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ABST

AN APPLICATION OF BRUNERIAN THEORY 1O INSTRUCTIONAL SIMULATION:
SPATIAL VISUALIZATION, FACTORIAL RESEARCH DESIGNS, AND WOODEN BLOCKS '
Laura R. Winer
The present study maintains that Brunerian learning theory can.pro—
vide the instrustiona] designer with a useful theoretical framework for
developing effective learning materials. Aptitude x Treatment Interaction :1

research has also identified importdnt_ learning variables in its analysis

of individual differences and their interaction with different instructional

techniques. Instructional simu]atioﬁs were thought to be an ideal vehicle

for combining these two components. Simulations 'demand high-level learner -

,involvement, central % the Brunerian model. Due to this involvement,

Tearner aptitudes become critifal in information acquisition. The mani-
pulation of research design bomponenis, the expérimental task, requires
$patial visualization. Two self-instructional modules were therefore
ysed: 1) an instructional simulation developed according to Brunerian i
learning iheory; and 2) a traditjona1 textbook approach. Both required . ;
approxipate]y 1% hours. Students in a gfaduate introductory statistics
course were tested’for spatial ability, grouped into high, medium, and low,
and randomly assigned to treatment groups. They were given a pretest, an
immediate posttest,.a‘one—week delayed posttest, and a five week de]ayed
pbsttest\(midte?m exam). The Brunerian simulation was found to be'signi-
ficant]ylmore beneficial, especfp]ly for low spaiial abi]ity students, as’

{
prggicted. §urprisinguy, no sex differences were found in spatial ability.

The two main conciusﬁons from this study are the usefulness of isolating

. the signifiéant aptitude required for a specific learninglfpgk and phe

relevance of Brunerian theory for instructional design.

N
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CHAPTER ONE
v ! RATIONALE

In order‘po.better understand the process of Tearning, in recent
years iﬁftructional research has begun placing g[giter,q?phasis‘on
individual differences in-learner.characteriStics (Cronba;h & Snow, 1977;
Wittrock, 1977). Because of variation 1n41earner.characteristicsj-subh
as ho1ist/seria1ist, field dependent/field independent, verba%xab111ty.

spaf1a1 ability--the same instruction will not necessarify affect all

"learners in the.same way. When considering the effectiveness of

instructional matéria]s,tit is necessary td’Tdentif} which learner
aptitudes may be most 1mporta?t fdr a8 specific learning task. This
requires a careful instructional gnaly;is (Dick & Carey, 1975} to
identify such‘integral factors. The instructional designer must then
design effective instruction for all learners using a given set of

materials.

~

-
UnfortunateYy, the instructional designer has precious little

uséfu] research to draw upon in identifying, measuring, and ﬁmplénanting
differing learner character.istics. Resea:gh h?g'generaIIy been piegeﬁeal,
with no integrative connections among various aspects of a particular
instructional problem. The lack of useful instructional principles is =
derived both froﬁ the inherent compiexity of the learning process and

the fact that little is known about it. This problem is further

compounded by the general weaknesses of much educational research

“methodology. To wit, researchers have failed to isolate productive

variib]es and have génera11y failed to truly lest instructional

> L
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¢ learner aptitudes, the cost of identifying indi vidual Tearner
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effectiveness in any, form. Thegmost promising body of research

» 9
investigating the correspondence between learner aptitude and instruc-
tionalftreatment has become known as Aptitude x Treatment Interaction
research (ATI). B

Although ATI research calls for a m‘a\ch between instruction and

Ve
>

9
characteristics and matching them to appropriate instructional

materials is usually prohibitive. It would be far pgre useful to

have instructiona] materials which would especially help those students
weak in the abilities needed for ea\ch task without penalizing those who 7
are strong. If such materials were created, they could then be used by
all students, eliminating the need for the time-consuming, expensive,

and potentially disruptive process ﬂof testing students and assigm’ng

them to different instructional treatments. A single, effective set

of 1nstruct10na1 materials is clearly the most desirable end product

¢f an 'instructwnﬂ ;:sign procedure. Rather than focusing on msf;ruction
that will satisfy the specific demands of individual constellations of
characteristics, then, ATI research should primarily be concerned with
‘deter'mining Iwhic:h.learner characteristics are involved in learning
particular topics, and developing effective instruction for students
with weak and yith §tr~ong aptitudes in these areas. '
- As it is pnly within a theoreﬂcil framewoi"k that replicable

design texts have not established themselves within a theoretical context.

Guidelines for designing instruction generally do not offer specific

”pir'esc.riptive directives can be drawn, it is unforttinate that instructional

iy ' A B - ; ‘ T
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theoretical rationales for designing instruction or selecting media

_(Dick & Carey, 1978; Kemp, 1980; Romiszowski, 1975). In. theé

education research Hteratur\e; the stated “impHcantions“ for
application of the findings appear to be afterthoughts rather than
being a natural outgrowth of a coherent conceptual framework.
Combined with internal and extem;Qx(aHm ty problems then, most ATI
research has not permitted the development of general principles of
instructional design. The emphasis in this thesis was express]y
placed on external validity so that use~fu1 design principles could
be derived. Furthermore, as will be discussed below, the study was
placed within Brunerian theory to provide pofentia] for i.n’tegrative'
framework building. A high degree of' internal vjah'dity was therefore
also observed. The procedure followed was to 1dgnt1fy 2 gi'}en task
and analyze it to determine_the primary aptitude involved in )its
execution. Then @ set of instructional materdals Could ba..developed
that would assist those 1eamers who were low in the ability without
hampering those with high ab111ty

The task chosen. for analysis was the learning of two- and three-
dimensional research degign princip?es.“’These' are usqaﬂy*tnught
using graphic representations. The mst‘signiﬁcani-aptitude invofved .
in this taSsk had previously been identified as spatfial visualization
(Elmore & Vasu, 1980). - French (1951) and Guilford and Zimmervan (1956)
defined spatnﬂ vi.sualization as the abih’ty to pentally image

.

movements, transformations, or other changes in three-dimensiona‘l ’

objects A; spatial vwsualizc{aiion is both easy to assess and a potent _

A f R
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indicator of success, it was tgoth feasible and productive to study

7 the 1‘nteraction between instructiﬁhal treatment and spatial visualJizatio&

'3 < « ‘ "%
ability. ‘ -

[4

Nhﬁe the aptitude corresponding to the instructional task was

. i . . ‘ ') 2
.- somewhat obvious, the choice of am appropriate instructional medium

L

-

¢ instruction{kdeéign task was to find a way of physically representing

~

" was not ~so evident. ’f\fter' estab]isl‘ﬁng that spatial visuah‘zgt‘ion was
an important factor in learning about research design, it was apparent
that thpse students low in spatial visualization -ability would
encounter the most difficulty. As spatial visualization involves

,./“ “ ) - ]
performing mental manipulations of th:;ge-d'imensionﬂ objects, the

the abstract concepts involved. This would _aHow low spatial
Nﬁuaﬁzation ability learners to actua;w see the transformations they
werp required to p:erfonn. ' )
This approach of concretizing a mental process ‘find¢$’ theoretical
Supyho;'t in the work of J'erofn;e Bruner. Bruner's model of learning
‘depicts three stages: enactive, icé‘nic, anﬁ\syuboﬁc. The process of
leamingjrequires that the learner ‘experkience the concepts to be
AN learned in the three repr.eser\tt‘ationﬂ modes--physical, pictorial, and ..
‘ symbolic--corresponding to the three stages. This theory seemed t;: |
offer the n}\ost potential for realistic and effective implementation in .
iné;ructioﬁal materials.. Bruner (1966b) outlined a theory of instruction
__ which cou'ldsoperate as a fra;nework for designing 1nstructio?1“. He R
delineates the devegopment of the learning experience and gi\ves examples

‘of how subject materials can be structured td conform to his theory.
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Unfortunately, there is little empirical evidence to show its effective-

ness. One purpose of this thesis was to evaluate an application of
w Brunerian learning theory in a generalizable instructional s%tuation.

Using Brunerian theory as a framework simp]ifieJ the choice of ¢

an appropriate medium. Bruner stressed the importance of learner

interactign with abstract concepts and thé effectiveness of broviding

‘physicd] models to achieve this. Physical models are a deffning |
characteristic of simulations.  Simulation iS & medium which involves
the manTpulation of a model of same concept or system. Instructional .
simulations, by requiring the manipulation o a representation or

abstraction of reality, appear to meet the Brunerian instructional

3 / .
criteria with minimal need for alteration on the instructional designer's a
part. fortunately, the stqdy of simulations has also suffered from

a lack of ®mard evidence regarding its effectiveness and appropriateness.
Although Reiser and Gerlach: (1977) were unable to come to any conclusions

N {
about the effectiveness of instructional simulation games,.they cast

most of tﬁ; blame for this on the qua11£} of research’ that has been 'done
in the area rather than on the inherent qualities of simulation games.
Cruickshank and Magér (1976) alsé fault the lack of a theoretical base
fo simulation gamé; design as a contributing factor to t‘; disorganized
state of present knowledge. Eruner's “theory ;} instruction” could
serve as this missing framework. -

This thesis aftempted to integrate several areas of inquiry which
seem to be logically related. Brunerian theory provides a theoret}cal

rationale for both the design ¢f simulations and the teaching of

d
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abstract ‘concepts such as research design principles. As spatial

visualization has been implicated as an important factor in learning

¢

- -
these principles, the interaction of students' ability in spatial
-y

visualization and the instructional treatment tﬁey received wasxa1so
investigafed. An instructional simulation on research design
principles was designed according to Brunerian learning theory.
étudents' spatial visualization ability was assessed and studied in
interaction with simulation and traditional instructional materials.

It was expected that there would be an interaction between spatial

ab111ty and 1nstruct1onal treatment with low spatial ability students

. benefitwng 4rom the applied Brunerian treatment and high ability

students performing equa11f§‘$11 under both treatments. It was also
expected that all students would benefit from the applied Brunerian
treatmént beiause of the validity of the theoretical model upon which

.

it was based. .
”

Ca
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. Bruner's Three-Stage Theory

CHAPTER TWO
REVIEW OF THE LITERATURE

The three major components of the study, Brunerian learning theorf.
inst?u&tiona1 simulations, and spatial visualization, have not been
previously 4ntegrated within either theoretical or instructional contexts.
It is therefore necessary to examine each in isolation, although areas

of overlap and agreement wil) also be identified. Finally, how they

- might be combined to assist in the design of instructional materials

w§11,be outlined.

N

Although much of éruner's work has been on the‘cognifive development
of children, the theoretical base which has resulted warrants
investigation in relation tb-idu1t Tearners. His three stages, enactive,
iconic, and symbolic (Bruner, 1964, 1966a, 1966b), outline the initial
developme:t phases children pass through on their way to intellectual
maturity. But these stages are not like a snake's skin to'be shed after
each new representational stage becomes operative; rather, each builds
upon™ the one §efo;e. The stages apbear in children in the order of
enactive, iconic, and syﬁgo?1c. with each dependent upon the earlier
one for its development. However, each stage remains relatively intact

throughout 1ife and continues to influence learning when the more

advanced stage(s).make their appearance. -

This developmental process is, or at least should be, reenacted

each time some new piece of knowledge is learned (Bruner, 1§66b). In

~

. | . \\




order for any learner, whether adult or ghi1d, to learn effectively,
each mode of representation should be involved.
A mode of representation is a way of translating experience into
a model of the world (Bruner, 1966b). The first mode is the enactive
one. Th}s involves a set of actions appfopriate for achieving a
certain result and is based upon a Tearning of responses and forms of
habituation. This prﬁvides the learner with a physical representq;iop. N

»

either external, if something has been built, or-internal, if the . ’
learner can mentally review those ictions. for example, when teachjing
the expansion of quadratic expressions, the first step can be having
the student "build" the expressions. with different shape blocks of‘
wood representing the different components of the expreséion. Tﬁ{é
provides both a set J? actions for thg Tearner to review and a physical
referent for the notational symbols when they are introduced.

The second mode is iconic; it consists of a set of §ummary "images"
or graphics that stand for a concept or thing without defining it
fully. It is principally governed by principles of perceptual
organization and economigal transformations in perceptual orgenization -
(Attneave, 1954). To continue the example from above, in this stage
the Tearner would refer to his/her percertion of_the b]oj&s, ji.e. &
pictorial representatiod of the physical objects>/,Injs,ftage can be
" achfeved either by having the learner draw the representation or by
providing him{her with a picture of the concépt involved.

The final mode of representation is symbolic. In this mode there

are arbitrary symbols which are remote in reference. Symbol systems

.




ge;;ra11y have the ability to produce or generate new statements or
propositions and are governed by rules or lawsﬁfor forming and
" transforming a set of symbolical or logical propositions. When the
quadratic expression§ mentioned above have been physically and'
jconically repregented, it js then pos;ib1e to introduce mathematical
notation, in itself an aréitrary représentation of the concept, but
within the context established having not only méanjng but potential
for further manipulation beyond that of the physical example.
According to Bruner (1966b), any domain of knowledge or problem
v’n'thin it can be represented via these three representational mndes.
But Bruner (1966a) points odt that each of these ways of modg1ing
reality is limited. The enactive mode is constrained by the éhysica]
requirements of adaptive action and the human HeuromQSCU1ar éys?em.

The iconic mode is constrained by visual, auditory, and haptic space.

Even the symboljc mode is constrained by human 1imitations: on mastering

symbolic systems based on rules of hierarchy, predication, causation,
and modification. The fact that each mode has its limitations argues
serngfy for the importance of incorporating .each into the learning

process, no matter what the age of the learner. The three modes can

A -
be conceived of as a pyramid, with enactive providing the broad base,

iconic the intermediate level, and symbolic the pinnacle. Each
obviously has unique potential for bontributing to learning, but none
is sufficient. ‘

Aside from its theoretical interest in terms of how knowledge is

handled by the human cognitive system,‘the three-modal theory has:




serious implications for instruction.
" Instruction consists of leading the learner through a

sequence of statements and restatements of a problem or

body of knowledge that increase the 1earner s ab111ty to

grasp, transfrom, and transfer what he is 1earn1ng In

short, the sequence in which a learner encounters materials

within a Q9main of knowlédge affects‘the difficulty he will

have in achieving mastery. (Bruner, %966b, p.49)
The meaning of "statements"” sﬁou]d not be restricted to verbal statements,
but sﬁould be interpreted as any representationa]aform of an idea along '
the continuum from concrete to abstract:.

Because of the importance of the sequence in which a learner
encounters novel. material (see a]so'Cattell, 1971), it is critical”that
curricula should be tailored.to the learner's existing mode of
representation. For'e;amp1e, if one is qealing withyieafners whose
mastery of the symbolic system is not fui]y devglbped."one should make
sure that‘the first encounter with the new maferiaT\is not. in symbo;ic
fdrm. This does not mean, however, that the first two stages should pe“
neglected once the learner is competent iﬁ the manipulation of the .
representat1ona1 system being used. '

One éxample of “how this theorvaas translated into .action comes
from Bruner's experience in teaching the expansion of quadratig
expressions to eight-year-olds. 1 - ‘ L

The object was‘to‘begjn with an enactive repfekentitiqn

of quadratics--something that could 1iterally be ?doﬁe"*n r




\\\\ ' represen;ation, however restricted. Along the way,

1

or built--and to move from there to an jconic

. notation was developed and, by the use of variation
\\ and contrast, converted into a properly symbolic
representation.” (Bruner, 1966b, pp.64-65)

Sequencing ihstruction\ip this fashion recapitulates the process

of diécovery of the world arouRd us. There is no reason to suppose
that adults would benefit any leXs from this sequence than children.
The only potential point of departhre would be if the adult learners
have already mastered the symbolic c ge they will be using evéntua11y,
(be it language, mathématics. or musical notation), it is possible,
perhaps desirable, to give them a symbolic representation of the
problem before going through the enactive and iconic siages. This
would serve to prpvide the learner with an instructional goal and to
maintain 1ﬁteﬁest. Most &dults would not sit and "play with blocks"
without seeing the point. Thus, because most adults have mastered the

symbolic system of language, they can first learn something from sﬁch

‘an introductory presentation. The subsequent instructional activities

wbuld then fill in the gaps left by this purely verbal instruction.
To effectively implement the Brunerian model in a variety of
different contexts, .the instructional designer must first identify at o

what developmental 1eve1 the learnérs are already competent. Then s/he

 must carefuliy weigh the need for either explicitly providing concrete

1nstruction51 references or inducing the learners to provide their

own. In a case where the learners’ prior knowledge is sufficient1y o




high (and what €onstitutes "sufficient" must be determined by an
1nst;3ctiona1 analysis) or a concrete referent is self:évident, the
instruction does not have to explicitly Tead the learner through the
stages. If, however, the learners do not have the capability of
generating an enactive and/or iconic representation of the iconic or
"symbolic cﬁncept, the instructioﬁ must, in the interests of efficiency
and effectiveness, provide a structure which will do this for the
learner.

One instructional form which allows for manipulation of concrete
models of abstract concepts is simulations. A]tﬁough they have not,

to my knowledge, been specifically linked to Brunerian theory, they

seem to have an inherent capacity to offer the kind of learning

4

experience which Bruner recommends. »

Instructional Simulations and Games C e

Simulations require the learner to manipulate a representation or
abstraction of reality. Because they demand manipulation, they ensure
that the learner will be provided with an enactive rép}e§entat1pn of
the concept to be learned. It is easy to incorporate an iconic stage
by having graphic or pictorial representations and most formal learning
résultstin reptesentation at the symbolic level. Simulations, _b
therefore, folldw Bruner's theory with only minimal ‘structural

impositions. This instructional alternative has great potential as

4
a means of turning Bruner's: theory into educational practice.
L
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Since there are no geneqa11y accepted definitions of simulations,
/

games, and simu\ation/games,L;he\ijrst step in this discussion must be

" to define our terms. Simulation has been defined by Seidner (1978)

as the.dynamiq execution or manipulation-of A‘hode1 of some object
system. An educational simulation entails abstracting cer&ain elements
of social or physical reality such that students may interact with that
simulated reéﬁﬁty. AR game has players operating within an agreed set

of rules and competing for some rewar& (Megarry, 1978). A simulation/

-game, by logical extension, is a game within the context of an

abstraction or representation of some aspect of the real world (Reiser
& Gerlach, 1977). '

The history of simulations, games, and simu1ation/games in learning
does not seem to have progressed beyond phase three of Boocock and
Schild's (1968) “capsule history". The three phases they identifisﬂ
are: 1) acceptance on faith; 2) post-honeymoon; and 3) realistic
optimism. There is still little empirical evidence to support the™
use of this instructional technique within educ@tion (Dukes & Seidner,
1978; Megarry, 1978, Reiser & Gerlach, 1977), bﬁt the intuitive
reaction of many educators that simulations, games, and simulation/
games are valuable additions to 1nstructiona1jmenus continues to
sustain the Optimism.

