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I coaputer:Idisplayed 3-D tic -tac -toe gale was used to

investigate adult 'perceptual biases An dealing with diagonal line
orientations. Also investigated wasithe interaction between prior
spatial ability and the effects of explicit Visual modeling and

.
structured practice on performance. Results indicated a strong
selective difficulty in dealing, with-3,-dimensional diagonals. Spatial
ability interacted with explicitness of instruction to produce
differential effects that varied over trials. For high spatials,
explicii.modeling facilitated initial performance, .while structured 1
practice resulted'in the most - improvement over trials. These results
are tiscussed.in terns of instructional theory and implicatiOns for,
trait i treataent research. (Author)

7

************************************** **0**********i******************
* . Reproductions supplied byEDRS are the best-that-can be made *

* , . \\. froe the original document. *

, *****4!*****************************************************************
.

/

Co,

7'



3V-

U S DEPARTMENT OF HEALTH,
EDUCATION & WELFARE
NATIONAL INSTITUTE OF

EDUCATION

'HIS DOCUMENT HAS BEEN REPRO-
DUCED EXACTLY AS RECEIVED FROM
THE PERSON OR ORGANIZATION ORIGIN
ATiNG IT POINTS OF VIEW-DR OPINIONS
STATED 00 NOT NECESSARILY REPRE
SENT OFFICIAL NATIONAL INSTITUTE OF
EDUCATION POSITION OR POLICY

'PERMISSIQN TO REPRODUCE THIS
M ERIAE, HAS BEEN G ANTED BY.A

TO THE EDUCATIONAL RESOURCES

INFORMATION CENTER (ERIC) AND
THE ERIC SYSTEM CONTRACTORS

111

DIAGONALITY IN ADULTS
AND THE INTERACTION BETWEEN SPATIAL ABILITY

. AND EXPLICITNESS OF INSTRUCTION

Peter A. Lucas
Corn411 University

Francis J. Di Vesta
The Pennsylvania State University

4

Paper presented at the annual' meeting of the
American Educational Research Association, Toronto,'

March, 1978 j

Requests for reprints should be sent to Peter A. lucas, Depai.tment
Df.Education, Stone Hall, Cornell University, Ithaca, NY 14853.



It is increasingly coMmon for cognitive theoripts to assume -

an:intimate relationship among the 'processes of perceiving,

knowing, and performing. The assumption 'that one Ilearns abgut the

world by means of actions perfarmed upon it i central to many

theories, of knowledge acquisItrOn. Piaget (1971) sees the process

as one of internalizing actions and imitations into corresponding
internal counterparts. Other theoriSts(e.g., Olson & 'Bruner,'

. 19701 see actions as serving to confront the learner with the

re ,yant , choices in performing task and thus proVide the,

o casion for the pickup of information pertinent to those choices.

As Olson .(e.g., 1976) has pointed out, this ,inforMation can be

thought, of as being of two kinds: information about the world

(which Olson terms "knowledge") and information'about the actions

themselves (1'sicills4'). While the same "knowledge" may be' obtained
from a wide variety of experiences, Olson suggests that "skills"

may refleci the structure of the particular domain or medium

through which learning takes place.
This notion of "skills" is conceptually- attractive, but .

requires considerable 'elaboration to be 'useful as a psychological

consfruct. It is a plausible hypothesis that "spatial ability" as

.
measured by paper and pencil -tests requiring the mental

manipulation of spatial layOuts ah objects may reflect internal

schematic operations of.wide generality which may be considered as

an example of "skills" in Olson's,sensei SuCh a view . finds

considerable support from the literature on "mental -rotations"
(e.g., Metzler & Shepard, 1974),particOlarly given the similarity.
of the tasks-employed in those experiments with items found ,-on

many tests purported to measure "spatiality". An understanding of

the processes by which such cognitive skills are cultivated would
be an-important component of a theory of instruction.

Salomon (1974) has- reported a series of experiments designed

J-- to test the hypothesis' that ,speciftc' schematic operations

/ corresponding to spatial manipulations of objects can be acqulred

. via exposure to analogous operations depicted in motion pictures.

Salomon Wad eighth and ninth grade students view films or .slides

depicting .such operations as "zooming-in" on details and Ole .

TayiDg-out of. 'solid objects. Subjects were also pre- /anclN

post-tested on relevant aptitudes to determine the effect&ve(ness

,of'th-e treatments; An additional
lk
hypothesis' Wes that explicitness

of pre%entation would interact with aptitude scores such that ,

lest skillful children would benefit most from the

explicit modeling while those already possessing relevant

aptitudes would benefit most from opportunities to "activate"'

°these skills. This latter prediction follows from the argument

that the 'presentation of ready-made schematic' mediatotrs might

Tntei;fere with the performance of learners who already possess

. different but equally efficient mediaWs--and indeed, cases have .-
.

' been found in which the presentation of. explicit ,mediators has

resulted Jr' interference (e.g.,1Bruneri 1961): II(

4 -.To test this latter hypothesis, Salomon presented the filmic

operbtipni at three levels of explicitness: modeling, short

circUit and activation. En the..imodeling condition, participants

4
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vjeiied. filmS depicting the gradual, zooming -in on or laying-out of

objects, and were thus exposed to the fully explicit operatiqns.
In the short circuit conditjbn, slides were presented showing Only
the initial and terminal states of.,the operatioff. Finally,-,7in the

activation condition, only the initial state was-presented along

with instructions to perform the operation.
,Salomo's results strongly confirmed both hypotheses. The

studies shOwed that at leasttWokinds of covert skills can- be

successfully modeled ,from film. Moreover, it was shown that

learners -with low rel-evarft giotitudes benefited most from such

modeling and that initially' high performers are actually hinder,ed.

f
Thus,, SalomonNponcludes that

Educationally 5peakint, what our studig,g hint at' is that
certain mental skil-lsmay be adopted-from communications

media and thus be used to expandone's range of covert

skills. The question, then, is not whether this is a

"better" mode of instruction, but Whether one can use :

visual media not just to; acquire ,"knowledge that" but

also'"knowledge how to:'; pal-ticularly for those Learners
who.appeato have difficulty,with other and more common
tyles of instruction. (1974, p.511)

.
.

