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THE EFPECTS OF AGE, I.Q., AND
ACHIEVEMENRT ON CHILDHEN®S
ABILITY TO REVERSE THE NECKER CUBE

Develommental paychology originated from end remained the dooaain of
ehlild stuiles for fifty years. Then reesarch with the aged was initiated,
In the last two decades additional studies incorporating the middle age
groups has been conducted with the result of connecting young, middle, and
old-age into a oontinuum, Prior to this trend two esesperate entities of
childhood and old-age develommental paychology had existed, As a ommprehen~
sive life-spnn paychology developed (Schale, 19703 Neumarten, 1971) it was
1agvitable that experimentalist and Qsir procedures would flood this arem
with sophistioated techniques, In this marmer the stigma attached to poorly
conceived research with children was resolved, Ase a result, a much needed
tase for distinguishing differences bYetween age groups wae established,

Pressnt research has placed an increased emphasis not only on age-
related ohangees but on faotore such as I,Q, and achievement as possidle
deteminants of dehavicr, This article will examine these three agants
with the hope of deteraining their relationahip to visugl perveptual switoch-
ing in the Necker Cube,

Age Changes in Perception
One of the most highly ressarchai aress in life-span developmeat was




and 1s changes of ambiguous perceptual illusions over age. These phenomenon
are two-dimensional cptical-gecaetrical-figures dxawn in dark 1lines on a
contrasting beckground, Mapy times these figures confuse the viewar bdecause
what is porceived may be different fram the phyaical information given by
the eye. Therefore, it seems that the image may be modified by other informa-
tion, This information, wvhatever it is, has created resu.ts differing
over chronological age with respect to performance and eaagnitude of illusion
in viesual perceptual phenomenon,

Wapner and Werner (1956, 1957) dealt with ontogenetic changes in per~
ception with subjecta between 6 e D years of age, Using the Muller-

Lyer and Titchner Circles Illusions the following resulta vere ottainad,

See Figure 1 and 2

(a) The M1ler-Lyer showed a decrease in susoeptidility between 6 and 15,
followed by an inorease through 19 yuars of age. (b) The Titchner Circles

inoreased in susceptibility from 6 through 19 years of age, It was prupoesd
that these results were due to ohmnges in part-whole relationships charaoter-

See GCraph 1 and 2

istic of esch 1llusion, The NMiller-Lyer results were felt to be related to
eadedfedness of parts within the whole (asazimilation) which had greatest
effects with the youngest children, The Titohnar Circles, conversely, was
proposed to require a relationship between defined parts (contrust) and as
such had its greatest effeots at the older age levels, later, uasing the

sape methodology, Wapner, Werner, and Comalll (1960) extended these findinge.



over the entire life-span. One hundred male subjects between the ages of
20 and 80 were divided into sevean groupe with 10 peopls in each of the age-
intarvals, 20-24, 25~29, 0=, 35-391 and 20 subjects in esch of three
age groups 40-Uk4, 4549, and 65-80, In the first half of the axperimant,
subjects were presented with the Milller-lyer 1llusion on four trials, The
left aide or angles-in part of the illusion was set as the control uhile
the eangles-out or right half of the illusion vas varied in length fros
trial to trial, The initial setting founi the experisental wvariable, or
angles-out, from the line as amaller than the control, or angles-in, toward
the 1line, The angles—ocut line was then altered on esch presantation from
a larger length in one trial to a smallar length in the next, ConverselY,
the angles-in line was held constant for all triale, Subjects vare sabai
to make the lines egual in length by turning a knod On a zeck and gear devioe,
No prior hnt as to the correlation in length between the two lines was
given., Results showved a relatively consistent degree of susceptiddlity
betwsen 20 and 39 years of age, while frua 39-80 an increass &in illusory
effect ms found with the most striking results amuxring in the 404 age
gxoup,

The sagond half of the «xpurimsnt utilised the Titchner Circles, an
11lusion consisting of an inner circle surzuvunded by a conoentric zing of
cixclse, The standard, always on the left, was compoaad of an inner oirole,
16,5 am, in diameter, and 5 surrvuxiing cirvles each with a diaseter of 25 mm,
An eteps of .75 sm., The variable circles were surrounded by 8 circles
each, 9 am, in dlameter. Subjects were presented with a chart on wvhich
were drawn 17 stimulus pairs containing the contruvl on the left and the
indepanient variahls on the right, At the top cof the chart the inner c¢ixcle



of the varisble was at its smallest (9 mm, in diameter)., The immer circle
increased in sise toward the bottom s0 that the variable of the pair lowest
on the chart had the biggest inner circle, 21,00 mm, in diameter, Subjects
Judged each of the 17 pairs of circles to ese if the centexr cixcvle of the

experimental group was larger, equil to, or maller than the center circle
of the control figure, 7Two trials were given; in one, subjects went from

the op down, and in the other subjects weat from the bottom up, Results

were presented in terms of differences between inner circles, where a larger
so0Te represented greater susceptibility to the 1l1lusion, Cunstant scoring
ocourrwd between ages 20 to U4 with decreases at the last two age levels,