One problem ia co]l?@ting supporting empirical evidence is the
state of disorganization in which the existing body of knowledge
about instructibnal simulations and games. rests (Cruickshank & Mager,

1976). There are several reasons for this state of affairs. "The

N
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first is that much of the work*g;s been done with reference to

-

A T
specific disciplines only. As interdis9jp11nary communication tends

to be limited, there has been little combined effort in going beyond
the pragmatic approach that has predominated the development of
instructional games and simulations to developing a theoretical
framework. Seéondly, few educators devote a subsiantia]}part of their
time to this area even within their own iﬁsciﬁlines. Dem;nds for
research of their own fields e?mpete for the scarce resou%ces available.
A third reason that contributes to the dearth of "hard" ev1dence is the
transient nature of many students of instructional simu]Jtions and
gaﬁes. There have been many one-time researéhers attraéfgd by curiosity;
few have devoted much energy over an extended period of time. T

, Several of these problems may be inherent in the fie]d. but
certainly a; least some of them can be resolved. In their 1976 article,
Cruickshank and Mager made an_appeal for developing an organized base
of knowledge. To this end tﬂZy proposed three steps toward theory*
building: 1) clarifying the vocabulary; 2) establishing the relation-
ship simulations and games to other instructional altematives; and
3) i&asing‘ via systematic research the knowledge about the effective-

ness of games and-simulations as instructional alternatives.' One aim

{
of this thesis was to help in the third®tep.

Althodgh this study utilized an instructional simulation which
had no“géne element, the paucity of research on pure simulations and
the Egﬁmon grouping of simulations and games~jnto "simulation games"
requires that research on the general iﬁstructio;:\ tool -be considered.

r




" by simulation games between interest in the

15

{
In a2 review by Reisér and Gerlach (1977),Athey identified five student-
related variables that most research has been concerned with:

1) interest; 2) attitudes; 3) feelings of efficacy; 4) acquisition of

knowledge; and 5) intellectual skills. Each is reviewed below. " LUt

There has been some confusion in the reiearch on interest generated

ubject matter represented

" ’-and interest in the 1nstrue$#ona1 med1dmgg_g se. Edwards (1972) is one

" of the few studies to have’fﬁund a simulation game to increase student

interest in the subject matter. In measures of student interest most
other studies indicated that simulation games had little or no effect
on student interest .in the subject matter.

o
Results concerning the effects of simulation games on attitudes

are equally unclear. Some siudiés (Livingston, 1971, 1972) indicate
that simulation games have a positive effect on student attitudes
while 'others (Boocock, 1968; Kidder & Aubertine, 1972) report that
they do not. There does not seem to be any consistent pattermn fo the
results. '

Equally var1ed are the results of studies of how simulation games
affect students' fee11ng of efficacy or belief in their ability to
control their own destiny (Reiser & Gerlach, 1977). This has been
explored priharily within the context of politics and business simmMa-
tion games. Once again Reiser and Gerlach(1977)‘repdrt an inability
to come to any co&ZTZEion because of the incansistency of the data.

Many studies have been done on the effect of simulation games on

acquisition of knowledge. Knowledge, as defined by Bloom, Englehart,

&
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urst, Hill, and Krathwohl (1956), is the recall and recognition o?
an idea or phenomenon. Studies typically comba?e simulation games to .
traditional im$truction and most of the results indicate that gtudents
acquire approximately the.same amqyn; of knowledge in both (Anderson,

1970, Chartier, 1972).

A second level of Bloom et al's taxonomy that has been investigated

is Jintellectual skills, defined as an jndividual’s ability to apply
knowledge to new problems. Many studies in this area have been in the
field of business and again the results are ambiguous. The skill often
most affected by participation in a Simulation game is the abi1ify to
play the ga$e itself (Fletcher, 1971; Schi1d,}1968).

r  The non-positive nature of the results of much of thé research on
simulation games is attributable to severq]lfactdrs. Simulation games

have typically been designed in an unsystematic fashion, with ho prior

. specificatﬁdn of behaviors (which makes 1dentificat%on of appropriate

~
specific theoretical underpinnings‘\ As Bruner (1966b) ennunciates,

dependent measures diNgcult), and, pérhaps most important, withé:g/
~games (in the broad sense of simulation games) can be invaluable aids
in-transforming the leéarner from a passive recipient uf knowledge to
an active participast in-the learning process. Romiszowski (1975)
also mentions simulation games as generally involving studenés ih the
learning task, both intellectually and emotionally, more than dlher
avai]ab]e\instructionaI techniques: Bruner (1966b) spécifical]y

menﬂibns "games that incorporate the formal pfoperties of the phenomena
[ Y

. for which the game is an analogue.’ In this sense, a‘game is like a

L]
Iy
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mathematical model--an artificial but oftenimmnerful represéntation of’
reality" (pp. 92-93). The kind oF game that Brurier is refering to is,

in essence, a simulation. Af’most of Bruner's work was done with

children, the motivational aspect of games would be very important.

When dealing with supposedly self-motivated adult: 1ea7ners, however,

that aspect would be less necessary, and a game'structure would not

have to be artificially introduced 1f it were not appropriate to the

&ontent or would make the simu]géﬁon harder to use, e.g. a se]l-

instructional package which haﬁ a game needing severa]lplayers could

pose serious logistical problems. ) .
Another cause of the inconclusive nature ofdmany of the results

s thefailure of researchers to examine the fastors that might ,

contribute to or interact with the effectiveness of simulation games,

either in genera] or with relation to the specific task at hand ' ,—’:

Romiszowski (1975) identified two types of ana]ysis of a learning A&

problem which are required before designing a simulation or game.

The first is an analysis of the real phenomenon under study so as to 7

be able te design ‘a valid model. The second 1s an analysis of the

learning task and difficulties to determfne how much simplification

of the model or by »ak ~down Tnto special exercises would be appropriate.
Simulations obviously have potential as wsehicles for ppov{ddng .

Iearne;; wjth the interagtitnal type of 1nstruct1on.recommendgd by -

Bruner. The Brunerian three-stage mogel of learning can‘brovide a -

useful framework within which to design simulations. It provides a

sequence for activities, and emphasizes the 1mpoftani'1nteratt10ns ) /

o
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j/tween the learner and the materiais that must occur for effective
1earmng It was used in th1s thesis as a model for designing the
"; "

-

simulation.-
I1f a simulation follows the Brunerian approach, it is important

tlo isoiate the. abstract component(s) of the learning task and establish

a\physicﬂ refem? for each. In the specific sase of research desic,;n,

spatial visualization has been identified as a key factor in the

. abstract' conception of fhe prinéip]es involved (see discussion 1;011wing).

Once this has been done, it is possible to design the instm'c,t'iona‘l
materials to compénsate for learners' weaknesses. This step of .
isolating perceptual as well as cognitive elements of the 1eam1ng
task is necessary 1f the simulation is tp be able to provide the

enactive and iconic representations required for learning.

. - ~

Spatijal Visualization Ability

Spatial visua]iiati‘;n ability has“been d;-efined by both Guilford
and Zimmerman (1956) and.French (1951) as involving imginz;ry movements,
transformatmn or other changes in three dimensmna] objects. This
ability seems to be required in various perceptual-cognitive tasks
invo1v1ng the menta'l transfonnation of visua1 images, and has been
shown to be 1mportant for coﬂege math {McGee, 1979). Fennema and
ﬁeman (1977), "Fennema (1975) and Sherman (1967) ‘also‘ found spatial
visualization to be logically related to the content of matﬁemtics.

3

7 With more specific reference to statistics, Tt is important for

. R N )
students towbe able to visualize research designs (see Kulhavy, Schmid,

)
| -
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and Dean, 1977). When studying complete chtoriaﬂ designs, this can
be done most easily by imaging a number of blocks, each representing
one group, arranged by factor and level so as to form one or more

T Targe mcubes. Thernumber and arrangement of these cubes depends upon |
the type o; design being used in the study under tonsideration (see
Drew, 1976). This mental model is especiaﬁy useful when dealing with

. \three-factor désigns. The most precise method of referring to specific
groups is by a system of coordinate notation as used in graphing.
These coordinates are derived from each factor, and each imaginary
block represents a unique combination of the three factors. One can
men.tal'ly separate the larger cube into layers to dif‘ferenﬂate between
,gro;.xps and conceptualize statistical comparisons to be madg.

The inte]lec;ua] leap from a verbal description of a factorial
design to its conc»eptualization in terms of a set of coordinates
1abéh‘ng its component cells is one “that can be assisted by the mental
manipulation of three-dimensional objects. This task satisfies Frgnch's

and Guilfor{ and Zimmerman's definftion of spatial: visualization. In

support of this conngctiony Elmorg and Vasu (1980) investigated the

'gffects of a number of variabies, including=sqatial ability, 6n

) statistics ,ach'i‘evement. Spétiﬂ ability was found to account f‘or more

,‘vam'ance than any other variablle; there was an r of .442 (p <.0001)

between the spatial ability subtests and statistics achievement. e
There are two distinct conponehts of statistics, the mathematical

| or conputatiokzg'l' and research design. The mathematical cogponent is

not central to the conceptual understanding of sta‘tistica] principles,
\\ ‘ p

A ‘ ‘ =
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although 1't‘can be helpful 'if one knows the pr'ocedures.l What is

critical is a grasp of statistical principles and an awareness of their
applicability. This réquires an understandi‘ng of research design
principles which are distinct from mathematics. As spatial visualization
has_béen implicated as an important factor in the conceptualization of
desién pm’nc'ip]es (Elmore & Vasu, 1'980; Kulhavy et al, 1977), instruction
" should be desigﬁed to compensate for students with Tow spatial ability

without impeding high spatial ability students.

'Processing\differences. What capses the individual differences in
spatial visualization is a question which has not yet been answered
definitively. Snow (1978) identified four different forms or sources

of individual differenges in information processing: 1) parameter
e o
differences (p-variables) are differences between the individuals on

particular steps or components (e.g. short-term memory capacity);
2) sequence differences (g-variables) are found when learners perform

the same steps but in a'different order; 3) route differences

(r;v‘é’.rtables) oceur whqh qualitatively different steps are used ,b)’ ’

i

d'iffer:e,nt Jearners to berfonn the same task; 4) sumgation or strategic
d"iffer'ences (s-va‘riables) are gross differences in the assembly and

structure of program systems. : ’ ~
[ 4

.There has been no agreement on the classification of spatial
ability individual differences as one type of variable. 'Anderson

(1967) con,sidered it "probable" that learners with different leveis
. R
of proficigncy‘ on the ‘'same task were employing di fferent skills in

performing the task; r<variables would be :involved if this is the

[V 4
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case. However, qun (1979) broke down the performance of spatial test
items into three distinct steps: 1) visual coding; 2) an operation is
performed to transform the code; 33 the transformed representation is
comparecf with another visual stimulus. In Egan's opinion, all learners
seem to use the same process in answering spatial test items, with only
the rate changing. This would mean that p-variables were involved,
with speed of execution being the parameter. It is suspected, however,
that qualitative factors play a larger role. The hypothesiz/eiATI of

this s%/_\::uld lend greater crede’_nce to these qualitative differences.

Sex differences. When assessing learners' spatial ability,

researchery have found that males appear to be "inherently" superior
to females (Backman, 1972; Buffery & Gray, 1972; McGee, 1975). This
has important implications for instruction as it may be that differential
instruction based on sex might be necessary for learning tasks which
require spatial visualization. There have, however, been studies
which have not shown the dramatic differences that tt;e above studies
did. In Fennema and Skerman's (1977) study, even though.tt;e males
tendgd to score higher in all cases, the differences were signifi cant
in only two of the four schools tested. Elmore and Vasu (1980) found
that male ;tudents scored significant]y.higher than female student§ on
only three of the five tests of spatial abi"th used. There is also ‘, '
evidence that th: sex variable interacts with age, an additional
factor, % example, Harris (1978) and Maccoby ST?BS) found that

sex differences did not reliably appear until puberty. Backman (1972)
also fo_gnd that differences between the ;sexes apparently become more

-, ¢
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marked with age. It seems, therefore, that the "inheren}" ability is

subject to sociological Wts. |
* /
The question of whether spatial visualization ability is a

\

"gi ven" or somehow acquired over time has not been answered. Salkind

‘ (1976) and Salomon (1974) both found that it was pbssibIe to impt:ove
spatial performance with controlled practice and training. Salomon
capitalized on Fhe internalization potential of filmic schematic
9perat1’,ons by showing subjects a film which repeatedly illustrated
the unfolding of solid objects, e.g. cubes, into flat surfaces.
Transfer tests showed ttlat expRrimental subjects were superior to
control subjects in spatial visuaﬁzati on and visual mam’p}fation.

* Obviously, the origins of s;;atial visualization ability are unclear;

“ the nature/nurture controversy has not been settled here nor anywhere

e]s;.. What is clear, howevér, is that spatial visualization is an

ability which facilitates the learning of stati‘stics. The problem for

instructional designers, thereforé, is to design instruction which will

,benefit thos'e people who, for whatever reasons, are not high in spatial

visuaiization without hindering those students who are already strong.

Any instructional- material created must cc}ésider hou; spatial visuah’zatjon

will interact with it. The consideration of haw student aptitudes

interact with instructional treatments has been investigated in what has

become known ;s Aptitude x Treatment Interaction research. This broad \‘Q

area inc}udes many aptitudess General findings as well as those with’

specific relevance to this thesis will be considered next.

/
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Aptitude X Treatment Interaction Researth

Cronbach and Snow (1977) defined the educational research task as
fénnu]ating principles by which the adaptation of instruction to each
student can be made systematic and productive. This, of course, leads
one to the consideration of individual differences, with the problem
Peing to locate interactions of individual differences among learners
with instructional treatments, i.e. Aptitude x Treatm;nt interactions.
Snow -(1978) defined aptitudes, within an educational context, as being
"student characteristics that predict response. to instruction under a
given instructional treatment” (p. 227).

The problem with Aptitude x Treatment Interaction (ATI) resea;bh is
that' there has been no consistent pattern of res@ts. Surveys of ATI
researth by Bracht (1970), Bracht and Glass (1968), and Cronbach and |
Snow (1969, 1977) %ound few instinces of significant ATI effects. This
does not mean, however, that ATI research shpuld be given up yet; rather
it implies that researchers must refine their methodologies and isolate
more productive dimensions of aptitudes in interaction with learning of
different material (Bracht, T9§0). As Ausburn* and Ausburn (1978) point
out, much of the failure of ATI research to é§91d practical instructional
design principles results from the lack of precision in isolating learner,
tas&, and instructional variables for study and the failure on the part
of many resegrchers to estab1i§h a sound rationale for their assumptions

~about interactions. ‘

Snow (1970) offered two heuristic models for thinking about ATI

relations, compensatory and preferential. In the compensatory model,

-
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the environment or treatment compensates, for the learner's defic{encies.
The treatment functjon; as an "artificial" apti tude, aidin;nthe learner
in performing some necessary procegsing fdnction(s). The pheferential
model matches the learner and environment;” success here depends on the

'to the capabi]fties of the

degree to which the instruction is tailored
learner and how well the learner likes the environment. The two models

are not mutually exclusive as each has its particular area of emphasis;

the compensatory model emphasizes cognitive factors while the preferential
emphasizes affective factors.

In concurrence with Snow's model but with different terminology, »
Ausburn and Ausburn (1978) speak in terms of an instructional treatment
supplanting for learners a process that they are unable to perforfi, 2
process necéssary to the learner/task 11n€. Their model has two
supplantation approaches, compensatory and concilfatory. In compensatory
supplantation, the instructional trﬁsﬂnen; compensates for the learner's
deficiencies by doing for the learner what s/he cannot do. In
conciliatory supplantation, the method of presenting the task is altered
so as to remove .requifements causing di fficulty. |

Cronbach and Snow (1977) added a third heuristic model to Snow's P
(1978) earlier t%?. They introduced remediation, an instructional'
model in which specific holes in a student'; know1edg?‘a$erfijled fﬁ.

They recommend remediation rather than compensation for dealing with
weaknesses in general skills such as Eead&ng ability. | ,
According to Cronbach and Snow (1977), the premise of ATl research

N N\
is that the instructional conditions determine what kind of person will . i\

J
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Tearn most rapidly. But because the relationship between aptitude and

learning is not 1inear over time, there are implications for when data
should Be co]]eqted. .There are always goiné to be idiosyncratic :
reactions.from some learners, and the level of prior knowlegdge may
have implications for the aEi1ity to acquire new information. But
within a given level of prior knowledge and counting on statistical
procedures to control for idiosyncrasies, the question of when a true
measure of learner ability can be obtained still remains. "If a fast
start implies talent, then teachers and aptitude tests ought to place
much weight on early data. I[f the tortoise often overtakes the hare,
it‘is bad policy to make early decisions." (Cronbach & Sno&, 1977,
p. 123) It still rests upon the researcher to evaluate the individual N

merits of the specific case and make decisions about what is meaningful

and/or possible; obviously, some situations require fast results while

others can wait for the spower but p6tent1a11y more beneficial long-term
results.

As the range of aptitudes lumped together under the ATI research
‘umbrella is far from hdmogeneous, at this point it would be useful to
consider only that aptitude with relevance to this thesis--spatial
visualization.

