O A 0} O RTINS Y ST W S

1 86 1L

e

MULTIPLE’HLINEAR REGRESSION'V

microform and are avallablew from
University Microfilms International :
MLRYV ls listed in EBSCO lerarlans Handbook

ISSN 0195-7171 S
Library of Congress Catalog Card -80-648729 " |




el A S

ORamans

AT

_“:Grand Forks, ND 58201 |
(term expires 1986)




TABLE OF CONTENTS

Title Page

EFFECTS OF AGE AT DELIVERY AND OTHER

MATERNAL TRAITS ON THE COGNITIVE DEVELOPMENT

" OF CHILDREN: AN APPLICATION OF INTERACTION

REGRESSION ANALYSIS TO A POLICY COMPLEX . . . 1
Thomas E. Jordan and Steven D. Spaner,
University of Missouri at St. Louis

A NOTE ON PROPORTIONAL CELL FREQUENCIES IN A
TWO-WAY CLASSIFICATION . . . . . . e s s 61
John D. Williams, The University of
North Dakota

UNDERSTANDING PARTIAL REGRESSION COEFFICIENTS

IN THE PRESENCE OF CORRELAYED REGRESSORS . . . 69
Jeffrey K. Smith and Linda F. Leary,
Rutgers University _ .

SPECIFICATION BIAS IN CAUSAL MODELS WITH

FALLIBLE INDICATORS. + « . & . v e e e v 75
Barbara J. Patteson and Lee M Wolfle,
Virginia Polytechnic Institute and
State University

MISSING CELLS IN A TWO-WAY CLASSIFICATION . . 91
John D. Williams, The University of
North Dakota

PREDICTION OF MISSING DATA USING REGRESSION
MODELS: A PROGRAMMED APPROACH FOR LARGE
SPSS SYS’PEM FILES (] L[] [ . [ [ L[] . [] L] . L] L] . 107
Ron Bobneor, Youngstown Stato University;
Hal Stalcup, U.S. Alr Forco, Wright-
Patterson AFB; Isadore Newman and
Carolyn Benz, The Universaity of Akron



MULTIPLE LINEAR REGRESSION VIEWPOINTS
Volume 11, Number 1, September, 1981

EFFECTS OF AGE AT DELIVERY AND OTHER MATERNAL TRAITS
ON THE COGNITIVE DEVELOPMENT OF CHILDREN:
AN APPLICATION OF INTERACTION REGRESSION ANALYSIS
TO A POLICY COMPLEX

fHOMAS E. JORDAN AND STEVEN D. SPANER
UNIVERSITY OF MISSOURI AT ST, LOUIS

INTRODUCT I ON

Traditionally, the study of child development has defined the context
within which children grow as the soclial envlironment. To some extent there
ls, at the moment, a re-dlscovery of genetic and constltutlonal elements
Influencing growth. One outcome has been recoygnition that development 1s
Influsnced by factors In several domalns and by the slmultaneous Interactlon
of many of them. As yet lll-consldered s the role of personal character-
Istlcs; for example, the change to a relatlvely hlgher Incldence of birth
In very young women, the relevance of puberty In both young women and
men (Zlatnlck and Burmelster, 1977; Klernan, 1977; Ryder and Westoff, 1971;
VMorse ct éllé 1975), dcmogfaphic factors (Cohen, Gaughran, and Cohen, 1979),
and psychodynamic processes (Quay, 1981) to consequent patterns of repro-

duction.



Related to this conservatism has been slowness to develop policles
~(stringfellow, 1978) and programs (Wechsler, 1979) to assist teenagers who
afe pregnant. In terms of human development, we have scarcely stﬁdled the
after effects on women of pregnancy occurring early in the reproductive
years (Sauber, 1970). The Impact of dellvery at an early age on the off-
spring has been studied a little (Thompson, Cappleman:and Z;Itschei, 1979),
and some work has Béen ddﬁe'on the impact -of the proBleﬁ on the 'soclal order
(Furstenberg, 1976), and on children explicitly not plannéd for'(ﬂa;ejcek,,
Dytrych, and Schuller, 1979). |
Data adapted from a 1977 report.of the Census Bureau (see'Table 1)

"show that there has been a substantlal change ;ince 1925 In the rate of
llye births., The change |s evident In dlfferentlal rates |n women between
' forty and forty-nine years of age snd In glrls between ten and nineteen
' years of age. The lower portlion of the age spectrum has been examined
by Reinhold (1977), and by Ventura (1977) who found that the rate of |1lle-
gltimacy In girls 15-17 years of age has almos( doubled In the past decade.
In the fifty years ending In 1975, according to Ccnsus.Burcau data, the
rate of llve births per one thousand women age nineteen years and under,
changed by age, aﬁd by racoe. For all females 15-19 years there was a
slight drop in fertillity. It was sharpest for white glrls, declining from,
54.3 blrths per thousand In 1925 to 47.7. In the casec of black girls tho
rate In 1975 was slightly above that observed In 1925. At both the begln-A
ning and the end of the half century summarized In Table |, and adapted
from the original data, the rate for llve births per one thousand women

In young black females was double the rate for white. In the case of

girls ages ten to fourteen years the overall rate for both races doubled



TABLE 1

1
ANSUAL .RATE CF LIVE S1RTnS PER 1,000 WOMEN 10-19 AND 40-49 YEARS OF AGE, BY RACE FROM 1925 TO 1925

All Females White Fecales Black Females All Females White Females Black Fenalc;
Calendar 10ta 14 15t015 10ctolth 15019 10tolh 15to 19 40tolh LS toh9 4O to 4k 45 to 49 40 to 4% 4S5 to 49
Year Years Years Years Years Years Years Years Years Years Years Years Years
1925 8.6 62.6 0.3 5.3 3.1 1n2.5 30.1 4.2 29.8 3.6 33.1 9.6
1330 0.6 56.1 0.3 9.8 2.9 100.0 23.5 30 23.4 - 2.6 23.6 8.2
193§ 0.6 50.2 0.3 43.2 2.9 IOI.&v 18.4 2.4 18.1 2.0 21.3 5.9
1940 0.6 52.5 c.2 w3 3.4 1.3 4.9 1.2 4.4 1.4 18.5 R}
1945 0.7 49.7 0.3 na 3.2 ioa.s 16.3 1.5 15.9 1.3 19.0 3.2
1950 1.0 78.5 0.4 €2.5 5.0 . 146.2 1&.; | 1.1 13.9 .9 17.7 2.2
1555 1.0 83.9 o.; 76.7 4.5 153.9 15.6 1.0 15.1 .9 20.3 1.7
1560 1.0 89.3 0.4 80.4 A.S 147.2 15.4 1.0 . 147 9 21.1 1.8
1965 ¢33 72.§ 7 0.3 . 62.4 3.2 lsz;s 12.9 .8 12.2 .2 17.9 1.4
1570 © 1.2 és.s 0.5 55.2 5.2 140.0 8.3 .5 7.7 .5 12.5 1.0
1571 1.1 65.9 6.5 54.7 5.0 135.8 7.3 .5 6.6 .4 1.2 1.0
192 1.2 63.2 0.5 52.1 S sa 131.5 6.4 A 5.8 .3 10.0 .8
1573 1.3 €0.7 0.6 5.1 5.3 124.6 5.6 3 5.1 a3 8.8 2
1574 1.2 8.3 0.6 8.5 4.9 118.3 5.0 .3 4.5 .3 o1 .6
1525 1.2 57.2 0.6 7.7 A8 113.0 Ch.b 3 Lo 3 6.8 .6

Adaptea from U.S. Buredu of the Ceasus Current Population Reports, Serles P .25, No. 704, Projectlons_of the Popularion_of the
United States 1577 to 2C30, 1977.




E1n"the-half-century beginning in 1925. Between the races the pattern was
:;

'di fferent. The rate in black girls at all ages was ten times the rate in
%whltes. Within the black group aged 10-14 years the rate rose from 3.1

per thousand in 1925, peaked in 1973, and was at 4.8 live births per one
:thoﬁsand women by 1975. Within the same age group of white females the rate

)ncreased steadily from 1925, and had reached .6 per one thousand women

by 1975.

Among older women, the yearslfrom 1925 ;o 1975 showed a profound
- .decline ln';ate.of reproductlon.. Among wohenfaged forty to forty-four
years the rate for both whlée and black women dropped from'30.| live births
per 1,000 women In 1925 to.h.h In 1975; the drop for blacks and whites was
~ about the same. Among older women, ages forty-five to forty-nine, the
overall change was also a drop from 4.2 In 1925 to .3 per 1,000 women In
1975, There was a proportionately greater drop among black women froh 9.6
to .6 live births per 1,000 women: The drop for white women was from a
lower basellne rate In 1925 of 3.6 live blrths to :3. 1975. Within the
age groups CA 10-14, 15-17, and 17-19 Scott (1981) reports a decline In
rate of'birﬁhs between 1970 and 1977 for all but the CA 10-14 year group.
Summarlzing these data we note the following points:
. Incidence rates per thousand are higher for black girls,
2. In both raclal groups the rate at ages 15-19 years In 1975
was generally comparable to the rate in 1926,
3. The greatest rate Increase In the 10-15 year group, using
1925 data as the baseline, Is In white females.
4. In contrast, rates among women of both races age 40-49 years

dropped, and to very low levels.



The population of teenagers becoming mothers is clearly a volatile
group. Black females have had a higher birth rate for the fifty years
summarized in Table 1 thaﬁ white females. However; the group exhipiting
the greatest change proportional to its own 1925 base rate is the youngest
set of white females.

As we shall see from the review of the literature which follows in-
vestigators have tended to concentrate almost exclusively on the young,
primlparous women ascribing to their youth a significance restricted to
thelr obstetrical status. Interest has pursued the course of her preg-
nancy = rightly formulated as at risk - and ended with the obstetric out-

comes.

To the behaviorist Interested In the quallty of answers to Important
human problems It Is obvious that we do not understand answers unless we
appreciate the methodology which yields them, More expliclitly, we seck
to appralse the samples, the statistical tests, and the simplicity or com-
plexity of how the elaements relate to each other. In the case of the prob-
lom addressed In this paper the tradlition Is one of comparing mean scores,
of dofining lssues In univariate contexts, and of restricting the formula-
tion of problems to what one might call 'exercises for one hand.'

In contrast to the simplicity of the corpus of literature addressing
the growing problem of adoiescent pregnancy Is the complexity of the sltuaf
tion. A teenager Is half-child plus half-aduit. Some bear children but
many more do not. Some are worriers who ¢onceive anyway, and some are
rigid people whose scrupulosity does not exclude conception. Some are

bright and some are dull; some are rich and some are poor. To this list
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we add two comments. First, each of these traits exists to some degree, or
at some'level; second, these elements, plus otherS, exist and interact con-
EUrrentIQ, and all rise and fall in salience across ﬁhe span of adolescence.
in this sense the social problem of understanding the problem of adolescent
pregnancy, and for this discussion, Its effects on children, |s an excel-
lent topic for applied statistical analysis. It is multivariate, exlsting
across the span of adolescence for the motheri it cove}s thg preschool years
for the child until the socializing power of the classrqom,takes over. The
problem Is emplrical, In the sense of yielding to statistical assessment
using psychometric and demographic data.

In this paper we extend the scope of lhdulry to cover the development

of children, as a function of maternal age, to age flvé'years. Also, we

broaden the topic of maternal age at delivery to permit comparison of out-
comes from delivery age thirteen to age forty-two years, Finally, we have
adopted .a multivariate strategy emphasizing both correlates oflmaternal age
and the interaction of elements In a complex of nine maternal tralts used

as praedictors,



REVIEW OF THE LITERATURE

Adolescent Pregnancy and Risk: Gill, Illsey, and Koplik (1970) have

wisely pointed out that pregnancy across the adolescent years is not
homogeneous. Obviously some nineteen-year old women deliver as teen-
agers only In the actuarial sense of being just under twenty. By that
age a woman may no longer be a primiparae and so résemble pregnant-women
In general. On the other hand, evidence is abundant that all but late
a?olescent pregnancles are at risk for a variety of reasons. A series
of studies which pivot at least Implicitly on what Zlatnlck and Bur-
meister (1977) term 'gynecologic age' (Hacker, 1952; Poliakoff, 1958;
Aznar and Bennett, 1961; Bochner, 1962; Musslo, 1962; Claman and Bell,
1964; etc), summarized In Table 2, have shown that toxemia ls a sub-
stantial risk for adolescents who are pregnant. Rates of fifteen and
elghteen percent were reported by Claman and Bell (1962) and by Polla-
koff (1958), respectively. Low birth weight In the Issue Is also an
establlshad possiblllty., Musslo's (1962) small series of young mothers
had an eight pcrcént Incidence of low blrthwelght; this finding Is con-
flrmed by the study of a large population conducted by Wiener and MIl|-

ton (1970). On the other hand, Poliakoff‘s larger serlies of almost



TABLE 2

RISKS IN UNDERAGE ‘AND OVERAGE PREGNANCIES

Investigation

Fetal

Genetic

Delivery

Perinatal Blrth

Premature
Toxaemia Abnormalities Defects Delivery Risk‘ Mortallty" Defects

Claman & Bell (1964) % &
Mussio (1962) x * #“.
Bochner (1962) : x %
Aznar & Bennett (1961) ‘ % * 3
Hacker et alii. (1952) * % .
Milusky & Atkins (1975) 2 *
Stine, Rider & Sweenye (1964) .* * | *
Selvin & Garfinkel (1972) N
Casazza (1972) LR
Shaffner et alii (1977) *

Jekel et alii (1975)

MacMahon & McKeown (1953)




three hundred young adolescents had a low birthweight rate of eighteen
percent. Obviously, even the lower figure is one child in eleven.

The pregnancy itself is likely to be shortest among mothers age
fifteen to nineteen years, according to data from the British 1970 peri;
natal survey (Chamberlain, 1975). The effects of prematurity are well
known and have been reviewed by one of us (Jordan, 1976). 1t is clear .
that small preemies remain at substantial risk for survival. Perinatal
mortality In Pollakoff's (1958) young adolescents was 5.9 percent, and
the increase In mortality In the case studied by Jekel et al., (1975) was‘
nine-fold. Survivors remain at risk for behavioral-developmental prob-
lems In subsequent years.

Within the adolescent group It Is necessary to point to a subgroup,
very young females who concelve. 1In 1973 the President's Commission on
Mental Retardation reported that twelve thousand girls under fifteen
years had given blrth In 1971, Further, the number represented an In-
crease of 23.6 percent over the rate In 1968, Within this group risk
Is high. Deliveries are prolonged (Bochner, 1962; Musslo, 1962; Claman
and Bell, 1964) and prenatal care Is reduced substantially, As with
many pregnant girls they tend to be anemic and to have weight problems
(Dickens, et al, 1973; Hacket et al., 1952). The research indicates
that the critical age within adolescence Is beling under fifteen at the
tlmé of Aellvery (Aznarrand Bennett, 1961, Wiener and Milton, 1970;
Morrls, Udry, and Chase, 1975). A Brlthsh study of such girls in south-
east London reported that they contacted the public antenatal service
much later than other primiparae, thereby placing themselves and their

babies at undue risk (McEwan, Owens, and Newton, 1974). Similar find-
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Iings for forty-zwo states and the plstrict of Columbia have been reported

by Ventura (1977).

Selvin and Garfinkel's (1972) study of 1.5 million birth certifi-

cates shows trat risk for oW bl rthwalght 1s higher than average in

first-borns. This element addittonally predlsposes young women to risk.

In addition the research of Jekel et al., (|97S) reported a 27 percent

incidence of pirth weight under 26500¢g. for subsequent pregnancies in

primlparas under elghteen Years: §ince they were 95 percent black this

may well be a social as well 33 obstatrical risk.

For purposes of balance It I necossary'to'polnt out that study of

reveals scattared aspects which are benign. in

wa do not wish to diminish the predominant

adolescent pregnancy

offering this observatlon
problem of risk to mother and child. However, the l]lterature reveals
that young mothers are less 11kely than other mothers to need caesarean
sections (Briggs, Herren, and Thompson, 1962; Claman and Bell, 1964),

In addition, Hacker (1952) reports & reduced Incldence of stlllblirths

o this last regard It is helpful to recall the

y age In Eastman's (1962) survey of antece-

and fetal anomalles.

absence of lowered deliver

dents to cerebral pahv tay ch'ldl‘@n‘

Risk In Issue of Adalescant ﬂﬁﬂﬂﬂﬁﬂglgl'

entered outcomes of adolescent pregnancy.

For the purpose of this paper,

of dollivery age, It Is appro-

priate to report the child=¢
We begin at the most qeneral jeve! by noting the high association of
adolescent pregnancy and i11egitimacy. Berkov and Shipley (1971) have

observed that California wirth certificates no longer indicate illegi-
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timacy and infer a change in social values about the topic.

The degrée of change may be seen by contrasting the finding just
reported with mid-Nineteenth century data. Hebeler's (1847) report on
the population of Prussia, for example, reports illegitimacy rates; Ber-
lin's rate of 18.62 per cent was the highest, and the state of public
morals |s deduced accordingly. Illegitimacy has not really been asso-
ciated uniquely with young mothers (Kinch et al., 1969; Pakter, 1961)
desplte conventional views on the matter. However, occurrence of Ille-
gltlmaéy In the younger mother may compound the pregnancy with soclal
.complicatlons.

Hardy's (1966) paper on development of children of young mothers
reports a mean Binet IQ at age four of 82. Similarly, the risk of neu-
rological abnormality Is ralsed, according to the President's Commission
on Mental Retardation (1972) for children at age one year. Lobl, Wel-
cher, and Melllits (1971) concluded from thelr study of nearly 4600 cases
that chlildren were at risk for mental retardation when the dellvery age
was under fifteen years.