The. present sttdy ws .intended, in part, to extend Salomon's

trait 'by' treatment effect by manipulating explicitness of

instruction in a somewhat-more complex task Srtuatkon. The task

chosen fo.r this purpose was a 3-dimensional tirtac-toe game .

Played on a 4x4x4-position cube- shaped "board" displayed as a .

computer - generated image on a CRT screen. This'tesk was chosen

for two reasons. Fixst, it seemed likely that modelable .

perceptual-schematic operations ofthe Itype discussed above olayed

an important role in the skilled performance of the task, 0 Under

the particular experimental conditions employed (described below),,.f,

it as hoped that subjects' performance would largely reflect the

ability to perform such operations. a

The second reason for choosing the 3-0 tic-tac-toe to was

that an _interesting analogy can be .drawn between it and the taspkg, .°

employed by Olson (1970) in his well-known :studie of - the,

acquisition of "diagonality" Pn children. In these studies, Olsog

demonstrated and attempted to account for the fact that yOueng

children; at an age at which they seem to have ho tr'Outle

"understanding" the concept of a. diagonal, nonetheless are often ....

incapable of copying a diagonal pattern of checkeri fr4M or

checkerboard to another even when the pattern being copied

always available for their inspection. This, is true despite",the:-

fact that the same childrep have no difficulty performing Ahe c,

with vertical Or hoilzontaVipatterns.
. ,

The explanation foe this phenomenon offered by Olson followS' ,-

Idiectly from the view that the acquisition of the'skills rt)eyant

to performance in a given domain. is a consequence Of/performatory

attempts in that domain. It further folloWs that ttfe 6TeceptUal

skills one cultivates in a given performatory domain are biased by
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the actions that one performs. In the case of an organism which

locomotes and maintains orientation' in 'the environment largely on

the basis of visual information, Olson argues that it is

reasonable to expect such invariant topological features as

edgedness and proxirriity to exhibit perceptual primacy,_ over

features like slant, which. do not maintain s.tmple constancies

under locomotion.
Applying these arguments to an analysis of the diagonality

task, Olson postulates an Ordering of difficulty, with verticals

and horizontals being easier then diagonals. This is becayse

dealing with the former involves the use of such perceptuaAly

primary topological features as edgedness, proxinity.of ,elpments
to each other, and paraVlelness to the reference axis defined by

the checkerboard. Dealing with diagonals, however, requires the

use of perceptually more complex "euclidean" cues such as "up and

6 the right," etc.
Returning now to the present experiment, it was reasoned that

if Olson's analysis is correct, then the sam,' ordering of

difficulty as a f,unction..Of line orientation shoutd.be manifest in

the 3-D tic-tac-toe'task. Specifically, vertical and horizontal

.configurations should be, easiest, with diagonals more difficult

Furthermore, the 3-D task allows a'further distinction between

"plahe Alagonals" (i,e., .those that lie on a plane parallel to one

of the sides of the playing cube), and "3-D diagonals" (those,

which lie on no such plane), The latter orientations (of which'

there were four in the game cube) are,,sq to speak,,. "the most'

diagonal' of all" in the sense of being least disc'iminable on the

basis of topological cues, and should therefore be even more

difficult than the plane diagonals.
Finally, it seemed plausible that, given suitably

-unfathiliar-performatory domain and'an appropriate task, apne should

-be,; able to demonstrate the.,diagonality,effect even, using normal

adult subjects. This requirement for pnfathiliarity accounts for

our decision to employ the 3-D computer graphics display in the

experiment
4

In summary, the hypotheses of the experiments were that Cl),

explicitness of instruction would interact with, prior relevant

spatial'abilies such that initially lowerrsCoring subjects would

benefit most from explicit visual modeling, and higher sPaiials

from an opportunity for appropriateli structured .practice; and (2)

task performance would reflect an ordering of difficulty based on

orientation, iai horizontal,and vertical' configurations being

easiest, plane i gonals intermediate, and 3-D diagonals. most

difficult.

METHOD

Performance Tasic.
',The version of tic-tac-toe used as the experimental task was

played on acube-shaped "board" with each edge of the cube being

,',four marker locations long. Thus, play took place within a 4x4x4

5
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matrix of positions where "k's" or "0's" could be pl.;ced--yielding

, -a total of 64 play positions. The rules of the game are basically. c,

simijar- to those 'of standard tic-tac-toe, i.e., the goal is to

place four. markers in a straight line in' any direction while
preventing the opponent from _doing the same. '. ,

The playing cube was presented on a computer-driven C.R.T.

screen as a , 2-dimensional projection. , Each of the 64

play-positions"4,.was represented as a small dot, any one of wl9ich

could be selected by the player by means.:of a' light pen. Since .,

the 2-D image represented a parallel projection of the 3 -D cube
and no perspective or othdr such cues to depth were availabl e, the

image was completely ambiguous as to front and back.and isomeric

Neck r cube-type reversals were possible.% Nevertheless,* the
disp ay produced a strong usion of depthan effect which was
enhanced even further by the players' ability to rotate the image.

. This rotation W4'S prod4ced by a spring-loaded J'joysti-Ce. which
could, be moved _in two directions, controlling the rate ofFrotation

Of the image on .the screen around both the vertical', (Y) and

. horizontal (X) axes, Moving the 'joystick to the left'. or right
produced ,a corresponding rotation around the Y axis and moving it
foreward orrbackward caused a similar rotation around X. When the

' handle was in, the neutral center position the mage 'was
motionless. The- _computer' diiplay was' updated at a rate. of 40 - 1,

frames/sec thus producing a smooth, real-time display with no

. perceptible control lag. The image could be rotated 3607'degrees
around .the, y axis, but In order to maintain .a definite up/down

direction in the image space, the ..X.rotation w limited to plus

or -minus 27 degrees. Typical game ds4lays are illustrated in

.Figure 1.
..,

-
.

