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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 

THOMAS E, JORDAN AND STEVEN D, SPANER 

UNIVERSITY OF MISSOURI AT ST, LOUIS 

INTRODUCTION 

Traditionally, the study of chi Id developrrent has defined the context 

within which children grow as the social envl ronrrent. To sorre extent there 

15, at the moment, a re-discovery of genetic and constl tut Iona I elements 

Influencing growth, One outcome has been recognition that dtivtllopment l<i 

lnflutJnced by factors In several domains and by the slmultanec>1Vi lntt•ractlon 

of many of them. As yet lll·consld1ired ls the role of per�on,1I ch.Hact,ir· 

IHlc�; for exJmple, tho ch.-i11qt1 to ,1 rel,1tlv11ly hlqhcr lncldenrn of birth 

In very young wonl(ln, the rdlcv;ir1ce of puberty In both youn<J wonlli11 ,1nd 

Incn (Zl,1tnlck and Burnielster, 1977; Klern,111, 1977; Rytlcr and Wcstoff, 1971: 

Morse et al I, 1975), tlemographlc factors (Cohen, G,1u9hran, and Cohen, 1979), 

anti psychodynamic processes (O_uay, 1981) to consequent patterns of repro· 

duct Ion. 
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Related to this conservatism has been slowness to develop policies 

(Stringfellow, 1978) and programs (Wechsler, 1979) to assist teenagers who 

are pregnant. In terms of human development, we have scarcely studied the

after effects on women of pregnancy occurring early In the reproductive 

years (Sauber, 1970). The Impact of delivery at an early age on the off­

spring has been studied a little (Thompson, Cappleman and Zeitschel, 1979),

and some work has been done on the impact ·of the problem on the social order

(Furstenberg, 1976), and on children explicitly not planned for (Matejcek,

Dytrych, and Schuller, 1979). 

Data adapted from a 1977 report of the Census Bureau (see Table 1) 

show that there has been a substantial change since 1925 In the rate of 

live births. The change ls evident In differential rates In women between 

• forty and forty-nine years of age and in girls between ten and nineteen

years of age. The lower portion of the age spectrum has been examined

by Reinhold (1977), and by Ventura (1977) who found that the rate of I Ile•

gltlmacy In girls 15·17 years of age ha'.l almost, doubled In tho pa'lt decade.

In the fl fty ycar1 ending In 1975, according to Cen,us Bureau data, the

rate of llw births per one tholl'rnnd women age nineteen years and undcH,

changed by age, o�d by race. For all females 15-19 years there was a

slight drop 111 fortlllty. It wn, shnrpost for white girls, declining rrom.

54,3 births per thouHirHl In 1925 to 47,7, In the ca-io of block girls tho

rate In 1975 was <11 lght ly above that observed In 1925, At both the beg In­

nlng nnd the end of the half century surnmarlzcd In Table I, and adapted

from the original data, the rate for live births per one thousand women

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

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



TABLE 1 

Al<"'UAL JUTE Cf LIVE 51R'r1<S ?El 1,000 11"'--"EM 10-15 AHO 40-49 YEARS OF ACE, BY RACE FROM 1925 TO 1975 
1 

Al 1 ,..,,.les lo�!te F�les Bl�c:lt Fesales Al I Females 1/hlte Fem�les Black f'�lcs 

C ... l ..:nJJ.r 10 to 111 15 to 15 JO to lli, 15 to 19 10 to 11' 15 to 15 40 to l+lt 45 to 49 40 to 1<4 45 to 49 40 to H 45 to 49 
Yc�r Y�ars Y'.!.a.t"'S Yu.rs Y,e..:-1, Yurs Ye�rs Ye•rs Years Years Years Ye ors Yeo rs 

1525 0.6 62.0 0.3 5\.3 3.1 112.5 JO.l 4.2 29.8 3.6 33. l 9.6 

19)0 o.6 56.J 0.3 1,9.8 2.5 100.0 23.5 3. I 23.4 2.6 23.6 8.2 

1535 0.6 50.2 0.3 .-.3.2 2.5 101.4 19.4 2.4 18.1 2.0 21.J 5.9 

19:.0 0.6 s2.5 ().2 -1.4.) 3.4 Ill.) 14.9 1.7 14.4 1.4 18.5 4.4 

19:,5 0:1 i.9.7 0.3 -1.1.1 3.1 108.5 16.3 1.5 15.9 1.J 19.0 3.2 

1950 1.0 7a.5 o.r,, ,1.9 s.o 146.2 14.4 1.1 13.9 .9 17.7 2.2 

1555 l.0 83.9 o . .r. 1e.1 i..5 153-9 15.6 l.O 15, 1 ,9 20.3 1.7 

1560 1,0 89.3 o., eo.i. ,.s 11,1.2 15.4 1.0 i4,7 .9 21. l 1.8 

1965 o:s 72.2 0.) 62., -1..2 142.5 12.9 .8 12.2 -7 17.9 l .4 

1570 1.2 6'-3 o.s 55.2 s.2 140.0 8.3 .5 7.7 .5 12,5 1.0 

1571 l.1 6s., 11.S 51,.7 5.0 135,8 7-3 .5 6.6 _,. 11.7 1.0 

1972 1.2 63.2 o.s 52.1 5.1 1)1.5 6.4 .4 5,8 .3 10.0 .8 

1573 I .J 60,7 0.6 so.1 5.3 12,.fi 5.6 .3 5.1 ,3 8.8 .7 

157• 1.2 sa.s o.6 u.s 4.9 118.3 5-D .3 4.5 .3 7.7 .6 

1575 1.2 57 .2 D.6 i.1.1 4.8 11).0 4.4 .3 4.0 .3 6.8 .6 

1 �d•?ted fr0<:1 u.s. au�uu of tile Cens .. s c .. rr.nt i'o;,,.luton �port5, S.rlu P .25, No. 704, ProJec:t!ons of the Populaclon of the 
un;c,� States 1577 to ?C50, 1577. 

�- ··::· 

,·.��J);1i/;,, :' ·



4 

'in,the half-century beginning in 1925. Between the races the pattern was 

different. The rate in black girls at all ages was ten times the rate in 

whites. Within the black group aged 10-14 years the rate rose from 3. I 

per thousand in 1925, peaked in 1973, and was at 4.8 live births per one 

thousand women by 1975, Within the same age group of white females the rate 

increased steadily from 1925, and had reached ,,6 per one thousand women 

by 1975, 

Among older women, the years from 1925 to 1975 showed' a profound 

. decline In rate of reproduction. Among women aged forty to forty�four 

years the rate for both white and black women dropped from 30. I live births 

per I ,000 women In 1925 to 4. 4 In 1975; the drop for b I acks 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 from 9,6 

to ,6 live births per 1,000 women. The drop for white women was from a 

lower ba�ellne rate In 1925 of 3,6 live births to ,3, 1975, Within the 

age groups CA 10·14, 15·17, and 17·19 Scott (1981) reports a decline In 

rate of births between 1970 and 1977 for all but the CA 10·14 year group, 

Summ.irlzlng these data we oote the fol lowing points: 

I. Incidence rate, per thouund nre higher for black girls,

2, In both r.iclal group1 tho rate at ago'! 15·19 years In 1975 

w.is generally comparable to the rate in 1925, 

J, The gre.itest rate lncre.ise In the 10-15 year group, using 

1925 d.ita 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.
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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 than white females. However, the group exhibiting 

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, 

prlmlparous women ascribing to their youth a significance restricted to 

thel r 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 quality of answers to Important 

human problems It Is obvious that we do not understand answers unless we 

appreciate the methodology which yields them. More explicitly, we seek 

to appraise the samples, the statistical tests, and the simplicity or com­

plex! ty of how the eltlments relate to e,1ch othtlr, In the case of the prob­

lem addressed In this paper the tradition Is orrn of comparln(J mean scoros, 

of defining Issues In univariate contexts, ond of restricting the formula· 

tlon of problems to wh.it one might call 'exercises for one h,1nd. 1 

In contr,nt to the slmpl lei ty of the corpus of 11 tcr<1turc addressing 

the growing problem of adolescent pregnancy Is the complexl ty of the sl tua· 

tlon, A teenager Is half·chl Id plus half·adult. SonE bear children but 

many more do not. SonE arc worriers who lonceive anyway, and some are 

rigid people whose scrupulosity does not exclude conception. Some are 

bright and somc are dul I; somc are rich and some are poor. To this 1 ist 



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

currently, and all rise and fall in salience across the span of adolescence. 

In this sense the social problem of understanding the problem of adolescent 

pregnancy, and for this discussion, Its effects on children, ls an excel­

lent topic for applied statistical analysis. It ts multivariate, existing 

acros·s the span of adolescence fo� the mother; It covers the preschool years 

for the child until the socializing power of the classroom.takes over. The 

problem ls empirical, In the sense of yielding to statistical assessment 

using psychometric and demographic data. 

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

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

,broaden the topic of maternal age at delivery to permit comparison of out­

comes from del Ivery age thirteen to age forty-two years. Finally, we have 

adopted a multivariate strategy emphasizing both correlates of maternal age 

and the Interaction of elements In a complex of nine maternal tral ts used 

as predictor,. 
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REVIEW OF THE LITERATURE 

Adolescent Pregnancy and Risk: Gi 1 I, I llsey, and Koplik (1970) have 

wisely pointed out that pregnancy across the adolescent years is not 

homogeneou.. 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 resemble pregnant·women 

In general, On the other hand, evidence 15 abundant that all but late 

adolescent pregnancies 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; Pollakoff, 1958: 

Aznar and Bennett, 1961; Bochner, 1962; Muss lo, 1962; Claman and Bel I, 

1964; etc), summarized In Table 2, have shown that toxemia ls a sub­

stantial risk for adolescents who are pregnant, Rates of fifteen and 

e I gh teen percent we re reported by CI alTh.'ln and Bti 11 ( 1962) and by Po 11 a• 

koff (1958), respectively.· Low birth weight In th<l IHuo Is also ,in 

cHabllshod poc;slblllty, Musslo's (1962) small series of young mothers 

had an eight percent Incidence of low bl rthwcl9ht; this finding Is con· 

fl rmcd by tho study of a large populiltlon conducted by Wiener and Ml I­

ton (1970). On the other hand, Pollakoff's larger series of atrnost 



Investigation 

Clam;in & Bell ( 1964) 

Hussio (1962) 

Bochner (1962) 

Aznar & Bennett (1961) 

Hacker et al ii. ( 1952) 

Milusky & Atkins (1975) 

Stine, Rider & Sweenye (1964) 

Selvin &. Garfinkel (1972) 

Casazza (1972) 

Shaffner et alil ( 1977) 

Jekel et alii (1975) 

MacHahon & HcKeown (1953) 

TABLE 2 

RISKS IN �'NOERAGE ANO OVERAGE PREGNANCIES 

Toxaemia 

* 

* 

* 

* 

* 

Fetal 

Abnormalities 

* 

Genetic 

Defects 

* 

Premature 
Delivery 

* 

* 

* 

* 

Del Ivery 
Risk 

* 

* 

* 

* 

* 

• * 

Perl nata 1 
Mortallty 

* 

* 

* 

* 

B 1 rth 
Defects 

*
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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). It 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 conceive. In 1973 the President's Commission on 

Mental Retardation reported that twelve thousand girls under fifteen 

years had given bl rth In 1971. Further, the number represented an In­

crease of 23,6 percent over tho rate In 1968. WI thin this group risk 

Is high. Deliveries are prolonged (Bochner, 1962; Musslo, 1962; Cl11rn.1n 

and !loll, 1964) and prenatal care Is reduced substantially. As with 

m,1ny pregn<1nt gt rls they tend to be anemic and to have weight problem,; 

(Dickens, et al, 1973; Hackct et at., 1952). The research indicates 

that the critical age within adolesc�nce Is being under fifteen at the 

time of dcl Ivery (Aznar and Bennett, 1961, Wiener and Ml I ton, 1970; 

Morris, Udry, and Chase, 1975). A British study of such girls In south· 

east London reported that they contacted the,publlc 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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ings for fonr-n«> states a11d the Ol1trlct of Columbia have been reported 

by Ventura ( l!lTI). 

Selvin ar.d '8rfinkel's (1972) 1tudy of 1.5 million birth certifi-

cates shows ttiat risk for 101� blrthwelght Is higher than average In 

• first-borns. This eleioont ;1ddl ttonal ly predisposes young women to risk.

In addition the research of Jekel et ftl,, (1975) reported a 27 percent 

Incidence of birth weight u11ddr 2500g, for subsequent pregnancies In 

prlmlparas under elghteel\ ydar,, Since they were 95 percent black this

may well be a social as wdll as obstotrlcal risk.

For purposes of balMCO It II necessary to point out that study of

adolescent pregnancy revo.\l'I ,catt11red aspects which are benign. In 

offering this observatloc, WCI do not wl1h to diminish the predominant

problem of rhk to t110tht1r ,11HI child, However, the 1.lterature reveals

that young mothers are 10,, llkoly than other mothers to need caesarean

sections (Briggs, Herren, 411J Thon1p1on, 1962; Cl.aman and Bel 1, 1964), 

In addition, Hdcker (1952) reporu • reduced Incidence of stlllblrtl11

and fetal anOl!lcllles, 111 this lot regard It Is helpful to recall the

ab•rnnc,, of lowered itt,I IVt"rY .,9t1 In E111tn1an 1 s ( 1962) survey of antece-

dent, to cerebral palw 111 chi ldrtrn,

Risk In h,ue of Adol.-�C!'��t rr11gM11CI'!,!• For the purpose of this paper,

which h 11 consideration ,,f the t1fft1ct1 of delivery age, It Is appro• 

prlatc to report the chi 1,t•ce11ter11J outcomes of adolescent pregnancy. 

We begin at the most q,•rwrAI lcv,'I by noting the high association of 

adolescent pregnancy •''"t ill<'gltl""'cy, Berkov and Shipley (1971) have

observed that California �irth rrrtlflcates no longer Indicate I llegl-
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timacy and infer a change in social values about the topic. 

The degree 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 i I legitimacy rates; Ber­

lin's rate of 18.62 per cent was the highest, and the state of public 

morals ls deduced accordingly. Illegitimacy has not really been asso­

ciated uniquely with young mothers (Kinch et al., 1969; Pakter, 1961) 

despite conventional views on the matter. However, occurrence of i I le­

gitimacy In the younger mother may compound the pregnancy with social 

comp 11 cat Ions. 

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 ls raised, according to the President's Commission 

on Mental Retardation (1972) for children at age one year. Lobl, Wel­

cher, and Mell Its (1971) concluded from their study of nearly 4600 cases 

that chi ldrcn were at rl�k for n�ntal retardation when the delivery age 

wa, under fifteen years. 

In the research reported by Thompson, Capplem,1n, and Zel tschcl 

(1979) offspring of mothers under eighteen years were not gross\y 

different; however, thoy were rated less alert, less cuddly, and poorer 

In motor performance. Fleld 1
5 (1981) research on children of young 

black mothers revealed lower lengths, weights, and scores on selected 

subtests of the Denver Development Scrqenlng Test, e.g. adaptabl llty 

and gross motor performance. However, Intervention via bi-weekly hon� 

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 delivery. At age four years Broman reported the children had lower 

IQ scores, less advanced motor development, and a higher frequency of 

deviant behavior, • At age seven years probands' WISC IQ scores were 

marginally lower in the white sample (p<.06), with no difference with-

in the black sample. Childre� of teen mothers were more likely to be 

rated deviant In behavior.· SES effects were large, Data at child age 

e I ght years we re reported for one hundred and fl fty seven b I ack ch 11 d­

ren, half of whom were born to mothers at or under age fifteen years. 

Academic achievement and rated behavior of probands was not abnormal, 

but the offspring of young mothers were absent from school more fre­

quently, The writers' research (Jordan, 1970) on development of Issue 

of very young pregnancies at age three years suggests 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 for developmental failure, 

The Social Context o-s a Risk Element: It Is evident from the literature 

that lntervMtlon programs for adolescent mothers can help thorn 11nd 

the Ir babies. Research reported by Sorrel nnd Klerrnon ( 1968), and by 

J0kel, et 111,, ( 1972) shows th,H, o,g,, toxemia and perinatal loH can 

be reduced by five-sixths by careful programming. While, this Is so, 

the preval ling reality is that most adolescent prlmlparoe receive II ttle 

or no antenatal care, We know from the 1975 Federal survey of Hll!alth 

attitudes 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 unti 1 delivery, ac­

cording to Gill, Illsley, and Koplik, (1970), and many receive little 

prenatal care. 

The problem of early pregnancy among black girls is widespread 

(Murdock, 1968). Furstenburg (1970) describes discovery of conception 

leaving black teenagers "Incredulous" In two out of every three Instan­

ces. Their subsequent attitudes seemed similar to those of white work­

Ing and middle-class girls. However, their circumstances were far dif­

ferent, and It Is appropriate to recall the generally poor outlook for 

children of non-white, non-middle class mothers. With the exception 

of Quay (1981) few Investigators have speculated on the psychosocial 

mechanisms of teenage pregnancies, Quay establishes five subgroups of 

girls, with passive dependent, subcultural, psychopathic, manipulative, 

and situational styles of behavior. 

The Natlonol Academy of Sciences (Kes5ner et al,, 1972) reported 

an Infant mortal lty rate for black women In New York City nearly two 

and one-half tlmcis the rate for white women, S1m1lar1y, Morris, Udry, 

and Ch111e (1972) have reported the Incidence of low birth weight In 

black women to be twice that among white women bosed on II study of 

noorly eight thous11nd deliveries. Grant and Hcrn1d(1972) h.-ive asserted 

th.-it social factors such as race and social class arc more Important 

than dellvery age for all but the youngest teenage mothers. 

