with their mean values.

These correlation coefficients appear to agree with general

expectations. However, the following are noteworthy: the negative

correlation with the proportion of whites is noticeable only in

the inner urban part; fetal and infant mortality, proportions of

the foreign born, substandard housing and bath-room conditions are

not "meaningfully" correlated with fertility; house size is nega-

tively related only with the current fertility; new-corners to the

islands show conflicting pictures depending on the area and on the

fertility indices; and in the central town female unemployment is

not associated with the five-year cumulative fertility (CWR and

CMWR).

Regression Analysis

As mentioned earlier, multiple linear regression was

calculated by a stepwise procedure for each of the fertility in-

dices on the 25 indicators in the city and central town, and on

the 23 indicators in the SMSA, to determine which combination of

these indicators was most highly related with the fertility. The
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TABLE 2
Mean Levels of Socio-economic Indicators

of Census racts and Their Correlations With Fertility Indices

Honolulu, 1960

Socio-economic CENTRAL CITY SMSA

Mean
Corr. Coef. With - Mean Corr. Coef. With Mean

Corr. Coef. ,-, itIndicator
CWR CKWR GFF,RT CWR CMWR C FERT CWR CNWR CFERT

1. WRITE (X) 19.0 -.40 -.39 -.25 22.5 -.16 -.30 -.27 25.8 .12 -.10 .08

2. JAPAN (^) 43.3 -.26 -.35 -.12 40.4 -.33 -.30 -.13 36.1 -.51 -.43 -.35

3. CHIN ( 7.) 1. 1.9 -.42 -.30 -.20 11.0 -.49 -.39 -.28 8.8 -.59 -.52 -.45

4. FILIP (%) 6.8 .70 .73 .46 6.8 .60 .71 .55 9.2 .43 .58 .40

5. RAWN (%) 15.8 . 62 .65 .32 15.8 .48 .62 .28 16.6 .46 .58 .25

6, FORST (%) 43.9 -.12 -.08 -.01 41.7 -.33 -,17 -.03 39.6 -.47 -.27 -.28

7."FORi3O (!) 10.9 .22 .30 .11 10.1 .00 .20 .17 9.8 -.17 .06 -.05

8. MART (/10003) 72.0 -.16 -.15 -.21 73.5 -.03 -.10 -.10 76.0 . 04 -.05 . 03

9. EDUC (Yr) 11.2 -.64 -.69 -.33 11.3 -.48 -.65 -.43 11.2 -.37 -. 6 1 -.32

0. INCOM (8) 7496 -.59 -.51 -.65 7749 -.59 -.59 -.72 7383 -.60 -.64 -.64

1. OWNER (%) 39.0 -.35 -.25 -.57 45.6 -.29 -.28 -.58 45.9 -.20 -.28 -.38

2. SUBST ( 7.) 24.4 . 11 .18 . 12 21.0 .01 .16 .22 21.9 . 04 .24 . 14

3. BATH (7..) 8.6 .13 .18 .13 7.0 .02 .15 .18 8.4 .10 ,28 .20

4. CROWD (7.) 28.7 .80 .74 .62 28.1 .63 .73 .61 29.0 .57 .71 .49

5. SIZE 4.2 -.05 . 09 -.45 4.4 -.04 -.01 -.50 4.5 -.03 -.03 -.30

6. NOISL 1 ( y.) 49.5 -.08 . 09 -.44 46.7 -- .29 -.04 -.27 43.8 -.40 -.13 -.37

7. MOBL 2 (X) 12.8 -.33 -.45 .19 14.0 .16 -.10 .26 16.6 .34 .05 .43

B. r-LLF ( 7.) 78.2 -.31 -.49 .14 78.0 -.28 -.42 -,02 78.3 -.15 -.32 -.03

9. FLF ( 7. ) 47.0 -.71 -.76 -.14 44.9 -.68 -.66 -.19 41.9 -.77 -.73 -.52

0. MOCP ( 7.) 24.8 -.65 -.60 -.54 26,3 -.56 -.62 -.61 24.6 -.50 -.60 -.52

1. FOCP ( 7,) 21.1 -.46 -.34 -.40 21.3 -.44 -.42 -,48 20.7 -.37 -.38 -.40

2. rtEriP (X) 2.5 . 44 . 46 . 40 2.4 . 38 . 51 . 46 2,8 .48 . 59 . 46

3. FErtP ( 7.) 4.4 . 07 -.00 .44 4.2 .32 .24 .53 5.3 .58 .48 .66

4. AUTO (X) 20.4 .48 .48 .45 16.5 .22 .36 .40 - - - -

,5. DENS 23.6 . 43 .42 .47 19.6 .22 .32 .41 - - - -



summary result is given in Table 3. The critical F-value for both

inclusion in, and deletion from, the regression equation was set

at 4.0 to approximate the value at the level of significance

5
a = 0.05.

With this procedure, as many as 7 indicators are entered

into the equations for the cumulative fertility of SMSA, but much

smaller numbers are in general entered for fertility indices of

the inner urban area. While both in CWR and CMWR, 80 to 90 percent

of the fertility variations between the census tracts is explained

by the regression equations, in GFR only a little more than 60

percent of the variation is accounted for. It should be noted

that the indicators included vary greatly, depending on the type

of fertility measurement (whether child-woman ratio, general fer-

tility rate, or child-married woman ratio is used), and also on

urban gradation (which area is analyzed).

Considering all nine equations together, fifteen indi ca-

tors appear at least once at the 5 percent level of significance.

(However, four indicators, MORT, OWNER, SUBST and FOCP
6

 appear

only once.) Among them, INCOM (negatively correlated) is the most

frequently encountered indicator appearing five times with P
< 0.001.

5Although the appropriate F-distribution percentage points
can be employed at each stage of entry and deletion of a variable,

it is simpler choose fixed critical values that do not depend on

the changing degrees of freedom. For details, see standard text-
books, for instance, H.R. Draper and H. Smith, Applied Regression

Analysis (John Wiley, 1966).

6 See Page 6 for a reminder of these, and the following,
indicators.
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TABLE 3. Multiple Regression Coefficients of Socioeconomic Indicators of Census Tracts
Entered to the Regression Equations by the Stepwise Procedure Treating Fertility as
Independent Variable, Honolulu, 1960

r

Area Central City SMSA

Fertility CWR. CMWRb CET CWRc CMWR GFERT CWR C3 e,Rd CFCRT

Constant 702.85 91.60 275.04 1151,19 1259.99 226.1.5 1541.65 859.34 182.79

Indicators

WHITE -4.17*** -4.43*** -3.78 * --3.47** } 1,38***
JAPAN -2.92*** -3.37** -0.65** -5.56***4
CHIN 1.36* -3,80*
FILIP 6.91*** 6.17***
FORST -4.95** -1.98** -11.24*** -3.81* -9.73***
MORT
I1CCM -0.14** -0.30*** -0.I1*** -0.22*** .. 0.30*** -0.07*
OWNER -2.89**
SUI3ST -1.11**
CRt)wD 9.10*** 12.38*** 6.66*** 5.56***
SIZE' 131,61*** 58.31*** 90.i.4***
MMORLI -3.08*** -2.24*** -1. 2 3*
A LE -5.34*** -6.28*** -5.93**^;
FOCP _1.29*
FEMP 3.08*** 3,9*
Over-m11 F 64.04 56.59 14.65 63.28 50.5:1 4176 83,75 79.89 28,82

