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Ihe 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 systematic method 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. len children participated in the experiment, 5 of whom
received training durirg the course of the year. Each child, in turn,
attended daily training sessions, lasting 15-20 minutes, for an
average of about 20 sessions. The five performance subtests of the
Weensler Preschool and Primary Scale of Intelligence were
individually administered to all the children at six-week intervals,
The results; when the trained and non-trained children were compared,
seem to support the hypotheses that the Design Board training 1:rogtam
has an immediate, positive effect upon the skills involved in copying
designs, and that the effect is generalized to other psychomotor
tasks. (PR)
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Effects of Design P,oard Training on the Performance Scale and Subtests of
the WPPSI*--Rosner (1)

One indication of a child's visual-motor development is his

ability Lo copy geoeetric designs. Gesell (1941), Starr (1961), and

others have published data spporting the hypothesis that copying skills

are a function of chronological age. The Wechsler Preschool and Primary

Scale of Intelligence (wf'PSI), (Wechsler, 1967), contains a copying

subtest, suggesting that insights to a child's mental age also may be

gained from evaluating, his capacity to _.eproduce certain geometric

designs. Jensen (1969) 0,Jr is tc be supporting the importance of both

chronological and mental as in the statement: "the child of five who

has been taught to eon,' the diamond. seems to have learned something

different from what the seven-year-old 'knows', who can do it wnnout

being 'taught'. Though the final performance of the five- year -old and

the seven-year-cld may look alike, we know that the cognitive structures

underlying their performance are different."

The purpose of the present study was to assess the Effects of a

visual-motor trainih,; program that attempts to teach five-year-olds the

underlying cognitive structures, the analytical decoding and encoding

skills, used in ccpyini, goomet...ic designs. rA;'o questions were asked:

1) Tc what Extent can training improve a child's copying skills? 2) What

is the effect of the training on other psycho-motor behaviors that have

been identified as containing cognitive factors.

* The authors acknowledge the cooperation of Dr. Malcolm Froos, Director
of Research of the Pittsburgh Loard of Public Education, Mr. Lawrence
Eleski, trinciral, and Miss Carolyn Miller, teacher at the elementary
school at which this study was conducted. Without their full cooperation
this experiment would not have been possible.
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Effect: of l!osi-n Pe7vcd

Training Program

The Desi.,..,n Froram (osner, 1969) is based on the rationale

that accurate repli,7ation of reometric desirns depends upon the child's;

ability to view a ci,fsiFn !Ls thour:h it vi: a construction of individual

elements arranred on n two din,- ienql ry,,trix of vertical and horizontal

coordinate:. The pro:-rm by rresrtirT to the child very simple

designs, printed on :ats'co5 which th. c.,7,oriinates arc explicitly

indicated. The relroduc:--s an :ntchin matrioc5,

stretching lulls a' ihnd, on a t or 1,nard. As skills are acguireu, additional

coo2dinates are lilt' .11:,--1 into the lat.rix, more co :u do5itris %re

presented and a natchin,-; printed matrix, urc,n which the child draws the

reproductions, rerlaces the pc ;c-rd and rul-±1.,2r '1_7nds. Finally, the

coordinates of the matrix arc, J:rld,z.,11y faded and the chill is tauht to

"imagine" their prosence. That is, be is taught to view and copy the

design as though the coordinates of the matrix were present. Figure 1.

shows six representative levels of the program. Pattern 1-a is representa-

tive of a beginning level. Pattern 1-f 15 reprezentative of one of the

terminal ob:ectiv,I.

Insert FiE.,Lire

The training progxam's malor purpose is not to teach the child to

draw specific geom,ftric shape's. bather, its overall obsctive is to teach

visual analysis and synthesis 5l;i1.1,7; visual-motor behavior: that ray be

generaAized to a variety of situations, including the copying of geometric

designs.
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Effects of Tlesirn F,..7ard

Psychomotor Skills

The ..77).7r. In comnr-2--i of a 1-,attrry of tests designed to appraise

the mental develont >f to 6-yar-,ild uhildren. Roth verbal and

performance subtests hr- included. T.nc- verbal tests are based on the

child's knowledge of nrithm-tic, (cnterories)5

the ability to reason lh certnin n.11'1 general informntion.

