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THE PURPOSE OF THE RESEARCH WAS TO OBSERVE THE
CONSISTENCY OF INTRA-INDIVICUAL VARIABILITY FROM ONE TASK TO
ANOTHER, TO DETERMINE THE RELIABILITY OF OBSERVATIONS OF
INTRA-INDIVIDUAL VARIABILITY, AND TO OBSERVE THE EXTENT TO l
WHICH THE ACCURACY OF PREDICTION VARIED WITH THE CONSISTENCY i
OF THE INDIVIDUAL'S BEHAVIOR. MALE ENGINEERING STUCENTS AT
THE UNIVERSITY OF MINNESOTA WERE ADMINISTERED A BATTERY OF
SIX BRIEF, INDEPENDENT TESTS ON EACH OF TWENTY DAYS. MOST OF
THE OBSERVATIONS OF INTRA-INDIVIDUAL VARIABILITY WERE
RELIABLE. VARIABILITY OVER TIME ON SOME TASKS IS RELATED TO
! VARIABILITY ON OTHER TASKS, BUT THESE RELATIONSHIFS ARE ONLY
| MODERATE ANC THE HIGHEST CORRELATIONS BETWEEN ANY TWO OF THE
VARIANCE INDICES WAS ONLY ABOUT .50. INTRA-INDIVIDUAL
VARIABILITY IS NOT SPECIFIC TO EACH TASK BUT NEITHER IS THERE
A BROADLY GENERALIZED CHARACTERISTIC OF SUCH VARIABILITY. A
RELATIONSHIP WAS OBSERVED BETWEEN THE VARIABILITY OVER TIME
OF A PERSON'S BEHAVIOR ON SIMFLE TASKS AND THE EFFECTIVENESS
WITH WHICH HIS ACACEMIC FERFORMANCE CAN BE FREDICTER. SOME OF
THE ANALYSES REVEALED ERRORS OF PREDICTION SIGNIFICANTLY
SMALLER FOR THE LESS VARIABLE GROUP. CONSICERED IN THE LIGHT
OF RESULTS OF OTHER RESEARCH, THESE RESULTS SUGGEST THAT A
COMPLEX BUT PRESUMEDLY USEFUL RELATIONSHIP EXITS BETWEEN THE
CONSISTENCY OF AN INDIVIDUAL'S BEHAVIOR AND THE EXTENT TO
WHICH HIS ACADEMIC BEHAVIOR IS PREDICTABLE. (AUTHOR)
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ASSHAS purpose of the research was to observe the consistency of intra-individual
variability from one task to another, to determine the reliability of observations
of intra-individual variability, and to observe the extent to which the accuracy
of prediction varied with the consistency of the individual's behavior. One hundred
male engimeering students at the University of Minnesota were administered a batte
of six brief independent tests, the Repeated Psychological Measureménts, on each of
twenty days, a different form of each test being used each day. For each subject
variance indices were calculated on each of the six tests and on the total of seven
tests end the relationships between variance indices were observed, the reliabili-
ties of the indices determined, and the relationships between intra-individual
variability and the prediction of academic success observed.

Most of the observations of intra-individual variability were reliable. Varie-
bility over timeon some tasks is related to variability on other tasks, but these
relationships areomily moderate and the highest correlations between any two of the
variance indices was only about .50. Intra-individual variability is net specific
to eaoch task but neither is there a broadly generalized characteristic of such
variability. A relationship was observed between the variability over time of a
personb behavior on simple tasks and the effectiveness with which his academic per+
formance can be predicted. Some of the analyses revealed errors of prediction sig-
nificantly smaller for the less variable group. One analysis showed that the cor-
relation between predicted grades and obtained grades was .67 for a less variable
group, as_compared .to .16, for a more variable group. Considered in the light of
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The Consistency and Generalizability of
Intra~individual Vardability®
by
Ralph ¥. Berdie
Office of the Dean of Students

University of Finnesota

The extent to which an individual's behavior is consistently ver-

jable on & given task or on different tasks way provide cuves as to the

oy oo, a4

effectiveness of his behavior. The varizbility studied here corresponds
to that described by Fiske (Fiske & addi, p.327), . . one form of
variability, the variation in the behavior of a2 given organisa at diffenr-
ent times but under the same external conditions." This form ol varia-

bility is %o be contrasted with thot discussed by Hull (1927) vho wes o

concerned with variability in the awmount of different traits possessed

k dhant

by an individual, and also to be coutrasted with the variability dis-

" cussed by Wechsler (1950) who uas concerned with the variability of a ;
given ‘trait within the population.

- Pheoretically, an individuzl cannot reproduce a behavior identically

insofar as once he has performed a task, repetition of that task must be

influenced by its priox pe“porm"nce. In spite of the impossibility of

studying the individual's variability while performing the same task,

*¥fhis project was supported with funds from the U.8.0,E.-0.E.C.-3-7-068694-
2082, ippreciation is expressed to MMr. Richard Arvey and Miss Diane John-

son for their contribution in analyzing the data.
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his variability can be studied while performing a homogenous grovp of
tasks, Tasks end situations change from performance 1o performance, butl
these can be ordered into highly similar categories and variability of
behavior so studied.

Fiske provided oune theoretical basis for the analysis of variability.

Do any

He regarded individuval variability as having a coping function which effects
the organism's adaptability. When scveral alternate behaviors are avail-
i able to the organism, its inherent variability increases the likelihood

that the organism eventually will select and adopt .the response which

o

best copes with a given situation.

Fiske (Fitke & Maddi, 1961) asked several relevant questions con-
cerning variability:

1. Vhat is the amount of such variability around the central

3 tendency?
2. Does the amount of variability vary with the value of the
central tendency?
. Does the extent of varisbility differ for differeﬁt tests (tasks)?

\

Do individual subjects show different amounts of variability?

Cadd

v W

« Vith what are these individval differences in varisbility
associated?
In an earlier study, the suthor (Berdie, 1961) found that varichilidy
on o task involving advanced high school mathematic. appeared consistent
within the individual and that this variability wight be related to the

extent to which a verson's college achieverent could be predicted on the
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basis of eptitvde tests. Consequently the present resecarch found its
impediate orizin in the last of the above listed questions but eventually
equally involved questions concerning the consistency and generalizability
of intra-individual veriability.

The two quesbions approached here were 1. Can the varia vbilitvy
over time of an individual's behavior be rveliably and consistently ob-
served? 2. o what extont are persons verisble over time on one task
also variable off other tacks?

Once these two questions are answered, and if variability over tine
can be reliably observed and if veriability over time is not specific
to each task, then the variabiiity of &n individueal may be a useful con-
cept in understanding his behavior. TFor exanple, variable persons may
be wore or less predictable, may be more or less task oriented, or may be

described by other personality characteristics.

Method
Tesks,

The behavior observed here consisted of responses to six of the
Repetitive Psychometsic Measures (scores on these tests) developed by
Moran and Mefferd (1959). These authors reported thet each of the six
tests represented a dictinet foctor derived from repeated fector anslytic

studies. The Aiming test (A) consists of fifteen rows each containing
twenty circles and the cirveles are in rowsc connected sequentially by &

line. The svbject places the test on a piece of corregated paper ¢ and the

e it dade
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task is To punch a hoie inside as many circles as possible within ninety
seconds without touching the circles. The subjects in this experiment

used a stylus consisting of a pencil sized piece of wood with a thin pin
point &t one end, Tﬁe test involves the ability to carry out quickly

and precisely a scries of movements depending on eye-hand coordination

and requires careful placement of +the stylus point in specified locations.
This particular test is not mentioned in French's 1963 revort which does
refer to each of the other five tests. In a letter from Moran to the author
the Aiming test was described as one of several dexterity tests that did

not correlate with each other. In their original paper, Moran and Mefferd
(1959) quoted French as saying, "The extent to which this specific facvor
(Aiming) can be generalized to other abilities is unknown." Moran commented,
that the same form of this test given repeatedly would serve the purpose

of a repetitive wmeasure.