..',- To obtain the performance 'measar.es, the computer served' as

. the opponent, using a purely'defensive strategy. Specifically,
,

the algorithm first searched the board' fora vector-of-three of

its own markers. (i.e., a win) and for vectors-of-three of the

player's *markws 'Ca forced block), if'fhese were not found, the

search was continued for several key second - order. patterns,. Suchi

..as the intersection otwo,vectors-of-two (indicating a forced win

dio in two moves), etc. 'if none of these simple patterns was found,

the move 44as selected on a .random basis, thus insuring that the

occurrence of each win - vector was equally likely.
Despite the random nature of the allorithm's offensive game,

the .defense is'extremely effective 'and 'When playing against the

typical .lopponent,- the Machine wins virtually every game. l'hys,

the. measure of Interest is,not the number of games won, but

rather, ' the number 'of moves u'ntil loss and the orientation in the

image space of the computer win-vectors. it,is argued that given

the , random .nature,of the compuster.'s strategyany systematic bias

. toward some ,orientation :would L evidence for the relative

difficulty,in deaLing with vectors-of-three inthose orientations.
y

ApparattO .

With the 'exception of the spatiality pretest, the entire /

experiment was, presented and ,controll'ed '1D-y. an' ADAGE ,AGT-30

'
4,

'
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computer graphics' terminal eqUiliuled with hardware character an

,vector generators, analoi7to-di ital converters, and .a hybrid
array which allows three-dimensional graphic images to 'be
displayed In real time as 2-D projections on the 20 X, 20 inch

vector scan C. ..T. SGreen. Subjects interacted with the Computer
using the joystick and a bank of push-button switches used to make
various`respooses.

Soatialitv Measure
For use, in testing. the individual diferente hypothesrs,: a

measure of thq. participants' ability to imagine ",3- dimensional.

spatial rotations was obtained using the Space' Relation's test

(Form A) of the Differential Aptitude Test battery (Bennett,

Seashore, and Wtsman, 4947). The_ test is a paper ,and pencil

instrument and Invo)ves tht mental unfolding 'of abstract

3-dimensional objects. /he standard time- limit of 25 minutes was
imposed and tfle score used was number right minas number); wrong.
Maximum possible score was 100.

Subiects
.

The 'subjects were 54 male undergraduate students at, The
Pennsylvania' State University. All partiqtpants were enrolled in
introductory, psychology br educational psychology courses. While
participation was voluntaty, most rece-hied course credit fOr their

'participation.. None had prevIdus 'experience in 'similar
experiments 'and all were naive as 'to the purposes of the

expe,iment. -

Only male subjects were use in order to avoid. confounding

1 spatial ability with other sex-linked differences which v)Auld be

:expected to correlate, with that measure (Boqk, '1973p Carron,

1970). In order to'insure nearly equal distribution of spatial
ability, scores in'the three treatment_conditjonv* the subjects

were blocked into th0ee levels of spatiality based on the space',

relations pretest.. The cutofT scores for theiligh and low spati.al

gradris were 68. an& 56 points, 'respectively. Within the three
levels, subjects were assigned randomly to treatment groups. 1'

K

Procedure .

PartitiOation in the experiment consisted of. two. sessions
separated by at least one day: in the firstsession, pa'rticiparits
were administered the Space Rel,Itions'test in accordancewith the

standardized Instructions and procedures (Bennett, 'Seashore; and'

Wesman, 1:947). Subjects' were initially tolj. only that the

.experiment concerned certain aspects of human problem-solving and -

that they were about to begiven a, .measure of theiir ability to

visualize objects, in .space: The test -was administeted

' individually or 4n small grous..
The second sossion of the experiment was run (Verne at the.

ADAGE terminal. The subject was seated at the comp er. console

facing the C(R.T. with the joystick'to hid .right' and the bank of

push-buttons -, to, hcs -left. He was 'told only:to read the .text
presented on 'the screen---allfurther instructions were presented,,

P'1 4:1
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on the screen and read silently by the subject. The experimenter

was seated behind the subject and was. available to answer

questions throughout the session. A complete" text of the en -tire

experimental procedure' may be obtained by writing the first

O

author.
The, first frame explained that the participant, would- soon -.

challenge the computer in a "visual game" but that He must first

fami.liarize himself with the controls. When he finished reading
the frame he:probeeded by pressing one of the buttons. S6bjects

in ,ell conditions were then given two faMtliarization tasks. The

first consisted of playing against the computer in three games of
conventional (2 -D). ti',c-tac-toe. This task was intended to give
practi9e in the.uge of the light pen ancrthe general 'procedures of

the 'lame. In 4he second familiarization taste, subjects were

presented with the cubical !'board" ,on which they would. play 3-D'

tic- tac-toe and were allowed to practice rotating it using the

joystick; thus providing exposure to the ambigulties of the

non-perspective, parallel projection of ttfe cube.

' In order to insure that-any treatment effects were actually

'due to perceptual learning anenot merely to verbal rule learning,
the subject was,then presented with a series of frames 'containing.

def'i'nitions of each possible line orientation followed by a rule

for 'searching for each'. To insure acquisition of this

information, the presentation 'was, followed by five frames which

comprIsed a multiple choice test'of comprehension of the rules

just,preshnted. Each frame presented a. definition and the, subject

was required to IndLca.te which line orientation it described.

