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RELATIONSHIPS AMONG PREDICTORS
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TEMPORAL-SEQUENTIAL ANALYSIS 

BY REGRESSION - TSAR 
Thomas F. Jordan 

Unfversfty of Mfssourf - St; Loufs ·

In analyses of longltudlnal data attention Is approprlately drawn to 
criterion measures of growth. However, It seems ap.proprlato to consider 
predictor varlable1, and to do so In a fashion which helps understand their 
Interrelationships, A method of arranging predictors Is described which 
draws on regression analysis, and so uses powerful lnfcrentlal tests of sta• 
tlstlcal significance. Examples are given of pattern• of predictors educed 
by representative analyses, Data are drawn from two data sets with Mtten• 
tlon to several measures In the first S-6 years of llfa of a particular cohort, 
and to demographic data on childhood from several countries of the world, In 
the second Instance. 

INTRODUCTION 

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

development there Is a not unreasonable concentration on the criterion mea­

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

assessment of a hypothesis ebout'a stage of growth. To a lesser e·)(·tent we 

concentrate on the factors which explain the criterion data, w·lth a view to 

understanding the quantitative Influences on •·particular level of attainment. 

Study of predictor variables tends to focus on them as sources of vari­

ance, and combines them In the form of statistical Interactions as a parti­

cular mode of analysis will permit, and as reasoning can subsequently decl• 

pher Into non-mathematical, operational propositions. We tend to neglect 
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the total array of predictor variables In a set, except as we engage In 

path analyses. In such studies the goal, however, tends to be pursuit of 

the criterion and the linkage via regression weights to the dependent mea-
� ',," f :, \ { I • , i " 

, 
• \ ' • \ 

sure. In 'ad�ltlon,•use of��th analysis presumes stability of'regre�sio� 

weights; also, It has tended to slight Inferential tests of significance 
' " 

and Ignores statistical Interactions, 

It Is Interesting to consider how predictors In longitudinal data sets 

may relate to each other, We can give each the status of a crl terlon whose 

variance may be 'understood In the constellation of all predictors, with In­

ferential tests of statistical significance, To this end It Is helpful to 

draw on regression analysis, and on multiple linear regression (Bottenberg 

and Ward, 1963; McNeil, Kelley, and McNeil, 1975) In particular, The latter 

technique has been particularly useful In analyses of longitudinal data (Jordan, 

1980), The origin of this Interest emerges from analyzing the data set of the 

St. Louis Baby Study (Jordan, 1981a), an Inquiry Into the devel opmental span 

beginning at birth a�d continuing Into adolescence, In these analyses pre­

dictor variables are typically arrayed from a variety of domains In order to 

test hypotheses of relative Influence on a developmental criterion (Jordan, 

1978). Theoretically, predictors are Independent of each other, but there 

may be dependencies due to the conceptual or practical relevance of a given 

predictor In the presence of another variable for which the case Is equally 

strong (e.g. from another theo retical domain of Influences). This equivalence 

of a claim to significance may be due to the nature of the model we are exa­

mining, despi te the statistical shortcomings that situation may preci pitate. 

However, we mention that In passing; the greater point Is that p redictors as 

a data set may need as much attention as the la rger aggregate which Includes 

the cri terlon. 
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PROBLEM 

The particular topic we addres� here Is the matter of an empirical 

structure of relationships among predictors based on Inferential statlstl• 

cal significance (F·tests) and employing regression anal�sls because of Its 

utility for longitudinal data. We start by noting that measures gathered by 

prospective case studies are time specific, and occur In a sequence as a con• 

sequence. Our problem Is the search for an empirically derived schema which 

reflects the sequence of predictor variables In their temporal order, We do 

so without prior commitment to structures which will stress the dependent 

variable, as In path analysis to which our approach has a superficial slml· 

larlty In use of diagrams with arrows. 

METHOD 

In multiple linear regress lo� (McNeil, Kelley, and McNeil, 1975), a re•

gresslon equation Is developed In order to predict a criterion, A critical 

element Is deleted or col!apsed, the res�ltlng equation Is designated as an

alternate mode, and an F value ls computed for the loss of predictive effl· 

clency traceable to the altered vector. The basic model may be Illustrated as 

Y: a
0

u + a1x1 + a2x2. , anx n + e, where Y = a criterion of continuous or 

discrete data, u = a unit vector which when multiplied by the weight a0 yields 

the regression constant, a1a2 ... an • partial regression weights arrived at 

by multuple linear regression techniques and calculated to minimize the error 

sums of squares of prediction (re2), x1x2, .. xn = variables In continuous 

or discrete form, and e = error In predicting a criterion. 

