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ABSTRACT :
This study investigated middle school childrent's
ability to forau a mental image ot a planar figure and to: (1)
mentally £1lip, turn, or slide this representation and then construct
the resultant image in correct positior (“performing individual
motions®), (2) perform tvo such motion~ in successiun ("composition
of motions"), (3) perform the process in reverse ’‘inverse notions"),
and (4) hold length invariant while attonpting tle above three
operations, The sample consisted of 30 stodeiats at the upper
three-fourths ability level in each ~f grades 4, 6, and 8, Five tests
vere given to each student: (1) a 20-item papet-and-pencil pretest to
determine ability to perform transformations at the
perceptual-recognition level; (2) an individual test to sece if
students could physically perform flips, turns, and slides; and (3) a
three-part transformation test, measuring performance on individual
motions, compositions, and inverses. Five Age X Motion ANOVAsS were
used to analyze the five tests., Age was significant only in the
pretest and the individoal motions test, Slides were easier to
perform than either flips or turns. A majority of subjects in each
group failed to rerfora individual motions, compositions, and inverse
notions; the majority of the errors on each task came from the
failure to conserve length. (D7)
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Substantive recummendatlons for the dnclusion of transformational
goouetty in the elementary and middle school curriculum have been made and
are boing lmpleomented. However, there is a pauveity of rvesearch data on
which to base such inovations. More specifically, little empirical evidence
axists concerning the spatial capability of children with vespect to
Euclidean Transformations. Therefore, tha primary purpose of the present
study was to investigate middle school children's comprehension of Euclidean
trans formations at the veprosentational leval} that is, to investigate their
ability to form a meatal image of a planar figure, to perfoim a nmental
operation (Euclidean transformation) on this repregentation, and then to
construct the resultant in correct position. As suggested by Shulman (1270),
in formulating the study, primary consideration was given to the structure
of seometry and to a comarison of thils structure with what is knowa about
the cognitive structure of the middle school child., Klein's principle,
with its emphasis on transformations, iavariaants undaer transformetions,
and grouns of transformations concisely reveals the structurs of geometry

and {s descriptive, in part at least, of cognitive operational structures

as defined by the developmental thaory of Jean Plaget.

Matheratical Background
In 1872, Felix Klein syntaesized the vast geometrical knowledpe of his
day with Arthur Caley's algebrale invariants and Sophus Lic's transtforma-

tional groups into the now famous Brlanean Procram, which not only dafinas

soometries, bul alio clessifics tham as to content, A modern regtatement
of Hledn's principle is: "4 goonetry ts the study of the properties of a
sel. 5 wihich remain fuvariant wien clesents of  §  are subjected to the

tracs format loas of some traasformatioaal croun,” Oae 1w led to a
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clussiflcation of geomotrivs Lllustratad by the nesting of tha dafining

transfoi aational groups in the Venn diagramy of Figuve l. An underitanding
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of the role of the transformational groups is enhanced by an examination of
the transformations and some of the basic properties which remain invariant
under such transformations. Tipure 2 lists the most important propetties
being held invariant by the transformational groups. These e'  un pro-
perties are not intended to ve exhaustive but do, in a very real sense,

exemplify the major differencas in tha geometries,

about here

Insert Figure
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Psychological Background

hree major themes are cvident in Plaget's research on the child's
development of space. First, Plaget's major foaus in space development is
space reprosentation, not space parception. Second, ha belleves that these
spatial reproseatations ara bullt un through the organization of mental
"actious" performed on objeets in space. And third, he claims that the
¢hild's evarliest spatial concepts ara topolopical in nature and that his
projective and Euclidean concepts are concomitant extensions of these
tovolosical coneants., The flrst two, represontatiosanl gpace and the organi-
zatton of nantal actions, aro mrtice’rly relevant to the presaoat studv,

Loavr sad o ree b i s 007 cradit to Plaset tor Intraducian
tie notion that a fundacental distinzsion axlsrs betvoaa tha varvious levels
of taryledes fmolicit In the fndividual's contacts with tus gratial warld

aavroundlas hita,  There arvs, ascordies to Plarvat, distlactioas batweon

R
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parceptual, sensorimotor and rapresentaticnal space. Raprosentational space
fa space in which the child can imagine or meutslly reconstruct an action,
and whare the schema of these actions has sufficlent mobllity and €lexibility
for the internalized actions to become fully roversible mental eperations.
Piaget and Inhalder (1967) exnlain the distinction thus:

"The ovolution of spatial relations procaeds at two different
lavels. It 1s a process which takas place at the perceptual level

and at the level of thought or imagination. «soPercaption is

the kaowledge of objects rasulting from dircet contact with them.