.Response vas' made by pushing one of the'push-buttons. If the

subject did ,not receive a criterion score of four V the five

questions correct, the:instructional sequence was reheated up- to

three times,, at which point the experimenter intervened to clarify

the definitions. When criterion was reached, the program. .

proceeded to one of the three experimental treatments.

:Modeling Group.. The subjects assigned to the modeling

condlition were presented with a frame telling them that they were

to Watch as various Incomplete lane orientations were pointed oat

and completed. They were r.eminded to attend to each of the four

possible orientati9ns. The were ,hen presented with a setjes of

.24 patterns representing game si!tuations on the 3-D tic-tac-toe

board. Each pattern contained a vector of three X's in oneof the
four/ orientations and Several other randomly placed X's and Ws.

As the subject watched, the image was rotated to provide various

views of the board. After the rotations, the three .X.'g that

comprised the Incomplete win-vector were brightened _successively-

in order to 15qintvout,sthe vector. Finally, the .missing X was

inserted and blinked 's beral "times. The entire sequence took

approximately 20 seconds and was repeated for, each of the 24

patterns. .

VPra
f,

GrOup. Subjects in the practice conditibn were

presented w th the' set of- 24 game situations 6s the modeling
...."

r.

0



Luoas & Di'Vesta -7- D aiona 1 i tY Adults

grbup; but Instead of watching a preprogrammed sequence they were
required to attempt to locate the win-vectors by pointing -to the

appropriate square with the light pen. The subject Was ,free to

control the position of the board using the joystick. Correct
choices resulted, in theX,marker being placed and the message'
."RIGHTII!" appearing at the top of the screen. An' incorrect.
_respcinse was noted with an audible signal and the message
"WRONG111". If the, correct response was not Made in approkimately
nine seconds, the marker Was inserted and flashed several times
ando'after a brief pause, the next patternwas presented.-,

Control'Grouo. The control Condition was, desj'gned to provide.
,a period of interaction with the computer without expOsure to'th
tic-tac-toe game. It consisted of a' "bouncing ball" game whic

involved aiming a ball at various targets using the joystick.
Each control subject shot 32 balls which ook roughly the same

amount of time- as the two experimental .t ndiions about nine

minptes).

.

Performance Measure
immediately after the treatment tasks, all subjects were

given a performance measureAconsisting of-eleven full games of 3-D

tic-tac-toe with the computeras. opponent. The player controlled ,

board position. wi.th the joystick and indicated moves' with the

4 light pen. lb the instruction frame preceding the first game, the
player was told that.the computer played very well and, that he was

not expected to win, but rather to oFay'defenSively and to "ilold

out 'as long as possible." These imstluctions were intended to

minimize variability due to attempts at offensive strategies and

focus subjects' ,attention on searching for and blocking the'

. computer's vectors-of-three. When it was the player's turn to

move, the message "YOUR MOVE..." appeared at the top le -ft of the

screen. After ten seconds, if no move had been made the message

began to blink as a prompt to move Immediately. ,After the subject

selected his move using the light pen, there wa4ra brief pause

followed 'by the placement ofithe computer's marker.
At the start of each,game, the image was positioned in a

slightly rotated position which afforded a good view of the board:

In each game, the subject made the first move. The game was

terminated when either the player or. the machine completed a

vector-of-four. When this happened, a blinking line was drawn

through the vector and after a pause of approximately five

seconds, the board was cleared and the next game began. In the

eventgothat theiplayer won a game, an extra game was played and the

data from t-he won game was excluded from the analysis. Of the' 597

games played, only three were lost by the computer. No subject

won more than one game.
Two measures were obtained for each subject. The 'first

consisted \of, a count of the Number of'subject moves until each

game was 2lost. The second score obtained was designed as an

"index of diagonality" and was meant to reflect the degree 'to

which the orientations of oMpueter.winvectors (i.e., subject

(
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..

..
,

,

loss-vectors) were biased in favor of diagonals. , Since the

expected proportion of losses in each orientation -given random

Moves Is assumed to be a function of the number of possible

win7vecrtors in that orientation, it is necessary, that such an"

index _adjust for those probabilities'. Also,' since the

' experimental hypotheses predict a disproportionately high number

of 2-D and especially 3-D diagonal loSses, it would also be

desirable for the index to reflect those predictions in

differential weightings. In order to meet these two critera, the

following formula was sed to produce the didgondlity index: .

1'Y(D)= -2[(pl P (p2 - P2)] + .(p3 - P34 3(p4 - P4)

where: Y(D) = In ex of Diagonality
= Ex ected proportion of vertical vectors

P2 = Ex eted proportion of horizontal vectors,

P3 = E pected proportion of plane dragonals

P4 = Expected proportion of 3-D diagonals
pl-p4= 0 tained proportion of each or

Thus the index'Y(D
expected value of
study. A.high Val
tov lose games b

correcting for t
a test of the
effects of the
diagonals.

represents a measure of "Oiagonality" with ah

zero to be\uSed as .a dependent 'measure in' the

e of is index reflects a tendency for players

oVerMokihg 'diagonal vectors-ofrthree, after

e chance probabilities. This measure.allows both
iagonality hypotheses and ah assessment of any

xper'imental treatments on the difficultf., the ,

. 'RESULTS

OrientatiOn of Loss Vectors

The obta ned proportion of loss-vectors in each' orientation

averaged acr ss all subjects were as follows: vertical- -.11,

horTozontal--. 7, plane diagonal--.3l, 3-D diagonal= -.50. In

. Figure 2 th se proportions are compared with those'which would be

expected fr m random pldy. 'Fully Alf of the Tosses occurred on

3-D diagon 1-vectors, as compared with an expected proportion of

.05, while /far fewer losses than expected, occurred in vertical and

horizontal vectOrs. A chi-square test between observed and

predicted proportions was highly significant (7e-=2403, , < .001).

Thus, th -hypo0,ets that players Would find 3-D diagonals

partjcula ly/Officult was strongly confirmed.