When applied to a temporal-sequential data set Y becomes each variable 

1 inked to Its tempera I antecedents and successors, In a regression mode 1 wh I ch, 

Ideally, Incorporates al 1 relevant predictors. Our goal, however, Is not to 

report all significant outcomes, but to schematlze those relationships which 
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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 complications as a statistically significant 

source of SES variance nine months before makes no sense when compared with 

the opposite proposition, The putative contribution of SES to varfance asso­

ciated with complications at birth nine months after conception 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• 

gresslon to derive a temporal-sequential analysis by regression (TSAR) with 

data from the St, Louis Baby Study, We begin by reporting an analysis of data 

at birth, 42, S4, and 66 months employing some predictors (a TSAR schema) of 

mental test performance, The predictors shown In Figure I were derived from 

previous research Into sal lent Influences In several Independent domains on 

cognitive attainment. 

In Figure I we see data from the developmental histories of 54 bright· 

children. This TSAR schema was derived from a set of five predictors and shows 

the simplest of all linkages, one In which a predictor In a temporal sequence, 

perinatal SES (McGuire �nd White, 1955), Is linked statistically to another 

predictor, the level of education of the head of the household at age 66 months, 

and then to the criterion,· In this analysis three predictors In the full set 

did not play a statfstl_cally significant role, and are not evident In the schema. 

In Figure 2 is a schema of four predictors, none of whl_ch Is the sta· 

tlstlcally Insignificant Apgar score (Apgar and Jam es, 1962) at birth, and 

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

._,; .-.·:. ·i·,-:--:·. 
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sever a I th I ngs. There Is a sequential link from perinatal SES score. through 

54 month STIM (Caldwel 1, 1970) and the number of s lbs at 66 months to the 

criterion. This schema also shows both direct and Indirect links as 
0

SES also 

connects directly to the criterion. 

In Figure 3 we see two anomalies Illustrated. In the perinatal data 

we see a two-way statistically significant link between Apgar and .SES scores.' • 

Of these two mathematically correct findings only one Is conceptually valid, 

since p�yslologlcal conditions of an Infant In the first few minutes of life, 

the Apgar score, cannot Influence an SES score based on parental characterls-

t I cs, The second anoma I y Is that we can trace .a 11 nk backwards from the er 1-

ter I on to a 66 month variable, the educatlonaJ level of the 'head of the house­

hold,' but we can not go back any further since the linkage breaks off, At the 
1 

same time there are two other antecedenU,;t,he 54 and 42
1
month variables, which 

go back !n the developmental sequence to birth SES score, 

In Figure 4's TSAR schema of five predictors we ice that four of the pre­

dictors can be linked to each other; the only predictor variable not arrayed 

In Figure 4 Is a 42 month variable, number of siblings. Moro Importantly, 

we see that the schema links predictors, but the set does not connect to the 

criterion. In this cue we see linkages which 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 education of the head of the household at sixty six months hinges on the 

perinatal McGuire and White (1955) SES score, However, there Is no linkage 

from the perinatal SES score to the WPPSI Vocabulary scores of children selected 

because of their 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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In the previous three �chemas continue to cluster among themselves, but have·· 

no functional relationship severally or collectively, to the criterion scores 

of the children. 

·The examples given so far use clinical data from child development. A

parallel example Is given In Figure 5; It uses data on social conditions sur­

rounding chil dhood In fifty six countries and employs 1975 gross national 

products In United States dollars as the crlterJon. We provide this analysis 

of data from a work In progress (Jordan,, 1981b) In order ·to show that economic 

and social data which have a temporal-sequential flavor can also be explicated 

·In a fashion which Is schematic, and which makes use of Inferential tests of

statlstlcai;slgnlflcance. 

DISCUSSION 

The TSAR schemas are based In regression analysis and It Is Important to 

note that only statistically significant variables and their contribution In 
,,, 

2 • 2 full regression models Is reported, R values of the full models (RF) vary a

great deal In size; this Is In contrast to uniformly low R2 ·values In models 

,. whose crl terla are measures of early development (Jordan, 1980), 

The TSAR arrangement of data can be applied to any number of predictor 

variables. The computational and model-building aspect of the regression anal• 

ysls can be handled by any regression package, In the examples given hero the 

data were analyzed In models In which all predictors were treated as criteria 

In the presence of tho 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 combinations could violate the canon of logical order In 

temporal sequence, with the predictor occ.urrlng later In th e developmental se­

quence, At that point the theory guiding selection of variables and their hypo­

thetical relations limit s analysis to regression models which are logical and 
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