As agalnst this, rvepresentation or imagination involves the

evocation of objects in theilr absance or, when it runs parallel

to §erception. in thelr presence" {(pp. 3, 17).

To illustrate, very young babies can distinguish betwean circular shapes
and trlangular shapes, but it is not uati{l much later that they can reprasent
these figures to themselves in thought.

Flrmly rooted in Piagetian theory are the words "actions" and
"operations."” Plagetians argue that coznition at all ages is bust
characterlzed as the application of real actions by the child. In infancy,
thase actions are externalized and obsarvable for the most part, e.g.,
bringing thumb to mouth. As the child arows, the actions become more and
more internalized, schematic, mobile, and less dependant upon concrate
qualities. Cradually the cojnltive actions coalesce to form gsystems of
actions with strong structus:s, When they achieve this status they arve
called "eomntltive operations” by Placet (Flavel, 1963).

During niddle childiiood (7-11 years of ave) there is an integration of

the child's coanitive onerations into system totalitles with cartaln
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definitu properties--reveralbillty, ccmposition, and assovlativity=--which
sugsested to PMlaget corrvespouding lozico=mathematical group and lattice
structures., Hoace, hoe posited that & hybrid of the mathematical group
and lattice structure was a good modal for the structure formed by the
concrete-oparational child's systeam of cognitiva oparations.

As the chlild grawé lato adolescence, his coacrete upacational thought
gstructures are extendad by syanthaesizisg the two forms of raversibility,
laversion and reciporcity, iuto a sinsle system of transformations
(Inhelder and Piaget, 1958). Flavall (1953) cites that now the logico-
mathumatical structures which serve as abstract modeln for the child's
thought processes, ".,.consist of intagrated latticve-group structures,
not just partial and lncomplete latti:e and sroup propurtins, as in the
concrote operational grounings, but a full and complete lottice and a
full and complete group, both lntegraied within one total system (pp.21l-
212)." Plaget clalms, "That the adolascent's behavior in certain problem
solving situations atteats to a cozni:ive structurc with the propertias
of a four-group...," consisting of tha operation of I, tho idantity; N,
the nezation; R, the reciprocal; and I, the cortelative (i.e., LIRC group)
(Flavell, 1963, v, 215). Inhalder ani Piaget (19538) summarize their
discussion of the adolescent's thouzh: processes while solving mechanical
equilibriuvm problems by noting that ==2 LIRC group comes int; play in both
ity lupleal and physical formy i.0., 2ae loslenl INIC form governy the
nronesittonal opevations wiich the suriect uses to doseribe and ewnlain
reality valle the phvasteal IN70 fors w35 rovoealad fn tha waaner hv which

thou ht procasses nmust boe shructurad o ordar to solve nroblaus,



BEST Copy Allllasl 3

In summary, reprosantational spuca tn the child develops very slowly.
In the baglianing thae child is capable of only crude internalized actions.
Gradually, he is able to parform mental operations not only on objects
which ave real and physically present but also on ebjects whose presence
is only imaginad. The child's mental reprosentation becotmes not {ust
maraly a recall from his memory bank, but active reconstructions of ohjects

at the symbolic level.

The Study

The proceeding theoretical discussion suggasts that the projective
and Euclidean spatial framework of middle school children has developed
sufficiently to enable them to perform Euclidean transformations at thes
representational level. ‘Therefore, Plagetiaa-like tasks were developed to
investigate the child's ability to: (L) form mental rapresentations of
planar figures, perform mental operations (%uclidean gransformations)on
these represeutations, and then construct the lmage of the transformations
in proper position (hereafter referred to as performing individual motioms);
(2) perform two such processes in succassion (compositions of motions);
(3) perfoim the process in rewerse (inverse motions); and (4) hold
length invariant while attempting tha above three operations. Three
experimental hypotheses were formulaied to investigate the above: (1) the
capability to perform Euclidean transformatlons, compositions of transforma-
tlons, and inverse transtformatious is age related; (2) the thirteen year-old
adoloscant's covnitive structure is such that he can perform Euclidean
transformations, compositions of transformations, and inverse transformations;
wid (3) perceptual spatial abllity, as measured by a naner and pencil test,

fs r lated to the ability to perform iuclidcan transformations, compositions
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of transformations and inverse transiormations.
Sample

