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CHAFTER I

Theoretical Overview

Those experienced and observant teachers of academic
subjects which have problem solving as a major goal may
have had the opportunity %o observe first hand the diversity
of approaches used by their students in learning and problem
solving., Students' learning and problem solving styles
and strategles are generally self-taught, and perhaps net
necessarily optimal. Fask(1978) points out that generally
speaking not only are learning strategies of students
mis-matched with the teaching strategies of teachers,
but also students themselves may opt for learning strategies
for which they lack competence., In this regard, therefars,
it iz the complex interactions of student eapabilities,
student learning and problem solving strategies, and
ingtructional strotegies that may be the determining factors
of puccess in formel education.

Cronbach and Snow (1977) discuss Ln detail the slusive
aptituda by treatment interactions (ATI) and how ATI'm
once found tend to be unstable. An example of an ATI would
be where students of a given aptitude (e.g high inteligence)
learn better under one teaching stirategy, or treatment,
than a second. However, students low in that same aptitude
learn better under the second teaching strategy
than the first. An experiment, in this regard,
that has a null finding either (1) has shown that an

ATI does not exist, or {2) has shown that the axperiment
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lacked sufficient EBensitivity to detect an effecs
(Kerlinger and Pedhagzur, 1973). ATI's wera uncovered
in many studies reviewed by Cronbach and Snow, ATI's
were found as well in an experiment designed by the
present writer (MeCormick & Mouw, Note 1). Along with
the ATI's found was alsoc an aptitude by aptitude inter-
actlon (AAI). The interaction of two aptitudes may be exem-
plified by the followlng: Some problem solving may be
a funetion of the abllity to transform mental images
which is in turn dependent upon the ability to form
and held mental images. So, the regression slope of
prablem salving on the abllity to transform images
is dapendent on the ability to form the image initially.
This sort of AAT was found in another investigation con-
ducted by the presens writer (McCormick, Note 2). Add-
ing a learning strategy or an orientation te problem
Solving makes the possible complex interactlons nearly
a8 complex ae learning might expected to be. In this
game investigation a aignificant complex aptitude by
aptitude by orientation triple interaction {AAOQI) was
revealed. ThisAAOI was the multiple interaction of
spatial abilitiea, span of short term memory end an
orienting response to statistics coursework material.
Two classes of graduate level statistics students formed
the sample. The teaching strategy was uniform across
the sample studied. Hence, with teaching strategy added

as a treatment variable, one may presums to expect a
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complex aptitude by aptitude by orientation by treat-
ment quadruple interaction, significantly accounting
for outcome in coursewark.

It is this complex lissue of higher-order inter-
actions that this study intends to address. The ap-
titudes or abilities of particular interest are spatial
abllitiea (McGee, 1979; Smith, 1964), and M-space (Pag-
cual-Leone, 1970; Case 1972, 1975, 1977). The orienting
raespense of Interest can be attributed primerily to
Piaget's (1977) concept of "nonbalance." This orienting
response has ceveral components which can be expressed
ag dichotomies: (1)werk wvs. play (lexiecal), (2) product,
or goal, va. process attitude (Dewey, 1923), (3) accoma-
dation ve. asgimilation (Piaget, 1977), (&) substantive
va., metaphorical modes (Samples, 1975), (5) differenti-
ation va, integration (Plages, 1977). The teaching
atrategles of interest were best described by Paak (1976)
ag “holistic” vs, "serialistie" or "comprehension" vs.
"operation” teaching. The criteria of interest are
ecologically valid (Neioser, 1976) measures of problem
solving skills. These will be scores derived from the
final eoxam of a graduate level stetistics course for
the social sciences. The goal of this study is not to
"prove” that outcome iz better for a given treatment
type. Rather the goal is to find, if at all possible,

a better matching of abilities, learning Etrategies and

weaching sirategies. This can be done by fecussing at-
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wenticn on vhe complex multiple interacticonz thet ars
Foegible.

Variables of Interagst

Along with the wvapiables of interest described above,
two other variables, sex and years of college mathematics
axparience, have previously been considered in studies
af mathematlcs achlevement.

dAath Expérience

Tears of mathematics experience is an obvious pre-
dictor of suc<¢ess in a course which is mathematically
oriented (deWolf, 1977). However, in terms of under-
standing {as epposed to prediction) underlying pro-
casges, the abilities and general erientation them-
galves should predict the number of years of college
math. Years of college math mazy be used 1n a mulziple
regression model In erder to increase the sensitivity
ol the significance test (Kerlinger and Pedhazur, 1973)
o long a8 there is no significant correlation be-
tween yoears of math and the other independent variables.
An investigation, referred to above (MeCormick, Nete 2),
in which yoars of college math was included in a re-
gression model revealed no significant contribution
over and above abillty, affect, ané orientation var-
iables.

Sex
Much has been written about sex differences in math

achievement (Eisenburg & MeGinty, 1977: Fennema, 1974,



1975; Guay & MeDaniel, 1977; Jacklin & Maccoby, 1972;
McDaniel & Guay. 1975), whieh indicates that with sex
differences as a main effect males tend to da better
than females in math achievement, However, the liter-
ature indicates that when differences in spatial abilities
are controlled for, cex differences generally tend to
digappear (MecGee, 197%9)., Data collected as part of re-
search conducted by MeCormick & Mouw (Note 1) indicates
thaot gex difference uniquely accounts for varlance in
problem selving scores over and above spatlal abilitlies,
For their sample there was a non-significant cerrelation
between sex and spatial abilities. Eisenburg & MeGinty
{1977) have dota 4o indicate that males and fepales tend
to salect courses appropriate te their abilities, and
that females in business statistica, for example, tend
to have generally higher spatial scomes than malea. So,
apparently sex differences may fluctuate depending on
content domain of the eriterlon. Again, just as with
years of college math experience, MeCormick (Note 2)
Tfound that the effects of gex differences disappeared
in the presence of ability, affect, and orlentation
variables.
Spatial Abilities

Smith (1964) concluded from his comprehensive
review of spatial abilities that they involve a persen's

ability to treat stimulus material in a holistic fashion.
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That is, it is the ability +o at once deal with the
total relationships of all the parts of a configuration.
Different from this assesment of Smith's is Piaget and
Inhelder's (1971) comprehensive study of +the development
of mental imagery. They analyte "mental imagery" or
the "spatial sphere" of cognition into six components:
static, Kinetic and transformationsl, reproductive or
anticipatory imagery. This cognitive imagery depends
neavily en the level of cognitive development ef the
rerson. The range ls from reproductive, static imagery
at the lowest level of imagery devalopment to anticipatory,
tranzformational imagery at the higher end. 5S¢, in
Plagetian terme, a spatinl test having these levels
of imagery is a mensure of operational lavel, while in
Smith's terms L1t s a measure of cne's ability to ENgage
in holistic thought.
M-Spacae

FPascual-Leone (1970) defines M-space ags the number
of "figurative" and/or "operative" schemes that can be
neld in short term memory at one time. Mental prablem
Solving ar learning may invelve what Piaget (1977) calls
the "reciprocal assimilation of schemes" and the "ree-
iprocal accomedation" of achemes. These pracegses
bring together twe or more conceptusl schemes into a
single emergent scheme. Miller (1956) would call this

bprocess “"chunking", A shert term memory (metaphorically



2 work bench) large enough to allow those schemes to

undergo a reciprocal assimilation or chunking, is large

enough to consitruct complex cenceptual schemes. Cog-
nitively the complexity of concepts in one's conceptusl
repertoire will be determined by one's M-space , since
from an individual's point of view concepts are con-
gtructed plece-wise in short term memory.
Balance

The construct of balance is mere complex and hence
difficult to explain. However, Dewey (1933) belleved
that a balance of product and process attitudes towards
R task determines how effectively it is accomplished.
He states, "To be playful and serious at the same time
i3 ponsible, and it defines the ldeal mental conditian."
Play at its extreme is "foolishness", while work at its
extrome is a “drudgery”. Taking a playful attltude ig
e@sgentially giving the mind freedom to make unusual con-
nections, while werk attitude meraly means to keep one's
thoughts in a general progression towards a goal.

Plaget indicates that play is an essential part of
problem solving, that it is essentially means develd
of ends (process removed from production), and that play
is "an assimilation of reality into the self", (Fhillips,
1975} Assimilation ié the "incorporation of an out-
gide element (object, event, and se forth) into the

Subject's senserimotor or canceptual scheme,® {Plaget, 1977)
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The complement of this process is sccomodation, which

is a ereation of or change in ones cognitive struciure to
alleow assimilation to follaw. Accomodation may alsoc re=
gult from an assimilation. A person in "balance" with
his/her environment has assimilation and accomodation

in balance. One form of balance is betwaan the tran-
gformation af the element being assimilated and the

ad justments or accomodations of the system or subsysten
into which it is being assimiloted. A gecond form of
balance sccurs between subsystems of the subject whileh
define the subject's conceptual schemes. In the process
of reciprocal assimilation of schemes there must as
wall be A reciproeal accomodation of schemes. "Nen=
nalance" {Piaoget, 1Y?7) occurs when one scheme msbsorhs
the other at a faster rate. A third form of balance is
between the rates of differentiation and integration of
cancepiual schemes,. He suggests that this third form
af Balance is very much related to the other two forms.
The reason he puggests for the "inltial nonbalance" is
the "systematic primacy of the positive characteristics
af observations..." That ia, people tend to see only
gimilarities between an externsl system and the con-
ceptual scheme into which they attempt +o assimilate
that external ﬂyétam. The nonbalance is a "disturbance"
which "is merely an obstacle hnldiﬁg an assimilaticn

in check (whether it derived froam a fact contradicting



a judgement or from a situation which prevents achieving
a goal)" (Piaget, 1977}. That is, further asgimi-
lation inte the cheosen scheme fg obstructed. How

one responds to the obstruction or non-balance is
claogaified by Piaget into three types of behaviors.