To determine the effects of the treatment conditions and of

practice op the loss- vectoj orientations', the "index° of

diagonalitV" described in the previous section was ,compu-ted for

each subje t. These data were then subjected to a 3,x;x2

analysis f variance with trials as a random factor. ? The first(treatments x spatial ability levels x blocks of trial) mi-xed

factor, rt eatments,_ was comprisedof three levels: practice (PS,

modeling/. M), and control (C); the second factor, spatial ability,

had thv'e velsi high spatials (HI), medium spatials (MID), and

z
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low spatials (10). The third factorkipcks of trials, had .two-

l-evels: first five trials (1st) and s d five trials (2dd). A

table of means and standard devi4tions of each cell is presented

in the appen4iA.
The analysii, summarized in Table 1, yielded no significant

differences in the .diagonality score across,any of the three

factors.'of the design and no significant interactjohs. These

results suggest that whatever the nature of the difficul,ty' in

dealing with 3-D diagonals, it,was apparently not affected bythe
experimental, treatments, nor-.did players' skill in this respect

appear to improve with practice. rt also appears that- the

difficulty is shared more or less equally, by payers with

different spatial, ability'scores. These results should, however,

be interpreted with caution since. given the relatively small

number of subjects and,games 'played as well as the relatively low

intensity of thelex9erimental treatments, the study probably lacks
the power to justify confidence in negative results. This caution

6 applies especially to the spatiality factor since the F test on

this fadtor approached significance (F(2Z45) = 2 < .08).

Number of Moues
,The average number of-moves made Py each player prior, to loss

was computed for the first and second half of the trials. These

/ data were analyzed _using a '3x3x2 mixed analysis of variance with 1.

all factors the.same as in the.diagonality score analysis:
The results of "the nalys,is, presented in Table 2, indicate

the 'presence' of a triple interaction among treatments, spatial

ability and trials,' F(4,45) 2.80, II < .05. Thee data were

therefpre resubmitted for separate blo-factor analyses at each

treatment and at each level of sdStial ability in order to

\determine the specific loci of differences. Since there was no

evidence for non-additivity data, the appropriate, mean,

square values from the complete design .were Used as' the error

terms' in each of the analyses..
Treatments

A summary of the 3x2 ,(levels of spatial ability' x trials)

analysis Of variance for each treatment conditiqp,is presented in-

Table 3. Results at each level willbe pesenad and di'scussed

separately;
Modeling Group. The results of the analysis af the data of

the modeling/group show a significant interaction between spatial

apility ,sand blocks of trials.' The cell means for each level of

the interactions were analyzed by the NewmanIKeuls test.

The results of this analysis, presented inTable '4, reveal

'that at this treatment leVel significant effects were limited to.,

the high spatial subjects. This group showed an initial adVantage

over bath yiddle and low sp6tials, bUt their performan:ce was

significantly lower in the second bidck of trials where tite

/ difference between groups disappears. 4

This result suggests_ that contrary to the prediction made---'

based upon Salomon's (1974) internalized mediators hypothesis,
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high spatial subjects did benefit at least initially from explicit
modeling, but that the effect weakened over trials, perhap as, the

subjects began to revert to idiosyncratic strategies Fncomp tible
with those modeled.

Practice Group. Since they -spatial ability x bla s

interaction was not significant for the practice group (Table 3)
NewmanwKeuls analyses were performed on the simple main means.
The results of these analyses, presented in Table 5, indicate only
a, swperiork/ity of medium and high.spatials over the low spatial 0
group. , While an 'examination of the means (see the appendix)
suggests an interaction in the oppos-ite directitin of that in. the

modeli4ig group, this effect did not reach -statistical

significaribe.
Control 'croup. The two-way analysis of 'variance on' the

control group data revealed no spatial ability x. _trials

interaction so a Newman--Kaills'follow up was perforMed on the

simple main means. The results, preSented in Table 5, sh614b. that

the medium spatials performed better than either the high or the

low 'spatial groups. This finding was unexpected and an

interpretation Is not obvious.

Levels of Spatial, Abilitv
Jo determine the presence of double interactions across.

treatment, 'separate two-way analyses of varianhce-'were performed

at each.level of spatial ability. A 'summary of thee analyses is

presented in Table 6. The two-way interaction was significant

only for the high ,spatials.,, thus allowing NeWmantAeuls tests to be

.perfocmed on, simple, main means for the fow and medium spatials.

These tests showed no sr- icant.differenaes between, treatments,
or trials at either the 1 rvedium level.of-spatial ability. A

table of these Means and andard deV-Fations is presented in the

appendix.- mit

Since the treatment trialt interaction was significant for

the high-tpatial'group,.the Newman-Keuls OroceAlure' ag-apPlied to

the del] means on these data. The result's of'thi analVsis are

presented In'Table 7. The means, have also been ted in Figure

3. N _

The analysis indicated4that the'interaction is primarily due,

to 'signifi'cant .differences among the treatment ,groups-.0.fithe

Anitial, block of trials,' with the modeling group" perrorming

significantly, better than both , the 'practice and.'' the control '4

groups. This finding would Seem directly contrary to the

predictions madp, on the Aolasis of the Salomon's (1974) study.

However, an analYsis,of -the graph of the modelFng and practice

means :revealed a IiiSordinel, interaction across trials with the

Orderkfig 'of these two means reversed in the second block. -There

was, 'both a significant 'improvement in the practice group's

performance and a significant decline in the modeling group's

_scores laithough the terminal differences between' groups did 'not

reach iignificance). This result--together with the previously

--described interactions between trials avd -spatial ability in the

modeling conditioh--suggest at . least tentatively .that4Ithe
,,

1
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treatment conditions interacted, with sp"atial ability in

determining hOw the players were able to benefit from the

experience of actually playing the gamer Thus,_if one considers
the. various treatment effects in terms of subjects'' abiltty--to
'benefit' from practice (ratherl iban perfOrmancek, the
results are generally - supportive of Salomon's fihdings.

