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ABSTRACT

Performance testing under unusual environmental circumstances almost
always Involves repeated-measure designs. Most tasks, however, show practice
effects with repeated administrations, effects that may appear in the group
mean, the varilance among subjects, or the correlations over subjects among
trials or repeated testings. There comes a point in many tasks after which
practice no longer produces changes In performance; as we will put it, the
task stabilizes. Our criteria for stabilization are: the group mean no longer
increases, or increases at a slow and regular rate; the variance among subjects
no longer chanpes; and the correlation with earlier trials remalns the same
from one stabilized trial to the next:' finally, the correlation among stabilized
trials 1s constant. Stabilization in this sense is virtually essentlal to a
performance test battery. When it is absent, practice and environmental effects
are confounded; interpretations becomes very difficult; and problems of design
are greatly complicated, in some cases impossibly so. 7Tt is desirable, there-
fore, ro determine in advance whether or not a task stabilizes with practice
and, 1f so, bow long 1t takes. It is additionally desirable that a task ve
well defined, that is, that it stabillize at a high level; yreferably the average
correlation among stabilized trials should be greater than .90, The present re-
port concerns ten tasks each of which was practiced for 15 days by either 18 or
19 subjects, The ten tasks were: Complex Counting, Grammatical Reasoning, Code
Substitution, Stroop Color-Words, Arithmetic, Letter Search, Critical Tracking,
Compensatory Tracking, Time Estimation, and Spoke Trail Making. The ten tasks

men between

£u

were practiced in the order given. All subjects were Navy enliste
19 and 24 years old and with 20/20 vision. The ten tasks were all analyzed

according to the criteria mentioned above, begiining with the mean and variance
and then determining the stability of cross session reliabilities. Analysis of

the ten tasks was straightforward and according to the criteriz aentioned above
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witn respect to the means and standard deviations. 1In order to determine the

ki
; stability of the coxrrelation among triuls, a series of two way ANOVA's is

applied to the correlation matrices. Xach c¢f the ten tasks was subjected to

' this same step-wise analysis. Some tasks, for example, .rithwetic, stabilized

g completely. Others in some respects but not in others. Some tasks had more

¥ than one dependent measure and in these cases, stabilization sometimes occurred

i
n one dependent measure when it did not occur in another. The bulk of the

report is given over to detailing these results and describing the application

of the ANOVA employed.

Marshall B. Jones is with the Department of Behavioral Sciences, Milton S.
Hershey Medical Center, Pennaylvania State University, Hershey, PA 17033,
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All volunteer subjects were recrulted, evaluated, and employed in accordance
i with procedures specified in Secretary of the Navy Instruction 3900.39
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sions of prevalling national and international guldelines.
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STABILIZAT. ON AND TASK DEFINTTION IN A PERFORMANCIE TEST BATTERY

Marshall B. Jones

Kennedy and Bittner (1977) have recently detalled the need for a

performance test battery to study the effects of unusual environments
The same authors also point out that

over prolonged exposure periods.
performance testing in environmental research almost always involves
repeated-measure designs. This latter circumstance has definite conse-
quences for the properties that a performance test or battery should have.

When a task or test is administered on repeated occaslons, it usually
shows practice effects) and these effects may appear in the mean, the

varlance among subjects, or in the correlations over subjects among
trlals or repetitions. If practice 1s continued, there comes a point
in many tasks after which practice effects no longer appear; as we will
put it, the task stabilizes. The mean becomes asymptotic or iuncreases at
the same from

a slow and regular rate; the variance among subjects remains
trial to trial; and the correlation with trlals earlier in the practice

sequence remains the same from one stabilized trial to another; in addition,
Not all

the correlation between any two stabilized trlals is constant.
some stabilize more

tasks stabilize, however, and among those that d
Furthermore, different tasks may stabilize

quickly than others (Jones, 1972).
at different levels; that 1s, the average correlation among stabilized trials

may vary from one task to another (Jones, 1970 a & b).

1f a task does not or has not been stabilized In a group of subjects,
If the

its use in a repeated-measure design 1s compromised from the start.

data are analyzed by univariate analysils of wvarilance, one of the requlrements
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of a repeated-measure design, compound symmetry, may unot be met, with serious
cousequent difficulties for the analysis (Winer, 1971). These difficulties

can be overcome in large measure by resort to multivariate statistical methods,
but only if the subjects outnumber the repeated measurements, preferably by

a conslderable margin (Morrison, 1967). This condition, however, 1s often
difficult or lmpossible to meet in fleld experiments under unusual environ-
mental circumstances.

If the battery or tests from it are used to monitor individual performance,
further difficulties arise. If a task has not been stabilized, the correlations
among successive trials will very likely show "superdiagonal form'" (Jones, 196%9a).
That s, the correlation between two trlals decreases with the separation between
them and, hence, is largest when one trial immediately follows the other. 'lhis
pattern has been interpreted by some workers to mean that the differential compo-
sition of the task is changing and by others to mean that the abllitiles possessed
by the subjects are changing (Alvares and Hulin, 1972, 1973; Dunham, 1974).

Under either interpretation an Individual's performance could deteriorate or
improve over a glven span of testlngs for reasons that have nothing to do with
concurrent environmental stresses or events, If the task is changing, the
subject may do poorly because he happens to be weak in the abilities or other
factors that are prominent in the differential composition of the test cver that
particular span of testings. If the sublect's abilities are changing, then
clearly hils or her performance may change also and altogether independently of
external factors.,

The presence of supcrdiagonal form also makes it difficult to know "what

is belng measured.” To begin with, there is the ambigulty as to basic inter-
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pretation, Is it the task or the subject who 1s changing or, perhaps, both?
If the task 1s changing, then the interpretation of performance changes with
every stage of practice. If the subject is changing, then he or she possesses
a somewhat different mix of relevant abilities at every stage cf practice.