In typewa behaviors one igneres contradicting character-
istice or else distorts them to fit his/her chosen zcheme.
In typed behaviors, one medifies both the contradicting
characteristics and the chosen scheme so that they be
come agsimilable, 1In type¥ behaviors, one anticipates
posslble contradictions and hence avelds any non-
balancing elffect.

Samples (1968, 1976) has focused mainly on the nat-
ural problem solving behaviors of children. Ha ab-
gerved that echildron glven o problem to be seclved start
off in a "metaphorical mode", In this mode children say
that this 1s like such-and-such, or this is a guch-and-
such., Once they obtain s useful metaphor or analogy
they switch inte e "substantive mode", where they direct
their efforts toward the problem solution as a goal.
That is, they work out the ideas they gained in play.

The natural pattern of problem solving appears to
be & balance of playful and work sattitudes, but starting
primarily in a playful attitude and moving intec a work
attitude. Samples observed that children tended to jump
back-and-forth betwsen the two modes, but always starting

in the metzphorical or playful meode.
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Teaching Strategies

Pask (1976) describes two categories of students,
"Holis4s" and “"Serialists", and suggesis that teaching
stratogies can be tailored te these twe groups. A
third category of students he calls "versatile" would
da well with either strategy. Pask describes the two
as follows: "Evidence suggests that the holist is as-
similating information from many topics in order %o
learn the 'aim' tople, while the serialist moves on to
another sople only when he iz completely cartain about
the ene he is currently studying."

Teaching to the seriallst would require an lnstruector
te teach a subsopic thoroughly befere going on to the
naxt. At anch step the teacher moy refer back only to
the one previous gtep and show how 1t relates to the
preaent stop. Procedures and operations would be taught:
and each step of & procedure would be demonstrated be-
fore going on to the next.

Teaching to the holist would require covering in
a general, non-specific way all the subtopics. aAlter
this, the interralatedness of the subtoples te what
hes alresdy been learned must be made. Hot until the
global pieture has been described {and how the procedures
and operations fit into that global picture) can the
teacher go on to demonstrate the steps of the pro-

cadurs ,
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tend to mREsimilate several subtopice together into

any scheme that pops inte 5TWM. During & holistic
teaching strategy he/she would not need to coordinate
several subteopics at once,; ginoce they would Tit dlirectly
inte his/her scheme of assimilation. One should expeot
that the correlation between statistics scores (with
holistie teaching strategy) 8hould be positive for all
values of M-space (Figure 1lg).

Pargons unbalanced in favor of work {accomodation,
imitation, ate.) under the influence of a hollistic
teaching strategy would gonerally respond to statistics
goursework ag if 1t were a moemory task. Those who ara
eapablo of dealing with course material in a heolistic
fashion (high spatinl) again would do well if their M-
gpace is larger: since several more subtoples can be
"chunked® together at a time than with a smaller M-
space, Those who are mismatched with a helistiec teaching
strategy by having low apatial ability, elther attempt
to use a learning strategy for which they lack mbility
or &lse fall back on another stirategy for which they
are able. Those with higher M-space would have a false
senge af understanding during a holistically oriented
lecture because he/she is able to keep in mind many ideas
and relatienships that are under consideration. Haow-
ever since they lack the holistic processing avility

(spatial esbility), the coordinated subtopics undergo
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relatively little processing. Those with lower iM-space
generally will not understand anything geing on in
lecture, and will rasert %o his/her prolific notes to
learn the material later. Five out of five people

in MeYormick's (Note 2) data whe were in this category
(low spatial, low M-gpace and preduct oriented) in-
dicated that they take "a let of notes" in aorder to learn
the material later. {See Figure la).

Persons In a class with a serlallst strategy of
teaching need only an M-space of twe in arder to cao-
ordinate the present subtople with the last subtopie
in the serial of topies. A student desiring to sec how
A Bubtopic relates te all others (not just the preceding
one] may not have his efforts rewarded by his/her ser-
lallat teacher. That is, a holistically capable student
will de generally more poorly than a seriallat in this
sltuation., (Pask, 1976) This means that if one tends
Ta have procees and product in bmlance, thers will be
& negative correlation between statistics coursework
and apatial ability. And the degree of this correlation
will be unaffected by the M-space of the persen.

However, as balance "tilts" in favor of process
(assimilation or play), the holistically capable student
may make the interrelationships among subtopies on his/
her swn for their own sake. It is because of this it

iz expected that there will be a peositive correlation
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betwoen statistics coursewark and the spatial score in
this case.
When the balance tilis in favor of the work orien-
tation it is expecied that the holistically capable
tudent would view the coursework as a drudgery. Such
a student would attempt to accomodate his/her learning
style capabilities to the teacher's style with less
success than hlz low spatial counterpart. So, again a
negative correlation (lrreaspective of M-space) between
gtatigties and spatinl soore,
Ragseanroi athases
T. (Cross validation) Glven MeCormick's (Note 2) re-
gression equation
Statigtics = 0.4 *Spatial+0.% *Mepace+0.l*Balance
+0.5% (1= DBalance)®*Spatial#*Mepace,
whaere Statistica = prodicted statiatlesa course polnts
(inglusive of experimental outcoma
geore described below)

Spatial = spaticl abilities secore (Btandardized)

Mspace = M-space value (atandardized)

Balance = “ark ve, Play orientation (McCormick, Mote

2) (Standardized),

there will be a significant correlation between
statistics scores predicted by this equation and actual

atatistics course scores.
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IT (Experimental)

8} The degree to which he difference between a
"holistic" vs. "serialistic" teaching strategy (in
gracuate lavel statistics for the soeial sciences) ig
related to outcome of this teaching depends on student's
gpatial ability. (Spatial by teaching strategy interaction
hypothesis evolved from Pask, 1976).

b) The degree to which a spatial ability by M-
gpace Interaction ls related to teaching outecome depends
on the level of nonbalance (nonbalance being the degron
to which assimilation was blocked and congequently ac-
comodation was required). (Spatial by M-spuce by balance
interaction hypethesis, McCormick, Note 2).

¢) The degree to which a apatial ability by M-space
by balance interactlen iz related to teaching ocutcome
depends on teaching strategy. (Spatial by Mspace by bal-
ance by treatment interaction hypothesis based an logieal
extropolation of data),

importance of this 5tudy
This study will be one of many studies that have

particularly investigated interactions of abilities and
treatment . While this study is primarily of theoretical
interests rather than practical interest to this writer,
i% would hopefully provide infermation leading to better
matching of student abilities, Strategies for learning

and strategies for teaching. In an egalitarian sociaty
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and especially in schools supported by public tax monies,
gelection of etudente for curriculae in general and
courses in particular should be on the bases of matohing
ability to teaching strategy. The tradition is to
randemly assign students without regard te such matching.
This ie analogous perhaps to randemly assigning hospital
patients to treatment groups (e.g. a patient with a
broken leg being sent to maternity). We cannot expeot
to be ecalled "educators" if we axpect our students to
accomodate thelr abllities and learning strategles to
our teaching styles. It ils felt that once the complex
interactions involved in learning are underatood, then
perhaps we can teach “anyone anything® he/she would

like to learn. Much more weork than this etudy alone will
provide suech understandlng.

Limitationa of this Study

The meazsure of gonernl "balance" is based on a

self'-report questionnaire., This reduces reliability
conslderably. The messure of balance may perhaps follow
the same history as imagery, which started off with
gelf-report guestlonaires, which in turn later had little
relation teo measures of cognitive imagery (Forisha, 1975).
However, at the present time there is neo ecologleally
valid measure of this construet other than obtaining
gelf-reports. In self-report measures, the best that

can be done ig to limit loaded questions that imply



cultural norms or "shoulds". Brown (1976) suggests that
gelf-report measures tend to be wvalid in situations where
faking responses has no roward. He points out that the
unstable nature of some self-report inventaries may be
due more to the phencmencn being measured than the
Ingtrument attempting the measurement. He says that in
most cases "the appropriate method of establishing
rvalidity ls conatruct wvalidity." [This takes years aof

work.,
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Review of the Belewvant Lizerature

Balance ps g Main Effect

While it is the intent of this study to concentrate on
the interaction of variables, it is worth while 4o look at
each wvariable as a main effect. This may be, in a Hegelian
senge, llke trying to understand an emergent property by
centering attention on the "thesis" and "antithesis". How-
ever, perhaps our understanding of the emergent property of
learning (which statistically reveals itself as interaction
of maln effects) may in turm be the emergent property of our
understanding the componenta of tha Intaractions,

Plaget's (1977) work is essentlially the essence of 50
years of laber and literally hundreds of experiments with
deozensg of collaboratvers., He usas metaphors that he admits to
be primarily blolegical in nature, but does occasionally
braneh out inte the physiecal sciences for metaphoers and
analogies to make & peint. His two postulates in his "“theory
of equilibration” uses the blological metaphers of assimilation
and acecemodation. The two postulates are as follows:

"First postulate: Any scheme uf assimilation tends to
feed itself, that is, to incorporate outside elements com-
patible with its nature inte itaelf." This memns that a
person by virtues of being alive tends to integrate intoc his
action or conceptual schemes those elements that are consistent
with the nature of that scheme. A child may see 3 cow

and c2ll it a dog, simply beczuse heSshe Intesrated that
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which is eimilar beotween a cow and a dog into the already
astablished conceptual scheme for a dog.