' DISCUSSION

adultsy in'
The resulitsoorthe present study-are of interekton a least

three leOels. First, e demonstration, of
-

supports the reasoning behind Olson's (1970) proposed ordering of
diffimity in dealing with various line orientation's and confirms
the .tic-jactoe -task as an interesting and potentially useful
experimental task. Second, the ,'results of the experimental
manipulation, while not clear cut, provide at least tentative
support to Salomon's (1974) finding that strategies for dealing,
with measured prlor spatial manipulations can be internalized
through visual modeling, and that the explicitness of the modeled
display interacts with spatial ability. Finally, the patterns of
interaction found in thedata a're of considerable methodological'

interest to the researcher engaged in the .study of phenomena'
involving trait-by-treatment interacti.onsl Each of these issues
will be discussed in turn.

_ .

Diagonalitv
,

And the Adult Performer
The pronounced diffictilty that he adrisubjects in the',.

present- study had,in detecting and blo king loss-vectoKS wigich

were oriented as 3-D diagonals strikingly resembles the difficulty
encountered by Olson's. (1970) four-year-olds in he analogous 2-D
takk. If one assumes'that college undergraduate should have no

difficulty ln conceptua.lizing a 3-D diagonal (a assumption which
was corroborated gy each subject's successful p rformance in the

pretest, involOng.the,defiditton of each line- orientation), then
this- result strongly supports the contention thatthe difficulty
is perceptual, not conceptual in nature; i.e., the source of the

subjects' difficulties with the diagonals was not a lack of

'adequate -conceptualization of what to look for, but rather some
difficulty in executing the appropriate visual 'search which Would
lead to the apprehension of the iltical information to Aspecify
the impending loss and thus to ; llowi the

appropriate )15locking
.

move.
Whatever the specific nature of this difficulty, it was not

remedied merely by increasing familJarity.with the task or with'

the kinds of instruction attempted'in this study. While bath

practice end the instructional treatments significantly 'altered

scores based on the number of moves until loss, both factors

showed a striking lack of effect on the diagonality scores, with

means across these factors being virtualley equal. h-1 fact, the

only factormtated to the effects of diagonality on 'performance'

was spatialeollity, and even here, the differences failed to

4

k
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reach statistical Significance.

Iriteraction Between Spatial i
.

and Explicitriess of

Instruction
--_-_________The complexity of' the.obtained'interactions- in -'the' game

length data and the post-hoc nature of the interpretation'of them
snecessarily equivocates conclusions __drawn concerning the

hypothesized spatfality by explicitness interaction. .1f, however,_
one tentatively accepts the interpretation (further elaborated in .

the next*\section) that the anomalous pattern of results in the
early %trials waS'a product of the rather extrWhe unfamiliarity of' '

the subjects with both the computer graphics medium and with the

experimental task, then the results-may cautiously be considered

as a partial replication and ,'extension of Salomon's (1974..)

derrionstration of the internalization of, schematic codes or

strategies via - modeling from-a visual display.
in the present study, as in SaromOm's, it was found that, at

lest in the latter trials, subjects with an initially high level

7,-elPa relevant ability (i.e.,,spatiality) were able to benefit from

a non-specific "pctivation" display,.- whereas they experienced

inter - ference in tha.mOTe. specific modeling of a ,particular

strategy. The effect is less clear for the other two levels of

spatial abllity, both because of an apparent flCor effect for the

low soatidls and of 'partially conflicting significance tests on
simple effectsprobably dDe to lack of power. It is, however, at

least reasonably clear that the-medium spat.ials benefited more

from the explicit modeling than fromythe unstructured practice.
-It should be noted that the greater complexity of the present,.

task, compared -with that used by Salomon,.alLows a correspondingly
greater confidence in the applicability of the results

real-world educational questions.. The price that is paid, is that

it lis somewhat less cear exactly' what. was Lnternalized from ,the

:instructional displays. While further research is clearlI

indicated here, a careful analysis of the present,study can be' of

some help in this regard. The most obvious possibil'i'ty is that

the subjects merely learned more about the 3 -D tic-tac-toe game.

While some amount of this kind of learning must'surely have taken

place; this along is clearly' inadequate to account for the data'

since it does not explain the marked decre'ment in 'oerffor.mnce

-across trials experienced by the high spatials under the explicit

mcideling condition.- Much the same case' could be made against the

possibility that it was' a straightforWard gain in familiarity

with the computer graphics mediumcwhich elicited the improvement.

This is supported by the fact that in post-expe'rimental interviews

very few:, of the subjects reported anyfamiliarity.with computer

displays of the kind used in the studyJand, ln particular, there

is .no evidence that 'subjects in)the 'three, spatiality levels.

differed in this respect. .

Whatever the nature of the Internalized information it is

fairly clear from the differential nature of the effects that; to

use kilkon's (102) terms, it was more like a 'skill' or strategy

than 'knowledge'; ie., it is at likely that . thg'ikerformance

-127 biagonality in Adults
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differences ref.165ted variations in how much the subjeofts "knew"
about 3-D' tic-tac-toe in the sense of explicit, verbaliable facts

'or characteristrcs bf the game. ,N,or.is it the case that what ryas

learned in the modeling condition was information that combined

additively to improve performance, since i *ad apposite effects

with mediuM and high spatials. 'Rather, it seems more likely that

'what was internalied from the display represented covert,

schematic q5perations that were useful in performing the task in

. the rather .unfamiliar computer graphics medium. The precise

nature of these operations remains unclear, but two obvious

candtdafes are (1) a systematic scanning of the various potential

loss- vector, okientations on the board; and (2) . a "perspective
shifting"' operation in which the board vas considered from several

orientations, perhaps by' means of a "mental 'rotation" type of

operation. Both bf these operations were explicitly modeled in

the,modeling display.
ffbreover, if these.operatron are considered as optional

means to a common emit (i.e., as strategies), rather than as

eksential components of a skilled performance, then the

'interference effects observed With the high spatials seems less

anomalous. These subjecfs might be expected to bring with them to

1. the task some fairly well=developed strategies for dealing with

similar situations (indeed, this may be what it means to'be "high

spatial" in the/present context). If the particular strategies

presented in the instruction were significantly different from,

these idiesyncratically developed but perhaps equally efficient

approaches to the task, then interference could b1e expected. The

performance decrement Over trials might reflect' an initial,

successful ,application of the modeled .strategies, fbllowed by a.

partial reversion to the subject'S preferred (and conflicting)

"strategies. With further practice, this conflict would na doubt

have been resolved, thus reversing the i'nter'ference effect.