In the research reported by Thompson, Cappleman, and Zeltschel
(1979) offspring of mothers under elghteen yecars were not grossly
different, however, thoy were rated less alert, less cuddly, and poorer
'n motor performance. Fleld's (1981) research on children of young
black mothers revealedrlower lengths, weigﬁts. and scores on selected
subtests of the Denver Development Scrgening Test, e.g. adaptability
and gross motor performance. However, Intervention via bi-weekly home
visits were effective with an experimental subgroup. Broman's (1981)

data were drawn from the Collaborative Perinatal Study to age seven
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years, and mothers.were In two young age groups, 12-15 and 16-17 years
at dellvery. At ége four years éroman reported tﬁe children had lower
1Q scores, less adva&ced'motor development, -and a hlgher frequency of
deviant behavior, ;At_age seQen years probands' WISC 1Q scores were
marginally lower in the white sample (p<.06), with no difference with-
ln'the black sample;' Children of teén mothers were mofe likely to be
rated deviant_in behavlof.< SES effects were Iérge. Data at child ége
.elgﬁt years were reported for one hundred and flfty seven black child-
‘ren, half of whom were born to mothers at or undef age fifteen years.
Academic achlevement and rated behavior of probands was not abnormal,
but the offspring of young mothers were absent from scﬁool more fre-
quently, The writers' research (Jordan, 1970) on development of I|ssue
of very young pregnancies at age three years suggosts-generally lowered
child attainments. From these studies we conclude that adolescent preg-
nancy alone, but also In Interaction with the social context, places
the Issue at risk fﬁr developmental faillure,

The Social Context as a Risk Element: It |Is evident from the literature

that Interventlon programs for adolescent mothers can help them and
the!lr bables. Research reported by Sarrel and Klerman (1968), and by
Jekol, et al,, (1972) shows that, e.g., toxemia and perinatal loss can
be reduced by five-sixths by careful programming. While this Is so,

the preQalllnj reality Is that most adolescent prlhlpafae feceive |lt£le
or no antenatal care. We know from the 1975 Federal survey of Health
attltudes of persons twelve to seventeen years of age (N=6768) that

only a minority of young people are in the habit of consulting physicians.
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Ten percent of Scottish girls concealed pregnancy until delivery, ac-
cording to Gill, Illsley, and Koplik, (1970), and many recelve little
prenatal care.

The problem of early pregnancy among black girls is widespread
(Murdock, 1968). Furstenburg (1970) describes discovery of conception
leavlhg b|ack teenagers '"Incredulous'" In two out of every three Instan-
ces. Thelr subsequent attltudes seemed similar to those of white work-
Ing and middle-class girls. However, thelr clrcumstances were far-dff-
ferent, and It Is apbroprlate to recsll_the generally poor outlook- for
éhlldren of non-white, non-middle class mothers. With the exception
of Quay (1981) few Invéstlgators have speculated on the psychosoclal
mechanisms of teenage pregnancies. Quay establishes flive subgroups af
glirls, with passive dependent, subcultural, psychopathic, manipulative,
and situational styles of behavior,

The Natlonal Academy of Scliences (Kessner et al., 1972) reported
an Infant mortallty rate for black women In New York City nearly two
and one-half timas the rate for white women. Simllarly, Morris, Udry,
and Chase (1972) have reported the Incidence of low birth weight In
black women to be twice that among white women based on a study of
nearly elght thousand deliveries. Grant and Herald(1972) have asserted
that soclal factors such as race and socla] class are more Important
than dellvery age for all but the youngest teenage mothers.

From adverse soclal conditions flows*the entire nexus of health
care and soclal Influences, a complex which has spread across the gen-
eratlons (Fairweather and Illsley, 1960). In sayling this we recognize

with Quay (1981) that teenage pregnancies are expressions of psychody-
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namics and may be pathological (Kinch et al., 1969). This is not to séy
that problems of adjustment are always found In adolescent pregnancy.
Werner and Smith (1979) found that locus of control ln.pregnant teen-
agers, the sense oflwhether one's life is self-or other-determined, was
.percelved as external to thelr lives. Gabrielson et al., (1970) have re-
ported attempts at sulclde In‘New Haven teénagers. These éttempts came
after dellivery and were unsuccesﬁful. They can be viewed as maladap-
tive efforts to cope wlth crisis rather than expressions §f a fundamen-
tal maladjustment which also contributed to the conception. Obviously,
a sulcide~Intent mother - for the purposes of this review - Is not a
child-centered 'mother, The teenage pregnancy méy well be an obstetric
success but evolve Into compromised child care because fhe chlld-mother‘
.has not completed her own cycle of growth,

The Outlook: In the 1920's the rate of dellvery to young unmarried

women was studled and found high. Reporting on Madison and Dane Coun-
ty In Wisconsin, Young, Glllln, and Dedrick (1934) reported that twenty
percent of deliveries were to unmarried girls under seventeen years.
Recently, as we show In Table 1, the Census Bureau (1977) has summari zed
fortl 11ty rates since the l970's by age. The Bureau reports that the
rate for all girls ten to fourtooﬁ years, but espoclally white g!rls.
has doubled In the Intervening half century. At the moment, according
.;o DeJong and Sel! (1977).thé rate of Increase In the fifteen to nine-
teen-year group ls less than In older women.

It Is quite evident that teenage pregnancies wlll continue to occur.

The President's Commission on Mental Retardation (1973) réported ab.3
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percent Increase in pregnancies among the age group 15-19 years in 1971.
Similarly, Gill, Illsley, and Koplik (1970) report a two-fold Increase
in births to British women under twenty years of age between 1955 and
1970. Stine, Rider, and Sweeney (1964) have expressed the problem as
an incldence of nine hundred teenage pregnancies per annum in a clty of
just under one million persons. The overall effect Is clear; teenage
pregnanclies occur and are on the'rlse, and théy are a soclal problem of
.growing concern to society. To some extent, reports Brann (1979), and
Klerman (1980), abortion reduces the problem; but we speculate at the
risk of creating a subsequent problem. ‘In the case of young black girls,
a popuiation at rlsk‘for early. conceptlon, It Is clear ihat marriage in
the Immediate future 15 unllkely, Furstenburg’(l970) has reported that,
eQen when sought, marriage Is often postponed for economic reasons, |
McAnarnay (1978) reported that half of all such marriages dissolve.
Hardy et alll (1978) reported that only 35 percent of teen mothers fin-
Ished high school.

Older Women: A brlef return to Table | Indicates that older women, ages

forty to forty=nine years, are not absent from the list of those delli-
vering llvo children betwoan 1925 and 1975. However, older women are
likely to put thelrlchlldrcn at risk by virtue of advanced age and post-
maturity In reproductive efficiency,. This degree of rlsk in children
qu older women explalins the'curvllinear relatlonshlp between dellvery

age and risk described by Pasamanlck and Lilienfeld (1956), and by

Davis and Potter (1957). They report am increased risk of producing

a retarded child when maternal age at delivery ls over twenty-nine years.

Collaborative Perinatal Study data presented by Marmol, Scriggins and
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Vol Iman (1969) support thls observation, and an elegant mathematical

mode| developed by Burch (1969) exbllcates the case using Down's syn- .
drome, especlally, for thls discussion at dellvery ages LO-Lk4 years.
Begab (1974) Ident! fled dellvery ages above thlrty-flve years as Increas-
ing the rlsk of Down's syndrome In chlldren. Such women he polnts out,
dellvered thirteen percent of all bables but flfty percent of all cases
of Down's syndrome. .' |

Risk In Issue of Over-Age Pregnanclies. Advanced age In mothers Is asso-

clated with perfectly normal chlldren, 6f course, but there s a statls-
tlcal assoclation with a varlety of condltlons In addltlon to mental
retardation. In the case of mathers over th“‘tY'elght years of age the
p055|b[j|ty of hare 1tp In “the offspring s ralsed four-fold, In data
analyzed by McMahon and McKeown (1953). In a 1972 analysis of over

one mlillon birth records In New York state by Selvin and Garfinkel

belng the sixth chlld or more in birth order, an event mare probable

In an older woman's pregnancles, |s assoclated with a greater risk of
pramature dellvary. Ralated to the perlod pr!pr to dellvery |s the find-
ing of Milusky and Atkins (1975). They reported the incldence of abnor-
mallty on fetuses of women over thirty=flve years of age at one In
nincty=slx, In women over forty years the Incldence of genetlc disor-

dors 1s hlghest, accordlng to these investigators.

policy. It s clear that current Interest on age at dellvery Is concen-

trated on younq mothers . Within that context the not unsubstantlal corpus

of |lterature on young pregnancles stresses the soclal and economlc con-

sequences for the mother. In our view, however current thls formulation,
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it deals with a domain comparatively well studied. Appraising the litera-
ture the reader is struck by the relative absence of studies in which fhe
child is the focué of attention; the studies of Oppel and Royston (1971),
and Broman (1981) are exeeptions. The result s that the current atten-
tion of policy-makers to the age of mothers is not matched with an opposite
body of data which has been analyzed. For the policy maker the impact of
dellVery age needs to be understood within the complex of social and family
vérlables which surround It, Equally, It I's necessary to distingulsh
maternal age at dgllve;y as an Influence on chlldren.from the uncorrelated
and cbrreiated varlables usually encountered. In this falrly conventlional
kind of matrix.of soclal data policy need§ to flow from varliables which
turn out to be lmpor;ant. The hazard Is that It may be soclal class or
ethnic group, not the nominal variable of Interest, which Is the sallent
function. Attention to the effect of maternal age on chlldrens' develop-
mant In this paper |s an attempt to clarify the elements of mother-and
child-centered variables, with particular attention to the mental develop-

mant of children born to young mothers.
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PROBLEM

" From our review of the literature we concluded that there were several
aspects of the complex of maternal social and child variables which required
attention. First, there was the scarcity of data over time on the development
of children as a function of delivery age. Second, delivery age in relation
tolthe mothers of emerging interest, vide Table 1, tends to be used within
an att;nuated span; that Is, when‘young mothers.are studied it Is {n isolation
from older mothers, and compafative slgniflcénce is unexamined. Third, mater-
nal age at delivery tends to be pursued in Isolation from other féméle tralts,
e.g,. lptelllgence, values towards child reérlng. and marital status. The ab-
sence of studies In which social and family data have been systematléally
gathered to appraise the effects of the independent variable, age at dellvery,
in primlparae Is equally clear,

Many relevant studles have small samples and few have data at repeated
Intervals on the course of development. Essentially nalve designs sometimes
use samples with unldent!fled blases, as Vincent (1954) polnted out two dac-
ades ago. They also confound the effects of race, social class, and age at
delivery. As a result, not the loast aspoct of the problem of adolescent
and later pregnancles Is tho selectlon of a statistical modal to apply to
the data,

in the view of Werts and Linn - (1970) problems of human development‘call
for application of analytic schemes in which regression of variables is cen-
tral, In thelir view, regression models can avoid the errors of speclfica-
tion, that is the failure to specify all of the variables which hypoihetically

influence a criterion.



19

The program of Bottenberg and Ward (1963) brought considerable utility
to applied statistical analyses using regression. The technique is elucidated
in the writings of McNeil, Kelly, and NcNéil (1975), and Newman and Fraas
(1978).

The major advantage of regression models Is the opportunity to introduce
variables of interest and, indeed, to create variables reflecting (e.g.)
membership categories of theoretical intérest, or as lg Jordan (1971) vectors
representlng-squareq and éubed representations of non-linearity of regression,
A third example Is of particular Importance In this étudy's report of applied
statistical analysis, the question of Interactions, }n this situation, the
effect of a variable depénds‘bn Its own empirical role, and also depends,

In the simplest case, on the role of another, Interacting variable.

The fact that primiparae, or first-time mothers, are very young Is an
obvious fact of soclial significance. From the point of view of the Develop-
mentallsts the mothers' age at dalivery, or conception = to sharpen the point,
adds one more to the list of sallent attributes of mothers, which Includes
Intulllgenqo, child-rearing values, and educatlonal background, for example.
The Interaction of tho new variable of Interest with other variables obvious-
ly requlres attention In models of developmont. Specific comblnatlions are
endless, evon setting aslde the question of non-llnearlty. Of particular
relevance to thls problem Is the appllcablilty of Koplyay's (1972) regres-
slon algorlthm, with Its attention to Interactions. In this technique:

(whose procedures we describe shortly) the computer program erects inter-
action terms whose sallence Is assessed statisllca[ly. in unreported research
we have found that the application of Koplyay's interaction regression to

preschool development analyzed by multiple linear regression (Jordan, 1980a)
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is very helpful. Analyzing approkimately two hundred sets of developmental
.data we have found that interaction analyses complement multiple regression
aﬁalfses, whlie raising RZ values. It Is on the basis of this theoretical
and emplrical knowledge that we have concluded that Interaction regression
Is pafticularly applicable to study of materhallage at'deliVery and Its

connection to other variables Influencling child development.

PROCEDURE
The ét.'LouIs Baby Study Is an active. prospective study of newborns
'delivergd In five St. Loulis hosbitals In the winter of 1966-67 (Jordén. 1980b) .
Within thé data set are variables relevant to the questlon of effects of ma-
ternal attributes, especially age at dellivery, on child outcomes. |In Table
3 are llsted the maternal variables of Interest; they wlll be described In
detall a little later. Equally, the data set contains measures of child
development In two domains, Intellectual and linguistic development. There
are, as Table 2 also shows, thirteen measures, about equally dlvided between
Intellectual and linguistic growth, The child-age at which mother-and-chlld
varlables were gathered |Is shown In Table 3.

As a procedural note It Is helpful to know that all probands were
tested lndlvlduall§ In their homes using examlnars matchod by race. Prob-
lems of tracing addresses within this non-captive cohort have baen enormous.
For that reason the cohort was split Into two comparable‘groups (e.q. mean
SES scores) at ages thirty-slx and forty-two months. For any glven chrono-
logical age the number of children for whom relevant data were available Is
the sum of the N for the two groups in that year. For example, the N for

age three years is 756; at thirty-six months the number of children tested



TABLE 3

PREDICTOR AND CRITERION SERIES

PREDICTORS

CHILD AGE

CRITERIA

DOMAIN 1
INTELLECTUAL DEVELOPMENT

DOMAIN 11
LANGUAGE DEVELOPMENT

Marital Status
Age
Authoritarianism (AF1)

Anxiety

Q

FPS Subtests .
- Conventional Social
Kole (CSR)
- Denial Of Hostility (DH)
- Rasie Distrust (BD)
- Moralistie Control (MC)

Birth

6§ Mos.

24 Mgs.

30 Mos.

36 Hos.

48 Mos.

60 Mos.

(1) PAR Intellectual
(2) PAR Information
(3) PAR Ideation

(4) PAR Creativity

(5) PPVT (A)

(6) Preschool inventory (Total)
(7) Boehm T. of Concepts

(8) WPPSI Vocabulary

- (9)

(10)
(1)

(12)

(13)

Mecham VLDS

1

Ammons FRPVT

PAR Comnunication

Preschoo! Inventory-(AV)

ITPA Auditory Assoctation
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wasl3bo, ;nd at forty-two months It was 376. For purposes of statistical
analyslis the blrthday group was used; mothers took the Quick I1Q test at
child age thirty months.

Tge statistical model used to analyze the Influence of a nexus of
eight maternal tralts on each of ;hg thlrteen crjterla was regresslion anal?-
sls. lThe reasons were first, the overall releQance éf regression analyses
for develophent data (Werts and Llnn, 1970), and, second, the pressing
questions of how significant maternal tralts lnteract_wlth each other as
Influences on tﬁe two domains of child attainment.

Statistical Model: The statistical analysis selected was Koplyay's (1972)

AID-4, an interaction regression analysia. In thls technique the varlance
assoclated with a criterion measure [s analyzéd In terms of both the pos-
sible Independent contribution of a glven prédlctor, starting with the larg-
est, and In terms of Interactions between variables In a predictor set. Cur-
villnearlty within complex regression models Is also examined In this step-
wise - llke regression brogram. A nonsymmetrlical branching process, based
on varlance analysls techniques, Is used to subdivide the sample Into a
series of subgroups which maximize prediction of the dependent variable. The
assumptions of linearity and additivity Inherent In conventional regression
techniques ére not requlred.

The AID=4 Interaction regression program operates by finding the pro-
dictor varliable which when dlchotomlzgd will yleld the lowest within group
sum of squared deviations for the dependent varliable. Essentfally this Is
the dichotomizatlion which accounts for more of the varlance of the dependent
varlable, (l.e., has a larger correlation with the dependent variable) than

any other dichotomization based on grouping the categories of a single
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predictor into two groups. Once this first dichotomization is complete, the
AID-4 program searches for the next group with the now largest within group
sum of squared deviations for the dependent variable. Searching and split-
ting continue so long as an eligible group has at least the specified mini-
mum number of cases and a larger within group sum of squared deviations
than a specified minimum proportion of the original sum of squared deviations.
The Koplyay (|972) program requires prior specification of an acceptable
Increment in proportion of criterion variance, the number of cases minimally
required to form a cell/term in thg regresslion process, and also requires
that varlables bé specifled as monotonic or free-floating. |In the analyses
reported here an R2 Increment of .01, and a minimum cell size of 10 cases
were stipluated.

The following measures were applied to mothers and probands at various
ages from birth to child age sixty months (See Table 3):

Child Measures - Intalleq;ual Domain:

. Four subtests of the Preschool Attalnment Record (Doll, 1966) were
used at age 24 months; they were the Imformative, Ideation, Crea-
tivity, subtoests, The first three combined to yleld an Intallac-
tual domain score. This scale (PAR) Is an extension of the Vine-
land Soclal Maternlity Scale, and uses the mother as Informant.

It Is Important to note that we operationallzed some questions
and had children pérform such taskg as bouncing a ball.

2, Form A of Dunn's Peabody élcture Vocabulary Scale (1965) employed
at 36 months was a crlterion. .

3. The Preschoo! Inventory, developed by Caldwell (1970) was

adminlstered at 48 months.
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The Vocabulary subtest of the Wechsler Preschool and Primary Scale
of Intelligence (1968) was administered at 60 months and was used

in this analysis.

.Child Measures - Language Domain:

5.

Maternal

" Mecham's Verbal Language Development Scale (1959) was administefed

using the mothers as informants at 24 months.

The Commqnlcétion subtest of the PAR scale was admlnistered to
mothers at ages 36 months. |

The Association Vocabulary subtest scores from the 48 month adminl-
strations éf the Preschool Inventory were employed. |
The Auditory Aaaociativg subtest of Klrk and McCartH?‘s (1961)
1111nols Test of Psychollngulstic Abllitles was administered at

60 months and used as a criterlon.

Measures:

9.

10.

[1-14,

15.

Authorlitarlianism in child rearing deology was measured when mothers
were at the end of conflnement by using the Authoritarian Family
Idvology Scale (AFI68).’ This test has high rellabllity and |s one
of the sot of measures In Ernhart and Loevinger's (1969) Family
Problome Soale (FPS).,

Maternal 1Q was obtained by adminlstering tho‘Ammons‘ Quick Test
(1962) at child age thirty months,

Also from the FPS, but used a£ 36 montﬁs, were the following sub-
scales, employing the names arrived at by the authors: Conventional
Social Role (CSR), Denial of Hostility (DH), Basic Diatrust (8D),
and Moraligtice Control (MC).

