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° T~ INFLUSNCE OF SCLENCh KNOWLELGE STAUCIUNaS
UN CHILDREN'S SUCC235 IN SOLVING ACADEMLC PRUBLEMNS
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"Knowlédse structures, tne information-prbcessiﬁéftépm for orgauizeﬁ
netwobk; of -1nformation stored in semantic or long-term memory, nave
received'much attention in recent years,botn from researcners Qho, st%py
the structure of human memory (&.2,, Bower, 1975;A_Kintsch, 1yi¥4) .ana
frp@ tnose_who exbioré the role of knowledge strucuures_in-the' le;vning

of academic subject matter (g.g., Greeno, 1978; Snavglsoﬁ and Stanton, .

1975) .

in ché.case of the foraer éroup, current studies of how Khowiedge.
is represented in semantic memory inciude such work as the st&dy of"th
knowléqge'of geometry is represented (Greené, 1517}, how stories are
re?resented (Rumelhurt, 1975), and hnow various types‘of.simpl; and
complex problems are‘fepresentedménd solved (lewell and Simon, 1472;
dgreeno,  1973). Draking on _this growing body of tneory and empirical
work, resecrcners in tne latter group_haye attemptea to develop measures
of Knowledge structures, to trace dh;nges in structure as a_rgsult of
instruétion, and to .explore the relatiohship between | . Knowliedge

A4

strusztures and problem solving.

in a vein similar to the second .of these research thrusts, the
researuil we report here calls upon information~processing péy;hology'fbr
noﬁions that may suggest possible fruitful relationships _co crpiore
petween knowledge structures and issues of instructional import..\‘
particular, we have investigated the relationship Dbpetween sﬁuoenbs'

structuring ability and their success in solving verbal scadewic




problems. | -

f
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Tue link we perceive between knowledge structures and success in

sblving ~verbal academic problems is suggested in the speculations of

2

Greeno (1978) on the nature of knowledge structures - and cognitive

. processes involved in solving problems. Greeno (1973) .has proposéd tnat

in semantic memory two kind of knowledge are stored, propositional and

algoritnmic.' Propositional know;edge refers to concepts and the
relations between tnen, stfuctures spmetimésm thought of as concept
networks. 'Algorithmic knowledgé "is in the form of operations or rules“

and. "translates readilyﬁagig_action" (p. 114). & parallel distinction,

is made by 3acerdoti (1977) who uses the terms declarative (for

propositional) and procedural (for algorithmic) knowledge, and both

conceptualizations touch base with our present research since they point

to two possible major components of problem-solving performance.

[ ]

In a mdre recent publication, Greeno<(19Y78) describe. 1 typology of

problem-soLvidg skills that contains tinree major catengies: problens

o

of inducing structure, of 'transformation, and of arrangenent. of -

14

particular importance qto our .work is his discussion of problems of
inducing étructure, a prototypical examblg be%pg.veqbal ahalogies of the
sort, A is Lo b as C is %o ﬁ. Greeno proposes bhat~the'proeessés in
solving analogies and similar induction problems are closely analogous
to the processes ‘involved in understanding4language (e s, bext)., In
each case ;t is posgulaned that an individual wmust identify relations
between componenps "(concepts)'~and then combine them into integratsd

patterns;\ Altnougn he does not discuss these processcs in terms of nis

propositiodél/algoribnmic ‘distinction, 'we believe it .1s accurate vo

v

a
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interpret nis supposition as a ¢laim that in both cases the individuaf

—"

must construct: a propositional ‘Knowledge structure. Greeno further .

u

proposes that solving analogies is more difficult tanan understanding a

‘sentence, since the relations must be induged in tne case of analogies

problems. - T
i‘.
|

). ~

with respectr to - researoh c¢ncerned with - -relating: measures of

. Knowlad ze structures and 'problem Eolving, Greeno's formulation suggests

ﬁha£~1hciviuuals who are_betterosU&ucturers-of knowledge should be more
successful. solQeEs of énalbgies énd similar types of broblems. 'ﬁnét-ié-
reqﬁired to stqu_this implication is a teéhnique tnat botn adéquatexy
repréSénis knowledge structures ih school squect m;tters and monitors
cnah;es inustructures as a result of .instfucﬁiop. | Also needed ig a
procedurs for reiiably distinguisﬂing between'highfy corputent ana less

“@

competent structurers.

