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ABSTRACT

The effects of a visual motor training program that
attempts to teach 5-year-olds the underlying cognitive structures
used in copying geometric designs are assessed, The Design Board
Program teaches the child a systeratic methkod for analyzing complex
two-dimensional graphic patterns. It is based on the theory that
accurate replication of geometric designs depends on the child's
ability to view a design as though it was a construction of
individual elements arranged on a matrix of vertical and horizontal
coordinates., 12n children participated in the experiment, 5 of wWhem
received training durirg the course of the year. Fach child, in turn,
attended daily training sessions, lasting 15-20 minutes, for an
average of atout 20 sessions. The five performance subtests of the
Wecnsler Preschool and Primary Scale of Intelligence were
individually administered to all the children at six-week intervals.
The reasults, when the trained and non-trained childrep were compared,
seem to support the hypothesns that the Design Board training rrogiar
has an immediate, positive effect upon the skills involved in copying
desiqgns, and that the effect is generalizad to other psychomotor
tasks. (PR)
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Effects of Design Poard Training on the Terformance Scale and Subtests of
the WPPSI¥*--Rosner (1)

One indication of a child's visual-motor development is his
ability Lo copy roommtric desipns.  Gesell (19k1), Starr (1961), and
others have published data supporting the hypothesis that copying skills
are a functicn of chronoloegical age. The Wechsler Preschool and Primary
Scale of Intelligence (WPPSI), (Wechsler, 1967), contains a copying
subtest, sugrestins that insights to a child's mental age also may be
gained from evaluating his cupacity to _eproduce certain geometric
designs. Jensen (1969) soims tc be supporting the importance of botn
chronological and mental ags in the statemeut: "the child of five who
has been tzught to cony the diamond gseemz Lo have learned something
different from whnt the seven-vear-old 'knows', who can do it without
being 'taught'. Though the final performance of the five-yezr-o0ld and
the seven-ycar-cld mey look alike, we know that the cornitive structures
underlying their verformance ave different.”

The purpose of the present study was to asscss the «ffects of a
visual-motor trainiie program that nifenpts to teach five-year-clds the
underlying cognitive structures, the analytical Jdecoding and encoding
skills, uced in ccpring geometeic designs.  “wo questions vere asked:

1) Tc what extent can training improve a child's copring ckills? 2) What
is the effect of the trainin; on other psyclio-motor behaviors that have

been identified as containing cornitive factors.

¥ The authors acknowledse the cooperation of Dr. lalcolm Frovos, Director
~f Besa2arch of the Pittzburen loard of Public Edueation, Mr. Lawrence
Eleski, Frincipal, and Miss Carolyn Miller, teacher at the elermentary
school at which this study was conducted. Without thieir full cooperation
this experiment would no*t have teen rossible.
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Training Progran

e (0)

The Desirm Poard Proeram {Rosnevr, 190%9) is based on the rationale

that accurate replicntion of pocretric
ability to view a duaiem ns thoush It
elements arranced on 2 two dimergionnl

coordinates. The reocvam beecins e oy

designs, printel on mite’aen oy

indicated. Tie ¢iili reyredusz

codens oo

desisng depends upon the chiid's

1 econstruction of individual

trix of verbical and horizontal

caerting to the ehild very sinople

the coordinates ave explicitly

Hingt mntrices,

1

stretching »ubber tonds on e nos board,  As akills are acquirea, additional

+

coordinater nve intovsiuesd into

shriy, more comvler des

rresented anl o malcehins printed natrix, veon vhich the child.draws the
reproductions, replaces the peyy boord and rubler tands.  Finaily, the

coordinates of the rmatrix are ;raduedly faded and the ohild is taurht to
imagine" their prearnee,  Thet iz, he ic taucht to view and copy the
desipn as_though tlie coordinates of the matrix were prerent. Figure 1
shows six representative levels of the program. Pattern 1-a is representa-
tive of a beginninzg level. tattern 1-0 is reowresentative of one of the

teriminal obiectives.

