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) i c01guteridisplayed 3-D tic—tac—toe game was used to

investigate adult perceptual biases ;n dealing with diagonal 1line -

orientations. Also investigated vas 'the 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 instructicn to produce ’ “ N~
~ differertial effects that varied over trials. For high spatials, .
|  explicit ‘modeling facilitated initial performance, while structured ’

practice resulted in the most-improvement over trials. These results -

are 'discussed. in terms of instructional theory and implicatioms for ,

txait X treatment research. (Author) P
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.,}%yhng-put of 'solid objects. Subjects ° were' also pre- sand_
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> 1t 1is Incredsingly common for cognltive theorifgts to assume

an, ‘intimaté relationship among the 'processes of perceiving,
knowing, and performing, The assumption ‘that one ]learns abqut the
world by means of actions performed upon it 14 central to many
theories, of knowledge acquisitlon, Piaget (1971) sees the process
as one of internalizfng actions and Imitations Into corresponding
internal counterparts. Other theorists.(e.g., Olson & "Bruner,’ .

. 1974); see actlons as serving to confront the learner with the

rejevant . cholces In performing-.a task and thus provide thet .«
odcasion for the pickup of Information pertinent to those choices.

As Olson .le.g., '1976) has pointed dut, this.information can be
thought of as- belng of two kinds: information about the world
(which Olson terms "knowledge") and informatlon about the actions “
themselves (¥ski1is')., While the same "rnowledge' may be obtained
from a wide variety of experiences, Olson suggests that 'skills"
may reflect the structure of the particular domaln or medium
.through which learning takes place. s ’

This notion of '"skills" Is conceptually- attractive, but
requires conslderable elaboration ;to be ‘'useful as a psychological
construct. It is a plausible hypo hesls that "spatial abildty" as
measured by paper and pencll “tests regquiring the mental
manipulation of spatial layguts ahd objécts may reflect Internal
schematic operations of ‘wide generality which may bé considered as
an example of '"skills" in Olson's~sense; Such a view . finds
considerable support from the literature on 'mental -rotations"
(e.g., Metzler & Shepard, 1974), -particularly 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 desligned
~to test the hypothesls that specific’ schematic operations
corresponding to spatial manipulations of objects can be acquired
. vla exposure to analogous operations depicted in motion plctures.
Salomon had elghth and ninth grade students view films or .slides
depicting .such operations  as "sooming-in" on detalls and the
post-tested on relevant aptitudes to determiné the effectivdness™ °
_of " the treatments. An addltiona[%hypothesis'w s that explicitness.
of 'presentation would interact’with aptitude scores such that
dnjitially 1less skillful children would benefit most from the
" expliclt modeling while those already possessing relevant -
aptitudes would benefit most from opportunities ~to 'actlvate™

"~ these skills. . This latter prediction follows from the argument

that the presentation of ready-made schematic 'medliators might
‘Interfere with the performance of learners who already possess

" different but equally efficient mediatyrs--and Indeed, cases have -

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

v resulted in Interference (e.g.. Bruner, 1961).

~-.To - test thls latter hypothesis, Salomon presented the filmic

éﬁqrétlgné at three levels of explicitness: modeling, short
circult, and activation. In thewmodeling condition, partlcipénts )
&
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viewed f1i1ms deplicting the gradual zooming-in on or laylng-out of’
e objects., and were thus exposed to the fully explicit operatigns.
In the short.-clrcult conditlon, slides were presented showing only
the "inftial and terminal states of., the operation. Fimnally,5>in the
, activation c¢ondition, only the Initial state was'presenteéz along
with instructions to perform the operation. C ' )
+Salomon's results strongly confirmed both hypotheses. The
studiés showed that at least-two kinds of eovert skills can’ be |
E) successfully modeled from film, Moreover, It was shown that
learners -wlth low relevant dptlitudes benefited most from such
modeling and. that initlally high performers are actually hindered.
[\ Thus, Salomon\concludes that " ' ) )
' Educationally speaking, what ourstudief hint at'is that
) certaln mental skilds may be adopted from communications
media and thus be used to expand- one's range of . covert
skills. The dquestion, then, is not whether this Is a
"petter! mode of instructlion, but whether one can use .
visual. medla not just to] acquire '"knowledge that” but
also "Knowledge how to!'; patticularly for those learners .

LN

who_  appeaxto have difficulty,with other and more common ot

‘ tyfes of lIpstruction. (1974, p.511)

I~ , .

The. present stddy wAs .Intended, in part, to extend Salomon's
tralt ‘by’ treatment effect by manipulating expliclitness of
Instructlon 1In a somewhat-more complex task situatipon. The task
’ chosen for thls purpose was a 3-dimenslional #C-tac-toe game’

played on a Lxhxh -position cube-shaped "board" displayed as° a
computer-generated Image on a CRT screen.: This® task was chosen
for two reasons. . First, It seemed 1likely that modelable .
Qerceptua1‘schgmatlc operations of .the type discussed above played

. an important role In the skillled performance of the task, 4 Under

, ~the particular experimental conditions employed (described,below),v‘J
1t was hoped that subjects' performance would largely reflect the -
ability to perform such operations. ) « * .

2 The ~ second reason for choosing the 3-D tic-tac-toe taga was
that an.lntereéting analogy can be drawn between it and the tasks .°
employed by Olson (1970) in his well-known ’studles of < the,

- “‘acquisition of "dlagonallty" ’n children. In these studies, Olson
demonstrated and attempted to account for the fact 'that youhg
children, at an age at which they seem to have Tno tfby?]e :
"understanding" the concept of a diagonal, nonetheless are ofiten .
incapable ofs copying a dlagonal pattern of checkers frogn oné
checkerboard tq another even when the pattern being copied : Is
always avallable for their inspection. This, is true despite . the
fact that the same childrep have no difficulty performing the task
with vertical or hoilzbntaﬁipatterns. ’ S

. The expianation for thls phenomenon offered by Olson folMows -
idirectly from the view that the acquisition of ,the skills r@]eyant
to performance in a glven domain. is a consequence 6f+ performatory .°
attempts In that domain. It further follows that the: perceptual