From adverse social conditions flows' the entire nexus of health 

care and social Influences, a complex which hds spread across the gen· 

eratlons (Fairweather and Illsley, 1960), In saying this we recognize 

with Quily (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 say 

that problems of adjustment are always found In adolescent pregnancy. 

Werner and Smith (1979) found that locus of control In pregnant teen­

agers, the sense of whether one's life ls self-or other-determined, was 

perceived as external to their I Ives. Gabrielson et al,·, ( 1970) have re­

ported attempts at suicide In New Haven teenagers. These attempts came 

after delivery and were unsuccessful, They can be viewed as maladap-

tive efforts to cope with crisis rather than expressions of a fundamen­

tal maladjustment which also contributed to the conception, Obviously, 

a suicide-Intent mother - for the purposes of this review - ls not a 

chi Id-centered 'mother, The teenage pregnancy may well be an obstetric 

success but evolve Into compromised chi Id care because the child-mother 

has not completed her own cycle of growth. 

The Outlook: In the 1920 1
11 the rate of dell very to young unmarried 

women wa, 1tudled and found high, Reporting on Madison and Dane Coun-

ty In Wisconsin, Young, GI llln, and Dedrick (1934) reported that twenty 

percent of deliveries were to unmarried girls under 1eventeon year.s, 

Recently, u we show In Tllble I, tho Censu, Bureau (1977) has summarized 

fertl llty rates since tho 1970's by ago. Tho Bureau reports that tho 

rato for all girls ton to fourteen years, but ospoclally white girls, 

has doubled In the Intervening half century, At tho n�n�nt, according 

to DeJong and Soll (1977), the rate of Increase In the fifteen to nine·

teen-year group Is less than In older women, 

It Is quite evident that teenage pregnancies wl I I continue to occur. 

The President's Commission on Mental Retardation (1973) reported a 6.3 



15 

percent increase In pregnancies among the age group 15-19 years in 1971, 

Similarly, Gill, Illsley, and Kopllk (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 Incidence of nine hundred teenage pregnancies per annum in a city of 

Just under one million persons. The overall effect is clear; teenage 

pregnancies occur and are on the rise, and they are a social 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 population at risk for early conce.ptlon, It Is clear that marriage In 

the Immediate future Is un'llkely. Furstenburg,(1970) has reported that, 

even when sought, marriage Is often postponed for economic reasons. 

McAnarnay (1978) reported that half of all such marriages dissolve. 

Hardy et al 11 ( 1978) reported that only 35 percent of teen mothers fin­

ished high school. 

Older Wo111en: A brlaf return to Table I Indicates that older womon, ages 

forty to forty-nine years, are not ab5ont from tho list of tho,e deli­

vering llvo children between 1925 and 1975, However, older woman ere 

likely to put their children 11t risk by virtue of advanced agfl 11nd post· 

maturity In reproductive efficiency, This degree of rl,k In children 

of older women explains the curvl II near relationship between delivery 

age and risk described by Pasa111anlck and LI I lenfeld (1956), and by 

Davis and Potter (19�7), They report an. Increased risk of producing 

a retarded child when 111aternal age at delivery is over twenty-nine years. 

Collaborative Perinatal Study data presented by Marmol, Scriggins and 
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Vollman (1969) support this observation, and an elegan t mathematical

model developed by Burch (1969) explicates the case using Down's syn­

drome, especially, for this discussion a t delivery ages 40-44 years. 

Bcgab (1974) identified delivery ages above thirty-five years as Increas­

ing the risk �f Down's syndrome In children. Such women he points ou t, 

delivered thirteen percen t of all babies bu t fifty percent of all cases

of Down's syndrome,

Risk In Issue of Over-Age Preonancies. Advanced_ age In mothers ls as-so-

clated with perfectly normal children, of course, but there ls a statis­

tical association with a varie ty of conditions In addition _to mental 

retardation, In the case of mothers over thirty-eight years of age the

poss I bi llty of hare lip In the offspring ls raised four-fold, In data 

analyzed by McMahon and McKeown (1953), In a 1972 analysis of over 

one ml Ilion bir th record$ In New York state by Selvln and Garfinkel

b,d n\J the t11 )(th ch 11 d or more In b 1 rth order, an event more probable

in ,111 oltlor wom,1n's pregnancies, Is associated with a greater risk of

pr1.1111,1Lure cJeliwry, Related to the period prior to delivery Is the find·

lnq of Mllusky nnd Atkins (1975), They reported the Incidence of abnor· 

111o1l i tY on flltu,cs of wo1110r1 ov..ir thl rty•flvc years of age at ono In 

nini:ty-siK, In won-.,n over forty years th..i Incidence of genetic dlsor-

c.lers ls highest, according to these Investigators,

�- It Is cleM that current Interest on age at delivery Is concen-

trated on youn9 mothers, Within that context the not unsubstantial corpus

of literature on young pregnancies stresses the social and economic con· 

st.!quences for the mother, In our view, however current this formulation,



it deals with a domain comparatively well s�udied. Appraising the litera­

ture the reader is struck by the relative absence of studies in which the 

child is the focus of attention; the studies of Oppel and Royston (1971), 

and Broman (1981) are exceptions. The result is 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 

delivery age needs to be understood within the complex of social and family 

variables which surround It. Equally, It Is necessary to distinguish 

maternal age at delivery as an Influence on children from the uncorrelated 

and correlated variables usually encountered. In this fairly conventional 

kind of matrix of social data policy needs to flow from variables which 

turn out to be Important. The hazard Is that lt may be social class or 

ethnic group, not the nominal variable of Interest, which Is the salient 

function, Attention to the effect of maternal age on chlldrens' develop­

ment In this paper Is an attempt to clarify the elements of mother-and 

chi Id-centered variables, with particular attention to the mental develop• 

ment 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 

to the mothers of emerging Interest, vide Table 1, tends to be used within 

an attenuated span; that ls, when young mothers are 5tudied It Is In Isolation 

from older mothers, and comparative significance Is unexamined, Third, mater­

nal age at del Ivery tends to be pursued In Isolation from othe.r female tral ts, 

e.g. l�telllgence, values towards child rearing, and marital status. The ab­

sence of studies In which social and family data have been systematically 

gathered to appraise tho effects of the Independent variable, age at delivery, 

In prlmlparae Is equally clear, 

Many relevant ltudles have small samples an,d fow have data at repeated 

.Intervals on tho courses, of development, Essentially nal vo desl9ns sometimes 

use samples with unldllntlflcsd blues, as Vincent (1954) polntcsd out two dllc· 

ados ago, They al,o confound the effects of race, social cla,s, and age at 

delivery, As a re,ult, not the lea,t'a,pect of the problem of adolescent 

and later prt1gnancl1u I, tho solt1ctlon of a statistical mod111 to apply to 

tho 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 the Ir view, regression models can avoid the errors of specl flca­

tion, that is the fal lure to spec I fy all of the variables which hypothetically 

influence a criterion. 
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The program of Bottenberg and Ward (1963) brought considerable utility

to applied statistical analyses using regression. The technique is elucidated

in the writings of McNei I, Kelly, and McNeil (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 Interest, or as In Jordan (1971) vectors

representing squared and cubed representations of non-I ineari ty of regress ion. 

A thl rd example Is of particular Importance In this study's report of applied

statistical analysis, the question of Interactions. In this situation, the 

effect of a variable depends on 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 social significance. From the point of view of the Develop­

mental lsts the mothers' age at de! I very, or conception - to sharpen the point, 

adds one more to the I 1st of sal lent attrlbute1 of mothers, which lncludus 

lntul I lgenco, chi Id-roaring value\, and oducatlonc1l background, for ox.:imple. 

The Interaction of tho new variable of lntero,t with other variables obvious­

ly roqulro1 attention In models of dovolopmont. Specific co111bln11tlons are 

ondlosi, even setting aside the question of non·llnearl ty. Of particular 

relevance to this problem Is the appllcablilty of Koplyay's (1972) regres· 

slon algorl thm, with Its attention to Interactions. In this technique 

(whose procedures we describe shortly) the computer program erects Inter-

action terms whose sal lence Is assessed statlstlcally. 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 approximately two hundred sets of developmental 

,data we have found that interaction analyses complement multiple regression 

analyses, while raising R2 values. It ls on the basis of this theoretical 

and empirical knowledge that we have concluded that Interaction regression 

Is particularly applicable to study of maternal age at delivery and Its 

connection to other variables lnfl.uenclng chi Id development. 

PROCEDURE 

The St. Louis Baby Study ls an active, prospective study of newborns 

delivered In five St, Louis hospitals ln the winter of 1966-67 (Jordan, 1980b), 

Within the data set are variables relevant to the questl'on of effects of ma­

ternal attributes, especially age at de! Ivery, on child outcomes, In Table 

3 are listed the .maternal variables of Interest; they wl 11 be described ln 

detail a little later, Equally, the data set contains measures of chi Id 

development In two domains, Intellectual and linguistic development, There 

are, as Table 2 also shows, thirteen measures, about equally divided botweon 

Intellectual and linguistic growth, The chi Id-age at which mother-and•chl ld 

variables wore gathered Is shown In Table 3, 

As a procedural note It 11 helpful to know that all proband1 wore 

tested lndlvldu.1lly In their homes u'Jlng examlnen1 rnlltch<1d by rac<1. Prob· 

lems of tracing addr<155e5 within this non-captive cohort have b<1en enormou1. 

For that reason tho cohort was split Into two comparable group'I (e.g. mean 

SES scores) at ages thirty-six and forty-two months. For any given chrono­

logical age the number of children for whom relevant data were available Is 

the sum of the � 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 



PREDICTORS 

Marital Status 
Age 
Authoritarianism (AFI) 

Anxiety 

IQ 

FPS Subtests 
- Collverztional Social•

Hole (CSR)
- Den:ai Of Hostility (DH)
- ?.Jsic DistPUSt (ED)

l!o1·a l is tic Contro Z. (MC)

CHILD AGE 

Birth 

6 Nos. 

21+ l".os. 

30 l'!os. 

36 Nos. 

li8 l".os. 

60 Nos. 

TABLE 3 

PREDICTOR k�D CRITERION SERIES 

CRITERIA 

DOMAIN 1 
INTELLECTUAL DEVELOPMENT 

(1) PAR Intel..lectuaZ.
(2) PAR Information
(3) PAR Ideation
(li} PAR Creativity 

(S) PPVT (A)

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

(8) \/PPS I Vocabul.ary

DOMAIN 11 
LANGUAGE DEVELOPMENT 

(9) Mecham VLDS

(10) Ammons FRPVT

( 11) PAR Commmication

"' 

.... 

(12) Preschool lnventory-(AVJ

(13) ITPA Auditory Association
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was 380, and at forty-two months It was 376, For purposes of statistical 

analysis the birthday group was used; mothers took the Quick IQ test at 

child age thirty months. 

The statistical model used to analyze the Influence of a nexus of 

eight maternal traits on each of _the thl rteen crl terla was regression analy­

sis. The reasons were first, the ,overall relevance of regression analyses 

for development data (Werts and Linn, 1970), and, second, the pressing 

questions of how significant maternal traits Interact with each other as 

Influences on the two domains of child attainment. 

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

AID-4, an interaction regreaaion analyaia. In this technique the variance 

associated with a criterion measure Is analyzed In terms of both the pos­

sible Independent contribution of a given predictor, starting with the larg­

est, and In terms of Interactions between variables In a predictor set. Cur­

vi llnearlty within complex regression models Is also examined In this step­

wise - like regression program. A nonsymmetrlcal branching process, based 

on variance analysis techniques, Is used to subdivide the sample Into a 

series of subgroup� which maximize prediction of the dependent variable. The 

assumptions of linearity and additivity Inherent In conventional regression 

techniques are not required. 

The AI0·4 Interaction regression program operate, by finding tho pro· 

dlctor variable which when dlchotornlled will yield th_e loweH within group 

sum of squared deviations for the dependent variable. Essentially this Is 

the dichotomization which accounts for more of the variance of the dependent 

variable, (I.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 (1972) 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 the regression process,_and also requires 

that �arlables be specified as monotonic or free-floating. In the analyses 

2 . . 
reported here an R Increment of .OJ, and a minimum cell size of 10 cases 

were stlpluated. 

The following measures were applied to mothers and probands at various 

ages from birth to child age sixty months (See Table J): 

Chi Id Measures · InteZZeatual Domain: 

I. Four 1ubtut'.I of the Preschool Attainment Record (Dol 1, 1966) were

used at age 211 months; they woro the Infor,r1<1tfot1, Idaat-ion, r.r•aa­

tfoity, subtosts. The fl rst three combined to yleld an IntllZla'1-

tuat domain score, This scale (PAR) Is an extonslon of tho Vine­

land Socia.I Maternity Scale, and uses tho mother 115 Informant.

It Is Important to note th,,t we operationalized some questions

and had children perform such tasks as bouncing a ball,

2, Form A of Dunn's Peabody Picture Vocabulary Scale (1965) employed 

at 36 months was a crl terlon. 

J. The Preschool Inventory, developed by Cal'dwel I ( 1970) was

administered at 48 months.
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4. 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, Mecham's Verbal Language Development Scale (1959) was administered 

using the mothers as Informants at 24 months. 

6. The Corrmunlcation subtest of the PAR scale was adml�istered to

mothers at ages 36 months.

7, The Aaaoaiation Voaabulary subtest scores from the 48 ·month adminl­

st�ations of the Preschool Inventory were employed. 

8. The Auditory Aaaoaiative subtest of Kl rk and McCarthy's (1961)

llllnols Test of Psycholinguistic Abilities was administered at

60 months and used as a criterion.

Maternal Measures: 

9, Authoritarianism In child rearing Ideology was measured when mothers 

were at the end of confinement by using the Authoritaz•fon FarrrlZy 

Iduolooy Scalo (AF168). This test has high reliability and Is one

of the., sot of measures 1 n Ernhart and Loe vi ngor' s ( 1969) f'a11rlly 

l'ro, 1vl.,m111 Soc1lo (FPS). 

10. M.itern.il IQ was obtained by admlnlHerlng tho Ammons' Quick Test

(1962) .it child ago thirty months,

I l·JlL Also from tho FPS, but used at 36 months, were the following sub· 

scales, employing the names arrived at by the authors: Conu,mtiorial. 

Social Role (CSR), Oeniat of' f/oatilUy (Dll), Baoia Dintrunt (BD), 

an,] MoroaUotiu Conlrol (MC). 

15. Anxiety was measured at chi Id age six months by administering
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the Bendig (1956) short form of the Taylor Manifest Anxiety Scale 

individually to mothers. 

Data Set: For the predictor set and each criterion a corpus of information 

at basic data-time points was created within the computer. An important as­

pect of the data set was its dynamic nature. That is, the predictor set and 

criterion series changed from child age to age. Looking at Table 3 we see 

that four of the eight predictors preceded in time the thirteen criteria. 

By age 36 months the predictor set incorporated the remaining predictors. 

This meant that criteria (S)-(8), (11)-(13), but not (l)-(4), or (9)-(10), 

could be studied by use of all eight 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 predictor set, one antecedent 

to all criteria; on the other hand, one could apply predictors without regard 

to the dynamics of their acquisition over four years. Such a step would be 

psychometrlcally feasible; but It would violate the Integrity of the pro­

spective longitudinal approach and it would cons ti tutc a degree of post­

diction. Prospoctlvu study Is difficult, and It, virtues lie In part in the 

Integrity of tho resulting d,,t.i set. Setting th.it virtue aside vitiates tho 

polnful acquisition of prospective data and violates the logic of using the 

prospective approach to begin with. The price to be paid Is that not al I 

predictors can. be applled slmul taneous Ii to all crl terla. In this study 

the predictive data set for any domain grows, as the children do, and fol lows 

the enlarging picture of childhood with para11;1 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 associated behavioral traits listed in Table 

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

years. Accordingly, we hypothesized that: 

1. The developmental status of children as measured by standard

tests would be (a) influenced primarily by maternal age, with

(b) especial reference to delivery ag·e of sixteen years and under.

2. The other maternal variables listed, in the order IQ, authoritarian

family 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 significant Influences,

3, The Interactions between these variables would be complex, and 

emphasizing, for the most part the role of maternal age. 

4. Regression effects would be linear, with nonlinear terms In the

regression equation$ In a smaller number of Instances.

5, The models created for Intellectual and linguistic criteria at 

any given age would show comparable configurations of antecedent 

maternal variables. 

RESULTS 

In this section wo present the ro,ultt of applying the predictor sot or 

maternal age and related behavioral traits In a dynamic fa1hlon to thirteen 

crl terlon measures. Eight of tho mca,uro-; are In the Intellectual domain 

and five arc In the linguistic domain. 

Subjects: The analysis reported here Is, In fact, thirteen discrete multi­

variate analyses using a common data base. The subjects reported In Table 4 
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TABLE 4 
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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 the Ir 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 nurrber decl lned 

_subsequently, due to Inclusion of the 30-month Quick Test as a measure of 

mothers' verbal Intelligence. In the remaining analyses the number of cases 

averages around one-hundred and forty. The sharp decline is a combination 

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 size of the sample, 

The means given for the child development criteria In Table 4 are very 

close to those we have reported elsewhere for the full 1966·67 birth cohort 

(Jordan, 1974), The ,octal cl<'ln range ls broad <'Ind the aver<'lge child In 

tho group reported here ls bluo·collar mlddle·clas5, Attention t, called 

to the di fferentllll rate of attrl tlon by race In T11ble 1,. Thl11 di rrorentlal 

Is a potential source of bias In this longltudlnlll data �et, but conveys 

the hazards of prospective study u,lng an Inner cl ty population. 