. We might also consider these results with respect to the

development of a theory of instruction. To the extent that such a,

theory would -.be expected to prescribe the optimal instructional

means for a given learner at a gi4en level of progress, . the

present study is of significanCe. I e.suggests that-in tailoring

instruction to .the individual learner,, the crucial.factor May not

be individual differences in overall level of achievement (i.e.,

mastery of content material), but rather, the particular range of

mental skills, that the learner has acquired in relation to the

requirements of a given class of performance. As Olsori (e.g.,

1976) has argued forcefully, it may be that the range of such

mental dkilfls that are developed in the course of formal schooling

May be of greeter ultimate consequence than. the particular content

that' is tau ht. It is in these matters that the study of

individual dIfferences may prove to have the greateft ultimate

.impact on instructional practice.

15
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The Role of Practice Effects In Trait-bv-Treatment Research
Perhaps the most clearly interpretable and immediately

significant result of the present study does not relate directly

to the initial experimental hypotheses. The particular pattern of
interactions obtallied in the.data are of- unique interest to the

researcher .engaged in research involving trait-.by-treatment

interactions.
Deipite an initial enthusiasm and continued high level of

interest in research Lproblems involyJng the predictions of

trait -by- treatment interactions sigc Cronbach's (1957)

,-. influential' paper, the net yielcrof the enterprise in terms of

'interesting and useful data has been disappointing (see Cronbach &

Snow, 1975). Various reasons have been put forth.for this lack of

.success. Cronbach and :snow (1975);attribdte it primarily to'naive

experimental designs, small sample sizes, and inappropriate

,statistical procedures: DJVesta (1973, 1975) has, implicated an

inadequate consideration- of intervening cognitive processes

employed by learners' and a lack of sufficiently rigorous

theoretical bases for 'experimental work. The outcome of the
,

present study suggests yet another pitfall which may be

encountered in such research. The pattern of means across trials
stronglysuggest that practice effatts had a profound influence oh

the ways in which the experimental trea'Iments interacted with

spatial ability.
More specifically, the interactions. found in the early trials

were very nearly the reverse of those predicted on theoretical

grounds. The high spatials, in particular, performed isest_in the

modeling condition- -the one in which they had been expected) to

experience interference.- On the second block, however, this

pattern was 'reversed' and their kerformance level actuall

decreased with the additional practice. Apparently, the povelty

- of the task and/or the performatory medium had the effect of

increasing the spatiality demaribis4of the task and thus effectively

putting our high spatial subjects in the position- that lower

spatials -would otherwise have faced, and producing an extreme

floor effect for the other groups. Once the sub.acts had

acclimated' themselves to, the experimen)al task, these effects

,disappeared and something, closer to the expected results was

obtained.
Newell (1973).has made a case that, given the current state

of theory in cognitive psychology, the prevailing practice .of.

administering a large number,of practice trials for which the data

are never analyzed or often even recorded is ip-advised. It is

often the case that the adoption of a single strategy and the

achievemeht of a stable level of performante on a task it a

process that takes a considerable amount of time--and may often be

of at least as much interest as the final state itself. In the

present' case, a large number of practice -trials would have

obscured an interesting aspect of-the data. Even worse, if- the -

data had been collapsed across trials, the interactions ovuld have

cancelled; giving the appearance of no treatment effects at all.

It is suggested that similar effects are a potent e1 source of

6
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problems In many Xralt-by-treatmeht dasigns, and should be guarded
against by destg iiTti. experiMents such that practice and other
task-acclimation effqcts can be explicitly examined.

i.

I
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.TAtLE

Summary Table for Analysis of ariance

of Diagon tyScores for Totat Design,

O

iaukce df M\ F Prob:

.Between Subjects

2 .34
Treatments (T)

Spatial Ability (SA) 2, 2.03 2.66 .081

T x SA 4 .38 i .50

Error Between 45 .76-

Within Subjects
Qu

Trials, (TR) 1 / .84

t x TR
.

1

2 .04 3

x TR- 2 .02 .02

T x SA x TR 4 .95 - .95

Error Within .45 1.01

23
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TABLE 2

Summary Table for Analysis of Variance
of Number of Moves for Total Design

urce

etw en Sub'ects

Treatments (T) i

Spatial Ability.(SA)

T x SA

Error Between...,

tihin Subjects,

Trials (TR)

T x TR

SA x TR

T x SA x.TR

E4ror Within
o

410"

df MS F

2 6.58 .62 I
.

2 33.92 3.22.
. g

,

4 - 18.-89 1.79

45 10.54

1 16.02 3.65-

: 2 3.94g .89

2 4.76 1.08

/
4 . 12.32 , ; 2.80

45 4.39

Prob.

.049

.14.7 ,

.063

.347`

.Q37

24
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TABLE 3 't

amrary Table for Analysis of Variance of Number of Moves

for '±hxee Levels ol Spatial Ability and Two Blocks of Trials;

at Three Levels of* Treatment

,

Modeling
. Pradtice. Control

0

Source, i' df MS F Prob.. df MS F Pro df df , MS F Prob.
. .