-

The most popular tcenniques investigators have used to probe

Knowledge structures continue to be variations of word association and

simiiarity-rating tasks (g.g£.,>0avelson,  1974; Preece,  197ba).

uraph-tree coastruction and card-sort tasks ¢§*gh, snaveison, 1974),

more recent additions,-can be classed z2s similarity rcuving procedures.

Tne -esséntiafl cnaracteriétic of all these tasks 15 that subjécts link
concepts, usually words. Ilnstructious may direct subjects Lo 5eherat@
wWords upon preséhtatﬁon'of a ﬁstimulus" term or to relatc.terms on the
vasis of their 3imilaﬁity{ Cnly 1in tne graph-tres  construction
pfocedure do subjects connect large numbers of congepts in one
nicrarcnical' structure. Cargesort .ask .instructions gZedaeraliy usx

subjects to place similur Lerms into Zroups.

3




analyze the representations
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Tranafor@ing the raw dada intp a graphio’ArepveSQntatién of.
structure hags often been the aim of researéhmrs, wWhy havé employed
various techniqués including mu%tidimensional scaliﬁg (ubus onavelson,
i97u; “Preéée; 19764), hierarcﬁical clustering, and waern's graphing
brocedure (see Preeég, 1976a) . Tnese statistical proceduresg ~which
yleld :group “scructures,' have been -Ehe subject of criﬁieism for the
assumptions they make about the "gnderlyingﬁ structure of xﬁowledge,Afor
the réasonableness of‘ statistiéal assumption$ that nmust be satisfizd,
andvfor-their relianéé dn'"eyebailing" the visual represeﬁtétions a8 tné

last step of the analysis (see Eignor, 13741, : .

The ﬁécnnique we have ueveloped Lo probe knowiedge structures - and
is an:'éxtension of nﬁe cawd-éorb method i
' . ) ! .
aescribed by ahave;son and Stanton (1975) in thelr valination stuay of
tnree wethouologies for representing knowleagé strucoures. However, ouh‘
approacn,.calied tie Concept Structure Analysis ‘Igchnique (ConéAT);
differs in‘several respects from tnetoaﬁd-sort proceaure and subsequent
Stapistical analyses. with -the ConbAT, étudénts' produce grépnic
structural beprésentations direotlé,.tnus eliminating‘tne necessity of .
Qsins sbabi$ticai procedhreshto transform ravw data into-a,gfapﬂie form.
Als;, structures of individuals are represented, relatiéns between
gonceprs as well as associations between them are probed, and tne
integracion of more thah one kind.of structure can be- represented ana
an. .yzed. JStuaent structures can tnen be compared wWith a. “standard",'
‘students who are competent stnueture}s can be iuent}fiea, ahd tne
reiationsnlp between the ability to snbucture and success in solving

provlems of inducing structure can be‘invéstigateq; ‘
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Tne’ tudy was carried out in a sectarian elementary scnool locatea

in a large o¢ity. The suhool’s approximacely 400 students in grades K

Y

througn ] come from middle class homes in the immediate neighborhood.

 Tne  sclence teacher selected 30 students, 17 female and 15 male, from. -

A D
~

'tne eignth grade classes to participate in the study -All students were

Ty,

familiar with' the mechani¢s of using the s: lf—instruptional materials -

used in the study, since they had previously studledv science units in.