At age two years the average score given In Table 6 for Mocham's Verbal 

Language Development Scale Is 19,65, According to Mecham's norms (1958) 

this Is Just under 2.4 years language age. The PPVT (A) mean score of 26.24 

yields an IQ of 95 at age three years. At age five years the WPPSI Vocabu­

lary mean raw score of 14.29 falls, according to Wechsler's norms between 



29 

test age 4 3/4 years and five years. This is quite similar to the mean IQ 

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 

variables discarded and variables found to have predictive significance. A 

basic aspect of this analysis has been concurrent extension of the predictor 

set as the criterion series evolved from ages two to five years. 

In Table 5 there are relevant data; there, we see four important out­

comes of the regression analyses. First, the bottom row shows the R2 values

of the models Indicated In the columns. From left to right the R2 values In­

crease as a function of Increasing age of the children; however, that obser­

vation can be expressed more analytically by formulating It as a function of 

the predictor series Increasing concomitant to the maturation of the child­

ren, The R2 values rise from statistically significant, but low, levels of 

.02 and .04 for criteria asse,sed at age two years to .44 and .41 for criteria 

at ages three and four years, Second, by domain, that Is, Intellectual and 

linguistic criteria sets, the R2 values of tho models aro generally comparable,

Tho third Item which Inspection of Table S reveals Is the role of maternal 

chi Id renrlng values as contributors to the Interaction regression n�dcls, 

When the5e predictive elen�nts wore added to tho models at chi Id age three 

year1 tho R2 values rose considerably, Fourth, some of the predictors listed

In Table S occur more than once In regression models, For example, delivery 

age occurs twice In the simple two-variable model of the first criterion, 

24 month PAR Intelte�tual scores. The second occurrence of a variable lndi-
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cates curvilinearity of regression. In a few instances, e.g. in the regres­

sion model of the scores on the Ammons Full Range Picture Vocabulary Test 

at thirty months there Is 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 another advantage. It is the opportunity to use statistical models which 

replicate the reality of interactions among variables. The interaction ver­

sion of regression analysis, developed by Koplyay (1972) and used In this 

Inquiry, permits exploration of combinations of variables as independent 

terms In regression equations. In addition, the interactions can be supple­

mented by nonlinear expressions, and Indeed, combined with them on occasion. 

In Table 6 are the regression models used to test the influence of 

maternal traits, 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 

wl II be recalled that the length of the predictor sets extends In para I lei 

fashion, ol,o In Table 5. In Table 6 the models Increase In complexity u 

the predictor series lengthens, prlmarl ly through the apparently greater 

relevance of the later-added predictors; secondarl ly, thl1 occurs through 

the greater poss I bl 11 ty of Interaction terms. Age of mothers at del Ivery 

(flA), the varlilble of greateU lntoreH In this Inquiry, Is present quite 

frequently, On the other h,rnd, 50nl() terms are not, such u marl tal statu,;, 

IQ and the Bcwl,• niotr•uol, subscale of the Faml ly Problems Scale, 

Predictors: The vilrlable of prime Interest In the predictor set Is maternill 

age at del ivory. In Table 5 del Ivery age occurs In twelve of the thl rteen 

models. Only the 24-month Verbal Language Development Scale (Mecham, 1958)

omits this variilble of prime interest. Further, when we examine the ordinal
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♦ (DD♦ /\nx2) + (DO• Anxl), A 2 • ,41 

(DO) ♦ (0/\) ♦ (Ari) ♦ (/\nx) ♦ (IQ) + (HC) ♦ (UO ., DA) + (uo. /\Fl /1 DA) 

♦ (OU• 0A •An,)+ (00" DA• /\11, • HC) + (UO •IQ)+ (UO • IQ• /\11x). 111 • , 28 

(OD) + (/\fl) + (DA) + (An,) + (HC) + (011) + (00 • Ml) + (DO 1, /\Fl • DA} 

+(no• /\fl • Anx • OA) + (1102 ., Ml • /\nx) + (002 • /\fl • OIi • /\nx) + (ou • 11c) 

+CD• Ht• /\11x), R2 • ,)S 
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role of delivery age as a source of variance within regression models we 

see that it occurs in first or second place in eight of the thirteen models. 

What Table 5 does not show, but which can be extracted from the computer 

printout generated by the Koplyay regression program is the level at which 

maternal age exercises 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 analysis. Table 7 summarizes 

the eight Instances of the role of delivery age when it occurs as the prime 

or second most Important variable In the regression analyses. Here, we see 

the levels of delivery age which the regression analysis created Incidental 

to developlng·complex regression models. The statistically significant, 

empirically derived, levels of maternal age at delivery, 'when a significant 

Influence on child development,are shown. In Table 7 we see that maternal 

age played a significant role In six of eight criteria In the Intellectual 

domain, and In two of five variables In the Intellectual don�ln. The great­

er Influence, this suggeHs, Is the Intellectual domain, In making this 

observation, however, It Is necessary to observe thJt the grouping of crl• 

terla Into two sets m11y overstate the relatively narrow distance between 

them, Vocabulary as used In the WPPSI Is viewed here a, Intellectual, while 

vocabulary u,ed In � different way In the ITPA Is considered linguistic. We 

Feo I use of two doma Ins 11, 11 supo rord I n.:ito concept to ordo r the er I ter I on 

series Is helpful. We wish to point out our use Is to make a dioti11<!tlo11 

rather than to contrive a difference. 

With regard to the levels of mother's age,at delivery, Table 7 shows 

that virtually al 1 of the groupings of ages were above twenty years. In 

the eight instances given In the Table no pattern can be discerned by pri-
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mary or secondary role as a source of variance, nor by cr�terton domain and 

child age. In one instance, 24-month PAR Ideation, the split in delivery 

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 in to a second, larger group, the rema In I n·g 40 I mot he rs 

age seventeen to forty-two years at the time of delivery. At age four yea_rs 

scores on the Associative Vocabulary subtest of the Preschool Inventory 

acquired a significant source of variance when grouped first Into those under 

twenty-one years and Into those aged twenty-two to forty-two years, Two 

other splits, those for the 30-month Full Range Picture Vocabulary Test, and 

for the 60-month WPPSI Vocabulary scores split at <23 : 24> years, at 

<25 :>26 years, 

More Interestingly, four of the seven analyses abstracted In Table 7 

were Instances of age groupings In the later twenties and middle thirties 

of delivery age, Two 48-month criteria, scores on the Boehm Concepts test, 

and on the Preschool Inventory, yielded significant sources of variance 

ascribed to delivery age when �pllt Into two groups at <28 : 29> years. 

Two 21t-month crl terla, scores on the PAR Creativity 11nd IntsZlaatual sub­

tests, yielded significant an�unts of variance when grouped at <34 : 35> 

years. 

A slgnl fl cant overal I finding I, the range of thc,c age grouping,, and 

their tendency to occur In a manner emphasizing older than younger delivery 

ages as tho locu� of age effects, 

An outcome of Interest Is the finding that sotoo maternal traits hypo­

thesized as relevant had little or no discernible role as sources of criterion 
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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 Basia Distpust 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 Basic Concepts. Interestingly, in view of the psycho-

1 inguistic nature of the criterion series, maternal IQ (verbal) as measured 

by the Ammons Quick Test had little role In the regression models. In the 

four instances when It appeared, JO-month AlllllOns FRPVT, 48-month Preschool 

Inventory, and Boehm Concepts test, 60-month WPPSI Vocabulary, the contribu­

tion was not as a prime source of variance. In three of the four Instances 

Quick Test IQ's were associated 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 Denial of Hostl llty (DH), Anxiety, measured at six months was the 

next most frequently used predictor In the thirteen regression modols, Of 

forty-four vc,rl11blos excluding lnternctlon terms In the thirteen regression 

model ls seventeen nre the predictors, dcl Ivery ago and anxiety. Author! tar· 

lnnlsm and donlal of hostl llty account for another fourtcon of tho forty-four 

v.1rlabltl,, For all thirteen criteria of psycholinguistic att.ilnmont to · 

ago five years tho predictor, do I Ivory ogo, anxiety, author! tarlanlsm, and 

denial of hostility account for thlrty•one of the forty-four significant 

variables, Excluding conblnatlons used as interaction terms these four var· 

labies out of nine In the predictor set examine� account for three-quarters 

of the significant elellX!nts 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, plus a 

small body of research (Crumidy and Jacobziner, 1966; Oppel and Royston, 

1971; Cutright, 1973) suggest that being a young mother has great signifi­

cance for child development. Crumldy and Jacobzlner (1966) have pointed 

out that young mothers tend to see their infants as dolls which are alive. 

The essence of dolls, we hazard, ls that they are not creatures In their 

own right but essentially sources of entertainment for the person playing 

at being a mother. Cutright (197)) has pointed to the hazard of Inhibited 

growth Into mature womanhood for the girl plus the probability of having 

more children 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 rl,k when their mothers were under eighteen years de! Ivery age, 

The risk wa$ evident In reduced scores on measures of height, weight, IQ 

(Stanford·Olnet, but not WISC), nnd reading; they were more likely to pre• 

sent behavior problems, More rocent rcuouch by Delmont, Cohen, Dryfoo�, 

Stein, and Zayac (1981) u1od diJtll from tho Collaborative Porlnntol Study, 

and found no consistent evidence or adv,H10 effects of maternal Immaturity, 

Associated social disadvantage, woro the context wl thin which lowered ,n.i· 

ternal age produced results. 

Our findings, which treat a younger group of children, do not support 

the Ideas that being a young mother, low del Ivery age, leads to discriminable 

performance on thirteen developmental criteria between two and five years of 
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age. If anything, a case can be made for de 1 i very 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

terion variance. The data constitute the basis for the grouping of variables 

in Interaction regression analysis. Delivery age arranged itself into groups 

separated, for the most part, at above average levels and below those levels 

as an empirical, inductive outcome, Our data, summarized In Table 7 shows 

that several of eight significant age effects arose when mothers were around 

thJrty years of age, This suggests that a complex of factors centered around 

maturity as a mother may be a topic for consideration, Maturity, In this 

case, meaning above average age, rather than being merely beyond adolescence, 

In the matter of related variables It Is evident (see Table 5) that the 

values which mothers hold at the time of delivery, and thereby constituting 

base•l lne data for subsequent events, Influence the behavior of their children, 

In the earliest year� the Authoritarian Faml ly Ideology scale and, In part I· 

cular, the 1968 version of tho Ernhart and Loevlnger AFI 1 65 scale, accounted 

for criterion vorlnnce, This measure, which we h,wo previously reported 

(Jordan, 1968), expresses a dlmen1lon of author I tarlonlsm·llberallsm, one 

In which, for example chi ldrcn 1 s needs may or may not come before tho�e or 

their parents, The authors of the Faml ly Problems Scale say that: 

11A woman high on AFI apparently appl les a punishment theory of 

learning to problems of character devdlopment and chi Id rearing; 

the chi Id cannot be trusted to choose his own foods, tol let 

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 this same data bank have found significant 

curvilinear relationships between AFI values and the mother's age when age 

interacts with socioeconomic status (Jordan, 1968) and when age Interacts 

with the mother's manifest anxiety level (Chovanec, 1968). The phenomenon 

Identified by Jordan was that as age Increased among low SES mothers author­

itarianism decreased until ages 24-28 and then began to rise. But, at the 

high SES levels authoritarianism steadily decreased as age Increased. The 

Chovanec findings were similar; that Is, for highly anxious mothers, as age 

Increased, authoritarian attitudes decreased until ages 30-33 when authori­

tarianism began to rise with further advancing age. However, for low anxious 

mothers authoritarian chi Id rearing values steadl ly decreased as age Increased. 

Both these reports support the maternal maturity hypothesis as a significant 

factor to be considered In studying child development, And, concurrently 

the age period when chi Id rearing atlttudes seem to change for the above men• 

tloned irngments of the population of mother, (I.e., the low SES mother, or 

tho high anxlou� moth1ir,) I, In tht1lr later 20', and onrly 30'•· Frorn It, 

role In the present lnv0Hlg,1tlon wo conclude th,H the AFI valuo'I of mother, 

extend their lnfluonco beyond tho perinatal ph.:ne-of child dovolopmont. 

The relationship Is that authorltarlanl'lm Is 'llgnlflcantly and nogatlvoly 

correlated with high chi Id criterion '!cores, In Table 8 we see the r''l 

for the AFI mci1sure i1galnst the crt terla which are direct measures of chi Id 

performance e.g. 30 months and later. The r's are relatively homogeneous 

and the levels of significance vary as a consequence of the di fferlng de­

grees of freedom associated with the size of the sample used for each multi­

variate analysis. 
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Among the other subscales of the Family Problems Scale is flem'.al, of 

HostiZity. 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. It 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 crl_terla. The relevant criteria 

are those concurrent and subsequent to administration of the FPS scales at 

child age three years. Consultlng Table 8 once more shows the highly signi­

ficant relationship obtaining between the DH subscale and criterion scores. 

All are highly significant and at relatively consistent levels. 

In connection with maternal values and Increased delivery age there Is 

the question of the relevance of the number of children a woman has del lvered 

and I t1 Impact on chi Id rearing attl tudes In general and chi Id attainment In 

particular cited research (Chovanec, 1968; Jordan, 1968) sugge,ts that' values 

change with age; but advancing ago also tends to mean that woo�n have more 

children. Tho nurnber of children a woman has borne Is a variable of Interest 

In child dovolopmont. It arises as the topic of size of a faml ly or slbshlp, 

and 1 t arises In the 11 terature on bl rth ord�r In children. In our data set

It exists for probands as birth order Information. Such material Is both 

child-and mother-significant. Our Intent has ,been to deal solely with mother­

significant tral ts, but we wish to note that we are aware of the double - or 
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.-.',·'"'"'' . 11,can lng of birth order data. Given an intent to deal less nar-

./1.�•· "' 

\\. "'tlh 111,1ternal traits we advocate Inclusion of birth-order data in 

'''" 

.... t 1 ,:,11111 de r the effects of mu 1 ti parous states in women . Conce i vab 1 y,

'"'�r ' 

ttw' 1,N,"t'"' of maturing as a woman, and the parallel or interacting state 

,,f ./1.,�,d rlllll more children, can contribute to our knowledge of how maternal

't• 11,fluc1nce chlldrens' development, Authoritarianism (AFI) certainly 

11•./I.I • 

,,l\t"f' ,w�r time,

TM 11,rndlg version of the Taylor Anxiety Scale, administered six months

.,,nt""' w-'s of some Influence throughout the criterion series. However,

,,,,t . 

I ,,.,., instance, that of the mothers' reports of language attainment 

i"' ,'<\ \ 

t"'"� l'ltd"''"'s (1959) Interview Instrument, did the anxiety scale· play a

1,, tMt ro,gresslon analysis, In which neither IQ nor the four FPS 

.. ,., . ., Included as predlcton, anxiety scores were the sole 11ource of

..... , ..... -� 
Low anxiety scores were associated with slightly higher language

""\Ore upllclt usoclatlon,but 1t111 within a weak model (R2•,02 ) 

111,,11,,•t1�een highest anxiety scores and depressed llngulttlc scores,

,iw v.t1rlable1 emerging as of little utl llty as ascribable sources of

,1rt' m,,rltal statu'l, the FPS scale Moratilltfo Coritrot (MC), and IQ,

Of the HC scale, docrlbed by Ernh&rt and Loevlnger a'!I 11. , ,con ·

I� t"'" ,.t1,fl 

,,..,,.,..,,; with 1n,puhe control .. .11 lalHer faire Involvement," a low and weak 

,'f-1,1;,,.,,hll' within an Interaction term was evident a·t four and five years.

�A -,�.., of IQ It Is Interesting to note that the Qui ck Test used to 

,. t � ,, 

\� 1 maternal IQ is related to the criterion Full Range Picture Voca-

�,-ti·.l ... � 

i-,,,,,, ,-riterloci used at 30 ioonths of age. This predictor was ba rely evi-

,,,•t ,,.,.� Table S) i n the regression analyses ,
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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 l0cus of attention tends to be the F­

statistic and its ·attendant probabi I ity. In regression analyses the amount 

of criterion variance attributable to the predictor remains in prime focus. 

The low R2 values listed in Table 6 are the product 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 exercise to raise R2 values to maximum levels It would have been 

quite simple to Incorporate a perinatal social class score based on occupa­

tion, education, and Income source, already In the data archive ·into the 

predictor set, The effect of that however, In an Interaction model would 

have been to blur the Intended concentration on the complex of maternal 

age at delivery and associated maternal traits, Under the circumstances 

the attenuated R2 values are correlates of the unclouded picture of maternal 

traits and their Influence on development of children over several years, 

Our Investigation hu examined the Influence of a wide 1p,rn rn.iternal 

age at delivery plus selected other mntornal traits mc,1sured post-n,,tally 

on thirteen psycholinguistic criteria from two to five yc,1rs, Among our 

hypotheses has been the nature 'of lnter,1ctlons and a prime role olll'Ong them 

for del Ivery age, In the fl rst four analyses of the scores from the Pre­

school Attainment Record there are many Interactions (see Table 6). They 

Illustrate several complex phenomena only real I� analyzable In regression 

analyses. One Is the matter of complex Interaction terms, In the PAR 

Information mode I In Tab le 6 the re is the three-term In te rac ti on (AF I ,., 

Anx ,�DA). The same equation also contains a non-I inear term wl thin an 

·��,,'; 
...

.:,



44 

interaction; it ls (AFI ,·, Anx '' DA3). In the first set of analyses, the

four PAR criteria, 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 Faml ly Problems Scale pre'dictors attenuates the role of ·del Ivery age, 

but does not end It. In general, the models used to account for the vari­

ance of the Intellectual domain criteria are comparable to those created 

for the linguistic criteria In the selection of predictors and In their com­

binations as Interaction terms: 

Finally, we return to the methodological question which Is at the 

heart of this study, the question of the appllcabl lity of the Koplyay in­

teioaation l'Ofll'Oaaion model to study of human problems in development. 