The Flexibility of Closure test (FC) requires the subject to copy
thirty-six geometric figures into matrices of dots. Each test form con-
taing thirty-six figures and the subject is allowed three wminutes. The
tesk, as described by the.authors, is t0 retain the image of a specified
configuration despite the influence of other distracting configurations
in the perceptusl field. The Number Facility test (NP) is similar to
French's N factor and consists of ninety problems each requiring the
addition of threee two digit nubers.,

The Perceptual Speed test (PS) requires the identification of well
knotm symbols in a mass of maverial. This test is not described in French's
196% volume. The test consists of vows of thinty digits with an encircled

digit at the left of each row and the task is to cross out every digit in
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the row similar to the encircled digit., The time ..imit specified by iloran
and Fefferd is two and one half ninutes but esrly experience witn this test
using the subjects employed in this resewrch suggested that too many sub-
jects completed the test with this time lipit and the tine limit was re-
duced to one and one half winutes.

The Speed of Closure test (SC) measures the ability to uvnify an apper-
ently disparate perceptval field into a single perc ept and it was a maxker
test in French's 1954 kit but not included in the 1963 kit. Xach form con-

sts of twenbty-two lines and each line has letters in it apparently arranged
at random but containing from two to four four letter words which are to be
encircled., The final test, Visualization (V), consists of tangled lines
which must be followed visvally from their starxt to their finish. French
calls this the "choosing a path tesﬁ“ and lables the facpor spatial
scenning; he does not call it a visualization factox.

For each of these tests Moran and Melferd developed Wwenty different
forins with the original intent that the forms would be equivalent. Later
study, however, indicated that on each of the tests but Number Facility
the alternate Tforws vere reJaably different (Moran, Kiwble, & Mefferd,
1954) and correction factors were provided for the twenty alternate forms
of these five tests. These correction factors were not used in this study,
in light of the experimental desisn.

Phe tesh authors repvoried test-retest reliabilities comparing scorcs

on form one and form two, renying from .72 to .94. Intercorrelations or

the

o0
4

x tests, using oaly form one, raanged frou .09 to .44. Conmidoring
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the purposes for which these tesls were to be used here, they appeared
to be adequately reliable and sufficienlly indepenient from one another.
Sample.,

The population from which the subjcets were drawn consisted of fresh-
men entering the University of HMinnesota Tnstitute of Technology in the
Foll of 1966, All freshmen were informed of the possibility of partici-
pating in the experiment and frowm those who volunteered, subjects were

selected on the basis of class schedules, availability of data, and prox-

inity ® campus. FEach subject was paid a total of forty dollars and sub-
jects appeared well motivated. The subjects tend=d to be somewhat superior
acedemically to the total Fall quarber entering class because the experi-
ment was conducted during the second gquarter and involved only students

who survived the Fall quarter and retvrned. For the most part the subjects
consisted of fairly representative bright college students who had sur-
vived at least one demanding academic guarter and who were motiveted to
earn forty dollars by participating in an experiment that would cauvse then
no stress or discomfort.

Procedures.,

‘ The experiment was conducted in a well isolated sub-basement room
with overhead lights and lamps arranged so that illumination was not
brilliznt but subjects could see comfortably. No noise from oviside the
building penetrated the room and litile traffic passed in the corridoxr
outzide of the door. Temperaturg in the room was constant and comfort-

able although when the door was closed there was littla ventilation,
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Tnsofar as the subjechs rewained in the room for periods of only twenty
minutes and the door was kovt open for al least one half hour betwcen
sessions, lack of ventilation produced no disconlfoxrt.

Subjects w. z seated in the center of the room in classroom chairs with
arm toblets., They were divided into five groups and & group was tested
each day at 9:30 a.m., 12:50 noon, 1:30 pei., 2:30, and 5:30. Assignments

to time periods were bascd on the class schedules submitted by subjects.

Approzimetely one-fifth of the subjects took form one of the test oa
the first day, form two on the second, etc. Another group of subjects took
form five on the first day, form six on the second day, and on the twentiéth
day took form four. One group of cubjects started on form nine, anobhex
grovp on form thirteen, and another group on {orm seventeen, in order to
provide some randomizalion of form-sequence influence. Within cach tine
session, students were rendomly assigned to seguence groups.

AL the first session, the experimenter read to each group an intro-

ductory statement and 2 trained and experienced psychometrist then read the

hasies Sanied

test instructions, aduinistere. the practice exercises provided by Moran
and Mefferd, ond administered the tests.

Pesting schedules for each group were grrenged Monday through Friday
for four successive wecks aad subjects who tiissed scssions umade then up
during the fifth week. Of the one hundred subjects, sixby-two atltended
daily and the remeining thivty-elght accounted for a total of sevenby-cix
ahsoncos later made vp. Twenby-two of these thirty-eight poersons verc ob-

sonl once, others were absent from two to eighv tives. Subjects daid not
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alveys atbend the session to which they obkiginally had been assigned and
sixby-three such time changes were observed out of the two thousand subjcct
session attendances. Over ninety-five pexcent of the tests were administe
to the subjects at the time of day owriginally scheduled.

it the last session, at the completion of the last form of the last
tesh, each subject completed a questionnaire reporting his rcactions to the
tacks and his perceptions of the purpose of the experiment. The sukjects
were told at the first scssion that the purpose of the experiment was to
compare the psychological characteristics, as measured by these tests, of
students in technology and science to those of cther students
nalysis.

The twelve thousand test papers were scored by research zssistants
ané. vhen scoriné vas completed, two hundred papers for each test were

drawn, representing all of the twenty forms, and these were rescored. The

—

red

original scores were compared to those oblained by rescoring and. frequencics

of errors of variovs sizes were tabulated and correlations determined.
Scoring was judged to be adequate for five of those six tests but all wwo
thousund of the Number Facility tests were rescored. The test scores were
then entered on basic record cards for each student, verified, and then
punched and verified on IBM cards.

Tor each of the six tests a variability index was computed for erch

~

student. This consisted of the varience (8 D ) of the twenty raw scoves
derived from the twenty fowss of tha testae. At the same time, for eacn of
the six tests 2 wean score wan computed for cach student, this consisting

of the mesn of the twenby scores derived fron the tventy Forms.

A
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Then, in ordew to facilitate comparisons between tests and to provide
8 boois for obtaining a total varisince index, each raw slore Was transorned
to & standard score, using a mean equivalent to fifty and a standard devia-

tion eguivalent to ten, based on the digstribution of one hundred scorcs of

cach fornm of each test. TFor example, the one hvundred scores on fomn one

m‘
Q
0
=t
Q
=
1t
"\

<

Q
F

of the Aiming tect uere selected, the wmeon and standand dev
and for esch student, his rav score on forw one was transformed o a standond

score based on this distribution. Then, fox each of the six tests a ver-

ebility index for cach student was computed, along with a mean indes, based

ke

the “twenty standard scores., .. seventh variance and mean index vere cal-

culzted for each student, based on all one hundred and twenty of the scores.

fhus, for euch student six varience indices and siz meen indices bosed

on Taw scores were availeble, and seven variance indices and sevon mean in-
dicez vere available based on stondard scores.

Th~ consistency of the variability index was revealed by what corresponds
to an odd/even reliability coefficient. The scores on each of the fen od
numbered forms were used to provide a variance and a wean and the scores
on cach of the ten cven numbered fowns providec comparaﬁle indices. On each
test, each subject had two veriance indices and two wean indices and in ench
instance, the correlation was caleulated belwecen the even numbered for: aad
the odd numbered Torm indices. The enalysis wasg done first using row scores
and then stendard scores.