‘ skjl]é one cultivates In a given performatory domain are biased by
. o0 “ g | NS OTTEETN

- L - 5 - ¢
. R .
Q ‘ 4 . 1
. . » . . . ot
.

p . L

s

A




':'Lﬁcaéﬁé 01 Vesta - . -S-x Diagonality In Adults
: . . B T .

vy \

.. the ~ actlons that oné performs. In the case of an organlsﬁ which v
locomotes and malntains orlentation’ In ‘the environment largely on
the basis of wvisual Information, Olson argues that it s
reasonable- to expect such invariant topological features as

edgedness and proximity - to - exhiblt perceptual primacy _over

, features 1ike slant, which do not maintain simplé constancies
under locomotion. ) ’ . ¢

Applying these arguments to an analysis of the diagonality
task, Olson postulates an ordering of difficulty, with verticals
and horizontals belng easier than diagonals. This 1Is  becayse
deallng with the former Involves the use of such perceptually
primary tOpolog\cal'ﬁeatures as edgedness, proximity of ,elements
ts each other, and paraVlelness to the reference axis def'ined by e
the checKerboard. Dealing with dlagonals, however, requires the :
use of perceptually more comptlex "euclidean" cues such as 'up and
td the right," etc. ‘ ‘ ) 4

Returning now to the present experiment, it was reasoned that .0
if Olson's analysis is correct, then the samg’' ordering of
difficulty as a function.6f line orlentation should be manifest in
the 3-D tlc-tac-toe’ task. Speciflcally, vertical and - horizontal
_configurations should be, easlest, with diagonals more difficult’,
Furthermore, the 3-D task allows a further distinctlorn between
"plane .dlagonals™ (i.e., ‘those that 1le on a plane parallel to one :

.of the sides of the playlng cube), and "3-D diagonals". (those, '
which 1lie on no such plane), The latter orientations (of which
there were four In the¢ game cube) are,,sq to speak,. "the most™ .
dlaganal’ of all' In the sense of beimg least discsiminable on the
basis of topological cues, and should therefore be even more
difficult than the plane dlagonals. . S v

Finally, It seemed plausible that, given ‘q‘ sui tably

.unfamiliar -performatory domain and*an appropriate task, ®ne should
-be 'ablé to demonstrate the. dlagonality. effect even, using normal
adult subjects. This requirement for unfamiliarity accounts for
our decision to employ the 3-D computer graphics display in the
experiment ) "

In summary, the hypotheses of the experiments were that ),
explicitness of Instruction would Interact yjth priofF relevant
spatial'abi]fties such that initlally lower~scoring subjects would
benefit most from explicit visual modeling, and higher spatials
from an opportunity for appropriately structured .practice; and (2)
tas performance would reflect an ordering of difficulty based on
orientation, Wi horizontal. and vertlcal® configurations being
easlest, plane Negonals intermedliate, and 3-D diagonals. most
difficult. . . ;

2 . “ METHOD - \ : .-

\

Performance Task -« | . L .
. The wversion of tlc-tac-toe used as the experimental task was
played on a.cube-shaped "board" with each edge of the cube being
" four marker locations lpng. Thus, play took place within a bhxlxh
. . \
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matrix of positlons where "X's" or "0's" could be placed--yielding

. -d total of 64 play positions. The rules of the game are basically. .
simitar- to those of standard tic-tac-toe, I.e., the goal s to
place four ' markers in a stralght line In" any direction while
preventing the opponent from doing the same. . = |

The playlng cube was presented on a computer-driven C.R.T.
screen as a « 2-dimenslional projection. . .Each of the 64
play-positlons® .was represented as a small dot, any one of wHich

could be selected by the player by means_of a' kight pen. Since .
the 2-D Image représented a parallel projection of the 3-D__ cube :
and no perspective or othe¥ such cues to depth were avalilable, the
Image was completely amblguous as to front and back.and 1isomeric '
Neckér cube-type reversals were possible.? Nevertheless, the
dispMay produced a strong iliysion of depth--an effect which was
enhanced even further bg the players' ability to rotate the image.
This rotatlon was pro chd by a spring-loaded #'joystick's which
could. be moved in twd dlrections, controlling the rate of “rotation
6f the Image on .the screen around both the vertical’ (Y) and
horizontal ~(X) axes. Moving the ‘joystick to the Teft« or right
produced & corresponding rotation arqQund the Y axis and moving it
foreward or<backward caused a similar rotation around X. When the
.handle was In, the neutral  center position the -image ‘was "
motionless. The: computer’ display was updated at a rate, of 40 -
framés/sec thus producing a smooth, real-time display with no
perceptible .. control lag. The Image could be rotated 360 degrees
around the. Y axis, but ‘in og¢der to maintain .a/ definite up/down

_direction In the Image space, .the X rotation wag timited to plus
or -minus 27 degrees. Typical game disglays are Illustrated 1in
Flgure 1. ; , -, ‘ - : -

.:- To obtain the performéﬁcejmeasdneg,_Ihe computer served’' as
the  opponent, using a pure]y’defensive'strategy. Specifically,
.the algorithm- flrst searched the board for-a vector-of-three of
its own markers (l.e., a win) and for vectors-of-three of the
player*s *markdes ‘¢a fqrced block), 1 theseé were not found, -the
search was cortinued for several key second-order.patterns,- such

. .as the Intersection of. two vectors-of-two (indicating a forced win
in two moves), etc. ~|f-none of these simple patterns was found,
the move was selected on.a.random basls, thus insuring that the
occurrence of each win-vector was equally likely. .

Despite the random nature of ‘the algorithm's offensive.game,
the .defense is extremely effective 'and when playing against the
typlcal /opponent,~ the machine wins virtually every game.  Thys,
the . measure of Interest Is.not the number of games won, but

. rather, ' the number of moves untll loss and the orientiation in the-
Image space of the computer win-vectors., 1t.ls argued that glven
fhe . random nature<of the computer!s strategy,,any systematic bias
toward some ,orlentatién “would bep evidence for the relative
difﬁlculty,ln_deaijng thH_véctors-of-three in-.those pr1entations.