the Lng;x;gyallzﬁg Seience progr m from which- the~*i) .ructional

. materials were drawn., None of the stuoents had prevxously ceceived

instruct . .~ geology. L

Tae instructional materials used in this research, developed by the

authors of tnis paper, deal with the subject of minerals and rooKs; and

consist of a segment of the field-testing version of the Lyell Unit of

Ehe Ind$liduﬂliZ§Q Sejence program (Chanpagne and 'Klopfer, 19174,
19?241975). The Lyell Unit includes aspects of desoriptiVe,qhistorical,
ana physical geoloéy. The Invitaton to Explonev(lTE) ninerals and Hocks
is primarily descriptive'geologyf The student's booklet for the 1Tn 1is
67 typewritten pages.-long, and'consists of)reaoiné text{ menipulative
aonxvities, and stndent self-administered progress tests. un  the

average, a student completes the ITE in three to four weexs witn five-

45-minute periods per week.




L ¢ : ' '
Tne ATé Minerals and Rocks was designed to }ncorporate “struc td%al

1

‘features ‘of the content .of descriptive.~geology. The’ gtructural

relations include hierarchieai class-inclusion, transformational, ana-

13

definitional 'rql§tiéns. The ITE is"organized, in part, around tné
definicion of a mineral, and tne taxonomic cl@ssificaton of rocks. - The\
two most important structural relations one nierarchical and tne other
'nransformational, are the classification of rocks on the -basis of how

they form and tne rock oycle through . which each of chree kinds of

rock~-igneous, metamorphic, sedxmentary--can be transformed into either

of the other kinds.

Tne 1Tk begins by setting a strﬁgtural context for the student.
The conﬁent structuré. is described in the text and is represented
visuélly"_winh a- drawing ihac illustrates Dotﬁ - the -nisrarcnicél
relapionéhips among major coﬁcépts ahd e#ampleé-bf tne- concepts.. The
introductory narﬁative sumnarizes these relations, waich are elaborated
on 4thr6ughout the text of the LT&. Transformational relations are

anotner major structural feature represented in tne text of the 1Tw.
Eroceduce
The diagram below indidates the,sequence of steps :1 Lne study.
concept ' : - Concept’

structur1ng--~->Prctcst--~->1nstruvt10n~--->Posttest---~>structurLng
task task

Ch

&
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First, we administered pre-instructional concept stcucturins tasKe

K

. These tasks .probed for structural knowledge about the concepts of ,
4

descriptibe geology in our instrnctional materials., The stuoents then
took a pretest on sclence content contained in the materials. Tnird,
" the students received four weeks of instruction.dsing the '1TE Minerals
o R s
and Rocks. - Instruction was followed by a posttest almost identical
with the pretest, and concept structuring tasks, wnicn were the same as
“the ones adaministered before iqﬁtruction. Tnc study was carried out

over a period of six weeks, with one week before and after instruction

[

:for administering the concept structuring tésks.

. The pré- ana post—tests were divided into taree -parts: a

multiple-cnoioe item test covering the sciente content of the 1iTun; - an
,analobies itews test uSLng key terms used in thne instruc%ional materials °
‘[§4g*, sgashg;i is to i @8 diamgnd is to ganngn. (1)natural, o
(2)calcium carbonate - [correct choicel, (3)molecuie, (ujatom] and . a

L]

set-memberéhip items ‘test where eacn item contains a set of four terms,

one of which the student had to identify as not belonging to tneq:set )
(g;g*,' Cross - out = the mword that does 29& belong with the otner tnree:
lava limestone séndstone shelej) The pre- and post-tests'differed
only in Part I, whicn contained: 45 responses on the pre-test and
‘additional responscs on the.post-test.' These tests were administered by

¢ ’ o

the classrooa teacher,

Thne concept structuring tasks were administered in three parts.,
The ™ first part probed students' knowledge structures of prerequisite_'
science concepts, 4i.e., concepts tne designers presumed stugents

comprehended agd which were necessary for comprenension of tne science

- d




“

ot LA ) . N - - T P | R S A T N
L . : * . . . " s . SRR - S .
o ’ .Yy, . . . : . o . . ’ - -
' > . . . : . . ' .
s '
. * . .
- . »
t

of cards on which the concepts’were printed.