Anxicty was measured at child age six months by administering
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the Bendig (1956) short form of the Taylor Manifest Anxlety Scale

Individually to mothers.
Data Set: For the predictor set and each criterion a corpus of Information
at baslc data-time points was created within the computer. An lmportaﬁt as-
pect of the data set was Its dynamlc nature. That Is, the predictor set and
criterion serles changed from chlild age to age. Looking at Table 3 we see
that four of the elght predictors preceded In time the thlrteen criteria.
By age 36 months thé predictor set Incorporated the remalning predictors.
This meant that criteria (5)-(8), (11)-(13), but not (1)-(4), or (9)-(10),
could be studled by use of all elght predictors. In short, the predictor
set was used prospectively and grew as the children grew. Alternatives to
this approach are first, to use an abbreviated pred}ctor set, one antecedent
to all criteria; on the other hand, one could apply predictors wilthout regard
to the dynamics of their acquisition over four years. Such a step would be
psychometrically feasible; but It would violate the integrity of the pro-
spective longltudinal approach and It would constitute a degree of post-
diction. Prospectlve study Is difficult, and its virtues lie In part In the
integrity of the resulting data sot. Sctting that virtue aside vitlates the
palnful acquisition of prospective data and violates the logic of using the
prospective approach to begin with. The price to be paid Is that not all
predictors can be applled sImul taneously to all criterla.. In this study .
the predictive data set for any domaln grows, as the children do, and follows
the enlarging plcture of childhood with parallél enlargement of the data sub-
set of predictors. |

Hypotheses: The purpose of the Investigation was to assess the Influence of
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maternal age at delivery and the assocliated behavioral traits listed In Table

3 on the intellectual and lingulstic development of children to age five

years.

1.

Accordingly, we hypothesized that:

The developmental status of children as measured by standard
tests would be (a) Influenced primarily by maternal age, with -
(b) espectal reference to delivery age of sixteen years and under.

The other matérnal varlables listed, In the order 1Q, authoritarian

:famlly Ideology, (from the FPS scale) marital status, and other

FPS scales Basic Distrust, Conventional Social Role, Moralistic

Control, and Conventional Social Role, anxiety, and marital sta-

_tus, would all be slgnlflcaht Influences.,

The Interactions between these variables would be complex, and
emphasizing, for the most part the role of maternal age.
Regression effects would be linear, with nonlinear term§ in the
regression equations In a smaller number of Instances,

The models created for Intellectual and linguistic criteria at
any glven age would show comparable configurations of antecedent

matarnal variables,

RESULTS

In this section we present the rosults of applying the predictor set of

maternal age and rolated behavioral traits In a dynamic fashlon to thirteen

criterion measures. Elght of the measuros are In the Intellectual domain

and five are In the linguistic domain.

Subjects:

The analysis reported here Is, In fact, thirteen discrete multi-

varlate analyses using a common data base. The subjects reported in Table h



27
TABLE &

DESCRIPTIVE DATA OM THIKIILN RTIGRESSICH GildUPS

Range )
of Grand
ibie Means Mean Range of S.D.'s
ctors; .
writal Status (3NM) 87 - 90
livery Age 25.63) - 26.39 25.83 6.25 - 6.7
thoritarianism 24,66 - 26.07: 25.68 7.62 - 8.16
<fety S.16 - 5.97 5.85 b.o6 - 4.34
ick Test 1Q 92
;- CsR 4.87 - 4.9 4.92 1.89 - 1.91
- DH 7.19 - 7.36 7.27 2.30 - 3.99
- 8D 6.90 -~ 7.04 7.01 2.08 - 4,01
- MC 8.61 - 8.64 8.62 1.90 - 2.13
N " Mean 5.0, S'ZS H:le Blick
iit
- Ditelleotual 429 18.1) 3.7 $).34 Sl 36
« Inforoation b29 6.48 1.78 53.34 Sl 36 .
. Ideat fon 429 5.45 3.38 53.34 51 3
- Craativity 29 6.24 1,49 53.34 51 36
428 19.65 b7 5.3 51 36
13 FRPVT 124 9.49 2,68 50.89 54 2
() 142 26.24 .07 5110 5) 24
Cersmntoat fon 1 7.0 1.90 51,41 53 24
hool lavantory 141 34,36 12,00 $1.37 53 25
' Concepts T, 1 TRY; 5.05 S1,40 5) 24
Assoc. Vocab, 132" 5.87 2,80 50.48 "~ 8) 25
Vocabulary 140 14.29 5.31 51.05 sk 23
‘ud. Asgoe. 132 16.17 5.15 ‘50,83 sh 2)
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vary as a consequence of progressive extension of the elements in the predic-
tor set and because the criterion changes for each analysis. The entire set
of subjects have in common thélr membership in the same birth cohort. In
contrast, a source of variation |Is that a child tested at one birthday might,
theoretically, have been untested at another, The randomness of this event
has been high, however. In Table 4 we see the.mean and great mean values

of sample characteristics. ‘For the first five criteria listed In Table 4
there were over four-hundred subjects for each analysis. The ﬁumber declIned
subsequently, due to Inclusion of the 30-month Quick Test as a measure of
mothers' verbal Intelligence. In the remalining anaiyses thé nuhber of cases
averages around one-hundred and forty. The sharp decline is a comblination

of the hazard of proposing testing to mothers as well as to their children.
Splitting the sample to Increase the Intensity of tracing families, a step
taken at three years, further restricted the slze of the sample.

The means given for the child development criterfa In Table 4 are very
close to those we have reported elsewhere for the full 1966-67 birth cohort
(Jordan, 1974). The soclal class range 1s broad and the average child In
the group reported here Is blus=collar middle-class. Attention Is called
to the di fferentlal rate of attritlon by race In Table h. Thls differentlal
I's a potontial source of bias In this longltudinal data set, but conveys
the hazards of prospective study using an Inner clty population.

At age two years the average score given In Table 6 for Mocham's Verbal
Language Development Scale Is 19.65. Accordlng to Mecham‘s-nofms (f958)
this Is just under 2.4 years language age. The PPVT (A) mean score of 26.2b
yields an 1Q of 95 at age three years. At age five years the WPPS| Vocabu-

lary mean raw score of 14,29 falls, according to Wechsler's norms between
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test age 4 3/4 years and five years. This is quite similar to the mean 1Q
of 95 reported at age three years. Accordingly, the subjects are quite re-

presentative of youngsters in the preschool years, developmentally speaking.

Regression Models: Since the basic method of analysis Is regression it seems
appropriate to comment on the regression models generated before looking at
varlables discarded and variables found to have predictive significance. A
baslc aspect of this analysls has been concurrent extension of the predictor
set as the criterlon serles evolved from ages two to flve years.

In Table S there are relevant data; there, we see four important out-
comes of the regression analyses. Flrst, the bottom row shows the R2 values
of the models Indlcated In the columns. From left to right the R2 values in-
crease as a functlon of‘lncreaslng age of the chlldren; however, that obser-
vatlon can be expressed more analytlcaliy by formulating It as a functlon of
the predictor serles Increasing concomltant to the maturation of the chlld-
ren, The R2 values rise from statlistically slignificant, but low, levels of
.02 and .04 for criterla assessed at age two years to .44 and .4l for criterla
at ages three and four years. Second, by domaln, that Is, Intellectual and

2 values of the models are generally comparable,

lIngulstic criteria sets, the R
The third Item which Inspection of Table S5 reveals Is the role of maternal
child rearing values as contributors to the Interactlon regression models,
When these predictive elements were added to the models at chlld age three
yearsy the R2 values rose conslderably, Fourth, some of the predictors llsted
In Table 5 occur more than once in regressloh models, For exampie, dellvery
age occurs twlice In the simple two-varlable model of the first criterlon,

24 month PAR Intellectual scores. The second occurrence of a variable Indi-
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- cates curvilinearity of regression. In a few Instances, e.g. In the regres-
slon model of the scores on the Ammons Full Range Plicture Vocabulary Test
at thirty months there |s a polynomial, fourth power, degree of non-linearity.

Interactions. Apart from the basic relevance of regression models for devel-

opmental data, a case well presented by Werts and Linn (1970), the approach
has anothér advantage. It is the_opportunlty'go use statistical models which
replicate the reallity of Interactions among variables. The Interaction ver-
sfon of regression analysls, déveloped by Koplyay (1972) and used In this
Inquiry, permits exploration of combinations of variables as Ihdependent
terms In regression equations. |In addition, the Interactlions can be supple-
mented by nonlinear expressions, and Indeed, combined with them on occaslion.
in Table 6 are the reg}esslon models used to test the Influence of
maternal tralts, discretely, and combined as Interaction terms, on thirteen
criteria of child development to age five years. The models are arranged,
like Table 5, so that the criteria range from ages two.to five years; It
wlll be recalled that the length of the predictor sets extends In parallel
fashion, also In Table 5. In Table 6 the models Increase In complexity as
the predictor serlies lengthens, primarlly through the apparently groator
relevance of the later-added predictors; secondarlly, thls occurs through
the greater possibllity of Interactien terms. Age of mothars at dellvery
(I'), the varlable of graatest Interest In this Inquiry, Is present quite
frequently. On the other hand, some terms are not, such as marltal status,
IQ and the HBaalc niutrQnt subscale of the Famlly Problems Scale.
Predictors: The varlable of prime Interest In the predictor set |s maternal
age at delivery. In Table 5 dellvery age occurs In twelve of the thirteen
models., Only the 24-month Verbal tanguage Development Scale (Mecham, 1958)

omits this variable of prime interest. Further, when we examine the ordinal
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TABLE 6

REGRESS1OH MODELS

YpAR Intellectual =

YPAR Information =
YPAR Idzation =
YPAR Craativity =»
YVLDS =

YeRpyT =

Yorvr (A) =

YPAR Communlcation =

Yereschool Inventory =

vTut of Basle Concepts =
Yo\ - Azaoa. Voonb. =
YWPPSI Vogub, =

YiTPA « Aud. Avsog. .=

(0A) + (AF1) + (DA2) + (0A # AFI) + (0A # AFI2). A2 = .ok

(AF1) + (Anx) + (DA) + (AFI # anx) + (AFI # Anx * oA) + (AF1 % Aax # DA2),

+ (AF1 % anx # 0A3). R - 08

(0A) +.(M) + (DA # H). RZ = .05

(AF1) + (DA) + (AFI * DA). R = .06

(Anx) RZ = .02 | B

(0A) + (Anx) + (1Q) + (DA * Anx) . (oA # An; 2 1Q) + (m\r2 * Anx) + (DAZ) + (DA3),

R? = L34

(0A) + (oH)
RZ = 44

(80) + + (8D * Anx) + (BD # Anx  DA) plus (8D * Anx # ou{
+ (0D # Anx A DH # DA), ' g
(80) + (oH) + (0A) + (Anx) + (HC) + (AF1) + (80 & OH) + (00 * it # DA)

+ (BO % DI % DA % Anx) + (BD » OH # DA » Anx # MC) + (802 # DH # Anx & DA * 1) + (oﬁ)

+ (DH » AF1) + (BD* DA » AFI1). A2 = .37

(oH) + (B8D) + (DA) + (AFI) + (IQ) + (Anx) + (MC) + (BD » DA) + (DM * §Q) + (OH # lq

+ (OH % 1Q * Anx 4 HC) + (OH & DA) + (DH # DA # Anx) + (OH 4 DAZ) + (O * DA * AF}) Eg

+ (on? » DAY & AFI). RY = .42

(00) + (DA) + (AF1) + (CSR) + (1Q) ¢ (DD # DA) + (BD # DA » AFI) ¢ (AD & DA # AFI & CSH
4 (6D A OA » 1Q) + (B0 » DA & 1Q # OH) + (8D » OAZ), RZ = ,37

(00) + (DA) + (HC) + (Anx) + (OM # DA) + (6D & DA?) + (p0 + OAZ + MC) + (un & Anx)
+ (80 ¢ Anx?) + (0D * Anx)). R = 4}

(00) + (DA) + (AF1) + (Anx) + (1Q) + (MC) + (UD + DA) + (UD » AFI # OA) + (no? & DA &jﬁ

4 (80 A DA A Anx) ¢ (DO % DA % Anx & HC) + (DD # 1Q) + (0D # 1Q & Anx). ’ = .28 _?‘

(00) + (AF1) + (DA) + (Aax) + (MC) + (ON) + (0D & AFI) + (DD & AFI & DA) + (RD A AFI ¢ M
+(00 * AFI * Anx'* OA) + (ub2 A AFL * Anx) ¢ (002 & AFI A DN # Anx) -+ (00 4 MC) :
48D A HC # Anx), R = .38

'__._.‘..,_.—-———----;""d
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role of delivery age as a source of varlance within regression models we
see that It occurs In first or second place In eight of the thirteen models.
What TaBIe 5 does ﬁot show, but which can be extracted from the computer
printout generated by the Koplyay regression program Is the level at which
maternai age exerclses Its role. Within the total data set are mothers ages
from thirteen years to forty-two years. This permits consideration of the
levels of maternal age used In the regression analysls. Table 7 summarlzes
the elight Instances of the role of dellvery age when It occurs as the prime
or second most Important varlable Ip the regression analyses. Here, we see
the levels of dellvery age which the regression analysis created Incidental
to developing complex regression médels. The statistically significant,
empirically derived, levels of maternal age at dellivery, 'when a significant
Influence on child development,are shown. |In Table 7 we see that maternal
age played a significant role In six of‘elght criteria In the Intellectual
domain, and In two of five varlables In the Intellectual domaln. The great-
or Influence, this suggests, Is the Intellectual domain., In making this
observation, however, It 138 necessary to observelthat the grouping of crl-
terla Into two sets may overstate the relatively narrow distance between
them., Vocabulary as wused In the WPPS| |s viewed here as Intellectual, while
vocabulary used In a different way In the ITPA |s considered lingulstic. We
feal use of two domalns as a superordlinate concept to ordor the criterlon
series Is helpful. We wlsh to point out our use Is to make a diatinetion
rather than to contrive a difference.

With regard to the levels of mother's age.at dellvery, Table 7 shows
that virtually all of the groupings of ages were above twenty years. |In

the elght Instances glven in the Table no pattern can be discerned by pri-
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'mary'or secondary role as a source of variance, ndr by eriterion domain and
'ghlld age. In one instance, 2l-month PAR Ideation, the split in dellvery

) age occurs In the teens. A significant source of variance was found when
429 mothers’ ages were split Into a group of twenty-eight fifteen years of
age and under, and Into a second, larger group, the remalning 40Ol mothers
Zage seventeen to forty-two years at the time of delivery. At age four years
scores on the Associative Vocabulary subtest of the Preschool Inventory
acquired a significant source of variance when grouped first Into those uader
twenty-one years and Into those aged twenty-two to forty-two years. .Two
otﬁer splits, those for the 30-montH'Full Range_Pléture Vocabulary Test, and
for the 60-month WPPS| Vocabulary scores split at <23 : 24> years, at

<25 :1>26 years.

More Interestingly, four of the seven analyses abstracted In Table 7
were Instances of age groupings In the later twenties and middle thirtles
of delivery age. Two 48-month criteria, scores on the Boehm Concepts test,
and on the Preschool Inventory, ylelded significant sources of variance
ascribed to dalivery age when split Into two groups at <28 : 29> years.

Two 24-month crlterla, scores on the PAR (Creativity and Intaellaotual sub-
tests, yleldod significant anounts of variance when grouped at <34 ; 35>
years.

A slgnlflcant overall finding |s the range of these age groupings, and
thelr tendency to occur In a manner emphasizing older than younger dellvery
.ages as the locus of age effects,

An outcome of Interest is the finding that some maternal tralts hypo-

theslzed as relevant had little or no discernible role as sources of criterlon
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variance. Marital status at the time of birth is an example. It was used
In only one regression model, that was for 24-month PAR Ideation scores.
The FPS subscale Basic Distrust was not used at all, and another subscale,
Conventional Social Role was only used once, In the model for criterion, 48
month Boehm Test of Baslc Concepts. Interestingly, In view of the psycho-
lingulstic nature of the criterion serles, maternal 1Q (verbal) as measured
by the Ammons Quick Test had little role In the regression models. In the
four Instances when‘lt appeared, 30-month Ammons FRPVT, 48-month Preschool
Inventory, and Boehm Concepts test, 60-month WPPSI| Vocabulary, the contribu-
tion was not as a prime source of varlance. In three Qf the four Instances
Quick Test 1Q's were assoclated with lowered criterion scores at ages three
and four years.,

The predictors most frequently found significant were the variable of
prime Interest, maternal age at delivery of the proband (DA), and the FPS
scale Denlal of Hostlllty (DH), Anxiety, measured at six months was the
next most frequently used predictor In the thirteen reqgression models. Of
forty-four varlables excluding Interactlon terms In the thirteen regression
models seventeen are the predictors, delivary age and anxiety. Authorltar-
lanlsm and denlal of hostlllty account for another fourteen of the forty-four
varlables. For all thirteon criteria of psycholinguistic attalnment to
ago five years the predictors dellvery age, anxlety, authoritarlanlsm, and
denlal of hostllity account for thlrty-one.of the forty-four significant
variables. Exclu&fng c0nblnatl§ns used as lnteraétlon terms these four var-
lables out of nine In the predictor set examined account for three-quarters

of the significant elements In the predictor sets.
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DISCUSSION

Data. It is now appropriate to dilate on the significance of the findings
just reported, beginning with the variable of prime interest, age of the
mother at the time of delivery of her child. Current Interest, plqs a
small body of research (Crumidy and Jacobziner, 1966; Oppel and RoYston,
1971; Cutright, 1973) suggest thaf being a young moﬁher has great signifi-
cance for child development. Crumldy and Jacobzlner (1966) have pointed
out that‘young mothers tend‘to see thelr Infants as dolls wﬁlch are allve.
The essence of dolls, we hazard, |s that they are not creatures In thelr
own.rlght but essentlially sources of entertainment for the person playing
at being a mother. Cutright (1973) has pointed to the hazard of Inhiblited
growth Into mature womanhood for the girl plus the probability of having
more chlildren than average due to an early start. We note the findings of
Oppel and Royston (1971). They report that children aged 6-8 years and 8-10
years were at risk when thelr mothers were under eighteen years dellvery age.
The risk was evident In reduced scores on measures of helight, welight, 1Q
(Stanford=Binet, but not WISC), and reading; they were more likely to pre-=
sent behavior problems., More recent research by Belmont, Cohen, Dryfoos,
Steln, and 2ayac (1981) used data from the Collaborative Perlinatal Study,
and found no consistent evidence of adverse offects of maternal Immaturity.
Assoclated soclal disadvantages woroe the context wlthin which lowered ma-
térnai bge'prodﬁcéd-results.

Our findings, which treat a younger group of children, do not support
the ldeas that being a young mother, low delivery age, leads to discriminable

performance on thirteen developmental criteria between two and flve years of
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age. |If anything, a case can be made for delivery age being a source of
influence, but largely in the opposite direction.