Spatial ability in ATI research. In spite of the large amount of

ATI research, 1ittle~has been done on spatial visualization. As stated

earlier, spatial visualization involyes imagingry movements, "

transformation, or other ghanges in three-dimensional objects. However,

as Cronbach and Snow (1977) point dut,bfreatments designed to capitalize
. .
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on spatial ability generally present infonﬁation diagrammatically or
require re‘qsoning about or learning from diagrams. It is quite
probable that many of the studies that Have been carried out have not
truly involved spatial visualization but rather some unnamed aptitude
of visual reasoning. This would account for t'he‘m'gh percentage of
studies with results of "no\significant‘.differences‘; (Bracht, 1970;
Cronbach & Snow, 1977; Sternberg & Weil, 1980). There are also studies
which test for one form of spatial ability but use anothep/ T the
learning task. ‘For example, Del anéy (1978) used tests which require
the transformation of images when the task in his study required subjects
to produce images. This 1ncons1stency in methodo]ogy a1so contributes
to the 1ncon51ﬁncy of the resu1 ts. From this 1ncon51stency, however,
it should not be inferred that spatial vi sualization ability is
1nconsequent'ia1 in all learning. As Elmore and Vasu (1980) found,
Spa;'iﬂ visualization is.an important ab‘ﬂity for learning statistics.
What is needed, then, is research that truly investigat:s how spatial
visualization interacts with learning material which requires this
ability. ' N ,
Sternberg and Weil (1980) attempted to demonstrate an Aptitude x
Strategy‘interaction in linear syllogistic reasoning. Based on the
work of Gavurin (1967) and MacLeod, Hunt, and Mathews (1978), they
" hypothesized that the efficiency of each oJf the four alternative
strategies for solving linear syllogisms (linguistic, spatial,
algorithmic, and mj@xed) would depend on ihe sul;jects' pattern of
verbal and spatial abilities, They found that it was possible to t;'ain

-~ /
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at least some subjects to use a visw representation or alggrithmic

strategy and that the algorithmic strategy had the greatest overall

efficiency. They attributed the lack of interactions to the possibility -
that there were subjec:cs in particular gréaupswﬁo did not follow the '

[

instructions. When they regrouped subjects according to strategies '

-

actually used, a pattern developed suggestive of the sought-after
interaction between student verbal‘ and visual abilities an‘d st‘rategy
used.

Delaney (1978) investigated the interactionpof 1nd;1vidua1 differences
with visual and verbal elaboration instructions in the learning of
foreign-]anguage‘-—EngHsh word pairs. His hypothesis was that instruc-
\%ﬁ)ns in a2 mnemonic strategy would interact with measures of the
principal ability insolved in the application of that strategy.

Subjects were assigned to one of four groups based_on measures of

N
verbal fluency (VF) and visualization/spatial ability (VS): high VF, | e

high VS; high VF, low VS; Tow VF, high VS; low VF, low VS. Subjects
. g
were then randomly assigned to one-of three groups: control, visual
elaboration, or verbal elaboration. Ffor Iljgh VF subjects, the verbal
elaboration Jed to more correct responses than the visual elaboration
'
with the reverse being true for low VF subjects, leading to a
disordinal interaction. There was no interaction, however, between
VS ability and instructional condition. /

In Delaney's §1;udy, the task under consideration was a verbal R

one. With a verbal task, high verbal ability Jearners will be able

to contribute to.the learning process sufﬁcientl’to counter less

— s e e, —~ e
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“effective instructions. However, as discussed earlier, much of

statistical research design involves spatial abjlities. With a spatial b
task, then, a spatial instructional method is imperative--it will help
those with low spatial abilities without harming those students who are
high in spatial ability. One can infer from this study that task
characteristics must b; considered when deci&?;rlg what learner abilities
are appropriate to measure. Those studer’n?s at a high level of 1ear:n1ng
task ability will not need compensatory instruction; the educator's task
is to provide the necessary comgénsation for those ;vho do need it.

The above research indicates that spatial ability, instructional
treétg\ent, and task characteristics do af1;ect each other. When one
considers that in general 1t ,is cognitive factors which are the concern
of instructional designers, it would seem that the compensatory model
of Aptitude x Treatment Interactions has the greatest potential for
making mastery learning a reah‘zab]e.'goal. With particular reference
to research design, it has already bé‘er; sho‘ that spatial ability !

contributes significantly to mastery. Jhe task—%s, therefore, to

jsolate the ability tapped in a 1egrn1‘ng situation, identify -an

instructional treatment that will provide compensation for those who ™

need it without hindering those who do not, and verify that the

}nteraction functions as predicted. , .
% .

£l

* .

-
It is apparent from the above review that there is much to be

donel inguilding a theoretical basis for: designing instructional

*.
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/ o
simulations. The works of Bruner offer a framework,‘uhich‘ could be
built upon and formalized as a structure for instructional design. |
Simulations seem to have the greatest potential of available instruc-
tional a1ternfat1'ves for implementing this theory, b‘ut this implementation
must be accompanied by careful study in order that the technigue may be /.
refined and better applied?” Finally, the ATI research with spatial
visualization has by and 1;rge Jfailked to isolate tasks which truly
involve spatial visualization. With a task such as the learning of
research desiz;n principles at hand, a stud} exploring the interaction
of spatfal visualization and instructional method could be attempted.
Again it s’eemed that simulations, by inhergnﬂy requiring the manipulation
of a model, were the obvious bridge between the problems associated with
the mental manipulations necessary to research design and low spatial
visualization ability students. Additionally, simylations requi;‘e
minimal structuring to have them conform to Bruner's three stage model.
This study was designed to ascertain_the validity of these re1at1‘bnsh1ps.

Vas
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CHAPTER THREE o
METHOD

O .
Design and &gpjects

Two factors, spatial visualization ability and instructional strategy,
we}r;e 1’521 ated in this study. Three levels of slpat‘ial ability were
determined by subjects' scores on two standardized tests. Instructional
strategies em‘ployed either a standard textbook method or a Brunerian
dex:e]opmenta] method. A pretest, immediate posttest, and delayed post-
test were administered. The design was thus a 3 spatial ability (high,
medium, and low) x 2 instructional strategies {standard vs. applied
Brunerian) x 3 test pogition (pretest, immediate postte'st, and~de) ayed
posttest) mixed model (see Figure 1).

“ The high, medium, and Tow spatial ability subject groups were each
random] y-divided i_nto' two groups. Subjects were :}4 student_s in the"
introductory s‘tatisti cs course of the Educational Technology graduate
programme at Concordia University.

Materials ‘ ‘

Two tests were used to rank subjects on their spatial visualization
ability. The SVT of the Dailey VO;atignﬂ Tests measures the, ability to
visualize objects presented two-dimensionally in threé dimensions. The
items require the subjec{ to match the edges of a folded ,and unfolded

figure. Part VI of the Guilford-Zimmerman Aptitu vey consists of

a series of mental rotations of clocks accordix§ to arrows indicating

+ the direction and nt of rotation required. The subject must pick

i
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‘sut the final position of the clock from five alternatives.

Two different instructional stratégies were employed The first

was print- based and taken almost entirely from Chapter Two of Drew's

Introduction to Designing. Research and Evaluation (1976). Minor o
modifications were made by the author to ensure that bo;h sets of
materials covered the same subject hatter The print material prov1ded
definitions of te;ms and a d1seussxon of how one represents two- and
three~factor research designs. Embedded questions appeared throughout
the materfa]. . ‘

The eecond strategy made use of the same printed introductory
ﬁ;iérial as the first. }he difference was that-instead of printed
embedded quesfions,ia eiﬁylation designed by the author eesed on
Brunerian learning theorytprihciples was used. Tﬁe\simu]ation”
consisted of 16 re;eaﬁch designs presented as word problems, eoth ) (/ﬁ~
two- and th?ee-feetor. ‘The subjects weve required to contruct the .., .
factorial &eiggﬁ;using'fhe‘wooden building blocks. One side of eaeh
block was cqgered with blue ecetate for marking on with a fele pen.

They were theh'%équired to draw the design using the blocks as ‘the

~ model and answer three quest1ons about various aspects of it (’fg
number of between and within factars, nm;Qk;o? di fferent groups
required, etc.). "(See Append1x A for all materia1s except the blocks.)

The pre- at‘/posttests consisted of 10 additional design descrip-

t1onszf1ve per test) similar to those covered in the instructional

N materials. Subjects were asked to sketch out the design and answer

,the same .type of questions as thoSp appearing in the instruction. To

v -
A ' ‘
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generate the tests, a pool of two-factor, three-factor, and four-factor
designs was created, from which the pre- and immediate postfest questions . i;<-*
were randomly selected. Thus/€;o parallel forms were used., The four: o
factor designs were included to assess the ability of students to
t}ansfer knowledge used on "simpler" designs to more complex configuratioas.
: A block counting test from the Stanford-Binet Intelligence Scale
. 0 (Term;n & Merrﬁ?]f 1973) was given to provide a measure of how the
M- ' different treatments affected spatial.ability. -
i ' In an attempt to isoMte which of the four individual differences

(”f/ﬂ\\‘ variables--parameter, seduence, route, or summation--{Snow, 1378) was

: involved, subjects were asked to write down as a separate homewo}k task
their mental actions (solution strategies) as‘Eggx:solved a three-factor -
*« J

design problem similar to those on the pre- and posttests. Questions

- N

appeared on the left side of each page with the right side having space -
' Aj - .
‘ for the answers. As well, blank scratch space was available underneath

e i o

o W s

each question. (See Appendix B for all evaluation materip]s.) »

-~ \ R ' “‘u e
"Procedure -
hY

vt T A a v

The spatial visualization tests wére administered 1in the, first.class
period of the fall term. Counterbalancing was employed by randomly
dividing students into two groups, having them write in separate class-
-r?oms, and giving one groub the Daiaey t;st first and the other the T

¢ . Guilford-Zimmerman. A Pearson product moment correlation coefficient

*

was calculated between the scores on the-Dailey and Guilford-Zimmerman
L , - ,
‘tests to assess the degree to which these tests 'measured the same . \
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con$truct. A score of .65 was obtained, statistically significant at
Mhe .01 level. Both‘tests purﬁort to measure the same theoretical
construct (Da11;y, 1965; Guilford & Zimmerman, 1956), and this datum
provided further support for this assumption. The scores from the two

. test were combined and learners were asgigned a.group ranking a&d divided
into high, medium, and low spatial ability groups. Subjects froﬁ these
three groups were then randomly assigned to one qf two groyps, one
received print instructional materials jtraditfona]) and the other

B

The pretestwhich took 20 minutes, was also administered during the

received the sfmulatitn (experimental).
|
first,c1ass under the guise of general information gathering for the
course. The math pretest from Minium (1978) was giveéqto the:subjects
to complete at home and was collected in the secggg‘perio&. .
A1l subjects signed up-for a';essionAoutside of c1a§s time during
the first week. The simulation subjects were run in&ividua]iy, usihg

the materials in a quiet, well-1it room which contains 11 carrells for

individual study. The print sub}ects were also run individually, although

on some occasions there were sevgréi subjects work%ng through fhe
materials simultaneously. A1l subjects were allowed as much Eime ;s~
they wanted, but a record was kep} of the time spent with the materials.
After the subjects had finished going through the ma?er1als, they were
given 20 minutes to complete the immediate posttest. )
The delayed posttest (identical to the bretest)\was administered at
- the beginning of the second class period”with students again allowed 20

minutes to compiete fit. A questionngyre regarding subjects' own

L)

It
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perceptions of their spatial ability and their attitudes toward thel
material they used was then administered. After the delayed posttests
- and questionnaires’had been collected, subjects were given their scores v
on both spatial tests as well as the class mean and ranges.
Subjects were given theﬂstrategy‘explanation task involving a
v ‘ three-factor problem to’complete‘at home during the second week.
The 50 second block counting test (Terman & Merrill, 1973) was
given during the third class period.. The 10 item configuration was
- pQFapnted on a screen via an ov;rhead projector. A test item prior to -
the presentation ensured that the stimuli were clear]y visible to all

s learners in the room. A long-term delayed posttest (with questions

from the immediate posttest) was given in the midterm exam.

s~
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'CHAPTER FOUR

RESULTS o

- o
- S

In the first analyses, the moderator and control variables which had
been accounted for in the design were examined. The next stage focused
on the interactions of the primary variables. Finally, analyses were
performed on the data relating to the{?%fective nature of the materials.

J

Controlled Variab1e§

Due to the complexity of the natural c]agsroom environment, a number
of variables had to be controlled or accounted for to preserve internal
validity. o

Counterbalancing was employed in the administration of the two
spatial tests. To assess the effectiveness of the counterbalancing, a
dependent t-test was performed. No‘difference was found.

J Sex is traditionally a significant variable in studies involving

spatial vjsualization ability. Random assignment of sex to groups was
expected to overcome composition bias, b:? not overall sex differences.
However, no differences were fopnd‘with t-teéts in either comparison. |

Another factor that was considered to have passible significance
in pe;formpnce of the learning tasks wasvmath ability. fhis was ~
elimfna;?d ﬂnfn no significant differences were found between the
treatment'grgﬁps on scores on the math pretest given (Miniym, 1978).\
Math ability was further diécounte& as Eéing a significant factor in
Tearning thé/mate;ials when correlations run between math ability and

pretest and posttest scores were very low.
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v
In order to establish what effect, if any, math anxiety (i.e.

subjects' perceptions of their math abilities) had on learning the
materials, the two questionnaire items related to perceptions of math
(arithmetic and algebra) and geometry were analyzed. Geometry ability

was questionéd separately because of the inherently spatial character-
istics of it and the task to be learned. The correlations between
subjects' perceptions of their math ability and pretest, immediate test,
and delayed posttest scores were not significant. However, the correlation
between perceﬁt1on bf geometry ability and de1ayed\posttest scone; was
.44, statistically significant at p 4.01. The corre1aggon”between pe:cep—
tion of gepmetry ability and delayed posttest sco(gs';as only marginally
sigﬁificant (r=.26, p¢.09). These correlations support the classification
of the task as inherently spatial.

As this study involved the learning of logically familiar but
specifica11y novel material, one would expect that prior knowledge could
be a potent factor. Prior knowledge was assessed from the pretest scores.
The two treatment groups were compared and no significant difference was
%ound in group composition. Subjects were then regroupe& according to
pretest scores gs high, medium, or low prior khowIedge. Gainscores were
ca1fu1ated by subtracting the preﬁgst from the immediate and delayed
posttest scores (see scoring procedurg and results below). Means and
standard deviations are listed {n Iaﬁle 1. A Kruskal-Wallis test was °

Yo
performed on these data and yielded insignificant results for the

effecf of prior knowledge on subsequent performance by all subjects.

[y VDR
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TABLE 1
GAINSCORES FOR IMMEDIATE AND DELAYED POSTTESTS .
N .
L ]
TEST\ LEVEL OF SIMULATION TRADI T IONAL
POSITION PRIOR KNOWLEDGE X s.D. | X s.D.
' 7
Immediate High .1 4.56 -2.1 1.59 *
- Posttest Medium 2.3 1.72 1.21 2.68
Low 3.3 4.87 40 1.3
Delayed High 3.3 3.25 1.7 2.3
Posttest Medium 4.2 1.60 3.2 2.1
. * Low 4.4 2.22 2’9 1.14
¥
~
- ‘
N
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Thus, because prior knowledge and spatial visualizition Qere
significantly correlated (r=.42, p< .01), and prior knowledge was
{dentified as the Tessapotent predictor of échie;ement despite its
content similarity, only spatial visualization was considered in
subsequenf analyses. '

Subjects were permitted to spend as much time as they wished
stugyiﬁg the 1nstruc§13?a1 materials. A record was kept for each
individual. In order to determine if time spent with materials was a
factor, the two groups were compareg. No significant differences were
found. l

Achievement‘Tests B

~

S

The pretest, immediate test, and boéttest each consisted of five
problems with three questions per p:ob]e@ worth a-total of 18 points.
Test performance was scored by number correct. The long-term delayed
posktest was not,fdentica1’1n format and was_therefo%e analyzed
separately and will be discussed later. .

Raw scores. A 2 Treatment x 3 Spatial Visualization x 3 Test
Position ANOVA was performed on the raw scores for the three achievement
tests. Meéns and standgéd deviations appear in Table 2. A1l three main
effects were statistically significant, Treatment, F(1,28)=11.90, p<.002,
Spatial Visualization, F(2,28)=5.07, p<.01, and Test Position, F(2,56)=
32.60;, p<.001. Both the Treatment x Test Position and the Treatment x
Spatial Visualization x Test Position interactions reached significance,
F(2,56)=3.53, p< .08 and F(4,56)=3.48, p<.01, respectively. A graphic

‘, 4
» '

e
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. TABLE 2

RAN SCORES
TEST LEVEL OF SIMULATION TRADITIONAL
POSITION SPATIAL ABILITY ¥ S.D. X .07
Pretest High 6.3 3.9 5.2 76
; Medium 4.4 1.24 4.0 .77
Low 4.6 1.36 3.5 1.8
Immediate High ' 1.1 3.3 3.6 1.1
Posttest dium 6.3 1.72 5.3 2.36
. Low . " 4.4  3,32. 2.9  2.46
N : '
Delayed High ° 0.0 2.97 7.6 2.22
Posttest Medium 8.8 2.07 7.3 2.23
AN 8.5 2.17 4.2 2.48

N
-\ -
)
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representation of the three-way interacéfon can be found in Figure 2.

Newman-Keuls analyses on the three-way raw score interaction yielded
several finteresting results. There were no differential effects for
instruction or spatial visualization factors on the pretest or posttest.
The only anomaly was the immediate and posttest performance of the high'
spatial visualization ability groups. The group receiving the traditional
instructional treatment performed significantly worse on the immediate
test than on the posttest whereas for,the group which received the
applied Brunerian instructional treatmeng_there was no signjficant
difference between immediate and posttest scores. On both the immediate
and delayed posttests, the applied Brunerian group performed *
significantly better than the traditional group.