-
> s
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f

content  in »tne ITé Minerals “and Rocks. - The second part probed |

structural  knowledge of minerals, and the third. partnpconcerned

" structural knowledge of rocks._ For each task, we used a different _set

[ . P ‘

Tne'oonceot structuring tasks were individually.administered in the

[y

following maaner, Eacn student was told the purpose of the study and

.

was tnen led tnrougn ‘a practice task-that consisted of cards containing'

familiar anatomical terms. The terms included in each set are listed in

3

Figureiﬂ under'tneir respective nea&ings:A practlce tasck, ,ATOM task,

_MINERAL task, and ROCK - task. For both the practice task and eacn

s

‘.succeeding task, the student was snown the set of cards and asked if she:

recognized each term in the set. “Then, using the recognized terms; the

student was told that the object of tne ta- Was to arrange the cardé'in

a way tnat would snow "how you tnink about tne words." Tne arrangement

o

was .aid out on a large piece of ' paper (28 x. 41 cm) and tne cards, wnich
had an adhesive on thneir reverse sides, were pressed into place. Tne
student'was then asked to explain why he or she” arranged the words in

this particular way. The responses were recorded by drawing lines on

"~ the paper beutween-cards designated by the studiaﬁ ind writing in the

relations between words as described by the student. Tne_procedure for
administering the concept structuring task was the same before and after

instruction, except that it was unnecessary %o conduct the practice task

on the post-instructional administration.

[+
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Analysis of Knowledge Structure ﬂepresentatisﬁs
. . [
 The method awe-.devised for analyzing the - data : depends l'on.
;ascertaining the degree of correspondence between students' structures
and a standard structure. For this study, congruence between student
" knowledge structures and content structure is determined by comparing
'certain characteristics of the representations of student knowledge
'structures with those of a theoretically derived standard structure. In
deriving the standard structure, we assumed (a) that the scientific o
writings .of experts in a nfield dare representations of the content
structure of thét discipline, and (b) that in some_ uay or -weys,_.tne
structure of the discipline is ccngruent with knowledée structures‘of

e

experts, cince the way experts write abcut & subject must ~refLect to
some degree how they think about tne subject (1¢g*, writing refLects |
. knowledge structure). Thus, to obtain a representation of the ccntent ¢
stiructure of the discipline twc. alternatives are available: (1) to
empiricaliy obtain representations of knowledge structures of s';number
of people «knowledgeable.in a field snd identify cnaracteristics common
to them, or 125 tc;ccnsult tne writfngs of “experts ~and derive tne \
syructuﬁes of tne discipline based on tne above assumpttons. An example
pertinent to.our study is the representation of the structure .of tne~
"discipline of” geology 1in materials written by exberts in the fiela. ' f
\

Ueologists tend to write (and thing) about rocks-in a way tnat -shows

: . % -
that rocks are classified on the basis of a transformational cycle,

o -
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© When-a' geolozist (or any scientist) classifies objects in accordance t

-~ ne

with  the prevalling ideae of the science discipline, he or she is doing "

. much more than sorting things into groups. Tne particular scheme of

‘cla831fication_ that 'is commonly ysed by the practitioners of a scier e

L4

. . N A b . . .
at a giveh time reflects the principal theory or beliefs concerning -tae

science's' domain' at that time. As &.science evolles and its theories

"
&9 " -

‘chéngeq the cnangcs'are°ref;ected'in a révised\classification_scncme for

roeks. - Wnen' tne kndwledge -structure of an expert. displaysgthrgc .

principal grougi;-igneous, metaﬁcrphic,Léedimentaryv- 2% displays-ap thc

”ﬂ_same'time mucn of the current theory, i.e., ‘the. conceptual structure, of
B v . . S

/ \ T - " N
pnyalcal geology \Uther p0381bl Schemes for Aclassification could -be
. 5 4

based for. example on tne physxcal characteristlcs of the’ samples or on

i

their chemigal composition"as well as more conceptual}y on the way in

wnich they wére formed.' Any one’ of thesé -schemes could be equally valia |

i 1r suited. the particular purpose for classifying tne samples. The

[4

knowledgze 'str, cture as derived from écientific writings about geology

_arc‘important in our analysis ¢f student.knowledge structures.