R2 . 846 .869 .633 .886 .835 ,612   .891 .886 .661

* P<0.05

A* P<0.01

*** P<0.001

a) In all samples, P<0.001

b) FLF was removed as SIZE entered

c) INCOM was removed as MOBL1 entered; afterwards INCOM re-entered as MOCP was removed

MOCP was removed as FILIP entered

FLF was removed as SIZE entered

d) FLF was removed as 1HCOM entered



Housing concli.tions (CROWD and SI11:) r:md degree of female labor--

force participation (TILE) are also strongly and Free .iontly r.e.,ated,

the forme r positively and. the la.Cter. n.egat:i.vel y 	Of course it: is

recognized that van i alD)les, like CROWD and FLF do Dave bui I t- in

biases; recent cli:i_ldb.irCh can causo h iglt CROWI and low ILI^, fn

the oute r urban area, the tracts with less mobile people tend to

show lower CWR. Anong the ethnic indicators, contrary to the sit-

uation of the zero-order correlation, WHITE presents a strong neg-

alive association (with exception of GFR) when the outer areas are

included. The negative relation of JAPAN is generally limited to

the marital fertility (CMWR). On the other hand, FI.LIP is posi-

tive.ly correlated with CWR when the outer area is included. The

proportion of the foreign stock generally presents strong negative

associations.

When each of the fertility indices is considered sepa-

rately, an appreciable degree of consistency is noted for the

equations of CWR in the two outer areas; WHITE, FILIP, FORST,

INCOM and MOBI. 1 all commonly showing strong correlations (only

the sign of FILIP is positive). Among these, the proportion of

foreign stock bears a strong relationship with CWR in all three

areas. In addition, the female labor force participation is

strongly related with fertility.

When considering CNWR also, as the two outer areas are

included, there is a similarity in the structure of the equations.

JAPAN and CROWD are strongly correlated in all areas, 'There are

15



only two additional indicators (SIZE and WHITE) which have estab-

lished significant relationships with fertility in more than one

urban area.

The indicators selected are most dissimilar when related

with GFR, though INCOM appears in all three areas. In general,

relatively fewer indicators are correlated with GFR, especially in

the City proper. Interestingly, many of them, such as FEMP, FOCP

and MORT, are not observable in the equations of other fertility

indices.

Factor Analysis

Separating out each fertility index from the entire

domain of variables, the matrices of orthogonally rotated axes to

give varimax solutions are shown in Tables 4, 5 and 6. The factor

loading is the correlation coefficient between the variable and

the common factor extracted. The square of the loading, therefore,

shows the portion of the variation of the variable which is

"explained" by the factor. The sum of the square of the loadings

of a variable (h 2 --communality) indicates the proportion of the

variation of the variables "explained" by all the common factors

taken together.

As seen from these tables, the latent structure of the

five common factors accounts for a high

variation between census tracts ranging

the central town) to 88 percent (CWR of

remarkably in agreement with the square

coefficients (R 2 ) in the regression ana

percentage of fertility

from 62 percent (GFR of

SMSA). These values are

of the multiple correlation

lysis.
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TABLE 4

Rotated Factor Matrices of Child-Women Ratio and
Socio-economic Indicators of Census Tracts, by Gradation of Urbanization

Honolulu, 1960

V raablc
F1

CENTRAL CITY SMSA

F2 F3, F4 F5 h2 F1 F2 F3 F4 F5 h2 F1 F2 F3 F4 F5 h2

CWR -.74 -.02 -.35 .00 -.41 .842 -.77 .38 .21 -.13 .20 .842 -.59 -.44 -.43 .39 -.04 .885

WHITE .16 .32 .85 .22 -.07 .913 .30 .18 .63 -.26 -.58 .926 .54 -.22 -.72 .13 -.23 .9341

JAPAN .52 -.01 -.75 -.06 .34 .940 .09 -.66 -.51 .06 .43 .901 -.24 .56 .55 -.47 -.05 .897

CHIN .12 -.45 .40 -.20 .46 .625 .69 .18 -.41 -.17 . 04 .712 .49 .09 .53 -.19 -.21 .6121

FILI1' -.76 .03 -.20 .45 -.14 .834 .55 .48 .04 .46 .20 .789 -.48 .23 -.11 -.57 .48 .844

HAWAN -.48 .15 -.07 .02 -.76 .840 -.73 .23 .22 .06 -.08 .645 -.25 -.85 .21 .13. .10 .853

FORST .04 .01 -.56 .46 .64 .944 .22 -.27 -.49 .51 .52 .887 -.18 .74 .48 -.07 .37 .951

FORBO -.28 -.03 -.28 .78 .32 . 868 .01 .13 -.20 . 81 .32 .816 -.20 .54 .25 .20 .64 . 8381

MORT .12 .28 .11 .23 .09 .168 .10 .04 .46 .14 -.12 .263 .04 .16 -.48 .04 .04 ,265

EDUC .59 . 07 .41 -.62 .13 .934 .56 -.26 .21 -.66 -.27 .929 .55 .01 -.21 -.39 . -.66 .944

INCOM .45 -.42 .69 -.23 .06 .917 .59 .04 -.09 -.26 -.68 .904 .83 .15 .13 .05 -.38 .879

OWNER .31 -.78 .31 -.30 -.02 . 895 . 19 . 06 -.50 -.45 -.61 .868 .42 -.07 .24 .24 -.64 .705

SUBST -.01 -.00 -.31 .86 -.04 .828 -.19 -.13 -.09 .83 .08 .760 -.18 -.06 .18 .04 . 80 .714

BATH -0.7 -.22 .16 .91 .05 .907 -.16 -.13 .09 .92 .04 .898 -.16 -.00 .03 .06 . 86 .770

CROWD -.62 .16 -.66 .21 -.26 .960 -.77 -.09 -.17 .29 . 47 .939 -.82 .33 .18 .09 .28 .908

SIZE -.06 -.85 .31 -.33 .05 .942 .15 .42 -.40 -.44 -.57 . 888 .42 . 04 .15 .65 -.50 .871

MOOL 1 .11 -.91 -.04 .10 -.04 .849 .06 .08 -.77 .20 -.10 . 652 .05 .09 .74 .15 .16 .609

MOBL 2 .23 .83 .31 -.24 .08 .915 .13 -.01 .89 -.25 .07 .880 .07 -.11 -.91 -.16 -.12 .878

MLF .60 .52 -.13 -.07 -.33 .757 -.04 -.75 .23 -.04 -.19 .654 . 04 .11 -.20 -.48 -.16 .313

FLF . 81 .35 .01 .07 .16 . 810 .42 -.74 -.15 .14 .12 .782 .23 .40 .43 -.68 .02 .861.