&5-49 and 65-80,

Combined results of the Wapner and Varner (1956, 1957) and Wapmer,
Varner, Comalll studies with the age range (6-80) ehowed the following:
Miller-Lysr 11lusionary effects are greatest at the earlier age levels,
decreasing with age during young and aiddle edulthoed, then increasing
agaln in 0ld age, This contrasts Titchner Clroles findings in that a
steady increase in illusoxy effects ococurred from 6 through &b, followed
by a decrease at the two oldest age groups, 4549 and 65-80 with a magnitude
approaching that found at the earliest age levels,

In another stuly pertaining to age changes in perceptual illusions,
Fanley and Zerbolio (1965) measured the effects of five illusions, Muller-
Iyer, Ponso, Horisontal-Vertical, Modified Ponso, and Inverted-lorisontal,
Subjeots ranged in age from nursery school children to college students

Figure 3




and were randoaly selected from Michigan State Univeraity and nursery and
elementary schools in the immediate area, ollowving preliainary warm-up
exercises subjects juiged 1llusions in the following oxder: Modified FPonso,
Inverted-Horizontal, Millar-lyexr, Ponso, and Horlmontal-Vertical, &aoh
11luxion was displayed in turn on a 5% x 8" white card with contmasting
black and blus lines for ideantification purroses, FPlcotures were encassd

in a 6" x 9" clear plastic frame atop a table on the oppoaite side of which,
eone 2-4 feet awny, sat the subject in an upright position, He was forhidden
to tilt hie head or use fingers to emmsure the linea, A ehaded 100-watt
lanp alightly to one side bYetween the display and the subject removed glare
and reflection froa the suxrface of the frame, &ach subject pointed to the
line that appearwd longer, Responses were recorded by mariing a data sheet
at the approrriate level with a plus when the subject chose the wariable

as longer and a cero when he picked the stamiard as longer, A different
sheet was used for esch illusion, age group, and sax, Results found increases
to third grade then a decline in magnitude of illusion aimilar to those

of Wapner and Verner (1956, 1957). Similarly the modified Fonso showed
gredual but steady declines from flrsgt to fifth grade and a sharp decline
from fifth graders to college students, Convermly, the Fonso 1lluaion

See Graph 3

showead rapid increases in illusion from nursery school to third grade then
the ecores remained constant through college age, Similarity to the Invertaed-
Horlzontal ie ghown by increases in illusory effect reported froa fourth

grade to college students inclusively, while the Horisontal-Vertical incresgs

ed froam third grade to college students,



See Graph 4

Ieidowits and Judisch (1967), in Axrther research with the Foaso
11lusion, used a esthod similar to Hanley and Zexrbollo's (1965) An that

the stizulus vae mesantad on cards in front of a seated subjeot, Thie
study, hoewver, used twenty-one stimuli of 4* in length, located near the
opea end of the array, A variadble stinulus oear the apsx of the array
differed in the lengtha from 24" to 5" with 1/8* inoremsats per card, The
variable 1ine was 23" and the standard line vas 10 5/8" from the apax,
Subjects were presented with one card at a time uaing a aaniomised oxder,
The mample wvhich rangw! in age frae 3.5 to 88 ysazrs was obtained from six
diffurent institutiens, Results support thoes of Hanley am! Zerbolio (1965).
Illusory effect was easentially nonexistent for the youngest subject, ¢them
mMd increasse ooruxzwl in eagnitule with grmater age until 13 years,
after which consistent scoring was fowd up to age 50, For the oldest
sudbjects tested, a marksd decrmase in magnituds of 1illuaion resulted,

See Graph 5

It has been shown that 1llumory effect over age diffurs with respect
to the illusion seasured, This was deanonstrated by findinge in which the
Miller-lyer and Modified Ponso declined in 111uscry effect with Anareasing

age, vhile the Ponzo, Inverted-Rorizontal, and Horisontal-Vertiocal showed
inoremses in i1lluaion from younger to older ages, It is noted, however,



that while different illusions dieplay various trends with reepeet to
11llusory effect over age, a canzmistency existed with respeot to stulles
Twparted on the amme illusion, Commonality is also shown with all develop-
mental stulles rwpsrted, Illusdry effeots differ over the life-epan in
either a progresalon-regreesion-progreasion, or Iegression-pmagresas on-
reogeaxian patlars vith aiddle age ranges ecoring similarly to ome another
but differently from old and very young subjects who eooze slike. It is
Rypotheaised that these results may be a tmse for future ressarch with
optical perveptual illusions in that conxistent trends over age may ahow
a relatiocnship to develomental proceasms,