L7 N , 7“‘ - a NS \ - .
' The degree cf ~correspondence between  student ~and _standard
structures is ascertained by assessing the extent to ‘whicn certain

crugial attribhtes’of the standard structure are present in the studeht

\

structure., _First,'frém'a careful analjcis of the standard structuré}ﬁweA

prepare qualitative,déécriptions of the crucial attributes it.‘éxnibits.

Taen . we search the student étructure for the attributgc and, aepending

! . . : N i
on whetner tnegwgre present or absent, we assign the stuaent suructurt
'to'one of' several structure classes. These structure classes, wnien are
uefined cniefly on tie basis of tne crucial attributes of ‘the standard

structure, are- arranged in qu9" of increasing complcxity. in tne

'y :
w4 .
. 't‘wn ol

— 0
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- lowest structure class, «-the organizing attribute is simply some
- grapheaic properuy common to  the wdrds,themselves, for example, tne

'Jcomnon "-itg" ending for names of minerals. In the more complex

v

classes,‘tne words are treated as concepts, and it is the concepts whicn

s,

are structured accnrding to various attributes ‘that relate them. A

. ! \ A
\
\ different serice of structure classes has 0 be def ned of course, for
f \\ avery set of ooncepts presented in a concept tructuring task.
§

'For boih the RPCK and MINERAL - concepts ‘wnich - were used in our

.o Structurifg  tasks, we cerried,out.analySes of\the*knowledge étruoture
' S _' 2 AN S '
representations as Jjust outlined. A detailed description of how- we

1 §

- ; . analyzed the ROCK concepts and defined the HGCK s,ructure classes is ..
giveu in Cnampagne et al (Note 1), From-.that_ analysis, we_ reproduce_

here tne standgrg structure for the ROCK concepts (Figure 2) and the

cnart summariaing the ROCK structure classes (Figure 3). - The analysis
e

¢ | oﬁ the WINERAL cSncepts is. given in the following paragraphs.

¢ . o N <~ .- ™~ . [\
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MINERAL Structuring Task
) ,

"

Given:the words and phrases of  the MINERAL; concepts 'structuring

. . v

task, (see -Figure 1Y, tne definitiqfvof a minepal- provides one major

structure, Mineral class membersnip”and non-meabersaip relations fora L

second Structure. Both of these structures are shown in Figure 4. The .

nierarchical relations that exis:r?etween a specific kind of fock, toe .

" \)4 ’ et

) ! ' ' . ' e ;. .
Voo o : 13 ‘ '
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‘minerals of wnich the rock Lis comnosed, ar? the minerals' cnemical

‘compositions, expressed -using both a ‘chemical name (g.&., oale;um
"carbonane) and a chgmical formula (§+g*; CaCUé), define a third
structure (see Figure 5). Alth&ugh ;this structgre is designaved
“hierarcniéal," it should bé noted the. it is go&poied of two.different .
relatipns. Limestone physically contains calcité erystals., Calcite
“contains" aglcium carbonate in the.séﬁée that, upon chemicél anaiysis,
tne mineréf éalcite will be found to consist.of calcium’ carbonava, wnich

is presumed to mean mQlegules of calcium carbonate.

Pl

s
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The structure in Figure 6 is -a _representation reflecting tne
‘chemical | relationsnips among the words, as contrasted with tne
égological relatioqshipslrepresehted in Figure 5. bote particularly

that from a chemical'perspectivé,_calcite, limestane, and sea shells are .

 rougaly analogous, thi;wééblbgiéallx they are quite distinct. Figure 7
ro dep}cts graphically now the chemical properties of several substarces
‘are compared with the properties that define the characteristics of

A

minerals to determine whether or not the substance in question is a

-]

mineral.’