MOCP .44 -.11 .75 -.38 .21 .958 . 68 .04 .19 -.34 -.56 .929 .90 .03 -.13 -.07 -.31 .925

FOCP .14 -.12 .84 -.30 .10 . 837 . 62 .20 .16 -.31 -.43 .726 .84 -.1.3 -.06 .02 -.11 .137

ME-1P -,66 .29 .02 .30 -.15 .631 -.43 .37 .13 .40 .24 .561 -.31 -.49 -.10 .23 .50 .653

FEMP -.06 .59 .01 .50 -.10 .613 -.23 .01 .60 .38 .20 .596 -.33 -.36 -.54 -.03 .34 .630

AUTO -.52 .42 -.29 .56 -.02 .845 -.22 .08 .11 .67 .51 .776

DENS -.65 .32 -.38 -.15 .19 .734 -.13 .23 -.00 -.10 .75 .644

°/ Total Var. 20.1 17.9 19.4 16.9 7.6 82.0 18.4 10.3 14.8 18.8 15.3 77.6 21.6 12.2 16,6 9,4 17.3 77.0

% Common V'ar, 24.6 21.8 23.7 20.7 9.3 100. 23.7 13.2 19.0 24.3 19.7 100. 28.0 15.8 21.6 12.2 22.4 100.



TABLE 5
Rotated Factor Matrices of Child Ever Married Woman Ratio and

Socio-economic Indicators of Census Tracts, by Gradation of Urbanization

Honolulu, 1960

Variable
CENTRAL CITY SMSA

F1 F2 F3 F4 p5 h2 F1 F2 F3 F4 FS h2 F1 F2 F3 14 F5 h2

- CMWR -.83 -.14 .26 .08 -.25 .851 .44 . 80 -.04 .06 -.08 .846 -.58 -.15 -.43 .56 .14 .875

WHITE .15 .32 -.86 -.20 -.09 .913 -.70 .10 .59 -.27 -.04 .925 .55 -.73 -.20 .13 -.22 .935

JAPAN .57 -.04 .72 -.05 .30 . 939 . 45 -.68 -.47 . 08 -.06 .900 -.25 .55 .54 -..49 -.04 .899

CIIIN .11 -.44 .41 -.20 . 45 .618 -.30 -.29 -.34 -.15 .63 .708 . 48 .54 . 08 -.22 -.20 .616

FILIP -.76 .08 .23 .42 . 08 . 830 .37 .66 .03 .45 .01 .786 -.46 -.09 .25 .59 .45 .847

HAWAN -.55 -.13 .10 -.00 -.73 . 860 .27 .62 -.28 . 02 -.37 . 679 -.26 .20 -.84 .18 . 08 .852

FORST .08 .01 . 57 .45 . 64 .942 .42 -.46 -.41 .52 .28 . 893 -.19 .49 .73 -.09 .37 .950

FORBO -.28 -.01 .29 .77 .35 . 876 .27 .o4 -.14 . 82 .26 .834 -,21 .26 .54 .21 .62 .839

MORT .12 .27 -.12 .24 . 08 .168 -.18 .02 . 46 .14 -.02 . 265 .04 -.48 .17 .04 . 03 .266

EDUC . 61 .04 -.44 -.60 .08 .933 -.48 .47 .21 -.65 .06 . 932 .55 -.21 -.00 -.43 -.64 .945

INCOM .41 -.44 -.72 -.21 .04 .920 -.88 -.20 -.11 -.24 .11 . 897 . 84 .13 .15 -.00 -.37 .877

OWNER .26 -.78 -.33 -.29 -.02 .893 -.62 .01 -.55 -.42 -.06 .870 .44 .24 -.06 .20 -.64 .707

SUBST -.04 -.01 .32 . 85 -.04 .825 .20 -.01 -.08 . 83 -.16 .763 -.20 .19 -.05 .07 .79 .711

BATH -.09 .22 .17 . 90 -.05 .906 .15 -.01 .10 . 91 -.18 .900 -.17 .04 . 00 .09 .86 .779

CROWD -.60 .19 .69 .18 -.22 . 959 .78 .43 -.18 .27 -..22 .945 -.83 .17 -.33 .14 .26 . 914

SIZE -.11 -.84 -.32 -.34 .08 .942 -.63 .32 -.45 -.41 .15 .893 .46 .17 .06 . 61 -.51 . 876

MOBL 1 .04 -.91 .03 . 09 -.04 . 848 -.07 . 01 -.75 .20 .12 .622 .04 .74 ..09 .13 .15 .588

MOBL 2 .29 . 82 -.32 -.22 .05 . 914 -.05 -.05 .90 -.26 . 01 . 875 ,07 -.91 -.10 -.14 -.11 . 880

IILF .62 .47 .11 -.04 -.38 .753 -.04 -.52 .18 -.05 -.59 .661 .03 -.20 .09 -.49 -.14 .311

FLF .84 .29 -.03 .10 .09 .805 .04 -.85 -.11 .14 -.10 .768 .20 . 42 .36 -.71 .04 . 853

MOCP .43 -.13 -.77 -.36 .18 .960 -.82 -.26 . 18 -.33 .19 . 921 .90 -.13 .03 -.10 -.30 . 923

FOCP .11 -.12 -.84 -.29 . 08 . 825 -.70 -.11 .16 -.31 .30 . 709 . 84 -.05 -.13 .00 -.09 .740

NE MP -.65 .34 .02 .27 -.12 .628 .38 .52 . 13 .36 .01 .560 .31 -.11 -.48 .27 •49 .650

FEMP -.04 .59 .00 .50 -.10 .612 .26 .13 .60 .36 -.13 .590 -.33 -.54 -.34 .02 .34 . 631

AUTO -.50 .45 .32 .54 . 00 . 846 .56 .12 .16 . 64 .12 .770

DENS -.60 .37 .42 -.19 .21 .746 .70 .13 ,. 08 .06 .38 .653

% Total Var. 20.9 18.0 20.0 16.2 6.8 82.0 23.5 16.1 14.0 18.1 5.8 77.6 21.8 16.1 11.7 10.7 16.7 76.9

7. Common Var, 25.5 21.9 24.4 19.8 8.3 100. 30,3 20.8 18.1 23.4 7.5 100. 28.3 20.9 15.2 13.9 21.8 100. J



TABLE 6
Rotated Factor ]atrices of General Fertility Rate and

Socio-economic Indicator of Census Tracts, by Gradation of Urbanization

Honolulu, 1960

Variable . _._._..
CENTRAL CITY S34ISA

F 1 F2 y3 F4 P5 h2
.

F1 F2
._ - . .