"Second postulate: The entire scheme of assgimilation
nust alter as it accomedates to the elements it aggimilates:
that is, it medifies itself in relation +o the particularities
af events but does not lose its continuity...nor its earlier
powers of assimilation”. This is egzantially a "postulate”

+hat assimilatlion and accomadation must remajn ln balance

rin prder for the accomodation 10 succeed" ... The "scheme of

assimilation” means specifically the motion or concoaptual
sohome imto which on element is assimilated. As in the ex-
ample above: when the child saw «he cow, the schems of
agsimilation was the concept dog., IT gone uncorrected, the
shild's cenceptunl scheme would have accomodated te the "“par-
ticularities of eventa" by including in his/her cenceptual
gcheme for dog the possibility that a dog may have horms
and a8 well go "mooo!" ag well as bark, Usually a child is
thrown inte a state of nonbalance by a parent who calls the
ohlld an idiot and states lmowingly that it is not a dog
but a cow,

Piaget suggests that there are three kinds of eguilibra-
tion, or balancing, The first occurs during a subject-object
interaction. “"‘here is the equilibration between the as-
similaticn of schemes of action and the accommodation ot
these to the objects."” The balance then has To be maintained
between bringing an object into an action schems {e.g. a

gtieck or rock being brought into the action scheme grasping)



and the modification of the action scheme fe the object
{e.g. opening ene's hand wide for a large ohject). WNon-
balance gocurs in this sense when an object cannot be as-
similated into an acticn scheme (e.g. one cannot grasp a
smooth wall),

The second form of equilibration occurs during the
interactions of the "subsystems"” of the subject, that is,
the interaction of action schemes or conceptual schemes,

Twe or more conceptual or action schemes equllibriate, or
come inte balance, through reciprocal assimlilation and
pecomodation. Fer example, the three action schemes of
paddling one's feet, moving cne's arms and moving one's head
gide to side while breathing can all underge a balancing el
rociprocal nsmimilation and accomedation of each other to
form the emergent scheme of gwimming. The three schemes
aceomodate to each other by becoming a coordinated motlon.
They have "asgimilated" each other by coming together as o
single scheme of swimming. On a conceptunl level, the two
gochemes "F-distributien" and "within and between group oS-
timetes of population variance" underge a balancing ol re-
ciprocal assimilation and accomodation to become "analysis
af variance F-test of significance.,” MNon-balance is coused
here by the fact that "the subsystems are generally con-
structed at different speeds:" e.g. one may undﬂfﬂtund one
concept better than a second, and so therefore missing compo-

nents of the second make an emerging concept incomplete.

The third form of equilibration is that between integration
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and differentiation of schemes ["subsystems"). " 0n the one
ndnd, to differentiate a tetality, T, in subsystems, S5,
means not only to confirm what each of these possesses but
alao to exclude, or deny, the charzcteristics each zub=
system does not have. On the other hand, to form (to in-
tegrate) a total system, T, means to free positively the
characteristics commen to all the 5, but this also means 4o
distinguish - this time negatlively - the common features of
spocial characteristics not belonging to T." An oxample af
integrating inte a tetality while balancing the differentiation
of subsystems ls the following: light, sound, water wavepn and
earthqualke motlon may all be intograted (assimilated) into
a totality "Wave Phenomena", The commnon characteristics
of wavelength, frequency, speed, polarizabllity, ete. ars the
characteristics all in common %o the totality. Rut at the
same time one differentiates speclal characteristics not in
commenn with the totality,e.g. media of propagation of the
waves., An example of nonbalance of this form is the child
who has a strong sense of belonglng (having been integrated)
in his/her environment, but vet lacks his/her individuslity.
The child regrina balance so-to-speak by asserting his/her
individuality (differentiation) and making his/her own
contrary decisions. (Damen, 1979).

FPiaget (1977) identifies three types of behavicrs through
which pecple preocead in order to meintzsin belance.

Type = behaviers: "When a new characteristic iz in-

compatible with a previous discernment, the subject, though
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percelving it, will neglect or will pretend to consider it,
but distert it in order to adjust it to the scheme refaiped
for the discernment." Such behaviors have earned such
phrases in the lexicon as "pre-conceived notions", or

"pre judice”, ete. Here the person maintains equilibrium or
balance elther by refusing to interact freely with his/her
environment, or else the person assimilates the new character-
istic after it has been transformed. This sort of trana-
formation can help assimilate the new information only so
long as it is "a small disturbance close to the balancing
peint."” If 1t is a large disturbance it will probably be
Lgnored.

Typa& behaviera: ‘“Medifying the system by 'equllibrium
displacament' so that the unexpected fact ig nssimilable,
The deseription will thus be improved; the classification
will be recast to coordinate the new catagory with the
aothers..." Plaget's 'equilibrium displacement' is like the
lexical “changing ones mind." If an Afriecan child sees n
European for the first time changes his idess te include
hurman beings having light skin, pointed nocses and Etraight
hair, then the child has modified his aystem by ‘equilibrium
displacement', The perceived European is asgimilable into
a human being scheme,

Type f behaviors: the anticipation of the "possible
variations which, as forseeable and deducible, lose their
disturbance characteristics and establish themselves in the
rotential transformations of the system." Those who have the

imagination or ability to forecast outcomes tend not ta be
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thrown into nonbalance when & new characteristic iz his
upon. The scientists at les Alames in 1945 generclly were
not "disturbed" when their atomic bomb went off. They,
through thelr operations upon thelir censtrucis of reality,
anticipated what would happen when two pieces of Uranium-
235 of particular size were pushed together. This they an-
ticipated though it had never been done before. We all are
not "disturbed" when we let logse a ball and it falls to
the floor. We anticipate ag much, but would be rather up-
set (or aven excited) if it "refused" to puccomb to gravity.
Both Phillips {1975) and Glnsburg and Opper (1979)
bring Plaget's theoretical abstractions "down to earth", by
putting Piagetian Theery in more concrete, lexical, and
perhaps measurable terms. Phlillipe describes the develon-
ment of “play" g & process of differentiation of "moanag"
geparate from “ends.” Philllp atates: "The separation of
maana from ends hags far reaching implleations. When the two
are completely separated and the ends drops out (the means
become an end in Ltself), we have play; when they are diff-
erentiated but continually related, we heve preblem-solving
behavior. Both originate in this primitive separstion".
According to Pilaget (1970) play is the "assimilation of
reality into the self." Cinsburg and Opper (1979) suggest
the concrete exemple of & predominance of accomodation is
Iimitation. A& child in play may "pretend" that two sticks
erossed together is an airplane (he/she has assimilated the

object into an airplane scheme). 4 child may imitate the
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shape of a fish hook by bending his/her finger (he/she has
accomodated tha finger-bending action scheme to a fish hook).
In adulis intellectual play may take the form of "brain-
storming" where unusual connections, and diverse ideas are
generated, usually by noting similarities between diverse,
unrelated things. In adulss imitation may take the form of
"cookbock” problem solving, where one's actions accomodate
directly to step-by-step lnstructions. Rote memorizatlion
becomes simply an Imitation of previously percelived material.
MeCormick (Note 2) attempied using the cencepts deseribed
in the last paragraph to measure, via a self-report gquestion-
naire, the degree to which assimilation and nccomedation are
generally in balance among students during the course of
gtudying gradunte lovel stntizties. Questicng were also in-
gpired by Sample's (1968, 1976) balance of metaphorical mode
(or playful) ve. substantive mede (or work) in natural problem
solving behavier of children., Both Piaget'as and Sample's
play-like components of problem solving involve seeing
{or mssimllating) similaritiss between the extermal meterial
and an intemal scheme or metnphor. As mentioned before,
Plaget suggests that a nonbalance occurs when "an obstacle"
holds an "asgimilation in check", One cannot assimilate the
elements of the extermal reality unless one has the systems
to do s8o. Just as the grasping action scheme accomodates to
& large abjeet by having the hand open wide, & student
accomodates his/her conceptual schemes +to extremely difficult

subject matter through imitatien. He/she may imitate the
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problem solving procedures given by the teacher; he/she

may take prolific notes as 2 verbal imitetion of the teacher's
knowledge; he/she may read passages out of the 4ext numerous
times until he/she is capable of imitating verbatum the text.
These methods in lexical terms are simply moethoeds of "rote
memorization." MeCormick's (Note 2} questions pertaining

1o a general nonhbalance in faver of accomodation s4ressed

this memerization aspect,

A student whe takes a very playful approach to the
course material, like a chlld at play, will see asimilarities
in just about everything. But again, Just as mentioned be-
fore, Flaget (1977) suggests that the initial cause of non-
balance iz "the aystematic primacy of the posltive character-
istics" and the "assimilation at the baeginning of affirmations
almeat exelusively.” That is, a student will be unbalanced
by aasimilating only the similarities between the course
material and the "scheme of assimilation” he/she chooses,

It is on this perception of similarities between course
material and other unrelated material that McCormick (NHote 2)
based his questiaons Fertaining to a nonbalance in favor of
agsimilation.