For all these reasons a test, to be included in a performance test
battery for environmental research, should stabilize. For many trials or
administrations the test may show practice effects but there must come a point
after which the test (or subject) no longer changes. It is additionally desirable
that the test stabillize at a high level, preferably greater than .80. We will
call the level at which a task stabilizes, that is, the average correlation

among stabilized trials, task definitlon. A task is well or poorly defined

according as this average ranges up or down from .80.

The primary concerr of the Naval Aerospace Medical Research laboratory Det.
is with inertial environments, a particular interest being the very low frequency
motions (€€ 1 Hz) which occasion seasickness and alr sichkness. In this connection,
a research program 1s underway to develup a test battery for evaluating the
performance of a subjert who may be exposed to such motions. The general plan
of chis Performance Kvaluation Test for Fnvironmental Research (PETER) is
discussed elsewhere (Kennedy and Bittner, 1977); other findings are reported
in Kennedy and Bittner (1978 a & b).

This report concerns ten tasks each of which has been practiced for 15 days
by 18 or 19 volunteer subjects. 1In each case our chief concern will be whether
or not the task stabllizes and, {f so, after how many trials. The remainder

~

of the report is organized into three sectlons. The first develops the analysis
to be used throughout the report, wlith Critical Triocking serving as an 1llustrative

task.




The sccond scction presents the findings for five tasks all of which
. _ stabiiize quickly and have acceptable task definition: Code Responses,
~ Grammatical Reasoning, Arithmetic, Stroop Color-Words, and Two-Dimensional
Tracking., (Crlitical Tracking also stabilizes with acceptable task definition.)
L The third section presents results concerning four tasks (Complex Counting,

Time Estlmation, letter Search, and the Spoke Trail-Making 'est) which either

' do not stabillize or, 1if they do, have unacceptably low task definition.

; 1. ANALYSIS

Superdlagonal form
¥ach of the ten tasks to be studied in this report was adwinistercd to a

proup of 18, somctimes 19, volunteer subjects for 15 conseccutive working days.

The results to be studied take the form of 15 data points for cach subject on

cach task, cach point representing that subject’s average performance on one
On one of the tasks studied, Stroop Color~Words, three measures of perfor-
mance were obtalned for cach subject on each day;: on another task, Arithmetic,

g

¢

("(!

I

3

4 day.
g

;

% two measurcs of poerformance werc obtalned; and on the remalning elght tasks only
s

4

one measure of performance was obtained. Howeve., one of these tasks, Spoke

Trall-Makling, existed in two foruws, experlmental and control; in effect, it

constltuted two tasks,

Group means and variances for each task on each day have already been

presented in another place (Kemmedy and Bittner, 1978a). ‘tTherefore, whille

. occasional reference may be made in this report to means and variances, the

focus will be on correlation. Our concern will be to deteymine which tasks,

S | 1f any, are differentially stable, ‘that 1s, does there come a peint in practice
S on the task where the position of one subject relative to another does not change,
{

e e s



except for random error, as long as external circumstances and subjectilve
conditions remain the same? It should be underscored that instability, as

we use the term, does not consist in differential change per se but, rather,
in cndogenous change, that is, change resulting from practice alome. If the
relative ordering among subjects chanpes in response to some unusual environ-—
mental clrcumstance, for example, an immediately precceding holiday or partial
failure of the air condltioning system, the fact 1s no argument against stability.
Indeed, sensitivity to altered environmental or subjective conditions is
generally desirable in a performance test. What is not desirable is a change
in differential structure as a function of simply taking thce test or taking it
agdain.

But how are we to know whether a change in differential strocture is endo-
genous or not?  Plainly, this question must have a satisfactory answer oy other-
wise no attempt to determine task stability can succecd; fortunately it does.

Correlatious among trials of practice nre usually patterned and, when they
are, are always patterned in the same way. This pattern, moreover, is almost
always assoclated with change in the wean or variance; and the more pronounced
the change in the mean or variance the rarer it is that this pattern is not
found. TIn addition, this pattern is easily shown to depend on uniform external
clrcumstances. That Is, by altering test circumstances or sublectlve conditions
the pattern can be disrupted or cven obliterated (Jones, 1969b). Finally, this
pattern is naturally and casily explained {n terms of continuous endogei.ous
processus, each onctaking root at a definite point in practice, continulng for
0 serles of consccutive trials, and then dropping out. On all counts, therefore,

this pattern appears to be the correlational counterpart of endogenous differential




change. 7To dJdetermine whether or not a task has stabilized it is sufficient
to find out whether or not this pattern is still present.

The pattern fin question is "superdiagonal form." The correlations are
largest between two trials (in our case, days), one of which lmmediately follows
the wciaer in practice. Correlations between trials that are separated by one
trial, for exawple, days 5 and 7, arc smaller. The greater the separation
between twe trials the smaller the correlation between them i1s. Hence, the
smallest intertrial correlation is found in the upper right-hand cornesr of the
matrix.

The correlations in any one row all Involve the same first trial, with
the sccond trial belng more and more removed in the practice sequence. Simlilarly,
the corrclations in any one column all iuvolve the same second trial, with the
first trial coming earlier and earlier in the practice sequence. The require-

ments of superdlagonal form =ie that

”L.,, 1
T T Tk

‘¢

S b < T L Qe g < A).

That is, the corrclations must decrease along the rows to the ripht and up the

and

columns .,

General versus local differential change

The idea of stability does not apply to the task itseif or even to all trials
of practice on the task but, rather, to all trials past a certain point or, better,
to all trials between two points in practice. In our case we will start each
analysis by asking whether or not: all trials after day 5 are stable, that is,

trials 6 through 15. Ounce, however, we recopnize that stability is specific to




a serles of trials, not generally beginning with trial 1, then we must also
recognize that 1t exists in two distinct forms.

Consider our own case, that is, trials 6 through 15. TIf these ten trials
are part of an overarching superdiagonal form that bepins witn trial 1 and
continues through trial 15, one consequence 1s that trial 6 must correlate
more strongly with the first five trials than trial 7 does; trlal 7 nust
correlate more strongly with the first five trials than trial 8 does, and so
on. In other words, continuing differential change in trials 6 through 15 means,
among cther things, that each successive trial iu thils 10-trial series 1s more
and more removed from the first five trials. As practice continues, each
successive trial correlates less and less strongly with a fixeu set of preceding
trials.