At this point it is helpful to recall that our chosen statistical tool
for analysis sets up mothers' delivery age so that the role of this predictor
is established empirically by the process of maximizing the accounts of cri-
terlon varlance. The data constitute the basis for the grouping of variables
In Interaction regression aﬁalysls. bellvery age arranged itself into groups
separa;ed, for thelmost part, at above average levels and below those levels
as an emplirical, Inductive outcome. Our data, summarized in Table 7 shows
that several of elght signlflcant aée effects arose when mothers were around
thirty years of ége. This suggests that a complex of factors centered aréund
maturliy as a mother may be a toplc for consideration. Maturity, in this
case, meaning above average age, rather than belng merely beyond adolescence.

In the matter of related varilables It Is evident (see Table 5) that the
values which mothers hold at the time of dellivery, and thereby constltuting
base-11ne data for subsequent events, Influence the behavior of their children.
In the earliest years the Authoritarian Famlly ldeology scale and, in parti-
cular, the 1968 version of the Ernhart and Loevinger AFl '65 scale, accounted
for criterion varlance. This measure, which we have previously reported
(Jordan, 1968), oxpresses a dimenslon of authoritarlanlsm=1lberallsm, onc
In which, for example children's needs may or may not come before those of
thelr parents. The authors of the Famlly Problems Scale say that:

"A woman high on AF| apparently applles a punishment theory of
learning to problems of character development and child rearing;
the child cannot be trusted to choose his own foods, tollet

train himself, or grow out of childish misdemeanors. Controls
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are externally imposed rather than coming from within,'
(Ernhart and Loevinger, 1969, p. 36).

Previous Investigations using thils same data bank have found significant
curvilinear relatlionships between AFl values and the mother's age when age
Interacts wlith socioeconomic status (Jordan, 1968) and when age Interacts
with the mother's manifest anxlety level (Chovanec, 1968). The phenomenon
identlfled by Jordan was that as age Increased among low SES mother; author-
Itarfanism decreased untll ages 24-28 and then began to rise. But, at the
high SES levels authoritarianism steadlly decreased as age Increased. fhe
éhovanec findings were slmllar;rthat.ls; for highly anxlous mothefs, as age
Increased, authoritarlian attltudes decreased untll ages 30-33Iwhen éuthorl~
tarfanism began to rise with further advancing age. However, for low anxlous
mothers authoritarian child rearing values steadlly decreased as age Increased.
Both these reports support the maternal maturity hypothesis as a significant
factor to be conslidered In studying child development. And, concurrently
the age perliod when child rearing atittudes seem to change for the above men-
tioned sagments of the population of mothers (l.e., the low SES mothers or
the high anxlous mothers) 1s In thalr later 20's and early 30's. From Its
role In the present Investigation we conclude that the AFl values of mothers
extend thelr Influence beyond the parinatal phase-of child dovelopment,

The relationship Is that authorltarianism Is slgnificantly and neogatively
correlated with high child criterion scores. In Table 8 we sce the r's

for the AFl measure agalnst the criterla which are direct measurés of éhild
performance e.g. 30 months and later. The r's are relatively homogeneous
and the levels of significance vary as a consequence of the differing de-
grees of freedom associated with the éize of the sample used for each multl-

variate analysis.



. TASLE 7

LEVELS OF MATERWAL AGE AND R? CONTRIBUTION WHEN
WISHLY SICRIFICANT IN REGRESSION ANALYSES

Criterion Scsats Prisary Age Levels and Ascribed Varfance
(Intell.) (Limgwist.) Source rZ Smcondary o?
) Contributiqn Source Enntribut fon
Mos. PAR Intellectual 4} 13-3¢ yrs_ : 35-42 yrs. 18
Mos. PAR ldeation - ) 13-15 yrs_ : 17-42 yrs. ' .01
Mos. PAR Creativity Q) 15-34 yrs. : 15-42 yrs.
Mos. Ammons FRPVT ({§] 15-23 yrs. - 24-42 yrs. -n '
Mos. Preschl. Inventory - (1) ’ : ' 16,20-28 yrs. : 29-37,40.47 yre. w
Mos. Roehm Concepts ) 16,19-28 yrs. : 29-40.43 yrs. ©
Mos. Pl-Rs<nc. Vocab. (v) 16,20.2V yre. : 27-37.40.42 yrs
Mos. MPPSI Vucab. * - (1) 16.,19-25 yrs. : 26-17,40-42 yr<.
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Among the other subscales of the Family Problems Scale is Denial of
Hoatility. A prominent role as a source of variance began to appear with
the 36-month criteria; DH was evident as a prime source of variance in five

of the last seven criteria. In discussing this FPS subscale Ernhart and’

Loevinger observe that it,

""deals with harmony and discord In the home. |t appears to

measure a Pollyanna-like denial of problems Involving hostility
and related negative affects such as jealousy'" (1969, p. 38).

In the analyses reported here low scores on this predictor were associated
with high scores on several developmental criterla. The relevant criteria
are those concurrent and subsequent to adminlstration of the FPS scales at
chlild age three years. Consultlng Table 8 once more shows the highly signi-
ficant relatlionship obtalning between the DH subscale and criterion scores.
All are highly significant and at relatively consistent levels.

In connectlion with maternal values and Increased delivery age there Is
the question of the relevance of the number of chlildren a woman has dellvered
and Its Impact on child rearing attltudes In general and child attalnment In
particular clted research (Chovanec, 1968; Jordan, 1968) suggests that values
change with age; but advancing age also tends to mean that women have more
children. The number of children a woman has borne |s a variable of Interest
In chlild development., It arises as tﬁe toplc of slze of a famlly or slbshlp,
and It arises In the Ilterature on blrth ord?r In children. In our data set
It exists for probands as birth order Iﬁformatlon. Such maferlal I's both
chlld-and mother-significant. Our Intent has been to deal solely with mother-

signlflcant tralts, but we wish to note that we are aware of the double - or
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aapigune mcaning of birth order data. Given an intent to deal less nar-

paely With naternal traits we advocate Incluston of blirth-order data In

ander cond lder the effects of multiparous states in women. Concelvably
’

provess of maturing as a woman, and the parallel or interacting state

the

of acquiring more children, can contribute to our knowledge of how maternal

traits tafluance chlldrens' development. Authoritarianism (AF1) certainly

alters we' time.

the Rondlg version of the Taylor Anxlety Scale, administered six moﬁ:hs

st partum was of some influence throughout the criterion serles. However
]

in ol o instance, that of the mothers' reports of language attainment

e pecham's (1959) interview Instrument, did the anxiety scale play a

ale. W that regression analysis, In which nelther 1Q nor the four FPS

ceales wet® Included as predlctors, anxiety scores were the sole source of

ari e Low anxlety scores were assoclated with slightly higher language

Ao res A more expliclt assoclatlon,but st!1]l within a weak model (Rz-.oz)

wan Nt e twesn highest anxlety scores and depressed lingulstlc scores.

e varlables emarging 88 of little utlllty as ascribable sources of

marltal status, the Fps scale Moratistic Control (MC), and 1Q.
In the vase of the MC scalo, doscribed by Ernhart and Loevinger as ''...con-

o ~ith impulse control . a lalsser faire Involvement,' a low and weak

wutim«hlp within an lnteractlon' term was evident at four and five years.

(ne CAse of 1Q tt is interesting to note that the Quick Test used to

cang rate 1 maternal 1Q is related to the criterion Full Range Plcture Voca-

oA criterion used at 30 months of age. This predictor was barely evi-

ot e Table 5) in the regression analyses.



43

We turn next to the regression models of development generated by means
of the predictor series and data set gathered by prospective means. There
are statistical models in which the locus of attention tends. to be the F-
statistic and Its attendant probabllity. |In regression analyses the amount
of criterion variance attributable to the predictor remains in prime focus.
The low R2 values Iistéd in Table 6 are the pfoduct of models based on rea-
sonably lengthy predictor sets. Even when the regression Interactions are
complex, as In models 6-8, 12, and 13, the R2 values are low. Were the ob-
Ject of the exerclse to raise R? values to maximum levels It would have been
quite simple to incorporate a perinatal soclql class score based on occupa-
tion, educatlon; and Income source, already In the data archive Into the
predictor set, The effect of that however, In an Interaction mode!l would
have been to blur the intended concentration on the complex of'maternal
age at delivery and associated maternal traits. Under the circumstances

2 values are correlates of the uncloudad plicture of maternal

the attenuated R
traits and their influence on development of children over several years.
Our Investigation has examined the influence of a wide spdn maternal
age at delivery plus selected other maternal tralts measured post-natally
on thirteen psycholinguistic criteria from two to five years. Among our
hypotheses has been the nature 'of Interactlons and a prime role among them
for delivery age. iIn the flrst four énalyses of thg_scores from ;he Pre-
school Attainment Record there are many Intecactlbns (see Table 6). They
I 1lustrate several complex phenomena only realiw analyzable in regression
analyses. One Is the matter of complex Interaction terms. In the PAR

Information model In Table 6 there is the three-term Interaction (AFL

Anx * DA). The same equation also contains a non-linear term within an



44

interaction; it 1s (AFl % Anx * DA3). In the first set of analyses, the
four PAR criterla, the variable of prime interest, delivery age (DA) is
prominent in interaction terms. It Is also prominent in the regression
models presented for the subsequent developmental criteria. Addition of

the Famlly Problems Scale predictors attenuates the role of ‘dellvery age,
but does not end It. In general, the models Qsed to account for the vari-
ance of the intellectual domain critéria are comparable to those created

for the linguistic criteria In the selectlo; of predictors and in their com-
binations as Interaction terms. |

Finally, we return to the methodological questlon which is at the
heart of this study, the question of the appllcabllity of the Koplyay in-
teraation regresaton model to study of human problems in development.

It 1s evident that there is a class of problems In which the contrlbu-
tlon of complex terms in regresslion models cannot be set aside. The terms
themselves may be composed of two, three, or more variables. The form of
the variables Includes the possiblllity of éubod and quadratic polynomials,
especlally when anthropometrlc data are the subject of analysls (Joossens
and Brems=Heyns, 1975). However, only the actual analysis, rather than
the nature of the problem being addressed, can show how benoflclal the In-
teractlons are as explanatlions of the varliance surrounding the criterlon.

The range of topics to which in;eraction analysis may be applied |s
wide. Problems suitable for analysls &re those in which the range of pos-
sible Interactions is wide, requiring a parsimonious but not overly-economic

processing of data. By this we mean that the combination of variables may

be large, and no combinations should be ruled out In advance, except for



the most complex which would defy interpretation anyway. The variables them-
selves may be discrete or continuous. In the latter case the Koplyay program
accummulates a wide range of levels of a variable, e.g. our spread of mater-
nal ages at delivery ranging from thirteen to forty two years. Put more
broadly, the application of interaction regression is not a matter of sub-
sténtive area; It Is more a question of the hypothetical importance of inter-
actions among variables, given the opportunity to test the statistical signi-
ficance of fine levels of scores within variables. Finally, the technique

Is applicable to situations where thé investigator is willing to let the

data sort themselves out, In the best sense. . The investigator specifies
certain arbitra}y but not irrational cbnstraints and then allows the data

to aggregate and cluster on a mathematical basis.
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Policy. In our view the Importance of age at delivery, especially in young

brlmlparae; lles in its putative implications for soclal policy. To some ex-
tent, soclety In any generation has little control over the age at which fe-
males can conceive. Menarche occurs much ‘sooner fn‘the late twentieth cen-
‘tury than |t did lﬁ previous generations. In females in the 1966-67 cohort

of the St. Louls Baby Study menarche appeargd, on the average, at 146.40 months
- 12.20 years. . However, Natgré-merely séts‘the-stagé; and it 1s the circum-
stances of decisions made by the young wlthin speci%lc sociai contexts which

lead to early motherhood. Quay (198f) has shown that adolescent pregnancy

may express several personal themes, Some lead to termination of pregnancy

and others are followed by parenthood. In the context of this report mother-
hood occurs within social settlng§ with meanings for both mother and child.

The challenge |Is to form policies for obstetric care and to ralse the educa-

tional level which will mold care-giving. Appropriate social policy will

assist mother and child through attention to nutritlon In early pregnancy fol-

lowed by sustalned attention to soclal stlmulatlon of the young child. In

the case of the latter action should be attention to stlmulating the child

through, for example, a program of home visltatlon In which the commonly held

view of lmnutablllty of development Is challenged. Thls policy ltem accepts

that lower-class orientation to human growth ls qulte conservatlve, and that
young, poor mothers can be taught that thelr action can stlmulate cognitive

growth, Slmultancousiy, we nced to stimulate mothers to continue thelr own

personal and academic growth. Avoidance of subsequent and lminediate pregnan-

cies, and continuation of education and acquisition of skills, are elcments of

soclal policy for young mothers. In the case of the policy clemcnts aimed at

mother and child the social matrix of the young pregnancy, rather than the
early gynecological age of the mother, is the element with the most social
implications. For young non-mothers we join Morris (1981) in asserting that the

best social policy is that which defers the first birth.
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SUMMARY

We summarize the findinés of this inquiry into application of interaction
regression analysis to the effects of delivery age and related traits on devel-
opment of children in the format of the hypotheses which structured the inves-
tigation.,

1. The range of ages at delivery Is wide; and the salience of this
variable and others of hypothetical Importance makes interaction
regression é useful fechnlﬁue to apply to the data.

2. Among a complex of maternal traits age of delivery Is a salient
influence on child attainment on psycholinguistic criteria between
ages two and flve. rHowever, we do not report that teeﬁage ls a
significant range among deilvery ages. In some respects the
opposite may be more llkely, with delivery age in the twenties,
and especially the late twenties, being an empirically generated
formulation of greater significance.

3. Among the ather traits in the predictor set the values examined
by means of the Famlly Problems scales were significant, In
particular, the Danlal of Hostl11ty and Baslic Distrust scales.
Anxlicty was also a significant predictor, The scales Morallstic
Control, and Conventional Social Role were not significant. Verbal
1Q's of mothers and thelr marital status at delivery were not
significant.

4. Interactions of variables within regression models were complex.

| _ ‘ . . .
High order interactions and non-1inear terms were observed. Mo
uniformly Influential element in tha interaction terms was observed,
although the slgnlflcant predictors were evident as discrete ele-

ments and as elements of Interaction terms.
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Regression effects were non-linear, for the most part. In selected
instances even complex regression models yielded low accounts of
criterion variance.

The thirteen criteria employed at ages two to five years were
classed as intellectual and linguietic. In both instances the
patterns of variables.identified as significant were comparable.
The domains were not, however, ]ncompatib!e as areas of chlld
development. |

Suggestions for public policy arising from the review of the
llterature and from original data of the St. Louls Baby Study
(Jordan, 1982) have been presented. Attentlon toc nutrition

in early pregnancy and attentlon to educatlonal and scocial

stimulation for young mothers and thalr chlldvan ars advocatead.
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A NOTE ON PROPORTIONAL CELL FREQUENCIES
IN A TWO-WAY CLASSIFICATION

JOHN D. WILLIAMS
THE UNIVERSITY OF NORTH DAKOTA

Abstract - A proportional, but non-equal two-way data set is analyzed,
comparing the full rank model solution to the fitting constants, hierarchical
model and unadjusted main effects solutions. The latter three models yield
identical results; the full rank model, yielding different results, is

shown to be testing different main effect hypotheses.

Several writers have explored different approaches to the analysis of
disproportionate cell frequencies data in a two-way (or higher) layout. One
such solution, the "full rank model" solution, as described by Timm and Carlson
(1975) has been purported to be the "best" solution to the traditional two-way
design; Overall, Spiegel and Cohen‘(l975) appear to concur in this position,
One rather interesting circumstance is that, for proportional, but non-equal
cell entries, the full rank model solution fails to yield an additive solution.
While this problem has been pointed out before (sea Overall and Spiegel, 1969:

also, Williams 1977), a simple example together with the sums of squares should

" be helpful.
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Consider the following data (taken from Williams, 1974, p. 77):

Sex

Male

Sex

Fomale

ACT Scores

Arts and
Sciences

20
18
18
16
21
22
24
28
29
16
18
13
15
18
17

~ Arts and

Sciences

College -

Education

21
17
19
14
12
26
28
21
14
15

College

Education

23
29
21
17
15
13

Engineering

21
22
16
18
23

Engincering

27
24
22
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Several different procedures could be effected to code the data or obtain

suitable solutions. Because contrast coding is an effective means to obtain

a solution for the full rank mode) approach of Timm and Carlson, contrast

coding is used for the other solutions as well. In addition to the Y (criterion)

variable, five other variables can be defined:

Xy

Xs

=

i

4

1 if male, -1 if female;

1 if in the College of Arts and Sciences, 0 if in the Colleqe of Education,
=1 1f in the College of Engineering;

0 if in the College of Arts and Sciences, 1 1f in the College of Education,
=1 1f in the College of Engineering;
Xy » X3 and

Xl . XJv

Six models can be defined:

Y om by + DX, 4 e, (1)

Y « b,
Y = b
Y = b,
Y = b,
Y « bai

*hyX, + byX, +oe,, (2)
YK b,X, +byX, ey, (3)
thiXy 4 baX, X, 4 bX, + byXy + ¢,, (4)

¥ by Xy 4 buX, + byXy + ey, (5) and

+

baXy + byXy + bX, # byX, + e,. (6)

In equations 1| through 6, the b's are reqression coeffictents specific to an

equation (b0 will !iké!y be different for the different equations; so also the other

b's are specific to an equation); the e's are error terms associated with each

equation,
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Table 1 shows the sums of squares for the various approaches to analyzing
the data on sex and college.

[t can be noticed in Table 1 that the main effect for sex and sex 1indepen-
dent of college are equal, but ‘are unequal to sex 1ndepéndent of college and-
interaction; a similar result occurs for the Eo]1ege effect. If either an
unadjusted main effects solution, a fitfing constants solution or a'hierarchica1
model are comp]eted, an additive solution is %;und. See'Tab1e 2. (fhe termi-
nology for type of solution is the same as in Williams, 1972).

However, if a fu]] rank model solution (as suggested by Timﬁ‘and Carlson)
is executed a non-additive model results. See Table 3.

The difference in the solutions shown in Tables 2 and 3 are that different
hypotheses are being tested. It can be shown (see Williams, 1977) that the
solution in Table 2 corresponds to the one proposed by Jennings (1967); the

hypothesis for sex differences is given by (in terms of sample means)

Y, + na¥p + 0¥y o ¥y + ng¥s + ng¥e (4
nt + na *+ny Nne + ns + Ng

where the n's and Y's correspond to the cells {in the two way layout. Y, is the
mean of males fn arts and science, Y2 is the mean of males in education, and Y,
is the mean of males in engincering; means for females (Yu, Vs, Yo)  are
similarly defined.