Addltional questions pertaining teo nonbalance in favor
ef assimilatien have been based on some student's use of
conorete examples, Students tend to use a concrete situation
in order to assimilate abstract concepts. The nonbalance
persists however until the student sccomedates the concrete
example inte a conceptual scheme generalizable 4o other

cenerete situstions.
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Generally, those unbalanced in faver of product (accemo-
dative, imitatlve) would have difficulty applying the material
that they are imitating to new situations. Seo, a teat that
includes levels of application and syntheses of knowledge
would faver those balanced away from an accomodative orienta-
tion, and towards an orientation where nevw information 1s
more readily assimilated; i1.e. the balanced or play ocrienta-
tiens.,
li-space _ag a Main Effect

Pasounl-Leone's (1970) concept of M-space evalvad from
an ldea developed by Miller {1956}, This idea is that the
maximum number of "echunke" of Information which can be held
in short-term memory (5TM) is "seven plus or minus twa"
for an adult. Thls number is referred to as M-spnca by
Pnacunl-Leone. He suggests in particular that M-spaco is
the number of flgurative schemes (internalized imitatlions
af the “"external reality”) plus operative schemes [ irens-
formatlons applied to figurative schemes to ohtain another
figurative wcheme). An executive scheme involves strategles
that coordinate operative and figurative schemes, and pre-
sumably reguire no space in 5TM, Pascual-Leone posits that
the size of M-gpace is determined developmentally. A four
vear old child would have an M-gpace of e*l,; where € is the
number of executive schemes in use; and 1 is the number of
other schemes called to ETM. M-spaceE increases by one
every two years until at gixteen one's M-space is et7,( a

normative expectation). Leaming and problem solving depends
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among other things on the capacity of 5TN, since i{ is pre-
sumed that it is when schemes are in 3TM together that they
undergo reciprocal assimilation and accomodation or "chunking".

Case (1972) interprets Pascual-lecne's sufficlent can-
ditions for problem solving as:

"{1) The person must have the appropriate schomes
in his /her repertoire. The construction of these s=chemes
ia interpreted by Pascual-Leone as learning.

"(2) The person must have a tendenay to use hisg full
M-gpace and to avoid the exclusive activatien of schemes
triggered by perceptually salient features of the problem.
This tendency is interpreted by Pascual-Leone as Tleld in-
dependence." (after Witkin =t, al, 1942).

"(3) The person must have a tondency, when two
incompatible schemes might be activated, to netivate only
that scheme which is compatible with the greatest number of
other schemes. Thls tendency is nssumed to be universal,
and is interpreted by Pascual-Leone s an essentinl component
of equilibration."

A determining factor in whether M-spece will be shown
to be a predictor in problem solving is whether a person is
field independent. TIleld independence is the ability to
deal with a perceptual configuration independent of an
overlapping configuration or background field. Fiald
independence is usually measured by "The Embedded Figures
Test" (EFT} or the "Rod and Frame Test."” Such tests

load very heavily on a spatial abilities Tactor (Guay
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& MeDaniel, 1977: lcGee, 1979). 8o it may be that M-
sprce predicis problem solving and learning skills only in
the presence of (1) field independent cognitive style or
(2} high spatial ability. In experiments performed by
Cape (1974, 1977) deRibauplerrs (1975),and Pascual-
Leone {(1970), subjects were measured for their field in-
dependence. Lawson (1976) used subjects irrespective of
field independence and found M-space to be less reliable

in predicting problem sclving outcomea. Melormick (Note 2)
found M-apace te be of marginal reliability as & main effect
predieting course work scores in graduate statisties, but
Tound & gtrong ilnteractien of M-space with apatial abilities,

Case (1977) used 63 "non-conserving" {(unable te say

whether quantity of a substance remains the same after a
change of shape er centalners} children aged 5 te B8 ln an
axperiment to test the effects of subjective uncertainty
and conflict exercises on learning a censervation task.
Lovariates in the design were M-space (Bockward Digit
Span), field ilndependence (Red and Frame Test) and im-
pulsivity (Matching Pamiliar Figures Tast). Case in-
dicated that the differences on the conservation

PoETUTEST Dbetween the treatmént and contrpol grouns were
significant (X (1)75.96, p<.02). “When grade and age were

removed..., the residual correlation of M-space with post-

*Satterly, 1976 found EFT in a factor distinet from Spatial
Abilities. However, EFT had a strong correlation with all
tasts he used as well as the spatial tests.
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test parformance was still significant {additional wvariance
zecounted for = 1o, p<006)." Field independence and
impulsivity had no significant effect, in this sample. It
wag expectied that subjects require an M-space of e+d in
order to perform on & conservation task., Case sald that
“noen-conservers with an M-space of e+3 are difficult to
loecate." Tha result of the tralning was that none of the
children with M-gpace=e+l showed "evidence of conservation,"
Twelve out of 41 subjects with M-space=e+2 attained con-
servation, while 5 out of 6 with M-space=e+] attained
congervation.

Case {1975) points eut that the minimul requirement,
if proper instruction is used, 1s an M-space equal a+2, If
a concept is analyZed inte component schemes, which are al-
ready in the person's repertolrs of schomes, then the com-
ponents can be "chunked" (i.e. undergo reciprocal mssimilatien
and accomodation) twe ot a time until the entire cencept is
constructed. What is needed of course is someone to analyze
that concept into the components in the firet place, How-
ever, 1t E&eﬁs gt this peint that humans may navar he able
to grasp cemplex concepts unless there 1s a super-human to
analyze the concept into component concopts thet we now Erasp.
But we de have heuristic devices like pencil and paper,
pictures, models, etc. with which we attempt to analyze a
complex problem and put it back together agnin piece by
piece,

The test used by Case to measure jl-space is called

Backwards Digit Span. Numbers are read off, e.r. 5-7-2-6,
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and the subject is to reverse the digits in his mind guickly
and respond, e.g. 6-2-7-5, in writing or erally. The re-
versing process iz used to avoid automatic “"chunking"

that may occur. For example f-B-7-3-7-1-2-0-5-5

{elevern digits) may be chunked into two numbers by the
present writer {telephone and house numbers), and read back
quickly had forward diglt span been used. A complaint
againgt the use of Backward Digit Span concerns the em-
phasis on the figurative aspects of what is to be recalled,
ag opposed to Pascual-Lecne's theoretical requiroment of both
figurative and operative schemes (Lawoon, 1976). Backwards
Digit Span tends to be used for its convenlence, and not
just because 1t iz imposeible to observe directly anything
other than the flgurative aspecta of another person's cog-
rnitiva procesmes*.

In summary,d~space as a main effect is expected to be
aof little reliability in predicting outcome of gradunte
lavel statistics for the following reasons: (1) Fascual-
Lecne suggests that the M-space effects will be seen prim-
arily wmong field independent persons, Hence, student
samples which are heterogenecus with respect to field
independence would result in unecertain predictabillity,

(2) Case suggests that an appropriante teaching method can

#Pipget (1977) would possibly suggest that our observing such
figurative aspects themselves depends on gur own operative
schemes, Even one must infer thet one contrels one's own
actians!



avarcoeme The problem of a below-average bM-space. I an
inatruetor analyies concepis into compenents, and serially
and palr-wise brings the components together, then all the
student needs is an appreopriately minimal conceptual re-
pertoire and an M-gpace of e+2, (3} Students who have a
leaming strategy that is similar to Case's analytic-serial
teaching strategy do not of necesaity need an M-space larger
than e+2. Hecause af these three points the present writer
expects M-space to have effects only in combination with
other abilities and learning and teaching strategies to
agcount for variance In graduate level statistics scores,
spatial Ability as a Majn Effect

An Ineredible amount of resoarch hos alroady boon con-
ducted with regard to "spatial ability". Smith (L96&4)
and MeGea {(1979) both have conducted comprehensive re-
viawa, and yet overlooked many relevant atudies. MecGee,
for example, reviewed over 300 books and articles on
gepatial abllity but still failed to mention Plaget and
Inhelder's {1971) important work related ta this erea. The
topic seems insurmeountable. Attention, therefores, wlll be
highly focused and relevant to the study at hand.