Between Subjects '

, 7

Spatial Ability 2 16.02 .1.52 .230 2 17.23 1.63 .207 .38.444' :64 ".U.34

(SA) 41091

Error Between .45 10.54

Within Subjects

.004 .001 1 9.4,0 2.14c150 1 14:44 T.,29 .076
Trials (TR)

0SA x TR -2 19.26 4.39 .018. ' 2 ,-5.79 1.31 .280 2 4.36. .99

f
,-;-.

41.39.
Error Within 45 4.39 . 45' 4439 ---4 45 i.

Note: Error terms are those of the complete agn.

25
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TABLE 4

Multiple Comparison of Mean Number of Moves of Subjects

in M9deling Condition at Three Levels of
Spatial Ability and Two Blocks Of Trials

Low Spatials Medium Spatials High Spatials

Trials Mean N_K* Mean N-K* Mean N-K*

First
Half 16.20.

N-K*

Second
Half 17.28.

N-K*

16.40

18.27

I

20.40

.17,54

4ik

*Brackets indicate'non-significant differences between means

at the '405 level as determined by the Newman-Keuls Test.

r
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TABLE 5'

Multiple Comparison of Mean Number of Moves of Subjects
in Practice and Control Conditions: Simple Main
EffeCts of Spatial Ability and Blocks of Trials

Practice Group
Spatial Ability Trials

Condition Mean N-E* Block Mean N-K*,

LoW 15.57

Medium 17.30

gh . 17.83

First 16.40

Second 17.42

4

Control Group
Spatial Ability Trials

Condition .Mean N-K* Block Mean 14.4K*

Low, 15.93

High 15.93- '

Medium 19.03

First 16.33

Second 17.60

*Brackets indidate non - significant differences among means .

at the .05 level as determined by the Newman-Keuls Test.

1
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TABLE 6

Summary Table for Analysis of 'Variance'of Number 'of Moves

for Three Treatment Gkoups and Two Blocks of Trials,

/, at Three Levels of Spatial Ability

r

,Source df

Between Subjects

Treatments (T) 2

Error Between 45

Within Subjects

Trials (TR) 1°

T x TR 2

Error,Within 45

Low Spatials

MS F', Prob.

.

df

Medium Spatials

, MS F rob.

High

df

Spatials'

MS F Prob.

4.27 .40 2 11./9 1.t9 .314 2 .28.30 2.69 .079

10.54 45 10.54 45 10.54

.0.

4.56 1.0:4 .313, 1 13.94 3.18' .081' 1 .04 .01

5.61 1.28 .288 2 .99 .26 '2 21.96 5.00 .011

4.39 45 4.39 45 4 4.39

Note': Error terns are those of the complete design..

29
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Multiple Comparison of Mean Number of Moves of High Spatial

Subjects Under Three Treatment Conditions
and Two Bloctcs of Trials

.Control Practice Modeling

Trials Mein N-$*

First
Half 15.87

N-K*

Mean N-K*

16.60

Second-
Half 16.00

N-K*

Mean N-K*

20.4D

19.14 17.54

*Brackets indicate non-significant differences among means at the . 5\
level as determined by the Newman-Keuls Test.
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APPENDIX

tAgs OF MEANS AND STANDARD DEVIATIONS
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TAISLE,8

Means And 'Standard Deviations:
'Diagonality' MeasurePooled Across Trials

0

Spatiality Scores Pooled Across

Condition High Medium Low Spatiality Scores,

Control .-i.

4;14q1ing

Practice

Pooled
'Across
Treatments

n=6 n=6 . n=6 n=18-

Mean .SD Mean SD Mean SD Mean

'2.07 .73 2.36 1.00 '2.59 1.26 2.34

1.97 .99 2.52 .85 2.11' 1.77 2.20

1.86 .'99 2.29 1.91 -2.41 11.07 2.18

1.97 .92 2.39 1.34 2.37 1.41

6 7
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Block of
Trials

0

TABLE 9

Means and Standard Deviations:
Number of Moves in Mo4ling Condition

High
n=6

Mean SD

Spatiality Scbres
.; Medium

n=6
Ft SD

Low
n=6

Mean SD,

Pooled Acro s
,Spatialit ores'

n=18
Mean SD

First 20.40 3.54 16.40 1.97 16.20 3.42 17.67 3.61

Second 17.53 3.48 , 18.27.2.20 17.27 1.87- 17.69 2.64

Pooled
Across 18:97 2.65 17.33 1.66 16.73 2.42

Trials

t
34
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) TABLE 10

Means and Standard 'Deviations:
Number of Moves in Practice Condition

a

tar

Block of
Tikials

.S atiality Scotek :Pooled
Spatiility

Across --,

Scores
8High

n=6
Medium , Low

n=6 n=6

, Mean SD Mean SD 'Mean . SD_ SD-

'NW

First 16.60 2.37 16.93 2.57 15..67 2.45 .40. 2.51

Second' 19413 1.0'3 17.67.4.65 15.47 2.27 17.42 3.45

Poo;pd
Across 17.87 t82 17.30 3.36 15.57 2.32

Trials

fs

r
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TABLE 11

Means and Standard Deviations:
Number of Moves in Control Condition

'1
, 4

°

Block,of
Trials

Spatiality Scores -N ?doled Across. .--

Spatiality Scores'
n.F.18 6

High
n=6

Medium
n=6

.4
Low

\ n=6*
-

Mean SD Mean SD Mean SD' Mean SD (: -7.

First

Second

Pooled
Across
Trials

15.87 1.15

15.00 2.96

15.93 1.61 J

18.47 2.43

.

19.60 2.13,

19.03'1179

14.67 1.85
.

17.20 3.80
---_,

15.93 2.44

, .

16.33 2.44
i

17.60 3.39
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