'Ratio scores. “In that subjects were given a 20 minute time
1imit for completion of the three achievement tests, it was evident from
examining the tests that different groups had employed idiosyncratic
strategies for producing the maximum number of points. To account for
these strategies,‘, ratio scores were calculated 5y dividing the raw
score by the number of probleﬁs attempt;d. Because some subjects would
go through the whole test and pick out all of the “easy" questions
while others would attempt to complete an entire 5}ob1em before moving
on, the ratio scores provided a more accurgte picture of how well
the 1earnersﬁunderstood the“entire problem solution.

A 2 Treatment x 3 Spatial Visualization x 3 Test Position ANOVA
was performed on the ratio scores for the pretest, immediate test, '

and posttest. The means and standard deviations are provided in Tafle 3.

S
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TABLE '3 T
RATIO SCORES o
TEST LEVEL OF SIMULAT ION TRADITIONAL
POSITION = SPATIAL ABILITY X s.D. X s,D.
o i

Pretest  High 1.3 .73 1.2 .44

Med{ um , 1.1 .28 9 .3

Low 1.1 .51 .9 .46
Inmediate High 2.6 .40 1.3 .57 o
Posttest = Medium 1.8 72 1.8 .61 '

Low 1.4 .88 .8 .62
Y
Delayed High ' 2.0 .59 1.7 .33 .
Posttest Med{um 1.8 .26 1.7 51 ,

Low 2.1 .42 1.1 .65 )

&
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AU three main effects were statistically siéniﬁcant. Treatment
F(1,28‘)=1D.21‘, p< .003, Spatial Visualization, F(2,28)=8.31, p <.05,
and Test Position, F(2,56)=21.99, p<.001. The Spatial Visualization
x Test Position interaction was the only interaction to reach
significance, F(4,56)=2.75,' p<.04. This interaction is pi‘ctured in
Figure 3.

In the Newman-Keuls analyses of the ratio scai’es, the
anomalous results which appeared in the raw scores disappeared. For
both the high and medium spatial visualization groups there were
significant increases (t{2,13)=3.33, p <.05, t(2,16)=4.37, p <.01
respectively) from the pretest to the immediate and posttests, which
did not differ. The low spatial visualization group, however, again
performed no better on the immediate test than on the pretest, but,
oddly, showed a significant increase (t(2,16)=3.38, p <.01) from the
immediate test to the posttest.

Nunber%f problems attempted. The suspicion that different response

strategies were employed was confirmed by the fact that the ratio

score data provided a somewhat different picture than thed:i; scor

data. To further examine the strategies the question was agked: d
different groups on different tests attempt to answer a significantly
different number of questions? To extend the ratio analysis in
af\swering this question, the number of{problems attempted on the pretest,
Limediate‘test, and posttest was recorded and an ANOVA performed on these
data. Means and standard deviations are presénted 1n}Tab1e 4, Test
F;?snion was "the only main effect that yas statistically ‘Sﬁ gnificant ’/

&
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e NUMBER OF PROBLEMS ATTEMPTED
. “:’" 4 ) - [-\ ;“ g
: TEST ~ LEVEL OF SIMULATION TRADITIONAL
POSITION ,*  SPATIAL ABILITY X s.D. X S..D.
. . = " -
é Pretest High 4.6 .89 4.4 .89
= r Medium, 43 B2 47 52 * -
Low . 43 .8 4.0 .63 )
- ' ‘% . »
Inmediate High 4.2 .84 2.8. .45 ,
; Posttest’  Medium 7/ 3.7 1.23 31 -..88
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(F‘(2-,56)=25‘.83, p €.001). There was a significant three-way interaction
. between Treatment, Spatial Visualizat\ion, and Test Position (F(4,56)=
\/ 2.72, p <.04). A graphic representation can be founc\i in Figure 4.
’ Newman-Keuls analyses showed that all visualization levels in both
m\1‘nsi‘.v‘1‘.'1:t'ionaﬂ treatment'groups attemptedwapproximately the same number
of prdble_m; on the pretest and posttest, with all means being' greater
thaﬁ four. However, the highl.y di vergént number of problems attempte‘d
by almost all groups on the immediate test suggested that they usgd
essentially different re:sponse s(trat'egiesl Looking at the immediate
applied Brunerian groups, the means ordered themselves: low v*isuéh';ers
(medium visualizers <high, with only the high visualizers not di;fer;ing
i from the pré and delayed test groups. The traditional instructional
\&treatment, however, reacted in reverse, with the high ability group
attempting fewer problems than the low group, both of which were equal

L J

to the medium group, and only the low group equivalent to the pre and

PRSP PR

T «  dalayed’tesf groups.

Long-Term Effect : , Y

In order to assess the long-term effect of the instructional
treatment, res,uitsofrom the midterm exam were analyzed. This exam,
given five weeI;s aﬁier the posttest, included three of the problems
frc;m the question pool from which the pretest, immediate test, and
posttest questions were drawn. ‘It also included other problems,
multipie-choice questioné, and definitions on research design principles

and related statistics for a total of 50 points. Test performance was

*
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‘ sco’re“d by number correct. The results of the midterm can-be seen in
Table 5. An ANOVA was performed on these data. The applied Brunerian
strategiy maintained its superiority over time (F(1,25)=4.29, p < .05).
Even ;hoﬁgh not statistically significant (F(2,25)=1.37, ;g_<.27) » the
two-way interaction between spat visualization ability and .
instructional treatment is"interesting to note due to 1ts~:)bvious
qualitative differences. Figure 5 represents it graphicé'l!y. The
fhypothesized 1nferact1'on between spatial yisualization and treatment
seems tb have emerged over time in an 1‘mp6rtant way. The smaﬂ. number
of subjects pes cell and 1ncre‘ased heterogenéity of vam‘ancey were likely
the major factors in the non-significance of the results.

The Newman-Keuls anﬂyses of the midterm exam results again have
tentatively cénfirmed the original hypothesis even after the five week
interval. While the simulation and traditional treatment groups did
not differ for the high vis'uaHzers, the Brunerian approach made a
significant impact on botr; the medium and low groups, whereby the
traditional Qroups performed somewhat less well (p <.06). The differences
are far more impressive when one notes that the low and medium applied
Brunerian groups performed almost 25% better (8 points) than their
traditional instructional counterparts.

The block counting test had been administered to assess Fhe “affect
of the different treatment on spatial ability. A Pearson pm‘duct moment
correlation coefficient was calculgted between ‘tiaem;mbinéduscorhe on

the Dailey and Guilford-Zimmerman tests and the block counting test. An

r of .58 was obtaimed, significant at the .01 level. This confirmed .

N
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ABLE 5
MIDTERM (LONG-TERM DELAYED POSTTEST) SCORES : yd
- -
LEVEL OF SPATIABRABILITY SIMULATION TRADITIONAL
, X s5.0. X s.D.
High 0.0 9.12 0.2 6.7
Mediun o 39.1 2.7 31.9 7.08 C
Low 412 819 33.5 8.08
L 3
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R 2 >
, FIGURE 5
ANOVA ON MIDTERM (LONG-TERM DELAYED POSTTEST) SCORES

Graphic representation of non-significant two-way interaction between

Spatial Visualization and Instructional Treatment over long-term.
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that the block counting test measured essentially the same construct as
thg two oth%‘\tests. Ait-test was run between the two treatment groups.
No difference was found. From this it was inferred that neither set N
of instructional materials had had an effect on spatial awility per se.
An attempt was made to ‘analyze the solution strategy summary sheets
that each subject had completed. Unfortunately, thisiproved to be
impossible as the writing was not sufficiently structure or detailed
as to provide a clear indication of the thought processes ipvolved. If
this were to be attempted again, it would perhaps be more profitable if

the strategy ennunciation were done via individual interview. In this

situation, the experimenter could ensure that sufficient detail wou&d

be elicited.

, % .
Att" tude Toward Instructional Materials >t

Aside from the quantitative aspect of how much more subjects learn
from a particular instructional strategy, the question of how subjects
react to the material is also of importance. Two of the questionnaire
{tems gieﬂt with over*aﬂ‘ attitude toward the materials: Q4--Did you find
the materials easy to use; and Q5--Did you find the materials enjoyable
to use. vaese items were scored along a five point scale, with on%
represeﬁﬁng a very negative reaction and five a very positive one. The
applied Brunerian and traditional groups were compared on their answers

to these two items. The means and standard deviations are presented in
A %

» Id
Table 6. There was no difference at all on the question of enjayability; -

‘with regard to ease of usage of the materials there was only a marginally

s
L}
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TABLE 6 ‘
ATTITUDE TOWARD MATERIALS
' ﬂ . N
Q4: Did you find the materials easy to use?
» oo ' X .. s:D. )
Simulatiqn 3.3 1.37
Traditional . 2.6 .99
~ Q5: Did you enjoy using the materials?
. X $.0.
Simulation 2.9 1.6
Traditional ~ 2.7 1.3
A § )
\ ] &
,-—-(. (\
3\
N\ t ] ’/\“
,
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significant difference in favour of the applied Bruneriafgroup
(t-l.v72Y p<.09). It should be noted, however, that neither grc;up :
responded overwhelmingly to their materm‘é (X=2.80). Since the other
items on the questionnaire dealt with more specific aspects of thg
/(m‘rials delineating group differences, it was felt tha;, furthey -
_ analyses would not reveal any additional useful information. Responses

¥ to all {tems are listed in Appendix C..
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CHAPTER FIVE —

I'd d

DISCUSSION AND IMPLICATIONS
" The mos€¥ striking result of thé study was the consistent superior
performance by the group which had used the applied Brunerian simulation.
As well, the expetted differential benefit to low spatial ability studgnts

as compared to high spatial ability students was evident. Even after a

five-week deléy, there was still a significant efféct for treatment

(p_<.05). This evidence of a long-term, significant (both quantitative
and qualitative) difference c’e}tainly supported the use of Brunerian
tl;eory as a frannéwork for simulation design.

The raw score analyses provided initial q{antitative information
reéarding how the materials were- learned und'er the two treatments. One ]
{nteresting result was the unexp;cted behavior of both the high and 10\;1
spatfal visualization groups. Even though one would have expected an
increase in performance after instruction, both treatment groups (withi‘n
the Tow spatial abiiity section performed virtually the same on the
immediate test as on the pretest. The high spatial ability group which
received the traditional instructional treatment also performed in this
fashion: Dnlj the high spatial ability group which received the appjied
Brunerian simuiai‘ton behaved in the expected fashion, i.e. a significant
increase from the pretest.to the inmediate posttest (p ¢.01) and a
nonsigniﬁcant' decrease from;:.’he immediate posttest to the delayed
posttest (see Figure 2). While the sought-after beneficial effect of the

simulatiomwas obtained, this gain was overshadowed by the failure of

the_traditional instruction to produce learnirg. P

®-
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for these seemingly conﬂigiing results. Yhere was a significant effect
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{
To answer the question of why the instruction appeared to have been

ineffective, an analysis of percentége scores was conducted. These
scores, cal culated‘ by dividing the total number correct by the number

of problems attempted, gave a more accurate measure of subject performance,
and suggested qualitative dilfferences among groups in the response

strategies used. As cﬁx be seen in Figure 3, the high and medium spatial

- ability groups' bercentage'scores reflected the expected pattern with a
\ B

]

significant increase from pretest to immediate posttest. Examination of

the number of problems attempted (see Figure 4) provided an explanation

for test position (p <.001), with all subjects attempting fewer problems
on the immediate posttest than on the pretest or delayed posttest.
Apparently the learners felt compelled and able to c0n3p1_e_'§e all parts f
every problem, having jgst encountered the 1nstruc£ion. Hov@ever', becausx
the test had a twenty‘minute time 1imit, few learners got beyond the
third prob;em, hence the lower raw scores.

The one exception to this pattern \;vas the Tow spatial ability group,
which sti"ﬂ performed only marginally better oﬁ the immediate posttest
than on the pretes{. Although high,' medium, and low ability groups
attempted approximately the same low number of questions on the immediate
posttest, the low ability group had fewer correct answers. At thi; point,

prospects of improved performance for the low ability groups appeared -

_ bleak. However, the scores of the low ability group did increase

shgnificantly from the immediate to delayed posttest. Moreover, as

will be discussed below, the low ability group which received the
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simulation performed significantly better (p <.01) than the Tow ability
group receiving traditional instruction. Two factors appear to have
caused the anomalous behavior of the low spatial ability group on the
immediate posttest. First, the Tow spatial ability groups may have
suffered 1nord1n:;‘ly ’fr'om the effects of error perseverance (Kulhavy,
1976). That is, the misconceptions which they held/regarding the content
persisted over the immediate posttest, actually interfering with
performance rgﬂec*tive of their acquired knowledge. Second, because
this gréug came particularly ill-prepared to solve these problems, their
initial reaction to both the content and the instructional strategy was
somewhat confused anmgat‘lve, although tolerant. Ouring the delay,
through other assigned readings no%‘“ﬂ%ectly related to research design
or the problems they were solving, they began to fealize the eventual
relevanc‘e of the materials,¥and Hkg}Jy Iﬂczst some of the suspicion and
animosity which 1n‘terfered with their response performance. The affective
and subsequent anecdotal data provided furthér support for this
interpretation.

The fact that the medium and Tow sp‘a:m groups maintained, their
superiority over a five-week delay was strong evidence in support of
the effectiveness of the siﬁﬁlation. “Unfortunately, this time lapse
was accomgsnied by a natural {increase in variance, which, gompounded -
by the small humber of subjects, made it unlikely that tr-ve two-way
interaction would reach stgnificance. However, when Jne notes the
absolute differences involved (the medium and low simulation groups

performed an average of 8 points--out -of 50--better) the strength of

wampet
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the trend is obvious. The low and medium ability groups which received
the simulation performed better (p <.06) than the corresponding groups
receiving traditional instruction. The high ability groups, on the
other hand, performed equally well }egardless of the treatment received.
This confirmed the special benefit that the applied Brunerian. simulation

had for the lower spatial ability students.

Affective Effects

There was no difference in affective attitudes toward the instruction
between the two treatment groups. This finding is consistent with
previous research. While disappointing in the sense that a more positive
attitude toward simulations would further. reinforce their utiiity, this
eliminated the possibility that motivation had a significant effect on
subjects' performance. One contributiﬁg factor f6 the generally neutral
response of both treatment groups was the timing of the study. Because
it occurred at the beginning of term, many students were unable to perceive
the relevance of the materials to the course, despite assurances that
they were. It had,‘however, been decided that no time would be spent in
trying to change the students' attitude to the task; it was more impqrtant
that al] subjects had basically fhe samg,levei of prior knowledge.
Furthermore, since the affective response was uniformly lukewarm, a

potential confounding variable was eliminated.

o

Sex Differences

As reported in Chapter Four, there was no significant difference

’
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between the sexes in performance on the spatial ability tests. This is
in contrast with past studies which have reported stri kind di fferences
in spatial visualization ability according to sex. Such results have -

been widely used, post hoc ergo propter hoc, to support the theory that

such differences in abilities were innate. This strong cultural bias
has h\ad effects on many aspects of life ranging from stereotypgi%ex *
roles to vocational training. T_hat tr.aditiona] tests' of spatial
visualization ability in this study and others (Elmore & Vasur 1980;
Fennema & Sherman, 1977) now show no significant sex differences
probably reflects changes in the sociocultural ?nviromignt. Thus,
~ gf veﬁ the materials tested hem,ﬂferentiating instructional
materials and methods on the basis of presumed sex differences is
likely to be nonproductive. ‘ .

N . #

Isolating Task Aptitudes

Spatial ability was obviously an important ability in learning v
,research design principles. This finding cot{fi rmeci wark done by
ETmore and Vasu (1980) and Kulhavy et al (1977) and has 1mportant‘ ‘
implications for instructional design. Instructional mfterials for / /
research design should take into account Ithe importance of spatial \ (

2

visualization and provide compensatory instruction for students weak
~

¥

in it. N -
B
It should also be recognized that the usefuiness of identifying )
_the primary aptitudé(s) involved in a learning task is not limited to

" the learning of research design principles. The deve‘lopmend of .
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instruction for,other learning tasks will also.benefit from such a N

'pnocessi_ Hg;le the ATI model is useful for research in isolating

significant aptitudes, it does not follow that it is equally useful as
an dpplicatlon model in the way that Cronbach and Snow (1977) talk
abou& ass1gnmdlt‘to dlfferent teaching methods based on the point of
-1nteractlon.~ A“gask-oriented approach to designing instructional
materials can be more efficient than an ATI approach; therefore, the'
first step for 1nstructional designﬁghould be the isolation of the
significant aptitude(s) involved>™ S

- In summary, {his study has suggested the appareht usefulness of
Brunerian learning theory for instructional design. wh§h°iqmbined with
the medium of s1mulatlon, BrunéC1an theory can provlde not only a

4

structure for design, but also a theoretical rationale for materials

¢ development As the simulation uSed in this thesis managed to help Tow

apility studen;s as well as or more than, relatively speaking, highaabllity

.'students, there seems to be potential for universal;application of an

instructlogal design to a pirtlcular task rather than aptitude-based
assignment of\students to instructional materials. |

The evidence from one study 15 clearly not sufficient to make sgrong
general\zations about the state of the art dr its future direction. . As
one proponent:of ‘inductive reasoning stated, "It is a‘papltal'mlstake to
theorize in advance of the facts." (Holmes in Dd&le, 1904) The "facts"
whlch this study uncovered nonetheless appeir to hold great promise for

‘both theory bullding and application, 4t seems that further detect1ve

" work along this same llne of reasoning would prove useful
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INSTRUCTIONS

Read the materials you‘have been given carefully. They consist mostly
of textual information, but as well there are five simulations you
should work through. When you come to one of the simulations, answer
the questions on a separate piece of paper. Check your answers with
the relevant feedback on the page indicated béfore going on. When you
have finished, return the mterial§ to the tester. You will then be

given a short test to complete’. N

PLEASE DO NOT MAKE ANY MARKS ON THE MATERIALS THEMSELVES.

v




TRADITIONAL EXRERIMENTAL DESIGNS
“ R
y Traditional experimental methodology has held a position of prominence in

research efforts for a considerable period of time. Many of the basic
design formats were developed primarily in agricultural research and were

subsequently modified or applied.directly to other areas of investigation.