At the same time, an overarching superdiagonal form implies that the corre-
lations among trials 6 through 15 have superdiagonal form also. If differential
change continues over these ten trials, then intertrial correlation over this

same serles considered entirely by itself wust be patterned in the superdiagonal

way .

We will call these two kinds of instability general and local differential
change. General differential change takes place relative to an external set of
measures. In this report these external measures are always preceding trials of
practice on the same task. The idea, however, of general differential change also 1

includes change relative to other tasks. If the correlations between successive

trials of practice and a reference test repularly either decrease or increase,
the fact 1is evidence of general differential change. Local differential change

is change within a serles of consecutive trials. A series of trials that shows no
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change with respect to external measures may nevertheless be changing from
trial to trial internally. Local change 1s not just another aspect of a
single underlying differential process. Local and general differential
change are two different things and do not necessarlly occur together.

This last point is central, in part because general and local differential
change do not have equal claims on our attention. Suppose that all trials on
a task after trial No are entirely stable in the general sense. &ny local
instability that the task may then show is altogether specific to trials
after N, on that task. A structuring of specific variance, however, has vcry
few, 1f any, practical consequences, It has no appreciable cffect on the
ability of the trials at issue elther to predict external measures or be

predicted by them. Let S, consisting of trials s be

Smi1? Pma2r ot

> Smin’
entirely stable in the general sense and ¢ an outside criterion. Then the

corrclations between s and ¢ Aare all the same., Suppose now that the

nrt i
correlations among the ST arc either all the same or patterped in the
superdiagonal way. How much difference does this last variation have on the
multiple correlatlon between 5 and ¢? The answer i3, not much unless the
superdiagonal pattern within S is steep; and steep superdlagonal patterns
(hence, rapid local change) do not exist or have not been observed in the
absence of gencral differential change.

In _actice, of course, we do not test for all possible kinds of general
change. In this report we will look for it only in relation to preceding

(or, occasionally, following) trizls on the same task, not other *asks or

criteria. 1f, however, a series of trials, S, is stable relative to preceding




trials and the averape correlation among trials in S (task definition) does
not greatly exceed the average correlation between these trials and just
preceding trials, then the probabiiity that the trlals din S change appreciably
wilth respect to any external criterion 1s low. Virtually all of the rellable
variance In § is accounted for by its relations with just preceding trials and
these trials, by hypothesis, all correlate equally with trilals in S§. It is
technically possible for another task or external measure to show differential
chanpe relative to § but not likely and certalnly not in a large way.

Local change is, therefore, a distinctly secondary matter. If general
stability exlsts, local chanpe has tew, lf{ any, practical consquences. If
general stability does not exist, local stability s unlikely and cammot In
any case galnsay continuing general chaupe.

In tbhe next two sections we will conslder how to test for general and local
differential change. We will then tule up one or two matters that concern both
problems.

Testing for general dlfferential change

Table 1 contains the correlatlons between the first five and the last ten
Jdays on Critical Trackinp. Table 2 presents the analysls of varlance for these
same data, with tlhe row and column effects broken down into linear and nonlinear
components.,

The row averages show large and overwhelmingly significant increases for
he first five days. The repression coefficilent for the rows ig +0.118 or a
predicted lncrease of +0.472 from day L to day 5. This resgult mecans that the
flrst flve days delinltely involve differential chaape. If we let § consist of

the flrst flve trials, then the last ten trials are an external measure; and with
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respect to this external measure the trials in 8 show regular (increasing)
chanpe., Tt is clear, thercfore, that Critical Tracking does not stabilize
bofore «day 6.

The main result, however, 1s that the lincar component in the column
averapges 1s not signfficant (I = 0.93) when tested against the residual
mean square.  The regression coefficient for the columns is ~0.004 per day.
Theve fore, the predicted average declines by 0.036 from day 6 through day 15.

Note, however, that the nonlinear component in the columm averages 1s
shymificant at the 05 level. Since the hypothesis of endogenous change does
pot require Tincar but only monotontce decrease along the colunns, the nonlinear
compoitent might tnvolve real elements of ddfferential change. Critical Tracking,
however, g uot a case in pofut.  The nonlinear component Is significant
hecause the cotum averages depart trregularly from the linear regression line,
not because the repression lne is itselt nonlinear. We have already pointed
oul., however, that ifrrepular variatfons 1n the colum means do not constitute
cvidence of endopenous change, O a Monday, For instance, the correlations
wre sowetimes Jower than on other days of the week, presumably because the
subjects have lost some of their edge and, perhaps, some of their motivation
as well over the weekend, The result, though 1t might well lead to a significant
nonlinear colum component, does not constitute evidence of endogerovus differential
change.  ‘The chanpge results from an alteration in extornal clrcumstances (the
weekend), not from practice itsell.

We may. cunclude, therefore, that Critlcal Tracking 1s stable with respect to
preceding trlals after day %, But is Critlcal Tracking after day 5 stable with

respect o other external measures than preceding trlals? The evidence we have

on this point ic Indircer,
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The average correlation among days 6 through 15 on Critical Tracking (task

' definition) 1s 0.784. The mean correlations, however, between days 4 and 5 and
these same ten trials are ,760 and .807 respectively. In short, all of the

f ’ reliable variance in days 6 through 15 is accounted for by thelr correlations

with days 4 and 5. Another external measure, therefore, would almost have to

relate to days 6 to 15 through some component that these ten days share with

L days 4 and 5. Tt could be, of course, that some components in days 4 and 5

'
£
2
i
i
3
3

& increase over the next ten days and som: decrease; but this seems unlikely.
g If, howeves, all components that days 4 and 5 share with the next ten days
(iv. 1 :
' are stable, then the correlations between another external measure and days © ’

; to 15, mediated as they would almost have to be by one or more of these components,

should aiso be stable.