INSERT FIGURES 6 and 7 ABOUT HERE
.’ , .l ‘1
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Th; integrationeof the six structures shown in Figures 4 tarougn 7
into .one standand.structure is somewnhat easier to peiform "in thé head"
than on paper. -As we have done it (Figure 8), many'bf the subtleties of
thg s;x seﬁébabe structures are no longer evident. Nevertheless, this
integrated structure does depict all the essential .relatibnships shown
in the separate structures and, therefore, can serve satisfactorily as
the standard structure. .By analyzing this standafd, structure, we can
identify tne crﬁcial attributes e#hibited in it  and prepare' a-
qualitative description of these. Using the,"desbriptions of the

N . /
attributes, we designate a series of structure classes for the MINBRAL

concepts structuring task. A summary of these MINERAL . structuring

classes is shown in the ehart of Figure 9. This chart is similar in
form to tne one -shown in Figure 35 for tne hOCK structurd classes, and

tne function which the two charts serve for us is the same.

~

S
{
L]
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INSERT FIGURES 8 and 9 ABOUT HLRE
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ldeniification of Hignh- and Low=Structuring Groups

&

The @ain purpose of our nanaljsis of . knowledge ,létructu?e
representationsh is to establish a means_by wiiich "high"'Structgring
students-and "low" structuring students can bea identified. wnce a

ok B ‘
series of structuré classes has been designated for a set of concepts,
we tan use the descriﬁtions!of the classes to deciae thich attrioutes

) . » . \

student structures must display to c¢lassify them as nigh or low

structurers. Since two series of structure classes were constructed,

1y | —
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one for the KOCK concepts (Figure 3) and another.for the MINERAL

concepts (Fizure §), corresponding;high- and lnw-struccuring groups were . “;f“

identified.

For the HOCK concepts structuring task, high structurers were those
students whose structures displayed attributes equal to or greater than
those of class W=5 on the ROCK structure classes (see Figure 3). The

criterion for low structurers was & rating less than or equal to class

T Wes on the posnAiﬁstructional RGCK task and a rat{ngiof ress-tnan*"classj

W-3 on the pre-instructional ROCK task.

For the MINERAL concepts structuring task oniy a 'student' wnose
MINERAL structure was rated as class W-5 or w-6 (see Figure Y) on the
epbe- or. post-tasd was designated as a high structurer. & student who

was rated as class W-3 or lower on both the pre~ and post-task was

aesignated as-a low structurer.

Since we nad “little reason to expect that succesy. at structuring

specific characterisﬁics,'we decided againsﬁ splitting the sample into

the subgroupings, high-high, nigh-low, low-higd, and low-low.

Analyses of Scores and Items o .

The three parts of the wriften test Qe ‘administéged before ;nd‘
after instruction yielded scores for each student's performnatfice on items -
testing for geology «nowledge (part 1) - and on two xindé of wverbal
péoblem Ltems; analogies (part 2) and set-membership (partlg). vie also

obtained each student's 1.4. score, based on a recent administration of

16




the Otis-Lennon 'Mental- Abilities Test. ~For every score, the usual

[

aescriptive statiscicé were calculated forcihe total group of students,
ag well as the‘product-moqent correlations betweeﬁ évefy‘pair Sf'scores;
- Using a t-test for cqrrelated grbups, we tested the'sighificance df the
difference betweenfthe meaﬁs before and after instrucﬁion ot each'SCOre.
The same sequence of analyses was repeated four times: for students who,
were idéntified for phe high~$£ructuring grodp on ﬁhe basis éf the HQCK

concepts §tbucturing task, for students wno were so identified " for the

low-snructuring group, and for the high=~ and'low sﬁructubing groéps of

\

students identified on the basis of ‘the MINERAL,“concepts struccturing

task. Using a t-~test for iﬁ&ependent groups, weiiégiéa'tné signifiéancef.:

; [

groups on each score,

€

Results ?