F3 E4 F5
-
h2

-i.----
E1

____
F2

____
F3

____
F

___
F5 h2

GFR .49 .51 .21 -.08 .26 .620 .75 .30 .16 .03 -.04 .683 -.58 -.48 .08 -.26 .11 .654

WHITE -.85 .34 .22 -.17 -.06 .916 -.64 .59 .28 -.27 -.11 .925 .53 -.74 .12 -.20 -.23 .936

JAPAN .52 -.09 -.58 -.05 -.56 .935 .25 -.44 -.79 .10 .04 .900 .22 .59 -.46 .54 -.04 .899

COIN -.46 -.38 -.35 -.29 .13 .581 -.37 -.31 -.14 -.17 .66 .713 .48 .53 -.3.8 .06 -.21 . 58:5

F'ILIP . 40 . 08 . 22 .43 . 66 . 834 . 52 -.01 .57 . 44 -.05 .796 -.48 -.12 .57 .24 .47 .869

RAWAN .32 -.12 .81 .01 .30 . 868 .42 -.32 .48 .01 -.41 .678 -.26 .18 .15 -.85 .08 . 854

FORST . 43 -.03 -.75 .44 .02 .939 .26 -.40 -.51 .53 .35 .892 -.17 .50 -.06 .72 .39 .948

FORBO .28 -.04 -.33 .76 .31 .876 .24 -.15 .00 .83 .24 .836 -.20 .26 .21 .52 .64 . 333

MORT -.18 .23 -.10 .30 -.12 .201 -.19 .45 .08 .16 -.07 . 275 . 04 -.47 . 04 . 18 . 03 . 255

EDUC -.56 .07 -.13 -.61 -.48 .935 -.57 .24 -.32 -.66 .10 .930 .56 -.20 -.40 . 02 -.05 . 9f44,

INCOM -.80 -.42 . 01 -.23 -.24 . 925 -.91 - . 08 . 01 -.24 . 06 .898 . 85 .13 .04 .13 -.36 . 830'

OWNER -.38 -.78 .04 -.33 -.16 . 893 -.61 -.54 .11 -.42 -.11 .866 .43 .23 .25 -.08 -.63 .709

SUBST .32 -.05 -.03 .83 -.02 . 806 . 21 -.07 -.08 .82 -.15 .752 -.20 .18 .05 . 07 . 80 .712

BATH .19 .17 .01 .91 .03 .903 .15 .10 -.07 .91 -.18 . 898 -.17 .02 .06 -.02 . 87 .756

CROWD .83 .17 .21 .20 .39 .956 . 86 -.22 .20 .27 -.21 .940 -.83 .17 .10 -.33 .26 .935

SIZE .32 -.81 .04 -.37 .21 .940 -.57 -.45 .43 -.40 .05 .886 .44 .14 .64 .04 -.48 . 86 2

MOBL L . 00 -.92 . 02 . 04 -.01 . 842 -.09 -.75 .01 .19 .10 .617 .05 .72 .17 .06 .16 .525

MOBL 2 -.35 .84 -.06 -.20 -.24 . 920 -.02 .90 .01 -,27 .03 . 883 . 05 -.91 -.18 -.07 -.14 .890

1Ti.F .06 .45 .18 -.04 -.72 . 748 -.09 .23 -.56 -.08 -.50 .640 .05 -.17 -.50 ,11 -.15 .312

FLF -.19 .28 -.29 .08 -.76 .780 -.13 -.06 -.85 .12 .03 .751 .23 .46 -.67 .37 .03 . 850

MOO -.87 -.10 -.12 -.36 -.23 .967 -.86 .21 -.03 -.32 .15 ,923 ,91 -.13 ••.08 ,02 .29 .931

FOCP -.85 -.07 .07 -.31 . 06 ,832 -.71 .18 .10 -.32 .27 .720 .84 -.07 .01 -.14 -.09 .712

t' HP .18 .34 .28 .29 .58 .643 .50 .09 .44 .35 -.02 .577 -.34 -.13 .24 -. 448 . 48 . 652

?TEMP .06 .59 .10 ,50 .00 .608 .34 .59 .08 .34 --.11 .600 -.36 -.56 -.03 --.33 .31 . 648

AUTO . 42 .42 . 04 .57 .40 ,8142 .55 .14 .02 .65 .14 .760

DCTJS .50 .37 •-.13 -.1.7 .56 .748 .68 .03 .05 .08 .42 638

in Total Var. 23.6 18,1 8.7 1. 6.8 13.7 81.0 26,3 1.4.3 1. 2.2 18,2 5.3 76.9 21,9 17,2 8.9 ? 3 1. 16.8 76.0
Common Var, 29.1 22.4 10.8 20.8 16.9 100, 34.3 18.6 1. 5.9 23.6 7.5 100. 23.9 22.6 11,7 ",.,`v , 22.2 100.



The factor matrices also indicate, as in the regression

analysis, that the underlying structure of the fertility and in-

dicators varies considerably depending on the area considered.

Further, the factors predominantly involved with fertility differ

substantially according to the type of fertility measurement.

In Table 7, the three foregoing tables are summarized

and reorganized, showing only those indicators closely related

with each of the factors (loadings .65 or more). The actual factor

loadings of the fertility index are also given in the Table, drop-

ping their signs.

The most predominantly involved indicator in Factor I is

the female labor-force participation. Considering other indicators

with heavy loadings, such as MLF and HEMP, this factor has been

taken by the author to summarize "Social Aspiration", in the sense

that the higher the ratio of economically active population, the

higher the desire for improvement of status. This Factor alone

explains the inter-tract variations of both of the five-year cumu-

lative fertilities of the central town, and the CMWR of the entire

city, to degrees well over 50 percent. To a moderate degree the

variation of CMWR of SMSA (30%), and a trace of CWR's variability

in the outer area (15%) are also accounted for by this Factor.

On the other hand, the explanation of the GFR variation by this

factor is meager.

Factor 1I is most closely related with occupation status

and income, taken by the author to measure the "Current Status" of

the area. This Factor explains more than half of the total
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TABLE 7 Summary Table of the Factor Analysis: Common Factors Extracted,
Their Loadings with Fertility,* and Socio-economic Indicators
Highly Correlated; Honolulu, 1960.

CENTRAL CITY i SMSA

FACTOR INDICATOR
CWR CMWR GFR CWR CMWR GFR CWR CNWR GFR

Fertility .74 .83 .26 .38 .80 .16 .39 .56  .08

JAPAN + + ++
FILIP +i- ++ +

MLF + ++

FLF ++ ++ ++ + +4-I- +++ + + +
MEMP + +
Others DENS (+) SIZE(+)

i

Fertility .35 .26 .49 .77 .44 .75 .59 .58 .58

WHITTF + + !I+ +++ +

71 JAPAN ++ +
INCOME + + ++ +++ +++ ++ ++ +F+
CROWD + + ++- ++ ++ 4-+- ++ +I- ++

MOCP  ++ ++ +++ + ++ ? +++ +-t+ +++ i + -+
F OC P i ++ ++ +--k+ + + I ++ ++ -f-f-

Others HAWK(+DENS (+) DE NS (+)

Fertility .02 .14 .51 .21 .04 .30 .43 .15 I .48

WHITE + + +-
^ II OWNER ++ ++ -f--I-

SIZE +++ ++ ++

B OB L 2  4+ ++ +-i- +++  +++ +++ I +++ +-I-+ i++

Fertility! . 00 . 08 .08 .13 .06 .03 ..04 .14 .11

FORBO I 4+ ++ ++ +-l- ++ 4+
IV EDUC I + + + i +

SUBST -H-+ +++ ++ -H- ++  ++ ++ ++ ++
BATH -h++ +-f-+ +-+ -F-F+ ++-r-  +4- i 	, -f-H- +-I-f- -H+
'Others AuTC (-E- AUTO (+)

Fertility .41 .25 .21 .20 .08 .04 .44 .43 .26
IIAWN ++ + ++ +++ I ++ -4 -+-+

V FORST ++ + + +
Others INCOM(+) CHIN (+)

AUTO(+)

+ loadings .65-.74 *Signs have been eliminated
+-4- loadings .75-.84

+++ loadings .85 and over
21



variations of CWR and GFR of the entire city, and about one-third

of variability of any fertility index of SMSA. GFR of the central

town and CMWR of the city are also moderately correlated with this

Factor. However, the relationship with the cumulative fertility

of the central town is only slight.