The perfonmnnee test;,. robe child' nbility to sol,,e visually pre-

sented problems: cop,:rie ,7co!-.ctric de7irns, a eoding task (Animal House),

pencil and rnper Piock Tesign contruction, and a Picture Com-

pletion test. (Y the i've yerf=nnc,- sulAests, only Picture Completion

appear:, to centnin n deehl('nt uron prior knowlcdre and'is the

only one of the five tat. requires a verl.,n1 rather than a visual. -motor

response. The other for tstt7 depend upon the child's ability to use

existing visual informntion to develop strategies for solving structured

problems.

The 4TFP5I Performance subtest provide a convenient method for

assessing certain psyThomotor shills that have 1-;,en related to general

intelligence. The Dsci n Board :'roF7ram teaches the child a systematic

method for analTs,17:- ,!omnlex two-dimensional oranhic p-tterns. It was

predicted, Thereto: , than, ChiI1ren ,Zclo wfre tainc,d would produce higher

WPPSI Geometric DeoP.r1 suAil st :corc.7, than these who had not been trained.

It was anticipat.:d sine the De ;71-11 hoard J'renrm mine at

teaching, skills that !tn he ,-,en-r-I.L;7.-d, ,,ay "le expicted not only

in the copyin,:, su'!-A.:-.t, but in other subte7ts as well.
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Effects of Traininc-- fnnv fl

f.THIJIOD

Subjects

The subjects, two ;',Irls and eight boys, were enrolled in the

kindergarten of an elementary school in Pittsburgh. At the time of

the first testing (December, 1569), they rasped in ace from 5 years,

1 m-mth to 5 veers, months. Th:. median as was 5 years, it months.

All were given the performance subtexts of the WTTST. Their scaled

scores ranged from 140 to 58, (neon = 50.5; S.D. = 6.6) placing them in

the "average" category aecordLim to Wechsler's. designations.

Research Design

A multiple baseline research design, as described by Revusky

(1967), was molified for the purpose of this experiment. This design,

developed especially for experients with irreversible consequences,

requires that baseline data initially be obtained from each subject.

Experimental treatment is then administered to one subject, chosen at

random. The subjects who do net receive experimental treatment serve as

controls. The entire croup is retested at the completion of the treat-

ment period. A second subject, acain randomly selected, is then pro-

vided wit, the experimental treatment, the remainder of the untreated

subjects continuing to serve as controls. !Measures are repeated at the

completion of a second treatment period. The procedure is repeated for

the third, fourth, etc., subjects until everyone in the sample has

received the treatflent. "The statistical method involves ranking the

scores in each subexperiment; the rank of the experimental subject is the

5



Effects of Design hoard Trainirg--Ro.3hcr (5)

rank outcome of the subexperiment. The statistic, Rri, is the sum of

the rank outcomes of the experimental subjects in each subexperiment."

(Revusky, 1967). In tis study, subjects who were not receiving the

experimental treatment received no alternstive treatment.

In accordance with the research design, one child was randomly

selected for training. Daily training sessions, lasting 15 to SO minutes,

were conducted by one of the authors in a separate room within the school

building, while the other children remained in their classroom. The

training period ranged from 15 to 22 daily sessions, wit an average of

about 20 sessions.

When the initial experimental subject had achieved the terminal

behavior of the Design Board T'rorTam, all subjects were retested with the

same WPPSI performance subtexts. A second subject 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 behavior of the Design hoard. Program except the

last, Subject G. In this instcnce, summer recess commenced before the

terminal objective was completely achieved.