As noted, age is an influsntisl dstemmimnt of visual-peroeptusl phe-
ooaerm, Further discussion will fuocus on the relationship of achievement

As demcanstruted, suoh reesarch has investigated age effects of per-
ceptual {lluxions, In odswxving this pher=mmron it ssems that other variadles
may exist wvhich influance change, One variable that could be important
ie general achievement,

Wright (1969) incorporated this variable with I,Q. and perveptual
tests as a comparieon of how well students achleve in the claasroam, Thixd
ad fourth grade experienced taschers in a mldwest cidy echool system
Juxiged ghlliren in thelr respective olasasa, Those cmmiisrwul enderate
0 severe oconduct prodlems were amsmwi 07 academio achicvemsul on items
taken fram the Behavior Problem Checklist, Third grade bdoye refesred through
this procees camprised the final mamples vhich was adainistered the following
testa: (1) the Bannatyne Vieuo-Spatial Semory Tests (2) the Grams-Lamiall



Momory for Design Test; (2) the Wepman Auditory JMs=crimination Test; (&)
the revised 11linois Test of Psycholinguistic Abilities; (5) the WISC
Vocabulary subtest; (6) the California Short Form Test of Mental Maturitys
and (?) the Towa Test of Basic Skills, Results showed that the present
sample performed significantly poorer on measures of awiitory discrimination,
visuo-motor memory, visual sequential memory, grammatic closure, auditory
reception, verbal expression, delayed recall, reading, and spelling,
Comparisons made tetween this group and classmates not chosen was based
on teachzrs' ratings, Results showed experimental subjects to be more
easily flustered and to have significantly lower performance on group tests
of achievement and intelligence than the general populace of third graders.
It is implied that adaptive behavior is interwoven with perceptual anc
cognitive development, all of which are affected by environmental factors.

Little (1970), studying normal third grade children, found a relation-
ship of perceptual-motor proficiency to intelligence and academic achieve-
ment, Forty-seven girls and forty-four boys were given the Purdue Ferceptual-
Votor Survey, the Lorge-Thotndike Intelligence Tests, and the Iowa Tests of
Basic Skills, Significant positive relationships were found among all
variables tested.

Raven and Strubling (1968) have made practical application of the
importance of visual perceptual skills, This was accomplished by using
238 second grade students from nine separate classrooms representing all
races, nationalities, and socio-economic groups. BEach class was raandomly
assigned to one of three groups. 7In the first treatment periocd Group I
was presented with the Perception of Spatial Relationships unit of the

Marianna Frostiez Nevelopmental "ast of Vi~uwal) Pawcentlon, whils Owoun TI



waz Tresented with the Mrostlg unit of Visual-Motor Coordination, and Gxroup
ITT, the control, was glven outlined plctures to color. The coloring task
was not consldered a developer of perceptual skills, but thils task might have
contalned an element of undirected perceptual actlity.

The first treatment perlod lasted for fifteen school days. All groups
within a classroom were taught by the same homeroom teacher, Upon com-
pletion of the Frostlg treatment, the Sclence Curriculum Improvement Study
Science Unit was undertaken for twelve days. Then, the S.C,I,S, achlevement
test and two subtests of the Frostlg program were administered. Results
indicated that transfer of specific content taught by the Perception of
Spatial Relatlonships unit enhanced learning on the sclence material as did
the more general Visual-Motor Coordinatlion Unit.

It 1s belleved that smooth accomplishment of the sighted person's
visual-motor coordination depends on space perception. He must be able
to move his body appendages up and down, to the right and left, and away
from and toward his torso. Visual-motor coordination further requires the
individual to focus on the relative position and motion between his body
parts and objects, The Frostlg materlals may be interpreted as preliminary
exerclses of these abllitles, Thls conclusion is supported by the results
of the second planned comparison which showed no appreclable differences
between the two Frostlg groups on the sclence achlevement test,

Raven and Strubling (1968) feel that development of elementary school
science curriculums could be enhanced by further research analyzing more
efficient modes of transferring perceptual skills needed to facilitate
learning in similar tasks.