T
e

R L .

A1l in all, therefore, it seems fair to conclude that Critical Tracking is
8

generally gtable after day 5.

[
-

A. The problem. ‘Table 3 prescnts the correlations among days 6 through 15 on

Critical Tracking. The question ls, does this watrix have sipnificant clements

2

SRETS 2 e dpa paieeganiima,

of superdlagounal {form? That some such clements appear in the matrix is clear

. from visual inspection. The correlation between dayvs 6 and 15, for cxample, 1s

13
PR

smaller (.71) than any correlation In the superdiagonal. In fact, the average

o e —— ——— a1

cf the three correlations In the upper right-hand corner of the matrix (.88 +
L4 .50/3 = .70) is also swaller than any correlation In the superdiagonal.
But are these differences siyniffcant? That is the question to which we now turun.

B. Background. I a task is stable over a serles of trials, S, then except for

sampling variations all correlations among trials fin § are equal (the matrix Is
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flat). Oue possible approach to our question, therefore, might be to test
the obscrved matyix against the hypothesis of a flat matrix at the population
S -

level. PFortunately, Lawley has advanced 3.7( test for precisely this question
(Morrison, 1967, pp. 251-252).

Unfortunately, there are serious problems with the use of this test for

- - 1 I ?\

our purposcs. If Lawley's test results in a significant value of 7(, we will
conclude that superdlapgonal form is present. That is, the alternative hypothesis
to equality of all correlations among trials in 5 Is superdiagonal form. The
problem is that Tawley's test may result in a signlficont value of 7( for reasons
that have pothing to do with superdiagomal form,

Supposc, for example, that the correlations among trials In 8§ can be
perfectly deseribed by a single common Factor with unequal factor loadings.
Such a matrix will not be flat and, If the Jvadings are appreclably different,
will alnost cortalnly vield a sipnificant result by TLawley's test. This result
wotld he seorfously misinterpreted, however, by a conclusion in (avor of
superdiagonal form. A unit-lactor matrix never has superdlagonal form and
superdiagonal form can uever be explained in terms of a single common factor.

1 1 b a - e
Lawlev's test works well enough as loup as /( {8 not significant. That is,

LT all correlations amony, trials in & are tenably regarded as cqual, then local

¢

conclude that differential change i present.  To draw this conclusion we
mist take some other approach.

A likely possibllity [s Joreskog's well-known procedures for testilog the
simplex model (Joreskog, 1970). 'The simplex is a speeial kind of superdiagonal

form. .Joreskog hypothesizes a simplex and then develops, first, a maxlmun-
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likelihood procedure for estimating the theoretical correlations and, then,
a‘)< test for finding out whether or not rhese correlations are adequate
to explain the empirical results.

Unfortunately, Joreskog's test is also inappropriate for our purposes.
To make the point directly, suppose that the empirical matrix is essentially
flat. Since a flat matrix is a special case of simplicial form, Joreskog's

model will fit the data perfectly. Hence, we would conclude in favor of the

simpliclal interpretation or, morc generally, superdlagonal form and differential
change. But a flat matrix Is the very opposite of differential change. The
trouble with the silmplex model is that it explains both change and no change.
Hence, it cannot distinguish between them.

What we nced is a hypothesis, 1like Lawley's, that posits ne differential
change and an cmpilrical statlstlce that reflects 1t. Then, 1if we do not obtain
sipgnificance (and the test we use has sufficient power), we may conclude in
favor of stability. On the other hand, 1Lf we obtain significance, we can

coniclude in favor of differentlial change. In the next sectlon we present such

a test,

C. Dlagonal cowmparisons. We begin with a change in notation. Let rj «  be

the 1th correlation, reading down and to the right, In the jth diagonal, reading
away from the main dlaponal. Thus, the third correlation in the superdiapomal

(.92 1in table 3) is Yaqs and the fourth correlation down in the last column

(.78 in table 3) 1s r Plainly,

64"
| =3

AN
s

and

| £ i &= n-3y .
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We advance the model

§-
JL.(:J v"+c‘é)

where J&ib a fixed effeet assoclated with diagonal j and all éf‘.a-‘ are

il

random variables drawn from a normal population with a mean of zero and

variance, (32 . Ixcept fer error, all correlatlions in zny one diagnonal
. 6 -

arec, we suppose, cqual. The least-squares estimator for .ods S, g

this estimator ls unbiased.

The comparisons we propose to make are based on the differences among the

diagonals, Let
n- ‘& \,a-—l
Foull ok
d

N i (M /ﬁ) . ("'d')(l‘ o+1)
R, = R‘//v

Then consider the quantitiles

Cop = 7% - Rivr  (J=10.0,m-a),

lach C 3 represents the difference between the average correlation in the jth

and

dlagonal and the averape correlation in all diagonals preater than j, that is,
to the "northeast" of the jth diagonal. C, 1s the differcnce between the
avernoe correlantlion 1n the superdiagonal and the average of all other correlations

in rhe matrix. C7 is the difference between the averapge correlation Iin the second

4

diagonal and the average of all correlations that span more than three trials.
Finally, note that no comparison is defined for j = n-1,

The quantitles, C,, are comparisons; that lu, the sum of the coefficlents of

j’
T .. in €, vamishes. ALl correlations In the jth dlagonal, (n-}1) of them, are

€4 1

bt 1

PRI

el

o
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multiplied by (1/a~j); and all correlations in diagonals (j+1) tc {n~1), Nj+l of

them, are multiplied by (--l/Nj+1). Hence, the sum of all nonzero coefficients in any

one €, is zero.

d

Furthermore, the (n--2) comparisons, C]_, are all orthogunal to each other.
Given any two comparisons, ome of them (say, Cj') has nonzero coefficients only
for correlations all of which are included in -§j+1' Therefore, the sum of

cross-products between the coefficlents in C and C , is

L3 B )= o

‘“ e "+l

The next step 1s to calculate the sums of squarcs attributable to the (n-2)

orthognnal comparisons, SS(Cj) . Since cach comparison has one degree of freedom,
SS(Gi) and MS(Cj) are the same. Filnally, we will determine the expected value
of MS(Cj).