Pre- to Post-Instructional Changes in Scores

A

v
A

- In this and the following two sectibqs, we present the results of

i

analyses of nine score wériables, yiz:

] M”

. : L . L
of tne differgnce between the means of the hign~ -and low=-structuring -

~

ggglgﬁl Knowledge Itemg--consisting of items administered botn

befofe and after instruction to test the students': knowledge of the
geology subjecf matter in tQé iTe Minerals énd Rocks; max iuum
'possiblg“sopre: 45 > |

Variable 1 « pre-instructional scoré

Variable 2 - post instructional score |
geqlozy §ngulgggg,ﬁggggn&~-percentage of correcﬁ responses on Vine
geology knowledge pretest with a total of 45 poinis and on tne

o




n

-

geclogy knowledge posttest with a total of 62 points; maximum
possible score:- 100 | ' )

Variable 3 = Pre-instructional score

Variable 4 - Post- inq&ructional score !
Analggieg Lxgm§y~maximum possigze“eeore. 17
 Variable 5 - Pre-instructional score
Varxable 6 - Post instructional score .
‘gg&_ﬂgmggnanip,l&emar-maximum possiole sé re: 1z
“‘Variable T = Pre-instructional score.
Varlnble 3 - Post -instructional score i:'” B -
’ Jugh:7wVariable 9 " | -
: | - :Eon eacm of the nine veriablee “just descfi ed;. tee “eeane and
. . staﬂdafo errors for all 3C studeets in tié study are presented in fable»
, | f 1. Tnis-table also -shows the pre~ to poste instructional changes in mean
~lscores en ueology Know;edge Items, Geology Knowledge Perient,_analogiesﬂ
A items,3and’set;memberShie,iteme.‘ The statistical significance of each -
of bhese changes was'tested usiné a t-test”fdr berrelaﬁed means, ane the
results of these tests also are shown .in Table 1 We found that the -
: _pre= no DOSL-instructional gains in means SCores were stdtistxcally‘
' ' signifioant (p<.01) for Geology Knowledge ltems, ueologyﬂ,Knowledge : ' .

Percent, and 'analogies ltems, but there was not a significant gain at

the .05 levél fovlbhe set-membership items.

Y

" INSERT TABLE 1 ABOUT hEAE
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0 Comparisonsief-High~‘and Low=structuring Groups - . ° ' ' o K

- - ~ As described in the discussion of our methods of analysis, we
S 1dentified 10 students 1n the high~structuring group and 12 students in

the low«structurlng group On tne _basis of the ROCK contepts structuring

AN -
task. Prior to instruction, tne more competent structdrers recognized a \\\\\'

A

far greater number of terms  on both ~the ROCK and’ MINnRAL concepts

strvoturing tasks than“ did the less competent structunegs; Frequency

- counts of unrecognized terms for both structuring groups .on eacn task

1

(prior  to }instrnction as well as after instruetion5 2ppear in Table 2. f\l e
—— "Eurtner examinatlon of Table 2 shows that the: pre-instruetienal.
difference between high- and low-structuring ‘groups in unrecognlzed
terms has largely disappeared by the end of instructlon. The means and ;  »

S _standard errors for all nine varlables 1isted above for the twd groups

—-

are presented in'Iable 3. Tnis table also shows 'the resuits of tne

~

. te-test usec to - test the stattstical vsignificance of pre~ to-
v, post-instructional changes in mean scores.

<
]

4 . - s mamosm- - o8 O G 0 A 40 0D B G AN B B G B W G e O A B U e

RS ... INSERT TABLES 2 AND 3 ABOUT HiRk

D D G G 4P W NE AT U G G G5 SF S8 TS 5 B B G0 G5 R G B N D G ¢ TO ER AN W @ N WS b

g Tne statistical” signifirance of the difforence between the means on
each variable for tae nigh- and low=structur.ng groups was tested using -

’
e

'a t-test for. independent .means. The results of thete tests are
presenteq in Table 4. Using these results and those shown in Table 3y

we can compare the .several scores obtained by ° the hign- ana ’

low=structuring gtoups. that we identif}ed from thne RUCK concepts”

4 5




structuring tasx.