Since proportiona1|ty holds, the numerator and denominator of the left side
of equation 7 can be multiplied by n' (or by Fj or H? or any combination thereof,.

since the proportion is the same):

_ R 3 _ B
nJ”IYt _4n'tﬂzY° n["?Y_a nNY, + n.¥Yy +n.Y, (3)
n, = n, *¥ n;g +n; '
-t + +
n (ny +n, +n,)
Since n, = N¢ = n,, , equation 8 can be simplified
n, n; )



Table 1

Two-Way Solution for Proportionate Cell Frequency

Source of Variation

Sex

Sex (Independent of College)

Sex (Independent of College and Interaction)
College

College (Independent of Sex)

College (Independent of Sex and Interaction)
Interaction

Within

Total

df
1

$S,
sS,
$S,,

sS,

ss,
SS,,
$S.,

-

.14

$S,

SSs
49.10

sS,

SS¢

sS,

SS

49.24 - 49.10 =

.14

107.42 - 95.36 = 12.06

49.24 - .14 = 49.10

107.42 - 34.91
107.42 - 49.24

SSpey. = 885.83

SST = 993.25

I

72.51
58.18

MS
.14
.14

12.06
24.55
24.55
36.26
29.09
21.09

.01
.01
.57
1.16
1.16
1.72
1.38

S9
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Table 2

Summary Table for the Unadjusted Main Effects Solution, Fifting
Constants Solution and Hierarchical Model With Proportional Data

Source of Variation df SS MS F
Sex 1 ' .14 .14 .01
.College 2 49,10  24.55 1.16-
Interaction 2 58.18 29.09 1;38
Within 42 885.83 21.09
Total | 47 993.25

Table 3

Summary Table For Full Rank Model Solution
With Proportional Da;a

Source of Variation df SS MS F

Sex (Independent of
College & Interaction) 1 12.06 12.06 .57

College (Independent of

Sex & Interaction) 2 72.51 36.26 1.72
Interaction 7 2 58.18 29.09 1.38
Within 42 $85.83 21.09

I

Total 47 1028.58 # 993.25
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; While equation 9 could be expressed in several alternative forms, it is clear
¢ that the number of members in a cell are incorporated into the hypothesis.
; The full rank model solution addresses a different hypothesis. For the sex

igeffect, the hypothesis tested is (in terms of sample means)

Yl +Y1+Y3 =Vh+75+75. (10)
: 3 ‘

Note that equation 10 tests a hypothesis regarding means that suggest

A

fa]] groups have the same number of members, even if they do not. The actual mean

for males 1s 19,33 and for females is 19.44, The cell means are Y, = 19.53, Y2 = 18.70,

i
[
3
£
%
‘)

i*vh + Zs + Vo. 20.55.

¥, =20, V, = 1767, ¥ = 19.67 and ¥, = 24.33. Thus Lo * 22 * Y92 19,41 and

[t is this writer's opinion that the additive solution is

'*more 1ikely to be of interest than the solution found through the full rank model

‘so]ution suggested by Timm and Carlson.
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UNDERSTANDING.PART'IAL REGRESSION COEFFICIENTS
IN THE PRESENCE OF CORRELATED REGRESSORS

JEFFREY K. SMITH AND LINDA F. LEARY
RUTGERS UNIVERSITY

ABSTRACT

The interpretation of partial regression coefficients in the presence

correlated regressors causes difficulty for students in the social sciences.
nce correlation among regressors is the typical case in the social sciences,

is presents a considerable instructional problem. This article presents an
:planatlon of the partial regression coefficient in the presence of correlated
‘gressors that is a sImple and direct extension of the case where regressors
e mutually orthogonal, The interpretation presented emphasizes the rela-
nship between the partial regression coefficient and the simple regression
offlclent. An example using SAS computer package is provided.

1troduction

The oxtension of the principles and techniques of simple lInear
‘grossion to multiple linear regression frequently results in confusion and
isundorstanding for students in the social sclences. The major problem
‘0a concerns the undorstanding of tho regression cocfficients when regres-
‘s aro moderately correlated. in most texts on regression analysls (Cohen
1d Cohon, 1975; Draper and Smith, 1966; Kerlinger and Pedhazur, 1973)
e extension from simple to multiple regression is discussed via the special
1se whore the regressors are uncorrclated. Pedagogically, this is appro-
riate since it requires the introduction of a minimum of new concepts.
owever, in the actual analysis of data in the soclal sclences, correlated
'gressors are far more the rule than the exception. Unfortunately, it Is
' the conceptual leap from Independent regressors to corrtlated regressors
1at there exists the greatest lack of clarity in explanation. An example of
lis confuslon Is the belief displayed not only be beginning students, but
/ practicing researchers, that the order of entry of the variables Into a

This work was supported in part by a grant from the Rutgers University
Research Council. The authors appreclate editorial comments from an
anonymous reviewer,
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stepwise regression procedure affects the resultant regression weights when
the full model is estimated! This confusion is exacerbated by the treatment
of stepwise regression output in statistical computer packages such as SPSS
(although, to the credit of the SPSS authors, they provide the best explana-
tion we have found to date on the problem of correlated regressors) (Nle

et al., 1975).

The purpose of this paper is to present a lucid explanation of
partial regression coefficients in the presence of correlation among the re-
gressors, Our goal is to bridge the gap between a purely verbal explana-
tion such as ". . . the increase.in Y for a unit increase in X holding all

other variables constant. . ." and a .purely mathematical explanation such as:
_fvi T "va"na Sy
- B = 7 (_)
~Y1.2 1-r S
o 1

‘Although both of these approaches are technically correct, neither provides
a particularly good intuitive understanding of what is involved in multiple
regression with -correlated regressors.

Simple and Partial Regression Coefficients

It Is our experience that the simple regression coefficient is read-
ily comprehended by students as they approach multiple regression, and that .
an explanation of the partial regression coefficient in terms of a simple reg-
ression coefficient Is heurlstically appealing to students. Such a transition is
clear and direct In the case of mutually orthogonal regressors. This multiple
regression setting reduces to a series of simple regression equations (as in
Draper and Smith, 1966, pp. 107-118), That |s, the partlal regression coef-
ficient |s Identical to what It would be In a simple regression.

Our purpose here Is to show that a similar reduction can be used
evon when regressors are correlated. The prescntation below domonstrates
how this would be done. It might reasonably follow the mutually orthogonal
setting In a regression course.

Conslder a regression with dependent variable Y, and threc mod-
erately correlated regressors X,, Xz. and X3:

(N Y = B.X, + B,X, + B,X; + B,
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since the regressors are correlated, it is obvious that the coefficient B, will
1ot have the same value as a simple regression coefficient from the regr_]e.'f;sion
>f Y on X, (alone). However, B, will be identical to the coefficient obtained
from a simble regression of Y on ke residuals of X (say, X,') after the col-
linearity with X_ and X, has been removed. This can be accomplished by
regressing X' oh X2 ana X3:

R :
X‘=a2X2+aX + a

373 0
then‘ X”' = X'i - X‘i
The same procedure is followed for X2 and X3. A new equation:
- ty ! G iyt '
(2) Y = By'X, +Bz)<2 +B3)(3 +B0

can be shown to yield exactly the same regression coefficients as equation (1).
That is, B'= B. The pedagogical advantage gained by creatlng equation (2) Is
that the X,'s are mutually orthogonal and the B,'s can be understood as in the
mutually oclthogonal case. Thus, the partial reé;resslon coefficient Is the simple
regression coefficient of Y on the residuals of X‘ after the effects of X2 and
X3 have been removed from X‘.

The utility of this approach to understanding regression coefficients
is that It allows the student to link his comprehension of the partial regression .
coefficient to the firmer ground of the simple regression coefficient. This Is
particularly useful when such concepts as suppressor variables, multicolllnearlty,
and shrinkage In r-squared are discussed.

An Example

, An example of this approach with three regressors using the SAS
statistical package Is presented below: . :

(JcL)

DATA SAMPA;

INPUT Y X1 X2 X3;

CARDS;

_ - (insert data)l
. PROC GLM; MODEL Y = X1 X2 X3;
_'ﬁj PROC GLM; MODEL X1 = X2 X3
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"OUTPUT OUT = SAMPB RESIDUAL = RESID;
DATA SAMPC; MERGE SAMPA SAMPB;

| ?hoc GLM; MODEL Y = RE$|0;

DATA SAMPA;

PROC GLM; MODEL X2 = X1 X3;

OUTPUT OUT = SAMPD RESIDUAL = RESID;

~DATA SAMPE; MERGE SAMPA SAMPD;
PROC GLM; MODEL Y = RESID;
DATA SAMPA:

PROC GLM; MODEL X3 = X1 X2; |
'OUTPUT QUT = SAMPF RESIDUAL = RESID;
DATA SAMPG; MERGE SAMPA SAMPF;
PROC GLM; MODEL' Y = RESID;
A |

' The first PROC GLM statement results in the standard multiple
regression output for the full model. The second PROC GLM regresses X‘

on the remaining Independent varlables and calculates the residuals, while the
third PROC GLM performs the regression of Y on the residual of X,. Students
can now verify that the regression coefficlent for residuals Is ldent'cal to that
for X, in the original model. The remaining PROC GLM statements calculate
the cdefficients for X, and X, In the same manner. Although the layout for
calculating all regresﬁon cooﬁlclents Ils presented here for completeness, cal-
culation of only one or two of these may be sufficlent for Instructlon,
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* SPECIFICATION BIAS IN CAUSAL MODELS
WITH FALLIBLE INDICATORS
BARBARA J. PATTESON AND LEE M. WOLFLE

"VIRGINIA POLYTECHNIC INSTITUTE
AND STATE UNIVERSITY

ABSTRACT

In the bivariate case, measurement error in the independent variable
produces an attenuated estimate of the true regression coefficient. In the
multivariate case, the bias which results from specifying, incorrectly, a
model with no measurement error will produce biased estimates which are
predictable 1n neither their direction nor magnitude. This paper
demonstrates some of these biases in a causal model of educational
attainment.

~ Educational researchers have known for a long time that measurement
errors in 1ndependent_var1ab1es cause regression estimates to be biased. |
In the bivariate case, measurement error in the independent variable
produces attenuated regression estimates. In the multivariate situation,
however, neither the size nor direction of the bias 1s predictable, unless
" one knows in advance the magnitude and nature of the errors. This paper
examines the implications of measurement error in a socioeconomic model of
educational attainment. Wolfle and Lichtman (1981) est1mated models of

educational attainment for whites, blacks, and Mexican-Americans using

| This paper was presented at the annual meetings of the American

Educational Research Association, Los Angeles, April 16, 1981. This
research was supported in part by a grant from the Mational Center for
Education Statistics (MNo. 300-78-0561).
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estimates of structural parameters corrected for measurement error; Their
report, however, concentrated on comparisons of interethnic differences in
coefficients, and nowhere did they demonstrate that their LISREL-produced
estimates differ 1n‘1mp6rtapt ways from multiple regression estimates of
the same model. Using the Wolfle and Lichtman (1981) model of educational
attainment, this paper_demon;trates that regression estimates will differ
substantially frbm estimates that are corrected for the existence of
measurement error. |

The 1mportance of bias created by ignoring measurement error is a
" point of some controversy. Jencks, et al, (1972; p. 336) concldded that
the ef%ec£s of random measurement erfor in a model of intergenerational
mobility were re]ative1y\un1mportant._ In contrast, Bielby, Hauser and
Featherman (1977) found that random measurement errors among nonblack men
yielded regress1oh estimates biased from 9 to 16 percent, For black men,
however, Bielby, et al., found evidence of nonrandom errors, which yie]ded
estimates whose biases weresubstant1a11y1arger‘than those for nonblacks.
They concluded that, "because of the differing structures of response
error among black and nonblack men, ignoring those structures leads to an
exaggeration of black-nonblack returns to schooling and to understatement
of racfal differences in total and conditional inequality of occupatigna1
attainment" (Bielby, Hauser and Featherman, 1977, p. 1277). In addition,
wo]er (1979) has compared regression estimates in a model of educational
attainment to LISREL-pfoduced estimates corkected for measufemeﬁt error
" using data from the National Longitudinal Study of the High SEhoo] Class
of 1972. Among whites, he found random measurement error produced

regression estimates biased as much as 200 percent.
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- Concerned that differential levels of measurement bias would affect
Hr substantive conclusions about d1fferen;e§ in tﬁe educational process
~ whites, blacks, and Mexican-Americans, Wolfle and Lichtman (1981)
2d a general method of the analysis of covafiance structures (Joreskog
d Sérbom, 1978) to generate stryétural parameter estimates free of
asurement error bias in a model of educational attainment.

| This paper examines the size ana importance of measurement error
ases in the Wolfle and Lichtman (f981) model as a demonstrafion of the
sts involved in ignoring measurement.érror. In order to dQ this, the
irameters in the Wolfle and Lichtman model have Séen reestimated with
‘dinary 1éast squares regression; These new estimates have then been

mpared with the LISREL (corrected) estimates reported by No]flé and

ichtman (1981),

HE MODEL

The basic model of educational attainment used in this analysis is

hown diagrammatically in Figure 1. The variables of interest are shown

fthin ellipses, and include father's occupational status, father's eduCa-
{on, mother's education, number of siby1ﬁgs, sex, ability, academic
reparation, college plans, and educational attainment. The arrows
'manating from the ellipses to mnemonic labels describe the measurement
portion of the LISREL model, and are described in detail in Wolfle and
l.ichtman (1981). The variables used in the ardinary least squares

regression are described below.
The model is a fully recursive set of structural equations in which

ability is dependent upon five exogenous variables plus a residual
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sturbance term. Academic preparation is dependent upon ability, five
:ogenous variables, and a residual term. College plans 15 dependent upon
ility, academ{c preparation, five exogenous variables, and a residual.
inally, educational attainment is dependent upon all of the preceding

ariables in the model, plus a residual term.
HE DATA

Data for this study wefe drawn from the National Longitudinal Study
»f the High School Clas§ of 1972 (see Levihsohn, et'af., 1978). ‘The NLS,
vhich has been and continﬁes to be supported by the Nationa1'Center for
Education Statistics, was designed to prov&de data on a large cohort of
high school seniors, and to follow these students as they made the move
from high schoollinto their éar]y years of adulthood. The data file
{ncluded base-year survey and test-score data collected in 1972, along
with follow-up surveys in 1973, 1974, and 1976 (the 1978 follow-up data
are now available, but had not yet been made public at the time of our
analysis). The analysis reported here is restricted to white NLS
respondents. As with most other analyses of the process of socioeconomic
achievement, pairwise present correlations were used to estimate the
parameters of the model; the average number of whites in the analysis
was 11,743,

In estimating the parameters of the model using ordinary least
squares regression, in some cases only one manifest measure was used in
place of the LISREL latent variable, and in other cases'a simple summated
scale was computed. The variable used to measure father's 6ccupat10n was

FAOCCCOM (V2468), a composite variable measured in terms of Duncan's (1961)
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SEI scale as revised to match the 1970 census occupation classification
~ (Hauser and Featherman, 1977), The variable was a composite of each
individual's reéponses to base-year and firstfyear follow-up questionnaire
1tems whiqh asked respondents to indicate their father's main occupation.

The variab1es used to represent father's and mother's education
were FAEDCOM (V1627) and MAEDCOM (V1628), respectively. .These also were
composite scores based on base-year and first follow-up questionnaire
ftems. The category responses for these two variables were recoded to
the number of years of schooiing completed. |

Values for_thelnumber.of siblings were obtained by summing the
values of four questions, which ésked respondents to indicate the nuﬁber'
of older Srothers. younger brothers, older sisters, and younger sigters.
Completing the specifications of the exogénous variables, sex was measured
by the base-year and first follow-up composite variable, V1626, This
dummy variable was coded zero for males and unity for females, so that
positive coefficients emanating from this variable indicate higher values
on the dependent variable for women,

The dependent variable, ability, was computed by taking the
arithmetic averagé of four subtest scores administered to the respondents
in the base year, The four measures were tests of vocabulary, reading,
letfer-groups. and mathematics. Academic preparation was also computed
as an average of three indicators. The varfables included in this
' computation were the number of semesters of science taken between July 1,
1969, and high school graduation (V0046), the number of semesters of
foreign language completed {n the same period (V0053), and the semesters

of mathemat1c§ (vo074).
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College plans were indexed by an NLS routing question (V0385), to

h respondents indicated how they intended to spend the largest part-
their time in the year after leaving high school. Anyone who planned
1ttend a twolyear or four-year college or university either full time
Jart time was given a value of unity on the college plans variable.
other respondents were given a value of zero.

~ Finally, educational attainment (V1854) was measﬁred.from responsés
a question asked in the 1976 fo110w-up in which respoﬁdents were asked
indicate the highest )eye1 of education or training they'had received.

category responses were recoded to years'bf'completed schooling.

ECTS OF RAMDOM MEASUREMEMT ERROR

Measurement errors can be of many kinds. One kind exists when
ors in one variable are correlated with the values of anotﬁef variable.
~ example, Mare and Mason (1980) have shown that women report their
ther's occupétioh with gfgater'error fhan men, apparently because the
Lher's ocbupation is more salient for young men than women, ~Another
nd of reporting error exists when the errors in one variable are
rre]atediwith errors in another variable. Bielby, Hauser and Featherman
977), for example, found that blacks overstate the consistency among
ofr own status characteristics and those of their fathers.
_ [t is also possible for measurement errors to be uncorrelated with
iything else, For example, Bielby, Hauser and Featherman (1977) found
at a status attainment model for nohblacks with correlated errors

~ovided no better fit to the observed covariances than dtd a model with

|1 error covariances specified to be zero. They concluded that measurement
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errors of status characteris;ics for nonblack men were strictly random,
Wolfle and Lichtman (1981) reached the same conclusion for whites
regarding the randomness of measurement errors in their model of
educatiqnal attainment; they found that_the most 11ke]y candidates for
correlated errors yielded a model only marginally better 1n its fit
than a model with only random errbrs. i

As a result, the comparison of the Wolfle and Lichtman (1981)_
parameter estjmates to.ordinary least squares regression estimates will
1nd1caté.some of the biasing'effects of réndom errors of measurement in
multivariate analyses. If there exist other kinds of errors, one should
expect to find structural parameter estimates substantially affected by
the nature of such errors,

Even with random errors, biases can sometimes be severe, For
example, suppose both father's occupation and education were reported
with random error. If these two fallible indicators were then to be
included in a regréssion equatioh'predicting variation in ability, the
estimates of théir structUﬁal effects would be biased toward zero, thus
underestimating the dependence of ability upon these two social background
variables. Moreover, 1t 1s unlikely that both father's occupation and
education are measured with equal reliability, and to the extent that
these errors of measurement are not equal, the reqression estimates of
ability on father’s‘edgcation and occupation will be either inflated or
deflated. With unequal reliabilities, therefore, the bias-in regression
estimates is not necessarily toward zero (as in the bivariate case); the
direction and magnitude of the bias depends on the relative reliabilities
of the independent variables, and unless one knows what these are in

advance, the biasing effects are unpredictable.
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Consider now the regression of academic preparation on ability and
exogenous variables. If the exogenous variables are reported with
om errors, the joint dependence of both aﬁility and academic prepara-

on the exobenous variables will be underestimated. As a result,
dependence of academic preparation on ability will be overstated,
:use the effects of fhe exogenous variables are understated.