MeGae concludes that spatial abilities has two primary
factora: wvisualization and orientation. Spatial orientation
is "the comprehension of the arrangement of elements within
o visual stimulus pattern and the aptitude to remain un-
confused by the changing orientation in which a spatial con-

figuration may be presented."” Spatial visualizatien is "the



ability te mentally manipulate, rotate, twist, or invert

a piotorially presented stimulus object." 3Smith (1956L4L)
suggests that spatlal ability is required to make configural
transformations in two and three dimensions. He alse sug-
gests that spatial ability 1s highly related to reasoning
ability, and to the ability to grasp the Gestalt of a sit-
uation, or think helistically. Piaget and Inhelder (1971}
suggest that a child's mental imagery L= linked 4o his/her
developmental level, and hence his/her abilities of preblem
solving.

There are many studles relating spatial abllities and
math achlevement, and several relating to college level math.
Much of the work involving spatianl abilities tend to be
imply correlutional in nature rather than experimental,
Examples of this sort are found in  work by Das, Kirby, and
Jarman (1975)) Kirby and Das (1978); Smith (1964) and Satterly
(1976). Satterly's investigation is intersating for what
i1t do#s not show as well as what it does show.

Gatterly attempts to show that such tests as Embedded
Flgures Test (EFT) and Analytic Style Preference Tests
measure a cognltive style factor dlstinct from intelligence
and spatial abillty. Contrary to studies and reviews,
mentioned before, EFT did not load on his spatial factor,
but did lomd on his intelligence factor. What makes the
results suspicious is the factor loading of English compre-

hension on his spatial factor, Agsin contrary to numercus
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studies (MeGee, 1979} fathematics achievement did not load
at all on his spatial factor. It is such descriptive studies
ag this, which use questionable measures of spatial abilities
and have contradictory results, thet obscurse the significance
of a spatial ability measure.

Das, Kirby,and Jerman (1975), Kirby and Das (1978) and
Das, Kirby,and Jarman (197%) collected data, which
inoluded geares from tests that have in the past been
used to measure spatial or imagery abilities. Thelr general
theory invelves processes to maintain arousal statea, to
plan and to encode information., Information may be encoded
under the influences of two processes: simultaneocus syntheses
and successlve syntheses, Kirby and Das (1978) "found that
simultanecus processing was primarily related to spatial
ability". They state: "Brlefly, slmultaneous processing
can be characterlzed as involving the synthesis of meaparate
elaments into groups that genmerally have spatisl overtones,
with all porticns of the synthesis being surveyable or ace-
@88ible without dependence on their position within the
aynthesis. This type of processing is required, for in-
stance, in the formation of any holistic gestalt, or in the
discovery of the relationships among two or more objects.
Sucocessive Processing, on the other hand, involwves the in-
tegration of the separate elements into groups whose es-
sential nature is temporal, Portions of this synthesis arps
aecessible only in the temporal order of the series - sach
element leads to only one other, and access to any element is

dependent on the preceding elsments."
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At this point it should be noted that 2 spaiial test
(e.g. Paper folding testt French, Eketrom & Price, 1963)
loads heavily on simultaneous synthesis. (Das, Kirby and
Jarman, 1975). A test of M-space (Backwards digit span)
may lead heavily on the suecessive pynthesis faector just as
Torvward digit span and concroete word and abstract word
memery span. \(Das, Kirby and Jarman, 1975) Dus and his
collagues suggeat that these ayntheses are the modalities in
which one progesses informatlen. This processing choice
(simultanecus or successive) 1s decided upon in a "planning”
block of the brain, and they do not suggest necessarily that
gome people are good at, say, simultaneousm processing while
baing poar ot sucecaaslive;, ete. (Daa, Eirby and Jarman, 1979).
But HeCarmick's (Note 2) data do suggest that there are
perople who have above average scores on Faper Yolding Test
whila having below average scored on Backwards Digit Span.

It ia difficult to say whether thie is above average sim-
ultaneous and below average successlve processing, rather than
inconelstent planning ol girategies,

Piaget and Inhelder's {(1971) data on the development of
mental imagery in children identifies the influsnce of op-
erative thought on static mental lmages. Before a child
cbtains concrete ocperational thought {Ginsburg & Opper, 1979)
at about ? years of age, he/she is able to produce roughly
correct mental Images of static configurations. It tends to

be static, reproductive imegery. As the child obtains higher
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levels af operative thought, the statiec image comes under
influence of the operations. By the 1ime the child reaches
formal operative thought past 12 years of mrge, he/she will
have doveloped from these static, reproductive images into
kinetle (moving), reproductive imagery into transformational,
reproductive imagery. Overlapping with this development ls

i component of imagary that seems to be related to typo ¥
behaviors deseribed abeva. This 15 an anticipatery type of
imagery. Pilaget and Inhelder do not descrlbe this as stage-
like development other than the stage-like develepment of
operative thought. However, reproducing o otatic Ilmage in
mind occurs at the lowest level of dovelopmernt. Ieprodvoing a
transformational image (e.g. visualization of paper folding)
iz simpler than anziclpating a transformatlonal image {(e.g.
visualization of paper beilng feolded,punched with a hola,and
unfolded), The abillty to perform on an anticipatory, trang-
formational imagery appears to this writer very much related
to the more madvanced levels of typeY behaviors.

A teat of spatial abllity most appealing to this writer
iz one in which the examinee has to 1) form and hold a statisc,
mental image and 2) anticipate transformations on that image,
Jlunder a pressura of time so that hellstic (or simultaneous)
Frocesses need be celled inteo play for optimum success.

Fapar Folding Test (French, Ekstrom & Price, 1963) and Space
Relations (Differential Aptitude Tests) are two tests of

spatial wvisualization most familiar to the present writer.

Both meet the three requirements abeve. Because of their
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gase Iin adrministration and scaring, such excessive error of
measuremant noaed not be intreduced.

Interactions of Variables

Mo published research could be found that explores the
interaction of spatial abilities with M-space on any criterion.
A related interaction, that of simultaneous by successive
synthesis, has not been found at least in the literatura.
MeCormick (“ote 2) combined a double interaction of spatial by
M-space with & triple interaction of balance by spatial
ability by M-space te get a slngle interaction as

{1- Balance)*Mspace*Spatial
Note that when Balance ls at the mean value of zora , the ex-
pregsion reverts to the double intersetion. This combined
interaction uniquely accounted for more than 205 of the
variance in course score (multiple regressien for the social
pciances) (Pel3.63, df=1,24, p<0.002), The combined doubls
interactlon effect is plotted {Figure 1) as thres, two-dim-
enslonal manifelds ef a four-dimensional hypersurfaca.

Pagk (1975) considers directly the interaction of
teaching strategy with learning strategy. In hils perles of
gxperiments using programmed ingtruction and machine in-
struction he selects students aceording to their definite
learning strategy. These stratogies are holistic va,
gerialistic., The "holists" or "comprehension'learners
readily pick up an overall picture of the subject matter, for

example,;, redundancies in a taxonomic scheme er relations be-

tween distinguished classes...These individusls are able to
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build deseriptions of topics and to deseribe the relatien
between topics...Thelr cognitlive repertolire includes effective
though individually distinctive building operations, although
such learners may not be able to apply these cperations...
until the procedures underlying the cencepits in gquestion

are specifically taught."

In apeaking of the "serlalists" he states, "left to their
own devices, operation learners pick up rules, methods de-
tails, but are often unaware of how or why they fit together.”

Pagk (1976) matched or mis-matohed learning style with
teaching atyle to see the effect on eutcome. The results
were as expected, The matched cases far outperformed their
un-matched counterparts. These data do not suggest (even
though Pask polnted thia out) that students are competent
in the leamrming strategy that they cheose for themselvaeus.

Teo be competent At a holistic strategy it would gseem that

ene would need the abllity to fhink holistically. It is here
belleved that i1t would be more interesting to compare teaching
gtrategy (holistic vs, perialistic) mnd its interaction with
the ability to think holistically (spatial ability) on a
guiltable eriterion (e.g. gradunte level statistics for the

sooial seiences).
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Tlhe experimenter assumed the teaching function
of ene professor in two classes of graduate level
statistics for the social sciences for twelve teaching
hours. During thase pericds the experimenter lecturod
in the following topic areas: measures of fregquency,
graphing, measures of central tendency and measures of
disperasion., The two classes received the same number
of hourgs of ingtruction, over the same tople demain,
axcopt one clags received instruction using the "holistie
strategy" {(described abeve) while the scocond class re-
ceived ingtruotion using the "serisliatic strategy".
The two Ilnstructional strategies wore pperationally
defined by the numberof nspects of a subtopic that was
discussed before the next subtople was mentioned.
*his number is abviously significantly fewer for the
holistic strategy than for the serialistic (see Appendix
A). ALl subtepics are discussed concurrently in the
hollstic strategy.

There were Tour criterion variables of interest,
One was the total score of all guestions an a statistics
éxam covering the above mentioned topice (hersafter
called "TOTAL"); the second was the score from multiple
cholce questions (hereafter called “MCHOICE"); the

third was the score from a computatisn section of the
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exam (hereafter called "COMPUTE"); and the fourth was
the score from a problem that required the synthesis
of concepts in an unusual way (hereafter called “SYNTH").

The "Balance" questionnaire (McCormick, Note 2},
mentioned avove, underwent a separate reliability otudy
of its own. The final version of the Balance questlon-
naire was compared using facter analysis with the four
Tactor Inventory of Learning Frocesses (ILP) of Schmeck,
Ribich and Romanaifak (1976).