Utilized in a somewhat broader s&ctrum of research endeavors than
time-series designs, traditional experimental research may still be
understood in terms of a few basic design formats. Beyond this core §f
basic designs, a-multitude of variations and expansions have been used
in particular situations. This unit presents an overview of traditional
experimental designs.

)

[}

Traditional experimental research is usually characterized by a single
data pbint on a group of subjects in contrast to the continuous measure-
ment found in time-series studies. When multiple measures are taken on
the same subjects, they involve far fewer than {is characteristic of
time-series approaches. (More than two or three repeated measures are
unusual.} Two basic types of questions are addressed in traditional
ex$er1menta1 research, difference and relationship questions. Each

will be discussed in turn with relevant design variations.

i

DIFFERENCE QUESTIONS '

Difference questions essentially make comparisons either between groups
(known as "between group factors") or between measurements within a
group (known as "within group factors"). In many cases these compar-
isons are made between the means of the groups. Thus, when groups
appear significaiitly different, what is actually being indicated is a
significant difference between the groups in mean performance scores.
Within the difference question category there are several distinctive
design formats.

P

Independent group comparisons ) T~

‘One of the most commonly used research approaches involves {independent
group comparisons. The term .ndependent, in this context, simply refers
to different groups for each condition. Since, for example, group A
is made up of different subfects from Group B, there is 1ittle reason
to expect the scores in one group to be influenced by scores in the
other. Since they are different subjects and not related, that is,
since the scores in one group are presumed to be independent of the
scores in the other group, the temm .independent is applicable. This
term {s used primarily to distinguish the separate group designs from
those in which more than one measure {s.recorded for the same group.

-
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Beyond the dimension of group independence, the number of experimenta1
variables is an essential determinant of design configuration. The
experimental variable, of course, is that factor or question which is
under study. In a study by Logan (1969) in which he was attempting

to determine the feffects of material meaningfulness on learning réte,
the experimentalivariable was material meaningfulness. If the experi-
menter were 1nte;b§ted in what the effects of teaching experience are

on instructional effectiveness, then the experimental variable would

be teaching experience. Simply, it is that which is being investigated.

Figure 1 illustrates h hypothetical design for an independent group
comparison with one experimental factor, frequently called a single-
factor design. This example uses material meaningfulness as the
experimental variable and illustrates a study in which two groups are
compared: group A recefved highly meaningful material, and group B
received material of low meaningfulness. The basic single-factor
design may include more than two groups; it is not uncommon for it

to involve three, four, or more groups. Each of the groups or condi-
tions within the independent variable is called a Level within the
experimental variable (for example, two levels of meaningfulness, high
and low, are involved in Figure 1). .

One basic assumption is essential to the independent group design, regard-

"less of how many levels or groups are being used. The groups must be

equivalent before the administration of the treatment. The usual proce-
dure is to constitute the groups and then to administer the experimental
treatment, there being a difference in the treatment given to groups A
and B. Usually the performance score is generated either in the process
of treatment administration or on some type of test given immediately

\_after the treatment. If groups are not equivalent before treatment,

ther— differences observed in the performance measure may be due to
group differences before the treatment rather than the treatment itself,
Therefor s 1f the study is to actunl]y investigate the effects of a

nt, the only difference ‘between the groups must be the treatment.
1s is the essential concept of control. Various means of forming

equivalent groups primarily involve the way in which subjects are assiygned"

to the respective groups.

Comparison
i .ﬂ;ﬂgjggful;;Es
High Low
ST R ——— ..a"t'
Group A Group B

Flg. 1. Hypothetical Independent group comparison with one experimental
variable. .
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Frequently the researcher is {interested in investigating two experimental
variables in the same $tudy. This may be accomplished conveniently b“
using what is known as a two-factor design. (The number of "factors"S .
indicates the number of experimental variables, for example, a single-
factor design has one experimental variable, and a two-factor design
involves two.experimental variables.) Figure 2 1llustrates a hypothetical
two-factor design. Note that this discussion is still on independent or N
between group comparisons which means, for the design in Figure 2, that
the experimenter must constitute four different subject groups. The
experimental variables in Figure 2 are material meaningfulness and

amount of practice. There are two levels of each variable (high and

low meaningfulness on comparison A; then and twenty trials on compar-
ison B). Consequently, this design is frequently labeled a "2 by 2"

or "2 x 2," which refers to the number of levels in each variable.

The two-factor design 1s flexible with regard to the number of levels in o
each factor. It is not necessary that the two experimental variables

include the same number of levels; one may use three on A and two on

B or any number of combinations (e.g., 3x 2, 2 x 3, or 3 x 4). The

assumption of pretreatment group equivalence is also necessary for the '
two-factor design as it 1s for group comparisons in general.

4 Comparison A
ghaterial meaningfulpess e
= High-Al . Low-A2
]
L) B
L]
T
bt Group 1 Group 2
8! condition AIBI Condltion A281 ’
s ,
"
o U . \
o
&al ! |
.'.2 [T l {
- O : i
gy | ‘
el ‘ '
i ! ,
ué : Group 3 Group & |
L’g Condition A1B2 ~ ;| Condition A2B2 ,
} 1
o |
[ -]
>
b -
G
2T o
Fig. 2. Hypothetlcai independent group comparl'son with two experimental

variables.
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More complex group designs may also be used if three or four experimental
variables are studied simultaneously. These are merely logical exten-
sions of what has already bean discussed and also may involve a variety

of levels within the experimental variables (e.g., three factor, 2 x 4 x 2,
or 3 x3 x5). If three experimental variables are involved (A, B, and C),
the pf¥torial representation is three dimensional, as in a cube. More
complex designs, 1f used in a totally independent group comparison format,
require a large number of subgects. More complex designs also present
interpretation difficulties simply because of the complexity of results
with several experimental variables. Although useful on occasion, the
simpler experiment provides a more clear-cut demonstration of effect and
is therefore preferable when possible,

Repeated-measures comparisons

There are situations in which the experimenter efther does not desire to
Or §s not able to compare independent groups. Under.such circumstances
. the researcher may choose to record data on the same group under two or
more different conditions. Because the same subjeets serve as the data
source more than once, this type of experiment is known as ‘a repeated-
measures design. This is one form of a within factor as subjects repeat
one task. Another type, the within subject factor, occurs when subjects
are compared to themselves on their performance of different tasks.

- -
" a
o

Several different applications are used in the general repeated-measures
design. Frequently the experimenter will administer two different tests
with efther a treatment of time lapse intervening botween them. This

may take the form of a pretest followed by the treatment and then a
posttest. Known as a pre-post design, this arrangement is illustrated

in Figure 3. As indicated in Fig. 3, the data (frequently mean scores)
are compared between the pretest and the posttest performance to determine
whether significant change has occurred in subject performance. If there
fs a difference in the mean scores between administrations, the researcher
1s then inclined to attribute th1sxgjffErence to the intervening treatment.

Comparison

‘Pre.sist _MELTTF _r;n.x.v.n;;_1

Fig. 3. General pre-post design format.

A~

Y -
1

I e e e b <

s et ot mmrmna A e




-5-
72

The basic assumption underlying the pre-post design is that the treatment
is the only influence that intervened between measurements. If this {s
actually the case, then the researcher may accurately infer that the
treatment generated the performance change. This assumption, however,
is somewhat difficult to substantiate. The only data usually available

. are the performance scores on pretests and posttests. The researcher

usually has little firm evidence that test scores would not have changed
had no treatment been administered: In using the simple one-group
pre-post design, there is always the unknown influence that may have
occurred between tests to plague interpretation. There is also no
evidence concerning how much improvement may have resulted from test
practice. :

~

The researcher is not Jimited to two data points in repeated-measures
designs. It may be desirable to obtain multiple assessments over a
period of time to trace performance change in a more specific fashion
than is permitted by only two measures. The condition that occurs
between measures may merely be time passage, or it may involve some
active intervention such as the treatment suggested above. In either
case, the repeated-measures design 1s sti11 plagued by the same assump-
tion weaknesses that were noted with the pre-post format. Depending
on the actual circumstances surrounding the experiment, repeated
measures with more frequent assessments may be more vulnerable to test

* practice than is the case when only two data points are used.

Despite the problems confronting repeated-measures designs, they are

an essential part of the researcher's repertoire. Frequently the
nature of the research question demands observation of performance
change on the same subjects. Many axpansions and variations are.used to
circumvent the problems discussed above. Usually such variations
involve the add{tion of comparison groups, which permits measurements
that will substantiate or assess the soundness of the basis assumptions.
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Simulation 1
rorc: Baic design arcangements: traditional experimentaf N
[ \ .
BACKGROUND  SEATEMENT:  [radional  expenmmental  approaches to desipning -
rescarch are consideraldy  diferent frome the timesseres approach. Although
the same type of data displays e not rctevant (sinee continuots measurement is \
not involved ), diagram inspection remans auseful approach to practcing knowl- -
cdge application
TASKRS 1O BY PERIORMID ( '
1. Inspect the diagram below agd answer the following®guestions:
a. 1s this a difference questidp or a relabonship guestion? What is the rdftionale
for your response?
b. What i the experimental ariable? €xpress this, keeping in mind the principle .
ol generality ; ©
¢. I this a repeated-measures or an independent design? What is the rationale
for your response? . .
Cumponson - .
L4 - ( Moty el difeully \ 0
-~ . .
Group 1 Group 2 °1.
low difficulty moaterial  High difficulty moteriol

For feedback see p. 13 -
Simulatdon 2’/(\ - )
Toric: Basic deSign arrangements: traditional experimental ‘

BACRGROUND SIATEMENT: [spection of diagiams permits application of de-
sign hnowledge and Skl from one angle. Frequently, however, one s retjuired
to generate diagrans fiom a set of information. $his is essentially what is required
when you are designing an investigation yourself. If you can diagram an experi-
ment accuately, then you usually have a pretty adequate functional knawledge of

_research design. ‘
TASKS TO BL PERFORMED .
L. Diagram a study with the following characteristics: ‘ - ‘a
a. Difference guestion - ; -
b, Traditional experimental design ) o
c. One experimental variable -
(1) Teaching method- (three different types)
A2) Independent groups
2. Label carcfully the experimental variable on the diagram, and be ccitain that
it is evident where the compansons are being made. . -
! k For feedback see p. 13 .
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' Mixed-group designs —

/-

/
o

o - Mixed-group- designs..involve Bwo ox moXe experimental variables with 7
] : independent groups oh ome on some of the variables and nepeated measures
o ) ghhdw. remadining varlable on v es. This type of design §s called
. "'mixed" Hue to the use of bofh independent groups and repeated measures.

' Fig. 4 {llustrates a mixed two-factor design in which materiaj meaning-
- - fulness is.the ipdependent variable and recall time is the répeated

" -variable. As {]lustrated by Fig. 4,-this merely means that two groups
: are formed with ofe being administered condition-Al (material of high ¥
_ meaningfulness) §nd the other A2 (material of Tow. meaningfulness) and
-, that ‘both groups are tested for recall erediatelyyand after 24 hours
‘ ' (81 and BZ? - _
« W ’ - -
I ‘ ¢ \
2 f;_mlrlmn A ﬂ#.qp.enﬁint) ‘
- _ayMaterial meaningfuiness Low-A2 °
¢ 3 spileA . . -
- 2 ° - ot t
. } = s Group . Group 2 . 4
C.o i ] §i " ConditiomAl B1 | o Conditidh A2 B)
. ® E— - | S .
‘ &~ / : . \ >
21 Group 1 o ‘Group 2
: VR E : lon A2 '
. §» Condition Al B2 Condition A2 B2 ’
'L , 2 | - ‘ . .
: s - h -__*
i, ~N ,
; 7 e 0 . - s i
LT Flg. 4. Hypothetical two-factor mixed design.. -

. .
: . : BN

. . . . . . " .’- " * 1 . ,
- - Ty j , ! _ \ '
“ The mixed group fdtmat is extremely ﬂexibje.' If three experimental | .
. variables are being studied, the researcher may degign the investi{gation o

“
b e e — L g . 35
o

LR ) , with one varfable Tndependent and two repeated or with*two independent
I . -and one repeated. ' Fig. 5 {1lustrates both of these options. ,
H , - . o’ . . « ' . .
R 5 :
[y ! -’ \,ﬁ ) ) -
. ) A=
- ,' s, , ¢ b . _ . p * .
Lo f—' ) . ' Yo o . .o . ) . o
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In a three-factor design diagrammed in cube form, 1t is possible to refer
to a specific group by its coordinates. For example, in Fig. 6, the
immediate scores for six -year olds who receiveg\pdkn:“instrucuon would
be Posttest 1, Age 1, Method 1, or P1, Al, Ml. Within each factor, the
coordinates are determined by numbering each level, either from left to
right or top to bottom as required.” The number of the factor to be
referred to 1s the coordinate number. The letter can etther be a letter
from the factor name or alphabetical .sequence. So, P2, Al, MBIwould be
the coordinates for delayed posttest scores for six year olds who had
received televisfon instruction. One could'add a fourth fagtor, for \

‘example, two kinds of tests, subjective and objective, and be able quite

neatly to talk of group P1, T2, A1, M1 as the tmmediate posttest scores
on the objective test for six year olds who received print ipstruction,
without having to draw out the design. ’
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diagram any design, simply multiply the numbers of ley€ls in each factor
together; for example, a 2 x 2'x 2 design would requfre eight cubes, a

5 x2x 3 would need 30, 2 4 x-2 x 3 would need 24, and so on. This
number 1s not necessarfly the same'as the number of groups of subjects
required, however. To determine:this nimber, multiply together only

the levels of the between group factors. For example, a 2 x 2 x 2 design
w} th gjbe:ween and 1 within factor would require four, different groups

0 SU eC S. ! ' . -~

- / ' \ Pl
. ' T

To determine the total number of boxes or cubes th::}re*oessary to
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Simulation 3 - " T

a > . (Y »
toric: Basic design anrangements: tradittonal experimental
-

- r
BACRGROUND  starene Nt Diaditipnal  experimental approaches to desipning

roscarch are oonsidesably differtnt from the time-series approach — Although
the same tipe of divgrams a\ypot relevant, diagram inspection remains a wseful
approach-to gracticing knowledge appheation. .
TASKS 10 BI PIRIORAMID
L. Inspect the following diagram and _answer the following (}l\\\stinm‘ '
a. Y this a study that s ashing a difference question or a relationship question? <
Why! ‘ ’ »
'
b. How many expenimental variables are involved? What are they? Remember
. the prnciple of gencraluy
c. 1s.this an imlcpcndcn[rdcsigm a repeated-measures  design, or a mixed \
design? Why? . ’
'\\ Compntian A : ~
. fow ity & Mats rab b gly ) Hogh diffeulty A, N
L] K
6 .
5
3 .
=z ?
- Group ! Group 2 —
™ Congition A8, Condition A,B, .
g ‘ =
A3 |
"1 8
s 3
gl § ~ >
HIE
£l & ) §
vl & .
- ” .
< t
- Grouff 3 ' Group 4 ) o
M . )
L Condition A8, Conditid A8, N
> ' s ’
P
8
¢ .
: .
-~
. ¢
-~ : -
\ . For feedback see p. 14
b \ ,
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i M .r’
’ a
, o - 'a X
-
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Simulation 4

toric: Basie design arvangaments. baditional experimentat /

DAUCRGROUND  sTvEMENT Dnspection of - diagramys pcnmlhs apphcation of de-
sign hnowledge and SKilb flom one angle. Freguently, however. one s requited
to- design an anveshigation tather than deseribe one that is already (Ix\‘\igncd {'un-
struction of a dugrant trom i set of descrsptive statements is —essentially the task
that s required when designing an investigauon and therefore s presented here
to semulate such a task /

FASKS 10 BE PLRIORNT D
P Dyagram a stady wath the Tollowing characteristics © . "
a. Dillerence question o
b Tradional experimental design N g
s ¢ Iwoexperimental vanables (both independent comparisons ) -
(1) Teaching method (three different types) ) "’
() Anrount of practiee Cwo amounts o fevels) '. . k&:
" 2. Label carcfully the dugram with respect o experimental variabdys, and be -
certain that atis evident where the domparnons se being made. ‘H‘]
- / , \ For feedback see p. 15

L o, ’ ¢ @

o

Simulation 5
roric: Basie design arrangements: taditional experimental
2 BACKGROUND sT1A1EME N Occasionally difficulty is encountered in moving from .
a general diagram of an experiment to - the specific details that are invohed.
. Phis simulation begine with your diagram from simulation 2-13 and becomes Y-
. bit morg specific. )

ar

TASKS 10 B PLREORNMID

With the didgram  from simulation
o following questions: .
. What were the thiee different methods to be compared l\md:'r,lhc first experi- -,
mental variable (phat did you specify as method A4, method A and method
v ALY ¢ . " 1 i
* 2. What were the two levels that you will compare under the second experimental
N varable (companson B)? .
3. Now, writé down a description of what the subjects will be doing in group |,
. Tn other words, what is conditron AB,? Your deseription can be faitly short and
can tahe the nature of - “Subjects in group | will receive condition’ A, B,, which
‘w; \/n‘x-rcu.ns they will be taught with the — method and will
roceive prachicy., '
4. Now describe the candtions for the ather groups in the same fashion '

=13 performance in hand, answer the

"\ /" . : ' Fol feedback se¢ p. 15

-

o —— -
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RELATIONSHIP QUESTIONS

Relationship questions explore the degree to which two or more phenomena
relate or vary together. If the researcher were curious as to the rela-
tionship between height and weight, he would essentially be asking "as
height varies, what temds to happen to weight?" More specifically, if
height increases, does weight tend to increase or decrease {or is there
no systematic tendency)? Rather than comparing groups, the researcher
instead records data (both height and weight measures) on a sample of
subjects. With two meaSures on each subject, the investigator then com-
putes a correlation coefficient, which provides an estimate of the degree

to which the variables relate.
J

The primary concern with a relationship study involves the representative-
ness of the sample. From a purpose standpoint, the researcher is primarily
focusing on prediction. Can weight be predicted from height, and if so,
with how much accuracy? It is, therefore, essential that the predictive
estimate obtained in the sample is similar to that which is operative in
the broader population. :

“

Relationship questfons may involve more than two variables. More complex
correlafion techniques have been greatly facilitated by the development
of computer techno1o?y. As with other more complex designs, correlations
with many variables involved become increasingly difficult to interpret.