The sum ot squares alttributable to

S5S(¢)=¢ /Zia..

a' R d*l
wher ig the coefficient of r / , In C Hence,
Ef 5 A= ¢ f N (R )a
n-~
) *') C‘“* ) i \ R
_ (h':é_fl) L
w3 )(wn-) i
All told, therefore, () &)( -3_ ) <
) = L_L_.gh"‘ Lt Sk P20 (,r;_ — P
SS(C&’) - CV\“'&‘*') ‘*l «

The expected value of this quantity

E[Ms )] - Cillesmy) (8, - B,,)

where . is the2 population cowterpart of R.. That 1is,
w-f n-i
e o /N

It only remains tn determina a proper estimate of o

é
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1
In this conuection 1t may be helpful to contrast the analysis into

diagonal cowponents with simple analysis of variance. Table 4 presents
thoe sources ot variatlon, sums of squares, and degrces of freedom for an
arilysis of the n(n=1)/2 correlations into between- and within-diaponal

This is a simple (one-way) analysils of variance with unequal

! components.

nmmbers in the (n-1) groups.

Table 5 presents the sources of variation, sums of squares, and degrees

.

of freedom for the same correlations analyzed by diagonal comparisons. In this

1ipht the diagonal comparisons are simply another way of breaking down the

e e an e e

lmtm-cn~diaponn'l variation; in fact, the two sums of squarcs are equal. That

|
Y ssce) = 2 ARt

it
it o= =
j / d% . 2.
I} . ar V\'"‘g (n N ( . ‘] ;3, - ‘}1‘ ﬁ
5 (o3 )00nil (7 Y (ne) (R )
% — N """d'—"“ <JIJ - RJQ) = & d ' ;
f S w=dv) d = :
o - i
g‘i tienee, the within-dlagonal 88 in the simple analysis of variance is the same as
)
'{‘ : the ro“sj(lml 8§ 1n the diagonal compavisons. That is, .. ., 2 L
zjz (nAP- 2550 ) = 2 2 (n~)
! i3 e PET YRR e
} ‘ We then Hnd let vk e a /
g = E E g, ~ J'T.) -2
g8 Ve n-|
S E(M‘S—chs E[, o d/ )(‘l
- sat g=i >
B = o
.]" 1 - ¢ -
v fn both analyses, It should be noted, the deprees of freedom cowme to one less
q
. 3 than the number of corralations in the matrix., In the case of the simple analysis i
this one depree of freedom js absorbed by/(»t In diagonal comparisons ft is
T 3
oY absorbed by g . i
. w1
|
0 ]
.
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o
;4 ‘ The residual or within~diagonal SS may be further broken down into linear
él | and nonlinear components as a funetion of trial or day number. This further
" analysis, however, is entirely stralghtforward and will be taken up in the
?ﬂ . context of a concrete example, The formal framewcrk for an analysls into
@} diagonal comparisons is now in hand.
. ' D. The flrst five days on Critical Tracking. Table 6 presents the correlations
i: amonpg the first five days on Critical Tracking. Note that the corrvelations incrcase
%: ' strougly in the comparison diagonals. This tendency for the correlations to
i increase with practlce s common where differentinl chanpge is taking place,
é- egpecially 1f 1t ds rapld. It 1s not, of course, in itself evidence of
'
Z' differential change. A unit factor matrix with increasing factor loadings,
é ( for exawple, would show the same effect. A decislon as to whether differential
,ﬁJ ( change is present or absent depends solely on the diagonal comparisons. At the

same time, regular chanpe within diagonals 1s an assignable source of variation

and should not be included in the orror term.

Table 7 presents the analysis Into diaponal comparisons for the first filve

gg ays on Critieal Tracking, The diagonal comparisons absorb three degrees of
}% recdom and the linear components within diagonals absorb anothor three degrees
‘g’ 0 freedom. The residual term also has three degriees of freedom. None of the
;I,,* ¢ 1atos tor the diagonal comparisons reaches sipgnificance at the .05 level.

tn this case, however, a conclusion that no local change 1s taking place 1s not
~arranted because wilith only five trials the analysis does not have sufficient
JOWCr .

Y. The last ten days. Table 8 presents diagonal statistics for the luast ten

days on Critical Tracklng. Included are }i’ C,, and SS(C1). The averagce

i1 @

I S
e
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o
Z; ' correlation, }i, is larpest in the superdiagonal, second larpest in diaponal
s 2, and smallest in diagonal 8. The rank correlation between §1, and j, S7 =
1; ~0.79, is significant at the .01 level. Thils result is sufficlent in 1ltself
to conclude that some local change is stlll taking place in the last ten days
v; ' of Critical Tracking.
f. l The analysis into diagonal comparisons is presented in table 9. None of
b
fr : the diagounal compariscens 1s significant at the .05 level, although the F ratio
i
“j for diagonal 1 falls midway between the critical values for the .10 and .05
é_ levels with 1 and 28 deprees of freedom. Certainly, the local tendenciles
é‘ toward superdlagonal form in the last ten trials of Critileal Tracking arc not
j ( suf flelent to upset our carlfer conclusion that the task stabilizes after day 5.

A )
T P

Trans formations and power considerations
The model used In testing for general differentlal change 1s
ﬂ Ve o + d . + @ " + é e
g ) ¢ Sy d
where . QL;», and 635 arc fixed effecets and € '6 , as usual, Is a normally
~ -t
wl
distributed random varlable with wmean equal to zero and varlance, <2; . This
model implles bilateral compound symmetry. That 1s, the expected variance along
any two rows Lo the sawe and the expected varfance down any twe columns is the

same.  Similorly the ecxpected covariance hetween any two rows (or columms) is

the same as between any other two rows (or columns).