Factor III obviously reflects the "Mobility" of families.

Only mild degrees of association with GFR of the central town and

SMSA and CWR of SMSA are noted. Factor IV is taken to measure

"Housing Facilities", being heavily loaded with such indicators as

SUBST and BATH. Apparently fertility is not related to this Factor

at all. Factor V is taken to represent "Nativity" in the central

town and SMSA, and CMWR of SMSA present correlations of some

degree.

In general, the general fertility rate GFR is most closely

related to Factors II and III. In fact, the combination of these

two factors accounts for 80% (central) to 95% (city) of the

coimnunality, The dimensionality of CWR differs much, depending on

the area considered, all factors other than IV being related in

some way or other. In the central town Factors I and V account

for 85 percent of the communality. In the entire city Factor II

alone explains 70 percent, and if combined with Factor I, 87 percent.

In the SMSA, all four factors other than IV more or less equally

share the communality. Various combinations of Factors I, II and

V are mainly responsible for the variation of CMWR. In the central

city Factor I alone (81% of h 2 ), in the entire city Factors I and

II, and in the SMSA all three factors I, II, and V are closely

related with the fertility.
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Comment

A large variation of fertility is observed between census

tracts within the island urban community of Honolulu. For instance,

the child-woman ratio ranges from less than 300 to more than 1,000.

The present study is concerned with the "ecological correlation"

of fertility, i.e., relationships between the areal fertility and

the aggregate characteristics of the community, the census tract.

Naturally, the result does not necessarily coincide with the indi-

vidual correlations. (See Robinson 1950 and Goodman 1953) Hashmi

(1964) also cautioned against making detailed inferences about the

behavior of individuals from the correlation of groups to which

those individuals belong. Therefore, the present paper has a

limited value for the study of differential fertility of individuals.

However, it does indicate high correlations of areal fertility

with certain socioeconomic indicators of the area, and suggests the

existence of latent dimensionality underlying the domain of fer-

tility and all the indicators considered in the study.

A high degree of multicollinearity among the indicators

is evident from the relatively small number of explanatory vari-

ables (indicators) entered into the stepwise regression equations

which have yet registered high R 2 . This indicates that the corre-

lation matrix among n indicators does not have a rank n but a

much smaller one. Conforming findings are also observed from the

factor analysis; only one or two factors of the fivefold latent

factor system are responsible for a large proportion of fertility

variations, Apparently, in the study of intra-urban fertility
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differentials, it is important to sort out the. most strongly

associated indicators, which are mutually independent, among the

readily available data, since the rest of indicators will contribute

only meagerly in explaining the variation of fertility.

As mentioned earlier, depending on the chosen area, the

indicators entered into the stepwise multiple regression vary

considerably. With the same domain of variables the factor analysis

also shows large differences in the underlying dimensionality with

respect to fertility in each area. These findings indicate that

the association of the same areal characteristics with fertility

can be quite different, depending on the broadness of the residen-

tial area investigated even within the same island urban community.

This might imply that the diffusion and practice of family planning

is different between the urban center and fringe part, though the

population characteristics may be similar. Intangible environmental

factors other than the measurable areal aggregate data may be

associated with fertility. Hathaway, et al. said that "the eco-

logical measure of proximity to metropolitan centers proved to be

of greatest importance" when considering fertility in the residence

components of the United States. Duncan (1964), re-examining the

characteristics for each couple of the Indianapolis Study of 1941,

indicated that "areal difference in fertility may not be completely

reducible to the areally clustered effects of some conventional

variables". Kiser, Grabill and Campbell also said that "to some

extent, the fertility of population is affected by the environment

in which people live or in which they grew up". There could be
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some kind of interaction between the indicators and locality; the

assumption of linearity might have been too strong. It would be

of interest to see if the individual correlation also changes

according to the urban contour.

The complexity of fertility variation is further ia.di-

cated by the inconsistency of indicators with strong correlation

according to the type of fertility measurement, even within the

same area. Both techniques of analysis employed here indicate that

for GFR the number of relevant indicators are smaller than that

for CWR or CMWR. Larger numbers of indicators or latent factors

are involved in fertility, as more outer areas are included in the

analysis. It appears that in the study of areal fertility differ-

entials, ecological homogeneity of the area is important.

As to the analytical technique, most past studies em-

played the multiple regression procedure. The selection of indi-

cators was subjective. In the present study in order to determine

the best combination of indicators the stepwise multiple regression

method was used. (However, it is entirely possible to improve the

regression equation by altering the conditions of choice of

indicators,) In the presence of a large number of inter-related

variables, factor analysis is a useful analytical method. It is

a technique of studying mutual interdependence rather than study-

ing the dependence of a variable on other variables (Kendall 1950).

It is a mathematical tool to reduce a large number of variables

to a small number of common, latent factors, considering all the

variables involved simultaneously. Further, it provides, by
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factor loading, the degree of involvement of each variable in each

common factor extracted. In the study of Adelman and Morris,

four factors were identified which were operating in a system of

crude birth rate and 24 indicators of 55 less-developed countries.

In particular, one factor accounted for 47 percent of inter-country

differences of fertility. This factor was interpreted by the

authors to represent the transformation of values and institutions

accompanying the breakdown of traditional social organization.

The present study, which is not comparable with that of

Adelman and Morris because of the subjects and indicators used,

shows that among the five latent factors underlying the domain of

all the variables considered, the factors probably measuring

either "Social Aspiration" or "Current Status" are very closely

related with the five-year cumulative fertility, and the factors

of "Current Status" and "Mobility" with the current fertility. In

the cumulative fertility, the role of the predominantly involved

factors appears to be distinctly different between the central and

the entire city. In the former, "Social Aspiration" is dominantly

involved but in the latter the "Current Status" gains importance.

As already stated, the correlation of areal fertility cannot

always be used as the surrogate for the individual correlation.

However, the present study suggests that in the center part of the

town the ambition toward the future may be the principal factor

for the low fertility, but as the outer part is included, the

status already established by the family may be the main factor.

Studies treating inner and outer town separately should shed more
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light in this respect. Hathaway, et al. also found that "the

independent variables had their greatest influence with respect to

urban fertility, intermediate influence on rural-nonfarm fertility,

and least influence on rural-farm fertility."

Among individual indicators, it should be noted that the

fetal and infant mortality is little related with fertility. Many

international and regional studies indicate high level of signifi-

cance of positive association between infant mortality and fertil-

ity (e.g., Weintraub, Heer, Friedlander and Silver, Philipps et al.,

and the U.N. Study). Such a relationship may hold for only larger

areas at widely different development stages. Perhaps if the

reproductive wastage reaches a sufficiently low level, it may cease

to affect the decision-making process of family size. There is

some indication that the variation of mortality is of a random

nature: according to the factor analysis, the mortality is least

explained by the latent structure among all the variables, its

communality being only 17-28 percent. On the other hand, the 1950

Honolulu data, when the mortality level was still high, did present

significant associations between the census tract infant mortality

and certain indicators (Schmidt 1966).