It is reasonable to suspect that all the variables in this model
reported with raﬁdom error. Moreover, 1t is also reasonable to
nose.that their reliabilities differ. As a result, al]lthe'regression
imates are likely to be biased, but it is unreasonable to sUppose that

magnitude of bias 1s necessarily either small or consistently in one

iction.

ILTS

Table 1 shows two sets of estimated structural parameters in a model
~ducational attainment. For each dependent variable, the top row of
fficients are corrected (LISREL) estimates as reported by Wolfle and
htman (1981); the second row of coefficients for each dependent variable,
wn in parentheses, are ordinary least sduares (OLS) regression estimates.
king first at the proportion of explained variance for each dependent
lable, note that-the method of least squares'understates the true
‘lained variance by 19 to 30 percent. This occurrence results from the
'minatfon of a considerable amount of random error in the corrected
REL estimates of the variances and covariances among the latent variables. *

Examining the effects of the five background characteristics on

ility, as predicted the OLS estimates underestimate the effects



Table 1. Estimates of Parameters in a Model of Educational Attainment: White 1972 High School

Graduafes (R = 11,743)

Predetermined VYariables

2
Dependent Father's Father's Mother's Number Acad. Colle R
; s . ge
Variable Occup. Educ. Educ.  Siblings X Ability Prep. Plans
.087 .381 .572 -.262  .185 .16
Ability - ' -
(.029) (.374) (.462)  (-.245) (.534) .13)
) .006 oM .012 -.034 -.510 .119 .45
Academc. : .
Preparation (.004) (.022) (.028)  (-.036) (-.405) (.105) -32)
~003 .008 .013 -.014 .031 .017 .090 .44
College _
Plans (.001) (.017) (.013)  (-.016) (.001) (.017) (.074) .31)
Cducational .001 .032 .035 -.025 -.029 .030 .115 1.78 .68
Attainment (.001)  (.040)  (.048)  (-.082) (-.004) (.036) (.134) (1.379) .50)

——

Note: Corrected LISREL estimates are shown without parentheses. Ordinary least squares
regression estimates are shown in parentheses. :

4:
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»f these variables. For example, the OLS estimate for the effect of
father's occupation on ability is .029, whereas the corrected estimate is
.047. This is a negative bias of about 38 percent. The OLS estimates

of the effects of father's education, mother's education, and number of
;1blings on ability are also negatively biased by about 2 percent, 19
sercent, and 6 percent respectively. The only OLS coefficient for ability
vhich 1s not negatively biased'is the'effect from sex, but this may be

iue to the different ways in which.the ability variable was constructed.
_ISREL gave the greatest weight to a mathematics test score in the
onstruction of the latent ability variaﬁ]e. which when balanced against
three manifest measures of verbal apility yielded estimates that suggest
there 1s no sex effect on ability. The construction of the ability measure
for the OLS equations gave these four subtests equal weight,.giving

verbal expression, on which women excell, more weight than math. Thus,
the regression estimate shows a positive effect.

Looking at the effects on academic courses taken in high school,
it is seen once again that the OLS estimate of father's occupational
wtatus 1s negatively biased by about one-third., OLS estimates of parental
nducation are, however, positively biased, both by about 100 percent. This
positive blas causes the dependence of academic preparation on parental
rducation to be overstated in the OLS analysis; as a result, the effect of
abi1ity on academic preparation is understated by about 12 percent.

A similar pattern seems to develop when looking at the effects on
college plans, The structural coefficients for father's ‘occupation and
.academic preparation are negatively biased by 67 percent and i8 percent,
respectively, but father's education is positively biased by about 100

percent,
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Turning to the dependent variable of primary interest, educational
attainment, the OLS estimates of the effects of parental education are
once again positively B1ased, thus overstating the effect of educational
background on respondent's educational attainment. The sizesof these
biases for father's and mother's education are 25 percent and 37 percent,
reSpective1y. If the previous pattern were to be followed, one might
expect the OLS estimates of the effects of ability and academ{c prepar-
ation on edqcational a;tainment to be an underestimate of the true effect,
dué to the qverestimation of the dependence of educational attainment on
parental education. Such‘is not the case., The OLS estimate for a5111ty
is pgsitive1y'b1ased.by about 20 percent, and academ1c‘preparat1on'1s'
positively biased by nearly 17 percent. Such fluctuation is to be
expected in a multivariate model. The nature of measurement error causes
OLS estimates not to be well behaved, so that the extent of bias becomes
unpredictable in both magnitude and direction. Finally, the effect of
college plans expressed in hiqh school on educational attainment is

underestimated by .its OLS coeffic1en; by about 23 percent.
CONCLUSION

This paper has examined the extent of bias inherent in ordinary
least squares regression estimates when the presence of measurement error
is ignored. While these results were based.on but one population of high
school students, and one structural model of educational attainment, the
implications are much more widespread. It seems unwise to aséume.soc1a1
variables are measured without error. This paper has demonstrated that

the ordinary least squares estimates will be biased 1f measurement errors
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~e incorrectly specified (e.g., assumed to be 2ero by choosing to ignore .
nem). In some cases, the nature of bias can Be predicted, but the more
sual situation is that measurement error bias is unpredictable.  Biases
ay be offsetting, but are just as likely to be additive. Mason, et al.
1976) were wise to suggest that:

.Since the errors may be large or small, and their effects may,ﬁe
additive or offsetting, thefe is no way to acecess the biases in
naive (uncorrected) models Qf achievement processes without
first investigating the separate and joint effects of each type
of measurement error (Mason, et al., 1976, p. 444). |

Researchers would be well advised to heed such advice. This paper has
found that biases may exceed 100 percent of the corrected estimates.
While this degree of bias is serious, indeed, it pales against the extent
of bias possible with correlated errors of measurement. In applicable
situations, educational researchers should avail theméelves of new

analytical techniques which-a1low for the assessment of, and correction

for, measurement error in models of educational processes.
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ULTIPLE LINEAR REGRESSION VIEWPOINTS
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MISSING CELLS IN A TWO-WAY CLASSIFICATION

- JOHN D. WILLIAMS
THE UNIVERSITY OF NORTH DAKOTA

\bstract - A data set with one missing cell {s investigated with a number of
ylausible hypotheses regarding the means. It 1s shown that the set of

nypotheses 1ikely to be of interest correspond to a result computationally
identical to the unadjusted main effects solution.

The two-way fixed effects analysis of variance with disproportionate
cell frequencies has been considered by many different researchers. The
“full rank model" solution, described by Timm and Carlson (1975), has been
purported to be a "best" solution. Overall, Spiegel and Cohen (1975) have
also opted for this solution, though Overall and Spiegel (1969) earlier had
shown a preference for the fitting constants solution. Cohen (1968) described
a hierarchical model that has the advantage of being an additive solution.
Jennings (1967) and Williams (1972) describe a solution that address probable
hypotheses of interest. Jcnnihgs approached the problem in a classical re-
gression formulation, whereas Will1ams showed that the same results could be

computationally found in a simpler manner. Pérhaps'unfortunately. Wi111ams

termed the solution the unadjusted main effect solution,
Other researchers have used a combination of approaches rather than use

exclusively a single solution. Among such researchers are Searle (1971)

91
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and Applebaum and Cramer (1974).

Focusing on the hypothesis tested has been the direction of Speed and '
Hocking (1976) and Searle, Speed and Henderson (1981). In the latter article, .
théy show that, with missing cells, the wusual hypotheses for rows and columns
lose their meaning and that it is much more beneficial to concentrate on cells.
This approach would seem to be in keeping with Jenning's (1967) earlier article.
| Comparisons of the hypothéses tested in the full rahk mode] so]ution of Timm

and Carlson (1975) and the unadjusted main effects solution was shown in’

Williams (1977).‘ In a companion to the present paper Williams (this issue)
showed that when the data are proportional but not equal in cell frequencies
that the hypotheses tested'cod]d vary from those a researcher wishes fo test
"for the Timm and Carlson full rank model solution. The direction of the
present paper 1s to examine the hypotheses when missing cells occur,

The data are taken from Williams (1974, p. 77) except that the three

| data points in the last cell (engineering females) are omitted.



Q13

ACT Scores
~ Arts and _
Sex Sciences Education Engineering
" Male 20 21 , 21
' 18 17 .22
18 19 16
16 14 18
21 12 23
22 26 '
24 - 28
28 21
29 14
16 ‘ " 15
18
13
15
18
17
Female - 19 23
17 29
17 21
16 17
18 ' 15
27 13
14
15
16

Note that {f the three data points had been included for the engineering
females, the data would be proportional, and the analysis 1s given 1n Williams

(this 1ssue).
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To analyse the data, an analysis using contrast coding is used to effect
what might be termed a "quasi-analysis of variance solution" usihg the full
rank model approach of Timm and Carlson and the unadjusted main éffect solu-
tion of Wi11iams. In addjtion to the Y (criterion) variable, fodr other

variables are defined:

X¥ = 11f male, -1 if female;

X3 = 1 1if in the College of Arts and Sciences, 0 if in the College of
Education, -1 1f in the College of Engineering;

X¥ = 01f in the College of Arts and Sciences, 1 if in the College of

Education, -1 1f in the College of Engineering; and
X¥ =Xy ' X3¢
Six models can be defined:

Y =b, + bXt+e, (1)

by + baX§ + byXy + e;, (2)
be + byX{ + byXf + bXy + ey, (3)

by *+ b,X¥ + byX§ + byX¥ + b Xt + e,, (4)

by + b, X¥ + b X¥ + ey, (5) and

< < < < <
a

by + byX% + byX¥ + bXE + €. (6)

In equations 1 through 6, the b's are regression coefficients specific to an equa-
tion (b, will 1ikely be different for the different equations; so also the b's
are specific to an equation); the e's are error terms associated with each
equation.

Table 1 shows the sums of squares generated by these models.

While the results for each main effect are different depending on whether
the measurement 1s made in the presence of the other main effect or the main
effect and the interaction, this outcome would be expected from our know-
fedge of the disproportionate case.

It is instructive to set up binary coded predictors and then state and

test likely hypotheses of interest. Five cell variables can be defined:



Table 1

Two-¥Way Solution for the Missing Cell Data

Source of Variation

Séx |

Sex (Independent of College)

Sex (Independent of College and Interaction)
College

College (Independent of Sex)

College (Independent of Sex and Interaction)
Interaction

Within,

df

N N N

40

sS
§S,= 7.51
$S;-55,=10.68-5.64=5.64=5.14
SS,~555=28.74-25.24=3.50
$S,=5.64
$S3-55,=10.68-7.51=3.17
$S,-555=28.74-8.71=20.03
ss“-ss;=28.74-1o.68=18l06

SSDEV“=873'16

MS

7.57
5.14
3.50
2.84
1.59

10.02

18.06
21.83

.35

.16
.13
.07
.46
.83

S6
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Xy = 11if in cell 1 (Male, Arts & Science), 0 otherwise;
X2 =1 1if in cell 2 (Male, Education), O otherwise;
X3 =14f in cell 3 (Mgle, Engineering), 0 otherwise;

Xe =1 1if in cell 4 (Fema]e. Arts and Science), 0 otherwise; and

Xs = 1 1f in cell 5 (Female, Education), O otherwise.
Then a full model can be defined:
Y = byX, + b2X2 + b3yX; + byXy + bsXs + e5. (7)

An alternative full model utilizing the unit vector is

Y = bo + b1Xy + baX2 + baXs + buXy + e7. (8)

Hypotheses for Rows

Now, several different hypotheses that might be of interest for the row
effect can be investigated. Four such hypotheses will be treated:
Hy: b, +b, = b, + bgyy a hypothesis for regression coefficients that

corresponds to Y, + Y, . ¥V, + V.. Note that H, fails to address altogether
‘ 2 2

membership in cell 3; 1t also tests a hypothesis among the means that does not

take into account the varying cell frequencies.

H,t by + %, + b, ., b+ by, While H,takes cell 3 into account, 1t does
| )

‘not address the varying cell frequencies.

Hy: 15by + 10by _ 9by + 6by. H, takes into account the unequal cell
25 15

frequencies,'it‘does not take into account ceTl J.

H.,:'15b1 % 10b, + 5b, Ob, + 6b,. H, takes into account both the unequal
0 - 15

sized groups and cell 3.
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t Hi, the restriction shown in H; is imposed on the full model;
1t by 4 by = by + by |
r by =Dby + bs - ba.

= (by+ bs - ba) X1 +baXo+ bsXs + buXu+ bsXs+ e
= ba(Xz = Xi) + bu(Xu + X1) + bs(Xs + X1) + bsXs + eq
= X2 = X13 |

= Xy + X33 and

1l

Xs + Xi,

= baD; + byD2 + bsDa + biXs + ea. (9)

the model shown.for equation 9,

y = 26.92; SS, - SSg = 28.74 - 26.92 = 1.82;

1,82 = ,08, a value that does not correspond to any given in Table 1;

21.83
interest is in using R? rather than SS, the equation

2 2 '
“(Rogp = R df, where R, refers to the R* term for the full mode!
g e e

aM refers to the R® term for the restricted model.

« (,03187 - .02985)/1
| - .03187)/40 = .08, as before.

Mo byt by # by = b, * bys

hy = 3/2b, + 3/2b, - b, - b Imposing this restriction of the full

)0
/1elds
+ (3/2b, *+ 3/2b, - b, - b )X +bX, +bX +bX +bX +e

90

L]
by (X, - X))+ by (X - X))+ b (X, + 372K ) + b (X 4 3/2X,) + ey.
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Let D, = X, - X3
D, = X3 - Xy
D, = X, +3/2 X, ; and
_Dg = Xy + 3/2 X,.

Then Y = b,D, + b,D, + b,Dg + byD, + e,. (10)
Using the model shown for equation 10, SS,, = 23.72; SS, - SS,, = 28.74 - 23.72 = ¢

F = giogB = ,23. Note that H, does not yield ahy solution for seX shown

in Table 1,

Using H,: 15b12; 10b, 9bh1; 6bs , or by = b, + 2/3bs - 2/3 b,, an impositio

is made on the full model:
Y = (b, + 2/3 bs-2/3b2)X; + baXz +baXy + buyXu + bsXs + €0,
Y = ba(Xa2 = 2/3X1) + b3Xy + bu(Xye +X;3) + bs(Xst 2/3X;) + e{;.
Let Dy = X, - 2/3X;4
. Dy e X+ Xy; and
Do = Xs + 2/3X;.
Than Y  by0y + b,Xy + byD; + bsDe + €10, (11)
Using the model shown for equation 11,
SSy; = 23.70, SS4 - SS;; = 28.74-23.70+5.04.

Fw5,04 » .23, a value that does not correspond to any outcome for the
21.83

sex effect shown in Table 1.

Consider H,: 15b, + 10b, + 5b, = 9b, + 6bs , oOr
30 15

b, = 6/5 by + 4/5bs - 2/3bz - 1/3b;.

Imposing this restriction on the full model yields
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-<
]

= (G/Sb“ + 4/5b5 - 2/3b2 - 1/3b3)xl + bzXz + b3X3 + b“X“ + bsXs + ell-
= by (X; = 2/3X,) + by(Xy = 1/3X,) + by(X, + 6/5X,) + bg(Xs + 4/5X,) + e,,.
Let Dg = Xz - 2/3x1;

<
!

Dlo = X3 - 1/3X1;
D,;, = X, + 6/5X,; and
Dlz = XS + 4/5X1.

rhen Y = b,Dy + byD,, + b,0,;, + bsD,, + €,,. (12)

Using equation 12,

$S,, = 21.23; SS, -'SS,, = 28.74 - 21.23 = 7.51;

F = 7.51 = .35. It can be noted that the result for H, 1s identical with
the use of equation 1, which is the unadjusted sex effect.

Hypotheses'for Columns

Four different hypotheses can be given for the column effect also:
Hs: b, +b, = b, + b,. Note that Hs, 11ke H,, disregards cell 3 and does

not take into account the unequal sized cell frequencies.

Hgt by * b, * by * by = by, Hgy 1lke H,, does not take into account the
2 |

unequal sized cell frequencies.

M, 15b, &mgp$

s1zed cell frequencies, but disregards cell 3.

= 10b, + 6bs. Hyy 1ike Hy, takes into account the unequal
e -

Hyt ‘15b, + 9b, = 10b, *+ 6by = by, Hy, 11ke H,, takes Into account the
24 16

unequal sized cell frequencies and cell 3. R
To test H,: b, + b, = b, + bg, or by = b, + b; - b, .

Imposing this restriction on the full model ylelds
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Y

n

-(b2 + bs - b..)xl + bzxz + b3X3 + b“x“ + bsXs + elzo

I

Y= by(Xy + X))+ byXy + by(X, - X;) + by(Xg + Xy) +ey,.

Let D13 = X2 + Xl;

D,, = X, - X,3 and
Dy = X5 + x,.
Then Y = b,D,, + b,X, + b,D,, + bgD, + e,,. (13)
Using equation 13, SS,,= 25.68; SS, - SS,, = 28.74 - 25.68 = 3.06.

F = giog3 = .14, a value that does not correspond to any of the outcomes"sﬁ

for the college effect in Table 1.

Regarding Hg: 942+ by = 912+ bs = bi, two different restrictions are implied.
Solving for b, and b;, by = b, + bs - by; by = bz + bs.
2

Imposing these restrictions on the full model,

Y = (b2 + bs = bu)X; + baX2 + (bz + bs)Xy + buXy + bsXs + €3,

Y= ba(Xa + Xy + 1/2Xy) + by(X, = X;) + by(Xg + X; + 1/2X;) + €1, =
Let Dy = Xz + x1 + 1/2Xy3
Dyy = X4 = Xy3 and
Dig = Xs + Xu + 1/2X4.
Then Y « bzD;s + buyD;s + bsDje + €13, (14)
Using equation 14, SS14 = 19.683 SSy ~ SS1u ® 28.74 - 9.06 = 19.68.
= ) for
Fu 9é?§é2 .21, a value that does not correspond to any outcome

the college effect in Table 1.

