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‘Interrelationships that exist between the ideas that were judged. Three .

N
produced cognltivé maps provides -3 sysggmat!c wgyoof presentlng structuralf .
. knowledge which, because of the sequential naﬁﬂre of tradltconaJ lectures "and
.'- x 5 e ’ ‘ ’ t, i \ W ’
texts, might not otherWise be presented at all. ' . ~
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In‘recent years ther¢ has been increasing interest in finding ways gf promoting

i ]

.

and evaluatangﬂlstructural“ knowledge, i.e., knowledge of how ideas, events,

«

principles, etc. are |nterre|ated " Research has demonstratcd that studentsi

numerical judgments of the strength of relatédness between ideas drawn frohm -

N .

a domain sprovide insights into how these students have organized or structured

»

‘their knowledge of that domain. 1Nhen thesé judgments are analyzed through®

multi dimensional scaling, 8 graphic.array.is generated in which highly related .
\ ‘ ' ’
ideas ate depicted as points located close fogether in space and less related:

»

adeas are Iocated further apart. These grephic arrays are called “cogntt:ve

L - ]

maps"' be;ause they map out a student s understand:ng of the Jtructural

~
.

» %
studies are’discussed‘in thlS paper in which an |nstructor s relataonshap

judgments were used in generating cognitive maps for ideas from introductory

psychologxd-hastory [ 3 systems“ and statlstics. These maps were then used

in teachlng (rather than assessfgg) structural knowledge. Test scores

o

obtanned frqm studehts taught uSIng cognnt|ve maps were superior to those of .o

stucents taught in traditiona}‘ways, The use of, multidimensional scallng- "
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Using Multidimensional Scaling-Produced Cégnitive Maps ) ! '

to Facilitate the Commund cation of StructuraivKnowfedge . ~ .

. 4 <

- : » . . . . . . // t
Although any statement of ‘edubational goals can be argued,?it is : A

certainly trye that one of the immediate goals of classrocm instructibn is -
. — R . A
to communicate to students a knewledge of both the meaning of i~dividual,
R - . v . - ' .

concepts and aq'understanding of the ways in which these GOncepts are )

L4 - ’

interrelated This knowiedge of reiatconships has been variousiy called’

irternal connectedSess, integrative understandcng, or %tructurai knowledge,

- v

and it pay be aroued that it ‘is an essentcai ievei of undekstandcng, since

.

in many theories of iong term memory structure, the n7entng of any one ’ .

concapt is given by its pattern of reiationshcps to other concepfs in the » "4

knowiedge_structure. . \ i T R

© It is”unTortunate _then, that so few students emerge from ouf(ciassrooms
. y 3 .
wnth any ciear sense of structurai understaﬂﬂing It is even mbre disheattening ;.

.

to observe that this is usually the consequence "bf our Faliufg to teach " -

structurai knowiedge. Admittediy, teaching at the structurai Tevel cs.

r 1 ‘®

difficuit. The sequentiai nature of langyage means that lectures and texts

.
i
.. ¥

wiii-neceséariiy deai with first one idea, then another and another. Rarely ‘é

‘are there Opportunitie' to'stop'and Systematically explore the relationships- .

‘; Y §
that exist between ideas presented at different times and in different .

[ 'i' I - - . -

contexts. * .- . ’ ) T, . .
‘.' ‘ N— . . . . N

The research dlscussed here was conducted ‘during the last two years ’ -f
Ra

at Miawestern State University to develop and assess a method by which 1

. o . . <

_ teachers may systematicaiiy (a) become more aware themselves of the .
structurai cnterreiationshcps that exist among the zoncepts they teach and

(b) better communlcate this information to ctudents. o, . ,

.
~ > . . =53
7 - k3 » . . . =3



For several:years, various investigators'(e.g‘; Diekhoff, in press;

-

Fenker, 1975; Shavelson, 1974: and Weiner & Kaye, 1974) have found that

‘when col‘ege-studeﬁts are g}ven'pairs of conﬁedts (for example,

. REINFGRCEMENT - PUNISHHFNT COGNLT‘VE DISSONANCE - BALANCE THEORY or ) .

f 2o

s -

CLARK HULL - KURT LENIN) with mstvuctaons to use a numerigal* scale in rating .

) . ’
.

- the deoree of similarity or relatec’wss existing within each palr, their

[y

numerical iudgments often provlde useful informatton through which understanding N

'at the structural level may be evaluated. T‘ypically, the sum‘larlty between ,

. L
" a student's judgmera and those of his instructor as,well as the test-retest °
reliability of a student's judgments have been shown to be significantly CoL tha R

7 ’ - £ -
correlated wi th tradttlonal measures of structural understandang, includlng

. .
‘esSay test scores.* f‘iven that a student’ s relat:onshlp judgments canry

. knowledge could be conveyed to.-s'_tudents'.' )

kd .
. . ) * - L

important Information about structural knowledge, it follows that an

instructor's judgments might ;';rovid‘e a medium through which structural ¢

"
However, relationship judgmeMts im their raw form contain.an enormous

-

amount of information, It is necessary to find a way to condense this - .

informatio'n into_a more palateble package Hultidlmenslonal scaling analysls )

(MDS) provudes an idea) means .of reducing any summaruzn'hg the structural

e

_‘Informatlon- contauned within.a set of relationthp judgments. .