These studles indicate that a positive correlation may exist between
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achievement and abtility to paxfura on pmoepyum)l exwraiees. Implicatiocns
of recults in the messnt study aay be valuable in supparting this Nypothesis.

The next topic to be discussad is a variable quite often mentioned in
conjunction with achievensnt (Iittle, 1970), This variadle, I.Q. will be
exanined with respect to its affects en optiml pmxosptiml ekills,

As stated, age axd aghievemant have been zeulated t0 visual paroeptwml
changes (Raven and Strubling, 19683 Iittle, 1970). It has als0 been eusgested
that I,Q, may effect cutoames on viaml perceptal tamks, In illusion
resaarch it has been foud of valus t0 ssmrate optioal puroceptunl furms
into two categoriss, thoee in vhich intslligence effects pmrcepuml change
and thoes in which 1t does not (Pollask, 1963, 1964; Flavell, 1963), It
was found that optical-gecmetrical {llusions tested over the 1life-span oould
be groupad aceoriing to decrwmvs (Type I) or inoreases (Type II) in magnitude
of 1llusion with greater age, Thxrough critical examination 1t was notad
that many Type II illusions involve a eucceaxive coaparison of figural parts
rathar than a sisultanecus emanination, RNEUareme, results cammstiste

a high correlation betveen 1,3, emes and incrensed magnitude of 1llusion
(Pollack, 1966), Similarly, Plaget found (Pollack, 1964) that phencmena
peroeived by dscentration or succeaxive viewing of amfigumtional parts
aust involve their cammrison through tise (ehort-tera essory) which for
him 1s a fore of intellectual belmvior, Converssly, aince Typre I 1llusions
appear t0 be detarmined largely by stisulus variadlas and the stats of the
TeoepoT gystam, they are not viewed as being dependent on intellactual
capacity (Flavell, 1963) Pollack, 1963, 1964),
Emzximtions of the avatllable evidencs tenda to suppaxt the adove
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asgertions, For exaaple, it has been ehown that retardates are as sumeptible
to the Miller-Iyer (Type I) 1llusion as the normal populous of the esms
ohronologicsl age (Spits, and lipman, 1938; Jenkine and West, 1959). Purther-
sore Pollack (1963), also uaing the Miller-Iyer, found no carrelation between
1.2 and magnitude of i1llusion with 50 normsl children.

A key study by Pollack (1964) using children randing in age from eight
to eleven seams to add further support to this hypothesis, The Killer-
Lyer (Type I) was convertsd to a Type II perceptual phemmsnan by altering
the tasporal order of preeentation of one of its two components, That is,
the forked lines, or arrowheads, of the open component were rxresented first
(arrovhmads, potnting toward sach other); then an interval of 500 maec,
ocourred followed by rresentation of the straight 1ine in a position directly
between the forks as opposed to presenting both components eimultaneously,
Along with the M8ller-lyer stralght line, a comparison straight line was
aleo shown decause it produces by far the larger proportion of illusory
magnitude (Pollack, and ChaPlin, 1964), A greatar accuracy at fimling direo-
tien of 1llusory reversels existed during astimulus presemtation as age
Ancremsxdi,

The Necker Cube is a Type IT illumion different fxom many othsrs,
because it is a tvo-dirensional draming of a three-dimensional object,
Cancept formation is required for spatial coaprehansion, while cogritive

See Figure 5a and 5b

flexibility 1s nesded for performance and the varying of ingtruotiomal sete
(velford, 1958; Holt and Mateson, 197%), Purthemmore, the addition of an "x"
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on the cube adds two additional perspectives and sakes the inetrumant a
2oTe emmitive t00l for smsuring vism) parceptml swltching,

The 1llusion was developed by 1. A. Necker (1832) and most attemtion
has been directed to the relationship of perceptual revermls, how thay
oocur and what affects their mate, Ome of the leading theories attempting
to explain why 1s propoeed by Orbmoh, Ehrich, and Heath (1963). They state
that swvitohing of the oube may be dus to equel sise of both equares creating
an orientation oconflict cancerming which sguare should be the front and
which should be the daock, They pruptsed sstiation as an explamation of
how this conflict is resolved, The cantrzl figure sediating one orienta-
tion is sammad to reach threashold during the viewing of the cube, at which
point a reverml is repartad, Cantral events aediating the new perveption
then eatiate in the mame way, while the previous satiation prooess begine
to decay, and the {iret perception becomes dominant again,