These consequences may uvi, vf course, be supported by the facts. T the :
columng evidence stability, Lt ts 1likely that the colrwn variances will be :

homogeneous. However, if the rows show differential change, as Is usual, 1t

is likely that the later rows wlth higher average r's will have smaller variances.

o
LI” -
i £
L b
v .\P N
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Further, if there are changes in the variances along either the rows or
colums, it is unlikely that eilther of the two covariance requirements will
be met.

The best approach to this problem is to subject the correlations to Fisher's
z transformation. The effect 1s te "lengthen out" the intervals toward the high
end of the correlution scale and this, in turn, tends to homogenize the row
and column variances and, hence, to improve the case for compound symmetry
in all respects.

A related problem arises in the local analysis. When there is differential
change, the correlations within a diagonal tend to increase. This ifncrease,
however, may not be linear but negatively accelerated, especlally 1f the
correlations exceed .80. The root cause here is the same as din the previous
problem, namely, that numerically equal intervals are larger Ligh in the correla-
tion scale than they are lower down. The solution too is the same as before.
Fisher's 2 transformation lengthens out the intervals at the high end of the
scale and thereby straiphtens out the regression with trial or day number. The
importance of this straiphtening out 1s that 1t purifies the error term, by
removing from 1t a known source of systematiec error.

As  Intimated earlier in at least two places, power nmay also be a problem.
If we {ind no significant difference from onc columm to the next in the general
analvsis, we conclude that the task has stabilized. Clearly, however, this

conclusion ralses the power questlon., What is the probability that we would

have obtained a nonsignificant result 1f the regression coefflcient along the
columns had been b(‘af 07 With filve days or trlals, the power of the general
analysis is certainly not strong enough to warrant a conclusion of stability.

With ten days, however, Lt 1s much stronger, althoupgh even longer seriles of trlals
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would be desirable. There 1s, however, a limit to the amount of work that
emplrical investigators can be expected to do in order to meet statistical
requlrements,

Tn this connection it is worth noting that fallure to meet the require-
ments of compound symmetry in the general analysis, while 1t gives the
analysls a positive bias, also Increases its power.

The power question also arises in relation to the local analysis. If we
find no signlficant diagonal effects, we conclude that superdiagonal form is
dbsent, But what is the probabiliry that we would have obtained a nonsignificant
result i ( é&,- ;E;"P had, in fact, equalled a definlte nonzero amount? Here

d

again our only resort is to longer sequences of trials. Finally, power decreases

as one moves away from the maln diagonal.

2. TFIVE STABLE AND WELL-DEFLNED TASKS

Code Responses

Table 10 presents the analysils of wvariance for general change in the last
ten dayvs relative to the first five for Code Responses. The key result is
rhe value of F (0.52) for lincar change along the columms. The row effects
make it clear that stabilization could not be fixed any earlier than the sixth
day. The means for the first five days are not only overwhelmingly significant
but inecrease regularly, with one small inversion, from .539 on the first to .781
ou the fifth day.

The diaponal averages among the last ten days (table 11) show shallow and

certainly fnnocuous tendencies toward superdiagonal form. The average corre.a-

tton among the last ten days is .72. This value is definitely low for task
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definition, perhaps too low. Certainly, a stable task with good definition
would be preferred over Code Responses.

Grammatical Reasoning

The results for Grammatical Reasoning are novel in two respects. The first
1s that the last ten days are not stable relative to the first five. The linear
column.component is strongly significant. When this happens, one moves to the
next trial and sees if, perhaps, the task may not stabilize from %his more
advanced point in the practice sequence. In our case, we test the last nine
days (days 7 through 15) against the first six. If the linear component is
still significant, one takes still another step into the prs tice sequence and
tests again. This process continues until the trials that the subjects have
practiced after the one being tested are too few to provide an acceptably
powerful test of general differemtial change. Our cunvention is to stop at
day 10. Thus, we start by testing the last ten de s against the first five and
end, 1f no stabilization results, by testing the last five days apgalunst the first
ten. If the linear component along the columns is still significant, we conclude
that as far as our data go the task does not stabilize.

Table 12 presents the averape correlations for the last nine days against
the first six in Grammatical Reasoning. The linear component along the columns
is still significant (F=20.6) ~- but only because of the low averape on day 15.
The regression coefficien£ (average r regressed on day number) is -~0.0122. If
day 15 1s dropped, this same regression coefficient becomes ~-0.00125; the latter
is ten times smaller in absolute terms than the former. Table 13 presents the

analysis of varlance for general change 1n days 7 through 14 on Grammatical

Reasoning relative to the first six days on the same task. Grammatical Reasoning

MR e, -




is clearly stable over this stretch of eight days. It remalns to justiify

. "WV 4&2; pros—

dropplng day 15 or, at least, to explain what the implications of doing so

..

are.

The first point we need to recognize is that a task may stabilize for

awhile and then start changing agailn; it may platean, iF vou like. Grammatical

Reasoninpg is definitely stable from day 7 through day 14. Its being so, however,

in no way requires that it remain stable thereafter. It is perfectly possible

that the low column average on day 15 is simply the start of a new phase in

i '*%?’%ﬂ"ﬁ% ,M:Wagmmwﬂm R

differential development on the task. The odds are against 1t, however.

The 18 voluntecrs who practiced Grammaticsl Reasoning kynew that day 15 would

be their last day on this task. 7Tt is possible, therefore, that some of them

7

In

performed somewhat diffevently on this last day than they ordinarily did.

SRR PR RS

i

other words, the subjects may have responded on day 15 to the fact that this

s

day was to be their last on this task. Such a reaction is an exogerous effect;

it is a rcsponse to an altered subjective condition (the task is ending).
Occurring, however, as it does at the end of practice, the effect of such g

reaction is to produce the senblance of linear change.

We cannot be sure, of course, that this interpretation is correct.