. A »' " ] . . “ .
Apparatus - R LI ) .

o WQﬁ the " exception of the spatlality pretest, the entire '

experiment was. presented and , controlted "by " an’ ADAQE ~AGT-30

-

» . s
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computer graphics: termlnal equipged with hardware character " and
.vector generators, analog-to- -dig€ital converters, and .a hybrid
array which allows three- dimensional graphic images to "bé
displayed in real time as 2-D projections on the 20 X. 20 1Inch
vector scan C.R.T. ssreen. Subjects interacted with the computer

« ysing the joystick and a bank of push -button swutches used to make
various reSponses. . ;
§ ! ]I! au: ',F. v .

LS For use, in test!ng the Tndlvldual differente hypothesus, a
measure of the. participants! ability to imagine “3-dimensional,
spatial rotations: was obtained using the Space Relations test
(Form A) of the Differential Aptitude Test b&ttery (Bennett,
Seashore, and Wesman, J1947). The test Is a " paper .and pencll
Instrument and Ynvolves the mental unfolding * of abstract
3-dimensional objects. The standard time- Timit of 25 minutes was
Imposed -and the score used was number rlght min@s number, wrong.

Max imum possible score was 100.

. . . ~
1

Subjects A - ) oo .

The ‘'subjects were 54 male undergraduate students at. The
Pennsylvania® State University. A1l partiglpants were enrolled in
introductory psychology br educationa) psychiology courses. While
parxlclpatlon was voluntaty, most recelved course ctedit for their

‘parttcnpatuon., Noné  had prevlous * experience in . 'similar
experiments "and all were nalve as "to the purposes of the
expePiment. - - .
‘Only male subjects were used In order to avold confounding
spatial ability*with other sex-1inked dlfferences wh!ch would be
Nexpected to correlate . with that measure (Bock, ° 1973 Garron,
1970). In order to insure a nearly equal distribution of spatial
ability  scores in'the three treatment. condltlonS; the subjects
. were blockeéd 1into three ‘1evels of spatlallty based on theé space’,
relatlons pretestt.. The cutoff scores for the high and low spatial™
ps were 68 and 56 points, respectively. Within the three
leveIs, subJects were assigned randomly to treatment g{oUps. A

E[gggdurg , ‘ ‘ : ’ ’ .
Participation 1In the gxperlment consisted of. two. sessions

separatéd by at least one day: .n the firstdsessiqn, participants
were adminlistered the Space RePatlons\Test In accordance.with the
standardized instructlons and procedures (Bennett, -Seashore;  and
Wesman, 1947). Subjects . were Inltially told only that = the
.experiment concerned certaln aspects of human problem- solving amd
that they were abouyt to be-gliven a. measure of theit ability to

. visualize objects  1In " space. The test - was admlnnstereq
individually of in small groups.. - _

- The second session of the exper iment-was run oné%lne at the
ADAGE terminal. The subject was seated at the comp conso]e
facing the C{R.T. with the joystick to hi% rught and the bank of
push-buttons . to, his "left. He was told only-"to read the .text

+ presented on 'the screen-—aT] further Instructlons were presented,

.‘ ry
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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

. questlions throughout the sesslon.’ A complete text of the entlire

experimental procedure’ may be obtained by writing the first
author. A t. ‘ ’ o ‘
.- The. flrst frame explained that the participants would ~ soon

LY
’

_challenge the computer In a "visual game" but that he must first

famidiarize Hhimself with the controls. When he finished reading

" the .frame he” proceeded by pressing one of the buttons. Sabjects

@

in _all conditjons were then given two FaMTLiarliat[on tasks. The
first consisted of playing against the computer in three games of

. conventional (2-DY. tic-tac-toe. This task was intended to give

v

‘>

@

practl in the-use of the light pen and:the general ‘procedures of
the g%ﬁe. . In 2he second famillarization task, subjects .were
presented with the cubical “board" Hn which. they would play 3-D°
tic-tac-toe and were allowed to practice rotating It using ° the
joystick; thus providing exposure to the ambiguities o the
non-perspective, parallel projection of tHe cube. : ‘
* In order to Insure that any treatment effects were actually
‘due to perceptual learning and not merely to verbal rule learning,
the subject was .then presented with a serles of frames ‘containing
defTnitions of eacgh.possible line orjentation followed by a rule
for 'searching for = each. To lInsure acquisition of this
information, ™ the presentation ‘was followed by five frames which
comprised a multiple choice test of comprehension of the rules
just\presénted. Each frame presented a. definition and the subject
was required to Indicate which line erientation it descrlibed.
sResponse was  made by pushing one af the push-buttons. If the
subject did ,not recelve a criterion score of four bf the flve
questions correct, the instructional sequence was re eated up’” to
three times, at whigh polnt the experimenter intervened to clarify

. the definitlons. 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 varlous incomplete line orientations were pointed odt
and completed. They were reminded to attend to each of the four
possible orlentatigns. They were then presentéd with a series of
24 patterns representing gameé situatioms on the 3-D tlc-tac-toe
board. Each ‘pattern contalned a vector of three X's In one-of the
four/ orlentations and several other randomly placed X's' and O's.
As the subject watched, the Image was rotated to provide varlous
views of- the board. After the rotations, the three _X's that
comprised the incomplete win-vector were brightened . successively-
in order s to Ppoint wut.the vector. Finally, the missing X was

inserted and blinked ’QEVera] ‘times. The entire sequence took
approximately 20 seconds _and was repeated for, each of the 24

patterns. . - iy
. ] .
:\"Pragglgﬁ "Group. Subjects In the practice conditibn were
presented wlth the 'same set of 24 game situations 4s the modeling
B - /\ 3 1 .
- R ) 8 . ’ .