.

N ~

R o
©
DESIGN ALTERNATIVES: COMMENTS

The preceeding pages:outlined a wide variety of options with pegard to
>hasic research designs. There.is no single answer to the question that -
i frequently asked: which is the best? Each approach has 1ts strengths
and pitfalls, They serve different purposes and operate under different

situations. The researcher must assess the contingencies that are opera- .

tive in a contemplated fnvestigation. Identifying the factors—involved
in the substantive question is' the major tool used in setting up the
design as the factors themselves create the design. : '

(e = ———— =
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FEEDBACKS b
Simulation 1 “

Phis is a difference question ‘The difference question essentially asks, *“Is there
asdifference between .. U7 and compares two or more groups or measures Fhe
arrow 18 the symbol in this diagram that indicates that the performance of group |
will be compared with the petformance of group 2. .

The experimental vanable is matetial difliculty - Without knowing :mv moie
about the specifics of the study, the question can be stated as “Comparing subject
paformance as a function of material ditliculty ™ Another way of looking at the
same deseniptive statement might be * The effects of material difficulty on subject
petformance ™ The prmciple of penerality requires that the experimental vanable
he spoken of - terms of the abstract construct (material diflicultv) rather than
the particuln levels or conditions within that vatiable (which would be like the
matetial A veesos matergal B approach, noted earlier o inappropriate). '

1 his is an mdependent - Lk«wm sinee diflerent proups of subjects are compared
(one group receves the Iaw-dnlhunlly material, and a second proup receives the

high-dihealts maternal). The topeted measmes deagn wounld  require that the
same subjuets would be tested under both conditions, which-is not indicated by
the diagram, -

Simulation 2
Since vou were ashed to draw the diagram in this simulation, conaderable lati-
tude is possible concerning gxactly how your drawing might appear, Fasemtially it

A
should resemble the diagram/shown below and should be fabeled in the same
fashion. 3
Teoching method

f i K

Method A Mcthod B Mcthod €
.2 ' :
Growp 1 Group 2 Group 3
Q '
f { .
< o
N .
. «
.
A
4 ‘ ' »y . ~A\ ) \
R . ‘ t
B ’ . - ¢
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. they were presented . As you read the simulation feedback «

Simufation 3 - .

Lhis stimulatian presented a series of questions related 1o the diagram that was
inclded Responses to those questions willohe outhned in th€ same manner as
omes, refer back
to the duagram and ke in mind yom own responses to the questions
b This study is asking a dullerence guestion As before, difference questions
snggest compatisons between groups.or groups of measures >
2 Lhere me two experimental svanables imolved Comparison A is designated
as thaterial dimculiv, wherean comparisonn B is presentation speed This would
generally be called s two factor design because there e two expenmmental variahles
involved Fadh cxpermental vanable has two levels or conditions wathin that
Amiable For comparison A materiad ditheabty, there is loweddbiculty and high-
dithcalty matend Calso designated Ay and A | respredtnehy ) and Tor comparison
B presentatton speed, Byoas @ 2-second presentation, wherens the B condition
mvolves 1 6 second condition, ]
3 this is an mdependent design, that s, for bogh experimental varables there
are independent cnmp:uixﬁns with a different group for each condition, Fhis s
cvident from the indication that theee are four differcat groups imvohved, groups
1,2, &, and 4 Fach group functions under only one conditnm and is not measured
under more than ene condition, thus there s a totally independent dedign on both
expenmental vniables Group Foreccives condition A B, wineh s the inteesection
. of low-difficulty matereal and 2-cecond presentation speed Gaotp 20 on the other

. v oo . . . 5 . .
hand. is operating under condition A 83, in which hiph-dhficulty material is pre- |

sented it the 2-sccond speed Group 3, condition A\ B | receives the lew-difliculty

matetial at a 6-second pro.entation speed. whercas group 4'receives high-chiliculty

material at the 6-sccond presentation speed. These tyges of notations are fre- A .

quently dpful as you proceed through an experment to prompt yourself and
heep in mund exactly whyt conditions cach group is being tested wnder (or which
. treatment is actuadly beimg administered ). ‘
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Simulation 4

Althoupgh a variety of detads may differ in the way your dhagram is arranged,
the following general format will hold.

k Comporisan A

Teaching methad

Mmethod A, Method A, A Method A,

evel B

condition A,B, condition A,B, condition A,B,

Compatison 8
Amount Ot Pract cc

14 L)
Group 4 Group 3 Group b
- condition A8, condhtion A B, condition A,B,

Ltever B,

I you havepdeiwn this basic configuration, you are on larget Here is a brief
review of certam information about this design Phe stmulus guestion (part ¢)
reduited that the design be totally independent, that is. that bath experimental
varables be set up as independent comparisons What docs that mean in terms of |
llm Lspenment? Simply stated, it means a different group for cach condition,

o which in this_case resulted in sixo different groups of subjects (group 1 reecived
condition A B, group 2 received ALB,, and so on)  The two experimental vari-
ables are teachmg method and amount of practice  Three methods of teaching are
imohed in the first experimental variable and two levels of practice are involved
in ﬂﬁ\wcnnd. Beceause this is an cxpcrimc’nt‘ involving two experimental variables,
il s gc%n ically called a two-factor design. Specifically you will sce such. a con-
fipuratorf called a glrcc by two or 3 x 2, which refers to the dilIcrcn% numbers of
tevels under cach variable. .

“Proceed to the next simulatich and become a bit more specific in terms of the

details of your diagram, - -

—_—— - ~

Simulation 5 .

Because of the varicty of possibifitics in responses that you might have, this
cimulation should he Cheehed with your instructor, This will he the quickest way
of obtaimag specitic feedback, . )

In general you should have siv different sets of comditions, one for c:w)n group.

~ The conditions are dictated by the specifics that you attached to cach level of the
two experimental variables, rf you called method A, the nullmri!;\rian.mclhud a’nd
tevel B, six pracijee triaks, then Ay B, will reecive the authoritirian tcnch‘mg
" method and six phactice trials. Your description should contibue in this fashion

- for cach group L4 N *
» ‘ -

» -
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The following simulation will help you visualize two- and three-
factor research designs like the ones you have just read about. It
should also make it easier for you to conceptualize designs with four
or more factors by helping you master the ,notétiona] system used in ‘
rt'eferr-ing to specific groups or r:eﬂs within a design.

It is very easy to use this simulation. You should have in front
of you a bag of wooden blocks with one side covered in blue acetate.

The blue side ONLY may be written on with the water soluble pen provided

and it may be cleaned by using the J-cloth. There is also a pile of B 7

. B
cards, in groups of four--one white, one pink, one xyellow,and one blue.

Each group of cards is a research design problem.
You should do as many of th@se prob1ems as you feel you need to

achieve mastery of the material. The numbers of each design are not

a ranking\oj any kind; they 'rnere‘l_y, held keep the right cards together.

You should, -therefore, pick the cards randomly from the pile.

+

4

What to do /

J) Pick any gréup'of four cards from the pile. Take out-the white card
and carefully read the description of the design. Then construct the
design with the building blocks. You may use the pen to label the 4 )
blocks if you want. \

2) When you are satisfied that your physical representation of the design

is correct, draw the design on a piece of paper, using a3 three-dimen-

sional form (i.e. a cube) if it is a three-factor design. Naturally

<

a two-factor design can be drawn two-dimensionally from the blocks.

L3

-
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3) Turn over the pink card. Check your drawing against the one on the

tard, correctir% yours if necessary. Note that your factors may be
[} - /

in a different order and your design would still be correct.

Please do nof look at the pink card until you have made every effort to

make the design. Also, be sure to construct the design with the blocks

regardless of how far you got before you checked your answer. The final

correct model is useful for the next spart of the simulation.

4) Turn over,’,the yellow card. On it you will find three questions.
Answer these on the same pa;;er your drawing is on, refepfing to the
drawing, the blocks, and/or the white card to help you. Note that ‘
any questions involving cporéinates refer to the ‘1e‘ve1s of each
factor in the order they appear on the pink card. -~

5) Turn over the blue card and check your answers. Please make sure

that you paperclip the four cards together before going on to the

next design,

6) e '

Do as many problgms as you feel necessary for mastery. (We.have found

i N
that students typically need a minimum of seven (7) to get a feel for the

procedure.) When you have done as many problems.as you want, put all of the
blocks back in the bag, make sure all the cards are in their correct

groups, and retur_r{ the written materials to the tester. You will

then be given a short test with similar kinds of problems.

\

PLEASE DO NOT.MAKE ANY MARKS'ON ANY OF THE MATERI‘AU.
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TRADITIONAL EXPERIMENTAL DESIGNS

Traditional experimental methodology has held a position of prominence in
research efforts for a considerable period of time. Many of the basic '
design formats were developed primarily in agricultural research and were "
subsequently modified or applied directly to other areas of investigation.
Utilized in a somewhat broader spectrum of research endeavors than

time-series designs, traditional experimental research may still be

understood in terms of a few bagic design formats. Beyond this core of

basic designs, a multitude of variations and expansions have been used

in particular situations. This unit ents an overview of traditional
experimental designs. ‘ \\

: > w
Traditionalrexperimental research is ujually characterized by a single ' !
|
%

data point on a group of subjects in gontrast to the continuous measure-
ment found in time-series studies. When multiple measures are taken on N
the same subjects, they involve far fewer than is characteristic of
time-series approaches. (More than two or three repeated measures are
unusual.) Two basic types of questions are addressed in traditional
experimental research, difference and relationship questions. Each
will be discussed in turn with relevant design variations. ‘
€y < ° .
n I

e /]

DIFFERENCE QUESTIONS

Difference questions essentially make comparisons either betwee up
(known as "between group factors") or between measurements within a
group™(known as "within group factors"). In many cases these compar- o, ’,f
1sons are made between the means of the groups. Thus, when groups T
appear significantly different, what is actually being indicated is 2
significant difference between the groups in mean performance scores.

Within the difference question category there are several distinétive

design formats. . - .

Independent group comparisons

One of the most commonly used research approaches-involves independent
group comparisons. The term .independent, in this context, simply refers
to different groups for each conditfon. Since, for example, group A

is made up of different subjects from Group B, there is- little reasgn

to expect the scores in one group to be influenced by scores in the

other. Since they are different subjects and not related, that is,

since the scores in one group are presumed to be independent of the

scores in the other group, the term .independent is applicable. This ¢
term is used primarily to distinguish the separate group designs from
those in which mope than' one measure is recorded for the same group.

R ! s
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Beyond the dimension of group independence, the number of experimental
variables is an essent 'dhgn::nant of design-configuration. The
experimental variable, of cour is t factor or question which 1s
under study. In a study by Logan 9) in which he was attempting-

to determine the effects of material meaningfulness on learning rate,
the experimental variable was material meaningfulness. If the experi-
menter were interested in what the effects of teaching experience are
on instructional effectiveness, then tHe experimental variable would

be teaching experience. Simply, it is that which is being investigated.

w

Figure 1 illustrates a hypothetical design for an independent group
comparison wi th#ne‘experimentﬂ factor, frequently called a single-

factor design. This example uses material meaningfulness as the
experimental variable and illustrates a study in which two groups are
compared: group A received highly meaningful material, and group B
received material of low meaningfulness. The basic single-factor

design may\ include more than two groups; it is not uncommon for it c
to involve: three, four, or more groups. Each of the grougs or condi-

tions within the independent variable is called a Level hin the
experimental variable (for example, two levels of meaningfulness, high d
and low, are involved in Figure 1). '

+

\

One basic assumption is essentia} ta the fndependent group design, regard- $
less of how many levels or groups are being used. The groups must be
equivalent before the admnugﬂww n of the treatpent. The usual proce-

dure fs to constitute the groups and then to administer the experimental
treatment, there being a difference in the treatment given to groups A

and B. Usually the performance score is generated either in the process

of treatment administration or on some type of test given imnediately ]
after the treatment. If groups are not equivalent before treatment, ’
then any differences observed in the performance measure may be due to N

group differences before the treatment rather than the treatment .itself.
Yherefore, if the study is. to actually investigate the effects«of a
treatment, the only difference between the groups must be the treatment.
This s the essential concept of control. Various means of-forming
equivalent groups primarily involve the way in which subjects are assigned
to the respective groups.

Comparison

i sggg_g_lp_gfulﬂs :
. High Low .
W
i Group A ¥ . Group B
™3
) - d "‘L -
Fig. 1. Hypothetical Independent group comparison with one.experimental
variable. -8 ' '
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Frequently the researcher is interested in investigating two experimental °
variables in the same study. This may be accomplished conveniently by .
using what is known as a two-factor design. (The number of "factors”
indicates the number of experimental variables, for example, a single- g
factor design has one experimental variable, and a jwo-factor design

involves two experimental variables.) Figure 2 11Tustrates a hypothetical )
two-factor desfgn. Note that this discussiod is still on independent or -
between group comparisons which means, for the design in Figure 2, that Y
the experimenter must constitute four different subject groups. The

experimental variables in Figure 2 are material meaningfulness and

amount of practice. There are two levels of each variable (high®and W

Tow meaningfulness on comparison A; then and twenty trials on compar-
ison B). Consequently, this design is frequently labeled a "2 by 2" -
or "2 x 2," which refers to the number of levels in each variable.

AN

The two-factor design 1s flexible with re to the number of levels 4n

each fagtor. It is not necessary that the two experimental variables

include the same number of levels; one may use three on A and two on” oo v
B or any number of combinations (e.g., 3 x 2,2 x 3, 0r 3 x4). The C
assumption of pretreatment group equijvalence is also necass\ry for the

two-factor desigy as it is for group cosparisons in general.

. Comparison A ' .
ghatarial meaningfulpess '
= High-Al T .. .« Low-A2
JM - ! .
=l - ¥ .~ - ,
T ' : :
~ Group | Group 2 - !
Sl Condition AIBI Condition A28} ) 5 -
s |
v
9 . -
g
[-¢ i i @
-y B - - | )
P I N ‘ s ' « < '
' v . { s '
§ ‘ Group 3 -, ; Group 4 T
. Condition A1B2- | Condftion A2B2
N! | ' i o
o ™
z2 . .
L .: i i Y ®
2 I T

D

-
©

. 2. Hypothstical tndcbendent group comparison wltrétwo experimntd)
variables. AR o, @ T
] ‘ . - s : ,
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More complex group designs may also be used 1f three or four experimental
variables are studied stmultaneously.

These are merely logica
sions of what has already been-discussed and also
of Tevels within the experimental variables (e.g.,
o3 x3x5).

exten-
y tnvolve & variety
ree factor, 2 x 4 x 2,

If three experimental variables are involved (A, B, and C),

the pictorial representation is three dimensional, as in a cube.. More .
complex designs, 1f used in a totally independent group comparison format, .

require a large number of subjects.

More complex designs also present !

interpretation difficulties simply because of the complexity of results
with several experimental variables.
simpler experiment provides a more clear-cut Yemonstration of effect and

j thergfore preferable when possible.

Although useful on occasion, the

&

-

AS

4

tances
two or

Under such circ

Because the same subjects serve as the data

This is.one form of a within factor ¥s subjects repeat

*

This’
e treatment and then a
rrangement is 11lustrated

¢t performance. If there
trations, the researcher

. \. N \
’ Repeated-measures comparisons
Th;ef'e are situations'in which the experimenter either does not sire to
,, or is not able to compare independent groups.
A the researcher may choose to record data on the same- group under
more di fferent conditions.
source more,than once, this type of experiment is kmown as a repeated-
measures design.
one task. Another type, the within subjact factor, occurs when subjects
are compared to themselves on their performance of different tasks.:
A o~ ’ ’
Several dffferent applications are used in the general repeated-measures
design. Frequently the experimenter will administer two different tests
with efther a treatment of time lapse intervening between them. )
may take the form of a pretest foﬂowelqtby
posttest. Known as a pre-post design, this
in Figure 3. As indicated in Fig. 3, the data (frequently mean scores)
are compared between the pretest and the posttest performance to determine
whether significant change has occurred in sub
is a difference in the mean scores between admin
1s then inclined to attribute this difference to the intervening treatment.
“ {
~ - g . Comparison- .
) Pretest _Treatment ‘ Ens_:LlH g
- S
- -
] A s
¢ 4 N
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‘The basic assum?tjon underlying the pre-post design ‘is th@ the treatment -

is the only influence that intervened between measurements. If this is

‘actually the case, then the researcher may accurately infer that the

treatment generated the performance change. This assumption, however, .
is somewhat difficult to substantiate. The only data usually available

are the performance scores on pretests and posttests. The researcher

usually has 1ittle firm evidence that test scores would not have changed.

had no treatment been administerdd. In using the simple one-group

pre-post design, there is always the unknown influence that may have

occurred between tests to plague interpretation. There is also no
evide?ce‘conceming how much improvement may have resulted:from test

practice. * ‘

The researcher is not 1imited to two data points in “repeated-measures
designs. It may be desirable to obtain multiple assessments over a
period of time to trace performance change in a more specific fashion
than is permitted by only two measures. The condition that occurs

. between measures may merely be time passage, or it may involve Some

active intervention such as the treatment suggested above. ' In either

- case, the repeated-measures design is still plagued by the same assump-

tion weaknesses that were noted with- the pre-post format. Depending *
on the actual circumstances surrounding the experiment, repeated

measures with more frequent assessments may be more vulnerable to test i 4
practice than is the case when only two data points are used.