The correlslion coefficients thon wore calculated between the vericnce
indices on the six tests, Tivnt using the indices based on raw scoves ~nd
then the indicos based on standord scoras. The wmean indices wire annlyzed

similarly.
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Regulis

Reliability of Indices.

e}

on o083 wmmbered and cven wmusbored fomma, usling pev soorad. Tebleo

aimilor infornaetion beoed on stand apd scores and includes inlonms

the total score, which consists of the sum of the standard ceores

sir teste. The btest scores are relisble, as shoun by the noot

.96 to .99.

tions which renge from

nshle 1 shows the covrelations hetucen vartenee end nean indices based

2 precento

TLOT on

score cervelo-—

fwo of the variance indices, one based on Airming and the othee on

Wurber Tacility, show relatively high consistoncy; two, Percepbual Speed

and Speed of Closure, provide corce s bion coefficients dn the mid-

firties.

Visvelizaltion provides the lowost reliabllity coofficient, .25. wThe totel

varisnce index provides a corrclation of .89, sufgesting uhnt iha

is, it is an index that can be ohtained rather consistently.
b v

These estimates of reliability arc based on ten scores.

the Spearman-Brown pronhecy Lformula, roliebility estimates of the

bility index based on twenty scores ave: Alming, .91
< 3 b

Closune, »5H8; Number Fecility, 893 Perceptual Speed, 713 Snpeed

J73: and Visuvalizetion, .40. One c=n conclude that on Adwing and

Freility verdsbility within persons tends to be retarkably consiu

consiatency of varicbhility is fownd on all other tests

-

fhe cuthor (Bewdic, 1961), in a previous study, observed thoe

bility of & similar voriunce wousure baged on ten sub-sconres ol a

nabics ochy Phe proliability coefficients for variou

Flexibility

'-

tever This

‘hen we vse

veria-

y of

of Closure,
Fomber

Ltent and

W GTOUNS
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Tusert Teble 1 abouvt here

o

Tncert Toable 2 about hore

in thot study renged about .90, Uslog a someviat similar wethod of anelysoes

of veried repecated personalily assessmont data, Piske (1957) reported odé/
even reliabilities extending Irom 46 to .96, His results also suggected
thet the extent of consistency of a pewson's variebility depended in part
on the task or instrument used.

Relationships between Veriance Incices.

Pzble % shows the intercorrelations between the six variance indices
based on ¥é§ scores end Teble 4 similer dintercorrelations of the seven in-
dices, including the total variance index, based on standard scores. in
Moble 3, of the fiftecn correlations, four were significant beyond the .OL
level of probability, one between the .05 and. .01 level. The variances fox
Aiming and Nusber Facility correlated .47, bebwecen Aiming and Speed ol
Closure, .28, between Spoed of Closure and Wumbor Facility, .22, and be-
tueen Fumber Facility and Visuelization, «27. The highest intercorrelation
vas found betuvecn the two variance indices having the bichest reliability
and the intercorrelations must be cxamined in light of the relisbilities
of the variance indices.

Using the uncorrected relisbilities based on tho o4d and cven numbered

le)

Torus, and coxrectbing the inter-test veriance correlatious for attenuuiion

(unroliability), the correlotion betwoen the varisnces Lox Adwing and,
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Number Pocility increwces Lfrow A7 o D8, betueen Aiming and Specd of
Glosure from 28 4o AL, betwesn Fuwber Facility and Speed of Closure Lo
22 o 3%, between Buwber Facility and Tisualizalion Trom .27 to .60.
Mheoe correlations sugeest thet soue of the observed independence betwecn

03

the veriances is duwe bo the uarelia hilities of the variznce indice:s.

Insert Teble 3 about here
!

rties  Gmeaire -

Insert Wtblc A&

a

bout here

—

~vne -

Mhe religbility coefficicnts themselves are minimun estbimates and one
can coreect them as we have done before by wpplying the Spearman-Brovn
prophecy formula. Unlimited corractions of this sowt to statistical detn

-

lezd to a morass of daifficulty, parti cu1“17y vhen one is concerneé witn
prediction, but iu this instance we are concerncd with arpiving atv sone

estinate as to relaticnships between variences, and these chould be based

on the best relizbility estimetsc, Table D shows the intercorrelations

of veriauce inlices, where the corrslations are corrected for atlenuatiocn

and the relisdility coefficients uc a2d have bezen corcectad with the Spenm

Brown provhecy foriuwls. This table sives an optimel.estimnte of the relo-

Recognizing the questionadle asswaptions that hove to bhe wade yith
these two corrections enbturing ivta the confiicionts, the tuble reveols
that the varianse on coch of the tests ids tn some cxtont releted o whe
ecats. The variance index on Iunbern

veniance on ong or more of the other +

Tacility is simnificently corvelated with the index of cach of thoobher

K]

-
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Insert Tuble 5 aboul here
ive tests. The variznces on Flexibility of Closure and Speed of Cleosure

are related to varionces on four of the other five teste, Perceptunl Speed
variance is correlated to three of the other indices, and two of the coelfi-
cients arc negative, and Aiwing and Visuvalizeiion variances each are correlated
with two of the other variance indicecu. The Aiminzg and Humber Indices have

the hirhest reliabilities, are the most highly inter-correlated, and the
Iumber Facility index is significantly related with each other index, although
the correlations are small. The best indicsotion of the variance domain may

be provided by the Humber Facility and Aiming tests.
O

Discussion

These fesults sugzest that intra;individual varirbility is not specilic
to ecch task and neither is there a stronzly generalized characteristic of
variability that extends ovex & broad varviety of tasks., Rather, the con-
clugion is that the varizbility of a person on onz task is somewhat related
to his veriability on cerbain othce tasks end if one is To speak of such
variability for a person, one must specify the tasks on which statements
are based. If wore reliable means can be developed for observing intro-
individusl variability, better defined clusters of tasks way appear but at
present from among the tusks observed here the tasks neasured by the Admine
and Kumher Facility tests provide the best indicators of varisbility.

The interprelation of these findings depends ou other observations and
analyses. A series of analyses ol vorionce revealed that the test forms

are not equivalent ond also thet a siguificant practice ox leaming effect

PP PP Py 1 s Sy S
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was present insofar as on all six of the tests daily wean scores for the

group tended to increase Lrom the bejiuning to the end of the experiment,

On five of the tosts thore was no evidence that the time of day of testing

yas welated o meon scoses oﬁ“the tests, but on the sixth test there wos
this

some suvegestion thativelationship misht oxist.

Tiske roised the question regarding the relationship between the Vo
1sbility infex and tho value of the mean. The corrclations between the var-
iance index and mean index for each of thz tests here were: A .41, FO .55,
NP .30, PS -.26, SC .57, V .03, Tive of thc coclflicients are significent;
Three are positive and moderaﬁgly hich; onc is negative. Examination of
two of the bivariate distribuiions provided no evidence thal the voriesnce
indices were restricted at the low and high ends of the distributions of
mean indices znd the relationships apoecared rectilinecar. The fact that per-
sons with high scores tended to be wore variable provides some support Lor
the hypothesis that varisbility extends the opportunity fox the development
of adaptive behavior.