It Is evident that there ls a class of problems In which the contrlbu• 

tlon of complex terms In regreulon models cannot be set aside, The terms 

themselves may be composed of two, three, or more variables. The form of 

the variables Includes the posslbl llty of cubed and quadratic polynomial,, 

especlally when nnthropometrl·c data are the subject of 11n11lysls (Joouens 

and Brems-Heyn�, 1975), However, only the nctunl analysis, rather thnn 

the nature of the problem being addreHed, can 1how h<1M benoflclal tho In· 

teractlons are u expl11n11tlons of the variance surrounding th11 crl terlon, 

Tho range of topics to which Interaction analyst, may be applied Is 

wide, Problems suitable for analyst, arc 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 
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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

stantive 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 the Investigator Is willing to let the 

data sort themselves out, In the best sense . .  The Investigator specifies 

certain arbitrary but not Irrational constraints and then al lows 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 

primiparae, lies In Its putative implications for social policy. To sorre ex­

tent, society In any generation has li'ttle control over the age at which fe­

males can conceive. Menarche occurs much sooner in the late twentieth cen­

tury than It did in previous generations. In females in the 1966-67 cohort 

of the St. Louis Baby Study menarche appeared, on the average,· at 146.40 months 

- 12.20 years. However, Nature·merely sets• the stage, and it ls the circum­

stances of decisions made by the young within specific social contexts which 

lead to early motherhood. Quay (1981) has shown that adolescent pregnancy 

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

and others are fol lowed by parenthood. In the context of this report mother­

hood occurs within social settings with meanings for both mother and child. 

The challenge Is to form policies for obstetric care and to raise the educa­

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

assist mother and chi Id through attention to nutri tlon In early pregnancy fol­

lowed by su5talned attention to soclnl stlrnulatlori of the young chi Id, In 

the case of the latter action should be attention to 5tlrnulatlng the chi Id 

through, for cX11mplc, o program of hon'll vlslliltlon In which the comnnnly IHild 

view of lrrunutnblllly of dcvoloproont Is ch.:illc11god, Thl5 policy I torn occcpts 

that lower-class orientation to human yrowth Is qultn cono;crv,1llvo, 1111d th,1t 

young, poor rnothors can be t,1ught th.it tlwlr action can stlmulato cognitive 

growth. _Simultaneously, we need to stimulate mothr.;-s to continua their own 

personill and academic growth, Avoidance of subsequent and lnvncdlatc prcynan­

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

social policy for young mothers. In the case of the policy clements aimed at 

mother and child the social matrix of the young pregnancy, rather than the 

early gynecological age of the ,rr.Jther, is the element with the rrost �ocial 

implications. For young non-mothers we jo in Morris (1981) in asserting that the 

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

We summarize the findings 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 a useful technique to apply to the data.

2. Afllong a complex of maternal traits age of delivery Is a sal lent

Influence on child attainment on psycholinguistic criteria between

ages two and five. However, we do not report that teenage is a

significant range among del Ivery ages. In some respects the

opposite may be more 1 lkely, with delivery age in the twenties,

and especially the late twenties, being an empirically generated

formulation of greater significance.

), Among the other traits In the predictor set the values examined 

by mean$ of the Famlly Problems scales were significant, In 

particular, the Dcrnlal of HoHlllty and 8<1slc DIHruH scales, 

Anxiety wos al10 a significant predictor, The scale� Moral lstlc 

Control, and Conventional Social Role were not significant. Verbal 

!Q's of mothers and their mar Ital status at del Ivery were not

significant. 

4. Interactions of variables within regression models were complex.

High order Interactions and non-linear terms were observed, No

uniformly influential element In th� lnter.ictlon terms Wi15 observed,

although the significant predictors were· evident as discrete ele­

ments and as elements of Interaction terms.
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5. R
egr es si on e f fects w er e  no n-1 I near, fo r  the most part. In selected

instan ces even comp lex r egr es sio n  m od els yielded low accounts of 

cr it er ion va ri ance.

6. The thir te en cr it e ria emp loyed at ages two to five years were

cl assed as int e
Z Ze

a tuaZ and Zing
u

i s ti a . In both instances the 

pat t er n s  o f  variable s  ide nt i f ied as sign i ficant were compa rable .

The doma ins we re n ot, ho w eve r, !nc om p at ible as area s o f  child

deve lo
pm

en t. 

7, S
ug ges tio n s  fo r  publi c pol ic y a rising from the review o f the 

l iter a ture a nd from o rig in al da ta o f the St. Loui s Bab y Study

(J
orda n, 19

82 ) h av e  b ee n pr ese nte d , Attention to nutri ti on 

ln ear ly pregna ncy a nd at te ntio n  t o e ducationa l and soci al 

5li mulati on fo r  yo ung m ot hers an d thei r children ar e advocated.
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MULTIPLE LINEAR REGRESSION VIEWPOINTS 
Volume 11, Number 1, September, 1981 

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. 

Severdl writers have explored different approaches to the analysis of 

disproportionate cell frequencies data in a two-way (or hiqher) layout. Ono 

such solution, the "full rank model" solution, as described by Timm and C,1rlson 

(1975) has been purportnd to be the "best" solution to tho tr,1dltional two-way 

design; Overall, Spiegel and Cohen (1975) 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 (se� Overall and Spiegel, 1969; 

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

be helpful. 
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Consider the fo l l owi
ng da t a  (t a k e

n fr
om Willi

am s , 1974, p. 77):

Sex

Male 

Se x  

Fcm.Jlc

A C T  Sc
or es 

Arts and 
Sc

i
e
nces 

20 18

18 . 
1 6  
2 1  
2 2  
2 4  
2 8  
2 9  
1 6  
18 
1 3  
1 5  
1 8  
1 7  

Arts a
n
d 

Sci enc es 

1 9  
1 7  
1 7  
Hi 

18 
2 7  
1 4  
1 5  
1 6  

Co l leg

e
Edu

c a
tion 

21
1 7  
1 9  
1 4  
1 2  
26 
2 8  
2 1  
1 4  
1 5  

Col le

ge

Educ
at

ion

2 3  
2 9  
2 1  
1 7  
1 5  
1 3  

En ginee ri ng

2122 
1618 
2 3  

Engineering

2 7  
24 
2 2  
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Several d if fe r ent procedures cou ld be e ff e cted to c ode t h e  data o r  ob t ain
suitabl� solutions. B ecause contrast c oding is a n  ef fe ct iv e  means t o  ob tain

a solution for the full rank model approa ch of Ti mm a nd Ca rls o n, c o ntr a st 
coding is used for the other solutio ns as wel l.  In ad ditio n  to t h e  Y (c rite rio n) 
variab le, fi v

e other vari ables ca n  be defi n ed:

X 1 = 1 if ma 1 e, -1 if fema 1 e;

X
2 

= 
1 

i
f 

i
n 

th
e 

C
o
l l e g

e 
o
f 

Ar ts and Sci en c e s, O if in the Col leqe of Ed uc at io n, 
-1 i f in t he C olle ge o f En gineeririg;

X3 = 0 if in the Co
ll eqe of 

Ar ts and Sc
i en c e s, 1 i f  in th e  Colleqe o f  Ed

uc at i0n,
-1 if in t he· Col lege o f  Eng ineering ;X., = X

1 

X
2

; a nd 

S i
x models can be defined:

y • bo + b
1
X

1 
+ C p (1) 

y 
• bo + h

2
X
2 

+ b
1
X

1 + e
a, 

y • bo + b 
1
X 

I + b 2 X 2 + b 1 X
3

y • bo + b
1
X

1 -� b 2 X2 + b 3
X

1 

y • ho + b
1
X

1 + b,,X. + b 5X5 

(2)

+ C p ( 3)

+ b,X., + b
5
X

5 + e ,. , ( 4 )

+ C p (5 )  a n d

Y • b0 + bl X2 + b
1
X1 + b, X,. .t b5X5 + c 6• ( 6 ) 

In equations i through 6, the b's arc regr ess ion c o ef fici ents s p ec if ic to a n

equation (b
0 

wi 11 1 lkely be differen t fo r  the d iffe r e nt equ at io n s; s o  als o  the othe r
b's a r e  s p e cific to a n  e q uat io n); the e 's ar e  e rror te rms as so cia te d  with e a ch 

e qu at ion. 
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Table 1 shows the sums of squares for the various approaches to analyzing 

the data on sex and college. 

It can be noticed in Table 1 that the main effect for sex and sex indepen­

dent of college are equal, but �re unequal to sex independent of college and• 

interaction; a similar result occurs for the colle�e effect. If either an 

unadjusted main effects solution, a fitting constants solution or a hierarchical 

model are completed, an additive solution is found. See Table 2. {The tenni­

nology for type of solution is the same as in Williams, 1972), 

However, if a full rank model solution (as suggested by Timm 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) 

n:Yi + n2Y2 + n�Vl • n,V,, + n�V� + nif6 (7) n1+n2+n, n�+n,+n, 

where tho n's and Y's correspond to the ce 11 s in the two way layout. VI is tho 

moi1r1 of 111<1los ln arts and sc1crm1, Y2 is the m1ic1n of males in education, and Yi 

is tho mean of 111,llos in engineering; mo<1ns for ftlln<1los (Y,., v�. v� ). are 

similarly doflnod, 

Slnco proportion.11 l ty holds, the nu111orator and donomlnator of the left side 

of oquution 7 can be multiplied by !Ln"· (or by !1....
11

' or DncI.. or any combination thereof,I l l 
since the proportion is the s,11110): 

Si nee ,!1_,, !!_s 

n 1 n 2 

!_l__!t_Y,1 + n5V .. 1 +- n�;Yr:i 

n,, + n 5 + n,; (3) 

,!1_,;, equation 8 can be simplified: 
n' 



Table 1 

Two-Way Solution for Proportionate Cell Frequency 

Source of Variation 

Sex 

Sex (Independent of College) 

Sex (Independent of College and Interaction) 

Co 1 lege 

College (Independent of Sex) 

College (Independent.of Sex and Interaction) 

Interaction 

Within 

Total 

df 

1 

1 

1 

2 

2 

2 

2 

42 

47 

ss 

ss
1

= .14 

SS
3 

- SS
2 

= 49.24 - 49.10 = .14 

ss. - SS 5 = 107.42 - 95.36 = 12.06 

SS
2 

= 49.10 

ss
3 

- ss
1

= 49.24 - .14 = 49.10 

SS. - SS
6 

= 107.42 - 34.91 = 72.51 

SS. - SS
3 

= 107.42 - 49.24 = 58.18 

SSoEv, = 885. 83

SST = 993.25 

MS 

.14 

.14 

12.06 

24.55 

24.55 

36.26 

29.09 

21.09 

F 

.01 

.01 

.57 

1. 16

1.16 

1. 72 

1. 38

V1 
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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. lb 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 Data 

Source of Variation df ss MS F 

Sox (Independent of 
College & Interaction) 12.06 12.06 .57 

College (Independent of 
Sex & Interaction) 2 72.51 36. 26 1. 72

Interaction 2 58.18 29.0'J 1. 38

Within .11 885.Jrr 21.09 

Total 47 1028.58 I 993.25 



67 

i 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 diff�rent hypothesis. For the sex

·••. effect, the hypothesis tested is (in terms· of sample means)

V1
+ V, + V3

= V., +V5 +Vs, (10) 
3 3

Note that equation 10 tests a hypothesis regarding means that suggest 

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

�for males is 19.33 and for females is 19.44. The cell means are Y1 = 19.53, V2 = 18.70, 
' 

.rv·3 "' 20, v�" 17.67, v, = 19.67 and v6 
= 24.33. Thus v, + I2 + Y3 .. 19.41 and

&v� + v. + v ... ? - 3
° • 20.55, It is this writer's opinion that the additive solution is

)., 

:more likely to be of interest than the solution found through the full rank model 
f 
�'solution suggested by Tfmm and Carlson. 
w· 
{'i 
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UNDERSTANDING PARTIAL 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. 

�ce correlation among regressors Is the typical case In the social sciences, 
11s presents a considerable Instructional problem. This article presents an 
,planatlon of the partial �egresslon coefficient In th� presence of correlated 
·gressors that Is a 1lmple and direct extension of the case where regressors
<! mutually orthogonal. The Interpretation presented emphasizes the rela-
1nshlp between the partial regression coefficient and the 1lmple regreulon
offlclent, An example using SAS computer package Is provided,

, t reduction 

The extension of tho principles and techniques of simple llncar 
•groulon to multiple llnOllr regression frequently results In confusion and
i1undorstandlng for students In the social 1clenco9, The major problem
011 concerns the u11dor1tnndlng of tho regression coefficients when regres­
s ore moderately correlated, In most texts on regression nnalysls (Cohen
1d Cohon, 1975; Draper and Smith, 1966; Kerllnger and Pedhazur, 1973)
10 extension from slmplo to multiple regression Is discussed via the special
1sc where the. regressors are uncorrelated. Pedagogically, this Is appro­
riate since It requires the Introduction of a minimum of new concepts.
,iwever, In the actual analysis of data In the social sciences, correlated
•gressors are far more the rule than the exception. Unfortunately, It ls 

the conceptual leap from Independent regressors to corrt!lated regressors
1at there exists the greatest lack of clarity In explanation. An example of
lis confusion 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 appreciate editorial comments from an 
nnonymous 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) ( Nie, 
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: . 

ry; - ry2r12 1
sY.

1 8Y1,2
:: 2 • 

1- r1 2 
s

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 11 our experience that the 1lmple regression coefficient Is read­
ily comprehended by students as they approach multiple regression, and that .. 
an explanation of the partial regression coefficient In tgrm

5 
of a simple reg-

ression coefficient 11 heurl1tlcally appealing to students, uch a transl tlon Is 
•

clear and direct In the case of mutually orthogonal regre11or1. This multiple 
regreulon setting reduces to a series of simple regreuion equations ( as In 
Draper and Smith, 1966, pp. 107-115), That 11, the partlal regreulon coef­
ficient 11 Identical to what It would be In a 1lmple regre11lon. 

Our purpose here 11 to show that a similar reduction can be used 
even when regressors are correlated. The presentation below demonstrates 
how this would be done. It might reasonably follow the mutually orthogonal 
setting In a regre11lon course. 

Consider a regreulon with· dependent variable Y, and throe mod­
erately correlated regressors x1, X2, and x 3:
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:iince the regressors are correlated, It is obvious that the coefficient 81 will
1ot have the same value as a simple regression coefficient from the regression 
JfY 

.
on X 1 (alone). However, 8 

\ 
� be identical to the coefficient obtained 

from a simple regression of Y on he residuals of X 
1 

(say, X 1 ') after the col­
linearity with x, and X

,._ 
has been removed. This can be accomplished by 

regressing x
1 

ol'I X
2 

ana X3: 

then 

x
, = a

2
x

2 
+ a3x3 

+ a0 
� � 
Xli' = X

1 1 - x
1 1 

The same procedure is followed for x
2 

and x
3

. A new equation: 

( 2) 

can be shown to yield exactly the same regression coefficients as equation ( 1). 
That is, �• = �- The pedagogical advantage gained by cre,atlng equation (2) Is 
that the X 's are mutually orthogonal and the B 's cari be understood as In the 
mutually o�thogonal case. Thus, the partial re�resslon coefficient ls the simple 
regression coefficient of Y on the residuals of X 1 after the effects of X 2 and
X 3 have been removed from X 1. 

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 suppressqr variables, multlcolllnearl ty, 
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 Xl X2 X3; 

CARDS; 

( in sort data) 

PROC GLM; MODEL Y = X1 X2 X3; 

PROC GLM; MODEL X 1 = X2 X3; 
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OUTPUT OUT = SAMPB RESIDUAL = RESID; 

DATA SAMPC; MERGE SAMPA SAMPB; 

.PROC GLM; MODEL Y = RESID; 

,DATA SAMPA; 

,PROC GLM; MODEL X2 = Xt X3; 

OUTPUT OUT = SAMPO RESIDUAL = RESID; 

• DATA SAMPE; MERGE SAMPA. SAMPO;

PROC GLM; MODEL Y = RESID;

DATA SAMPA;

PROC GLM; MODEL X3 = Xt X2;

OUTPUT 9UT = SAMPF RESIDUAL = RESID;

DATA SAMPG; MERGE SAMPA SAMPF;

PROC CLM; MODEL' V • RESID;

II 

The first PROC CLM statement result• In the standard multiple 
regreulon output for tho full model. The socond PROC CLM rogre11os X 1 on the remaining Independent varlablo1 and calculatos the rosldual1,. whlle the
third PROC CLM perform, the regreulon of V on the re,ldual of X • Students 
can now verify that the regreulon coefficient for reslduals 11 ldentlcal to that 
for XJ In the orlglnal model, The remaining PROC CLM statement, calculate
tho c efficients for X and X In tho ,amo manner, Althouoh the layout for 
calculatlng all regres�on coerl1c1ent1 11 presented here for completenou, cal­
culatlon of only one or two of thHe may be 1ufflclont for ln1tructlon. 

•r;r

,1

.· y .• 
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ABSTRACT 

In the bivari�te case, measurement error in the independent variabie 
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 in 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 independent variables 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 ts 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) estimated models of 

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

This paper was presented at the annual meetings of �he American 
Educational Research Association, Los Angeles, April 16, 1981. This 
research was supported in part by a grant from the National Center for 
Education Statistics (No. 300-78-0561). 
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estimates of structural parameters corrected for measurement error. Their 

report, however, concentrated on comparisons of interethnfc differences in 

coefficients, and nowhere did they demonstrate that their LISREL-produced 

estimates differ in important ways from multiple regression estimates of 

the same model. Using the Wolfle and Lichtman (1981) model of educational 

attainment, this paper demonstrates that regress ion es ti mates wi 11 differ 

substantially from estimates that are corrected for the existence of 

measurement error. 