The training prosran's major rurpose is not to teach the child to
draw specific geomsiric shaves. Pather, its overall objcctive is to teach
visual anslvsis and synthesis ekillsy visunl-motor behaviors that may be

generalized to a variety of situations, including the cepving of reometric

designs,



Effects of Mezirn Honed frairinc--losner (3

Psychomotor Skills Testing

The WPPRT js conrnced of a hattory of tests designed to sppruise
the mental developnent of = 10 Govrear-old children. Poth verbal and
performance subtesls wt- inelnded, The verbal tests are based on the

child®s knowladge of vorcbulary, arithmetic, similarities (catorories),

the ability to reascn 'u ceriuin arnt gencral infTorrstion.
The performunce tesis rprcie tho chili's oLility to solve visually pre-
sented problems: convine seomctric desipns, a coding task (Animal House),

pencil and roper ing Hrock Dezion conctrueticong, and a Picture Come-

pletion test. 07 the Myve verforwance subttezls, only Picture Completion
aprears to contzin a fictor dorendent ween pricor knowledee and is the

only one of the five L9t reguires a verlnl rather thon o visual-motor
¥ )

response. The other rour tests depend uvon the child'sz ability to use
existing visual information to develon strategies for selving structured
problems.

The WFPSI Ferformance subtests provide a convenient method for

assessing ecertain poyohomotor ckills that have teen related to peneral

intelligence. The Dezien Board rogcram teaches the child a systematice

method for anzlysin- conrlex {wo-dimensional sraviic prtterns. It was
predicted, “herefs: , that children who werve trained would produvce higher

WPPSI Geomeiric Desirn sublost scores than thoeze who hind rol been trained.

It was antizipatod ~1rn that, sinze the Desi-n Board Mrosrum aims at

teaching skills tya', ~ra be cenornlizody paing way e cxpected not only

in the copyins subtort, but in other subtests a5 well,
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METHON

Subjects

The subjects, tvo ~irls and cight borys, were envolled in the
kKindergarten of un elrrentary school in Pittaburgh. AL the time of
the Tirst testing (Decembor, 1902), they raigad in age from S years,
1 month to 5 vesrs, O wonths, Th: medinn ar. was S vesrs, U months,
Al) were given the perfornance subtests of the WPPSI. Their scalel
scores ranged from B0 ta 58, (mean = 50.8; S.D. = 6.£) placing then in

"

the "average" category according to Wecheler's designations,

Fesearcn Design

A multiple baceline rescarch design, as descrited b Revusky
(1907), was molified for the purpoze of this ewperiment. This design,
developcd especially for experiients with irreversible consequences,
requires that bascline data initislly be obtained from cach subject.
Experimental treatment is then administered to one subject, chosen at
random. The subjects who do 1.0t receive exrerimental treatrment sevve as
controls. The entire proup is reotected at the completion of the treat-
ment period, A geconi subject, apain randomly selected, i then yro-
vided wit . the experimental trentment, the remalinder of the untrcaled
subjects continuing to serve as controls. !Measures arc repected au the
completion of a seconi treatment yeriod. The procedure is reprcated for
the third, fourth, etc., subjectr until everyvone in the sample has
received the treatnent.. "The statistical ncthod involves ranking the

scores in each subexperiment; the rank of the experimental subject ie the
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Effects of Deaien Foaard Training--Rosncr (5)

rank outcome of the subexperiment. The statistic, R, is the sum of
the renk cutcomes of the experimental subjects in each subexperiment."
(Revusky, 1967), 1In this study, subjects who were not receiving the

experimental treatment received no alternative treatment.,

In accerdance with the research design, one cbild was randomly
selected for training. Daily treining sessions, lasting 15 to 20 minutes,
were conducted by one of the authors in a separate room within the school
building, while the other children remained in their classroom. Tne
training period ranged from 19 to 22 dally sossions,_wﬁtW an averare of
abtout 20 sessions.

When the initial experimental subject had achieved the terminal

behavior of the Design Board Tronran, all subjects were retested with the

same WPPSI partormznce subtests. A second subjeet then was chosen at
random from the remaining nine children and the training was repeated. A
total of five children irere trained, following this design. Every child

achieved the terminal bchavior of the Decign Doard Trogram cxeept the

last, Subject G, In this inctance, swmmer recess commenced before the

terminal objective wos completely achicved.