. i & B _—
Despite the problems confronting repeateéd-measures designs, they are .
an essential part of the researcher's repertoire, Frequently the \ T
nature of the research question demands observation of performance ~--— -

change on the same subjects. Many ‘expansions andxvariations are used to
circumvent the .problems discussed above. Usually®such variations
involve the addition of comparison groups, which permits measurements

that will substantiate or assess the soundness of the basis assumptions. .
- ' | - -
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M1 xed-group designs

# Mixed-group designs involve Byo ox more experimental varlables
Andependent groups on one on some of the variables and nepeated wres

on the remaining variable ox variables.

This type of desfgn is called

\

- . “mixed" due to the use of both independent groups and repeated measures. ' -

Fig. 4 11lustrates a mixed two-factor design in which material mea
fulness is the independent variable and recall time is the repeate

- variable,
) are formed with one being administered condition A1 (material of high
M meaningfulness& and the other A2 (material of low meaningfulness) and

that both
(B1 and B2

Compaison B {Repeated)

Fig. b,

-

¥
ate Bl

- L
24-hou

i

" Hj lpdgﬂaterlal meant

fegal! pricy;

t

rison A (independent)

Group 1|

\&fndttlon A1 BI

P el P e

Group |
Condition Al B2

\

ngfulness

"r-‘“ v

Low~-A2
—_

‘Group 2 ' ;
Condition AZ B)
Y
® Group 2
}  Condition A2 B2

——

Hypothetical two-factor mixed design.

J

r

-

s are tested for recall inmediately and*after 24 hours

. B
The mixed. group format is extremely flexible. If three experimental
varisbles are being studied, the researcher may design the investigation
with one variable independent and two repeated or with two independent

and one repeated.

Fig. 5 11lustrates both of these options.

~

g

As 11lustrated by Fig. 4, this merely means that two groups

L]
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Fig. 5. Opﬂon examples for three-factor mixed design. gdg'

(

y In a three-factor design disgrammed in cube form, it is possible to refer
to a specific group by its coordinates. For example, in fig. 6, the °
immediate scores for six year olds who received print instruction would
.be Posttest 1, Age 1, Method 1, or P1, Al, M. Within each factor, the
coordinates are determined by numbering each level, either from left to
right or top to bottom as' required. The number of the factor to be
referred to is the coordinate number. The letter can either be a letter

: from the factor name or alphabetical sequence. So, P2, Al, Mfiwould be
the coordinates for delayed posttest scores for six year olds who had
received television instruction. One could add a fourth factor, for
example, two kinds. of tests, subjective and objective, and be able quite
neatly to talk of group P1, T2, Al, M1 as the immediate posttest scores
on the objective test for six year olds who received print instruction,
without having to draw qut the design. s »
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A, ’ 1-imm ~ 2-Delay
Posttest +
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Figy 6. Three-factor des Ign with coordinates, ;

To determine the total number. xes or cubes that is riecessary to
diagram any design, -simply/multifly the numbers of levels in each factor
together; for example, a 2/ x 2 \x'2 design would require eight cubes, &
5 x2 x 3would need 30, a 4 x P x\3 would need 24, ard so0 on. This
. number s not necessarily the s as the number of groups of subjects
¢ required, however. To determine this number, multiply together only
: " the levels of the between griup factors.; For'example, a 2 x 2 x 2 design
w}th uﬁjbe:ween and 1 within factor would require four different groups*
of subjects. ‘ a -
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RELATIONSHIP QUESTIONS ' |

. Relationship questions explore the degree to which two or more phenomena
relate or vary together, If the researcher were curious as to the rela-
-tionship between height and weight, he would essentfally be asking “as
height varies, what Zends to happen to weight?” More specifically, 1f
height increases, does weight tend to increase or decrease (or is there

. no systematic tendency)? Rather than comparing groups, the researcher
instead records data (both height and weight measures) on a sample of
subjects. With two measures on each subject,” the -investigator then com-
putes a correlation coefficient, which provides an estimate of the degree
to which the variables relate. ,

The primary concern with a relatfonship study involves the representative-
ness of the sample. From a purpose standpoint, the researcher is primari -
focusing on prediction. Can weight be predicted from height, and if so,
with how much accuracy? It is, therefore, essentfal that the predictive
estimate obtained in the sample is similar to that which is operative in
the broader population. o b

®

Relationship questions may involve more than two variables. More complex
correlation techhiques have been greatly facilitated by the development
of computer technology. As with other more complex designs,"correlations

~__ With many variables involved become increasingly difficult to interpret.
. ’/

/

DESIGN ALTERNATIVES: COMMENTS -

The precé’eding pages outlined a wide variety of options with regard to
basic research designs. There 1s no single answer to the guestion that
is frequently asked: which is the best? Each approach has {its strengths .
"and pitfalls. They serve different purposes and operate under different
.situations. The researcher must assess the contingencies that are opera-
tive in a contemplated investigation. Identifying the factors involved -
4n the substantive question is the major teo] used in setting up the _ .
design as the factors themselves create the design. ] °
e . - -
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Problem 1
%

x

The librarian at Edgewood Elementary School is upset that
‘the children are not using the microcomputer she finally
persuaded the school board to buy. - A few of the boys have
shown an interest, but that's it.” She decides that what's
needed is some kind of education program, but she's not.
sure which is better, a slide-tape production available

" _ from the computer manufacturer for a nominal fee or a

demonstration'in the library. She realizes that each —

method may be more effective for different audiences, so
she decides to use grades 2, 4, and 6. As well, she is
interested in the effects of sex of the student on usage.
One month later, for one week, she monitors the use of
the micro by allt ‘students who participated in’ the project.

o
Grade. y / / \
6
; i - -

.s\d&— Lr ‘

Y

Mahod T
he _!dem .
* M F ‘ K ‘

Sex

1) How many dif.ferent‘ groups of Subjectslare there?

2) In p]raih English, what {s meant by the group with °
coordinates Sex 1; Method 2¢ Grade 37

3) Which four groups does the front face of the cube
represe,nt\? .

I'd

1) ﬂThére are 12 different group‘s of subjects.

2) %his is thé group of grade 6 males ;vho re;ceived ‘
he demonstration.

'3) “The four groups are: 1) grade 6 males who received -
the slide-tape; {1) gr"adesﬁ males who received the
demonstration; {11 ; grade 6 females who received

the slide tape; iv) grade 6 females who
the demonstration. -  who recefved

L
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_ Problem 2

An instructional designer wished to' test the effect

- of meaningfulness 'of material on retention, both

. long and short term. High and low meaningful material
were-used, and, to check for the effect of age, subjects
from grade 8, grade 10, ‘and grade 12 were used. The
retention 1eve1 was tested immediately after the:
material had been read, one day later, and_again one

- ‘week later.. : \

\med\aé

1 day 1(@@&%

mﬁ’%}h&/// A

w -

i

| 1) Hhiéh groups does the top of the cubé represent? .

2)(_How many different groups of subjects would be
needed7 , . .

3) Are ‘the factors between or within? Nhuch are
which?

" 1) ‘The top of the.cube represents 6 groups: the
o jmmediate, 1 day, and 1 week retention scores
for grade 8 students who received mater1a] with
h1gh meaningfulness and material thh Tow
"meaningfulness.

2) Six different ‘groups wou]d be‘!@eded Remember,:
multiply only the between factors to detenmine
the number of different groups needed.

. 3) Haterial meaningfulness is between.

Grade level is between. )
Retention is within--the same subjects are used
for each of the three levels of this factor.

95
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.. Problem 3 : ) .

o

A high school principal is approached by four different

“teachers all wanting to teach a new Humanities course

the next year. Each has a different teaching method ~
and each swears that his is the most effective. The '
principal degides to 1nvest1gate scientifically and.

- randomly assigns each teacher to a different class to f‘ .

‘teach.a lesson on political prisoners. Success will '
be determined by the score om a post-test. The principal C
is also interested in long-term effects, and decides to ~ —

.90 back 3 weeks-later to see how much of the material
" has been .retained.

ng\'\\f\fj mest h’:'d:

A [ c_©

.

1) “How many different gr"oups of subﬁécts are involved? ‘o

2) -Idehtify the factors involved and—the number of
levels 1n each.

3)  How many b!ocks'did you need to build this design?

i

1} Four different groups of subjects are involved.

¥ 4
2) There are two factors:
1) Teaching method--has 4 levels; = °
2) Retention--has 2 levels.

3% £ight blocks are needed £o build this design.

N

g




e e

. Do chessmasters "see" things differently? Does it
© matter if they believe their abilities are bein
. tested? ' If they are better, do they take as long
as nonmasters?. Researchers in perceptioh: gave masters
: and nonmasters spatial visualization tests and measured
: the time (either 10, 20, 30, or 40 minutes) it took
both. groups to complete the tests. The masters and
nonmasters were randomly divided intb two groups-- D
. one group-was told that the tests were related te— ~
their<chess skills and the other'Egoup was told that',

Problem 4 v

- ) ) v i

the tests were not related. h
‘ B , E'LpQ,s“HSQ.
: W_\c\-‘*‘\ AR \"l-\a‘hid +0 chessmas fer NnoNMAs « .
/ sEals
M ,
b 5 2 ,
. o ery il ‘ /
™ >~ ///’/4
o ‘ TS ‘
‘ Time o . /1 k£
C-q“pk*-'a 4 ao \ ' ‘—#- / . “ | I3
G mu\(ﬁcs\ » " ' /i “
‘ i N L ' N " '
. 20 ;/////

~_

2)

3)
1)
~2)

. 3)

Relation 2, Time 3 be?
/ N R

‘to complete the tests. .

10 minutes to complete the tests. L

- “wo .

s

How many different gfoups of subjects are involved?

In plain English, what group would Expertise 1,

What groups does the top layer of the cube represent?

There are 16 different groups of subjeéts.' *

This would 'be chessmastars who were told the tests
were not related to their sk1lls who took 30 minutes

o 4
These four cubes represent thessmasters and non-
masters who.were told either that the tests were’
related.to their skills or were not who took
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"data on the patients' dttitudes both before and aftér

98

Problem 5

x !

Hospital patients are subjected to a barfage of tests

and activities ™~ Researchers decide to investigate to,

see if the way these procedures are carried out affects
attitude. They observe three groups of patients, one
group is never given an expranation as to what is being
done, another group'is given an explanation before¥the
treatment, and the third group receives®an explanation
before and a follow-up explanation after the treatment.
All three groups of patients receive both drug and
behaviour therapy treatments. The researchers collect

¢

the treatments. .

P

Time, ar Ann

-
‘

cnl bomar

Tuee o1 '
-

oot T

drug d :
sebavisr 22 = e
]

<

4

[

¢
' NONE, ) 1 j
]

B .

Elplo.ranor. .

beror 1

?

1) )How many different groups of subjects are involved? t

LN
™MICre
ol'tw-

&
2) ldentify each factor as between or within.

3) Of the total of 12 blocks, each subject would be
involved in how many of them?

1) There are three different groups of subjects.

2) The type of explanation received is between;
the type of treatment is within; A
the time of data collection is within.

3) Each subject would be involved in four blocks: =
. behaviour treatment pretest; behaviour treatment
- posttest; drug treatment pretest; drug treatment

pasttest. : ] - ‘

¥

3
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Technicians, for GM must keep up to date on engineering * '
developments. The head of the in-house training depart- . \) )
ment want to find out if the effectiveness of self- )
instructional material interacts with experience onp the :
job. He takes five groups of technicians, 20 per group.
One group has 6 months experience, Qne 12, one 18, one
24, and one 36. They are all given self mstrﬂctional

- package on new developments they will need to know about ,
for their work. The effectivepess of the materials is , T
measured in two ways. The first is an objective test o :
measuring content recall. The second-measurement tool - \
is an on-the-job rating by supervisors of how well the Y,
technician is applying the new knowledge. Botb#df these s ;

. evaluation techniques are used afteHﬂx_months*and
again after one year.

Test mkial ¢

JDb

of

'

2n 020000 L : ' J]/
' 1 *
47 s R‘V

e )
N \} - : / |
f . ! / ~
> | |
- “"L | 1

1) How many subjects in all were used for this studj?

3

&f
PL \..
:S volucon ffa:%ﬂlg’// /,//, ,//21 | 1 '
7
|

—
N

2) Identify each factor as between or within.
3) ‘Identify, using coordinates, the on-the- job rating

) of the group with 24 months expemence after one )
) year. ‘

1) A total of 100 subjects were used; 20 in each of
the five levels of the between factor--aob expemence.

2). Test interval--within;
type of evaluation--wi thin, .
job experience--between. -

3) Test 2, Evaluation 2, Experience 4.
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4

The basketball coach at Acme High School wanted to
improve the team's chance of winning the championship,
without having to spend a Tot of extra time practising. .
He hit on the idea of using pep pills to give his players - -

that extra zip. However, the pills were expensive, and

as he had to pay for them out of his own pocket, he

decided to experiment with some placebos as well. As

he also wanted to see if their was a relationship between |
the number of pills given an%ﬁnw performancg, he '
randomly divided his team intd~two groups, giving one : ) ‘ i
group pep pills and one group placebos. mthm.each ' : :
group he had three subgroups, one getting one piil,

one getting two pills, and one getting three. He then iy
measured the percentage increase in the number of baskets
each player scored per game. R

— ~ ('
fupe. >t prv
s )

- 9P praez o L, , .

- -
h]
. {

1) Is this a difference or relationship question?

2) What kind of statement would be %he result of

analysis of these data? - ) , L1
3) How many different groups of subjects are there? T , ’
1) This is a relationship question. The coach wants '

to Snow if there is a,relationship between the kind
and~amount of pills taken and the increase in
basket scoring.

2) Statements Tlike "With'both gep pills and placebos,

as the number of pf11s goes up, so does the percentage e
Jincrease", or ‘With placebos, as the number of pills _
goes up, so does the increase, butwith pep pills, as -
.the number.goes up, the\increase goesodown" are the ) -
kind pne would expect; sémething indicating the °
relationship between the two variables.-

3) There are six groups of subjects--within pép and
placébo pills are 3 groups for the nufber of pills

recei ved. e

1




L y Problem 8

[ IRRUY

“~ . : .
An English teacher was offered a pac{gz: of CAL Tessons -
for, use with her remedial classess was not convinced, - 5

& » however, that CAL would be any moye effective than the

trad1tional'text book approach’ $he had been using. She ,
decided to assign one class to the CAL lessons and one *
Nﬁhe textbook. She suspected that there might be a
d1fference depending on the kind of learning tesged for,
, $0 she administered a multiple- cho1ce test, an essay
test, and a take-home paper.
X .

<

\

1@3¢h1qs m e thoc S o

AL ‘Hﬁ'bool\ ' "
g Hhple < ’ ' | e
. thoice ,
7 » | | |
Lmr(‘.if‘ﬁ e=<ax ‘ .
;Egkgj oM ‘

<l F L : . : y
\ ‘ L . , .

. i - ‘ ¢ ]
hah il o AR% - . *
-~ S .

J

Tf the teacher

N
How many different groups of subjects are there?

Identify each factor as betw%sn or‘ﬁifhin.

to go back again one month
latar and readminister\each test, wo 1d this be

a between or within fa tor?

There are two different Yroups, the CAL groué and
the ‘textbook group.

Instructional mathod is betwegen;
type of learning is within,

This would be a within
subjects would be’usédd an
to their earlier ones.

factor as the same
eir scores compared

-
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') ) Problem 9 )

, An investigator believes that children will perform
. differntly on a task according to various personality
) ’ : traits and also according to the.conditions under which .
the task is set. A group of 120 grade 5 children are .
w  divided into two categories (60 children in each) with.
respect to anxiety (anxious and nonanxious). The same
, . 120 children are also divided into two other categories
(again 60 in each) with regard to extraversion (extravert
and intreyerted). Each child is set the same task unde

one of three conditiggs, either neutral, slight stress,
or s&Wre stress. -

s “ [V ‘
. A ‘ . : /«Xm‘ ‘QA:J ‘ .
I * ' . ) ) an L~<:-°~l;:. : Ao AN 2US '

2 taveedy -

. - Exhacireicn L{/// -

Z

WO W T

~

peutraf

. \2?{ ' sﬁdhf C 4 / . )
1y1§§cns * . .
/
/ .

*
kS

SR <o fe ‘ ///,/ { ,

C - .
gQ\JMh1ch factors are between and which are within? .

2) How many.children are used 1n.al .

Y

B
. .

3} In plain English, what greup would S' ‘
Extraversion 2 be? graup tress 2, Anxiety 1,

- - . . \j N
. 1) A1l three factors are between; in each case th 1; .
. groups are compared td’each other, not within C
e ) themselves.

, . ©2) A total of 120 children are used in A11l. They are
. o _broken down into 12 groups of 1G:children each.

3) This would be the slight stress condi ion for
anxious children who are extraverted.

1
-

-




e LW T

.}[.‘_\

The

N ‘
Problgm 10

-

: f
manager of an LRC is coahérned by the short life

of the audio tapes he is usifdg. He is not, however,
exactly sure why ‘they are not lasting as Jong-as he had
expected so he decides tg rus. an experiment. His first
guess is that the students are mistreating them. He
therefore alternates each class period between letting
the students themselves handle the tapes or* staff only.
He is also not sure about the quality of the tapes
themselves. He buys a set of tapes which are supposed
to be the same quality, just @ different brand. He
also realizes that the kind of taperecorders he is
using may not be the best, and manages to rent enough

machines of another make to have two groups of machines.

He records the tape life of each brand under each

‘ pondition for six months,

o
il Mgy ; I ] '
apl A é : | k' ‘
Howel bna J: !/? | )
;y/ ’ | rot :
k | : | ’
, | .
o | |
| { VA
1) Identify each factor as between o¥ ithin.

2,

3)

Machine Bond
A &

What 1§ the total number of blocks needed to cah
J struct
Jghis design? Is this the same as the number of groﬁps

of different subjects? -

If the manager had not had two ‘different brands of

' taperecorders, how many groups would there have

1),
2)

3)

been? .
All factors are between. ¢

<
“Eight blocks are needed to consfruc?/;his desfgn.
i

Since all factors are between, this’is the same as
the number of groups of differant sobjects.