The importance of bias created by ignoring meas·urement error is a 

point of some controversy. Je_ncks, et al. (1972, p. 336) concluded that 

the effects of random measurement error in a model of intergenerational 

mobility were relatively unimportant. In contrast, Bielby, Hauser and 

Featherman (1977) found that random measurement errors among nonblack men 

yielded regressio·n estimates biased from 9 to 16 percent. For black men, 

however, Bielby, et al., found evidence of nonrandom errors, which yielded 

estimates whose biases were substantially larger than those for nonblacks. 

They concluded that, "because of the c11ffering 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 racial differences in total and conditional inequality of occupational 

attainment" (Bielby, Hauser and Featherman, 1977, p, 1277). In addt tion, 

Wolfle (1979) has compared regression estimates 1n a model of educational 

attainment to LISREL-produced estimates corrected for measurement error 

using data from the National longitudinal Study of the High School 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 

!ir substantive conclusions about differences in the educational process

� whites, blacks, and Mexican-Americans, �lolfle and Lichtman (1981)
. .

�d a general method of the analysis of covariance structures (Joreskog

d Sorbom, 1978) to generate str.uctural parameter estimates free of

asurement error bias in a model of educational attainment.

This paper examines the size and importance of measurement error 

ases in the Wolfle and Lichtman (1981) model as a demonstration of the 

,sts involved in ignoring measurement error. In order to do this, the 

,rameters in the Wo.lfle and Lichtman model have been reestimated with 

·dinary least squares regression. These new estimates have then been

1mpared with the LISREL ( corrected) estimates reported by Wo lfle. and

ichtman (1981).

1\E MODE°L 

The basic model of educational attainment used in this analysis 1s 

11own diagrammatically .in figure l. The variables of interest are shown 

,\thin ellipses, and include father's occupational status, father's educa­

ton, mother's education, number of siblings, sex, ability, academic 

,reparat_ion, college plans, and educational attainment. The arrows 

•111<1natlng from the ellipses to mnemonic labels describe the measurement

portion of the LISREL model, and are described in detail in Wolfle and

1.ichtman (1981). The variables used in the ordinary 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 res•idual 
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sturbance tenn. Academic preparation is dependent upon ability, five 

:ogenous variables, and a residual term. College plans is dependent upon 

ii l ity, academic 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 were drawn from the National Longitudinal Study 

if the High School Class of 1972 (see Levinsohn, et al., 1978). The NLS, 

,hich has been and continues to be supported by the National Center for 

Education Statistics, was designed to provide data on a large cohort of 

high school seniors, and to follow these students as they made the mo_ve 

from high school into their early years of adulthood. The data file 

included 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 

4re now available, but had not yet been made public at the time of our 

analysis). The analysis reported here 1s restricted to whfte NLS 

respondents. As with most other analyses of the process· of socioeconomic 

achievement, pairwise present correlations were used to estimate the 

parnmetcrs 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 LlSREL latent variable, and in other cases' a simple summated 

scale was computed. The variable used to measure father's occupation was 

FAOCCCOl1 (V2468), a composite variable measured in tenns of Duncan's (1961) 
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SEI scale as revised to match the l970 census occupation classification 

(Hauser and Featherman, 1977). The variable was a composite of each 

individual's responses to base-year and first-year follow-up questionnaire 

items which asked respondents to indicate their father's main occupation. 

The variables used to represent father's and mother's education 

were FAEDCOM (Vl627) and MAEOCOM (Vl628), respectively. These also were 

composite scores based on base-year and first follow-up questionnaire 

items. The category responses for these two variables were recoded to 

the number of years of schooling completed. 

Values for the number of siblings were obtained by summing the 

values of four questions, which asked respondents to indicate the number 

of older brothers, younger brothers, older sisters, and younper sisters. 

Completing the specifications of the exogenous variables, sex was measured 

by the base-year and first follow-up composite variable, Vl626, This 

dummy variable was coded zero for males and unity for females, so that 

positive coefficients emanatin� from this variable indicate higher values 

on the dependent variable for women, 

The dependent variable, ability, was computed by taking the 

arithmetic average of four subtest scores administered to the respondents 

1n the base year, The four measures were tests of vocabulary, reading, 

letter-groups, and mathematics. Academic preparation was also computed 

as an average of three indicators. The varl�bles 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 1n the same period (V0053), and the semesters 

of mathematics (V0074). 
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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· 

�heir time in the year after leaving high school. Anyone who planned 

1ttend a two-year or four-year college or university either full time 

.iart time was given a value oJ unity on the college plans variable. 

other respondents were given a value of zero. 

Finally, educational attainment (Vl854) was measured from responses 

a question asked in the 1976 follow-up in which respondents were asked 

indicate the highest level of education or training they had received. 

category responses were recoded to years of _completed schooling. 

ECTS OF RANDOM MEASUREMENT ERROR 

Measurement errors can be of many kinds. One kind exists when 

·ors in one variable are correlated with the values of another variable.

•· example, Mare and Mason ( 1980) have shown that women report their

ther's occupation with greater error than men, apparently because the 

1.her's occupation is more salient for young men than women. Another

r1d of reporting error exists when the errors in one variable are 

,-related with errors in another variable. Bielby, Hauser and Featherman 

')77), for example, found that blacks overstate the consistency among 

1!1r own status characteristics and those of their fathers. 

It is also possible for measurement errors to be uncorrelated with 

,yth1nCJ else. For example, Bielby, Hauser and Featherman (1977) found 

1at a status attainment model for nonblacks with correlated errors 

·ov1 ded no better fit to the observed covariances than did a model with
•

11 error covariances specified to be zero. They concluded that measurement
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errors of status characteristics 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 

educational attainment; they found that the most likely candidates for 

correlated errors yielded a model only marginally better in its fit 

than a model with only random errors. 

As a result, the comparison of the Wolfle and Lichtman (1981) 

parameter estimates to ordinary least squares regression estimates will 

indicate some of the biasing effects of random errors of measurement in 

multivariate analyses, If there exist 0th.er 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 

w1 th random error, If these two fa 111 bl e 1 nd1 ca tors were then to be 

included 1n a regression equation predicting v�r1ation in ability, the 

estimates of their structural effects would be biased toward zero, thus 

underestimating the dependence of ability upon these two social background 

variables. Moreover, 1t is unlikely that both father's occupation and 

education are measured with equal reliab111ty, and to the extent that 

these errors of measurement arc not equal, the re�ression estimates of 

ability on father's education 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 bivar1ate'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 ability and academic prepara­

on the exogenous variables will be underestimated. As a result, 

dependence of academic prepatation on ability will be overstated, 

use the effects of the exogenous variables are understated. 

It is reasonable to suspect that all the variables in this model 

reported with random error. Moreover, it is also reasonable to 

,ose that their reliabilities differ. As a result, all the regression 

,mates are likely to be biased, but it is unreasonable to suppose that 

magnitude of bias is necessarily either small or consistently in one 

•cti on.

IL TS 

Table shows two sets of estimated structural parameters in a model 

•ducational attainment. For each dependent variable, the top row of

1ficients are corrected (LISREL) estimates as reported by Wolfle and 

l1tman (1901); the second row of coefficients for each dependent variable, 

wn in parentheses, arc ordinary least squares (OLS) regression estimates. 

king first at the proportion of explained variance for each dependent 

I able, note that the method of least squares ·understates the true 

,lalned variance by 19 to 30 percent. Th1s occurrence results from the 

1111inatlon 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 

, lity, as predicted the OLS estimates underestimate the effects 
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Table L Estimates of Parameters in a Model of Educational Attainment: White 1972 High School 

Graduates (N = 11,743) 

Dependent Father's Father's 
Variable Occup. Educ. 

.047 .381 
Ability 

( .029) ( .374) 

Academic 
.006 .011 

Preparation 
( .004)" ( .022) 

College 
:003 .008 

Plans ( .001) (.017) 

Educational 
.001 .032 

Predetennined Variables 

Mother's 
Educ. 

.572 

(.462) 

.012 

(.024) 

.013 

( .013) 

.035 

Numer 

Siblings 

-.262 

(-.245) 

-.034 

Sex 

.185 

(.534) 

-.51D 

Ability Acad.
Prep. 

.119 

{-.036) (-.405) (.105) 

-.014 .031 .017 •. 090 

(-.016) (.001) (.017) ( .074) 

-.025 -.029 .030 .115 

College 
Plans 

1. 786

Attainment ( .001) (.040) (.048) {-.042) (-.004) (.036) ( .134) (1.379) 

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

Ordinary least squares 

.... ,,. I:"-.; 
,i... ,.,e rt :r. � ·-� 2 

..,_., 

R2

.16 

(. 13) 

.45 

( .32) 

.44 

(. 31) 

.68 

(.50) 

" 

.� 
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if these variables. For example, the 0LS 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 0LS estimates 

,Jf the effects of father's education, mother's education, and number of 

,iblings on ability are also neg�tively biased by about 2 percent, 19 

)ercent, and 6 percent respectively. The only 0LS coefficient for ability 

�hich is not negatively biased is the effect from sex, but this may be 

jue 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 variable, which when balanced against 

three manifest measures of verbal ability yielded estimates that suggest 

there is no sex effect on ability. The cons tru'cti on of the ability measure 

for the 0LS equations gave these four subtests equal weight, giving 

verbal expression, on which women excel 1, more weight than math. Thus, 

1:he regression estimate shows a positive effect. 

Looking at the effects on academic courses taken tn high school, 

it ls seen once agatn that the 0LS estimate of father's occupational 

,tdtus ts neg,1ttvoly biased by about one-third. 0LS estimates of parental 

•iducatlon are, however, positively biased, both by about 100 percent. This

po�lt1ve bias causes the dependence of academic preparation on parental 

,•ducat1on to be overstated in the 0LS analysis; as II result, the effect of 

,1bi 11 ty on academic preparation 1s 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 �ccupation and 

academic preparation are negatively biased by 67 percent and 18 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 biased, thus overstating the effect of educational 

background on respondent's educational attainment. The sizes of th�se 

biases for father's and mother's education are 25 percent and 37 percent, 

respectively. If the previous pattern were to be followed, one might 

expect the OLS estimates of the effects of ability and academic prepar­

ation on educational attainment to be an underestimate of the true effect, 

due to the overestimation of the dependence of educational attainment on 

parental education. Such is not the case. The OLS estimate for ability 

is positively biased.by about 20 percent, and academic preparation is 

positively �iased 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 1n h1nh school on educational attainment is 

underestimated by ,its OLS coefficient 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 assume social 

variables are measured without error. This paper has demonstrated that 

the ordinary least squares estimates will be biased if measurement errors 
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0e incorrectly specified (e.g., assumed to be zero by choosing to ignore 

�em). 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: 

Si nee the errors may be 1 a rge or sma 11 , and their effects may. tie 
additive or offsetting, there is no way to access the biases in 
naive (uncorrected) models of achievement processes without 
first investigati�g 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 themselves of new 

analytical techniques which allow for the assessment of, and correction 

for·, measurement error in models of educational processes. 
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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 is investigated with a number of 
>lausible hypotheses .regarding the means. It is shown that the set of
•1ypotheses likely 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. 

Jenning$ ( 1967) and WI 11 iams (.1972) describe a solution that address probable 

hypotheses of interest. Jennings approached the problem in a classical re­

gression formulation, whereas Williams showed that the same results could be 

computationally found in a simpler manner. Perhaps unfortunately, Williams 

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, 

they show that, with missing eel ls, the usual 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 hypotheses tested in the full rank model solution of Timm 

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

Wi)liams (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 could vary from those a researcher wishes to test 

• for the Timm and Carlson full rank model solution. The direction of the

present paper is 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. 



Sex 

11ale 

Female 

Arts and 
Sciences 

20 

18 
18 

16 

21 

22 

24 

28 

29 

16 

18 

13 

15 

18 

17 

19 

17 

17 

16 

18 

27 

14 

15 

16 

q3 

ACT Scores 

Educa.tion Engineering 

21 21 

17 22 

19 16 

14 18 

12 23 

26 

28 

21 

14 

15 

23 

29 

21 

17 

15 

13 

Note that ff the three data points had been included for the engineering 

females, the data would be proportional, and the analysis is given in Williams 

(this issue). 

-�:'\:'. ·i��'.�;.

,wi 
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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" using the full 

rank model approach of Timm and Carlson and the unadjusted main effect solu­

tion of Williams. In addition to the Y (criterion) variable, four other 

variables are defined: 

Xt = 1 if male, -1 if female; 

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

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

Si� models can be defined: 

Y • bo + b 1 Xt + ep (1) 

Y • b0 + b2 Xt + b 3Xt + e2 , (2) 

Y • b0 + b 1 Xt + b2Xt + b 1Xt + e,. (3) 

Y • bo + b 1 Xf + b2 Xt + b,Xt + b.,Xt + e., , (4) 

Y • b0 + b 1 Xf + b., Xt + es, (5) and 

Y ■ b0 + b2 Xt + b,Xt + b., Xe + c 6 • 
(6) 

In equations 1 through 6, the b's arc regression coefficients specific to an equa­

tion (b0 will likely be different for the different equ�tlons; so also the b's 

arc 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 is made in the presence of the other main effect or the main 

effect and the interaction, this outcome would be expected from our know-

ledge of the disprorortionate case. 

It is instru�tive to set ur binary coded rredictors 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 

Sex 

Sex (Independent of College) 

Sex (Independent of College and Interaction) 

College 

College (Independent of Sex) 

College (Independent of Sex and Interaction) 

Interaction 

Within. 

df 

1 

1 

1 

2 

2 

2 

1 

40 

ss 

SS1
= 7.51 

S53-S52
=10.68-5.64=5.64=5.14 

SS4 -SSs=28.74-25.24=3.50 

SS2
=5.64 

SS3-SS 1
=10.68-7.51=3.17 

SS,. -5S6
=28.74-8.71=20.03 

SS,. -SS5
=28.74-10.68=18.06 

SSDEV"
=873.16 

MS F 

7.57 .35 

5.14 .24 

3.50 .16 

2.84 .13 

1. 59 JJ7 

10.02 .46 

18.06 .83 

21.83 
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Xi = 1 if in cell (Male, Arts & Science), 0 otherwise; 

X2 1 if in cell 2 (Male, Education), 0 otherwise; 

X 3 
= 1 if in cell 3 (Male, Engineering), 0 otherwise; 

x .. 1 if in cell 4 (Female, Arts and Science), 0 otherwise; and 

Xs = 1 if in cell 5 (Female, Education), 0 otherwise. 

Then a full model can be defined: 

Y = b1X1 + b2X2 + b 3X 3 + b.,X., + bsXs + e,. ( 7)

An alternative full model utfli�ing the u�it vector is 

Y = bo + b1X1 + b2X2 + b 3X 3 + b.,X., + e,. (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: 

H
1: b 1 + b2 • b, + b,, a hypothesis for regression coefficients that 

corresponds to Y1 + V, • V4 + V,. Note that H 1 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,: b 1 + b, + b1 11 �,. . While ll,takes cell 3 into account, 1t does 
� ;( 

not address the varying cell frequen"cles. 

H 1 : 15b1 + 10b2 9b� + 6b�. H 1 takes into account the unequal cell
2S 

• 
1S' 

frequencies, 1t does not take into account cell 3. 

H ., : 15b 1 + 10b, + 5b,. 9b,. + 6�. fl,, takes into account both the unequal
30 15 

sized groups and cell 3. 
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t H1, the restriction shown in H 1 is imposed on the full model; 
• 1 : b, + b 2 = b 4 + b s

r b1 = b4 + bs - b2,

r 

=Xs+X1, 

= b2D1 + b4Dz + bsDJ + b3X1 + ea. (9) 

the model shown for equation 9, 

1 = 26,92; S$4 - SS9 = 28.74 - 26.92 ■ 1.82; 

1.82 • .08, a value that does not correspond to any given in Table 1. 

Interest is fn using R 2s rather than SS, the equation 
2 2 

t}�·U·
ll\����1 where R\'1 refers to the R2 term for the full model

,4M refers to the R2 term for the restricted model. 

• ·f ·03187 - -�2905)/1 
I - .03187 /40 • .oa, as before. 

1i 1 • 3/2b,, + 3/2b 5 - b 2 - b 1 • lmposfnq this restriction of thP. full 

1 lel ds 

(3/2b 4 + 3/2b
5 - b

2 
b

3
)X

1 
+ b

2X2 + b
3X 3 

+ b
4X4 

+ b
5X 5 

+ e
9 , 

b
2 (x 2 - X

1
) + b 1 (X

1 
- X

1
) + b

4
(X4 + J/2X

1
) + b

5
(X

5 
+ 3/2X

1
). + e

9
• 

IP fl IF Hltrx y.;,



D
5 

= X4 + 3/2 X 1 and 

_ D6 = X
5 

+ 3/2 X 1 • 
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Then Y = b2
D

2 + b 3
D4 + b4 D

5 + b 5
D

6 
+ e

9
• (10) 

Using the model shown for equation 10, 5S 1 0 = 23.72; SS
4 - SS 1 0 = 28.74 - 23.72 = 

F = 5.02 = .23. Note that H
2 

does not yield any solution for sex shown 
21.83 

in Table 1. 