‘v . \
“ 4 . i , . «
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group; but instead of watching a prepregrammed sequence they were

required to attempt to locate the win-vectors by pointing.to the

appropriate square with the 1ight pen. The subject was free ‘tos
control "the position of the board using the joystick. - Correct

choices resulted. In the- X, marker being placed and the message’
MRIGHT!!I" appearing at the top of the screen. An- Incorrect-
.response was noted with an audible signal and the message

"WRONG!!I"., If the correct respopse was not made in approximately

nine seconds, the marker was Inserted and flashed several times

and, after a brief pause, the next pattern was presented. .

- [y

Control* Group. The control condition was designed to provide
.a_ period of interaction with the computer without exposure to' th
tic-tag-toé game. It consisted of & "bouncing ball" game whic%

involved aiming a ball at various targets .using the joystick,
Fach control subject shot 32 balls which took roughly the same

. -~ amount of time as the two experimental .c nditions (about nine
‘ minytes). . ' ot ) :

: Performance Measure _ : ) .-
. immediately after the treatment tasks, all subjects ‘were
given a performance measurg*consjstlng of eleven full games of 3-D
«\- tic-tac-toe with the computer-as. opponent. The player controlled
.x board position. with the joystick and indicated moves' with the
« ' light pen. In 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 play'defensively and to 'hold
out .as long as possible." These Instructions 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. . Whep it was the player's turn to
. move, the message "YOUR MOVE..." appeared at the top left of the
screen. After ten seconds, i1f no move ‘had been made the message
began to blink as a prompt- to move immediately. ‘Q;ter the subject
selected his move using the light pen, there was a brief pause

followed 'by the placement of #the computer's marker.

. At the start of each .game, the image was positioned in a
sllightly 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 happemed, a blinking line was drawh
through the vector and _after a pause of approximately five
seconds, the board was cleared and the next game began. In the
event, that the:player won a game, an extra game Wwas played and the
data from the 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 obtalned for each subject. | The first
consisted f. a count of the fumber of subject moves - until each
game was -lost. - The second score obtained was designed as an
~"index of. diagonality" and was meant to reflect the degree ‘to
which -the orjeﬁ%at!ons of computer 'win-vectors (l.e., subject

I 4
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loss-vectors) were blased In favor of dlagonals. . Since the
gxpectéd proportion of losses In each orientation <givén random
moves 1s assumed to- be a function of the number of possible
win-vectors 1In that orientation, It Is necéssary that such’ an’
index adjust for “those probabilities.  Also,” since the
exper.imental . hypetheses predict a disproporTionately high number
of 2-D and especially 3-D diagonal losses, It would also be
desirabie for the 1Index 6 to reflect those predictions in

P ‘
e N

differential welghtlngs.& In order to meet these two critera, the

foYlowing formula was Yse to produce the diagonallty index: .

Y(d)= -2{(p1 - P

-4

(p2 - P2)] + (p3 - P3) + 3(pk - Ph)

whére: Y(D)

) = |ndex/of Diagonality .
P1 = Expected proportlon of vertical vectors
p2 = Expecdted proportion of horizontal vectors.
P3 = Expected proportion of plane diagonals _

N i PhL = Expected propertion of 3-D diagonals ..

pl-pli= Optalned proportion of each orientatlon

Thus the index Y(D) represents a measure of "diagonality" with an
expected wvalue off zero to b used as.a dependent ‘measure in the
study. A high valde of %his index reflects a tendency for players

‘tor 1ose games by over okiﬁg'diagonal vectors-of~three, after

correcting for the chance probabilities. This measure .,allows bo'th
a test of the dlagonality hypotheses and ah assessment of any
effects of the 'xperimental treatments on the djfflculty\pf..the
diagonals. ! . . - D

e

>

*v "RESULTS

. _Orlentation,of Loss-Vectors o

K ~ . - . .
The obtajined proportion of loss-vectors in each " orientatiqgn

averaged acrgss all subjects were as follows: vertical=--.11,

hor™ontal--.07, plane diagonal=--.31, 3-D dlagonal--.50. In

" Flgure 2 these prpportiohs are compared with those’which-would be

“expected ‘from random play. ‘Fully h%1f of the Tosses occurred on
3-D dlagondl.vectors, as compared with an expected proportion of,
.05, while far féwer losses than expected. occurred in vertical and:
horizontal vectors. ' A chi-square test between observed and
pPedictedé/prop¢rtldns was highly signiflicant (x*=2403, p < .001).
Thus, the - hypophesds that players would find 3-D diagonals

'partjcula?ly/difficult was strongly confirmed. -

‘ To determine the effects of the treatment eonditions and of
practice on ‘the loss-vectog orlentations, the "index~ of
" described In the prévious section was computed for
each subjeéct. These data were then subjected to a 3x3x2
(treatments/ x spatial ablility levels x blocks of trials) mixed

analyslis f wvarlance with trials as a random factor. » The first
factor, Ttreatments, was comprised of three levels: practi€e (p),
modeling/ (M), and control (C); the second factor, spatial abllity,
had threg velsi high spatials (HI1), medium spatials (MED), and

v
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low spatlals (LO). The third factor, blocks of trials, had .two~
levels: first five trials (1st) and s d five trials (2rAd). = A
table of means and standard aevlations of each cell Is presented
in the appendix. ¢ . no ) !
The analysis, summarlized in Table 1, yielded no significant
differences 1Inh the .dlagonallty score dcross any of the three
factors .'of the deslign and no significant Interactjons. These
results suggest that! whatever the nature of the difficulty In
dealing with 3-D diagonals, 1t was apparently not affected by the
experimental, treatments, nor.did players' skill In thls respect
appear 'to Improve with practice. I't also appears that- the
difficulty 1Is shared more or 1lé€ss equally by players with
different spatial abillity‘scores. These results should, however,
'‘be interpreted with caution since” glven the relatively small
number of subjects and games ‘played as well as the relatively low
Intensity of the?experimental treatments, the study probably lacks
the power to justify conflidence In negative results. This cautlion
appllies especially to the spatiality factor since the E test on
this factor approached significance (E(2%,45) = 2.66, p < .08).

. 3 : Number of Moves - ] . .

* .The average number of-moves made by each player prior,to loss

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

data were analyzed using a 3x3x2 mlxed analysis of variance with
all factors the.same as In the.diagonality score analysis..