Sample

Subjects ware 33 students of a gradunte ecourse in
inferentiol Statistics at o Mlidwestern university. There
were 20 male and 1] female students In the sample. Pre-
vious math experience ranged from zerc to oix semostara
(mean = 1.6, S.E. = 0.4) beyond undergraduate eollege
algebra. Range of age was Irom 23 to 35 vears of
age, The class recelving the serialistic strategy
contributed 20 atudents to the sample, while the holistic
strategy contributed 13 studenta. The choice for which
teaching strategy a class would receive was determined
by a "tesg af a coin",

In order to control for inherent differences be-
tween sections varicus other variables were measured.
Besides wvariables described below the Tollowing are
included: (1) the average time spent in study {recarded

@ach day and then averaged); (2) excess study hefore
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exam (ratio of %ime spent in study during three days
tefore exam to that during first week of classzs); (3)
number of semesters of college math experience beyond
college algebra; (&) number of classes attended.
Instruments

Coples of the following instruments are in Appendix
Bi
1. Backwards Digit Span: From a tape recording examinee
ligtens to numbers being volced, Two seconds aflter
the last digit is read tha wvoice lnstructs "write",
Examinee then writes in reverse order the numbers that
warne veiced., The test presumably measures the number
of schemes (in this case digits) that ean be held in
ghort tarm meamory at one time. The inastruction to re-
varse the serial order of the digitas and the short
amount of time alleowed, reduces "chunkineg" effects
{Cage, 1974),
2. FPaper Folding Test 1 (French, Ekstrom & Price, 1963}
Examinees are given successive diasgrams of a piece of
paper being folded and punched with a hole. Examinee
is to select from a set of distractors the diagram that
represente the paper unfolded with holes. The test is
one test when combined with the following test yields
a spatial ability Bcore. The test is timed,
3. Space Relations (Differential Aptitude Test): Ex-

aminees pre given the Tlat unfolded surface aof a solid



object. Examinee is to select from a set of distractors
those views of objects which may possibly be the orig-
inal object once it is folded inte its solid shape. The
sum of the standardized scores of Space Relations and
Faper Folding 1| forms the spatial ability score.
%, Balance Questionnaire: (Evelved from MeCormick,
Note 2). Queations pertaining to the degree students
generally readily assimllate statistics material or
have to accomodate to the material first via moemori-
zation, repetition and work attltude. Words related
to affect towards statistics are kept to a minimum.
Examinee reoponds with numbers appropriate to whether
thay disagree, allghtly agree, agree or gtrongly agree
to the descriptive atatemant.
EXAMPLE: I don't take notes in statistics

Lecture because sverything seems

ta "just fit" Into what I already

understand.
The difference betwesen the assimilation and accomedation
gocores form the balance score,

Reliabllities for the assimilation and accomodation
portions of the guestionnaire is .75and .B5 respectively.
This gives a reliabllity O0.88 for the questionnaire as
a whole,

5. The Criteria Measures: The professor of the course

(not the experimenter) wroie two equivalent forms of a
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statistics exam that would cever the leeture maiterial.
The two forms wWere distributed at random among both
clagses at exam time, so that roughly half of eaoch class
received one or the other form of the test. In-so-Tar
a5 raw scores, there were ne differences between Torms
af the exam with reaspect to TOTAL, MCHOICE, COMPUTE,
and SYNTH., Several t-teats of significance were used
in testing a hypothetical difference In the two forms
(all t-values |tl= .81, p»0.42). The use af two forms
in this fashlon obvlates results that are due salely
te artifacts of the criterla measuras,
flethad of A
Reliahility of the Balance questiennaire was as-
sesged by ealeculating the inter-Lltem reliabllity for
the "asgimilation” and "accomodation® portions separately.
Also, the individual gquestlonse were factor analyzed to
determine the patsteérn of relationships among the questions.
The “"assimilation" and "accomodation" portlons wers
Tactor analyzed in conjunction with Schmeck, Ribiech, and
Ramanaiah's (1977) four factors on their Inventory of
Learning Processes. These factors are Synthesis-Analysis
{"organizational processes"), Elaborative Processing

{"active, elaborative approsches to encoding”) , Study
Methods (adherence to systematic, traditional study

techniques), and Fact Retentien ("the propensity to re-

tain detailed, fzetual informatisn™).
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The four hypotheses described in Chapter One were
analyzed as  follows:
Hypothesis I: Sample from MeCormick (Note 2) formed
A& norming group on which M-space, Spatial score and
Halance score was siandardized, The Balance score was
based on elght gquestions from the former Balance Question-
naire \McCormick, Nete 2). These scores were ithen
standardized z-scores, substituted inte the eguation

Statlstica® 0,4 * Spatial + 0.4 * Mapaco

+ 0.4 * Balance + 0,5 (1-Balance) * Spatial

* lgpace
A corralation betweean this predicted statistics score
and the actual statistics score will be caleculated. A
t=teat of significance of correlation (Roscoe, 1975)
will determine whether this correlation differs sig-
nificantly Trom zero at<ds.05,
Hypothesias IT: Hypotheses a), b}, and c) will be tested
via multiple linear regression uaing the follewing full
madal

Statg=« ﬂﬁﬁpatiul + i Mzpace + @,* Balance fi, YT +R,T *

Spatial + f* Spatial * Mspace + ET* Spatial * Mspace
* Balance + f,* Balance * Mspace % Spatial
S
where Stats = test score results TOTAL,MCHOICE,COMPUTE and
SYHTH.

Spatial = gpatial ability score



Mepace = M-space
Balance = discrepancy between general assimilation
of statistics and accomodation to statistics
T = treatment contrast between holistie & ser-
lalistic teaching strategies
Hypothesis ITaj: Hoifle= 0, A:fi# ©
Reatricted Model 1 (T*Spatial removed):
State = « + b * Spatial +R* NMspace + @ Balance
+Q* T +G* Spatial * Mspace +(}* Mapace * Spatial
* Balance t+ f,* Balance * Mapace * Spatial * T i

The test of significance will ba

F = (E,85 - E.Ssg ot w1, tN=8) yPe .05
E, S5 ({N=-5

where N = number of subjects
E.55 ® error sum of squares restricted medel 1
E£,55 ® error sum of squares full model
Hypothesis IThl Hoi .= 0, AiR,* O
Restricted Model 2 (Mspace*Spatial*Balance removed):!
Stats =<+ A% Spatial + @* Wapace + f,* Balance
*B¥ T +B¥ Spatisl * Mapace +[,* Spatial * T
tfy* Balance * Mspace * Spatial » T + E_‘

The test of significance will be

F = (E,85 - E.SS) , df = 1, (N-9),p<.05
| -5

where E,55 = error sum of squares restricted model 2,

Hyoothesig ITc) Hn:ﬂtﬂ 0, A I?‘:‘# Q

Restricted Model 3 {Balance®Mspace*Spatial#*T removed):



Stats =« +f * Spatial + f,* Mspace * {i;* Balance
+l'!l‘* T +fi, * Spatial * Mspace +fi.* Spatial * T
+ ﬂq* Mspace * Spatial * Balance + &

The test of signficance will be

o= (E,S5 - E,85) , df =1, (N-9),Pe.05
EL, 557 Ir{wgg

where E,55 = error sum of squares restricted model 3.



Qalance Beliabjlity Study
The Balaneo Questionnaire underwent three relisbility
trials to arrive at its final form. The following is a

summary of the reliabilities obtained in each trial.

Trial tems N Assimilotion Accomodation Balange

4 10 11 0.75 0.85 0.88
2 14 20 Q.70 a.77 0.8%
3 il 33 g.56 8.73 0.78

The cpparent drop in the "Assimilation" reliability
from 0.70 to 0.56 1s not signlficant (FPisher's 2,
t=0.77, p*0.U4), and may be accounted for by sample
variability.

A factor analysis was performed using the subscalse
gcores from Balance (Assimilation and Accomodation)
and from Schmeck, Ribleh and Ramanaiah's (1976) In-
ventory of Learning Processes (Synthesis-Analysis,
Study Methods, Elaborative Processes, and Feet Retention).
An iterative principal axls method with varimax rotation
was performed, and three factors were retalned. As
can be seen in Table 1, of the three factors retained,
none had either "Accomodation” or Fact Retention
loading greatly on it. Factor 1 appearsd to be well
defined by Sypthesis-Analysis and Elaborative Processes,
Factor 2 appeared To be well defined by "Assimilation”,

though there appearesd trace variances af Fact Retention

I =
-0
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and*Accomodation.” However the small communalities of

Fact Retention and"Accomeodation' abviate against sug-

gesting anything stronger. Factor 3 wazs well defined

by Study Methods with traces of Elaborative Processes
and "Assimilation®., The correlatione (Table 2)

ameng these six subscales are all non-significant.
Congequently, it appears that there are no solid data
to suggest that the subscales of Balance are related
te one or several of the subscales of the ILP.

Differeanoes Between Clapgas

Table 3 llats all varlables that were measured,
their means and standerd deviations for both class
gections comblned and for the twe sactions separately.
Also, t-teats were performed to macertain uncontrelled
differences betwsen sections on all these variables.
While nene of the measured veriables were significantly
different between sections, several variables were dif-
ferent relative to variability. F-testa on all variables
between sections were performed. Section 1| appeared
to be more variable In the number of classes attended
than Seetion 2, Also, Seetion 2 appeared more variabl
than Seection 1 with respeet to excess study before the
exam. However, this may be accounted for by one
student who did not study until the day before the
exam, when he studied for 14 hours.