The questionnaires completed by the subjects at the end of thg cxpexi-

mont suggestod that they vere well motiveted throughout the experimen and
eighty-thece percenl of them reported thel they consistently put forih all
of their effort in doing as well as they covld, MNinety-tuo percent of then
reported that they were able to work on these tesus wach more effective?y
on some days than they covld ou othnrs. Eighty-eight percent reported thot
on the whole they enjoyed taking the tests. The test they enjoyed lezst

was the Alwing tost and the test they enjoyed next leost was the Humber

Tacility test, the two that provided the best variance indices.
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Tomediately after the lost foxm of the last lest was administered,
the students responded to an open endel question asking what toey thovght
the real purpose of the experiment vas. Thirty-three percent provided the
explanation given at the beginning of the experiment, that was, to compare
technology students to other students. Fighteen percent of the students
reported that their perception of the purpose of The exparinent ves reloted
to the consistency of behavior. Other weported pvrposes releted o Sescrib-
ing tbeclmology students, learning and improverent, movivation, and eye
movements. Only four stulents reported that they did nof know what the pur-
pose of the experiﬁent vas. A&t the end of the quosvlonnaire, students were

presented with a check list of five items pertaining to the purpose of the

experiment., In responding to this list, fifty-scven percent of the subjects

checked the item, "The experiment was concerned with the consistency of ny
test behavior!, thirty-three responded that the purpose was, "To determine
how well I did on these tests in relation to my fellow students also teking
the tests." These Figures suggest that & reasonsbly large proportion of
the subjects had some realization that the experiment was concerned with
the consistency of behavior bul there was nothing to indicate that the sub-
jects for the most part were strongly wotiveted to behave consistently.

A supplementory analysis suggested that the incices of intra-individual
variability vsed here are related to the predictability of students' ace-
demic behavior. Tor example, groups divided cn the basis of the total

varience index derived from the twenty forms of all of the six tests
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(120 scores), inlo high and low variability groups did differ in predicto-
bility. The average ervor of grade point prediction for the high variabil-
ity group was .28, for the low variability group .009, a difference sta-

tistically significant betwsen the 01 and .05 levels.

Conclusions

Large and significant Aifferences are found among individuals in their
variability of behavior over tiwe. For example, one subject had a mean
score of 4% for she twenty foriis of the Wuwber Facility test, with a standand
deviation of 1.75, and another subject with the sawe mean score had a standard
deviation of 4.07. Oa cach test large individusl differences are found in
variability over time.

The celiability with which these differences can be observed varies
from task to task and the two tasks providiang the mogt consistent variance
index were the Aiming and Nuwmber Facility tasks. These were the two tasks
that placed the students under the most stress insofar as they were the tw
least preferred by the subjects.

Vorisbility over tinme on some tasks is related to variebility on other
tasks, but these relationships are no wore than moderate, even taking into
accovnt the relative inadequecies of the means of observstion, and the

highest correlation between any tuo of the vurience indices was only chout

If an esgily observable variability churacteristic hzd been idenwilied

extonding over the six tests, onc would face a difficult problem rcleted to
the highly specded natore of the six tests. One thon would heve to devex-

mine the extent to which such o geaeraliuzed intre-individnal veriobility

wos related to variability in speed performnnce, rather than to varicbility
’




over different tosls. The relat

ohserved here well nicht be due

=
=
g
[}
[t
ns
o)
e} A)
5
ot

izing all of ;
thot to sove extent the speed wi
consistent intra~individual vari
Hovever, all of the tssks were s
iability were primsrily
grerter consistbancy among

The obtaincd results sugmes
Pacility, can

Aining and Huaber

veriability. The next ¢aestion

these individuel differencess in

Janvavy, 1768

and one wizht be justified

e functli

PR ——,

- 17 -
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on Variance Index and Mean Raw Score Based on Ten 04d Numberes Forms

and Ten Even Numbered Foras of Bach of Six RPY Tests

Correlations for 100 University of Minnesota Institule of Techmology Freshueun

i
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211 correlations significant beyond .01 level except onésignificant between .01 and .05.
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Inicrcorrelations Between the Six "Wariance® Indices (Using Raw Scores)
for 100 University of Minuesota Institute of Technology Freshmen

Bach Paking Tuenty Forums of Each of Six RPM Tests.

IC HEF o SC Vv Mean b t))
Aiming (4) -.02 47,01 .28¥ 01 202,04 167.42
Flexibility of Closure (FC) A7 -5 .16 2%k 19,09 £.45
Number Focility (NF) -8 .22% L27%% 26,58 25.11
Perceptual Speed (PS) 14 -.01 38.11  21.34
Speed of Closure (SC) .06 58.45 25.68
Vi-ualization (V) C 41.59 18.25

* P <05

¥ P K01
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Table 4

Intercorrelations Detween the Seven "Variance" Indices (Using T Scores)
for 100 University of Mimesota Iunstitute of Technology Freshmen
Each Teking Twenty Forms of Bach of Six RPM Tests

(Also Included is the "Total Variance" Index).

FC N PS SC v ™ Meen S
Aiming (&) 00 J49%E -,06 .25%% ,05 A2%%  44.89 36,62

Flexibility of Closure (FC) 14 -,10 ,22% 2T7¥% 15 40.84 19.2H

Number Fucility (NF) -.18  ,20% 32k 50%% 18,23 18.38 %
Perceptusl Speed (PS) -01L .03 =-.03  39.15 28,02 ;
Speed of Closure (SC) .03 21% 54,60 25.26

Visuvalization (V) 28%% 35,76 16,97 1
Total Variznce (TV) 64.69 25.97 |

¥ P &05

*¥* P 01
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E
Using Spearman-Brown Corrected Relisbility Coelficicute.
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T i FS 50 v
Aimine (L -.03% 5% .01 .35 .02

r Flexikility of Closure (¥7) 24, —-2% 25 NY

Fuheyr Facility (HF) -.23 .28 45
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Intra-individual Temporal Variability
and Predictabiiity(l)
Ralph F, Berdie
Office of the Dean of Students

University of Minnesota

Although the assumption that behavior is predicatable does not require
that behavior be consistent, consistency of behavior may facilitate its
predictability. If some person's behaviors are more consistent than those
of other persons, they may be wore predictable. If one person leaves his
apartment for work every worning exactly at eight o'clock, and another
person's time of departure varies widely between seven~-thirty and eight-
thirty, then predictions regarding when the men would return from lunch,
based on the time they left for lunch, presumedly might be more accurate
for the former than the latter individual. Persous whose habits are regu-
lar, or whose behavior is consistent over time, may be the most predictable.,
An informative review of the research on predictability has been presented
by Tolbert (1966). Fiske and Maddi (1961) discuss in detail the concepts

of variability.
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Only suggestive evidence pertains to the relationships between con-
sistency and predictability and two studies provide some insight. This
guthor (Berdie, 1961) reported that the correlations between college apti-
tude test score and first quarter college grade point average were .70
for a group of students with little variability shown on responses 1o a
mathematics test and .44 for a matched group with high variability. DMost
of the analyses in that study provided results that failed to attain sta-
tistical significance, but the results were consistent and the conclusion
was that intra-individual differences in variability were perhaps related
to.predictability. A later duplication of this study with somewhat similar
methods provided no confirmation.

A more recent unpublished study by Arvey showed that 200 college
students could be divided into two groups on the basis of the variability
of their high %chool grades. The correlation between predicted college
grade point average based on test scores and high school rank, and obtained
grade point average for the most variable group was .10, for the least
variable group .69. Similar correlations based on an independent cross-
validation sample were .23 end .74. Individuals whose behavior was more
variable in high school were less predictable in college and intra-individual
variability was regarded as a practical moderator variable. (Saunders, 1956)

The use of a moderator variable in prediction depends on the pur-
poses of prediction and the situation. Sex often is & moderator variable
and academic prediction for girls tend to be more accurate than for boys
(Seashore, 1962). A multiple correlation between first year grades and three
predictors vas 46 for men and 57 for women in the University of Minnesota

Arts College., For the total group, R = .52. Although the moderator.variable




-3 -

could provide better predictive efficiency for one group, it really did not
contribute to selection for the total group. For predictive purposes in
advising and counseling, hovever, it did effect probability statements, and
it did provide incentive for further analysis of the prediction process.

If the classification of persons on the basig of their consistency of
performance is to aid in improving predictions for sub-groups of these per-
sons, then the question of the generalizability of such consistency becomes
important. To what extent can consistency of behavior be regarded as a
trait vhich characterizes the individual?