The main point In its favor is that the regression coefficient up to day 15,

that is, from day 7 through day 14, 15 essentially flat. In addition, nonlinear

change over this serles of elght trials, while significant, 1s modest. 1In general,

”g; Y the column averages are not bouncing around a great deal. Hence, the marked
| fall on day 15 requires more of an explanation., Finally, the effect is not
e
g .ﬁ isolated; we will see 1t again 1n other tasks. We conclude, therefore, that
L

Grammatical Reasoning would probably remain stable more or lesg indefinitely after
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day 6, provided subjective conditions also remained the same.

Table 14 presenis the diagonal averages for days 7 through 14 on Grammatical
Reasoning. With the exception of diagonal 6 the full-off away frowm the main
diagonal is regular. It is alsc quite shallow, however, and poses no problems
of any cownsequence. Task definlition from days 7 through 14 is high, 0.881.
Arithmetic

Arithmetic also presents novel problems. This task has two measures,
number attempted and uumber correct. The results for general chanpge in the
last ten days rclative to the flrst five are presented in tables 15 and 16.

Note that linear change along the colums is significant 1n hoth cases. The
regression coefflcients, however, are both positive! They are also very small
and, as 1t happens, cqual, +0,0027, What are we to make of this state of
affairs?

The intertrial corrvelations for Arithmetic are very high and tightly bunched.
The correlations on number attempted range from .85 to .97 and op number correct
from .86 to .97. The residual term 15 miniscule. The change along the columns
for all 10 day: comes to only +0.024, certainly a small amount. But what about
Its direcilon? MNow are we to account for the increase in column correlsations
over the last ten days.

‘The answer lies in the row effects. 'The changes here are much larger and
more significant than the ceolumn trends. And they too go the wrong way! That
15, the vow means tend to decrease from day 1 through day 5. On number attempted,
for example, the average correlation on day 1 1s .952 and on day 5 1t is .895.

These results altogether exclude diffcrential chanpe of the superdiagonal

sort. In the sense that we have been using the term, Arithmetic 1s stuble from




day 1. For the first week performance seems te acquire rather more random

clements and thereafter gradually to lose them. The effect is to create a
shallow bow 1n the correlatlon pattern—--but a bow created by slow swings
in speclflic variance. 'The correlation matrix 1s a Spearman unit hierarchy with
somewvhat smaller factor loadings around day 5 than edther before or after. This
pattern, however, is consistent with stability, in facr, stability of a rock-
soldd gurder.
When they came into service, our volunteers had already learned all the
arlthmetlic they would ever know. They were already stabilized on this task
and no change would subsequently ovcceur 1n common variance, that is, between
one day and any other. Tocal change in Arlthmetic is wegligible and task
defluftion very high, 0.949 for vumber attempted and 0.948 for number correct,
The Stroop Test 1
The Stroop Test ylelds three measures: blocks/words, colered words, and 1
colored blocks. Tables 17 and 18 present the analyses for general change in the
lagt ten days for the firet two measures. Both measures are stable after day 5.
Colored blocks presents o more complicated picture. The F ratlo for the
Tlnear column component 1s 7.47, just short of significance at the .01 level,
The regreselon coefficlient for the colum averages is -0.005 or a decreasce of y
0.045 over the 10-day period. As dn Grammatical Reasoning, however, thils decreasc
stews eutlrely from a low average for day 15. TIf day 15 is dropped, the
cocfilcicnt becomes ever so slightly positive, +0.0005; and linear cclumn change i
15 no longer signd ficant (F=0.33).

Ouy iuterpretation of these rosults Lo the same as for Grammatical Reasoning,

that: Is, that In all prebabllity the low average on day 15 1s attyributable to an i




;f altered subjective condition (the task 1is ending). In this case the
interpretation is supported by the clear stability of the other two measures
on the same task. We conclude, therefore, that the Stroop Test is stable on
all three measures after day 5.

Table 19 presents the diagonal averages for the last ten days on colered
blocks. Superdiagonal form appears to be entirely absent. The same, more or
less, 1s true of blocks/words and colored words. Task definition is good for
all three measures, 0.827 for blocks/words, 0.867 for colored words, and 0.883
for colored blocks.

Two-Dimensional Tracking

Although Lt was not discovered until after the experiment was completed, the

software  used (n Two-Dimensional Tracking contained a "dead" spot. When the

cursor was placed on this spot, it remained there with no further control

novements.,  When the experfumenters finally dlscovered thds dead spot, they

Interviewed the subjects concerning 1t. Several of the subjects reported that

ot R etk M B B 7 rebie bt

they discovered the spot around day 8 and subsequently made use of {1t from

time to time to "beat" the task. The existence of this spot and lts discovery

i

A S

by sowe subjeoets (not all, apparently) fundamentally altered the task after

day 8 or thereabouts.

~
' Table 20 presents the analysis of variance for days 6-9 on Two-Dimensioual
| , . ’
i Tracking relative to days 1-5 on the same task. The linear column component
1
e Is vanishiugly small, The repression coefficient alonp the columns 15 ~0.0002,
ﬁ With only four trials as a basis, the test for linear colum change 1s admittedly
not powerful. Nevertheless, our judgment is that Two-Dimensional Tracking
iy z stablliizes after five days. Note, by the way, the strong linear component
:ﬂ” down the rows. The row means show regul..e chauge thyough day 5. Hence, stabiliza-
W “
;m'.‘ tlon cannot be sald to bepin any carlier than day 6.
UI‘ "‘“
N
i
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Table 21 presents the correlations between days 6-9 (the so~regarded
stabilized trials) and days 10-15. For the first three days (10-12) the
corrclations hold up woll, but then they fall dramatically. 1t appears,
therefore, that beginning sometime in the third week Two-Dimeansional
Tracking underwent rapid differential change, presumably because of the
dead spot and 1ts discovery. It is bothersome, of course, that the dead
spot scems not to have had an immediate eftfect on differential processes.

On the other hand, It appears to have had no effect at all ou group processes.
The mean and variance show no disturbances at all as a result of the dead spot.
Looking at the two curves, no one would suspect that anything unusual had
happened toward the ond of the second week or at any other time in practice.
This polnt has obvlous methodological importance since 1t underscores the
seasitivity of differentdsl procosses to changes that would othoerwlse go
mnoticed.