The level of family income presents a strong negative

relationship with fertility. Past studies of areal fertility

present conflicting findings with respect to income. Russett,

Mascisco, and Hathaway at al. reported inverse relationships; on

the other hand, Weintraub, Adelman, and Heer reported positive

relationships. Further, Friedlander and Silver and Phillips at al.
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found inconsistent correlations, depending on tl:ie development

status of the country or urbanity of the area. }lashmi.'s study,

which deals with the neighborhood variation as does the present

stu.udy, presents a very strong positive correlation. .Ln general,

it appears that the ecological data parallel Cho's (1968) observa-

tion that at different stages of demographic transition there may

be different patterns of fertility differentials according to

economic status. If so, using the analogy of the individual cor-

relation, the negative relationship of income may suggest that

Hawaii is at a young stage of demographic development.

Though in the zero-order correlaLion the median education

level presents negative relationship of appreciable degree through-

out, the role o.f education is not significant either by regression

or factor analysis. This present finding is quite different from

other studies which present a strong inverse relationship. One

explanation may be that the variation of the median schooling

years between census tracts in Honolulu is relatively small, the

coefficient of variation for the entire SMSA being only 0,13.

Factor analysis also shows that the involvement of the education

level is shared by many common factors, indicating that education

may he the underlying variable for many facets of areal

characteristics.

An examination of economic indicators suggests that

female Labor-force participation i.s much more closely related than

that of men. However, in the case of occupation-status , the role

of the female does not stand out over that of the male. Unemployment
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status by sex presents a conflicting result depending on the

analytical technique used. Regression analysis indicates that

female employment is related to fertility, while in factor analy-

sts it is male employment that is related.

Summary

Based on the 1960 census and other data, fertility and

more than 20 socioeconomic indicators of census tracts of Oahu

were analyzed, broadening the study area to include the central

town, the entire city, and the Standard Metropolitan Statistical.

Area. There were large variations in fertility between census

tracts.

The fertility was regressed on the indicators by a step-

wise procedure. In general 85-90 percent of areal differences of

the five-year cumulative fertility was explained by the selected

indicators. However, in the current fertility, only slightly

more than 60 percent of the variation was accounted for. More in-

dicators are related to fertility as the area under consideration

is enlarged. The indicators most frequently entered into the

regression equation were median family income, crowdedness of

residence, proportion of foreign racial stocks, proportion of

ethnic groups such as white, Japanese and Filipino, degree of Fe-

maLe labor-force participation, and residence size. Surprisingly,

education level appeared to have little relationship with fertility.

The factor analysis identified five common factors under-

lying the domain of the entire variables considered in the study,
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explaining about 80 percent of the total variations by tract.

The communalities of the fertility were in close agreement with

the squares of the multiple correlation coefficients of the cor-

responding fertility. While current fertility was closely related

with the factors which might be taken to summarize "Current Status"

and "Mobility" of the family, the five-year cumulative fertility

was related with different factors, depending on the area, and on

the type of fertility measurement. Tn general, the factor which

might represent "Social Aspiration" was the most closely related

one, but as more outer areas were included, factors representing

"Current Status" and "Nativity" also became important.

It was observed that associated indicators and latent

structure were not necessarily consistent between the types of

fertility measurement and urban gradations. According to the

analytical technique employed, conflicting results could also be

elicited with respect to indicators related to fertility. There

is much to learn about the ecological correlation of fertility of

small areas.

30



REFERENCES

Adelman, 1. An economic analysis of population growth, American

Economic Review , 52:869-911, 1.963.

Adelman, Irma and Morris, Cynthia T. A quantitative study of
social and political determinants of fertility, Economic

Development and Cultural. Change , XIV:129 -157, 1966.

Cho, Lee-Jay. Income and differentials in current fertility.

Demography , 5:1.98-211, 1968.

Duncan, O.D. Residential areas and differential fertility,

Eugenics Quarterly, 11:82 -89, 1964.

Friedlander, S. and Silver, M. A quantitative study of the deter-

minants of fertility behavior, Demography , 4:30-70, 1967.

Goodman, L.A. Ecological regressions and behavior of individuals,
American Sociological Review , 18:663-664, 1953.

Hashmi, S.H. Factors in urban fertility differences in the United
States. In Burgess, E. and Bogue, D.J. (eds.), Contributions

to Urban Sociology, University of Chicago Press, 1964,

pp . 42-58.

Hathaway, D.E., Beegle, J.A, and Bryant, W.K. The People of Rural
America , (A 1960 Census Monograph), Goverment Printing Office,

Washington, D.C., 1969.

Hawaii Department of Planning and Economic Development. Research
Report 13. Land Areas and Population Densities in Hawaii,

1960 (mimeo.), 1961.

Statistical Report 3. The Geographic Distribution

of Racial Groups in Hawaii, 1960 (mimeo.), 1963.

Research Report 1. Population and Housing Data for
Oahu Census Tracts, 1960 (mimeo.), 1961,

Hawaii State Department of Health. Infant Mortality Data by Census
Tract. State of Hawaii, 1960-1964 (mimeo.), 1966.

Fetal Death Data by Census Tract. State of Hawaii,

1960-1964 (mimeo.), 1966.

Birth Data by Census Tract. State of Hawaii,
1960-1964 (mimeo.), 1966.

31



Heer, D.M. Economic development and fertility, Demography ,
3:423-444, 1966.

(Heer, D.M. and Boynton, J.W, A multi-variate regression analysis
of differences in fertility of United States counties, Social
Biology , 17:180-194, 1970.

Kendall, M.G. Factor analysis as a statistical technique, J. Royal
Statistical Society , XII:60-73, 1950.

Kiser, C.V., Grabill, W.H. and Campbell, A.A. Trends and Variations
in Fertility in the United States , Harvard University Press,
1968, p. 99, ^-

Mascisco, J.J., Jr. Fertility in Puerto Rico: an ecological study,
Sociological Analysis, 26:157-164, 1965.

Phillips, L. Votey, H.L. and Maxwell, D.E. A synthesis of the
economic and demographic models of fertility: an econometric
test, The Review of Economics and Statistics , LI:298-308, 1969.

Robinson, W.S. Ecological correlations and the behavior of indi-
viduals, American Sociological Review , 15:351-357, 1950.

Russett, B.M., at al . World Handbook of Political and Social
Indicators Yale University Press, 1964, pp. 313-315.

Schmidt, Robert C. Density, health, and social disorganization.
Journal of American Institute of Planners , XXXIT:38-40, 1966.

Thompson, W.S. Some factors influencing the ratio of children to
women in American cities, 1930, American Journal of Sociology ,
45:183-199, 1939.

United Nations. Economic and social factors related to differences
in levels of fertility, Population Bulletin of the United
Nations . No. 7:145-148, 1963.