The results of the analysls, presented in Table 2, Indicate
the presence of a triple Interactién among treatments, spatial
ability and trlals,” E(4,45) = 2,80, p < .05, The® data were
therefore resubmitted for separate two-factor analyses ay each
treatment and at each level of spdatial ability in order to

~

|

| .

B
i
1
i

|
|

getermine the \speclfic locl of differences. Since there was no !

vidence for non-additivity In_the data, the, appropriate mean,
square values from "the complete design were used as -the error
terms' in each of the analyses. ‘ ¢ [

y -
[reatments - ‘ -’ . )
pr » A summary of_the 3x2 (levels of spatial ability' x trials)
" analysls of varlance for each treatment conditi .is presented in
Table 3. Results at each level wlll.-be presented and discussed
separately.’ : o . ]
Modeling Group. The resuits of the analysis of the data of
e modeiing /group show a significant interactlon between spatial

h
gﬁility and blocks of trials.' The cell means for each level of
,t‘ .

e Interactioh were analyzed by the Newmaﬂ‘Keuls.tést. .
The results of this analysis, presented in Table 4, reveal"

‘that at this treatment level significant effécts were 1imited to .,

the high spatial subjects. This group showed an Tnitlal ad?antage

over both middle and low sphtials, bbp their performance was :

slgnlflcantl? lower In the second block of triqls where tHe

differenceé between groups disappears. a .

This result suggests, that, contrary to the prediction made
based upon Salomon's (1974) Internalized mediators hypothesls,

A

- . /'/
- - - ~
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_~described interactions between trials apd spatial ability in  the
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high spatlal subjects dI'd benefit at least initially from\explicit
modeling, but that the effect weakened over-trials, perhap
subjects began to revert to, Idlo&yncratlc strategies lncomp tible
with those modeled. '

Practice Group. Since the* -spatial ablllby x blo
interaction was not significant for the practice group (Table 3)3 ,
NewmaneKeuls analyses were performed on the simple maln means*\\
The results, of these analyses,’ presented in Table 5, indicate only
a . superiorfity of medium and high.spatials over the 1low spatial
group. , While -_.an 'examination of the means (see the appendix)

sdggests an interaction In the opposite direction of that ih. the .
modeling group, = this effect did mot - reach 'statistical
significante. ) . . -, -

Control gZroup. The two-way analyslis of ‘variance on the

control group data revealed no spatial ability x. .trials
Interactlon so .a Newman--Kalls follaw up was perfokhed on the

- simple maln means. The results, presented in Table 5, “sho that

the medium spatials performed better than either the high or the
low ‘'spatial groups. This flndlng - was unexpected and an
interpretation ‘is not obvious. - -

levels of Spatlal AbIlity .

IO determlne the presence of deuble interactions across.
treatments, ' separate two-way analyses of. varla?pefwere performed
at each.level of spatial ablllty. A supmary of theée analyses is
presented in Table 6. The tworway Iinteraction ‘was sjigaificant

.

’ '

I3

only for the high spatials’, thus allowing Newmaaneu]s tests to be -—

.performed on simple.marln means for the low and medium spatials.

or trials at either the 1 r medium level.of -spatial ability. A
table of these means and andard deviations is presented in the
appendix. - s - s

Since the treatment X trlals interao§|on was signiflcant for
the highspatlal ‘group,.the Newman-Keuis rocedure* Nas.applied to
the cel]l means on these data. The results of thi analysis are
presented in“Table 7. The means, have also been ted In Flgure

. These tests showed no sl’*ncant dlfferenoes between, tréatments. .-

1Y

€

3. . \ Vs AL
The ana]ysls Indlcated*that the ‘Interaction is prlmarlly duef

to ‘signiflcant ' differences among the treatment . groups:.: gg  the

“Initial block of trials/ with the— modeling group.” performing P

significantly, better than. both the practice,: and™ " the control
groups, . This finding woul seem directly contrary - to the
predictions mades on the bEsis of the Salomon's (1974) study.
However, an analysis of ‘the graph of the model¥ng and practice
means revea]ed a dlsordlnéb interaction across trials with the
orderPﬁg of these two means reversed in the second block. -There
"was. both a significant - improvement in the practice ‘group's:
performance and a solgnificant decline In the modeling group's
scores _.(although the terminal "differences between grotps did "not
reach 4ignificance). This result--together wjth the previously

ok
3

23
-
~

N

modeling ‘condition--suggest at . least tentatlve]y . that #the

12 .

e
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treatment condltlons interacted. 'with spatial ~ability in
determlnlng how the playegs were able to benefit "  from the
experlence of actually playing the game. Thus, if one considers
the- varTous ° treatment effects in terms of sub;egts abi1i'ty - to
benefit’ from practlce (ratherd tian Inltlaf performance), the
results are generally supportlve of Salomon s fihdings.

Lo .
‘.

- ' DISCUSSION - ‘.

three. levels, First, e demonstratlon of 'diagonalify In adults
supports the reasonling
difflculty 1in dealing with various line orientations and confirms

the tlc-tac toe .task as an interesting and potentially useful

eXperImental task Second, "the 'resylts of the ‘experimental

manipulation, while not clear cut, provide at 1least tentative

support to Salomon's (1974) finding that strategies for dealing

with measured prior 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 the~data are of considerable methodological®
interest to the . researcher engaged. in the *study of phenomena

involving tralt-by-treatment Interactlons.' Each-of these Issues

will be dlscussed in turn. ’ . N

The pronounced dlfflculty that the adytt subjects - in the
present study had,in detecting and blogking' loss-vectors  wRich
were orlented as 3-D dlagonals strikingly resembles the difficulty
encountered :by Olson's (1970) four-year-olds in ghe analogous 2-D
- ta&k. If one assumes’ that college undergraduatey should haye no

difficulty In conceptualizing a 3 D diagonal (a assumption which
was- corroborated by each subject's successful pérformance in the
pretest. involving- the, definitfon of each line orientation), then
this~ result strongly supports the contention that -the difficulty
is perceptual, not conceptual in nature; l.e., the source of the
“subjects’ difficulties with the diagonals was not a lack of
“adequate conceptua]lzatlon of what to look for, but rather some
difficulty’ In executing the appropriate visual 'search which would
lead %to the apprehension of the grutlcal informatian to-&;peclfy )