Task definftion in days 6-9 on ‘Iwo-Dimensional Tracking 1s passable but not

good, 0.7067,

3. FOUR UNSTABLE OR TLL-DEFINED TASKS

Complex Gounting

Table 22 presents the analysis of varlance for general change in the last
ton days of Cowplex Countdng relative to the first five days on the same task.
The I ratio for the liuenr colum component {5 stronpgly sipgniflecant (F=2.63).
The 1liear column cowmponent 1s still significaut when the last nine dayes are
tested for general change relative to the first six days. 1In fact, the linear
column component remaing sipnifticant for the Jast cight, seven, oix and five

days.  Table 23 presents the results for days Ul-15 wversus the flrst tem days.
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' The F ratlo for the linear column component is smaller than in table 22 but

still strongly gignificant (F=14.1).

This time, moreover, the decrease along the columns is not duc solely

- ———— . — e . o
- o . >

to the last day. The recression coefficient for days 11-15 1s --0.021 and for

; days 11-14 it is -0.017, smaller, to be sure, but not greatly so. ‘The linear
% column component for days 11-14 relative to the first ten days is, moreover,
g st1l1l significant, albeit at the .05 level.
E These gradually lowering levels of signlficance as one woves further and
L
: further into the practice sequence suggest that at some point Complex Counting
does, Indeed, stabilize. That point, however, is not reached after ten days
of practice.
| Time Tstimation
‘ The results for Time Fstimation are much the same as for Complex Counting. |
i Table 24 presents the average correlations of the last five days with each of
? the first tendays,  ‘The main point is that these awerapes inerease right wp to %
: and including day 10. Hence, the first ten trials are changing relative to the
s last flve as an external wmeasure.  There ls no possibility, therefore, that Tiwme
;l‘ Fstimation stabllizes any carlier than day 11. The question s, does 1t stabillze
C N then? ‘
é_ ; Table 25 presents the analysia of variance for peneral change in the last
? i five days relative to the first ten days. Linear chaupe from row to row Is
" enormous ; 1t ylelds the larpgest ¥ value we have geen, thus confirming the
A |
" 3 concluslon already reached that differential change continues through day 10.
P Sluce llnear change from columu to columm Is also strongly sipnificant, ¥=15.4,
‘?:: it would seem that Time Estlmation 18 st1ll not stable after ten days.
o |
e |
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There is, hewever, reason to pause for a moment. The correlatlon average
for day 15 is Jower than for any othor day in the last weck, If day 15 1s
omltted, the regression coefficlent along the columns drops from -0.038 to
-0.018 and the linear column component 18 no longer significaut. Tf the low
r for day 15 can be reasonably attributed to altered subjective conditions
(the task fs ending), then a case could be made that Time Estimation stabilizes
alter ten days.  We do not thionk, however, that the Low T o day 15 can be so
attrlibuted.

ITn the first place, both columu and row averages bounce around a good deal
in Tlme ¥stimation., ‘The drop, for example, from day 12 to day 13 14 almost
as Large as the drop from day 14 to day 15, Simllarly, as can be scen in
tablo 220 the row averapes also change sharply from one day to the next. Hence,
the drop from day 14 to day 15 1s by no manoer of means a unlque occurrence in
thilg set of data.

In the second  place, loca! change appears to contiune in Time Estimation
through the Last flve days. Table 26 presents the ddaponal statisties for
days 11 through 15 aud table 27 the analysls Into ddagonal compoments.  The
Foratio for dlagoual 3 (7.1) is alpudfleant at the .10 level. Tn addition,

All three comparisons arve posttive, and the probability of this result ds 0.125
by ftselt. This vast consideratlon, that fs, how many of the €, are pesitive
and how wany negative, tests the same hypothesls as do the diagonal components,
name by, that Jocal differential chanpe contimues In the last flve days of practice;
morcover, 1t odoens so independently.  Combindng these four tests (Winex, 1967,

a
pp. A49--50) ylelds a value of _X which Iy silpnificant at the .07 level. TLocal

"

chimpe , therefore, appears to be at leasi Jikely In dayva 11 through 15,
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On these grounds we conclude that Time Estimation does not stabilize
after 10 days and probably not after 15 days. Task definition in the last
five days 1s marginal, 0.718.

Task definltion for Letter Search 1s unacceptably low. The average
correlation among days 6-15 is 0.422 and among days 11-15 only a little better,
0.510, Whatever else may be sald about it, Letter Scarch is not a suitable task
for performance testing, whether 1t stabilizes or not. Heuce, we pursue 1ts
analysis no furtuer,

Spoke Trall-Making

Spoke Trak l-Making wan, in effect, two tasks, a standard or eontrol task
and au cxperimental vartation,  On the evidence in hand nelther of these tasks
mects the reguirewents for performance testing.  Task definition for the
experiaental form 1s too low. The average corrclation amoug days 6-15 and
11=-15 are 00444 and 0.502 respectively.

The case of the control task s more complicated. Testing the last ten days
agalust the flrst {lve one Finds an F raclo for the linear colunm component which
fy sipnlflcant at the .05 level,  Tenting the last fflve days agalnst the flyst ten
one finds o larger ¥ ratio for the llnear colum component, signlficant at the 01
level.,  ‘These results, however, are due entlrely to a low T on the next to last
day, day 14. If we exclude day 14, the averape r's of days 6-15 with the first
five days range from a low of 724 to a hilgh of .866. “Tthe average correlation of
day 14 with the first filve days Ly 0.4521 T may be that this low r was due to
some unrecorded change o test clreumstances or subjective conditions. T go,
then the standard form . Spoke Trall-Making 1o stable and has pood task definltion.

On the existing ovidence, however, we have no grounds for oxcluding day 14. We can
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hardly argue that the subjects "wound down" on the day before the test
ended but not the last day. For the time beilng, therefore, we regard the

control form of Spoke Trail-Making as unstable.
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