U.S. Bureau of the Census, U.S. Census of Population and Housing:
1960. Census Tracts . Final Report PH C(1)-62. Washington,
D.C.: U.S. Government Printing Office, 1962.

Weintraub, R. The birth rate and economic development: an empir-
ical study, Econometrica , 40:812-817, 1962.

W



APPENDIX

LOCATION, FERTILITY INDICES AND

SELECTED SOCIO-ECONOMIC FACTORS

OF CENSUS TRACTS, AND MAPS

33



Appendix Table Fertility Indices and Selected
Socio-economic Indicators by Census Tract:

1-lonolulu, [960

Census Place
Tract Name Location CWR CMWR GFR WHITE HAWN JAPAN EDUC INCOM 1]LF FLU CROWD

l Naunalua. City 567 851. 119.6 28.5 23.8 38.2 9.9 6491 81.2 38.7 39.0
2 Kuliouou City 567 791 82.0 44,8 20.2 25.3 12.5 9658 81.6 43.8 15.9

3 Wailupe City 455 616 69.8 40.6 12.1 29.7 12.7 11063 82.0 45.3 :1. 4.3

4 Kapakahi City 655 799 98.9 18.6 8.8 55.3 12.4 8500 89.4 51.1 21,6

5 Waialae-Ka.hala City 370 546 64.1 77.2 5.4 10.8 :1 4,3 150L3 78.1 34.5 4.0
6 Diamond Head City 445 654 56.6 61.1. 5.8 13.1 13.2 13835 79.8 30.8 6.9
7 22nd Avenue

Tract City 462 687 93.8 15,6 13.5 50.3 12,1 8852 78.5 45.1 23.6
8 Ocean View

Tract City 431 689 87.1 19.4 1. 3.8 40.7 11.6 7730 65.9 47.7 23.4
9 Wilhelrmi na

Rise City 418 635 79.8 26.2 14.9 38.7 12.3 9256 78,0 45.3 18.2
10 Upper. Palolo City 51.3 71.3 99.3 11.5 1. 3.3 61.8 11.8 7988 75.4 44.9 30.0
11 Central Pal.olo City 773 1042 102.3 14.6 33.5 36.2 10.8 5698 76,7 35.2 49.2
1. 2 Lower Palolo City 496 728 87.0 13.0 12.6 60.6 12.0 7426 75.6 46.6 31.5
1. 3 Kaimuki Central. 446 766 86.7 17.0 16.0 43.5 11.9 7731. 78.2 44.8 26.2
14 Kapaolono Central 466 724 124.1 1. 5.7 14.8 46.7 1. 2.1. 7923 75,4 48,5 25.4
15 Upper Kapahulu Central 446 714 102.9 12.2 17.4 54.4 10.6 7016 81.5 42.8 32.7
16 Lower Kapahulu Central. 484 742 106.0 14.0 20.9 49.8 1. 1.7 6927 78.0 42.7 28.5
17 Kapiolani Park Central. 272 469 64,4 60.7 7.0 21.2 12.8 12589 79.9 49.8 6.8
18 Uluniu Central Eliminated from the study: criterion (2)
19 iialia Central Eliminated from the study: criterion (2)
20 Waikiki Central Eliminated from the study: criterion (1) and (2)
21 Ala Wai-

Olokele Central 529 712 :1. 53.6 1. 3.9 15.3 52.7 12.0 6935 81.6 50,5 29.7
22 Kamoku Central 568 698 200.8 35,7 1. 6.2 33.6 12,4 6506 87,2 55.4 29.0
23 Moi.liili Central 525 693 1. 38.3 14.3 11.3 64.4 12.1 6750 85.4 55.2 31.5
24 McCully Central 454 648 100.7 1. 0.8 8.9 70.0 1. 2.2 7038 87.1 57.4 30.6
25 Pawaa Central. 389 600 109.9 12.0 7.5 67.8 11.9 6773 79.0 51.0 27.0
26 Bingham Tract Central 426 704 132.2 1. 0.1 1. 0.3 60,8 12,0 6659 82.7 57,2 28.0
27 Punahou Central 361 729 75.2 33.2 8.3 39,8 12,6 8371 75,4 48,2 20.0
28 St. Louis

Heights Central 41.3 598 1. 04.1 24.5 1. 2.7 44.5 1. 2,4 9354 82,0 52,3 1. 7.7



Census Place
Tract Name Location CWR CMWR GFR WHITE HAWN JAPAN EDUC INC0l MI.F FLF CROWD

29 East Manna Central 478 686 74.9 6.6 9.3 76.0 10.9 7600 80.0 42.3 30.8
30 Manna Central 351 676 66.0 43.8 5.7 33.5 12.9 11031 75.1 46.9 8.9
31 Manoa-Woodlawn Central 424 642 74.3 23.7 6.9 56.4 1. 2.4 9987 77.2 49.4 14.8
32 Round Top-

Tantalus Central 544 908 65.7 34.7 42.0 8.9 12.5 11944 79.6 48.8 19.8
33 Makiki Heights Central 372 597 116.9 28.1 7.4 24.0 13.4 1. 2708 69.6 41.6 10.4
34 Central Makiki Central 408 622 133.6 37.3 12.0 28.3 12.5 6776 83.5 54.8 22.5
35 Lower Makiki Central. 427 629 130.0 21.9 1. 3.6 42.1 1. 2.1 6018 82.7 53.7 30.4
36 Sheridan Tract Central 507 728 121.8 1. 3.0 -- -- 12.0 5897 8118 46.7 34.7
37 Ala Moana Central Eliminated from the study: criterion (2)
38 Kakaako Central 315 569 96.9 11.1 14.4 61.5 8.5 5769 82.2 59.5 29.9
39 Civic Center Central Eliminated from the study: criterion (3)
40 Cent, Bus. Dist. Central Eliminated from the study: criterion (1), (2) and (3)
41 Kinau Central 476 721 153.6 30.8 19.0 31.5 10.8 5232 87.8 52.4 32.6
42 Queen Emma Central Eliminated from the study: criterion (2), (3) and (4)
43 Puowaina Central 496 750 138.0 19.4 17.5 36.1 10.8 6494 83.4 48.2 31.8
44 Pauca Central 552 834 117.0 8.4 37.1 38.6 10.2 7663 76.6 45.1 35.4
45 Pacific Hts.-

Dowsett Central 432 697 71.1 29.2 10.9 39.2 12.4 9185 75.9 44.8 16.0
46 Puunul-Nuuanu Central 455 717 94.6 21.8 12.0 45.5 12.1 9167 78.3 49.3 21.0
47 Alewa-

Kawananakoa Central 424 731 93.4 15.5 10.3 39.9 12.3 9798 78.5 46.2 19.2
48 Kamehameha Hts. Central 539 804 123.6 15.0 20.1 39.3 1. 0.9 7082 74.8 45.7 32.3
49 Lanakila Central 540 857 106.5 7.9 12.6 48.5 9.4 6696 58.0 47.6 34.8
50 Kuakini Central 418 759 85.6 6.5 9.8 59.3 11.0 7028 76.2 54.2 32.2
51 Foster Carden