Using H
3: 15b1 + lOb2 9b� + 6bs , or b1 = b 4 + 2/3bs - 2/3 b2 , an impositio1 

25 15 

is made on the full model: 

Y • (b 4 + 2/3 bs-2/3b 2)X1 + b 2X2 +b,X1 + b 4X4 + bsXs + e10, 

Y • b 2 (X 2 - 2/3X1 ) + b 1X 3 + b,(X, +X1) + bs(Xs+ 2/3X1) + e,o, 

Let D1 • X2 - 2/3X1 i 

Da • X, + X i i and 

De • Xs + 2/JX,. 

Thon Y • b,20 1 + b 1X 1 + b,D2 + bsDe + e,o, (11) 

Using the model shown for equation 11, 

SS 11 • 23,70, SS 4 - SS1 1 • 28.74-23.70�5,04, 

F - 5.04 • ,23, a value that docs not correspond to any outcome for the

sex effect shown 1n Table 1, 

Consider H,: 15b 1 + lOb2 + 5b i • 9b� + 6b, , or 
30 15 

b 1 • 6/5 b 4 + 4/5bs - 2/3b2 - 1/3b1, 

Imposing this restriction on the full model yields 



Y = (6/Sb4 + 4/Sb5 2/3b2 

Y = b2 (X2 - 2/3X1) + b 3 (X 3 

Let D9 = X 2 - 2/3X1; 

D1 0 = X 3 1/3X1; 

D1 I x4 + 6/SX1 ; and 

D12 X 5 + 4/5X1. 
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l/3b3)X1 + b2X2 + b 3X 3 + b4X 4 + b 5X 5 + e11 .

1/3X1) + b4 (X4 + 6/5X1) + b5 (X 5 + 4/5X1) + e11 . 

rhen Y = b2D9 + b 3D1 0 + b4 D1 1 + b5 D12 + e1 1. (12)

Using equation 12, 

S5
12 = 21.23; SS4 -· SS

12 = 28.74 - 21.23 = 7.51; 

F = 7.51 = .35. It can be noted that the result for H 4 is identical with 
2r:l'i3 

the use of equation 1, which is the unadjusted sex effect. 

HyRotheses for Columns 

Four different hypotheses can be given for the column effect also: 

115 : b 1 + b,, A b2 + b $ . Note that 11,, like H 1 , disregards cell 3 and does 

,10 t take in to account the unequa 1 s 1 zed ce 11 frequencies, 

unequ,11 sfzed eel 1 frequencies. 

II,: 

H
61 like H 21 doas not take into account the 

11.,, like lt p takes into ,1ccount the unequ<1l 

sized cell frequencies, but disregards cell J. 

H 0: �� .. " l0b2 + 6bs., " b 1 , H 8 , like H 4 , takes into account the

24 16 

unequal sized cell frequencies and cell 3.

To test H 5 : b 1 + b 4 = b 2 + b 5 , or b 1 = b 2 + b, b .. •

Imposing this restriction on the full model yields
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Y =.(b 2 + b5 • b4)X 1 + b2 X 2 + biXi + b,.X,. + b5X5 + e 12 .
Y = b2(X2 + X 1) + biXi + b4(X,. - X 1) + b 5(X5 + X 1) + e 12. 
Let D1i X2 + X 1; 

D14 X,. X 1; and 

D3- X5 + X 1 · 

Then Y = b2D1i + biXi + b4D1 4 + b 5Di 
+ e 12. (13)

Using equation 13, SS 1i
= 25.68; ss

,. 
- SS 1i 

= 28.74 - 25.68 = 3.06. 

F = 3.06 = .14, a value that does not correspond to any of the outcomes 
21.83 

for the college effect in Table 1. 

Regarding H6: .Q.1� • b2
2

+ bs = bi , two different restrictions are implied.

Solving for b 1 and bi, b 1 • b2 + b5 - b,.; bi • b2 + b$, 
2 

Imposing these restrictions on the full model, 

Y • (b2 + b 5 · b,)X 1 + b2X2 + (b2 + b5)Xi + b,X,. + b 5Xs + e13, 
2 

Y • ba(X2 + X 1 + l/2X 1 ) + b4(X,. • X
1

) + b ft(X, + X 1 + 1/2X,) + e 1,. 

Let D i , • X2 + X 1 + 1/2X 3 ; 

D 1,. • X,. - X 1; and 

D 11 • X, + X 1 + l/2X 1, 

Then Y • b 2D1, + b,,D 1, + b,D11 + 811, (14)

Using equation 14, SS 1, • 19.68; ss,. - SS1, • 28.74 • 9.06 • 19.68. 

F • 9.06/2" ,21, a value that does not correspond to any outcome for 
21,83 

the college effect in Table 1. 

H 7 is given as 15b 1 + %, l0b2 + 6b5, 
24 __ 1_6 __ 
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Solving for b1, b1 = b2 + 3/5b5 - 3/5b.,.

posing this restriction on the full model yields,

y = (b2 + 3/5bs - 3/5b.,) X1 + b2X2 + b3X3 + b.,x .. + b5X5 + ellt'

y = b2(X2 + X1) + b3X3 + b.(x .. - 3/5X1) + 'b5(X5 + 3/5X1) + el•'

Let D 1 3 = X 2 + X 1 ; 

017 = X4 - 3/5X1; and

D 1 8 = X 5 + 3/ 5 X 1 • 

1en Y = b2D13 + b3X3 + b4017 + b50 1 8 + e14• (15)

.ing equation 15, SS15 = 28.24; ss ., - SS15 = 28.74 - 28.24 = .50.

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

>r the college effect in Table 1.

Finally, regarding H 8: 15b, + 9b
4 

" l0b2 + 6b5 " b 3, two restrictions

24 16 

,hown in terms of b1 and b1) are implied:

b1 • b2 + 3/5bs - 3/5b. and

b l • 5/8b2 + 3/8bs, 

111pos 1 ng these res tri cti ons on the full mode 1,

Y • (b2 + 3/Sbs - 3/5b.)X 1 + b2X2 + (5/8b 2 + J/8bs)X1 + b.,X. + bsXs + e1s,

Y • b2(X2 + X , + 5/8X i) + b.(X. - 3/5Xi) + bs(Xs + 3/5X 1 + 3/8X3) + e1s, 

020 • Xs + 3/5X1 + 3/8X i, 

rhen Y = b 2D 19 + b,,D, 1 + bsDlo + e, s, ( 16)

Using equation 16, SS, 6 • 23.10; SS. - SS1G = 28.74 - 23.10 = 5.64.

F = 5.64/2 = .13, the same result, in a computational sense, of the unadjusted

21.i.lT 

I 
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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
1 

- V., = V
2 

- Y5 • 

In terms of the regression coefficients, the null hypothesis would be 

tested by b 1 - b4 = b2 - b 5 (this hypothesis will be called H9 ). 

Then, in terms of b l ' b
1 

= b2 ,. b5 + b4
• Imposing this restriction on 

the full model yields, 

Y • (b2 - bs + b4 )X1 + b2X2 + b 3X3 + b4X4 + b 5X5 + e 16 •

Y • b2 (X2 + X1) + b 3X3 + b4 (X4 + X1) + b 5 (X5 - X1) + e 16• 

Let D1, • X2 + X1; 

D2 • X4 + X 1 ; and

D2 I • X5 • XI• 

Then Y • b2D 1, + b,X, + b., D2 + b 5D21 + e
16 , 

(17)

Using equation 17, S5
17 • 10,68; S54 - 5S

17 • 28,74 - 10,68 • 18.06, thus 

F • 18,06 • ,83, the result given for interaction 1n Table 1, The results 
'IT.lf! 

2 
of us Ing ft 

I 
thru ll 9 with both SS and R ,s are shown 1 n Tab le 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 data, four 

situations regarding 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 

H
I : 

H 2 : 

HJ: 

H ., : 

Hs: 

116: 

fl?: 

II n: 

f\,i: 

b
l 

+ b 2 

b l 
+ bi

3 

15b1 + 
25 

= b ., 
+ b 5 

+bi= b, + bs. 2 

l0b 2 = 9b1 + 6bs
15 

15b1 + lOb� + 5b1 • 9b, + 6bs
15 30 

b I + b, • b 2 + b$ 

½!..h· 
bi + b1_ • b1 

15b1 + 9b. • lOb2 + 6b5 
24- - 16 

15b1 + 9l>,,_ • � +�b •
-

24 11 

b 1 • b,, • b2 - b,

bi 

SSR SSF-SSR R2

26.92 1.82 .02985 

23. 72 5.02 ,02629 

23. 70 5.04 ,02628 

21.23 7.51 .02354 

25.68 3.06 .02848 

19,68 9.06 ,02182 

28.24 ,50 ,03131 

23.10 5.61\ .02562 

10,68 18.06 , 01184 

.-.. 
< ·�� 

R�-R� 

.00202 

,00558 

,00559 

.00833 

.00339 

.01005 

.00056 

.00625 

.02003 
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numbers in each cell; 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) 1s robust in that it addresses likely hypotheses 

regarding the cell means in all 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 1n. The hypotheses that are tested in the missing 

cells case do not appear 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 . 

.. J}j�/ftif[��1;:·,:::;,:�I,ij/t;;7'.;}�Jf'6¼1f<;,.J}i2�;/il'*"'-r'l!:;;;.}Jt,j.9'•i:,t[Jii°r
<;;:tlI:r<i�fi':;.:.�:,;';{:::."•
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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 OS/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. �,�, and BIOMED, three of the most commonly 

available statistical packages, all have provisions for handling 

missing data. These subroutines gonorally tako tho form of 

aomo typo of caso dolotion, This approach, howovor, decreases 

tho N sizo and thoroforo tho powor of tho analysis. In addi­

tion, if rogrossion mothods aro usod, a docroaso in tho N sizo

will increase tho upward bias of the R (tJewr.ian, 1972) and 

decrease the stability of the weights (Newman, 1973). 

Two other alternatives for handling mlssing data are 

sometimes used. One method is the substitution of the mean 
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value calculated from the complete cases. However, this tech­

nique tends to decrease the 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 equation whose weights are calculated from the com­

plete cases. This latter 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, utilizing subroutines existing within the packages, 

is so complicated that this procedure is impractical even when 

. dealing with small amounts of missing data. 

The following programming was designed to provide a solu­

tion to this problem. Two versions of the progra� are pre­

sontod, Tho first was dosignod to run intoractivoly via VSPC 

undor OS/VS MVS whoro VS FORTRA!l, tho RU!IL subroutine of the 

IMSL (International Mathomatical and Statistical Libraries, 

Inc., 1980), and SPSS Roloase 0,1 (McGraw-Hill, 1979) routines 

have been implomontod. 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. Tho 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. These 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 priori 

decision was made to round the predicted value up or down as 

appropriate if the first three digits dropped are > ±.455 of 

the last significant digit kept, If the first three digits 

dropped are in the range of< ±.455 of the last significant 

digit kept, the value of tho last significant digit is randomly 

rounded up or down, This value is then inserted into the data 

matrix and tho program then continues its scan of the first 

caso in tho� 10% missing data file for other missing varia­

bles. If it should find another missing value the process is 

repeated. In no instance, however, are previously predi�ted 

variables entered into the prediction proc�ss 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 progran 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 data file for input into 

SPSS. Its 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, 



INTRO 

' (_) 

::!') 
](I 

40 
50 
60 
70 
80 
90 

100 
110 
1 ::!O 
130 
140 
150 
160 
170 
180 
190 
200 
210 
221) 
230 
240 
250 
260 
270 
280 
290 

DIMEH�ION H<7�>.HAHE<80),IFORH(89), NAHSYS(9) ,lP'8�) 
+,NAttSUB<B> 

lNlE(;ER YES.GO 
DATA YES,NO,GO/'Y",'N",'GO '/ 
ITEST=� 
CALL or SYS(. COHHAHD ••• ALL. 'IRTN , I HESS, 'FILE JOfCOIJT' ) 
CALL OPSYS<'ALLOC','JOBOUT , 9> 

CALL CLEA� 
WRITE(o,290) 

20� FORHAT<6XL'ENTRY INTO THE DATA MANAGEMENT SOFTWARE.'/ 
+1X, 'PURPO.);£ : DAflt EDITUJ(; AND CASE FILE ADDITIONS . '/ 
+fX,'PROCEDURE: '/ 
+1X," 1. PL�CE SPSS FILE OH DIS� FILE. 'V 
+tx.• 2. SCAN CASES FOR COMPLETE CASES. '/ 
+tX, • 3. SPLIT CASES AHO DE.LETE )10% HISSING VALUES . '/ 
+1X,' 4. USF COHPLETE CASES TO REPLACE MIS�lNf. VALUES .'/ 
+1x.· 5. REWRITE srss FILE WITH CORRECT CA.);ES. '//) 

CALL CLEAR 
IJF:tTE<o,2&1) 

201 FORHAT<iXA."WELL.,_ WELL RON; HOW THE HELL ARE YOU'> 
READ<S, Hh,> IAN.); 

1 GO FORi1AH 1 A4) 
CfiLL REPLY<IANS> 

S WRITE<o 202) 
29'2 FORMtff< t X. 'ARE YOU READY TO DUMP THE SPSS DATA FILE???') 

CALL'ANSWER<IRN> 
IF<lRN.EQ.O> GO TO 18 
IF(ITEST.E0.99) GO TO 99 
WRITE'6-2G3) 

t"' 
t"' 
t"' 

, 
� ) 



300 
3H> 
329 
33(\ 
340 
35') 
360 
370 
380 
39'3 
100 
1t0 
420 
430 
440 
4'.30 
460 
470 
480 
4?0 
�lj() 
Sh) 
520 
�30 
"i-40 

203 FORHATU,X� 'THEN WHY DJD YOU START THIS PROGRAM ??".)??' I 
+1Y.,'I AH 1..0IN(; TO-ASSUHE THAT YOU CAN NOT TYPE AND YOU NEEO'/ 
+1X,'ANOTHER CHANCE TO ANSWER THE QUESTION.'/) 
GO TO S 

10 WRITE(6 28-4) 
29'4 FORHATdx. 'VERY WELL THEN I AH READY TO TRANSFER THE DATA.' l 

WRITE<o 285) 
295 FORHAl(,X,'I NF:ED SOHE INFORMATION;') 

WfiITE<o.206> 
READ(5,to) NVt'aRS 

2&6 FURHAT< 1 X
,._ 

"FIRST. THE HIJHBEft• OF VARIAltLES IN lHE FILE - ' ) 
WkITE<b, 2u7> 
READ<5 t 181) <NAHE<II>,II=1,5S> 

181 FORH�Tt88AI> 
287 roRHAT<iX

.(
"UF.XT. T�E NANES OF THE VARIABLES IN THE FILE:') 

WRITE<6,2-.,8> 
REHD<S.101) �IFORH<II> 11=1,SS> 

288 FORKAT<1XL 'NEXT, THE FORHAT TO READ THE VAIUABLES IN THE FILE:·) 
WRITE<6 2t'9> 
REA�<S.491> (HAKSYS<II),11=1,8> 
WF:ITE<o,590) 
READ<S, 1 �1 > iHAHSUBH I>, 11=-=1, 8) 

2'3'i' FORHATC1X, "LAITt THE H•1HE OF THE SPSS SYSTEM FILE 10 READ·'' 
SA0 FOP.t1AT<1X, •,um HE NAHE OF TlfE SUBFILE (.:;"?): ') 

WRTTE<9,210l <ttAHSYStlJ),11=1,8>,<HAMSYS(ll),II�1,8' 

I-' 

I-' 

N 

--� 
·1t ,_,,. 



11111!11!' 