Hy, is given as 15b, + 9b, = 10b, + 6bs.
24 16
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Solving for b,, b, = b, + 3/5bs - 3/5b,.
posing this restriction on the full model yields,
Y = (b, + 3/5bs - 3/5b,)X, *+ byX; * byX; + b.X, *+ bsXs *+ €,
V= by (X, * X;) * byXy + by(Xy = 3/5K)) + by(Xg ¥ I/EK,) + ey
Let D,, = X, + X3
D,, = X, - 3/5X,; and
D,, = Xs + 3/5X,.
en ¥ = b,D,, + byXy + byDy; + DsDyg ¥ €y (15)
.ing equation 15, SS,, = 28.24; S5, - SS,s = 28.74 - 28.24 = .50.

Fa= .50 = .02, a value that does not correspond to any outcome shown
21.83 .

v the college effect in Table 1.

Finally, regarding Hg: 15b, + 9b, = 10b, + 6bs = by, two restrictions
24 16

hown in terms of b, and by) are implied:
b, = b, + 3/5b5 = 3/5bu and
by = 5/8bz + 3/8bs.
mpasing these restrictions on the full model,
Y =« (b + 3/5bs - 3/5b,)X; + baX, + (5/8b, + 3/8bs)Xy + byXy + bsXs + eis.
Y = ba(Xz + X; + 5/8X3) + bu(Xu = 3/5X1) + bs(Xs + 3/5X, + 3/8X;) + eqs.
Let Dyy * X2 + Xi + 5/8Xsi
Dig * %4 = 3/5X;: and
Do = Xs + 3/5%, + 3/8X;.
fhen Y = bzDig + buDy7 + bsDzo + €15 (16)
Jsing equation 16, SSie = 23.103 SSu = SSig = 28.74 - 23.10 = 5.64.

F=5.64/2= .13, the same result, in a computational sense, of the unadjusted
- 21.83
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main effect for colleges.

Hypothesis for Interaction

In testing the hypothesis for interaction, it can be noted that cell 3
does not enter into the interaction. Thus, the likely hypothesis of interest
in terms of the means is Y, - Y, =Y, - ¥;. |

Ih terms of the regression coefficients, the null hypothesis would be
tested by b, - b, = b, - b, (this hypothesis will be called H,).

Then, in terms of b,, b, = b, - by + b,. Imposing this restriction on
the full model y1e1ds;

Y = (b, - by *+ b )X, + byX, + byX, + b,X, + bgXs + €.

Y o= by(X; + X)) + byX; + b (X, + X)) + bs(Xg - X;) + e

cLet Dy = X, + X4
D, = X, + X,i and
Dy = X5 = X,
Then Y = b,D,y + byXy + b,D, + byDy, + €44, (17) |
Using equation 17, SS,, = 10.68; SS, - SS,, = 28.74 - 10.68 = 18,06, thus

F = 18.06 = .83, the result given for interaction 1n Table 1. The results
71.0)

of using H, thru H, with both SS and R’s are shown 1n Table 2.

Discussion
A considerable amount of effort has been expended by many different
researchers in investigating the two-way analysis of variance with dispro-
portionate cell frequencies. In regard to any two-way layout of déta, four
situations regardfng the cell frequencies can be put in order of their stress .

on the analysis: 1) equal numbers in each cell; 2) unequal but proportional
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Table 2

Hypotheses for Two-Way Analysis of Variance
with a Missing Cell

Hypothesis T L Re-RE

Hit b, *+ b, = by + bs ‘ 26,92  1.82 .02985  .00202

Hpyt by # gz t by = Qau%_g;. 23.72 5.02 .02629 .00558

Hat 15b12; 10b2 = gpglg 6bs 23.70 5.04 .02628  .00559

H,: 15b; + 10b, + 5by = 9bulg 6bs  21.23 7.51 02354  .00833

30

Hg: bi + by = b2 + bs 25.68 3.06 02848  .00339

He gJ?y by * by + by * by 19.68 9.06 ,02182  .01005
e 2

Hy: 15by + 9bu = 10b *+ 6bg 28.24 .50 03131 .00056
- 16~

Ha: 15bg + Qgi = 10b, + 6by = b, 23.10 5.64 .02562 ,00625
130, % * D=

Hy: b1 = bs ® b2 - bs 10.68 18.06 ,01184 .02003
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numbers in each ce]i; 3) disproportionate numbers in each cell; and 4) at least
one missing cell.

Addressing the four situations, the solution described by Jennings (1967)
and shown to be computationally equivalent to the unadjusted main effects solu-
tion by Williams (1972) {s robust in that it addresses 1ikely hypotheses
regarding the cell means in a]]:four instances. The full rank model, described
by Timm and Carlson (1975) can be criticized as addressing likely hypotheses
of interest cnly for the equal cell frequency situation; the hypotheses tested
in the proportionate case may very well deviate from those a researcher is
likely to be most interested in. The hypotheses that are tested in the mfssing
cells case do not apbear to have any likely contrasts among the cells that
address usual analysis of variance questions. It is of course possible that
the hypotheses tested by the full rank model are of interest to the researcher,
However, as a general data-analytic tool, the full rank model as described by
Timm and Carlson would seem to lack the robustness needed to suggest itself

to the statistically unsophisticated user,
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Abstract

The purpose of this article is to present com-
puter programming capable of automatically predicting
missing data in an SPSS system file using multiple
regression.techniques, Two versions are presented.
The first is an interactive approach designed to run
via VSPC under 0S/VS MVS, The second is designed to
be used in a card batch environment, In addition, an

equation which predicts the amount of CPU time required
is included.

Incomplete data are often a major concern in behavioral

research. 8PSS, SASS, and BIOMED, three of the most commonly

availablo statistical packages, all have provisions for handling
missing data. These subroutinecs gonorally take tho form of
aome typo of caso dolotion, This approach, howovor, decreases
tho N size and thoroforo tho powor of the analyéis. In addi-
tion, if rogreossion mothods aroc usoed, a docroasoc in tho ﬁ size
will increase tho upward bias of the R (Newman, 1972) ana
decrease the stability of the weights (Newman, 1973).

Two other alternatives for handling missing data are

sometimes used. One method is the substitution of the mean

107
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value calcﬁiated from the complete cases. However, thié tech-
nique tends to decrease fhé variance and may‘therefore be
inappropriate for analysis of variance procedures. The other
approach is to predict the missing values through the use of a
regression equaﬁion whose weights are calculated from the com-
plete cases. This iatter approach tends to bias any subsequent
analysis to a lesser extent than the insertion of means. |

While neither SPSS, SASS, or BIOMED makes direct provi-

sion for the insertion of means for missing values, it is pos-
sible by utilizing various calculation and data management
subroutines within the packages. By comparison, the calcula-
tion and insertion of missing data based on the regression
approach, ﬁtilizing subroutines existing within the packages,
is so'complicated that this procedur§ is impracﬁical even when
_dealing with small amounts of missing data.

The following programming was designed to provide a solu-
tion to this problom. Two versions of the program are pre-
sontod. Tho first was dosigned to run intoractively via VSPC
under 0S/VS MVS wharo VS FORTRAN, tho RUML subroutine of the
IMSL (Internatiohal Mathomatical and Statistical Libraries,

" Inc., 1980), and SPSS Release 8.1 (McCraw-Hill, 1979) routines
have been implemented. The second version was designed for use
with a card dock in a batch mode and only requires the implemen-
tation of Spss, the IMSL, and FORTRAN. The final section of
this paper presents a method for predicting the amount of CPU
time that will be required to predict and insert the missing

data.
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Interactive Programming

The interactive programming consists of two routines
designed to run_consecutively: INTRO and INTROl. They will
call on SPSS system file, sort the complete from the incom-
plete cases, and further sort the incomplete cases into two
categories: < 10% and > 10% missing data. Next, the program
will scan the first case in the < 10% missing data file and
locate the first missing variable, build a regression equation
.predicting this variable utilizing only those predictors avail-
able from that particular case, and calculate the weights uti;
lizing the complete case file. Thesé weights, along with the
values for the predictors from the first case, will be used |
to predict the missing value for the variable. An a prio}i
decision was made to round the predicted value up or down.as
appropriate if the first three digits dropped are > t.455 of
the last significant digit kept., 1If the first three digits
dropped are in the range of < t.455 of the last significant
digit kept, the value of the last significant digit is r&ndomly
rounded up or down. This value is then inserted into the data
matrix and the program then cohtindes its scan of the first
case in the ¢ 10% missing data file for other missing varia-
bles. If it -should find another missing value the—proceés_is.
repeated. In no instance, however, are previously prediéted
variables entered into the prediction procéss of subsequent

variables for that particular case.
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Once the scan and prediction of missing variables for the
first case is completed, the program repeats the process for
the second and each subsequent case in the < 10% missing
data file. After the last case has been completed, the pro-
gram combines the complete case file with newly completed |
version of the <. 10% missing data file. This new file is in
BCD format and can be used as a raw daté file for input into
SPSS. 1Its name is USER FINISH CASES,

This new system file will contain complete data on all
‘'cases which initially were complete'or_had < 10% missing data,
.Those cases which had > 10% missing data will have been dis-

carded. The choice of the 10% cutoff is based on the fact
that , 10% missing data for any one case will not unduly bias
'the prediction of the missing data (Cohen & Cohen, 1975).

The following sections document the interactive versions

of INTRO and INTROL,




10 DIMENSION H(72),NAME(80), IFORM(89), NAHS\S'R) IFP(R0)
20 +,HARSUR(8)

10 iNTEGER YES,GO

40 DATA YES,NO.GO7°'Y',*N°*,°GO '/

59 ITEST=4

50 CALL OFSYS('COMMAND®,'ALL' IRTN,IHESS, 'FILE JOROUT')

70 CALL OrSYSc*aLLOC®, 'Joaour ,®)

80 CALL CLEAK

20 WRITE(S.,790)
100 200 FURMAT(&X 'ENTRY INTO THE DATA MANAGEMENT SOFTWARE.
110 +1Y, 'PURPOSE DATA EDITING AND CASE FILE ADDITIONS, '/
120 +{X, ' PROCEDURE :
130 +1X! . PLACE SPSS FILE ON DISY FILE. -v
140 +iX,"* 2. SCAN CASES FOR COMPLETE CASES. vy
150 +1X. " 3. SFLIT CASES AND DELETE )10%Z MISSING VALUES. '/
160 +{X, A. USE COMFLETE CASES TO REPLACE HIS?ING VALUES. '/
170 +1X," S. REWRITE SrSS FILE WITH CORRECT cn§ s
180 caLL CLEAR . | -
190 WREITE(6, 201) : :
200 201 FORMAT(4X, ‘WELL, WELL RON; HOW THE HELL ARE YOU')
210 READ(S, 166) 1AN§
320 100 FORMAT.1A4)
330 CALL REPLY(IANS)
3230 S WRITE(&,202)
550 262 FORHAT({X "ARE YOU READY TO DUMP THE SPSS DATA FILE???')
360 CALL 'ANSWER ( IRN)
370 IFCIRN.EQ.O) GO TO 10
380 IF(IT Esr.gg.99)rco TO 99
350 WRITE§.262)

TT1



369

206

101
207

208

29%
See

FORHQT’&X *THEN_WHY DID YOU START THIv FROGRAM 22272'/

1¥,°1I AM COING TO ASSUME THAT YOU CAN NOT. TYFE AND YOU NEED /

+!X ‘ANOTHER CHANCE TO ANSWER THE QUESTION.'/)

GQ 70 S5

WRITE(S,204)

FORMATC({X, ‘VERY WELL THEN I AM READY TO TRANSFER THE DATA.
WRITE(6,203)

FORMAT (X, I NFED SOME INFORHATION;

WRITE(6,206)

READ(S.#) NVORS

FORMAT(1X, "FIRST, THE NUMRER OF VARIAKLES IN THE FILE ')
WKITEC(G, 20

READ(S,101) (NAME(II),II=1,55)

FORMAT({8041)

FORHAT (1Y, ‘HEXT, THE NAMES OF THE VARIABLES IN THE FILE:
WRITE<6, 258)

KREaD(S.1061) (1FORM(II),II=1,55)

FORHAT(1X, *NEXT, THE FbRnAT TO READ THE VAPIABLES IN THE FILE:"
WRITE(&,209)

READ(S, {51) (NAMSYS(II),Il=1,9)

WRITE(&,590) -

READ(S,121) <NAMSURCII), II:=1,

FORMAT (1Y, 'LAST, THE NAUE OF THE SFSS SYSTEM FILE 10 READ )
FORMAT(1X, *AND THE NAME OF THE SURFILE (37):')

WRYITE(?,240) (HAMSYSCIT),II=1,8), (NANSYSII1),II=1.9)

(AN

vy
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¢ SUENVRYYY an
+:"1v IUIPAFH J¥1
oSS E'rC : ::l
+70, - STaTHZ2-HEL
§
+

S,i.ETAL(‘UF ,CLASS =0

I -

REOUTCAZE UNTT?=5YSDA,

G=FGIS . TIE 2= 50,

FECL=900, gl KZ17E=400600) ", DENI=", Qi

), I1=1,3)

i
<F
RN ULR?-"fhPI} F
“*GET FILE .H
. HEITE{?,591) fnnn?ur
S04 FOIHNT ¢
kU SURFTLES ‘. 8A1
WETIEC(S,211) C(IFORMCII),II=1,5S3, (NAME(TI), II=1,55)
211 FORMAT ¢
t*WRITE CASES Y.
+7° .59
WRITE(?.,212) (IFORM(I
212 FORHAT ¢
+*FINISH®
47 /i EXEC FORT
0 DIAEHSION IDATA<2090), DﬁTAl“OO)'
220 FORMAT*®,SSA1)
:ITC2¢?,213) NVARS

T

+ IREC=9

', INVARS=",15)
URITE(9 214)

214 FORMAT( -
+° S CONTINUE '

+," READ{11,200.END=99) (DATA(I),I=1, INVARS)'

+/° DO 10 I=1, INVARS '

170 IDATACTI)=DATA(]) !

+. 19 CONTINUE °*

A WRITE(12) (IDATA(I) I=1, INVARS) '

o b
S

I1I=1,55)

€E1T

+7/° IREC=IREC+1{
/0 ‘ L0 70 ©
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QONIrNDLEI= O ODNONDWNII=DO
20000 IDIDIOOPOOQDO-Q

+/" 99 WRITE(46,300) IREC '

+/°* 300 FORMAT(**41°**/// '

+/° +25Xx,*° PROCE S SING ENDED W ITH
+/° +25X%, '

+/° +35%, NORNMAL RETURN CODE

+/' +25X, *"

+5‘ +25X,°*"* 3 RECORDS'-":"'B")",IS) ’
+/° .

STOP
WRITE(?,215) NVARS
215 FURHAT(E

ND
+/°/7 EXEC GOFORT
+7'7/FT11FO01 no DSN=A&40UTCASE DISP=(OLD DELETE)'
/" ;;rrsﬂreos DD DSNGUSER CASES (0UT), Dlsﬁ =SHR

UNIT=SYSD
+/° /% DCBS(RECFH—VBS LRECL=800, RLKSIZE=804)
Ny SFACE=(TRK, (208,5) /RLSE), v0L=<ER=ACa061-
+/7°// EXEC FORT® ] T
+/° DIMENSION IDATA(200)°
+/° DATA INCH,INC2,INC3,INCA/-9,-8,-7,-6/"
+/° IREC=0 :
+50 IREC1=0
+. IREC2=
+/° - =0
v Jgedes
+/° . S READ(19 END=9°) (IDATA(I),I=1,NREC)*)
216 CORNaTL 16
T T IREC=IREC+4
v/ DO 16 I=1,NREC
o IFEIDA}A(%) .EQ. 1nca) IFLAG §gt?g+: J
+/° ATA 4 !
+7°C ik IBATALI)-EQ: HNES) 1ECAESIFLAG: '
Al IFC(IDATACT) .EP. IPC4) IFLAG IFLAG+ Y ,

+75° 160 CANTTMIE

9
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L IF(IFLAG.EE.O) GO TO 20
s IF(IFLAG.LE.7) GO TN 25
S A
+/° 20 WRITE(12) (IDATACI),I=1,NREC)’
+7° IRECI=IRECY+4
WRITE(9,217)

247 FORMAT(
+° [FLAG=6
2 ¢0 10 S
+/° 25 WRITE(11) (IDATACI),I=1 ,NREC)
+/° IREC2=IREC2+1 |
+7° IFLagae
+/° GO 10 S
«/' 99 CONTINUE
+/° fREC3=IREC-( IREC{+IRECZ) _
+" WRITE (4,202) IREC,IRECH, IRECZ IREC3
17+ 202 FORHAT(1X,I6,°° RECORDS  FROCESSED '
+/° /1%, 16" RECORDS COMPLETE®''/* -
o +1x,16,%* RECORDS INCOMFLETE' '/ !
+/° +/1%X,16,'* RECORDS DISCARDED' ‘) *)
URITE(9,218} ; R

248 FORMAT( S

. STOP

+/° N -
+/°// EXEE 80FORT‘ : C : .
+/° 7/FTioreei DD DSN=USER.CRSES(OUT).DISP?SHR‘

STl



[P
: .

P oC

.;bcu:‘ [ayThs

N NS, (9, 10, [, [ 1, 1O T, T W5 R PO

Dewes i nlo =S QEZ 00N

o

-
‘o’ ‘@

- g G o P Gt B e W WS G o D . G WP T e W W a

i i Gy RO
g

o0 et LI DSIN-USER O INC . CHJSES, DI TSR

Cv e UNET=SVYSDA, : _ ,

vitLue k- (RECFATVRS, LKECL- 800 . R ESTZE=2645 ,

N SFACE=CTRE, (100,751 KLIE), VOL-SER=ACAD] *
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IR UNIT=SY3SDa,

L DCER=(RECFHEVES, LRECL=800, BLKS12E=301)

N SPACE=(TKK. (100, 5),RKL3E) . »uL-“Ea~nLn051's

2% CONTINUE

CALL CLEAR o
CALL UFSYSC'COMMAND','ALL', IRTN, 1HESS, 'FE 42 **SUB _JOROUT'' C E')
CALL. OPSYS(*COMHAND®, 'ALL*, [RTM, IMESS, 'FF 41 ‘' 'STATUS * CL")
Cat.l upsvgé COHMAND * 2 *alL* ) IRTH. IMESS, *1"F 10 **RUH INTRO1'® © E*)
W

300 rLRH£T¢‘X *ALL RIGHT RON, NOW YO MEED TO SUPHIT THE op: *,

£ |sx.'FRc§s FF KEY 242 |

4-11%)°TO CHECK THE STATus OF TuE Jop:

+/1iY. *"FRESS PF KEY =211.