Tract Central Eliminated from the study: criterion (2)
52 Chinatown Central Eliminated from the study: criterion (1) and (2)
53 Aala Central Eliminated from the study: criterion (2) and (4)
54 Mayor Wright

Hous. Central 822 1212 158.8 16,2 34.1 12.9 7.9 3375 63.6 20.7 52.0
55 Palama Central 482 827 135.5 4.8 17.5 39.6 8,7 6309 71.7 49.0 31.8
56 Kapalama Central 574 892 149.1 1. 0.6 16.5 40,3 9.1 6630 78.1 42.1 37.3
57 Iwilei-

Sand Island Central 733 1039 99.2 11.6 14.4 28.8 7.8 5818 74.1 37.2 39.7



74.4 37.1 41.1

79.0 36.1 46.0
81.4 43.8 35.6
74.3 35.6 44.0

70.6 35.0 47.7
74.9 34.2 40.0

82.0 42,7 36.3

80.2 38.3 33.1

67.7 22.2 22.2

81.4 28.2 60.1
77.7 44.9 24.7
84.4 47.3 29.9

82.5 43.2 27.5

77.3 19.3 21.3

58 Waiakamilo Central 767 1104 143.3 1. 1.7 17.9 49.3 9.8 4755

59 Hokauea Central Eliminated from the study: criterion (4)

60 Kalihi Kai Central 662 931 147.8 12.2 25.9 30.1 9.7 6064
61 Kalihi Waena Central 562 829 132,3 9.8 22.5 37.6 10,0 7386
62 Kan IV Central 786 1075 158.7 15.2 27.6 37.8 9.6 5354
63 Lower Kalihi

Valley City 717 1035 147.4 13.1 27.6 33.6 9.9 5727
64 Kalihi Uka City 611 886 168.8 21.6 16.7 30.4 8.9 6693

65 Upper Kalihi
Valley City 605 899 122.9 18.6 15.4 36.4 9.7 7608

66 Kahauiki City Eliminated from the study: criterion (2), (4) and (5)
67 Moanalua City Eliminated from the study: criterion (4)
68 Aliamanu City 701 905 139.5 48.6 20.8 7.0 12.0 6904
69 Radford City Eliminated from the study: criterion (5)
70 Makalapa City Eliminated from the study: criterion (5)
71 Naval Housing City 996 1039 191.8 73,2 4.8 3.8 12.1 3157
72 Airport City Eliminated from the study: criterion (5)
73 Hickam SMSA Eliminated from the study: criterion (2), (4) and (5)
74 Pearl Harbor SMSA Eliminated from the study: criterion (5)
75 Halawa SMSA Eliminated from the study: criterion (4)
76 Halawa housing SMSA 1028 1192 254.8 32.5 20.3 14.0 10.6 4557
77 Aiea SMSA 538 764 118.5 23.0 8.8 43.4 11.1 8049
78 Waimalu SMSA 724 866 228.6 22.9 13.3 43.8 12.0 7593
79 Waimano Home SMSA Eliminated from the study; criterion (1), (3) and (4)
80 Waimano-Pearl

City SMSA 733 890 94.5 24.4 10.8 44.2 12.1 7160
81 Pearl City Pen-

Ford Island SMSA Eliminated from the study: criterion (4) and (5)
82 Waipio

Peninsula SMSA Eliminated from the study: criterion (2) and (3)
83 Puuloa SMSA Eliminated from the study: criterion (4) and (5)
84 Honouliuli-

Ewa Beach SMSA 842 922 314.6 67.9 1. 2.4 9.1 12.5 6158
85 Barbers Pt. SMSA Eliminated from the study: criterion (2), (4) and (5)
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Census Place
Tract Name Location CWR CMWR GFR WHITE HAWN JAPAN EDUC INCOM MLF FLF CROWD

86 Honouliuli-Ewa SMSA 656 970 157.4 9.6 2.8 38,4 8.2 5873 80.5 36.6 32.5
87 Waipahu-Makai SMSA 689 951 154.5 20.3 4.9 33.6 8.8 6408 80.7 40.9 36.6
88 Waipahu-Mauka SMSA 530 920 137.1 12.0 2.3 48.4 8.0 6600 78.7 40.4 28.6
89 Waipio SMSA Eliminated from the study: criterion (2) and (4)
90 Wheeler-East

Range SMSA Eliminated from the study: criterion (2), (4) and (5)
91 Kaukonahua SMSA Eliminated from the study: criterion (2) and (4)
92 Wahiawa Mauka SMSA 693 855 149.0 35.8 5.5 38.9 12.2 6733 76.2 38.3 21,9
93 Wahiawa Waena SMSA 677 875 183.2 31.0 9.7 37.4 11.3 5212 7/,7 34.4 28.8
94 Wahiawa Makai SMSA 675 804 175.3 36.7 6.4 33.8 11.8 5543 79.0 35.5 28.3
95 Schofield

Barracks SMSA Eliminated from the study: criterion (2), (4) and (5)
96 Nanakuli-

Lualualei SMSA 942 1208 218.0 31.3 48.3 5.2 9.4 4617 70.9 19.0 45.8
97 Waianae SMSA 781 1040 205.6 31.1 26.8 23.5 9.3 5098 74.2 30.3 34.2
98 Makaha-Makua SMSA 885 1101. 175.7 36.6 37.0 8.2 1. 0.5 5230 73.9 26.2 38.8
99 Waialua SMSA 694 988 179.6 20.8 14.6 34.5 9.0 5805 77.1 36.5 27.5

100 HHaleiwa-Kawailoa SMSA Eliminated from the study: criterion (2) and (4)
101 Waimea-Kahuku SMSA 761 1011 131.7 31.6 15.4 20.4 8.8 4805 74.1 31.7 30.4
102 Laie-Kahana SMSA Eliminated from the study: criterion (4)
103 Kualoa-Kahaluu SMSA 782 1052 167.0 23.8 36.2 23.1 9.7 6277 73.9 36.9 40.3
104 Kaneohe St.

Hasp. SMSA Eliminated from the study: criterion (4)
105 Heeia-Kaneohe SI'ISA 765 997 165.2 27.2 28.3 25.9 11,0 6586 81.8 34.7 34.5
1. 06 Puohala-Halekoa SMSA 761 961 147.2 38.6 24.9 24.7 12.2 7600 82.5 35.4 34.4
107 Kaneohe Bay

Drive SMSA 780 901 126.5 46.0 17.6 20.4 12.5 9163 86.9 36.3 19.2
108 Mokapu SMSA Eliminated from the study: criterion (2), (4) and (5)
109 Kailua SMSA 661 822 144.5 57.2 18.4 15.9 12.3 7697 80.3 34.9 22.0
110 Maunawili-

Kawainui SMSA Eliminated from the study: criterion (3) and (4)
111 Pohakapu-Kaele-

pulu SMSA 807 933 145.8 40.9 19.1 19.9 1. 2.5 7745 88.1 37.1 19.4
112 Kalama-Lanikai SMSA 542 693 96.2 74.4 13.2 5.4 13.1 10149 81.3 36.9 12.4

113 Waimanalo SMSA 738 1044 146.3 21.0 48.0 14.8 9.7 6026 77.3 33.8 45.7
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