Cross-validatien: Hypothesis T

The regression equation derived by MeCormick



(Hote 2},
Stats= 0.4 * SPATIAL + 0.4 * MSPACE +~ 0.4

* BALANCE 4 0.5 * [1-BALANCE) * MSPACE

* BALANCE,
was uged in an attempt to predict exam outecome for the
present group. With the present group there were four
eriteria measures under consideration. The correlation
batwaon pradicted statistics grade and the total coore
wag significant (r = 0.505, p<0.003)., However, this is
only o 3 improvement in varisnce acecounted for over a
gingle predictor model using the Spatial gocore alonae
{Table 2). The correlasion between the multiple cholce
gcore and tho predicted score was significant (r = 0.467,
pe0.007), but not very different from the correlation
batween multiple cholice and spatial score (Table 2).
The computation score wons as well significantly cor-
related with the predicted score (r =0.455, p<0.008).
In this case the prediction model accounted Tor about
L5% more varlance than had the spatial score alone been
uged, The correlation between the predicted statistics
gcore and the question invelving the synthesis of concepis
in a unusual situation did not significantly differ
from & zera value (r = 0,272, pe0.12). In Tact the
anly variable with whiech this synthesis guestion cor-
related significantly was the ILP: Study Methods,r= -0.356,
p<0.05 {Teble 2).



Complex Interactions: Hypotheses IJa, b and e

Stetistical models were constructed via multiple
regression as per Hypothesls II using TOTAL { the total
exam Score of the material covered), MCHOICE (the score
on the multiple cheoice questions), COMPUTE {the score
on the computation questions) and SYNTH (the score on the
synthesis questions), all described above, as crliteria
MEASUTES ,

Table 5 18 the analysis of variance of the hyp-
othesized model ualng MOHOICE as the eriterion of the
three effects of interest. Only the gquadruple inter-
action of class saction by M-gpace by Spatial by Balance
rose to level of signflicance (F=5,90, df=(1,24%), p<0.015),
This effect accounted for l1.4f of the variance., Teots
af signficance for lower order interactions and main
effacts which are components of this interacticn have no
meaning in the presence of this interaction, other than
being subsumed by it. The full model R -sguare was 0.535
(F=3.86 (df=8,24), p< 0.,009)., This regression model ig
stated with Figure 2, which is a graphical plotting of
this equation as four two-dimensicnal manifolds (i.s.

2 section or "slice")of a five-dimensional hyper-surface,
The hyper-surface is a least sguares fit of the data
points set in the Tive-dimensionsl space., The reader is
cautioned ageinst attempting to interpret the graphs of
Pigure 2 (and Figures 3 and 4) as lines of best Tit

through groups of given characteristics., It may be
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noted that at the high end of the Balgnce dimenzian
(Balanse=+2¢=8.8% raw value) the hypersurface tends

to warp in the clockwise direction when going from %he
gserialistic towards the helistic teaching strategy.
While the warping is in the opposite sense at the low
end of the Balanece dimension. It appears, therefors,
that spatial abllity is r determining factor for
students with an assimilative attitude under the
gerialistic strategy and for ctudents with an accomo-
dative attitude in the helistic strategy. Alse, 1t can
be noted that for MOHOICE, students with higher M-space
tended to do generally better than lower M-space students.
There are several ragions, however, in which differences
bacause of M-space are not apparently notieable,

Table 6 iz the analysis of variance of the hyp-
otheslzed model using COMPUTE as the criterion. The
guadruple interaction uncovered for MOHOICE roge to
slgnficance but in smaller degree (F23.68, df=(1,24%),
p=0.04) . Rather than make a Type II error, which is
posaible with small samples, ond since this interaction
was expecied, the probability of a Type I error of (for
a one-tall test )}, 0.05 was acceptable, The guadruple
interaction accounts for 8.7 of the variance in & model
that iz itself leaning towards traditional signficance.
(R*=0.k33, P=2.29, df=(8,24), p<0.08). The regression
equatien is stated with Figure 3, which is again =a

graphical plot of this equation as four two-dimensionsl
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mantfolds, The tendenecy for spatial abillitises pre=
dieting COMFUTE is similar to thaet of MCHCICE described
abpva., There is an interesting rewversal of the effects

of' M-gspace. Because of an apparent negative weaight of
M-space, those with a lower M-gpace appear to do generally
better than those with a higher M-space. This willl be
discussed more In-depth balow.

Table 7 is the analyslis of variance of the hyp-
ethesized model with SYNTH as criteria. WNone of the effects
of interest roge to levels of acceptable signiflcance.

Tha Spatial by M-space interaction surfaced marginally
(F=3.09, df=(1,2%), p<0.05), and ia one of the inter-
agtiong found by MeCormick (Nete 2). Singe the model
was not signfieant (R =0.280, F=1.14, df=(B,24),p30.35),
ne graphsg were made,

Table 8 is the analysis of variance with TOTAL as the
eriterion. TOTAL equals of the sum of MCHOICE, CCMPUTE,
and SYNTH. Again the quadruple interaction rose to
signficance (F=3.87, df=(1,24%), p<0.05), Also the
variable balance accounted for about 6.9% of the
variance (F=3.22, df=(1,24), pe0,05) in a model which did
attain traditional signficance (R =0.485, P=2.82, df=8,24,
p<0.03), This model did have a high degree of common
variance (1302.206 sums of squares or about 33.3%% of
the total sums of sguares), which means that the in-
dependent veriables in the medel do have a high degree

o overlap zmeong themselves,. The regression equation
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for this model is stated on Figure 4, which is a graph-
ieal plotting of the equation as four two-dimensiocnal
manifelds. Scatiergrams of cbserved values are plotted
everlaying the graphs {keep in mind how these points
are scattered through a five-dimensicnal space). Com=-
paring the graphs of TOTAL to both those of COMPUTE and
MCHOICE, it appears that TOTAL iz a fair compremise of
both COMPUTE and MCHOICE., The differences arise in
the effeacts of [-space on the TOTAL scare. Higher
TOTAL scores for high M-space occurs for high-Spatial,
high-Balance, serialistlic teaching strategy and or
high-3patlal, low-Balance, holistic teaching ssrategy
and for low-3patial, low-Balance, serialistic teaching
strategy, and for low-Spatial, high-Balance, helistic
teaching strategy (FPlgure 4).
Comparigen to Previous Study

A comparison wag made between the present sample
and the sample of MoCormick (Note 2). The following
are the means and standard deviations of the Balance
soores far the 10 questions from the two questionnaires

that were in common:

MeCormick (Mote 1) Present Group

Mean Stan.Deviation Mean Stan. Deviation
Apsimilation 10.03 2.74 3. 30 2,08
Accomodation 10.49 2.74 6,70 3.38

Balance =0 .46 3.89 -3.40 3.97
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The difference in the Balance score between the
first group and the present group is signficant
(t=2.99, df=62, p<0.0l), The present group is most
likely unbalanced more toward a work or accommodative
orientation to statisties. This means that there is a
major change in "reforence frames" required, in-so-
far as Halance is concerned. The present sample was
taken from the first & weels of the first course of
a4 %wo gemester sequence. The first sample was +taken
Irom the last 4 weeks of the second course in the
sequence, Atirltion apparently may heve selected out
many of theoae who felt that statisties is "work" and
left quite a Jew of thase who could "play” with stat-
istics., The tronsfermation of reference Trames then
18 reguired if any comparisons are to be made. A plus
ane mtandard deviation (+1e¢) for the Tirst group cer-
responds in Balance score to a plus two standard de-
viations (*2c) in the present group. Similarly, a
negative three standard deviations (-3¢} in the first
group correspends to negative two standard deviations
in the present group (-26). Using the equation stated
in MeCormick (Hote 2},

Stats=0.4 * SPATIAL + Q.4 * MSPACE = 0.4

* DALANCE + .5 % (1-BALANCE) * MSPACE
* BALANCE,
one can celeulate and then graph the regressiaon

surfaces. If this is done, then predicted graphs
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would lock like FPigure 5. What has happened for the
low=-Balance graph (Figure 1a) is that decreasing Bal-
ance and increasing M-Epace tends to warp the hyper-
surface in a countercleckwise direction., 0On the other
hand decreasing Balance and decreasing M-space tends

to warp the hypersurface in the clockwise direction.
Cansequently, the M-space = &6 section of Figure la

has moved frem the 1 o'elock position to the 11 a'cleock
position (M-space = 8) of Figure 5z, while the M-space
sl gection has moved from the Lt30 a'elock position

in Figure la to the 7 o'clock positlon (M-space = 3)

of Pigure 5a, If an assumptlon (with no data to aub-
stantiate it) ie made that MeCormick's {Nete 1) sample
was taught in o serialistic fachion and tested primerily
on computation, then the graphs of Flgure 5 could very
wall be related to Figure 3 Serialistic Teaching

atrotegy.