. The resuwis\of'th?zpresent study -are of Interest ,on at.least
b

theé impending 1loss and thus to llow,the approprlate ) 1ocklng

move, .o ) h

Whatever the specific nature of this dlfflculty, it was not

remedied merely by Increasing familiarity with the task or with"
the- kinds of Instruction ‘attempted:1n this study. While both

practice and the Instructional treatments significantly 'altered

scores based on thé number of moves until ‘loss, both factors

showed a striking lack of effect on the dtagonallty scores, with -
means across these factors being virtually equal. M fact, the

only factor ated to the effects of diagonality on -performance:
was spatial i1ity, and even here, the differences failed to

- 7/ v -
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hind Olson's (1970) proposed ordering of
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reach statistical significance.
Interaction Be tween Spatial it and Explicgitness - of
Jnstruction - T .
-« The complexity of’ the /obtained Interactions - in - the: game

length data and the post-hoc nature of the Interpretation’‘of them
necessarily - equ[yocates conclusions .drawn concerning the
, ' hxpotheslzed spatfality by expliclitness interaction. .If, however, .
one tentatively accepts the Interpretation (further elaborated iIn
" the next*\seption) that the anomalous pattern of results in the
. ~early “trials was a product of. the rather extr¥e unfamiliarity of -
. the subjects with both the computer graphics medium and with the
. experimental task, then the résults.may cautiously be considered
as a partial replication and rextensign of Salomon's (1974)
demonstration of the Internalization of. schematic cpdes or
. strategles via.modeling from-a visual display. :
. In the present study, as in Salomon'!s, It was found‘that, at
least 1in the latter trials, subjects with an Initially high level
a relevant ability (t.e., spatiality) were able to benefit from
.a non-speciflic "pctlvaglon" display, whereas they experienced
Interference 1Inm the 'more . specific modeling of a .particular
strategy. The effect Is less clear for the other two levels of
spatial abjlity, both because of an apparent floor effect for the
“~ « Jow spatlds and of partially conflicting sfgnificance tests -on
simple effects--probably dde to lack of power. It Is, Bowever, at
least reasonably clear that the-medium spatials ben€$lted more
‘from the explicit modeling than from~rthe unstructured practice.
Lt 1t should be noted that the greater complexity of the present, .
task, compared with that used by Salompn,,K allows a correspondingly
. greater contidence In the applicability of the results tdx\
real-world - educational questions.. The price that is paid is that
it 1s somewhat less clear exactly what. was interpalized from the
.Instructional displays. While further research 1is ' clearly
“Indicated here, a carefu} analysis of the present stydy can be of
some help 1m this régard. The most obvious possibiiTty Is that
the subjects merely learned .more about the 3-D tic-tac-toe game.
White some amount of this kind of learning must’ surely have taken
) _place, this alone is clearly Inadequate to actount for the data’
since 1t does not explain the marked decrement In “performance
- .across trlals experienced by the high spatials under the explicit
* modeling condition.  Much the same case could be made against the
possibility that 1t was a stralghffof’haqd gain in famlllarity
with the computer graphics medium which elicited the improvement.
This Is supported by the fact that in post-experimental interviews
very few of the subjects reported any famillarity with computer
displays of the kind used in the study-and, In particular, there
is .no evidence that subjects in/the ‘three. spatiality levels,
differed In this respect. . ’

Whatever the nature of the Internalized information it s
fairTy clear from the differential nature of the effects that, to
use Olgon's (1972) terms, it was more like a 'skill' or strategy
than ‘knowledge'; lce., 1t Is nadt likely that . the #gerformance

-
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dl fferences reflected varlations In how much the subjegts '"knew"
about 3-D tic-tac-toe In the sense of explicit, verbalizable facts
*or characteristics of the game. -Nor Is it the case that what was
learned In the modellng condition was' Information that combined
additively to Iimprove performance, since | thad opposite effects

with medium and high spatials. "Rather, It seems more likely that A

‘what was Internalized- from the display represented covert,
schematic ®peratlions that were useful in performing the task In

. the rather -unfamillar computer graphics medium. The precise

nature of these operations remalns unclear, but two obvious
candtdates are (1) a systematic scanning of the varlous potential
loss-vector ofientations on the board; and (2). a 'perspective

“shifting'" operation In which the board was:-considered from several

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

~ operatjion. Both Mf these operations were explicitly modeled In

4 .