Using seven intra-individual variability indices based on six testis,
the author (Berdie, 1967) found that the intercorrelations between the in-
dices ranged from -.18 to .49. Of the fifteen correlations between variance
indices of the six tests, five attained statistical ;ignificance beyond the
.05 level and tﬁe variance indices for five of the tests were significantly
correlated with the variance index of at least one of the other tests. For
one test the variance index was not correlated with the index of any of the
other tests. On these six repeated psychological measurements, the evidence
suggested that consistency of behavior is not highly specific to each task,
but also tbat currently one cannot conclude that a highly generalized consis-
tency of behavior is observable over several tasks.

Arvey observed that ths correlations between variance estimates of
high school grades in six subject watter areas, including a total variance,
ranged from .04 to .34. Of the fifteen intercorrelations, including the
part-whole correlations, nine were statistically significanﬁ behond the .05

level. These results suggested that persons whosz grades are variable in
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high school in one subject tend to obtain variable grades in other subjects
but the relationships are low and reflect no easily observed generalized
variability trait.

Before one can study the usefulness of indices of intra-individual
variability as moderator variables to improve prediction, the behavior or
behaviors on which the variability indices are to be based must be selected.
The present research was concerned first, with the identification of appro-
priate variébility indices, and secondly, +ith the relationships between
these indices and predictability of academic behavior. The first concern
is discussed elsewhere (Berdie, 1967). The purpose of this report is to
describe the methods explored in studying relationships between variability

and predictability and present the evidence revealed.

Method

Subjects

The subjects were Institute of Techmnology freshmen entering the Uni~
versity of Minnesota in the Fall of 1966, All freshmen were told of the
possibility of participating in the experiment end subjects were selected
from volunteers on the basis'of class schedule, proximity to campus, and
availability of data. The subjects tended to be somewhat superior academ-
ically to the total entering class becguse the experiment was conducted
during the second academic quarter and included only students who survived
the first quarter. These students were a representative group of bright
college students motivaied to earn forty dollars by participating in an

experiment that would cause them no stress or discomfort.
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Tasks Providing a Basis for Inferring Intra-indvidual Variability

Subjects were classified in terms of intra-individual variability on
the basis of their performance on six of the brief, highly speeded, Repeti-
tive Psychometric Measures developed by Moran and Mefferd (1959). These
are relatively pure factorial tasks frequently described in the factor
analytic literature.

The Aiming test (A) consists of fifteen rows each containing twenty
circles connected sequentially by aAline. The subject places the test
on a piece of corregated paper and punches holes inside as many circles as
possible without touching the circle. Subjects used a stylus consisting
of a pencil sized piece of wood with a thin metal point. The Flexibility
of Closure test (FC) requires the subject to copy thirty~-six geometric
figures into matrices of dots. The task,'as described by the authors, is
to retain the image of a specified configuration despite the influence of

other distracting configvurations in the perceptual field. The Number Fa-

cility test (NF) consists of ninety problems each requiring the éddition
of three two digit numbers.

The Perceptual Speed test (PS) consists of rows of thirty digits with
a digit in the left hand column of each row encivcled and the task is to
cross out every digit in the row similar to the encircled digit. The time
limit specified by Moran and Mefferd for this test is two and one half
ninutes but early experience suggested that too many subjects completed the
test with this time limit and the time limit was reduced to one and one half

minutes,
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The Speed of Closure test (sC) measures the ability to unify an appar-
entiy disparate perceptﬁal field into a single percept. Each form consists
of twenty-two lines and each one has letters in it apparently arranged at
random but containing from two to four four-letter words which are to be
encircled. The final test, Visualization (V) cousists of tangled lines which
must be followed visuvally from their start to their finish.

For each of these tests Moran and Mefferd developed twenty different
forms so that the forms would be equivalent. Later research indicated that
for five of the six tests the alternate forms were reliably cifferent (Moran,
Kimble, and Mefferd, 1964) and correction factors were provided for the twenty
alternate forms of the five tests., These correction Jactors were not used
in this study in light of the experimental design employed.,

Moran and Mefferd reported reliability coefficients, based on correla-
tions between form one and form two, for the six tests ranging from 72 to
.94, For each of the one hundred subjects included in the present research
& score was derived from the odd numbered forms of each test and from the
even numbered forms of each test and the correlations between thes~ scores
ranged from .96 to .99. The tests appeared to be reasonably reliable.,

Moran and MEfferd reported that intercorrelations between the six
tests, using only one form, ranged from .09 to .44. In the present experi-
ment & total score was available for each subject on each test, based on
the twenty forms of the test, and the intercorrelailons between these scores
ranged from .28 to .65, considerably higher than the intercorrelations re-

ported by the original authors. Their correlations were based on scores
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derived from tests requiring from two to five minutes and involved m2asure-
ﬁents of considerable less reliability than characterizing the scores used
here., This raises an interesting question as to the extent to which inter-
correlations found between tests and resulting factor analytic results de-
pend on the length and related reliabilities of the tests included in the
factor analyses. In spite of the higher intercorrelations found here, the
tests appear to be sufficiently independent from one another to justify
their use in this research.

Procedures

The one hundred subjects were divided into five groups and each group
was tested at the same time eaéh day for five days during four successive
veeks. One group was tested at 9:30 a.m., another group at 12:30 noon, and
the three remaining groups tested at later times during the afternoon. Assign-
ments to time periods were based on students' class schedules.

About one fifth of the subjects took form one of the test on the first
day, form two on the second, etc. Another group of subjects took form five
on the first day, form six on the second day, and on the twentieth day took |,
form four. One group of subjects startéd on form nine, another group on
form thirteen, and the final group on form seventeen. Within each time
session studentsvere randouly assigned to sequence groups.

The experimenter read to each group an introductory statement to
explain the purposes of the research. Subjects were told the experiment
was designed to provide comparisons between the psychological characteristics

as measured by these tests of students in technology and science with
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che :acteristics of other students. The tests were administered by a trained

and experienced psychometrist who read the test instructions at the first

session, administered the practice exercises provided by Moran and Mefferd,
and then administered the tests. Testing schedules for each group were
arranged Monday through Friday for four successive weeks and subjects who 1
missed sessions made them up during the fifth week. Over ninety-five per-
cent of the tests were administered to the subjects at the time of day ori- a
ginally scheduled and of the two thousand subject-attendances, 1,924 cccurred
on the day scheduled.

At the completion of the last form of the last test, each subject com-
pleted a questionnaire reportiﬁg his reaction to the tasks and his percep-

tions of the purpose of the experiment. In response to an open-ended ques-

tion, 18 percent of the students reported that they thought that the purpose

of the experiment was related to the consistency of behavior but later,

in responding to a check list containing five items pertaining to the re-
search purpcse, 57 percent checked the item, "The experiment was concerned
with the consistency of umy test behavior." These figures suggested that é

reasonably large proportion of subjects had some realization that the

experiment was concerned with the consistency of behavior but little in-
dicated that the subjects were strowly motivated to behave consistently.
They did report high motivation to perform well, |

The experiument was conductzd in a well isolated sub-basement room with
over~head lights and lamps arranged so that illumination was adequate.
Little distraction occurred. Subjects were seated in the center of the

room in classroom chairs with arm tablets.




Prediction Data

In addition to the one hundred and twenty Repetitive Psychologiczal
Measurement test scores, additional data were available for subjects.
Those included a score on the Minnesota Mathematics test, a score on the
Minnesota Scholastic Aptitude test, high school percentile rank, obtained
Fall quarter grade point average, and predicted Fall quarter grade point
average derived from the mathematics test. From the last two indices a
discrepancy score was obtained by subtracting the obtained grade point
average from the predicted grade point average.