Testing

The five performauce subteasts of the WPPSI were individually
administered at one citting; all tosting was done by one person (not the

trainer). All teon children were tested (except in Measure 5 whe two of



Effects of Design Poard Training--Rosner ()

the non-trained subjects werc not available for testing) five times

between December, 1967, ind June, 1970, at approximetely 6-week intervals.¥

Results

Toble 1 shows the rark outcomes of onch subexperiment end the Ry
values for ench WFPST subteet ) as well as feor combined totals., These
data indicate, for ezamnle, that the percentare of change fran baseline in
the subtest scores of the trained subjeet in the trirst gubexneriment ranked
3 among the 5 in Animal House and Ticture Corpletion. This same subject,
howaver, demonstratei the highest vereontape of chanse within the groun
{(rank outcoms = 5), in all of the other zubtects ns well asz the combined
totals Jisted under subexperinment 1.

The second sutexperiment data refers to the four subjects not
trained in the firct serment. The rank outcowre of 2, shown in the Animal
House row, indicates that the <raired subject of that subexperiment
showed less change in that subtest score than two of the three control
subjects. Similarly, the rank outcome of 2 in the third subexperiment
indicates that the Aniral House reore of that trained subjeet shoued
more chanre than only one of the two remainineg control subjects. The

W of that s-me svbtest indicates that the trained

data of surexperiment
subject showed less change in seale score than did the one remiining con-
trol. The last subexperiment autemntically vields a rank ontcome of 1

in that only one subicct remainszg the other four had already been trained.
The R, value of 2, the swt of the five subcxperiventst rank outcores, is

nol statistically sicnificont. Hisher, byt ~till not significant, Ry

1

values are chown for Pictare Joepletion, Mnzes and the 5 cubtest total.

¥ VPPST sub, 0 Loraen of Lhe 10 2ooare availshde frem oauthor upen reauect.
O

7
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The Geometric Design F value of 15, significant at the .01
level, indicates that the trained subject of each subexperiment always
ranked highest in percentage of change as determined by testing immediately
following the trcatment. Significant results (.05) are also shown in
the Block Design subtest and the 4 subtest total, omitting Picture Com-
pletion data, This latter comrutation was performed because the Picture
Completion subtest is the only cne of the five that does not sample visual-

motor behavior,

Comparisons with Nen-Trained Children

The Fevusky design offered no opportunity to study the longer
term effects of trairing. To answer queztions regarding the retention
and generalizstion of skills, we compared the data of the trained (E) and
non-trained (C) group. As deseribed above, five children received
training, five did not. Table 2 shows the mean scale scores of both
groups at the iritial (M-1) and final (I!-5) measures and the t-value
reprasenting the intra-prour changes that occurred between -1 and !-F
As shown, the scoros of Group B changed significantly in all subtests
but Animal House, and in Total Scale. The scores of C chaneed sirmificantly

in only two subtests, Pieture Comnletion and Block Design.,



Bfffects of Decicn Borrd PTrainind--fRoonoer (6)

Figure 2 illustrates the changes in the mean scalc scores of
E and C as listed in Table 2. The consistently steeper slope of E is
obvious in all of the subtests as well as the total. As shown, C's
initial mean scores were higher than those of K in fours of the six
graphs. In only one of these (Mazes) does C remain ahead at Measure 5,
and even here the slope of F's chunge is appre-iably steeper. In the
two graphs where E's mean scores were higher ul M-1, the gap belween
the two groups is much wider at M-5. The Geonetlric Desig.: graph is
particularly intcresting. The mean score of the control group is pre-
cisely the seme at M-9 as it was at ii-1. Thesc arc, as noted, scale -~
scores. llence, although the covyving skills of C may well have improved,

it was only at the rate predicted by the scoring scale of the test.

The differences between groups at M-5 also were calculated with
an anzalysis of covariance, treating the M-1 scores of E and C as covariaten.
No significant differences were shown in any of the individual subtests.
A significant difference, however, (F = 10.76; df = 1/7y p < .05) was

" shown between F and £ in their M-5 full scale totals.