The sample conslsted of ninety subjects=-=15 each from grades four,
six, aud eight in the Commerce, Gaorzia and Winder, Georgia School
Systems. Mean ages by grades as of November 1, 1972 were 9.3, 11.3, and
13.3 r~spactivaly. All age levals were heterogencous with regard to sex
and race. In selecting the age group, consideration was given to Piaget's
theory of developmental stages. Students identified by teachers as being
in the lower one-fourth zeneral ability level were excluded. As a post-hoc
procedure, the Otis-Lennon Mental Ability Test Form J was adminstgred to
all subjects. The mean raw scor s for grades four, six, and eight ware
43,6, 52.9, and 46.1 respectively.
Pretest

To determine subjects' ability to perform transfurmations at the
perceptual~recognition level, a 20-itam paper and pencil pretest was ad-
ministerad in groups bv grade. There were four slide items and eight each
of the flip and turn items. The pretast was patterned after Alonzo's (1970)
Spatial Analogzies Problams Test in which she assumed "...that two cognitive
capabllities are nceded to solve the test items: (1) the ability to
identify the spatial transformation, and (2) the ability to recomnstruct

and select an identical transformation from the alternatives (p. 17.)."

A nrototynlcal pre-test item is clwven in Figure 3.

m e ma EE e G e e am Bw e M m ee e S mm A

anrutionnl Dafinition Activities

Lach subject was individually =iven an "oosrrational” dafinition of
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‘translations (slides), reflections (flips), and rotations (turns). ua the
average, these activities required 10-15 minutes per subject. Using rigid
figurae and wive modeals of the motion indlcators--slide-arrow, flip-line,
and turn-arrow--the three motions were oparationally defined thus: (a) an
original figure and a motion indicator were placed in fromnt of the ~ubjact,
(b) a congruent copy was placed on top of the original figure, and (c) the
motion was performed using the copy, leaving the original figure fixed.
Flipping (turning, sliding) the copy, leaving the original fixed, lessened
the rellance on memory of the position of the original, enhancad the prob-
able use of symmetry and other properties inherent in Euclidean transforma-
tions, and assisted the testor in pointing out errors in the subject's
performance. After a motion was demonstrated several times with various
orlentations, the subject was asked to perform the transformation as
indicated by the motion indicator. A sutject was considered operational
if he performed three consecutive slides (flips, turns) correctiy. If he
made a mistake, his errors were discussed and he started over. After a
total of five incorrect slides (flips, turns), he was considered non-
operational on that particular motion. If a subject was found to be non-
operational on all three motions, he was not tested further and was con-
sidered as having failed the eutire transformational test. The rationale
for such termination was based on the praemise that if a child could not
physically perform a metlon with a rigid coagruent copy of the origianal
figure, then he wouic not be able to coastruct an imaze of the original

fimure und2r a rotion.
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Transformational Test

Immediately following tha "operational definition" activities, those
subjects found to be operational (72 of the 90 participants) were given
the transformational tast. The transfurmational test examined subjects'
performance on individual motions, co.positions of motions, and inverse
motions at the representatlional level. The test was composed of tasks
patterned after the protocols used by Fi.get and his collaborators in
their investigation of the child's deveziopment of space (Piaget and Inhelder,
1967). The three basic Euclidean traasformations are slides (S), flips (F),
and tums (T). Combinatorily these can be composed two at a time in nine
ways (1) s-F, (la) F-s, (2) s-T, (2a) T-S, (3) F-T, (3a) T-F, (4) S-S,
(5) F-F, and (6) T-T. Using these cocpositions, the ordering of the tasks
" in the transformational test was as follows. For each subject, composition
tasks 1 or la, 2 or 2a, and 3 or 3a were randomly seclected and randomly
ordered. Composition tasks, 4, 5, and 6 were randomly ordered next,
followed by the random ordering of the inverse tasks on slides, flips, and
turns.