The Minnesota Methematics test was developed as a means for admitving
students to the University of Minnesota Institute of Technology and is a
comprehensive examination covering high school mathematics, with emphasis
on algebra., Correlations between this test and Fall quarter grade point
average range ;iout .50 for groups of freshmen admitted to college on the
basis of information other than this test score. The Fall guarter grade
point average was based on the grades of all courses taken during the first
quarter in the Institute of Technology. Students customarily register for
from three to four courses requiring a total of fifteen to twenty hours
per week of class and laboratory attendance. For the one hundred subjects
the correlation between the Minnesota Mathematics test score and the ob-
tained Fall quarter grade point average was .33 and the results of the ex-

periment must be interpreted in light of the relatively low predictive

“efficiency of this instrument.
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For each student the predicted Fall quarter grade point average was
obtained by using a single variable regression equation based on the mathe-
matics test scores derived from a previous class of Institute of Technology
freshmen. For the one hundred subjects the correlation between the mathe-
matics test score and the predicted Fall quarter grade point average was «84.
The difference between this and a correlation of 1 reflects possible change
in the population and the extent to which error has been incorporated into
the original regression equation. The reliability of the obtained Fall
quarter grade point average can be inferred from the correlation between
obtained Fall quarter grade point average and obtained Winter quarter grade
point average, .70,

Analysis

The twelve thousand Repeated Psychological Measurement tests were -
scored by research assistants; scoring was checked; and when necessary
papers were re-scored. Test scores and other data then were entered on
basic record cards for each student, verified, and then punched and veri-
fied on IBM cards.

For each of the six tests a variability index was computed for each
student. This consisted of the variance (SD2) of the twenty raw scores
derived from the twenty forms of the tests. Then, in order to facilitate
comparisons between tests and to provide a basis‘for obtaining a total
variance index, each raw score was transformed to a standard score, using

& uean equivalent to 50 and a standard deviation equivalent to 10, based
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on the distribution of one hundred scores of each form of each test. To
illustrate this, the mean and standard deviation were calculated for the

one hundred scores on form one of the Aiming test and for each student,

the raw score on form one was transformed to a standard scorz based on this
distribution. Using the standard scores for each of the six tests variabil-
ity indices were computed and a seventh variance index was calculated for
each student, based on all one hundred and twenty standard scores.

The consistency of the variability indices was analyzed and an odd/even
reliability coefficient obtained for each of the six tests and for the
total variance index. The raw scores on each of the ten odd-numbered forms
were used to obtain one variance index and the scores on each of the ten
even-nunbered forms were used to obtain a second index and the correlations
obtained for the six tests were: A .83, FC .41, NF .80, PS5 .55, SC'W
The comparable correlation for the variance index encompassing all 120 standard
scores was +89.

The variance indices based on five of these tests and on the total
score were sufficiently reliable to suggest that these measures of varia-
bility themselves were consistent.

Table 1 presents the intercorrelations befween the six variance indices.,
Six of the fifteen correlations are statistically significant and the var-
jance on five of the tests is related to the variance on at least one other
test. The variances based on the six tests and the total variance, which
provides a part-whole correlation, correlate between -.03 and .49.

&hese intercorrelations suggest that variability over time on some
tasks is related to variability on other tasks, but these relationships
are no more than moderate, even when one considers the reliabilities of the

observations. Intra-individual variability is not specific to each fask
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and neither is there 2 strongly generalized characteristic of variability
that extends over a broad variety of tasks.

These results suggest that at least two of the tasksstudied, Aiming
and Number Facility, and the total variance index, may provide adequate
measures of intra-individual variability.

The mosi{ .comprehensive variance index, and the one with the highest

reliability, was the one based on all one hundred and twenty standard scores.

Although this measure of intra-individual variability encompussing six
different tasks is difficult to interpret because of its heterogeneity,

it does provide one means for testing the hypothesis that intra-individual
variability is relatéd to predictability of behavior.

To test this hypothesis, the mean of each student's one hundred and
twenty standard scores and the variance of these scores were recorded and
the one hundred'subjects were divided into four groups, those with both
the means and the variances below and above the group average, those with
the means below and the variances above the group avefage, and those with
the means above and the variances below the average. Then groups were
recombined so that one group included all of those with mean indices above
the group average, one with mean indices below the group average, one with
variance indices above the group average, and one with variance indices be-
low the group average.

For each of these eight groups statistics were calculated, including:
the means for the mathematics test, the predicted Fall quarter grade point

average, the obtained Fall quarter grade point average, the discrepancy
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between these, the correlations between the mathematics test and obtained
Fall quarter grade point average and predicted grade point average and
obtained grade point average.

Then for the total group of one hundred subjects correlations were
calculated between all of the variaﬁlgs, including the correlations be-
tween the several variance indices and discrepancy between obtained and
predicted grade point average.

Then, in light of the demonstrated interactions between the variance
index and the mean index, the total group of one hundred was divided into
four sub-groups: students with correctly predicted grade point averages,
which were high, those with cérrectly predicted grade point averages which
were low, those whose grade point averages were uncer predicted, and those
whose grade point averages were over predicted. The variance indices on
the six tests were compared for thes2 groups (Hobert & Dunnette, 1967).

Then the group was divided into four other sub-groups consisting of
subjects with both low mean scores and low variance indices on the Aiming
test, those with low mean scores and high variance indices, those with high
mean scores and low variance indices, and those with high mean scores and
high variance indices, and the grade point discrepancies for these groups
were compared.

Then the entire group was divided into two groups, oue with above
average variance indices on the Number Facility test and one with below
average variance indices on this test, and the groups were coupared on the

basis of correlations and means,
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In order to allow for possible effect of size of raw scores on the
tests, another group of students was selected consisting of those who had
mean scores on both the Aiming and Number Facility tests that placed then

within plus and minus one standard deviation of the means for the total

groups and for this group correlations were determined between variance
jndices and other characteristics, including grade point discrepancies.
Next, for each student the coefficient of variation was calculated

on the Number Facility test and comparisons were made of students with

coefficients of variation above the median and those below the median.
These various analyses were designe? to provide information concerniug
the differences in predictability of stu ents with different variability

characteristics.

, Results
Consideration of Variance and Mean Indices
Table 2 shows the characteristics of the cne hundred subjects divided
into eight sub-groups on the basis of individual subject mean and variance
on total score derived from responses to all twenty forms of each of the
six tests. The first group of twenty-seven subjects had a mean standard
score for the one hundred and wwenty tests and a variance of these scores

placing them at or above the group mean average and group mean variance

for the total group of one hundred subjects. The second group had mean

scores above the group average but variance indices below the group aver-
age and the next two groups consist of thirty students with both means and
variances below the group average and twenty-two with means below and var-

iances above the group average. The fifth, the high mean group, consists
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of the firsf and second groups combined, the next group, the low mean group,
of the third and fourth groups combined, the next "high variance" group of
the first and fourth groups combined, and the last "low variance" group of
the second and third groups combined.

The hypothesis, "Subjects who were more variable are less predict-
able" can be tested by looking at ‘the correlations between predictors and
criteria and also by looking at the discrepancies between predicted and
obtained grade point averages. For the low variability group, the eighth
group, the correlation between mathematics test score and the obtained
Fall quarter grade point average was .39, as compared to the correlation
of .28 for the high variability group, group seven. The difference is in
the expected direction but is not statistically significant.

The mean discrepancy between predicted and obtained grade point average
for the low variability group was .0l with a stendard deviation of .63, as
compared to the mean discrepancy of .28, with a standard deviation of .61,
for the high variability group. The "t" for the mean difference was 2.19,
showing that the difference was statistically significant between the pro-
bability levels of .05 and .0l. The discrepancy analysis supports the
hypothesis that persons who have low variability indices will perforin more
as predicted compared with persons with high variability.