"

'Consfder this step-by-step description of how rel.atio'nship, judgments K

for a'se.t of concepts. taken from general psychology might be analyzed through
. . ] . ,
MDS analysis. - :

\
STEP 1. A set” of key concepes is sel,ected from the domain belng

taught: INTELLIPENCE CENETICS REINFORCEHENT PREJUDICE, NEUROSJS, ATTITUDES

.

. Ry
-




~

_PUNISHMENT, 1NK BLOT ‘TESIS, and. LANGUAGE. . - ~

Jjudgments are

STEP 2. AIll pogsible pairs of these concepts are formed and .each.

b4 - P v

»

¢

>y

- and 1's are inserted into the di'agonal of the matri)'(‘, i
;- ) o 1 1 +
X ’ ¢
. - 2
tat z (7]
T E . . w
- = . =
- . s w W orw » = .
L3 (L] w [& ] (&) v w w | w
-_ 0V & - = a ™ C .0
- | — o Q w D = - (=9
- _ o L D3 O &k ®w @ D
. r t.E Z = w D = =z X
. Z W  w x w = 2D Z. &<
- . - O & .p ZT a« o @ =- o
. INTELLIGENCE 1.0 .8 .3 .5 .5 .4 .2 .1 .8
. GENETICS ) 1.0 .5 ? 6.1 .1 .1 L8
=, REINFORCEMENT  » 1.0. .8 .4 .8 .9..1 .8
PREJUDI CE . 1.0 6 .9 .4 .2 .
, . »
NEUROSIS., - : 1.0 .7.8 .9 .1
f © . ATTITURES 1.0- .7, .5° .1
- T PUNISHMENT  + 1.0 .1 .1
INK BLOT TESTS 1.0 .1
- "
LANGUAGE- . « ‘ 1.0

. "subjective

over time, and comparisﬁns.,bemeen the judgments obtained from different

A1 though the‘htask “of generating
. - ¢

|

4

concept-pairs are involved. L

[ ]

-,
.

pair is rated for relatedness using a 1-9 scale, withv] representing

i

14

.
-

relationship judgtpents pway. seem fairly

and difficult, experts show good reliability in their judgments.

Cdlttle 6,r no ;elatiuﬁ&hip and 9 representing a strong relations'hip. Belationship

;:bn\(erted to decimal .form (i.e..', } becomes .1, 2 ’Becomes .2, etc.)’”’

eiperts typically show a high deéree* of similarity. Generating” relationship -

Iudgn.nnts {s not ‘an -impossible task, although it can become tedious if many -

I



.
B , l‘
£y | ) . - .
-

PR

. N .
STEP 3. The matrix of relationship judgments is next analyzed through

. pl"ip'c!'pa'l components analysis as though the relationship judgments were

-

. “' : correlat ons--vector-product multidimensional scaling (Nunnally, 1978). :

‘Alt‘hough other variations of MDS re ayailabl—e, we have, focussed on vector-
3

- -oroduct analysis as nearly all colleges and universities now have access

©

to “canned“ principle components /aﬁalysas programs (e.g. ’ SPSS).

Tl e R T
.

LR

g < - . This analysis essentlaﬁy)translates relatnonshnp Judgments into

d'stances, s6 thatr highly related concep'ts are seen as bemg tlose together

\ A “
- in space and unrelated concepts /re furt.her apart, Thns pattern of - .
. L. . M [
distances, then, can be used in creating a graphic array of doncept-points
. 3 . AL
} ¢ . & .
. v in sp)ce, sometings-ca”ed a '"cognitive map.') PRI
5 ‘ . . .- ‘ o ‘ ¥ P ——
' : ‘ . : .
, S
g + - . ‘ INK BLOT TESTS )
, 1 ® vreurosIS
* - r ) ’ )
L _ . . ~
~ ' ‘. . - R
. \ N N ) - .
\Amryoes , . : "
: " .@ PREJUDICE INTELLIGENCE @ - .
@ PUNISHMENT ' . GENETICS @ ‘
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Once a cognitive map is generated in this-fashion, it provi'des a

graphic synopsis of the structural interrelationsbips that.exist among .
€ - . 7 i

-

the cdfcepts used in generating the map. Such a map can be used as the

.

- - : ' ’ -
focus of classroa@,discussions that necessarily focus on structural
. N ] 4 ’ . R
relationships. For example, why are some concepts clustered tightly

5 *

together? Why are some concepots.in different clusters? Why are some
, ‘ - .
clusters closer together than others? How can the various clusters be

linked together or relgted? . - ‘ * ”
Maps of this sort have been used succes;fully in undergraduate general
osychology where 50-minute in-class discussions of-the instructor's .

maps yielded%iqniffcantly higher essay test scores than were obtained

‘from students who were not exposed to the maps (Diekhoff & Diekhoff,\1982).
\~ - ‘e . / . -
In" a class coverinqahistory and systems of psychology as well, names of

. J ) . '
famous figures in t“e history of psychology were, substituted for the comcepts
/o, . k4 - .
used in the preceding example to produce maps“like the one shown below (Diekhoff, 198

ey ) IS -
A

) \ . ‘\
@ FRITSCH & HITZIG ° | .