In a composition task, a subject was given an orininal figure and two

indicated motions as exemplified in Figure 4. Ten 1/3" diameter sticks,

slx for construction of two coagruant lmanes of the orisinal flgure and
four ot differing leagths as distractors, were placed adiacont to the
cowpositional tasike To insure that aach subjlect was aware that he could
construct an interrediate image, loave the intermediate imaze [fixed, then

construct the final imase, and that he could maasure (compare atieks with
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sides of original figure) he was told, "There are enoﬁggysticks to male
two coples of the original triangle and you can measure if you want to."
lle was then asked to use the sticks and construct a copy of the original
figure as it would look to him after performing the composition. The
subject's construction of the final image was judged to be in one of three
categories: (1) subject's composition was correct; (2) subject failed to
conserve length, making a non-congruent image (with a non-congruent image,
the kind and amount of errors were normally impossible to determine). and
(3) subject conserved length making a congrueat image, but he failed to
rerform the composition (he either constructed the image in incorrect
position or changed the orientation of angles).

Regardless of success/failure on each composition, to examine capability
with iadividual motions, esch subject was asked to separately and individually
construct the images of the two motions comprising the composition. After
making the image of the first motion, the subject's construction was re-
moved and a rigid congruent copy of the original figure was placed in eorrect
intermediate position. The subject was then asked to construct the image
of the second motion using the intermediate copy as the original ftigure of
the second motion. To test the subject's capability with inverse motions,
he vas given a motion indicator and tha image under the motion (but not the
original figure). MHe was told, "This is how the figure looks to you after
you hava performed the indicated slide (flip, turn). Make the {isure as it
looted to you before it was slid (flipned, turnad).”

Nata Analvais and Findin~s

An Ajze X Motion repcated measurements analysis of variance was used on

the pretest, osreratioanal definition activities, and compositioaal tasks
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(eonslating of thtee subtests: iodividual motions, compositiona, and inverss
notions) to deteemine i€ Age and/or Motion ware significant factors i3 the
subjact's abillity to perform Buclidean transformations (Craenhouse and
Geisser, 1939). Tha ANOVA (Table 1) raveals that Motion was a significant

factor (p £ .01) in all modes of tecsting. Surprisingly, only in the protest
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Insart Table 1 about here

and the indiv.dual motions test was Age found to be significant (p < .05).
Age X Motion Interaction was not found to be significant in any subtaest,

Duncan's New Multiple Range Test was used as a post hac procedure to
isolate the above difforeaces. Slides weve found to be easier :o perform
than either flips or turms, but no sizgn!ficint differance was indicated
between flips and tums., No significant pairwise contrasts were found in
age. Clearly (see Table 2), the results did not indicate that the lack of
age signilficance was due to tie throe age groups already having spatial
capability to perform transformations at the ropresentational level: tha
low scores on the transformational tasks indicated just the opposite. The
only logical explanation &s that lack of age significance was due to the
fact that few children of the three agze zroups were able to satisfactorily
perform transfurmations at the presen:ational leval,

A descriptive analysis was used %o assess subjects' abilits to parform
transfornacions. It was {ouad that subfacts had difffculty in performing
traasformantions {a 2l wadog of tastiae. Tn pavtienlar, as shom {a Table
2, thoe majortty of subjects La each a2 groen Failed to parform {adividual
moetions, compositions of motions, and faversoe motlons at the rapresantasional

l\‘ V! '. .
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Pearson's product moment correlation coefficients were computed to
examine relationships batwean the spatial ability levels of performing
transformations. The pretest scores (perceptual ability) were not highly
relatod wvith performance on the transformational tasks (representational
ability). llowever, the data sumarized in Table 3 indicates that a marked

ralatadness did exist between the scoras on the Otis-Leanon Mental Ability

Insert Table 3 adout here

Test and the ability to perform transformations at the representational

level. A comparison of the thirteen-yzar-old lower quartile subjects' per-
formance with that of the nine-year-oild upper quartile subjects' purformance
on the transformational tasks is striking. The thirteen-vear-old lower
quartile subhjects we.~ only able to sacisfactorily perform one individual
motion out of a possible £4 and no compositions or ianverse motioms. In
contrast, the nine-year-old upner quartile subjects performed 20 individual
mo:-ions, 7 compositions, and 3 inverse =otions. The contrast in relatedness
of pretest scores with performance on the transformational tasks and the