the modeling display. - . A
Moreover, If these-.operations are considered as optional
means to a common en% (i.e., as strategies), rather than as
esentlal components o a skilled performance, then the
interference effects observed wWith the high spatlals seems less
anomalous. These subjects might be expected to bring with them to
_the » task some falrly well-developed strategies for dealing with
similar sltuations (indeed, this may be what it means to be "high
spatial™ 1In the/ /present context)., |f the particular strategies
presented In the Instructlion were slgnificantly different from
these idiesyncratlcaLTy developed but perhaps equally efficlent
approaches  to the task, then interference could be expected. The
performance decrement over trials might reflect” an Initial,
successful ,application of the modeled strategles, followed by a
partial reversion to the subject's preferred (and conflicting)
"strategles. With further practice, this conflict would no doubt
have been resolved, thus reversing the Interference 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 glven learner at a given level of progress, - the
present study is of significance. | £ suggests that In tajloring
irnstruction to .the individual Tearner, 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 glven class of performance. As 0Olson (e.g.,
1 1976) has argued forcefully, it may be that the range of such
mental skilils that are'developed In the course of formal schooling
may bé of greater ultimate consequence thanm the particular content
that Is taught. tt is 1in these matters that the study of
individual fferences may prove to have the greatejt ultimate
Jmpact on Instructional practice. ’
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The Role of Practice Effects lin Tralt-by-Treatment Research ~~
Perhaps the most «clearly Interpretable and Immediately
significant result of the present study does not relate directly
_ to the initlal experimental hypotheses. The particular pattern of
. Interactions obtalned 'in the.data are of unique-interest to ‘the
researcher .engaged In research involving trait-by-treatment
Interacglions. . , A -
Dedpite an Inltlal enthusiasm and continued high 1level of
Interest in rese&rch l.problems involying {the <predictions of
tralt-by-treatment Interactions since Cronbach's (1957)
. Influentlal” paper, the net yield of the enterprise In terms of .
“Interesting and useful data has been disappointing (see Cronbach &
Snow, 1975). Varlous reasons have .been put forth.for this lack of
. .success. Cronbach and -Snow (1975) 'attribute 1t primarily to nalve
experimental -desligns, small sample sizes, and Inappropriate
,statlstical procedures. DiVesta (1973, 1975) has Implicated an
inadequate conslideration. of intervening _ cognitive processes
employed by Tlearners: and a lack of sufficlently rigorous
theoretfcal -bases for ‘experimental work. The outcome of the
present study suggests vet another - pitfall which may be
encountered In such research. The pattern of means across trials
\ strongly-suggest that practice effects had a profound influence on
the ways In which the experimental treatments: interacted with
spatial ablility. . T
. More' speclfically, the Interactlons. found in the early trials .-
. were very nearly the reverse of those predicted on ‘theoretical.
grounds. The high spatlals, In partigular, performed best in the
modeling condlition--the one in which they had been expected) to
. experience Interference.. 0On the second block, however, this
pattern was “reversed’ and thelr gerformance level actually>
decreased wlth the additional practice. Apparently, the povelty
of the task and/or the performatory medium had the ef fect of
increasing the spatiality demantds.of the task and thus effectively
putting our hlgh spatial subjects In the position- that lower
\\*_\_; spatials - would' otherwise have faced, and producing an extreme
: floor effect for the other groups. Once the subjects had
acclimated’ themselves to- the experimengal 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 1In cognitlve psychology, the prevaillng practlice of .
. administering a large number of practice trials for which the data -
are never analyzed or often even recorded is lJ\-advised. It is
often the case. that the adoption of a single strategy and the
achlevement of a 'stable 1level of performance on a task 1s a
process that takes a conslderable 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 trlals, the interactions w?uld have
cancelled, giving the appearance of no treatment effects’at all.
It 1Is suggested that similar effects are a potené‘b] source of
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.problems - In‘many';rélt-by-treatmeht designs, and should be guarded

against by desiﬁhrng‘ experiments such that practice and other
task-acclimation effgcts can be expliclitly examlned. '
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Error Within

) . \ . A
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\
- *
‘TABLE 1 —
- - . Summaéy Table for Analysis of Variance
- of Diago??kity_Scores for TotaZ Design:
’ - ~ - .
source N af TN F Probs;
Between Subjects .
Treatments (T) 2 \\}Xg .34
¥ e
g": spatial Ability (SA) 2 2.03 2.66 ¢+ 081
T % SA 4 .38 .50 - -
Error Between 45 y 160 @ T
‘o . . ‘ ' z Y
Wwithin Subjects ¢ i .
L N .
“  rrials, (TR){ 1 -+ 85 .84
4 x TR 2 .04 204
8& x TR 2. 02 .02 .
— . : . . -
T x SA X TR ~ 4 .95 +95
L'd =<
*45 1,01




TABLE 2

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

.-

'ijéugse ' ‘ éﬁ MS E. P;ébt
; 5 - - e N ;
netwé;n Subjects o Yoo B
/ Treatments (T) \ .. ) 2 ; 6.58 .§2
. 'spatial ability (sA) 2 733,92  3.22 .049
/T xsa S - 4- . 18.89 T 1,79 .147
/// Error Between. 45 410.54
%géhin gubjeéts: ’ . - ' s '
" rrials (TR} 1. 16,02 3.65 .063
T x TR ¥ c2 0 3.9f .89
"S$Ax TR 2 4.76 11,08 347
Tx SA x'TR 4 . ‘127.‘32/ ‘ © .037

Exror Within

45 4.39

2.80
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" o . CTABLE 3 ¢ 7 :
. ‘ Summary Table for Analysis of Variance of Number of loves
' Ty C for Three Levéls of Spatial Ability and Two Blocks of Trials, . -~
v at Three Levels of Treatment ~
N S~ o . . .
‘ . o T a v - - : = = ’ - '—:L-
- . N . - _‘ .
JRN ’ lModeling + ° Practice . Controk ;
E) ' ‘ " .
Source:. df MS E Prob.,. d4f IS F Pr.o% df Ms - F Prok.
. ’ - . /. . 4 i ,‘ e ) .
Between Subjects f : AN
Spatial Ability 2 16.03 .1.52 .230 2 '17.23 1.63 .207 .2 '38.44:>3.64 U34
.. < - (sA . RN : - ,
~ . ( ) . 'q L]
i Error Between -45 10.54 B . ) ’
Within Subjects | ‘
pials (TR) 1. ° .004 001 ° © o+ 1 9.40 2.14 ..150 1 14.44 3.29 .076.
. eSAx TR 5 19.26 4.39° .018 - 2+'5.79 .1,317.280 2 4.36 .99
P . " . . ;f‘ £ . L. i - - . . "l‘,& .
Brror Within 45  4.39 " 45 4,39 U w45 4,39 .
5 ’ . ) \ l : - . .
\\\ . ® N
. Note: Error terms are those of\the onﬁpléy(s"f‘gn. S 5
\«\ ' ¢ ' N
25 S 26




TABLE 4
‘Multiplé Comparison of Mean Number of Moves of Subjects
in Modeling Condition at Three Levels of
Spatial Ability and Two Blocks of Trials |

»

" Low Spatials Medium Spatials High Spatials
Mean N=-K* Mean N-K*® Mean N-K*

16.20. - 16,40 120.40

L

17.26 18.27
' /

—

. ) Y o
#*Brackets indicate non-significant differences between means
at the3H05 level as determined by the Newman-Keuls Test.