550 
J60 
c;�h -· . 
581\ 
")','f.1 
/,("••-· 
-�I() 
..:,:>,, 
. : .. ';,) 
.4>.:} �) 
o':::•) 
...... o 

6 7,.) 
6UO 
f>'I..-) 
,.-..o 71" �--,o 
710 
l•HI 
750:) 
76(1 
7 71) 
iO(} 
7'./(t 
n�o 
a,<.• 
1320. 
IJ21 
0::2 
U:.!3 
:130 
f]4() 
850 

� 1 ,1 rnr,hii r { 
t',/�X��XX�Y JO� 04423,STALCUP,CLAS��n• 
+ _. • ; •. t(lf!f"AFin St: ff•-e-YE_:'. I J i1E= :.• ' 
... • .• .• • r::<r:c .::r· �.?. J\SN? = • • :.:.oir, c1 • .;-f • • , ur• r T?= ,:;-y sn,".t, • 
+ ...-·, ,. :: , r, n ,_:-?-ttF.:1.1. o 1 .<:P9c-:f•r.s::. ri-T 7- .:,;·1•-) . • 
...... ·: f1Lff9= •• (HF•�H1=n-t{ Lf-:[CL,::,l(),:1, 11u�:�17L>::4()(\(:11 •• , DStU=., l-th1 
+ ··�ET rrLE ·.ttt. ) 

I-IF:JTE(9, 5:.,1 > {UAttSUfc( II l, Il =:c i, 3) 
501 Flll,Hi\l 1 

t • J.:Ut,1 SllHFTLES '. RA1 > 
WF: I IE< 9, '.:! 1 I ) � ffOl<H < II > , II'"' 1 , S':: i , < NhME' CI ; , II= 1 , 55 l 

�1 l FORMt"'iT < 
t • IJF: I TE CASES 
¼ ,.•·· 

IJF: ITE ( 9 • 21 2 > 
21 2 rmmftt ( 

+'FINISH' 

' S5A1, 
1

, 55A1l 
<IFORH<II>,11=1,SS> 

+ .t '/ l EXEC FORT 
+/' DIHENSION ID�TA(290>,0ATA<200l' 
t/' 290 roRMAT' SSA1) 

WRlT[(?,213) NVARS 
:'13 FORHAT< 

+' IREC=IJ 
t/' INVARS=',15> 
IJRITE<9,214> 

214 roRMAT< 
+' 5 CONTI HUF 
+/' READ(11,200,END=99) {DATA<I>,1=1,INVARS>" 
+/' 00 10 1=1,INVAR� ' 
◄/' JDATA<I>=DATA(Jl +�• 18 CONTINUE ' 
t/' WRITE<12) <IDATA<I>,1=1,INVARS> ' 
+/' I�EC=IREC+1 
i/' �O TQ 5 

I-' I-' w 

. - ! 
------··-··- - ---·- -

r � ··- -- -.. i: • _-:- • . . 
* . ·-· / 

1� 

!{ �-

�i,���������/4i����:��.-�r·'"ht{!f1,-t,:r1��i,,:�ii•11,�A,i,:��;i�:�f;ij1�i��i�;. 



t,60 
870 
880 
890 
9'30 
9H) 
920 
930 
948 
950 
968 
970 
980 
990 

1800 
1001 
totO 
102e 
1930 
1040 
18S0 
1860 
1070 
\881 
t t 00 
11 Hl 
\lit 
1140 
11 5(:) 
1160 
1 t 70 
1180 
It '?0 

+/' 99 WRITE<6.3&e> IREC 
+ 1 • Jee FOR KAT < • • 1 • • ,, 11 
+/' +:!Sx.•• P R O C E S S I N G  E N D E D WI TH 
+I' +"'SX, • • 
+/' +�sx.·· NOR HAL R E T U R N  C O D E  
+I' +25X, •' 
+/' +25X,'' � RECORDS•••••••••••>'',15> 
+/' STOP '> 
WRITE<9.215> NVARS 

21S FORHAT< 
+' END 
+I'll EXEC GOFORT 
+/'//FT11F081 DD DSN�&OUTCAst:LDISP=<OLD�DELETE>' 
+l'//FT12f"&e1 DD DSNaUSER.CASE�(OUT>,DIS�=S'HR 
+I' I I* UHIT=S'YSDA, • . 
+I'll• DCBs<RECFH=VBS LRECL=8&9,BLKSIZE=884> ' 
+_I• I /P: SPACE=< TRK • < 286, :» , RLSE > , VOL=SER=ACADlH • 
+/

1

// EXEC FORT' 
+/' DIHEHSION IDATA<2&e>' 
+/' DATA IHCl,IMC2,INC3.INC�l-9,-8,-7,-6/' 
+/' IREC=e 
+/' IREC1•8 
+/' IREC2=0 
+/" IFL�G=8 
+I' �EC=',15 
+/' 5 READ(1&,END=99) <IDATA<I),I:1,HREC}') 

WRITE<?,216> 
�16 FORHAH +• IREC=IREC+1 

+/' DO 18 1 21 tfREC 
+/' IF<IDATA< i> .EQ. IHC1> 
+/' IF<IDATA(l) E� INC") +/·c IF<IDATA(l):Ea:1Hcl> 
+''r. IF<IDATA<I>.E�.IHC�} 
+; ' 1 G r.nUT T NI I� 

1FLAG=IfU'IG+1 
JFLA�=IFU1(;-t t 
1FLAG=Iflii1�+1 
IFLAG=IFLA(;•t- I 

••I • 
t I/ t 

. '/ . 
••I • 

I-' 

I-' 

,i,,. 

,::: 



-�,. '�>s-littiit.iili,!.-� ..... &� .. ,;,..-., •• 

1200 
i:.!18 
12:::'':' 
. . �-. 
124e 
1258 
1"" •A 

-n-

1278 
1280 
1�98 
1388 
1318 
tJ�g 
1340 
1358 
1360 
1370 
1388 
1390 
1488 
i-419 
14""0 
14�0 
1448 
1":458 
1468 

.,. . IF<IFLAG.EQ.8) GO TO 20 
IF<IFLAG.LE.7> GO TO 25 
lfLAC.�O ..... , . . 

.. . . 
. . c;ca • •• � 

+;• 2& WRITE<ti> <IDATA<I>,1=1,NREC>' 
+/' IREC1•1KEC1◄ 1 

URITE(9,217> 
217 FORKAT< 

+ • • .ffLAG•& 
+/' t;Q TO 5 
+I• 25 WRITE< 11 > <IDATA<I >, 121 ,MREC> 

+/' IREC2=IREC2+1 
+/' IFLAG•8 
+/' GO TO 5 
+/' 99 CONTINUE 

+/' IREC3::IREC-<IREC1+IREC2> • 
+/' WRITE(6

1
282) IREC

.c.
IREC1,IREC:?J.IREC3 

+/' 292 FORHAT<1X,l6,'' RtCORDS PROCE�S'ED'' 

+/' +/1X,16 •• RECORDS COMPLETE''/' 
+/' +1X,16,1• RECORDS INCOMPLETE''/ ' 

+/' +/1XSl6,'' RECORDS DISCARDED'') ') 

WRITE(9,218 
218 FORHAT< 

•• STOP 
+/' END 
♦/'// EXEC GOFORT' 
+/" //FT18f&e1 DD DS'N=USER. CASES'<OUT>. DIS'f'::S'HR' 

-;j 

... 
... 
U1 

' 
i 

;"'�- �-
./.,;, 

..��-• • �- ·• ..• '-''�•;. ·::;;;: .. ',t�1i���f�"'",;,,;;�h�i-,,,.,<)::::., •'-·•·· 

I 



I I ,·•.I 

I W•) 
I ·1:11 
I ,t•,•,) 
I �•\O 
I '3" i·) 
I ".". I I 
I ": :••_I 
j'jJO 
1 'j 4•) 
i�5() 
t':-60 
I Si•) 
,sot' 
i�?(• 
I 1_>0•J 
ll,itt 
',,. • .,,, 
161& 
t .•S,4•') 
'u:;, .. , 
I ... � ... ',•} 
I-'> l•) 
l ,:,81:I 
1,', "') 
I ;1l•·) 
1;·1,) 
I ; : ·t1 

t It lf'•1Q1 
(•_- I •• - .:- • 

. / . .,· _-,. 
t ,i- • . '"_ .... 

t /' /,lF fl 2f'�'l1 
�- :: : �� :�: 
.,.:• .- ... 

�r; CllHTIUUE. 
CALL CLEAR 

ltft l)Sfl-c-:lJSEI?. J 14(:. e,-.S[.�, n l �T•.,.. ::1ti.-
lJtH r-:as·,sn,,. 

• 

tw :ic� { RE.Cf i1-=--VBS, l .l<E.:CL.,. 8{l(l . liLY. ! l /E. ,-,!_!t; 4 :, , .:.T,,CE=< lRK. < I <lt.�. '.>; Ll<LSE. ·1, VIIL-..,Sf."P-::-i\f t1!1•.>1 ' 
on OSH=-USC:R 't:'.iJII. Ctt:· E.'.,, n 1 �r· ==�lit( • 
UtHT==-�Y.;D,), ' 
DCB-==<RECFti=VBS, LRErv,aoo, I•Ll(S Ll[-c::8(),,) 
Srt\CE= <TkK. (tee' 5), t..:L.::E) 'VOL-=.:;'E.Rc:AC(1D•)i ') 

12 '' SUD JU[•OllT'' 
11 • • sT .-. rus • • 
18 ''RUH INTRO\'' 

CALL UPSYS< "COHKAHD' • 'Al.L' • IP.TN, lHESS, 'Pf'" 
CALL OPSYS< • COKHAHD', •ALL•, CRH!, I MESS• 'r·F 
Ct.LL tJf'SY S( 'COttltNfb •, • 1tLL', IP.1 U, 1HE.S-S, 'Pr 
WRCTE(6 3�> 

300 f'URHAHIX
,_

"itLL RIGHT RON, NOU YOIJ f'EED .TO nnmn HIE JOU: ' 
• t ttX,"PRC�S PF KEY ,1�.• 

.+ .• 1 I :(. • TU CHECK fH£ STATUS OF- Tl IE JOT.I' 
+/ID','PRES'S rF KEY �11.• 
t-.' 1 I �. 'AHli TO Sf ,.RT HIE UF.:XT rF.OGRttl1' 
t-,'l IX, 'PRESS PF r..EY !-1�. • /,.r; 
::nw 

[.tfD 
:·llttflOllT rttr: r:u-:AR 
�F: I ll- \ .:, , :!I\() ) 

:.1011 1-flPIS.\I � 1:', 'PLFASF Cl_Et)fl --.m11.- :;TRFEH hl-111 1·Pr::-."' EIHF.Y .. 
PF:11D ( � • 1-,'t') 

i 0("' t-' 111-:1 IA I t i it I ) 
Rf i IJf:t' 

' \ 

C. E' > 
C L' > 
i:: f') 

..... 
..... "' 



-.:.,!. 

:-.·. -�< 

17JO 
I .' .\•J 
' .--'5•.) 
I ;",;9 
I-;;(, 
I ?Bt.l 
1 7�'J 
18A(\ 
HJM 
13�0 
1331-) 
I !1 lO 
I ::_t5•) 
I�/,,) 
Hl;'O 
18�0 
I :l'/•·• 
I •l,jf, 
l?t•J 
I 01'.) 
t" 5•) 
I"' H) 
I o'"'.-'"t 
1?6t) 
I,:-,--�, 
1·130 
19'/() 
209"9 
:?•J t () 
:!•):!(I 
:!�)JO 
��·?•) 
20'.}l:t 
'.-!'J(,0 
2070 
�•:H-J� 

t:t•o 
,:;1J£tROIH1ilE RH'Li' IHHS> 
lt-11 EC.H,,.-1 ..-1:: S. 01', FI UC.. GOOO, ..... Ff(IJ\ 
DA rn tr:.�t""J 

L 
01e , F 1 HF, r.oo_ o 

6
rcL, rc,t•' ,· • Y • , • H • , • nr. 

I • f- ItrE. • (lfh.1. • kA • ,· 
IF< mus .EQ.FIHE> ,;o io • 20 
} f <J ttHS. EQ. c;ono-' (;1J TO Jl'I 
IF' 11\HS.EO. RAO• f.O 10 10 
IFClANS.E.i}.UI') r.n 10 5� 
&ml IE' 6, 'i�-l> 
,;o TIJ 9? 

2":i WP. l1 f _  ( .-; • H•" > 
�o ro ·n 

7,� lo'R HE'�, ?I)') l 
I.ti (II ?°a' 

�� Ml-:: I l F' 6. :1•-.\ \ 
.... 111 �� 

se l'F: 1, E .- n � 1a-H �? 1;0tt1 I NlJt: 
I\)� FORHATUX, 'JIJST FIHE. HOW WHAT � H!f\ llF MJSWf.k Ir nu.r ?-;•:,--:>•) 
:oo FORUAl(IX, "I.JELL. f.l[. WILL S[r. ,·,00111 uir,,1r.1uc; rnt,r.') 
3\1'+ FOf<H{t I� 1 :;. , ':;uRF<i IO UEf•R I IIA I , •·LEti.-F t1l!f-l • T lHkE n Ull f llt-1 HF.' _; 
10t) fORhi, I� I :t... '&.If.LL f)fJlf • T r.mtH I I , 01 m:; F tr IO .. , -POS I I C VF" 11i\,:."!JI: J;:. ' \ 
5(•() rnr,11,Hil X. "HF.XT TJiiF: 1 Rl' UMi'llf-:H, Ill till< nr t'l ,,r I rER ,.,il.\,..FI-",' \ 

F:EHIRH 
Hilt :-'llttROIITIUE AtlSWFR< JRHl 
Hf rr:r.EP YF.S 
Pt. I l\ ..-cs, HO/ • 1 • , • ., • / 
IIRICE(b 2�> 

2fl,j HtRHAT• l:x • <YIH>: •) 
t.J RF.1\1)(�. 1:;A> IAHS 

Hlft FORHAI' iAl) 
IF<IAffS.EQ.tESi GO TO 28 
IF<JAHS.EQ.HO> 1;0 TO :JO 
WRITE<b �'ll > 

�·::s �::1 

.... 
.... 
-.J 



.:�· 

2090 
21e6 
�, ,.., 
212'} 
:.:t31) 
214\l 
2158 
2168 

INTROl 

19 
29 
39 
31 
32 
33 

t6rn 
1620 
:zis 
1b"l8 
1 ol.O 
tnol 
16 7� 
1671 
1672 
ll-00 
1 ;:.<;-0 

201 FURMT<\X.'Pl_EASE ANSWER Y OR N ........ 'l 
Go ro 10 

28 IRH=<l 
&OTO 99 

38 IRN=t 
9?· COHTIHUE 

RF.TURH 
EHD 

DINENSIOH H<72> .HANE<B&>, IFORl1(88) ,NAHSYS<B>, lf•(BO) 
CNTE&ER YES.GO 
DATA YES NO GO/'Y' 'N' 'GO '/ 
WRI 1Ei6 �oos • • 

200 FORHAT�ix.'READY? IF �o TYPE THE �ORD GO.') 
100 FORNAT < tA-4) 
se REA0(5 1ff) IAMS 

IF<IAHf.EQ.GO> GO TO 55 
55 �BNfY� 

CALL OPS'YS<'COHNAND'
L'ALL'tlRTH�lNESS,'FILE JOBOUT') 

CALL OPS,S<'ALLOC','2878 R PLAC�',18) 
CALL OPSYS<"ALLOC','JOBOUT',9l 
REWIND 9 
00 6� J=t -4 

, t(J FORNArrnoAt > 
READ<t&,11�> <1P<I>,I�1,BO) 
WRlfE(Q,11�l <IP<I>,1=1,80: 

I-' 
I-' 
(X) 

·�'{ 



1 780 
1701 
1702 
1703 
1710 
172'1 
1731 
1 73:? 
17-10 
1750 
176() 
178� 
178t 
1782 
1783 
192� 
1938 
2830 
2048 
2058 
�3�! 
2'3B0 
2090 
2108 
2118 
2120 
2138 
2140 • 
"1 "-0 
21ia 
2170 
-:'11 BO 
�198 
220e 

6e CON r HIUE 
WRITE<o.281) 

291 FORKAT<tX, 1 ENTER THE NUNBER OF VARIABLES: ') 
READ<5 •> NVARS 
WRITE{9 383> HVARS 

303 FORKATt(x.• HVARS='.I5> 
65 CONTINUE 

R£AD< 1 e. 118
1
END:88) <IF'< I> S 1=1, Bf') 

WR1TE<9�118, <IP<I>,ls1,80 
�OTO 6:> 

88 CALL CLEAR 
WRITE< 6. 384 > 

3�4 FORHAT(//1X, 1 NOW THE JOB FOR THE HLR IS REnDY.' 
+/t 1X, •PRESS PF KEY t 12 TO SUBHIT lHE �•OB' . 
+/11X,'PRESS PF KEY t 11 TO CHECK THE STATUS OF THE JOB'> 

WRITE<6,3&5> 
385 FORHAT(/1X.'COHTROL RFTURNED TO YOU. OVER AND OUT ......... '> 

STOP 
END 
SUBROUTINE CLEAR 

2H ���ff4i,k.EASE CLEAR YOUR SCREEN AND PRESS ENTER ....... '> 
READ<5. 108) 

180 FORNAT< 1A1 > 
RETllRN 
EHP 
SUBROUTINE REPLY<IAHS> 
INTE&ER•4 YES.OK FINE GOOD.BL BAD 
DATA IESiN0

6
0K.FiNE

1
&ooD

6
BL,MD/'Y','N','OK 

+'FINE' •�oo • • 'BA '/ 
IF<IAHf.EQ.FINE> GO to 28 
IF(IANS.EQ.GOOD) GO TO 38 
IF(IAHS.EQ.BAD> GO TO 48 
IF<IANS.EQ.OK> &O TO 58 
WRITE.<6-588> 

;;���--l-''$�di.•it�h-1ftlOird�i���, ,, ':·--�'.��':�i��-������,'�>1/���, .• ,,,<_;•,. 

I-' 

I-' 

"' 



.. , t' 
..... �1-•0 

�53.j ........... 
;:;51) ;,;60 ::;::;-,, ;,:;00 
��?O 23fl9 23\0 �3:'0 23�\> ,.,-� .,,., ��")ti :::!360 21-.- �  ·•�H

9 -:;...;;.lA 
�4,:),:, :'4\ •) ::.'CO 
�•1 �0 

:!9 
�� 
1 ')  
50 
99 

t00 "_!(\t) 300 -\tll;t 
seu 

:'')'J h.) 
\ 00 

r.t1 TO 99 
WRJlE(6.,_ 1<l <ll t.lJ TO 9 ·-r 
WRJ T E lb

.1,.
:! 08) GO 10 ?y 

URTT F: ( 6 .
1. 3{)� l c;.u ro ?y 

WF::JTF(61-4 9'9 )  cm-HINUt. 
r0Rt1AT ! 1 x. 'JUST FJHE. , mw W H(t I K 11◄

1 \ OF ANSWrn IS H II\T ?? ? ':'' > 
roJ.:hA J ( 1 X. 'WELL. WE WIL L SEE Aft

U
lll CHAHG 1 N l.  Hlt"t l. ' > 

rORt1A It 1 X. '!OR R)' TO IIHaR 11 I
AT. I 'LEAS E DOH" l Hd< E Tl fJIH llt-f HE:' l 

FURMT(tX , 'WEL L DClH"T COMMIT '{
O

IIR.'.:"ELr TO l't POSIIIVE AtJSI JE F:. 
'

> 

FORHIIT<1X .  ' NE XT TIME T l<
'{ HA

RDU

:, THIN K 

o
r n ltETTER ANSIJEF:.' > 

RE TLt RU Etfll SU!tROIJ TINE AN �R (  I Rtn 
Ii'TEC.ER iES 

DAlA YES,NOl')'' ,' H'� Wl-:ITE 0: 6,2e')) 
FIJRHAl t 1X. '(l'/H) • 'J F-:EAIH 5, 198 i I ANS 
F O R HAl { 1 111, 

I-' 

"' 

0 

1 



�1 �•) 
•• ,,�I\ 

·�-! �:_.�) ,,..--o 
�-ii1,) 

rr ilAHS.[P.iE�i GO 10 �A 
ff� lt\HS .EQ.HQ> GO I

l

l 3•) 
I-If: r 11:. <t, . �r,1 • 

•n i r •JRnA 1 , 1 _,:, • F"LF ASE nH.t""UEF: ·, or-: N . . . • • . • , 

�l\'i'•J 
�c;- 1:hJ 

=�5 I.-. 
�=�-:, 
• )C-\{) 

ir+o 

GO TO 10 

,(\ !t-:rl=� 
GIi TO �? 

