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In analyses of longltudinal data attention Is appropriately drawn to
criterion measures of growth. However, It seems approprlate to consider
predictor varlables, and to do so in a fashion which helps understand thelr
interrclatlonships. A method of arranging predictors Is described which
draws on regression analysis, and so uses powerful Inferentlal tests of sta-
tistical significance. Examples are glven of patterns of predictors educed
by representative analyses. Data are drawn from two data sets with atten-
tion to several measures In the first 5-6 years of 1ife of a particular cohort,
and to demographic data on chlildhood from several countries of the world, In
the second Instance. '

INTRODUCTION

In analyses employlng data across a span of Interest In the cycle of

development there Is a not unreasonable concentration on the criterion mea~
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concentrate on the factors which explain the criterion data, with a wiew to .ﬁ. . Q

sure. Thls Is because study of the criterion is the step which leads to

assessment of a hypothesls about’a stage of growth. To a lesser extent we - “’fghﬁm

undgrstanding the quantitative influences on a particular level of attainment.
Study of predictor variables tends to focus on them as sources of vari-

ance, and combfﬁés them Iﬁ.the form of statistical interactions as a parti-

cular mode of analysis will permit, and as reasoning can subsequently deci-

pher into non-mathematlical, operational propositions. We tend to neglect
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the total array.of predlctoF’Oarlables“ln‘e set, except as we ‘engage in
path analyses. ln such studles the goal however, tends to be pursult of

»

the crlterlon and the llnkage vla regresslon welghts to the dependent mea-
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siure. ln addltlon, use of path eneiyslelpresumes stablllty of regresslon
welghts; also, 'Phh?sxté"déd to,sllgh;ﬂlnfe?ehélal1te§ts of signlficance
and Ignores stat!stlcalVlnteractlons.

It Is Interesting to consider how predictors in longltudinal data sets
may relate to each oiher. We can gtVe each the status of a criterion whose
variance mey:betundefétood In the ethtellatlon of all predictors, with In-
ferential tests of statlistlical significance. To thls end It Is he!pful’to
draw on regression analysls, and on multiple 1lnear regression (Bottenberg
and Ward, 1963{ McNell, Kelley, and McNell, 1975) In particular. The latter
technique has been particularly useful In analyses of longltudinal data (Jordan,
1980). The origln of this Interest emerges from analyzing the data set of the
St. Louls Baby Study (Jordan, 1981a), an Inqulry Into the developmental span
beginning at birth and continulng Into adolescence. In these analyses pre-
dictor varlables are typlically arrayed from a varlety of domalns In order to
‘test hypotheses of relative Influence on a developmental criterion (Jordan,
1978). TheoretlcalIy,‘predlctors are Independent of each other, but there
may be dependencies due to the conceptual or practlcal relevance of a glven
predictor In the presence of another variable for which the case Is equally
strong (e.g. from another theoretical domaln of Influences). This equivalence
of a claim to significance may be due to the nature of the model we are exa-
mining, despite the statistical shortcomihgs that situation may precipitate.
However, we mention that In passing; the greater point islthat predictors as

a data set may need as much attention as ‘the larger aggregate which includes

the criterion.
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PROBLEM

The particular topic we address here Is the matter of an emplrical
structure of relationships among predictors based on Inferential statisti-
cal significance (F-tests) and employing regression analysis because of Its
utility for longltudinal data, We start by noting that measures gathered by
prospective case studles are time speciflc; and occur In § séquénce as a con-
sequence. Our problem |s the search for an emplirically derlved schema which
reflects the sequence of predictor varlables in thelr temporal order. We do
so wlithout prior commitment to structures which will stress the dependent
variable, as In path analysls to which our approach has a superficlal simi-

larlty In use of dlagrams with arrows.

METHOD
In multlple 1lnear regression (McNell, Kelley, and McNell, 1975), a re-

gression equation Is devefoped in order to predict a criterlon. A critical
element Is deleted or gﬁl!apsed, the resqltlng equation Is designated as an
alternate mode, and an é value is computed for the loss of predictive effi-
ciency traceable to thé;aftéred vector. The basic model may be Illustrated as
Y = ayu + axy + agxg . . . anTp + e, where Y = a criterion of contlinuous or
discrete data, u = a unit vector which when multiplied by the Welghtlab ylelds
the regression constant,‘&zag + . .ap = partlal regression weights arrived at
by multuple linear réqresslon techniques and calculated to mlnlmlze the error
sums of squares of prediét}on (zel), x329. . . xy = varlables in continuous
or discrete form, and e = error in predicting a criterion.

. When applied to a temboral-sequential data set Y becomes each variable
linked to its temporal aniecédenfs and s&ccessors, in @ regression model which,
ideally, incorporates ali relevant predictors. Our goél, however, i; not to

report all significant outcomes; but to schematize those relationships which
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FIGURE 1
TSAR ANALYSIS OF PREDICTORS AT BIRTH, 42, 5L, AND 66 MONTHS,

AND 66 MONTH ITPA Auditory Associatiion SCORES-HIGH GROUP (N=54)
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are statistically significant in the temporal sequence. By this we mean that
(e.g.) SES level at conception and perinatal complications may well be statis-
tically significant as predictors when the other Is a criterion, However, the
logic of examining perinatal complicatlons as a statlstlcally'slgnfflcant
source of SES varlance nine months before makes no sense when compared with
the opposite propdsition. The putative contribution of SES to varlance asso-
‘clated with compllcatlohs at birth nine months after'conceptlon would be a

rational statement of hypothetical Influence and its temporal direction,

FINDINGS

We wish to Illustrate some Insights gained by using multiple linear re-
gression to derive a témporal-sequentlal analysis by regression (TSAR) with
data from the St; Louls Baby Study. We begin by réportlng an analysis of data
at birth, 42, 5h, and 66 months employing some predictors (a TSAR schema) of
mental test performance. ‘The preafééors shqwh In Flgure | were derlived from
brevlous research Into salient lhfluences.fﬁ several Independént domains on
cognitive attalnment. (