‘There would have only been four groups as it would
have been a 2 x 2 design, not a 2 x 2 x 2 as it
presently is.” 4

e At A v P o
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) " Problem 11

The nurse at an elementary school was concerned about

the poor nutritional habits of the students. He decided

to institute a nutrition education program. Unfortunately,
there were only enough materials available for ﬁg1f of the

(;:" ’ students, so the nurse took,advantage of the situation to
evaluate the materials. Students were randomly divided
into two groups, one to receive the new material and the
pther to receive a program on history. Students were

measured on an’objective knowledge test and an attitude
. survey.

¢

Mo:’nzf\o-\ . \l/

New History presram

=

ob)u+\ Ve

Evaluahon

]

Are the factors between or within?

\

2) Is this a difference or relationship question?

@ -

3) How many groups are students are there?

G AT R e 5 e R B b KRS B eI s - a a
. r

1) The materials factor is between; test type is within.
2) 'This {s.-adiffarence question; the nurse wants to
know if the nutrition materials make a difference
on abjective knowledge and/or attitude.

3) Two groups of students are involved. .
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”. Problem 12 B - )
A publisher was concerned by criticisms of the type
style she used in books intended for schoolchildren.
5 Her publishing firm decided to investigate if it was

really the type style at faulf or the level of »

illumination used in the schools. An experiment was

set up in which 50 grade 5 children and 50 grade 10

¢hildren were compared as to the retention test scores - ‘\
- with three different type styles. As well, two different

{l1lumination levels were used. Each child was given the

three different type style materials undér one lighting
condition. .

» ' T

< ‘ .
‘:fr J*J‘Pv » 5; K
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1), ~Which factors are between and which are within?

2)- How many studemts are involved in all?’
3) ldentify by coordinates the group of 10th graders
receiving-type style B under low illumination.
™, //P—\\\ 1) I1umination level and grade are betwegpgﬁ‘v/~' \ X x -
; type style is within.
2) A ‘total of 100 students are involved. .
* " 3) This would be Grade 2, Type 2, I1lumination 1.
\ )

Vs

ae

B .J'r
Iy




‘- | . ’ 106

Problem 13

LY

Sisyphus University is upset because only 50% of their
nursing students are passing ‘the RN exams. They are
not sure if they are not teaching what's on the exam

or if the students are just not studying any of the
material enough. They recedve a list from. the govern-
ment of the final marks of the students on the RN exams:
They compare these with the final grade point average
(GPA) that the students received in the school program.

P RN marss & VA

g

- L L )

1) Is this a difference or relationship question?

»

2) What are the varfables in this study?

. of <,
3) How many groups of students are involved?

1) This is.a relationship question. The directors
want to know if there is a relationship between
‘the GPA and the mark on the RN exam.

=

The variables are GPA and 8N mark.

2),
xsé) Only one group of studehts is involved. The two
“ variables both pertain to the same subject.

[ ¢

)

N R
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_ 'into kindergarten and then returns two years later,

L S w07 .

Problem 14

\

Asenrolment in elementary schools is dropping, the
school board is considering letting children into
kindergarten from the age of 44 years rather than 5.
A longitudinal.study is set up, and for one year,
students from 4 years 6 months old up are let in.
The board records each student's age on entrance,
when the students -are finishing grade 1, to see if ' )
there is a noticeable trend between age of entry into

kindergarten and final mark in, grade . - '

A3e. on a.mr:l &ade 1 pack

Y [ I

.

1) Is this a difference or relationship question?
2) What are the researchers looking, for?

3) How man& groups of students are involved?

1) This is a relationship question. . ;
1
2) The researchers want to know if-there is a relationship
between age of entry and Sfinal mark; for example, one .
-result would be that the older ch11dren are when they =~ !
enter kindergarten, the higher their marks tend to be -
- when they f1n1sh grade 1.

"3) One group of students is ‘involved. They are followed

from entry into kindergarten through completwon of
grade 1. - RN

-
- »
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. Problem 15 .

-

o ind:;jdual words work as cues for concepts presented
in a sentence? If so, what kinds of words work best?

A geography text is chosen for the materials, and three
groups of subjects are selected, one group with high prior
knowledge, one with medium prior knowledge, and one with
low prior knowledge. Each subject reads the material,

and is then presented with six of each of the three
different types of keywords--nouns, verbs, and objects.

Of the six words of each type, each subject is shown

two for 2 seconds, two for 4 seconds, and two for §
geconds. The amount of material recalled by each

stimulus is measured.

< frooc t‘\now\edg 2

r, Hed it Lowo

Hig
ncuns/' / / ‘~/
VUbS / / ,/'/’ 1
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HE SR T /
1) " Identify each factor as between or within.
25 How many different groups of subjects are there?
“ 3) How many wards would each subject be presented with?
/ [
1) Type of keyword and number of seconds stimulus presented
are within, J
prior knowledge is between.
2) There are three different groups of subjects--high,
medium, and Tow prior knowledge.
3) Each subject would see 18 wardse-six nouns, six verbs, .

and six objects.

tﬂw .
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Probiem 16

Where do audiovisual aids eeally help? Should they
provide supplementary or complementary information te \
the material being taught? These are questions fre- .. .
quently asked by instructional desigrers and Acme , Co -
Research Labs decided to investigate. They used four \\\\

groups of students from college freshmen rgﬂﬁ?red

courses in math, science, history, and philosophy (to .
see if the subjectivity of the material was a factor).

They produced one slide-tape show for each .subject area.

Each of the four shows contained both complementary and

vsupplementary information. Subjects were classified as

high, medium, or low ability based on- their high schaool
leaving grades. Each group was show the stide-tape
program \for fts discipline and then given an exam.
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* 1) Identify each factor as between or within.

2) In plain English, what group would Type 2,

Subjectivity 3, Ability 1 be? °

3) How many slide-tape programs would each subject see? ‘

1) Type of information is within;

Subjectivity of_material and level of ability are between.
4

2) This would be supp1ementary information for the history

program seen byghigh ab11\ty£§ub3ects \

Each subject would see on}y ore slide-tape, the one t
for his/her subject area.

o 3
o .
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Take out a piece of paper and write your name and ID# on 1t. You have

beeh given five desciptions of research designs, each followed by three

'questfons. Read each design carefully, and answer the questions to the

best of your ability., Make sure you number your answers carefully so

“that it is clear which design and question you are referring to.
. Y

PLEASE DO NOT MAKE ANY MARKS ON THE QUESTION SHEETS. £

L4

If you have any questions, please raise your(hand. v
You 'will be given 20 minutes to complete this test.

»
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DESIGN 1 : 112

The coordinator for evaluation.of the Québec Ministry of Education is
* investigating the introduction of a special math program and is trying
to determine the optimum number of hours per week of instruction for
ninth graders. Using one school from epch of the seven school boards
in his district, he randomly selects 30 students from each, and then
randomly assigns each student to one of three groups, one receiving two hours
of special instruction per week, one four, and one six.. Achievement -
scores on a standardized math test are measured and compared at the
end of temm, ‘

Questions . ~
1) How many different groups of students gre involved?

2) 1s this a difference or relatibnship question?
Ce -".’u:ﬂ \\
3) Are the factors betweer by within?

Lo

DESIGN 2 " ’

The manager of a Learning Resources Centre wants encoyrage students
to spend more time in the language lap. She asked erical staff
- to keep track of the number of hours each student sp¥nds With the
material., At the end of term, she ranked the students by number of
-, hours and then went to the Records Office and recorded the students'
final marks to see {f study time affected achievement.

Questions : .
1) s this a difference or relationship question? ~

2) What are the variables in this study?
3) What is the research question involved in this study?

DESIGN 3

Psychologists at Acme Research Labs want to determine if sleeping before

or after studying is more helpful. The material; a chapter on economic
theory, is unfamiliar to all subjects. Two groups of subjects, ‘one.male

and one female, are randomly divided in two, one group to sleep from

midnight until 4:00 a.m. and then study from 4:00 to 8:00, and the other
group to study from midnight until 4:00'},.m. and sleep from 4:00 to 8:00.

A11 subjects are—tgsted for two types of learning, verbatim and comprehension.

» Questions
1) Draw this study, Tabeling all factors and levels.
2) Identify all factors as between or within.

3) How many different groups of subjects are involved?

F 4
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DESIGN 4

A national women's magazine is interested in the effect of sex roles

portrayed in first grade reading texts on children's perceptions of oy
appropriate sex roles. They create three texts: }% strongly biased

in favour of "traditional" roles; 2) deliberately feversing all tra- - -
ditional _roles; 3) balanced portrayal of men and women. The three ~ :
classes(available are randomly assigned to the three different texts,

s using only one versiof. After this assignment toetexts,

the clastes are then each randomly divided in half, one half with a

the other half with a female one. The results on an :

are plso compared by sex of child. .

’)) Draw this study and label all factors and levels.

2) Which factors are between and which are within?

\
3) How many groups of different subjects are there? & .
DESIGN 5
An educational television producer is debatfﬁg whether to film a new ’ "
series in colour or black and white. He decides to experiment. First

he takes 60 students each from grades 2, 4, and 6 and classifies them
according to colour or black and white televisions in the home. He _
produces two programs, one using only animation and the other using AT
real people, in both black and white and colour. After randomly .
assigning the subjects to colour or black-and white viewing groups.,
he presents both the animation and the real people programs to gach
viewing group in either colour or black and white, as appropriate.
He records the amouN of attention paid to the programs by means /of
“an electronic device which monitors each subject's eye movements'.

Questions
1)L'How many factogg_are involved and how many levels does each haQe? o

o
2} Which factors are between and which are within?

3) ﬂaw many subjects are involved tn a11? ’ v

N .";
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DESIGN 1 {

An instructignal designer wanted to determine whether pictorial or prose’
advance organizers would be more effective in a first-year nursing text.
He had three classes participating in his study as he wished to have a
placebo passage as well as pictoral and prose advance organizers. To
check if content familiarity‘was a factor, he also gave the same materials
(prose and pictorial advance organizers and placebo) to a group of
third-year students. He then measured each group's performance on

a 100-item multiple-choice test.

’
14

Questions ' :
* 1) Draw this study and label all factors and lTevels,
2) How many different groups of students are {nvolved? ]
3) In plain English, which group would Year 1, Advance Organizer 2 be?
| i ,, 4
o
DESIGN 2 . y
A psychologist is interested in the relatibnshggubetween the highest
grade attended by students and their fathers' eSucation. Data was
collected on 500 subjects. Father's education was categorized into
three groups, high, medium, and ]ay. :
LY ( N
“\ .
. 1) 3t are the variables in this study? . s
2) 1s this a difference or relationship question?
3) What is the research question involved in this study?’ , 7 -
< o oo e S
DESIGN 3 * ' : '

Evaluators are compar$ three elementary science curricula: 1% the
American Association for the Advancement of Scignce Curriculum (AAAS);

2) the Elementary Scierce St:;;,curr1cu1um (ESS); 3) the Science Curriculum
Improvement Study (SCIS). Tew elementary schools from five different &
socioeconomic districts are chosen to participate; six classes are available
within each school. By random methods, two classes are assigned to each
curriculum within each school. As they also wanted to investigate verbatim

:g;sus comprehension learning, they created two 25-item tests to measure
se. ® :

\
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Questions
. s

1) How many-different groups are ﬁ/ﬂvéd in this study?

o

/ 2) Identify each factor, the number of levels it has, and whether it
.4 ts within or between.

1

3) How many blocks would be needed to build this study?

v, -

DESIGN 4

Mode of presentation.may be an important factor in learning from complex
material. A slide-tape program on a topic in accounting was prepared
containing materifl presented in an audio mod& only, in a visual mode %
only, and audiovfsual together. This slide-tape was shown to undergraduate
and graduate accounting students as it was expected that the material
would b more meaningful to the graduate students than to the undergrad]-
vate. Concepts presented in the slide-tape were also classifiéd as being
abstract or concrete as an additional factor. ’

. ! ’

1) Which factors are between and which are within? e A

.
s

2) Draw this desigh and label all factors and Tevels.

3) 1dentify with coordinates the undergraduate group's scores for
concrete material presented visually.

{-

-«

DESIGN 5

A major health charity wants to deterMne what approach would be most
effective for a fundraising campaign: either emphasize the possibility

of a future cure or-emphasize present tmatment possibilities. The

sex and spcibeconomic status (high, medium, or low) of -the donor are

also factors, as well as the medium the ad is presented by--radio, TV,

or newspaper. Subjects will be presented with one ad of each different
emphasis {future cure or present treatment) in each of the three media
(radfo, TV, newspapers). -The subjects will be asked to rate each o

the six ads presented to them on an effectiveness scale. : \’

Questions
bl) IdentifMall factors and levels.

2) Which factors are between and which are within?
3)»' What is the total number of grbups of subjects {involved?

> )
?
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. e'd 11ike a detafled account of the thought précesse; you follow when
u so1yewa problem. Read the attached esig?g?ﬁd then answer all
5 uestions on the answer sheet. When answering the questions, make notes
as yoh go along showing how you arrived at the -answer to each question;
— for axample, how did you determine the number of facfors.mthe number of
. levels w;th1n each factor, etc. Show the nuymbeds you added and/or
o multiplied to arrive at the number of gréups and number of subjects.
" ‘ $Also explajn where the numbers came from. '‘As well, you should explain
— how you initially conceptualized the design--by drawing it, imagining
it in your head.'listing all factors, or another method. Please write
out this step-by-step strategy on the 1ines provided on ;he right of
.. the answer sheets. Please be as detailed as you can--tel1 us how and
q%at you are, thinking (no nasty comments, s.v.p.).

-

- Thanks
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A group of instructional teit’designers was concerned by recent ‘
research findings in two areas. First, they were unclear about how )
advance organizers would affect the recall of materials in political
science., Second, they were not sure what kind of presentation their
texts should take: either adversative (f.e. presenting two opposing
views within the material) or attributive (%.e. merely 1isting ideas
about the topic). They \éreateﬁ two texts on the same subject--one in
‘/iheAadQersativé style, the other in the attributive style. They then
created two versjons of each' text by hgving one adversative text with ‘.
advance organizers and one without, nnq‘fne attributive text with
advance organizers and one without. The designers had 200 students
from a first-year politfg;] science course as subjects. They randomly
assigned each student Ws’one of the texts, They Tet the subjects
read the materials for one hour and then gave them a 100-{tem multiple-

chofce test measuring both verbatim and comprehension learning.

oo ' }
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QUESTIONS

1) Draw this design and label all
factors and levels,

¥

Rl

2) ldentify each factor as between
or within..

ns

1D¢

Spell out your solutiom strategy here.
{1f you need more room, use the back.)
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3) How many different groups of .
subjects are there? "
_ (
: o -
4
#, ' , .
4) How many subjects are involved
“in al)? X
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Q1:

Qé:

Q3.

Q4:

Q5:

Q6:

.Did you find the materials easy to use?

P

121

Do- you cons1der yourself good at spatial v1suahzat10n (the ability
to imagine movements, transformatwn, or other changes in thfee-
dimensional objects)?

T 5.0. «a
Simulation 2.5 1,07
Traditional - 2.6 1.06

'

Did you feel that your spatial ability (or lack of it) was a factor
ip learning the material you studidd over the past week?

X S.D
Simulation 2.8 " 1.29
Traditional 2.6 1.{” '

Did the materials you used help your spatial visualization abitity?
. . X S.D.

Simulation 2.0 .93
Traditional 1.9 1.05 . 'S

X 5.D. : -
Simulation 3.3 1.37
Traditional 2.6 .99
Did you enjdy using the mategﬂs? -
, S.D.
Simulation 2.9 1.17
Traditional 2.7 1. 31 /

Do feel you-are verbally oriented or visually (pictorially)

ted? _
Simulation . 2.9 1.48
Traditional 2.7 1.25 .
\ N W )




Q7:

Q8:

Q9:

Q10:

o

Qi2:

122

How good are you at: --math {algebra and arithmetic)? @
S.D.

X
Simulation High 3.2 1.09
Med 3.5 .84
Low 1.7 .82
x Traditional High 2.4 .55
Med 2.3 1.21
Low 2.7 1.50 .
How good are you at! --geometry?
X S.D. -
Simulation High 3.0 1.41
Med 2.8 1.09
Low 1.8 1.33
Traditional High 2.6 1,52
Med 2.3 1.51 =
Low 2.3 1.75

Did you find the sequence of the simulation (b]ocks, drawing,
questions, answers) useful?

X S.D.
Simulation 3.9 1.09.

Traditional NA NA

Would you want tokuse this simulation again? .
X 5.D.
Simylation 3.6 1.20
Traditional NA _NA
' :

.Did you find the prel'iminary materials on traditional experimental

design adequate?

—

X S.D.
Simulation 3.1 1.09
Traditional NA KA

Did you f{fg_xhe 1nstructions _for the simulation itself adequate?

X S.D. ‘
Simulation 4.2 877 v =
Traditional NA NA
e
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Q13:

Q14:

Q5.

Q16:

n7:

Q18:

( s

Would you recomhend the simulation to someone else? /—\ (t

X " 5.D.
. Simulation 4.0 .97
& Traditional NA NA

7

Did you find that building the design with the blocks helped you
to draw the design?

X 5.D.
Simulation 2.0 1.15
Traditiof\\'{ NA NA
Did you find that building the design with the blocks helped you
to conceptualize the design? _ , “'
} X S.D. ¢ ‘ s
Simtﬁation 2.1 1.29

Traditional NA NA

Did you find that you spent more time per question in the test you
wmte&er the simuYation than in the test you wrote in class

last. ay? _ -
. X ‘s.%;)
Simulation 3.6 1.0
Traditional 3.2 1.35
Did you find the exercises within the gaterialsﬁhe]dfu‘l?
X D.
Simulation NA NA
Traditional 3.8 1.18
Would you recommend the materials to someone else?
- . X SOD‘ 2 ‘
Simulation NA - NA -
Traditional 3.4 1.41
g
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