® z ESCART ‘ ' | ' 3
. AL ® DESCARTES -

\

¢ s 7
v
@ FECHNEP
’ ." o
‘| @ MESHER , : ' \
GALTON ' -
s ~ ® @ WUNDT )
: 'HOBBES
@ McDOUGALL k o
EBBINGHAUS @ .

¢ ‘ ' &3‘ i v
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In-class discussions of these maps forces structural-level thinkin L.

that would be,d+ffTE:;t to a&compfiankothenwise. The follo&ing comments

i[lustréfe those that typically’ emerge during.sych discugsions. Clus'tér 1
—~ : * )

contains the names of those of ‘a mentalistic orientation whose contributions

" are still recognized as important and valid. Those in Clustér 2 all.were. .
. .1 i >
mnvolved in early attempts to destribe the physiolqgicgl bases of behavior Lo :

and mental processeg. Cluster 3 contains the names of those who offered

]
- ~

nonphysiologicql ""false starts" to,psf}hology. Galton falls between Clusters

1 and 3, reflecting the.fact that while he introduced the‘TmQQC?anf ideas of °
mental measurement 9n& correlatiod (Cluster 1), he mfstakenly attempted to -

. N
use sensory and motor measures of intelligence (Cluster 3). . .
. . ) .
P

Althbuqb cognitTve maps have proven useful in enhancing the = -

communication of s®ructural information to students, Phil*wigginton and. |

- -

have used MDS in a\slightfy different way to teach the concepts of statistics .
tQ psychology students. The process'beéins as always with the selection of

concépts to be judged\for relatedness. Relationship judgments are
. - .

generated for all possible pairé of these concepts and the judgment matrix .

is analyzed through principal components analysis. However, instead of v
’ . * A4

centerinn discussions around a cognitive map produced from one such prihcipal
. ) * -

components analysis, we run a series of 5“alfses. The. first. extracts onJy

. - . »
two principal: components, the next,. three, and so on until the concept clusters

. -~ ,

that comprise each princJPal comporient are no longer interpretable.

The first two principal components represent very general conceptual o

[ .

.. i . : . LS . ’ * . .
. categories. Extragtion of the third principal component causes one of the

.

y L]
first two categories to break down into.two somewhat naryower categories. The

N\



-~ . L
. .

fourth principal component results [n a similar breakdown-of one of the
. . N
.- previous categories, and so forth. -
» ) *
. "As _an example, consider Rhe concept heirarchy shown below. Beginning

yith two very general concept clbslers. each successive analysiﬁ'creafes'another,

13 - 1

more specifi? level of the heirarchy. v
‘ BI.VARIA'I’.E-ST:RT!STés - . UNIVARIATE STATISTICS
R Scagterplots .. ) Frequency Distributions
Construct Validity . . Skewnéss
Predictive Validity - L Percentiles \
. Reliability y Mean p
Correlation _ ) . . Mediam
. Non-linear Relationships = ) . | . Range .
. ) .. Differen{;al Validity . ’ Variance =
. Causal ReMationships . Standard Deviation |
: . . 5 o Standard Scores
- * Standard Normal Curye
1 o Normal Distribution
¢ v, _Probability .
z BIVARléIg_ﬁiAIi§TICS' 1 DESCRIPTIVEASTATISTICS STD. NORMAL DIST.
X Same as above . N Frequency Distribution Percentile
2 . ‘ Skewness - . Std. Score
- ) P . . Mean - ] Std., Normat Curve
Lo . Median " Normal Distribution
.- ) Range . Probability
. ‘ + Variance
’ : . ) Standard Deviation .

BIVARIATE STATISTICS CENTRAL TENDENCY .DISPERS 10N STD. NOBMAL DIST.

Same as above Frequency Dist. Range Same as above
. Skewness Variance -
' Mean . Std. Peviation
‘ Median Std. Score. ’
' Range ‘
- 4

] - i ) '

PSYCHOMETRICS. . ,  CORRELATION CENTRAL TENDENCY - DISPERSION  STD. NORMAL DIST.
' Construct Validity Scatterplot ° Same as above Same as above Same as above

Predictive Vaiidity Correlation . )
Reliability Non-linear Rel.

‘Differential Validity - Causal Rel.
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potentlally valuable_lnstructyonal tools.

Tigorous tests ‘of their effectiveness.

A pllot qtud& in which small grOups of students were led through

dtscussnons of concept heirarchies like sthis one: indicated that the
) .

discussions were effective in gettlng students to think about structural .
' .

interrelationships in StatISthS and boosted scores on tests desugned to.

tap this kind ofdknowledge. ) .

. f g :
In cdnclusiob; cognitive maps and concept helrarchies produced through

multid?hensional scallng of an instrucor's relationship Juﬁgments are

Str]l coming are more
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