The two variability groups were quite similgr on the basis of wean
mathematics test scores and predicted grade point average. The high var-
jability group obtained somewrat better grades on the average than did the

low variability group but the difference was not stetistically significant.
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The correlational comparisons of the four groups divided on the basis
of both variance and means reveal for the groupé with above average mean
indices, that the low variability group is more predictable_than the high
variability group. The correlations between the mathematics test and the
Fall quarter ottained grade point average for the former group was .67,
for the latter group .16. Transformation of these coefficients t6 "zt and
evaluation of the significance of {the difference provide a "{" of 2.08,
significant with & probability between .05 and .0l. Vhen the mean discre- |
pancies between predicted and obtained grade point averages are compared,

014 and .32, the differences are not statistically significant.

PIRra

When the low and high variability groups with below average mean
indices are compared, the correlations are almost identical, 35 and 36,
and the discrepancies .01 and 23, are not statistically significantly
different. Thus, the hypothesis has some support from this analysis but
the resulfs suggest that the hypothesized relationship between variability
and predictability is observable mainly for subjects achieving high mean.
scores on the tasiks from which the variability index is derived.
Intercorrelations of all Variables

Table 1 shows the means, standard deviations, and intercorrelations

for all the variables, with the RPM indices based on standard scores. A
similar table using raw scores revealed essentizally the same relationships.
Obtzined Fall quarter grade point average, the criterion used here, was

substantially correlated with discrepancy between obtained andqpredicted

grade point average and significantly correlated with mean scores oun the
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Aiming, Number Facility, Perceptual Speed, Visualization, and total mean
score on the RPM tests. Obtained Fall quarter grade point average was not
correlated significantly with any of the variance indices.

The GPA discrepancy was correlated .19, with the varisnce index on the
Visualization test, but this was not statistically significant. The dis-
crepancy was correlated with the mean score on three of the six tests and
with the total mean score. The absence of significant correlation bztween
the discrgpancy and the seven variance indices does not lend support to the
geneial hypothesis and in light of the results presented in Table 2, again
suggests that the relationships, if present, are quite complex.

The mean indices are significantly correlated with the variance indices
on five of the six tests and this correlation for the Perceptual Speed test
is moderate end negative. For the total index the correlation between var-
iance and mean is .21, barely significant at the .05 level,

Consideration of Relationship Between Predictor and Criterion

The relationship between predicted and obtained grade point average
and the seven mean and seven variance indices is analyzed in another way
in Table 3. A scatter diagram was prepared showing the relationship be-
tween predicted and obtained grade point averages and the group mean pre-
dicted and group mean obtained averages were determined. The total group
was divided into four sub-groups corresponding to the four quadrants. One
quadrant contained thirty-one subjects with both predicted and obtained

high grade point averages, another contained thirty-six subjects with both

o
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predicted and obtained low grade point averages. One quadrant contained
eighteen subjects whose obtained predicted grade point average was high
and predicted grade point average low, and the forth quadrant contained
the fifteen subjects with high predicted grade point averages and low ob-
tained grade point averages. For each of these groups, Table 3 presents
the wean and standard deviation for each of the seven variance indices and
for each of the seven mean indices. The subjects with the most accurately
made predictions are in the first two groups, the ones with the least accu-
rate predictions in the last two groups. Examination of the average var-
jonce indices shows few consistant or meaningful trends. When one coumbines
the sixty-seven subjects in the two grcips least accurately predicted, the
correct prediction group has the highest mean variance on the Aiming,
Flexibility of Closure, and Number Facility tests and ihe incorrect pre-
diction group Has the highest mean variance on the Perceptual Speed, Speed
of Closure, and Visualization tests. The mean variances for the two
groups on the total measure are practically identical.

On the first three tests the mean variances for the low achievers
who were correctly predicted are higher than those of the other three
groups, but this is not found for the last three tests. When the two

groups with low predicted grade point averages are compared, the group

that achieved according to prediction and t.> group that did better than
predictéd, a difference in the mean variance oa the Aiming test is statis-
tically significant with a probrbility of less than .0l and the variances

also are significantly different for the variance index on this fest but
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this does not appear to fit in with any of the other results. Perhaps if
any differences can be observed in this table, they refer more to differ-
ences between high and low achievers than to differences between corpect
and incorrect predictions.
Consideravion of Mean and Variance Indices on Aiming

Table 4 presents the characteristics of four groups divided on the
basis of variance index and mean index on the Aiming test, using raw
scores. Thirty subjects had both mean and variance indices below the group
meah; eighteén had mean indices Helow and variance indices above the group

means, etc. When the two groups of students with low mean indices are com-

pared, those with low variance and those with high variance indices, the
difference in the mean discrepancies is statictically significant beyond
the .65 jevel with the high varisnce group having the greatest discrepancye
When the two groups with high mean indices are coupared, again the high

variance group has the greatest discrepancy, but the difference is not

| | statistically significent. In Table 2, the statistically significant dif-
ference between the high and low variability groups was found for the groups
with mean indices above the group average; with the Aiming test, the signi-
ficant difference was found for the low mean index group. Again some, but
far from conclusive evidence is available concerning the relationship be-
tween variance and predictability.
Variability on Number Facility

Table 5 shows characteristics of the subjects divided on the basis of

varience index on the Number Facility test. Of the ninety-three subjects
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for vhom complete data were available for this analysis, forty-seven were
in the high variability group and forty-six in the low variability group.
For these two groups correlations between the predictor test and obtained
grade point average were almost identical. The discrepancy between ob-
tained and predicted grade point average was slightly greater for the
variable group than fer the leés variable group, but the difference was not
significant.
Middle Range Subjects

Table 6 shows the characteristics of students who on both the Aiming
and Nuwber Facility tests had mean scores that placed them within plus and
minus one standard deviation for the total group mean. Again no significant
~ correlation appeared between the predicted and obtained grade point average
and the variance indices of these two tests. When the twenty-eight subjects
with lowest variances on the Aiming test were compared with the twenty-
eight subjects with highest variance, the low variability group had the
highest correlations between predicted and obtained grade point average,
a correlation of .58 as compared to a correlation of .40 for the other group.
When the groups were divided on the basis of variability on the Number Fa-
cility test, again the low variance group had the highest correlation, 58,
as compared to the correlaﬁion of .46 for the other group. With groups as
small as these, differences between correlations to be significant would
have to be much larger than one could reasonably expect to obtain so the
results are only mildly suggestive.
Relative Variability

Finally, in order to study the possible effect of the relationships

between the mean and variance indices themselves, the use of the coefficient
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of variation was explored and the results are presented in Table 7.

The ninety-three students for whom complete data were available were
divided on the basis of high and low coefficients of variation on the
Number Facility test. For the variable group the correlatibn between
predicted and obtained grade point average was .26; for the less variable
group .55. The correlation between the Minnesota Scholastic Aptitude
test and grade point average for the variable group was .10, for the less
variable group .35. The correlation between the Minnesota Scholastic Apti-
tude test and high school percentile‘rank, also differed although not sig-
nificantly. The only correlations that differed significantly were those
between the Mathematics test and high school percentile rank, where the
correlation was =.05 for the variable group, +.34 for the less variable
group. Using this variability index the two groups also differed on the
basis of mean Fall quarter grade point average, with the less variable

| group achieving better grades.

Discussion
Answering the question, "Is intra-individuwal variability related to
predictability?" is not easy. The definition and measurement of intra-
individual variability are complex. The.answer to the ques£ion depends
in part on the tasks used anl the derived indices. The function being
predicted makes a difference, and more than one method is available for
observing the accuracy of prediction. On five of the six tasks used here,

the subject's level of performance was significantly related to his variance
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end one of these coefficients was negative. The answer to the question
also depends in part on the segment of the range being observed of the
performance level of the task providing the variance index. Soume of the
evidence suggests that the answer depends in part on the level being con-
sidered of both the predictor variable and the predicted variable. The
results do suggest that predictability of behavior, as defined here, is
influenced to sowe extent by the subject!s intra-individual variability
but that the relatiorship is not a straight-ferward one.