TABLE 5 -

Multiple Comparison of Mean lumber of’Moves'of‘Subjects )

. .in Practice and Control Conditions: Simple Main
) Effects of Spatial Ability and Blocks of Trials
. } ' .

» r
)

4 -

{
: - Practice Group ‘
\ s ."Sgatial Ability Trials
Condition Mean N-K* Block lMean : N-K*.
. Low 15.57 First 16.40
Medium . 17.30 ' Second  17.42 ‘
ﬁigh . ¥7.83 ’
» i 4 9 1]
\ . Control Group -
Spatial Ability -~ , . Trials ‘
T Condition = Mean  N-K* Block  Mean  NeK*
o . . . , .
Q Low, 15.93 - First . 16.33
High 15,93 " ° " Second 17.60 *
L © Medium %’, 19.03 - : S

~

*Brackets'indiéatg non-significant differences among means . -
- . at the .05 level as determined by the llewman-Keuls Test.,

<
- <
)




e T TR T TR T T e T

\
. o X
sy 5 s
[ T TABLE 6
Summary Table for Analysis of Variance of Numbexr of Moves
_ for Three Treatment Groups and Two Blocks of Trials,
) e at Three Levels of Spatial Ability .
A \‘ . - : . J
Low Spatials . . Medium Spatials . High Spgtials‘ ’
. _Source df Ms - gﬁ: ngb; af - M5 g g?éb.' gg“ MS F Prob.

Between Subﬁects .

Treatments (T) 2 4.27 .40 . - .2 11.79 119 .314¢% ° 2 .28.,30 2.69 .079

Error Between 45 10.54 45 30.54 : .45 10.54" )

. Within Subjects , - - - « ' ' L o
" prials-(TR) - 1° 4.56 1.04 .313 1 13.94 3.18 ,081- ' 1 .04 ~ .01 '
+ T x TR ' 2 5.61 1.28 .288 2 - .99 ;26 ©.'2 21,96 5.00 .01l -
. \ . , . . .
Error.Within - 45  4.39 o 45  4.39 ° ' 45 ' 4.39 =y
N ’ : . :

~ ) m. a

A

-

Mote: Error terms are those of the complete design.. ‘ co T ‘
. ~ BN
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TABLE 7
Multiple Comparison of Mean Numbef'of Moves of High Spatial

Subjects Under Three Treatment Conditions
and Two Blocks of Trials | -

.Control ’ o Practice Modeling
Trials Mean N-K* " Mean N-K* Mean N-K*
First yLo ‘ [ \ o
Half 15,87 16.60 20.40
N-K* : = ]
Second N . )
Half - ~ 16.00 19.14 17.54
N-K* : ‘

! =

*Brackets indicate non-significant differences among means at the .05\\
‘level as determined by the lewman-Keuls Test. "
. ‘P

-




APPENDIX

.

TABLES OF MEANS AND STANDARD DEVIATIONS ' ,
‘ . . < .
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\ ~ TABLE 8 °
Means and Standard peviations: .
; ‘Diagonality' Meaaure--Pooled Across Trials
A - . .
. 4
C] N “ . s
_ . Spatiality Scores -~ Pooled Across
Condition , High Medium Low Spatiality Scores ,
. n=6 n=6 . n=6 ’ n=18-
Mean - SD llean SD Mean SD lMean SD -

1

‘Control

Mpdeling . °

Practice

Pooled
‘Across
Treatments

'2.07 .73 2.36 1.00 2,59 1.26 - 2.34 1,04
1.97 .99 2.52 .85 2.11° 1,77 2,20 1.29
1.86 .99 2,29 1,91 2.41 ‘1,07 2,18 1.4l

1.97 .92 2.39 1.34 2,37 1l.41 Co

L%




Means and Standard Deviations: ,
Number of Moves in Modeling Condition

TABLE 9

.

.
-

.

-

o ——

e

Spatlality Scores

» "
Pooled Acroks

Block of High ", Medium Lov! _Spatialit: ores’
Trials n=6 n=6 , n=6 . n=18 -i?z'

| ‘i Mean SD Mepn SD ~ llean  SD Mean _ SD

G s - X -

First 20.40 3,50 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 ) = . o v ’
Across ' " 18.97 2.65 17.33 1.66 16.73 2.42 '
Trials ’ -
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. TABLE 10 ' : ; E
, Means and Standard Deviations: T ‘ *“ .
- Number of Moves in Practice Condition - - -
4 h 2 2
. ’\h e
S _Spatliality Scofég yéoled Acroés -
Block of - High Medium - Low spatiality Scores
Tfials - n=6 n=6 n=6
. fiean spD,/ Mean _ SD___Mean . SD -
— / K . . ‘ ~ .
First 16.60 2.37 16.93.2.57 15.67 2.45 1W, 40 2.51
Second - 19,13 1.83 17.67-4.55 15.47 2027 © 17.42 3.48 . . . %
Poolgd ‘ : ' ’
Across 17.87 ™82 17.30 3.36 15,57 2.32 ' (
Trials ' A . : : : -‘7
% o .
« ° \ .
' " ‘, { i

7%
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<. TABLE 11 . R
t \‘ .Means and Standard Deviations: | .
Number of lMoves in Control Condition -
~ ’ \. .\ .
’ . - ) e , - b
- £ / i ‘.. T ‘ . . - . e . '
o Spatiality Scores _ -\ Pooled Across .
Block ,of High * Medium . Low Spatiality Scores '’
Trials n=6 n=6 \ __n=6" . n=18 . .
Mean SD Mean . SD Mean SD” ' Mean SD [ 2 & .
First ( 15.87 1.15 18,47 2.43 14.67 1.85 " 16.33 2.46 w:: ‘
Second =~ , - 16.00 2.96 19.60 2.13. 17.20 3.80 _ 17.60 3.39 o
.t ‘ . - \ ~ R . )
Pooled : ® ’ o
Across 15.93 1.61) 19.03'L¢79 15.93 2.44 —
Trials ' ‘ s ' : Pt . .
N e / : s );Q