Ot is~-Lennon Test scores with perforrmance on the transformational tasks
indicates that the pretest measured spacific spatial abilities whereas the
Otis=Lennon Test neasured nnre zeneval reasoning abilities. Vurthermore,

it is suggestive that, in addition to snatial ability, broad general reasoninz
ability s needed to perfornm Euclidean transformations at the representational
level. These findinas are, in general, confirmatory of Alonzo's analvsis of

the relation of spatial to "logical rerasoning” abilities (1970).
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In addition to the analyses performed in examining questions related
to expariomental hypothases 1, 2, and 3, an crror analysis was undertaken
to determine the tinds of errors committad during the transformational
tasks and to fdentify possible error trends by individuals. No errvoer
pattermn could be astablished, either on motlons or by individuals, Howe
ever, it was found that 707 of individual motion errors, 677 of composition
errors, and 597 of inverse motion errors ware "fallure to conserva length"
(did not construct a congruent image of the original figure). When the
percentages of length errors were averaged across motions, it was found
that 697, 71%, and 70% of the 9-, 1l1l-, and l3-year-old subjects respectively,
comnitted length errors on the indiviiual motion tasks. Strikingly, only
four of the 72 subjects attempting the transformational tasks were able to

perform all 12 individual motions with no conservation of length errors.

Discussion

The data did not support the experimental hypothesis that adolescents
could perform Euclidean transformaticas, compositions of transformations,
and inverse transformations at the representational level. The findings
are not consi:tent with the thaoretical base for the stuly nor with results
of previous studies. Pilaget (1967) contends that by the ase of ninz or
thereabout the child has the framework appropriate for comprehensive
Euclidean and projective syste=zs. D:olicatfons of Plazet's spatial ¢ asks
by Loduwell (1969) and Lovell (1839) u:te some variatioa in aze but, ia
saneral support Plaget's position.  Laurendeauw and Pinard's (1970) findinus
are also supportive of Plasetian theow'; howevav, thev ohsarvad thae enerpance

of thae coordiaatlon of nerzpactive abilitv to acenr slichcly lakac.
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Little research on the child's ablility to perform Euclidoan transforma-
tions as such is available. St. Clair (1968) found that fourth and sixth
grade students can learn the concepts of symmetry (ref;acuions and rotations).
In a training study using students from grades four and five, Turner (1967)
reached the broad general conclusion that the teaching of symmetry and
related principles has potential for incraasing children's spatial capabilities.
And, Williford (1970) found that second and third grade children could be
taught transformational concepts but there was little transfer to othaer
spatial abilities.

The above comparison forms a basis for the experimentor's conjecture
that the ability to perform transformations at the representational level
derives from formal-operational thought (in a Piagetian sense) and that the
thirteen~-year old subjects of the present study were not in the formal
operational stage. This conjecture is supported in part by the prepondarance
of "failure to conserve length" errors committed by all age groups during
the transformational tasks.

Failure to conserve length (construct a congruent image of the original
figures) was the most prevalent cause {or non-perfcrmance of the transforma-
tional tasks. Plaget's experiemental technique in examing the child's
consaervation of length (classical definition) consisted of shcwing the
child two sticks of the same lenzth laying side by side, asking him 1f they
were equal in leazth, sliding one of the sticks forward aoproximately 1 cm,
and anala asking the c¢hild to say which of tha two sticks was longzer or if
they were still the same length (Piazat, Inhelder, and Szeminska, 1960, p. 95).
Piaget does not give the ages of the chilldren he found in each stage; however,

the protocols indicate that six to eipght years of age was the range for
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emergence of consistont conservation :f length. Numérous studies also imply
that young children, ages 6-8, do in fict conserve length. Shantz and Swmock
(1956), Divers (1970), and Carey and 3:affe's (1972) findings infer that
young childeen conserve longth in the 2lassical sense.

The evidence is strongly supportize of the proposition that adolescents
do conserve langth. Why, then, was this capability not evidenced during the
present study? Piaget and others estaslished a child's capability to con-
serve length with two sticks as descrided above. The studies referenced iuferraed
length conservation from the acquisitisn of some other conservation capa-
bility such as transitivity or seriation. In contrast, the present study
used three types of transformations, six different compositions, and three
types of iaverse transformations. Ané, instead of simple short sticks,
length had to be conserved with a comrlex point-set planar figure. That is,
the subject had to hold invariant the shape and size of different prescribed
three-sided figures undar nuch more c:=plicated transformations than just a
1l cm slide of one stick., In the "eclassical” test, a simple comparison could
be made between the stick which was m:vad and the stick which was not moved.
No such comparison of corraspoading sides of the original and imagze figures
could be made in the present study. & subject had to be aware of the
necessity to hold length invariant at :zhie outset, and he had to select the
proper leagth sticks with which to ccastruct the image figure prior to
aking the transformations.