+Z1 1%, *OHL_TO START THE HEXT PROGRAN

h'}‘;ri.'r'ru:z:s's FF KEY 216.° 743
=TOf -

b
PUHRRAUT NE CLAR
UFIII[-\.-'. "ﬂa) ] )
200 L OFHAL 4T , "FILFASF CLEAR FOUR SCERFEH #Mb I'REST EMIEL 0 ')
T FEADCT, 195)
00 Fiiatal (1al)d
EE i UFEN
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0N (Nl )= DO
QODODIOC

INTRO1

~Jod =i Q05 A DL )=

- S ah e D ah b o ahan
CAROROI OO0
N

QD=

D= OOOD

201 FURMAT(iX, 'PLEASE ANSWER Y OR N........')

GO 10 to

20 IRN=9

GO TO 99

30 IRN=1
9?‘CONTISUE

290
100

55

1106

RFE.TUR
END

DIMENSION N(72),NAME(80), IFORM(80),NAMSYS(8),1F(80)
{NTEGER YES, GO ‘

DATA_YES,NO CO/'Y*,*N*,*CO */

WRITE(6, 200}

FORMAT¢{X, 'READY? IF SO TYPE THE WORD GO. ')
FORMAT (1A4)

READ(S, 100) IANS

IFCLANS .EQ.CO) GO TO 55

CALL OPSYS('COMMAND','ALL' IRTH, THESS, 'FILE JOEOUT')
CALL OPSYS('ALLOC®, '2078 REFLACE',10)

CALL OPSYS(°'ALLOC®, *JOROUT', )

REWIND 9

PO 60 J=1,4
FORMAT(RDA1)
READ(10, 110)
MRITE(9.118)5

81T
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46C¢ CONTINUE
- WRITE(6,201) '
291 FORMAT(1X, "ENTER THE NUMBER OF VARIABLES: °)
- READ(5 ,%) NVARS

WRITE(% 303) NVARS

303 FORMAT?[X,® NVARS="',15)

65 CONTINUE
READ(10, 110,END= ae) (IF(I),I=1,80)
WRITE(? 11065 (IFP(I),I=1,80}
G0 10 45

88 CALL CLEAR
WRITE(6.304)

364 FORMAT(//1X, 'NON THE JOE FOR THE HLR IS_READY.
+711X, ‘PRESS'PF KEY £ 12 TO SUBMIT THE .JIOB'
+/11X. *"PRESS PF KEY 2 11 TO CHECK THE STATUS OF THE JOB*)
WRITE(6,305)

30% §9Rgnr(/1x.'CONTR0L RETURNED TO YOU, OVER AND OUT.........")
& .

ND
SUBROUTINE CLEAR

200 FO&NS{’?{Q &LEASE CLEAR YOUR SCREEN AND PRESS ENTER.......")
READ(S, 100)
100 FORMAT(1A1)
RETURN
END
SURROUTINE REPLY(CIANS)

INTEGER*4 YES, 0K ,FINE,GOOD, BL , BAD ,
S ‘ ine,c@ghb L,BAD/'Y* ,*N*, ‘0K °,

00
an$ .E FlﬂE) ¢o0 fo 20
ANS.EQ.GOOD) GO TO 36
AN§.53 .BAD) GO TO 40
ANS-EQ.OK) GO TO SO
£(46.500)

61T
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it T 99 :
uRIIEro 100)
LG 10 9%
HRITE(ﬁé“OB)
WRITF (S, 398)
CU 10 79
WEITF (5, 499)
COHTINUE

FORMAT X, " JUST FIWE, MNOW WHAT KIHND OF ANSWER
FORKNAF(1X, "WUELL, UE WILL SEE ARCGUT CHANGING f"

!0FﬁAl(1X."OPRY TO0 HEAE THIAT, 1I'LEASE DON*1
FORMAT(1X, "WELL DON°T COMMIT rnIlR‘ELF T0 A FO
FORMﬁT(iX,'NEXT- TIME TkY HARDLEK, THINK O A HE
fE T UER

EHD

SURROUTINE ANSWER(IRID

INTEGEE €3

Dala 'E&.NO/ Y*, "N~

HEITE- S

'D
) «%xf'(vxnwz';
EEAD(S, 1007 JTANS
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3149 I S1ANS.CO.YESY GO 1N 24

AL L0 I CLANS.EQ_NQY GO 10 3D
Vasd HETIECA, 361

I i FORAAL (1Y, *FLFASE ANSWERE 7 OF N, .. . ... '
2489 GO TQ 10

3429 20 [RN=9

350y Gu TN 79

RLAL 20 (FH=1

2s29 oG CONT IHUC

3L - TURR

it 40 ExD

Batch Version

Both INTRO and INTROl are documented below in a form
suitable for batch entry via cards. The cards which must be

changed in each instance are noted.

12T



/3JOuPARN SKIP=1ES,TIAE=2
// EIEC SPSS,DS¥9=* QUTCASE®,.UNIT9=STSDA,
// STATUS9=8EM,DISPI=PASS,TRKI=600,
// DCBI=* (AECFA=rB, LRECL=400,BLKSIZE=0000) *,DSN3=4B0D
GET FILE CABOD >— . —— .,
RUN SUBFILES S10 ~—==-Initial SPSS
WRITE CASES (6771.0)

SCROOL, 1TEAO0L, ITENG66,AGE,GRADE

Computer Center

PINISH
// EIEC FORT
DIAEZASION IDATA(200),DATA (200)

200 rorman((6773.0) ) Format of variables to be
I ies - 'INITIAL SPSS file
S comrimue - Numb £ i b1
READ (11,200,£80=99) (DATA(I),I=1,InvARS) Number ol variables

DO 10 I=1,IEVARS ' INITIAL SPSS file-

IDATA(I) 2DATA (I)
10 comrimoe

WalTE(12) (IDATA(I).XI=1,IRVARS)

IREC=IRECe 1

GO 10 S
99 wriTte (6,300) IAagC
300 FORRAT(*1°//7/ -

¢251,° erOCEZSSIBG zeDED T 1T °*/

*25x,° */
¢ 251,° BORRBRAL aEgTORESE cobdDt=® 4
*251,° */
¢251x,° RECORDS===z==zzxzx2x:D)* ,[S)

STUP
EZno

file

read from

to be read fror

(AAN



// BIEC Goroar
//7T11F001 DD DSN= OUTCASE,DISP=(OLD,DELETE)
//rT12F001 DD DSE=USER.CASES(OUT) ,DISP=SBR

/773
//7%
//%

UBiT=SISDA,
DCB=(RECra=¥ss,LRECL=800,BLKSIZE=804),
SPACE=(TRK, (200,5) ,RLSE) ,Y0L=SER=ACADOI}

// EXEC FoORT

C

- C

DIREBSIOR IDATA(200)

DATA ImCl,IRC2,IBC3,IBNC8/-9,-8,-7,-6/
IREC=0 _ _

IREC120

IREC2=0

IFLAG=0

MREC= 67

REZAD (10,280=99) (IDATA(I),I=1,BREC)
IREC=ZRECe]

0O 10 I-1,mREC

IP (IDATA(I) .2Q.INC1) IFLAG=IFLAG*)
IT(IDATA(I) «EQ.IBC2) IFLAG=IFLAG*)
IF(IDATA(L) «cEQ.IRC3) IFLAGSIFLAG®*)

IF(IDATA (I) cEQ.IBCSN) IFLAG=IZLAG*)

CORT S ByE
17 (IFLAG.EQ.0) GO TO 20
I7 (I7LAG.LE.7) GO TO 25

Computer Center VCL

€ct



20

25

202

IrLAG=0

GO 10 S

URITE(12) (IDATA(I) ,I=1,MRRC)
IBRECI=IRECI*]

IrLAG=0

GO TO0 S -
HaITE(I11) (I0ATA(I) . I=1,BREC)
I188C2=IREC2¢1

I17LAG=20

GO0 10 S

cosriase

IREC3=IREC-(IRECI*IREC2)
URITE(6,282) IREC,IREC),IREC2,IREC]
FORBAT (VX ,I6,* RECORDS PROCESSED®
*/1X,16,° RECO2DS COAPLETER®/
*11,16,° RECORD0S IBCORPLETR/
*/11,16,° RSCORBS BISCARDED?)

sTOP

(3 1]

peT



//7 CLIEC GOFORT ’ -
J/FT10PGOY DD DSI=BSEI.CASIS(OGT),DISP=SII -
FTli ) sSE=uUsgs.YuC.CASES, SP=xSH '
x:r hroot 3:;332152:: ES.DISP=SNR L——Computer Center VCC
178 DC&‘(ilCPﬂ‘lIS,LIECL=300.BLISIKI‘BDQ), . : ’
/7% SPACE= (TRK, (100,.5) ,2LSE) ,YOL=SER=ACADO}
//76T12F001 DD DOSE>USER.COB.CASES, DISP=SHR —
/178 URIT=SISDA.
143 0CB= (RECPR=VBS,LRECL=800,BLKSIZE=80R),
/779 SPICE=(YIK.(!QO.S).llst).VOLsstﬂlelDOI

J/75I10XIET  JOB 0W823,STALCOP,CLASS=C
/9308PARN SKIPSTES.TIRE=1S |
77 E1EC FORT
ConnOs 7COMY/ 1acoa (200)
Iﬂzns= (s> Number of variables
NNNE=NVAAS-1 :
1o meAD (10, 2ED=99) 1SC, (INCOA(J) ,J=1,uBNN)
WALTE (6, 201) ISC, ([NCOR(J) ,3=1, NNRH)
CALL REP(NVARS,ISC)
CALL VWRITE(HVARS,ISC)
I=1+1
<0 TO 10
99 comtINue
URITE (6, 200) 1 |
200 FoRnAT(*1*,* J OB S URRILRTI',
«/7111, *J0B FISISHED; CORPLETION CODE=0°
) ‘!%!!;'l“ﬂﬂz! or CAsES=*,19%)
20 TOQHIT(‘!,'I.COHPLZT! CASEZ LISTED BELOW:®,
+S0(/11,3018))
S0P
ZND

SZT



c....

m

20

Coooo
c....
c....
c....
c....

c..‘.

00 000000000000 0000000000000 000000000000000000000 0000000 o0 o
SEEROGTISE REP(BREC, ISC)
pImEasIOR X¥(1350,200),TERP(200),

+0(200,7) ,7ARS (200), IREP (200) , HRR(6) ,
+I8DEX (200)

CoAROR /COR1/INDATA (200)

cossom /Com2/1ses (1350, 200)

coan0o® /COR3I/IFILE(¥350,200)

COAROB /COBS/IBFILE (200)

1Co8P=1

IT=ISC

aEREC=EREC-1)

aguIEs 11

READ (1 1,Z89=99) ISC, (IBFILE(I),I=1,BRREC)
MRITE (6, 777) ISC, (INFILE(I),I=1,RRREC)
FOREAT (12, 301 3/)

IF(IT.2Q.ISC) GO TO 20

GO 10 10 -
ComTISNE

3=0

L0 .
cceccccscccas J = COURTER FOR INCORPLETE VARS

COURTER TOR COMPLETE VARS

IEDEX OF LOCATIOE FOR COMPLETE VARS

INBEX OF LOCATIOR FOR INCORPLETE VARS
VALUEZS OF TEE DEPEZEDEET VARS (COMPLETE)
VALUES OF TRE IBDEPERDEET VARS (I BCOMPLETE)

00000 OGO OGOGOESS OO L
LN N N I ¥ N X N Y ) t"’
0000 OG0OOGOGOEOSOSOIOSOEO l.o"
000000 SOOGOOS O t'xt'
000000 OGOSS OO ‘s..

9ZT



S0

30

35

60

70

DO O I=V,NNREC

IF (INDATA(I) .EQ.-9.0R.INDATA(I).EQ.-8) GO TO &O
G0 TO0 S0

J=Je1

INDEX (J) =1

Go 10 30

CONTINUR

L=Le)

INEP (L)=1

CONTINUE

a=0

n=Ae)

DO 60 k=1,

IrILE(R, K)=INFILE (IRDEX (K))

comrinuE

po 70 K=1,L

ISUB (8, K) =IRFILE(IREP (K))

comtTinve

READ (11,ERD=88) ISC, (INFILE(LL) ,LL=1,NNREC)
IF(IT.20.1ISC) co T0 3S

LL=Le]

Li=Lel

Ri=Le)

ATA=ALSAN

WRITE (6,888)

CAlLL SuUB(3,L, n.nvnls IngP,INDEI, !! 8,LL, LY, m1Y)
RETURE .

conTINUE

URITE(6,666)

Let




SSS FORBAT(1X,°=REC=*

o I5)

666 FORAAT(1X.°CALL AT ERD*)
RRR roRsAT(1X,°CALL AT mID°)

LL=L¢)
Li=Lel
81=Le)
(¢ B3 §L_ }]

CaLL S#B (J,L,8,RVARS, IREP,IBNDERX,XT,0,LL,LY, ll)

99 cosrisee
RETURS
zee

c............... 000 000000000 0C0OCGCOLOGILOOOOIOIOIOIOOIOIOOSIOIOINOIOIEONOIEOEOEOEOOTD” 00000060 000
SSSROSTINE 398(J,L,8,89ARS,IREP,IRDRE, XTI, B, LL,LY,81)
2IBENSIOB XT (8B,081) ,TEEBP(200),

0!!!!!(200).l(S!OO).l.O'I(ll).'(li 1).lnll(2100) tlurlzoo).
*RRR(6) ,IBBERX(200)
COS808 /COB1/IBSATA(200)
CORA08 /COB2/13W¥B (1350,200)
COoBa08 /COR3I/IPILE (1350, 200)
COSS08 /COBS/ISrILE (200)

Ceccccccccccccccce
Ciececccccccccccccce
Ceeccccccccccccccce
Ceccccccccccccccce
c..ooooo;oooo.ooo.
c.ooooooooooooooo‘

c... ©e00006O0O6OGOGOSIOSIOSOS

C BRITE (6, 666)

- J

L

|

IREP
180k

IrILE
1598
"L.J

COBBTER rol IBCOAPLETE VRS

COURTER rol CORPLETIE VARS

COUNTER FOR BUARDBRR OFr CASES

ISDEX OF LOCATION FrOoR CORPLETE VARS

IBDEX OF LOCATIOR roRk ISCONPLETE VARS
VALBES OF TBE DEPERDENT VARS (CORPLETR)
VALBES OF TEE INDEPEEDENT VARS (IRCOARPLETE)

8¢t
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(L

" (¢)meu

zx = (2)uenm

t o 3w = (t)uen

w=x%

T=0u

H=0R

T1°28001°33 (999°9)31i1unm
anuIlimnod

(R021°11)31141=<(X3°71)ax
B°t=T1 0Z oG

(e T=2)

666 03 09 (r°319%°w0d1)a1
t+n0dI=0011

JnRIiN0d

0=R0)1

(M 1=TT°(1°TT)31141) °c°1°w (999°9)aiTun
anu¥1imod
(xx°117)easi=(33°11) 22
3°1=33 0l O@a

®2°1=17 0t O@
((/s3102)0z/011C °XL)2VNOI

(1] 4

999




b >3

999

#se(S) = 1

aaR(6} = 1

ALPA = 0.10

I8 = B

waITE (6, 555)

FORBAT(1IX, *20ST BEroBE TOER Clll'.(‘O)
CALL sEcoOvm (XY,IX,888,TERP,XYSAS,A,IES)

CALL RL880L (A,XYBAB,08,80,ALFA,AR00A,08,I0,7A008,180)
YRITE(6,666) B(1,1),8(003,1)
sea=g(aa+i, 1)

50 30 II=i, xR

saa=seasan (11, ‘)OIlllTl(lﬂlP(ll))
cosrissz

CALL 20050 (308,13)
INPATA(IDBERX(ICON))=1S

€0 T0 S

CORTIRUE

ALTURY

1 4 - )

c.........‘................—............O..................

SSE808TINE lO".(l.l)

&3

IXI=x8168

11=10100

y=1Z-IL

IF(7.G2.05.0.285.7.18.55.0) GO TO 10
IP(Y.1T.05.0) RETERE

IP (1.6T.93.8) I=Xe])

arreas

0€T



200 roRBAT(11,°FIRISEED CASE LISTED BELO¥:®,
+S0(/1K,3018))
acrenn
Zud
// RIEC GOFORT,GOSIZE=3500K
7772107001 DP DSEzUSER.INC.CASES,BISP=SAR
2777117001 DD BSE=SSER.COB.CASES,PISP=3RN
//7T16F001 DS DSH=OIER.NALGY,DISP=5iE
/7 wrsc roatr
_ DIRERSION R(80)

. w=0 Number of variables
"1 READ(12,8BH0=88) (B(J),3=1(63) ,
¥RITE(16,100) (l(t).!t!é%gi;::>ﬂ“-”‘
T K=Kel
G0 T0 1

I 88 CONTINUR

5 LS READ (13,100, 2RD=99) (R(I}.1=V $5) }— ;
£ wn1TR(16,100) (l(l).tﬂ@’f/\ Number of variables

fcontxuu: o .
“%"nxtlts.zolb K
100 roannrlaorzl
;200 FORMAT (/12,3 011X, 3013/))
?‘201 FORBAT(///71X,°* or CASES ADDED=',I6)
STOP
E4D
// EXEC GOFORT
//FT12F000 DD DPSMSUSER.COR.CASES,DISP=SHR
//FT13F001 ~ DD DSN=USER.KALO1,DISP=SHR
o /:r:eree-‘ - pb pSM=USER.FINISR.CASES,DIiSP=(NOD, KEEP)
II

TET
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Prediction of Time Required

The prograrming requires fairly large amounts of CPU time
when dealing with large files.l‘The total time required is a
function of the number of variables, the number of cases, the
number of cases with missing data, and the interaction between
the number of missing cases and the total number of cases.

To date, run time data have been gathered on 23 files
which rénged in size from an I = 122 to N = 1,081. The num-
ber of missing data cases ranged from N = i2 to N = 191, Aall
tﬁe files had 67 variables. Reqﬁired CPU times ranged from
2.145 minutes to 203.072 minutes,

This information was used to build to test a regression
equation which could be used to predict the CPU time required.
The R% = ,9960 had a p < .00000, but the equation is limited
by the fact tha£ all the test files had 67 variables. Even
considering this limitation,:the‘following régreas;on equation

may be useful in predicting CPU time,

CPUT = (,222468840)u + (.00779903)NC + (.08595389)MM
| + (.00100721)NC * NM + E

Where:
CPUT = CPU time required
U = Unit voctor (+)
‘NC = Number of cases
NM = Number of cases with _ 10% missing data
E = Error vector (ignored when predicting

cpur)
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