In exanining reversals as a measure of performance, a major concexn is
vhat affects switeching of perspectives, 3Studies caonduocted are divided into
two categories, thoes whioh purtain %0 physiclogical faotors (not inearparat-
ing intelligence), and those incorpamting the miggwstibility level of a
subject (ehowing high relationships to I,Q.). The former categury has
ehown that revermal rates inoremss with inoideats of brain damsge (Coden, 1959),
drugs (Byeanck, Holland, and Trovtom, 1957), heart rate, cold (Roland, 1970),
and retinal anoxia (Plokergill and Jeeves, 1964) while fewer revermls
oavurret vhea electric shook (Baer, 1964; Riaichelli, Rookwell, and Clark,
1955) and Ryperventilation (Targoweki and Bare, 1966) were introdused,
Furthemmare, it vas found that lumination and presencs of catarmsts (Heath,
Enrieh, and Ortach, 1963) had no effect,



Orhacl,, "trich, ané leathr (17€2) dizcovered that reversal rates of the
Necker Culte incieased dimectly as a function of unsystematic figure-on,
figure-off presentation., Taier Crbach, Zucker, and Olson (1966) extended
this study by alteration of the stimulus, This wus accomplished by holding
figure-off duration constant while varying length of figure-on duration
for the first half of the experiment, then reversing stimulus duration
roles with figure-off duration varying and flgure-on time being constant.
Both stulles ghowed that growth of satiation to a perspective of the Necker
Cube was enhanced by length and number of stimulus presentations, It is
hypothesized that satiation thresholds are reached during figure-on time
which increases switching of perspectives, whereas, during figure-off dura-
tion a decay of satiation occurs,

As mentioned, another explanation of reversals is sugrsestibility,
Since three instructional sets are used in this experiment, it is of
importance to note effects this variable might have on results, iicGee
(1963) found that positive verbal suggestion increases 1ilusory effects of
the Ames Trapezoidal illumion. Thie was accomplished by giving immsdiate
fesdback to the experimental group while the control group, who remained
uninformed, continued to see the same number of reversals, Franks and
1indahl (1963) reported similar results, In their paper control subjects
were told to let the cube change naturally while the experimental group
wag instructed tc hold a perspective of the Necker Cudbe as long as posalible,
Findings showed that the hold condition was effective in creating a lower
nuaber of observable reversals than the control group.

#olf, Ford, Cogan, and Cogan (1967) also addressed themsalves to the

problem of the possible effect sugzestion might have on reversal rates of
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the Neoker Cube, They rwmiomly divided 30 sudbjects into thres groups of
oqual sise dealgnated, H-H, H-~L, and C, Group HeH was told that people of
higher intalligzence tend to ees more revarmls tlan pecple of lower intelli-
genoce, while Group H~-B was told that people of higher intelligence tend to
ese fever revermals than people of lover intelligence, and Croup C was read
a set of neutral instructions, Subjects were then tgken iniividually to
anothar room and eeated at a desk on which the test figure lay. Expuriasnter
! read the instructions to the subject, experimenter 2 tallied the mmbder
of responses, and experisenter 3 recorded the time, Remults indicate that
suggestion to decreass revarsal rates created significantly fewer reverwmala,
but that suggestion to incremss reverwml mate had no effect, It is concluded
that the suggestion given to Group li~-1 appears to have deen substantial
enough to motivate subjects to try and decremse the nunder of reversals,
Holt and Matson (1974) have consluded a more recent study asasuring
eoffects of instructional sets on reverm) rates of the Necker Cube over age.
A ranion sample of 242 subjects from Centrdl Illinois and Upper New York
State wmas selected, Sudbjects were divided into mean age groups of 5, 10,
15, 25, 35, 45, 55, 65, 75, 85, and 95 with 11 males and 11 females in each
group. Data obtained was of interest becauser (1) No =ignificant regional
differencwes were found in acoring &t any age level. (2) Results over age
closely fit the shape of a normal protability curve. (3) Revezmls were a
smsoe not anly of magnitude of illuaion, but also of a conscious effart to
change perspectives of the Necker Cube (a form of visuo-aotor psrforeance),
(4) Three instructicnal sets with greater rigidity in each, froa the first
trial to the last, created slower revereal speeds, Results obtained sees
to indicate that instructions and a change in mental state may effect per-
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oeptual evitching, BDmnining data over age shove that incremants vere most
significant fxom 5 to 10 and greatest dscremsnts ocozred Lwtwvemn 55 and 75,

See Graph 6

This study exasined causees of change in reverssl reates with the Necker
Cube, The two cells with greatest increments (5 and 10 mean age groups)
in the Holt and Matson study were expanded by cemaparing 7, 8, 9, 10, and 11
year olds, It was felt that this method might give a more explicit defini-
tion of wvhere the greatest inarements oocur in develoment, It ie bellieved
that findinge might aid in estadliahing a bese fuor axamining other variadles,
poesibly imvortant as effectors of optical-psroeptual illusions,