CHAPTER FIVE
Discussion

It is clear that the data suggest what is commonly
believed, that learning is an extremely complex process.
Concurreance 1z generally found between the Tegulis ef
Chapter 4 and the eéxpectations of Chaptar 1. The
hypothesized quadruple interactlon of Teaching strategy
by Spatial by M-szpace by Balance was found. It was
quite apparent with multiple cholce questions (MCHOICE)
ag the ¢riterion, and 1o o lesser degrea with computation
questions (COMPUTE). None of the hypotheamized inter-
petions (in the hypotheticnl stntistionl model) were
found for the synthesls of concepts questlion (SYNTH).

i1 was puggested in Chaptor 1 that porgons un-
balanced in faver of process (assimilation or play
and Balance pesitive) under a hollstic teaching strategy
would have scores that are positively related to the
spatial scores lrrespective of M-space. This gan-
erally is true for MCHOICE with the exception thet the
glopa is small. The splitting dup to M-sppoe acocounts
for a change of about 3 polnts. However for COMPUTE,
thare is no slope, and there is a splitting for high-
epatial.

Chapter 1 suggests that persons unbalanced in
faver of work (accomodation, imitation and Bzlance
nagative) under a holistic strategy would de better

with high-5patial =nd high-M-space than low-M-3pace.

35
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Howesyer, those with low-Spatial high-M-space were gxpected
to do more poorly  than low-Spatial low-M-space in

this case, This iz generally true for MOHOICE. But

this is not the case for COMPUTE, which does have though

o slight positive glope with the Spatial scare.

There was a suggestion from Chapter 1 that as the

balance "tilts" in favor of preocess (assimilation or
play and Balance positive) under a serialistic teaching
sirategy there should be a positive correlation betwoen
gtatistics scored and spatial score, because "tha hol-
istically capable student may make the interrelationships
among subtoples on hls/her own for thelr own sake”,
A well, no effect due to M-spuce was expected. This
was genarally true for COMPUTE, but not exactly true
for MCHOICE., For MCHOICE thore is a small splitting
glfect due to M-space, with high-Spatial high-M-space
doing better than high-Spatial, low-M-space.

The lest suggestion from Chapter 1 was that as the
balance tiltis in favor of work orientatlon (Balance
negative) under a seriallstic strategy there should be a
negative corroelation between statistics and spatial
score irrespective of M-space. This is more trus of
COMPUTE than MCHOICE. There appears to be a nogative
slaope of COMPUTE on Spatial, but primarily for high=
M-gpece.

The data for the four suggestions stated above

were primarily derived Troem lcCormick's(Note 2) szmple.
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It may be concluced that the instructer for that sample
taught serialistically for computational material, and
holistically for the factual type of material covered
by WKMCHOICE. This conelusion is based on the obaer-
vation that NMCHOICE generally agrees with the holistic
suggestions, whlle COMPUTE generally agrees with the
gerialistic suggestions ahove.

In conclusion, the study met with several succasses,
The cross-valldation research hypothesis (in which Me-
Cormick's (Note 1) predictien equation attempted to
predict exam scores) was generally accepted. The
equation met with grestest success in predicting cem=
putation scores, and least success In predieting the
synthesis of concepts scores (Table 4). The research
hypotheses of complex interactions in learning alsa was
generally accepted. Complex interactions were Tound
among learning required to answer multiple choice and
computation questiona. However, none (beyond an M-
space*Spatial interaction) were found within learning
required to anawer a synthesis of concepts question,
I cations for Further Researc

While it is recognized that important pelicy
decisions in education have been made on far less data
than haa been presented here, the present writer will
leave to the reader to formulate implicasisns of this
research for education. It is this writer's opinim

that the svate of the art of complex interaczions i;
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learning does not allow one to make profound policy
deeisions. It will take much more careful work before
a practical theery can be postulated.

The next step that should follow thls study is to
trace students through a sequence of statistics courses.
An important factor to consider is how the characteristics
of the students, who make Lt through the sequence, change.
It was already noted that a major difference between
MeCormick's (Note 2} sample and the present is the
apparent shift from a wark orientation of the present
sample towards o ploay orientation 1n MeCormick's (Note 2)
gdample. A proper guestien is whether this shift ia
only apparent or indeed real. The strength of the
quadruple interaction, that was found using the hyp-
otheslzed medel, alone accounted for roughly Ll0% of the
variance. A more complete model may in the future be
davelaped which includes contributions from other inter-
actione as yet unmeasured. Az & consequence the model

will beceme more deterministic and hence more prophetic.
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TABLE 5

HYPOTHESIZED MODEL
Criterion: Multiple Chelce Questions

Model R'= 0,535, F(8,2k)= 3,46 p<0.009

Source Independent 55 fs DF F{lfgﬁl
Section 21.129 21.129 L 0.81
Spatial 26,353 26,753 1 1.01
Mapaco 18.870 18.870 1 a.72
Jalance 31,092 J1.092 1 1.19
Section*Spatlal 1.209 l.209 L D.05+
Spatial*iapace 3.916 3,916 1 0.15
Spatlal*Mapace

*Balance 7.298 7.298 iE 0,268+
Sectlon*Mapace

*Spatial*Balance 153.6732 153.632 1 5,00+
0 emmen 456,720 -
Error 624,751 26,031 2h

Total Likk 970

+ affect af intersst

* pen,ols




TABIE &

HYPOTHESIZED MODEL

Criterion: Computation Questions

Model R*= 0.433, F(B,24)= 2,29, p-0.06

Source Independent S5 IS pr Fldo=1,24)
Sectlon 2.832 2.832 -k 0.32
Spatial 4.558 L.555 | g.52
M-gpace b,i2k b.12h 1 o.47
Ealance 69,395 69,395 1 7.92
Section*Spatial 3599 34599 1 C.llt
Spatial*iopace 2.4113 2,417 1 0,28
spatlal*Mepace

*Holance 7365 7.365 1 0., Bli+
Section*Mspace

*Spatial*Balance 732,214 J2.216 1 3.68+%
Commen 33.906
Error 2l0.322 8.763 2
Tatal TG 727

t affect of interest

* pe0.04
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TABLE

HYPOTHESIZED MODEL
Criterion: Synthesis Question

Model B*= 0.280, Fldf=B,24)= 1.16,p»0,35

Source Independent 53 s oF Fldf=1,24%)
Section 2.100 2.100 1 g, 16
Spatial 31,847 31,847 1 2.4
M-gpace 0,267 0.267 1 0,02
Halance 6.358 6.358 1 048
Section*Spatial 11.705 L1.705 1 0,89+
Spatial*ispace 40 L an7 Lo, any 1 3.09#
Spatial*Mspace

*Holance 20.708 20.708 ik 157+
Section*Mapace

*Spatinl®*Balance 0.2B0 0.280 1 0.02+
C ommon 8.962
Error 317,108 13,213 2l

Total i, 182

+ affect of interest

* peld, 05
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TABIE B

HYPOTHESIZED MCDEL

criterient Total

Model R*= 0,485, F(df=8,24)= 2.82,p<0.03

Source Independent 55 M oF F{df=1,24)
Sectieon 2. 144 2. 144 1 0,03
Spatial 2.639 2,639 it 0.03
M=apace J.224 J.224 1 0. 04
Balance 260,875 269,875 1 B 1
Sectlon*Spatinl 0,180 0,160 h 0.00+
Spntlal*M-space 8,173 B.173 A 0.10
Spatial*M-gpaca

*Balance 0,747 0,747 1 Q.01+
Section*Spatial

*M-spaca*Balance’oy.697 307 .697 1 367+
Common 1302.206
Error 2014 .448 83.935 24
Total 3911.333

v affecte of interest

* pe0,05
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P Section: Serialidtic
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=| Balance=8.,84 (+2¢) B alanoe=-14.3 (-2 )
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s spatial spetial
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Spatial Spatial
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“Regression equation:

MCHOICE=31.%6 + 0.06%*Section +2.69*Spatial +0.69%Mspace
*0.220*Balance + 0,008*Section®Spatial - 0.17*Mepace*Spatial
*0.01%*Spatial*Nspace*Balance + 0,002*Section*Spatial*isp*Bal,

Figure 2.
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Section: Serialistic
Balance=-14,.3(24)
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Regression equation:
COMPUTE = 20.82 - 0.26*Section+0.17*5patial~-0,32%Mspace+D.33*Eal

+0.01l%*Spction*Spatial=-0.13*Spatial*Mapace +0.01*5patial*Mspace®
Belanece +0,001%5ection¥*spatial*Balance®*Mapace.,

Figure 3.
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—
= Sectien: Serfialistic
= Balance=+8,EB4( 2¢) Balanees-14.3(-2¢)
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Regression equatlon:

TOTAL = £3.77 +0.02%3ection +0.85*Spatial + 0.29*Mspace +0.65%
Balance -0.003*Section*Spatial + 0,25%*Spatial*Mspace +
0.004*Spatial *Mspace*Balance+ 0,004*Secticn*Spatial*Mspace*Balance ,

Figure 4.
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Figure 35,

Surfaces predicted by MeCormick's (nete 2) regression
equation using present sample data,



APFENDIX A

Lecture Nates
Section 1: "Serialistic Strategy"

seetlon 2: "Hollstle Strategy"