30 lF:U-=-1 
�q ro,-,r HJll[" 

l;,f l l lPU 
�flD 

Batch Version 

Both INTRO and I:NTROl are documented below in a form 

suitable for batch entry via cards. 

changetl. in each instance are noted. 

The cards which must be 

I-' 

N 

I-' 



•' 

II !IEC s,ss.us•9 = 0 OUTCl Sl"•••tT9=StSDl 
l�JOHPllft SIIP =1£S.Tlftt=2 

J 

11 st1tus'J=1111 0 01s,,=,ass.T■1,=•oo. 
• Computer Center 

II DCB9=0 (atcrn=rB.lltCL=•OO.IL&Sl%&=•ooo,•.os•J=l80D 
GET flU: C.!!�-- ____ _____ __ ___ - .. 
au ■ suar1us s10 --In1t 1al SPSS file 
IIIIT! CASES (6lf).0) 

scaooL.lT&ftOl.IT&ft66.aGt.G■lDI 
fllllSN 
II tUC FOIT 

Dlft!ISIO■ IDlTl(200) 0DlTl(200) 
200 roanu«nrJ.�)----- --------Format of variables to be read from 

!::�;�= �- INITIAL SPSS file 
S COITIIU& \.::_:_,,I ---------

IUD(11. 200.&ID='1) (HTAU).1s1•111an) Number of variables to be read fror 
DO 10 1=1.uuas n�ITIAL SPSS f ·1 
IDlTl(l, 2llTl(l) 

' 1. e 

10 COITl■ O& 
1111T!(l2, (IDITA(l) 0 l:al 0 l■Yl■S) 
ll&Ca(IIC•1 
GO TO S 

91 IIIITt(60 300) lltC 
JOO f01ftlT(01° /// 

•251.• P I O C a  S SI■ � 
• 2�1. 0 

t ■ D E D 

• 251 • 1 

•2s1.• 
■ 0 I ■ l L ■ & T U I ■ C OD & 

• 251 • 1 

STOP 
!ID 

a1coaos=cs:::zz:as:)•.1s, 

■ I T a ., 

., 

., 

., 

I-' 

IV 

IV 



�:.;-�,<�(.-,�·,-;;.�'!: �:;..,._·.:,,,;;,'sf�-:- j•'-::·.-. 

1 I u 1c Gorou 
llfT11f 001 DD Ds•: OUTCl Sl0 DI SPz(OLD0DILITI ) 

} 

11n12roo1 DD DS■=■ s1 a.c1s 1S(OGT). DI SP=s■a 
11� u■n:srs DA. . Computer 
11• DCl=(a1cras1as.tascL=IDD.1LIS(Zl=IO•>. 
II• SPlCl=(tal.(20O.S).■LSf).IOL=sr a=lClDOl 
I I EIEC ro■T .. 

DIBE■SIO ■ IDlT l(200J 
DlTl 111e1.1ac2.1■c1.111e,,-,.-,.-1.-6/ 
1■£C=O 
1arc 1ao 
l■EC2=0 
lfUG:a:O 
■ate"' 61 

S araD(1O. r■D=99 ) (IDlTl(l).( =1.■IIC) 
lREC=lllC•l 
Do 10 1=1.■arc 
lF((DlT&(().EQ.l ■CI) lfUG=IFL&G•l 
IF(IDlTl(l).EQ.(■C2) lfL&G=IFL&G•l 

C IF(ID&Tl(U .EQ.UC3) lfUG=lfL&G•l 
C lf(IDlT&(I).EQ.(■c,, lfLlC=IrLlG•l 

10 CO■T l■UE 

IF(IFL&G.EQ. O) GO TO 20 
Ir(IfLlG.Ll.l) GO TO 2S 

. .  . . .  

Center VCL 

.... 

I\) 

w 

't 
�· 



ti 

·..,/ 

1ruc.zo 
c.o to s 

20 llll'tl(ll) (IDlTl(I) .121.•alC) 
IHCl•HICl•I 
1ruc.so 
GO TO 5 

25 HlTl(II) (ll&T.l(l) .1a1 •■aEC) 
IIIC2zHIC2•1 
1ruc.ao 
c.o to s 

tt CO■TIHC 
IIICJal&SC-(IIICl•ll&C2) 
111111,,.2121 111c.111c1 .1acc2.1s1c1 

202 ro1■&T(l1.1,.• IICOIDS PIOCISSID 1 

•/11.16.• &&COIDS CO■PUTl 1 / 

•11.16.• IICGalS IICOIIPLITl 1 / 

•111.1,.• aacoaas 11scaa,11•1 
STOP 
••• 

1--' 

l's) 

""' 



II tllC Goroar 

} 

11rr10,001 DD DS■ = us
1

a.c1s1S(OU T) .DISP=s
1 1  1 1r r1 1 r oo1 DD DS■ = u

s1a .1■c.c1s1s.01s,
=
s1a 

C 

t I 10 U■JT asrsoa. OI:lp
U er 

II O  DCB=(■ICf■c f■S 0 LalCL=8
0

00IL&SIZlz80,)
0 

IJO SPlC&z(Ta & .(I00 0 S).■LSl) 0 tOL=Sl l=lClDOI 1 1 rT1 2 roo1 DD Dsa au
su .c oa .c1s1s

.01sp
=

s1 1  110 u ■1 T=s1so 1. 
//0 DC8=(11cra=tBS.LllCL=800.IL&Sl%1=80•). 
//0 SP lC l

=
(
T 1 &.(I

0
0

0

S)
0 ILSl).tOL

=
Sl l&lCIDO I  

//11111 111 .JOB o,_2J.STI LC D P
.

CLIS S=C 
/

OJOBPllll S&I
Paf

lS

.Tlft
1

= 1
5 

// IIIC fOI T 

Cent
er VC C  

COI IIIO■ /COIII/ IIC0■(200) 
na

a

s
= QD,-- _ _____ __ __ 

N
u mber of v ariab l es 

J:Q 

·< 

••• •= ■,11s-1 
1 0 It AD (1 O. EID = 99) ISC • (IICOll(.J) .J =1 •I HI) 

IUl T t (6. 201) 1sc. (t I C Oll(J) .J=l •• • • •  , CAL L atP(■,1as.1 sc) 

CALL W�IT l (lf & a

s.1s
c

) I= I• 1 
CO T O 10 99 CO■TI I U I 

WUTt ( 6 0 2 00) I 200 roa11AT ( •1•.• Jo a s u a a A a r•. 

.,,1 1 1.•.1oa r1■1s110; COftPL ITIO I  CODt=o• •1111.•1uaa11 or c1s1 s=•.1
s

, 
201 fOIIIAT{ll 0

1 II C O ftPLETt ClSI LISTtD B tLOw :•. 
•S0(/1 1

0

JOU)) 

StOP t■
O 

I-' 

I\) 

U1 

:w 

.' 



•' 

c ...................................................• ........... . 

SIIIOfflll llf(■IU:0 ISC) 
H■l■slO■ l•f (1150.200) .Tlllt (200) • 

•I (200. ll • • lH (200) • lllf (200) • Ill (6) • 
•IIDE1(200) 
COIIIIOI /C0■1/11DlTl(200) 
COIIIIOI /C0■2/IS11(1JS0.200) 
couo■ /CO■J/IFILl(l]S0.200) 
COll■OI /COIM/HFIL1(200) 
IC08f•1 
IT=ISC 
IIIIC•IICC-1 
IHIII 11 

10 IIAD(ll0 Ht:a:tt) ISC.(IIFILl(I)0 1•10 1■llC) 
C MIIT1(6.lll) 1sc .(1■rlU(l).l•l.■ll&C) 

111 FOlllT(ll0 lOIJ/) 
1r(IT.1Q.ISC) CiO TO 20 
GO TO 10 

20 COITll8S 
JaO 
L•O 

c ...........•..... .J • C08■TII ro• IICOlltLETI UIS 
c .............•... L • COG■TII FOi COllfLITI UIS 
c ...........•..... 111, - l■DII or LOClTIO■ roa COlltLITI HIS 

c ................. l■DII • 11111 or LOClTIO■ ro1 IICOllfLlTI UIS 
c ..........•....•. 1rILI a llL81S OF TII DIPIIDIIT WAIS (COIIPLITI) 
c .............•... is•• • l&UIS or TII IIDIPIIDIIT lllS (I ICOIIPLITI) 

I-' 

IV 

"' 



DO 30 l=l.■■•ac 
IF(l■DITl(l).&Q.-t.oa.1■Dltl(l).1Q.-I) c;o TO ,o 

C.O TO SO 
•o .J=.J•1 

I ■DB I ( .J) a I 
c;o TO 30 

SO CO■TUUI 
L=L•I 
l■!P (L)=I 

30 CO■TUUE 
•=o 

3 S 11=11• 1 

DO 60 l=l,.J 
1r111(a.a)�1■rlLE(I IDEl(I)) 

60 COITl■u! 
DO 70 1=1.L 
lSUB(ft,&)•llflLE(ll&P(&)) 

l O CO■T IIIUE 
IEI0(11. EID=88) rsc. (l■FILE(LL) ,LL•l.■IUC) 
lf(IT.!Q.ISC) GO TO lS 
LL=L•.J 
Ll=L•I 
lll=L•I 
IITII= Ill �111 

C MalTE(6,888) 
CALL SUB(J.L,11.■fllS ,IIEP,IJDEl,ll,8 ,LL,Ll,111) 
IETUII 

88 COITUUE 
C MllT£(6. 666) 

?·��- ... ,,:'.,..;�;;;;.l�1;�,:�:;.t-�,-::.·,1:::., .... • -"?:, -�·�_:"�A1�����:��:¥+-•.�•:.��'-'"3 

I-' 
I\) 

...J 

..-.:'-tJI'::-

' 
·- --� 



555 ro1■aT(11.•••EC=' .15) 
666 FOlft&T(ll.'C&LL &T 1 1D 1 1 
••• roaaaT(ll.'C&LL & T  fllD ' ) 

LL:sL•J 
Ll=L•I 
Bl•L•I 
■ T■:s■J .. 1 
CALL s.t■(J.L.■.a,aas.1•1•.11D 11.1,.1.LL.L1.■1) 

tt COITH• 
•1T••■ 
ID 

c ....•...............•..••.••......•.•.....•..•......... •...••••.•. 

saaaoaT1■1 sea(J.1.■•■ •a•s.1•1•.1•111, 11.1,11 ,11,11, 
ll■IISIO■ 11.■,• IJ,Tl■ P(JOO)e 

•• , ••• ,no,.a.s.oo, •• ., ••• ,,, •• , ••• ,, ••••• ,JIOO),I•1•tJOO), 
•••••• , •••• 11(280) 
coaao■ /CO■l/l■■aT &(JOO) 
COHO■ /COll2/Is•ac11so.JOO) 
COUOI /COlll/IFIL1(1350.JOO) 
couo■ /COM/l■FILl(JOO) 

c................. J .  co■■ TII FOi l■COIPLITI ·�•s 

C••••••••••••••••• L a  COU•TE• FOi CORPLITI ta•s 
c................. • • COUITI• roa IUftltl or ClSIS 
C•••••••••••••�••• IalP a 11011 OF LOCl TIOI  ro• COIPLITI lllS 
c •..•..• � •.••.••.. 11111 a 11011 or LOClTlo• roa l■COftPLETI , •• , 
c ......••..••..•.• IFILi . tlL■IS or T■I DIPl•DIIT , •• , (CORPLITI) 
C••••••••••••••••• ISII a flL■IS Of T■I I IDIPIIDIIT fllS (I•CORPLITI) 
C ■ •IT1(•••66) ■,L.J 

I-' 
IV 

(X) 



-
-
.... 
"' 
... 

0 
N 
-
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-
-
• 

..a 
..a 
-

Ill 
..a -
... O'I • 
.. O'I 0 

- ... c,I u 
1111 - -
.. • 0 • 

• ., .. ..a 
., • ..a 

:!, � s ; 
• • ..a 

..a ., 
•

• 
0 
u 
... 
• 

11111 
1111 

- D .._ _. 

.... .,,, - ., ... -
(111111 • .... • - • .... \0 
·---" .. . .. .... .. 

NIIII- .. ■II 11- .. 
.. .a 11111 Ill W • W 8 • ..I 11111, W • 
-..aw Ill D-0 D ■ ..IIIID-0 
.. •■-o ■ •o-- ••-
•oo..a ... 11111 ... 11 u•o..a ... w 
c .... ..a .... ■- .. ■ • ..aN..I ..... IC 

■ -■ ... 0■0-11 ....... .. 
0 0 0 "" 0 ■ U 0 U ._ 11111 0 .. 0 ■ ■ 
lo,QQ"4Ulll•U ...... llllla .. u:a• 

IO O If\ 0 
IO - N 
-4 

u u 

.. 

• 

... ------­

,- N,.,. 
_, _______ __ 
II II ■■■■ 
ICNIIIIQID;II 
C•■■a■ 



,· 

·.� 

■U(5) s 1 
... ,,, • 1 
au• • 1.11 
1• • •• 

C ■HTI (6. 555) 
555 roa■•T<l•.·�•ST •1ro•1 T•I C•LL• •• ,o, 

c•LL uco,■ 1•1•••••••.T1••••••••.1.11•> 

CALL IU•L (A •• , •••••••••• aua.Aao,, •••••• , •••• ,1., 
C ■aITl(i.666) •··•··••·•••·•1) · 

s ••• , ..... ., 
.o 11 n••••• 

S■■•s•■•■(II.l)•t■•&T•(Illf(II)) 
30 COfflN& 

CALL ao8U(S•■.IS)  
l■aATl(l•tl•(tCO•))•IS 
GO TO 5 

Ht COIITil­
llftU 
ID 

c •••••••••••••••••••••..•.•.•..•.• � .... � .. � .••.•..•.•....• 

sa■•Oft1•1 101■•<•.1) 
Jal 
..... , .. 
ll•I•IM 
•••1-11 
1,, •• c.1.,5.0.1■-.••L•·ss.1, co to 10 
IF(I.Lt.,5.1) IITII■ 
IFl••GT•SS.I) I•l•I 
•n••• 

..... 

w 

0 

... 



JOO roa■aTc11.•r1 ■ 1s ■ 1• C A SI � • S T ID 111 0 • 1•. 
•50(111.J OUJ) llt ■ H 

IID 
II IIIC G0fOIT.GOSIZ1•35001 
11n1oroo1 •• 1s■•us1a.111e.c1s1s.11 s,., • •  
11n11roo1 11 ■s•••s11.coa.c1s1s.11s,.s 11 

//FT16F001 D I  DSl• a

s 1 a . 1

111 1. ■ 1s ,-sa1 
// IIIC fOH 

D I IIEISIO I  ■ 
(80 )  

• 1•0 
� Numbe r  of v

ariab les 1 IIID(lJ.IID•II) ( ■ (�).�• 65 )  
••1t1tt 6.l O O) (1(1).t

•l 6 

•=••· 

GO TO 1 
,'. II- COITII UI 

"',,;5 
.
• 1111,u.100.cn .. ,,, C■UJ.a.t.•1 • .)5)>---.Numbe r  of v ariab le s  ''i HIT1(16.1 00) ( ■ (1).1•

1 � .._, 
- -

.... +� 1•1•1 
� lf:'1/1,_, c:o to 5'. 

c� I<,, :99 'COltllll 

!i f?�"f •1n1c,.20n 
_ ilOO FORIIIT (80 [)) 

"';"5200, FOllll&T(/11. 3 (I I. 1013/)) 
'

1

201 FORft
l
T(/ / / 11.' O f  C&S!S ADDI D=•.1 6) STO P  

t:11D 
//_ EUC GO FOIT 

//FTl2roo, DD 0s1:us11.co11.c1sis.01s,=s N ■  
//fTllFOO I DD DSl•Us11 .N1101.01sP• S II 
11rT1 6 r oo1 • D o·o s 1=u s 1■ .r 1 1 1s 1.c 1 s 1 s.D i sP=(ao o.1 1 1,, II 

,_. 
w 

,_. 
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Prediction of Time Required 

The programming requires fairly large amounts of CPU time 

when dealing with large files. 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 ranged in size from an U = 122 to N = 1,081. The num­

ber of missing data cases ranged from N = 1 2 to N = 191. All 

the files had 67 variables. Required CPU times ranged from 

2.145 minutes to 203.072 minutes, 

This information waij used to build to test a regression 

equation which could be used to predict the CPU time required. 

The R2 • ,9960 had a p < ,00000, but the equation is limited

by the fact that all the test files had 67 variables. Even 

considering this limitation, the following re9ression equation 

may be useful in predicting CPU time. 

CPUT • (,22248840)u + (,00779903)NC + (,08595389)NM 

+ (,0010072l)NC * Nl1 + r::

�I 

CPUT • CPU time required 
u • Unit vector (+)

NC • Number of casos 
NM • Numbor of casos with 10\ missing data 

E • Error voctor (ignored-when predicting 
CPUT) 
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