1.Q.» ackdevement, and age are amaainad in this study, The flret two
have not bdesn used as criterion for Recker Cudbe prfureamre, nor have they
bean meammrwd aimultaneocusly, although each has deen used in other etuiles
pertaining to optical-perceptusl change, By testing the same subjeots on
these three variables more valid relationshipe might be demamstrated, The
Necker Culn,is considered a Type II 1llusion which Amcorporates intalligence
as an affector of 1llusory magnitude (Pollack, 1963, 1964; Flavell, 1963).
Therefore, the correlation between I.Q. and Neckar Cude revermls could pEOve
to strengthen this hypothesis,

In that echievenent 1s a goal oriented concept, dstamining a relation-
ahip betwean high achievement and hgh mmber of reported reversals sesms to
suggest motivationsl fasctors at work, It is felt that the need to achieve
may be extermally indused {other directed) by vertal and non-vertal cues f¥oa
the teecher, Motors such as reported I,Qq. results and the pursmality of
the student could be important for inducing Mias in the ianstructor which oould
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affect his perveptions of how the student "ahould” perform (Wolf, Foxd,
Cogan, and Cogan, 1967),

The author conoluies that achieveasnt, 1.Q, and age may be deteminants
of pwrformance on the Necker Cube illusion, This aight be demonstrated by
a relationship Wstseen high I,Q,, achievemant and number of reverwmls within
a glven sge range, Fimdings coupled with frther research will determine
if intellectual factors suwoch as flexibility and comprehenzion are significant
in perception and as such may be important in the learning process, If =so,
strategies may be implemsnted on variocus tashe aimed at developing porceptusl
aiidills, m. reardlsas of the explanation that accounts for perceptual
ohanges with age, the phammenon itself is worth desoriding decause it reveals
aspeots of the world esen by the child and how it is tranafdmed into the
world adults perceive (Hanley and Zerbolio, 1965).

Method

Subjects

The expaziamnt couxieted of nean age groups 7, 8, 9, 10, and 11 with
10 subjects per age level, Itudents vere chosen mmimly froa the genaral
populace of the Hastarm Illinois Univarwity lab School, Children with visual
Prodleas wexe not used,
Experisenters

Ten expxriasnters ware truinmi to administer the test, Obsarvations
wvere made after a thxee week prmotice period to juige the testers effiolency
at administaring instructions, It vas atressed that a majoxr conoerm was
deciding if subjects were seeing the number of revermals rvpartad, The
following points were expimfised: 1. Mumber of eye blinks amd orientation
of the dody cearer to and farther from the stimulus eeemad to be related to
Tevarml rates (Holt and Mateon, 1974). 2., The subjects concentxation on
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the stiaulus needed to be maintained for reversals to occur, 3. Scores were
not reported to the subjects therefore, no feedback was avallable to infer
what a "high"” and a "low" acore should be,
Apparatus

The stimulus consisted of an 8" x 10" card made of white cardboard,
lines were made with india ink. Dimensions of the cube were 4" (per) on
a side,

A hand operated stop watch was used to time the duration of stimulus
exposure,

Scores from the Califormia Short Form Test for Mental Maturity were
used as the measure for I,Q. while teachers® ratings based on a scale of 1
to 5 were used for achievement,
Procedure

Testing was conducted between 9 and 12 in the morming, Subjects vere
staggered so that people from each cell could be tested at different time
slots, This was done to minimize warm-up and fatigue effects assoclated with
different parts of the sachool day) %he experinent was divided into three
separate 90-second trials, Each trlal consisted of different instructional
sets, The first two sets of instructions prompted spontaneous, or randonm,
verceptual reversals in which the subject could change the cube’s perspectives
in any order, The third trial consisted of instructions from the experimenter
directing the subject to different perspectives in which the*x*could be seen
on the cube, Ffrequency of reversals were then tabulated on the number of
tires the subject 1ifted his Ieft 4ndet finger in each 90-second trial,

Yor all three trials, the stimulus card was displeyed horizontally on

a tatle bvefore the subject. The experimenter was on the subject’s immediats
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left, ) Instructions were read to the subject and rerced 1f he so desired.