Testing,

The five performance subtexts of the 7.qPPSI were individually

administered at one sitting; all testing was done by one person (not the

trainer). All ten children were tested (except in ?Measure 5 he- two of

6



Effects of Design hoard Training;--Rosner (6)

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

between December, 1969, and June, 1970, at approximately 6-week intervals.*

Results

Toble I show: tho rook outcomes of each subexperiment and the Rn

values for each WI-DST subtcst, well as for combined totals. These

data indicate, for exarcle, that the percentaje of change from baseline in

the subtest scores of the trained subject in the first subexperiment ranked

3 among the 5 in Animal. House and Ficture Comrlction. This same subject,

however, demonstratel thc highest vercentve of change within the croup

(rank outcome = 5), in all of the other subtestc as well tin the combined

totals listed under soil experient 1.

The second sul experiment data refers to the four subjects not

trained in the first se':cment. the rank outcome of 2, shown in the Animal

House row, indicates that the trained subject of that s,ubexperirent

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 Anirrl House score of that trained. subject :7ho%eci

more chance than only one of the two remaining, control subjects. The

data of subexperiment 4 of that sane subtext indicates that the trained

subject shoved less change in scale score than lid the cn remaining con-

trol. The last subexperiment autematieally yiclds a rank outcome of 1

in that only one subject remains; the other four had already been trained.

The Rn value of 9, the sum of the five subexperirnents' rank outcomes, is

not statistically significant. Sister, but still not significant, Rn

values are shown for Picture. ,:cpletinn, aze: and the 5 subtext total.

* if iii sal , of 4,h. ]() 'IVilr,"Hr fru:: author upon request.
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Effects of Design Board Trainin--"donner (I)

The Geometric Design R, 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 treatment. Significant results (.05) are also shown in

the Block Design subtost and the 4 subtest total, omitting Picture Com-

pletion data. This latter computation was performed because the Picture

Completion subtest is the only one of the five that does not sample visual-

motor behavior.

Insert Table 1

Comparisons with Non-Trained Children

The Revusky design offered no opportunity to study the longer

term effects of training. To answer questions regarding the retention

and generalization of skills, we compared the data of the trained (E) and

non-trained (C) group. As described above, five children received

training, five did not. Table 2 shows the mean scale scores of both

groups at the initial (:,!-1) and final (1-5) measures and the t-value

representing the intra-group changes that occurred betwee;, and M-`

As shown, the scores of Group E change: significantly in all subtests

but Animal House, and in Total cale. The scores of C changed significantly

in only two subtcots, Picture Completon and Block Design.

Insert Table 2
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Effects of Design 3oard Triinim,--T::csner

Figure 2 illustrates the changes in the mean scale 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 E in four of the six

graphs. In only one cf these (Mazes) does C remain ahead at Measure 5,

an even here the slope of F's change is appre'jably steeper. In the

two graphs where E's mean scores were higher at M-1, the gap between

the two groups is much wider at M-5. The Geometric Desig,: graph is

particularly interesting. The mean score of the control group is pre-

cisely the same at M-5 as it was at M-1. These aie, as noted, scale

scores. Hence, although the copying skills of C may well have improved,

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

Insert Figure 2

The differences between groups at M-5 also were calculated with

an analysis of covariance, treating the M-1 scores of E and C as covariute,,.

No significant differences were shown in any of the indivjdual subtests.

A significant difference, however, (F = 10.76; df = 1/7; p < .05) was

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

Discussion

Before proceeding with the interpretation of these results, it

must be noted tnat changes in score, sometimes quite large, arc normally

found on WPPSI retest. Wechsler (1967) reports that "or the 50 children

[in a WPPSI retest study) one half gained from 0 to 9 Full Scale IQ points



Effects of Pesign Pe rd Trainin.:--Posner (2)

on retesting, and the remaining half of the sample was diVided about

equally between those who lost IQ points on retesting and those who

gained 10 points or more." The data reported here tend to support this

statement. Wechsler does not provide information regarding the effect

of closely sp. ced, repeated testing such as was carried out in this

experiment. Ou" results, therefore, cannot be viewed as scores that

retain predictive vc'4dity inssfar as the assessment of intelligence is

concerned, nor are th y to :T considered as a judgment of the reliability

of the WITI performance scale. Father, these data are important only

because they provided a means for meauring the apparent effect of

training upon the psychomotor skills of a sample of 5-year old chilacen.