The total variance index based on one hundred and twenty scores is
most difficult to interpret insofar as it consists of twenty scores on
each of six relatively independent ites®s and these are all transformed
to standard scores. Using this complex index of intra-individual varia-
bility, the correlation for the less variable group between the predictor
and the criterion is higher, but not statistically significantly so, than
the correlation ior the variable group. When the mean discrepancies be-
tween predicted and obtained grade point averages are compared for the
high and low variability groups, however, the difference is statistically
significant. In light of this statistically significent difference and in
light of the difference in the correlations being in the expected direction,
the evidence does suggest that this complex variance index is related
somevhat to predictability.

Whereas the correlation between the predictor and predicted variable

appears to be relatively easy itn interpret, the GPA discrepancy ueasure
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is nose Two methods are available for handling the discrepancy: it can
be treated algebraically or arithmetically., Treating it algebraically
pays attention not only to the size of the discrepancy but also to its
direction whereas treating it aritumetically reflects only the size of
the discrepancy and ignore ite direction.

The anlysis in Table 2 was done using both the algebraic and the
absolute discrepancies. Whereas the difference between the two groups on
the algebraic discrepancy was significant, the absolute discrepancies were
the same for the groups. When the two groups with the high means were
considered, the one witﬁ the high variance anl the other with the low
varisnce, the algebraic discrepéncy vas higher for the high variance
group. For the two groups with low mean indices, the low variance group
had the lowest algebraic discrepancy but the highest absolute discrepancy.

If relationships between the algebraic discrepancy and the other var-
jables were curvilinear a more precise picture of the relationship might
be provided by using the absolute or arithmetic discrepancy. These re-
lationships were examined for curvilinearity, and no evidence was observed
suggesting other than rectilinear relationships. At the same time these
observations were made, the relationships between éean and variance indices
were observed and no evidence was found that these were curvilinear,

The difference in correlations shown in Table 2 for the two groups
with high means, as compared to the corresponding difference for the twio

groups with low means, is difficult to explain. For the two groups with




-24 -

high means, the group with high variance had a standard deviation of 8.20
on the Mathematics test and .52 on the criterion CGrade Point Average.

The low variance group had a much smaller standard deviation on the Math-
ematics test, 4.72,and about the same standard deviation on the GPA, .54.
The interaction between the mean value and the variance value apparently
has to be considered.

If the correlations between GPA discrepancy and the seven variance
indices in Table 1 had proved to be statistically significant, the most
easily interpreted evidence concerning the hypothesis would be available,
Obviously, the relationships were not that simple.

The attempt to consider the interaction between the mean index and -
the variance index by using the coefficient of variation provided results
that indicated, although often not significantly, that taking into account
both of the whagures, the less variable group was more predictable. The
coefficient of variability is not a rigorous statistic but within the de-
fined limits of this analysis, the results did suggest that the hypothesis
might well be best tested taking into account measures corresponding both

to the mean and variance indices.

Conclusion
The evidence suggests a relationship between tie variability over time
of a person's behavior on simple tasks and the effectiveness with which his
academic performance can be predicted. The relationship between intra-

individual variability and predictability is complex and the measurement of
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this relationship must consider the subject's level of performance on the
tasks from which the variability indices are derived, the level of perfor-
mance on the predictor and predicted variable, and the method used in de-

termining accuracy of prediction.

T 5

If intra-individunal variability is an effective moderator variable,
accuracy of prediction perhaps can be increased for the least variable
group, but prediction for the variable group will remain inefficient. If
the efficiency of prediction is to be increased for the total group, and
particularly for the group with greater intra-individual variability, then

new prediction models may have to be devised and new predictors or new

criteria studied. ' 4
For example, for the group of persons with high variability, highly

speeded tests may be inappropriate as predictors. For this group a recti-

linear regression model may be inappropriate and the nature of the shape of

the relationship between predictors and criterion may be different., For

i the least variable group, a criterion based on one quarter of academic per-

formance may be appropriate whereas for the group with greater teuwporal

variability, a criterion of academic success based on several semesters of

work may be more appropriate.

Temporal intra-individual variability may prove to be & useful and
neaningful concept but before this can be determined further, more effi-
cient means will be needed for observing such variability. The results

here can be interpreted only as being suggestive. They are promising.

February 5, 1968
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Table 5
Correlations Beiween Predictors and Fall Quarter Grade Point Average for
A
Groups with High and Low Variances on the RPI1 Number Facility Test. |
S T T T TR R T T T T T T I T T T S te s s T e i L T s e T !
Variance Variance ’
above below 1
‘ nedian median
x(%) 41 46
Correlation between Math test and Fall quarter GPA .34 .32
Correlation between ESR and Fall quarter GPA 46 «48 !
Correlation between MSAT and Fall quarter GPA 021 15 '
Correlation between MSAT and HSR 33 «26
Correlation between Math t2st and HSR «26 .07
© Math test mean 31,62 53,07
SD 5.88 8.53
y HSR mean 85.91 89.41
, MSAT mean 54.43 55.15
SD 11.09 12,02
GPA mean 2.41 2.36
3 SD .67 .70
: Discrepancy between pre-
! dicted and obtained GPA mean 23 14
S D .64 63
(1)4isR and MSA available for only 93 of 100 subjects.
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Table 6

Relationships Between Variance and Predictability for 56 Subjects

in Middle Ability Range.(l)

e e e et e T e e ——m | ——— S o i me Gt SN | S b 8 et mm e B L S S | v st~ S @ Gmamn®

Correlation between discrepancy between predicted and obtainead
Fall quarter GPA and variance on Aiming test
r = "‘002

Correlation between discrepancy between predicted and obtained
Fall quarter GPA and variance on Number Facility test
r = 002

Correlation between above two variances
r = "003

Correlation between predicted and obtained Fall quarter GPA
r = 051

Correlation between predicted and obtained GPA for 28 subjects
with lowest variance on Aiming test
r = 058

Correlation between predicted and obtained GPA for 28 subjects
with highest variance on Aiming test
r = 040

Correlation between predicted a:iud obtained GPA for 28 subjects
with lowest variance on Number Facility test

r = 058

Correlation between predicted and obtained GPA for 28 subjects
with highest variance on Number Facility test

r= 046

T —

GWT Tt B G e e b ST e gy e 0 Qe+ Smmpamd |+ AR s omm -

(1)These subjects had mean scores on both Aiming and Number
Facility tests that placed them within I 5.0, of the means
for total group.
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Table 7

Comparisons of Subjects Divided into Two Groups, Thoce Above and Those Below the

Median Coefficient of Variation on the Number Facility Teste

(=95")
S
g e S B S A SR
v Low coefficient of High coefficient of
: variation group variation group
| . N=45 N=47
Mezn SD Mean SD
Minnesota lMath test 33,65 ‘7.88 31,04 6.53
Predicted Fall quarter GPA 2.26 37 2.14 «34
Obtained Fall quarter G2A 2.49 «53 2.28 +80
Difference between predicted and obtained . «23 45 13 .8
‘ High school rank 88.89  8.88 86.43  9.94
MSAT 54.17 10.55 * 5538 12445
Correlated variables
; Minn. Math test and Fall quarter GPA 46 «20
E Predicted and obtained Fall quarter GPA 55 «26
i High school ran& and Fall quarter GPA +48 41
MSAT and Fall quarter GPA 35 .10
MMT and Winter quarter GPA 34 .19
High school rank and Winter GPA «26 52
MSAT and Winter quarter GPA 13 13 >
Fall quarter and Winter guarter GPA .63 .73
. MSAT and HSR e42 22
{ MMT and HSR o347 -.05
S — I— | e e i
1High School Rank and MSAT score available for enly 93 subjects.
¥ P <.05