CIf further explanation was necessary, mrearrangal exaamples were used with

a aaxiaum time 1limit of five ninutol.) If at any stage of the various trials
the instructions could not be underatood, or executed the experiment wvas
terminated for that subject, CI! the subject reported more than 154 reversals
(10 more switches than any of the 242 subjects used in the Holt and Matson
study 1974) then his scores were discarded and another subject was randomly
ohoeen., This was done to insure that reeults consisted of observed reveraals
as opposed to false mporting.) The following are specific instructions for
the three different trials,

Trial 1y The subject was told to pervceive the cube as veing a }-dimen-
sional transmrent glass object with a black'x painted on it, He was then
acked to describe where on the cube the x could be seen. If he could not
perceive it in at least two positions, the frase of reference was changed
by having the experimenter outline the ‘X on the cube s0 that 1t could be seen
by the subject in two different perspeotives, If the subject understood
the iastructions, he vas asked to 1ift his left index finger every tise the
“Y’ changed perspectives in relation to the cube, The subject vas given 90
seconis to try and change the'X on the cube,

Trial 21 The subject was first asked to sxplain wvhere on the cube he
sav the X, If he did not eee 1t in four different positions the subject
was instructed as to vhere those perspectives wsre, ihen the subject under-
stood this, he was glven the following instructionss "See the X on the
oube? I want you to try to ses the %X in relation to the cube in the follow-
ing four ways., See the‘W'in the lower left hand corner of the top of the box
(ese figure 52), The second way to see the X 1s in the bottom middle of the
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box (see flgure Sa), Now ese the “x” a thimd way, in the center fruat middle
ofﬂnm(mﬁ’a\mﬂa). The fourth way is to see the “x" in the lover
beok, hmwmorttpﬁmtofunm(mm;b).“ He w8,
then asked to ewitch the “x" while moving At argund in all positiona,

See Figure 5a and 5b

Trial 31 The subject was given each of the above pewrepectives vertmlly,
one by one, and then asked to indicate whemn he eaw the "x" on the oude frua
that puxrepactive, When he could i{dentify all four permpectives Ifroa the
experimenter's description, trial three was started, The subject was asked
to immediately 11ft his/ left trdex finger to shoy the reverml, When a
dsscrided parspective could be perxceived the subjeot vas given anothar
position in which to see the "x", The trlal lasted 90 seconds.

Althowgh the sasawment procadure will be identical in all caees,
past resamrch with small ohildren indicates that it may sometimes be necee-
ary to emsroige ingenuity in the mmwtest pexiod for proper coopermtion,
This wsually will involve making frieeds with the ohild bdefore testing or
parsitting a talking ohild to return later (Haalay and Zaxbollo, 1965 Holt
and Mateon, 1574),

Resulte

A 3X10 ANOVA exaained three instructional ssts for all audbjects,
Treataent conalsted of high and low I,Q, groups for each of five ages,

Results ehowed significant interaotion betwean treatments only, The
Duncan's Multiple-Range Test was than run to detemins the presence of
aignificant differences between groups, ata revamled that with all agee
except 11 year olds, the low I.Q. group eaw fewer revermls than the high
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I.Q. group, A breakdown of these scores founa significant differences irom

See Graph ? and Table 1

high to low I,Q., groupss high I.Q. subjects saw larger numbers of reversals
in 7, 8, and 10 year olds, while 9 year olds with high I.q. saw more reversal
at & nonsignificant level than the low I,Q, subjects of their age.

However, converse results occurred with the 11 year old high I.q. group.
They saw fewer reveraals than the 11 year old low 1.Q, group as well as high
ard low I,Q, groups in the 9 and 10 year old range and the high I1,§, groups
in the 7 and 8 year old range, It 1s felt that this ascore could be due to
amal] aample size (5 in each g:roup)~ This hypothesis would seem to be support-
ed by the consistency of results in all other cells, For emample, with }ou
I.Q.y» revarsal rate increased with age except for two nonsignificant dips
with the 8 and 10 year old mean groups performance, Similarly, high I.%.
treatments showed steady increments except for a nonsignificant dip in
revermal ratas by 9 year olds and the before mentionsd decrease with respect

to 11 year olds. This trend 1s demonstrated further when scores of high amil

See Graph 8

low I.R. treatments for each age are combined. Steady increments in perform-
ance occur from 7 through 10 years of age, However, the high I.Q, treatment
of the 11 year o0ld age groups decreased mean reversal rates to a performance
level greater than ? and 8 year old groups but less than ages 9 and 10,
Achievement ratings for each subject were measured against the total

number of Necker Cube Reversals for all three trials, Three Pearson Product
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Moment Correlations ware runj one Ctest ocorrelated scores for all subjects,
one corzelated scores for high 1,3, eubjects, and one examinad low 1,Q
subjecta, All tests ylelded correlation detween.l and.2,