The problems of learning from repeated testing, and of training

behaviors that are related to normal development, are very apparent in

this study. For era mple, one subject in the non-trained group demonstrated

markedly improved drills withcnt training. 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.

The Fvusky design is a demanding one. It imposes strict con-

straints. Very little leeway is provided in attaining a statistically

significant Rn value, since not only must change occur consistently--it

must le evident iroediately following the treatmert and be of sufficient

magnitude to affect intra-group rankings. As discussed above, signifi-

cant changes were shown in Geometric Designs, Block Designs, and the four

subtest total that omits Picture Completion, indicating that the training

did have an immediate affect on copying skills and that the effect was

generalized to other visual - rotor tasks.

10



Effects of Design "Board Training--Rosner (10)

This also appears to be indicated by the antra- and inter-group

comparisons within and between E and C. Admittedly no substantive con-

clusions can be drawn from the data illustrated in Figure 2, albeit that

E's scores consistently improved more than C's between :1-1 and M-5.

Nonetheless, the consistent pattern of change shown in each of the sub-

tests strongly suggests that the two groups were much less alile 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 that copying

skills are not as susceptible to change from repeated testing as are

some of the other behaviors ssInnled by the .1.1-SI subtests. This was also

noted by Wechsler in his test-retest reliability data. Implicit in such

an observation is an acknowledgment that the improved copying skills of E,

given that the test items were not taught specifically nor approximately,

are evidence of the Dover of the training program in teaching something

more than the ability to cop; designs.

Finally, the analysis of covariance of the full scale scores of E

and C, as mentioned above, indicates thrt the two groups, relatively alike

at M-1 (t = 0./45; if = 8; p = U.S.), wore indeed different at the con-

clusion of the study in more than the single subtest of Geometric Designs.

Conclusion

The hypotheses on which this study was based seem to be supported:

(1) TIe Design Board training program has an immediate, positive effect

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

'ralizei :the

11



Effects of Design Foard Trainin--.Pooner (11)

The study provides strong support for a method for teaching

analytical psichemotor problem solving strategies to 5-year-old children;

strategies that nay be applied 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," but cne can argue

strongly that it does rrovIde hin with an organized method for processing

pre-symbolic visual information. This, in turn, should result in more

efficient handlim,, of those visual data as required for coding and

recoriing at a symbolic level. :'.once, although the child may not "know"

more, his capacity to receive, order and relate visual. information- -

cognitive structures underlyinr: performancewill be enhanced.
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Effect:, of Design Trainin,7--Rosner (12)
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Effects of Desicn Fog 1 '.'r;,'!iih---3osner

Table 1

Subexperiment Rank Outcomes and Rn Values
for 5 WITST Subtests and Combined Totals

Test

Rank outcome of
Experimental S in
each subexperiment Rn

Value
Significance

Level
1 2 3 )1 5

Animal House 3 2 2 1 J. 9 N.S.

Picture Completim 3 73 2 1 3 10 N.S.

"razes 5 3 3.

3

1

2

1

1

13

15

Id. S.

.01Geometric Designs

Block Designs 5 1 1 4 .05

5 Rubtest Total 5 14 2 _ 1 13 U.S.

Subtcst Total
(minus Pic. Com.) 5 4 3 1 1 14 .05
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Table P

!!ma 2,1ibtt and Mta.l. Scal, r:tore s for Groupe. C and F
at 1 and

Teot

Animal 7.-(Dze

GR0TT C

tare CT:7-.1)1.eticn

r <

**.

43,T,*4

)

o.6(2.1) 10.2(1.5)

().4(0.5) 12.2(2.2)

t

1.0

.3

1. 0

;.] T ; ,S*

_

c . I
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Effects of -Pesien
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