Discussion

Before proceeding with the interprétation of these results, it
must be noted tnat changes in score, soretimes quite large, arc normally
found on WPPSI retest. Wechsler (1967) reports that "Of the 50 children

[in & WPPSI retest study) onc half gained from 0 to 9 Full Scale IQ points
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on retesting, and the remaining half of the sample was divided about
equally between those who lost I points on retesting and those who
gained 10 points or more." The data reported here tend to support this
statement. VWechsler does not provide information regarding the effect
of closely sp' ed, repeated tecting such as was carried out in this
experiment. Ou™ results, therefore, cannot be viewed as scores that
retain predietive w7 fdity insafar as the assessment of intelligence is
concerned, nor are threy to i considered as a judgment of the reliability
of the WPPII performance scale. Rather, these data are important only
because they provided a means for measuring the apparent effect of
training upon the paychomotor skills of a sample of S-ycar-old chilaren.
The problems of learning from repeated testing, and of training
behaviors that are related to normal development, are very arpzrent in
this study. For =xeiple, one subject in the non-trained group demonstirated
markedly improved stills without tralning. Certain effects of training
seem to be evident, however, despite the vulnerability of: (1} the test

items to practice, and (2) the sensitivity of the test statistic Rn.

n

The P-vusky design is a demanding one. It imposecs strict con-
straints. Very little leeway is provided in attaining a ctatistically
significant Rn value, since not only must change occur consistently--it
must te evident irmediately following the treatmert and be of sufficient
magnitude to affect intra-group rankings. As discussed above, signifi-
cant changes were shewn in Geometrie Designs, Block Designs, and the four
subtest total that omits Picture Completion, indicating that the training
did have an irmediate affect on copying skills and that the effect was

generalized to other visual-rotor tasks.

10



Effects of Design Poard Trairning--Bosner (10)

This also appears to ve indicated by the intra~ and inﬁer—group
comparisons within and between E and C. Admittedly no substantive con-
clusions can be drawn from the data illusirated in Figure 2, albeit that
E's scores consistently improved more than C's between !=1 and M-5,
fonetheless, the consistent pattern of change shown in each of the sub-
tests strongly suggests that the iwo groups were mueh less alil.e at the
conclusion of this study than they had been at M-1, Referring again to
the Geometric Design graph, the stability of C's scores shows thot copying
skills are not as susceptitle to change from repeated testing as are
some of the other behaviors saanled by the WITSI subtests. This was alsn
noted by Wezhsler in hisz test-retest reliability data. Impliéit in sueh
an observotion is 2n acknowledgment that the improved copying skills of E,
given that the test items werc not taught specifically nor anproxirately,
are cvidence of the nover of the training program in teaching something
nore than the ability to cop. designs.

Finally, the analysis of covarirnce of the full scale sccres of B
and C, as nientioned atove, indicates th t the two groups, relatively alike
at M-1 (t = 0.b5y dr = 8; p = il.58.), were indred differet at the con-

clusion of ths study in more than the single subtest of Geonmotric Desipns.

Conclusion
The hypothezes on which this study was based seem to be supported:
{1} Tre Design Board training proaram hes an inmediate, positive cffect

upon the skills involved in copying designs, and (2) The effcc: is gen-

Swa eI 4 e akdan aas diymead e 2 e e
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28

The study provides‘strong suprort for a method for teaching
analytical ps:chomotor problem scolving strategies to S—year-old children;
strategies that may be aprlied in a variety of situation.. Teaching a
pre-school child to analyze and reconstruct concrete visual data in a
reliable manner may not increase his "intelligence," Tbui cne can argue
strongly that it does rrovide hinm with an organized method for rrocessing
pre-symbolic visual information. This, in turn, should result in more
efficient handling of those visual data as required for coding and
recofing at a symbolic level. Hence, althcugh the child may not "know"
more, his capzeity to receive, ordsr and relate visual information--

cognitive structures urndcrlving performance--will be enharnced.

12
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Effects of Desipn Fouorl bo ik ==Rooner

Table 1

Subexperiment Rank Outcomes and Ry Values
for 5 WPPST Subtests and Combined Totals

Rank cutcone of
Experimental S in
Test each subexperiment| R, [{Significance
Value Level
1|2 |3 1k]s5
Animnl House 3 2 2 1) Q .G,
[Picture Comnleticn 3 3 2 112 10 N.S.
Nazes S 131311143 13 1.8,
Geometric Desirns 5 1% 131211 15 .01
Block Designs 5 1 131111 1L .05
5 Subtest Total 5 4 2 {1 13 1.8,
4 Subtest Total
(minus Piec. Com.) s 4 1311 ]a 14 .05
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Effeeis of Pegign Poard “raininr--Rosrer

Figure 1

Eepresentative Levels of Design Board Program
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