In Figure | we see data from the developmental histories of 54 bright '
children. This TSAR schema was dérl;ed from a set of five predictors and sths
the simplest of all Ilnkagés, one in which a predictor In a temporal sequence,
perinatal SéS (McGulre gnd Whlgé, 1955), Is linked statistically to another
prédlctor. the level ofjeducatlon of the head of the household at age 66 monfhs,
and then‘to the criterlon.’ In thls analysls.three predictors in the full set
did not play a statistically significant role, and are not evident in the schema.

In Flgure 2 is a schema of four predictors, none of which is the sta-
tistically Insignificant Apgar score (Apgar and James, 1962) at birth, and

a criterion score at child age sixty six months. In this TSAR schema we see



TSAR SCHEMA OF PREDICTORS AT BIRTH, 54 AND 66 MONTHS AND

66 NMONTH WPPS! Vocabulary CRITERION SCORES. (N=348)
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FIGURE 3
TSAR SCHEMA OF PREDICTORS AT BIRTH, 42, SA, AND 66 MOMTHS,
AND 66 HONTH 1TPA Auditory Association SCORES (We256)
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several things. There Is a sequential link from perinatal SES score through
54 month STIM (Caldwell 1970) and the number of sibs at 66 months to the
criterion. This schema also shows both direct and lndlrect llnks ‘as SES also
connects directly to the criterion.

In Flgure 3 we see two anomalles lllustrated ln’the perlnetal data
we see a two-way statistically slgnlficant llnk between Apgar and SES scores.
of these two mathematically correct findings only one Is conceptually valid,
slnce physlological conditions of an lnfant In the first few minutes of 1ife,
the Apgar score, cannot lnfluence an SES score based on parental characteris-
tics.. The second anomaly Is that we can trace a link backwerds from the cri-
terlen to a 66 month varlable, the edueattonaljlevel of theihead of the house-
hold but we can not go back any further slnce the 1inkage breaks off. At the
same tlme there are two other antecedents,»the 54 and hz month variables, which
go back ln the developmental sequence to blrth SES score.

In Flgure 4's TSAR schema of five predlctors we sce that four of the pre-
dlctors can be 1inked to each other' tho only predlctor variable not arrayed
In Flgure 4 1s a 42 month variable, numbgerf siblings. More Importantly,
we see that the schema |lnks predlctors; but the set does not connect to the
criterion., In thls case we see |linkages whlch extend from birth to age 66
months. However, there Is no link from any of the predictors In the schema to
the criterion., The constellation of four predictors from perinatal Apgar score
to educatlion of the head of the household at slixty slix mbnths hinges on the
perinatal McGulre and White (1955) SES score. However, there Is no linkage
from the perlnatal SES score to the WPPS! Vocabulary scores of children selected
because of thelr low scores on Raven's (1950) Colored Progressive Matrices (1947).

The practical import of this is that the developmental Influences we have seen
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FIGURE &4
TSAR SCHEMA OF PREDICTORS AT BIRTH, 42, S4, and 66 MONTHS, AND

66 MONTH WPPSI Vocabulary SCORES-LOW GROUP (N=43)

54 Month 66 Honth_
STIM HoH Educ.

Birth

% of R:?.Sl

SES

__66ﬁﬂqg}h
WPPS!| Vocab.
M=10.38,6=2.15

NE e T

A W M Y



24

In the prteous three schemas éontlnue to cluster among<themselyés, but have" -
no functlonalwrelatlonshlp séverallyvor collectively, to the criterion scores
of the chlldrén.

"The examples glven so far use clinical data from child development. A
parallel example Is gliven In Figure 5; It uses data on soclal conditions sur-
rounding chil dhood In fifty slx'countr!és and employs 1975 gross national
productslln United States doilars as the criterion. We provide this analysis
| of data from a work In progfess (Jordan, 1981b) In order to show thaf economlc
and social data which have a temporal-sequential flavor can also Se explicated
i‘1nja fashion which Is schematic, and‘whjch'ﬁékeé}use.of lﬁ?erentlal tests of

- statistical 'significance.

DISCUSSION
'i The TSAR schemas are based in regf&sslon ana[ys[§-and It Is important to
_ note that_oniy statlstlcally slgnlflgant‘vatlablég and thelr contribution In
fuli regression models Is reported. R?vva};qs‘of the full models (R:) vary a
gréét deal In size; this Is In coﬁtrdét io unifdrmly low Rz'values In models
Lwhose criteria are méaﬁurps of early dev;lopment (Jordan, 1980).
The TSAR arrangement of data can be applied to any number of predictor
"varlables. The cqmputatlonal and model-bullding aspect of the regression anal-
ysls can be handled by any regression package. In the examples glven here the
‘data were analyz;d In models In which all predictors were treated as criteria
In the presence of the other predictors as co-variables, which Is-the usual
arrangement in multiple linear regression analysis, It Is helpful to recall
that a number of such comblnations could violate the canon of logical order In
temporal sequence, with the predictor occurring later In the developmental se-
quence, At that point the theory guliding selection of varlables and their hypo-

thetical relations limits analysls to regression models which are logical and
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FIGURE 5

TSAR SCHEMA OF ENVIRONMENTAL INFLUENCES ON § GNP
IN 56 POOR COUNTRIES
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