Diecussion

Flndings of this stuly seem to support Pollaok's (1963, 1964) and
Flavell®’s (1963) contention that intelligence is an effeotor of megnitude
of 11lusdon with Type:If optical-perceptual stimull, As noted yreviously,
four of five high I.Q, age groups perfurmed detter than their low I,Q,
comntermrta, Also, results indicated that a aignificant difference between
treatants existed in three of thess age groups,

Results aleo support mrevious reammarch with other illusions which con-
tend that age may be an iaportant determinant of perfurmance in perceptual
1llusione, It is emphaciszed that the method of this stuly was the same as
Holt amd Mateson (1974) who found large increments in reversal rutes with
the Necker Cube between mean age-groups § and 10, It is noted that ?, 8,

9, 10, and 11 year olds in the present study foundi similar results,

N0 relationship between switching and achievament ratings wvere found,
Coaversely, achiesvement test scores repurtad by Little (1970), and Ravem
and Strubling (1968) found significant relationships to parceptual tasks,
Wnils at first zlance thess findings may seem aabiguous, the author feels
an iaportant diffaerence nay axist, Results of mrevious stuiies meamowl
ecores on achlievemant tests while this study amsmoed achievement ratinga
in which the teacher juiged the degree of motivation or goal oriented dehavior
exhidited by the subject, It is felt that implications of the present
Tesults should de consideared on the grounds that these scores are not amsur-
ing the mmme hvu'hblo. The author believes that lack of correlation demon-
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strates the poor prediotablliity of success which teacher's perceptions

have on student achievemant, Aleo, implication of theee findings may point
to the subjective nature of aany practices used to evaluats students in the
olaaarcoas, It is noted that research «@xaaining achievement mtings may make
teachers more avare of the vulneradility inherent in evalmtive procedures
used in the school.

Prior research ehoved (Holt and Matson, 197%) the grestest number of
revermls on trial one while in the yresent study, trial three had the most
perceptual switching, It is felt that sevaral factore may de involved
in differing results. One conaideration may be practice effects, Tharefore,
while trial three requires the greatest amount of flexidility of the three
inatructional esets, trial one may need the greatest adaptability because
the stisulus is novel; whereas in trials two and three it i1s not, Also,
prior experiences unique to eaoh individual may affect performance, For
examnple, woriing with verbal and written instructions, either incdependently
or sami-indepsndently, oould be orucial for evaluating performance, There-
fore, sscurity may be offered by the struotured setting of trial three in
that personality factors demonstrated by emphasis of the individual's teach-
ing method or the degree of extroveraion or introverasion of the child could be
impartant, Either or both might cause increments eeen in results on trial
three, But whataver the causative sgents, three points desarve consideratien,
(1) The problem is a coaplex cne, (2) The phenomenon of differing results
over levels wvas made coaparing 44 subjects to 50 subjeots, (3) Further
researoh needs to de conducted before this sudject can e fully undexrstoed.

In sumary, this etudy supports the contention that age and I.Q. are

linked to performance with the Necker Cube, Because other studties on ver-
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ceptual tasks have found similar results, it may be possihle to infer that
develomental and cognitive factors are important in determining results
of visua) verceptual paradigne, I Conversely, achlevenent scoree had no
relationship to Necker Cube revereals in thie study, It is felt that rremst
results asy measure the teacher's perceptions of stulent motivation towaxd
goals, rather than thelr Imowledge of a particular subject as was the case
in the Wright (1969) and Little (1970) studles, Furthemmore, it was ahown
that performance between instructional sets differ from this experiment
and a eimilarly conducted 1ife-span study (Holt and Matson, 197%), It is
folt that practice effects, environmental conditions, and personality traite
B4y be Oausative agents,

Results indicate that I,Q. and age may be relevant factors while differ-
ences in instructional sets and achlevement need to be ressarched further

before practical application of the data can be initiated,
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Graph 1. Developmental changes in the Muller-Lyer
illusion from ages 6 to 80.
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Graph 2. Developmental changes in the Titchener
Circles illusion from ages 6 to 80.



Fig. 3. Left,top to bottom: Muller-Lyer,Ponzo,and
Horizontal-Vertical illusions;right,top to bottom:
Modified Ponzo and Inverted T illusions. Added

s marks the standard in each illusion.
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Fig. 4. The Ponzo Illusion. The two vertical lines
are of equal length.
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Graph 5. The magnitude of the Ponzo Illusion as
a function of age. The magnitude is calculated
as the underestimation of the length of the 4-inch
standard-line,located near the open end of the
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figure,as computed from the setting of the variable

line.



Fig. Sa. The heavy line represents the front of
the Necker Cube Illusion.

Fig. 5b 1he heavy line represents the front of
the Necker Cube Illusion.
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