In addition to the large numder :7 "fallure to conserve lenath" errors,
the almost completa lacli of error patz:va also succasts that che ability to
pertorn transfomations at the repres:ntational level darives from formal-

operational though:. One zeneral nreszviy of formal thought i the abilite
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to separate factors not given by direct observation and the niecessary taols
for holding ona factor constant in order to determine causal action of another
(Flavell, 1963, pp. 204-211). It appears that just such a capability is
needed to perform Euclidean transformations at the representational level.

The many factors involved, the noting of factors not given by direct ob-
servation, and the holding constant of some factors while varying others 1is
bast seen by example. ‘fo rotate a triangle as depicted in Figure 5 and to

satisfactorily construct the turn-image, a subject must (at least): (1) be

Insert Figure 5 about here

aware that tie length of the sidas AB, AC, and BC remain invariant under the
turn; (2) be able to imagina the existaace of rays OD and OE, and the
existance of angle ACD; (3) be aware that angle ACD is held invariant under
the turn; (4) be able to rotate the fijure through angle DOE; and (5)
hold distances OC, OB, and OA invariant while rotating the triangle. In
Figure 5, rays OD and OL are dashed, indicating that these are not given=-
that they must be imaginad by the subject. If the subjects were at the
coacrete—operational state of reasonin: (or even in a transitional stage)
it is to be expected that they would focus attention, first on one variable
and then on another in performing the transformational tasks. This would,
of course, explain why lonqth was sometimes conserved and sometimes not, and
why errors on previous tasks ot the saze motlon were not necessarily repeated
0 A current tas',

The Inability of suhjacts in the oresaac study to parform Enclidaaa
transformations at the represantational lewval, particularly the failure to

conserve lennth, should nol ba {nternrated o5 a refutatioa of Planat's theory
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of the caild's spatial developmoent. The asubjects were not tested on consarva-
t.on of lannth in the "classical sense, nor wore they tosted to ascertaln

if thay were in the formal-operational state. The variances betweasn the
findings of the present study and Piajatian theory and between the findings

of the present study and previous stuiies serve to highlight the need for

further research in the area of transiormational geomatry.
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Invariant Properties

openness (closedness) of curves
interior, exterior, boundary point
linear orxder, cyclic order
connectedness

collinearity and concurrency
cross-ratio

parallelism of lines

ratio of distance

betweennress of points

measure of angles

length

Properties Remaining Invariant Under Transformations
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Composition Task 1

Fig. 4. Tyrnical Comnosiiion Task
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Table 1 by AMIMBLE

Summary of Analysis of Variance: Five Tests Comprising the

Experimental Tasks

sV DF F
Age 2 7.2968 p <.01
Pretest
Motion 2 11.1753 p <.005
AXM 4 0.5855
Age 2 3.6569
Operational
Motion 2 28. 3902 p <001
Definition
AXM 4 1.2666
Age 2 4.,1723 P <.05
Individual
Motion 2 22.3591 P <.001
Motion
AXM 4 1.1634
Age 2 0.9667
Composition .
Composition 5 8.5368 P <01
AXC 10 0.2477
Age 2 3.8737
Inverse
Motion 2 10.8685 p <.005
fotion
AXM 4 2.2432
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Performance on Transformational Test by Age Group

Age

9
11
13
Total

*Thare

Numbar and Percent of Motions Performed*

Slides
24 20.07%
34 28.57%
53 44,27
111 30.8%

Flips
11 9.2%
20 16.7%
30 25.0%
61 16.9%

Turns

8 6.7%
19 15.8%
23  19.2%
50 13.9%

ware 120 slides, flips, and/or turns possible for each age group.
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Upper Quartile (Q;) Versus Lower Quartile (Qa)

Performance on Experimental Tasks a

Ageb Otis-Lennon No. individual No. composition No. In-~
Mean motions perfornedd verse
Scores performdc motions
perfornade
o Q1 68 20 7 3
Q4 25.1 5 1 1
1 Q; 68.3 35 7 9
Q4 36.3 5 2 2
Q 63.9 37 8 11
13
Q4 28.6 b 0 0
Q 92 22 23
Total
Q, 11 3 3

a. as determined by score on Otis-Lennon Mental Ability Test.
b. seven subjects in each quartile per age.

c. twelve individual motions possible for each subject.

d. six compositions possible for each subject.

e. three inverse motions possible for each subject.