INSERT TABLE 4 KBOUT HERE

before instruction the nigh-structuring group perforumed better than

the low-structuring group (difference between means significant at the

~—

.05 level) in both the Geology Knowledge Items and Geoiogy s Knowledge

Percent scores. For both scores_thegdre— to‘post-instrdctional gains in

—

poetsinStructional differences between the means for both the ue0iogy

S~

Knowledge Items and\\Rercent bcores for the two 3roups are - not

statistically significant (p> 1) We“\cbserve 2 similar result for tne‘

v Tl

analogies items score. Here the nigh-structuring\\icgggup.s

" pre-instructural mean ‘is significantly nigner (p<.01) than the mean of

“ . the lcwgstructuning grcup. The latter group'smpre-ntc post~test gain is

statisticniiy significant (5(.01) while the nigh-structuring group'e

A

- gain is not, and the post-instructicnal difference between the means of _

the means were statisticaliyisigpificant‘for both groups. However; tne .

~,

the “two groups on the analogies items is not etetistically significant

at the .05 .level.

!

i

The highe-structuring group also outperformed the low-structuring

group. on the set-membership items scorg before instruction. (difference
bntween means significant at the .05 level). Here,_nowever, the pre-.to
post-instructional gain was statistically significant (p<.05) for tae

-Whign-structuning group wniie the low=structuring group did .not gain,

20
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Tne post-instructional difference between the means of the two'groups on

the set-merbership items is significant at the .01 ievelL' Finally, the

difference ., between the two mgroups' means on tne LG soore is

“significant at the .05 level.

In addition to designating high- and low-structuring groups of
students on ‘the basis of the: ROLK concepts structuring task, we also
employed the student .response " structure from~ the MLNERAL noncepts

structuring task to identify high and low groups, Using the criteria

described in the discussion of our methods of analysis, we identified 9

students in the high-structuring - group and 10 students in the

low-structuping group~enmthewbasiswofwtne MiNERAbmwceneepts« strueturrng':
~ task. of . tnese 9 high-structuring group students, 5 also were faembers

of the .nigh-structuring . group of_ ROCK concepts, and -of the :Jb

& .
) bl

“ low-structuring group students on MINERAL concepts, T.also wereoin tne
lowlstructuring group on KOCK concepts. ~While'tne oVerlap in nemoership.'c
y B of * thél hign-f‘and low-Structuring groups .based on the two concepts
structuring tasks—is considerable, the nerformance of the high - and. low
o

groups on MINERAL concepts was somewhat different from tne high and low

groups of ROCK concepts on tne nine variables _for which scores were

v

otatned. I o

In Table 5 we present the means. and standard errors for ~all nine

ariables - and the significance tests for pre- to post-instructional o

chan@es\in ‘means scores of the high- and, Jow-structuring groups on the'
'.;basis OE\\QEf“ MINERAL contepts structuring tasx. Taole 6 shows. tne
siginificance tests for the difference between -the wmeans on eacn

[

v variable for the highe and low-struoturing groups.

21
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INSERT TABLES 5 AND 6 ABOUT HERE

The first four lines of Table 6 show‘ that the ‘means cf the
__high-structuring group for both the Geolcgy Knowledge +tems and Geology

Knowledge Percent .scores were higher than the means - of  the

low-structuring group both before and after instructicn, but neither

difference is statistically significant (p>.1\ on either occasion.

Neveftheless, , es Table ‘% shows, both grcups msde statiSticélly

4

signltlbant pre="to post-instructionai garns in means scores for botn

Geology Knowledge Items and Geology Knowledge'?ercent1 uoth groups also

made statystically significant gains in the means for the shaiogies.

items scores from before to after instruction. ‘However, we'séeﬁin lable

6 tnat tne difference between the means of high~§-and low=- - strncturing

. 1

groups for the analogies items scores ‘is not statistically significant

at the .05 level either before or after instnuction..

4

For the set-membershipgitemm scores, the ~difference ‘between the

““leans Gf  the high- -and low-structuring groups Isstatistically

significant (p<. 01) before instruction, as well as after "instruction..

1
I

~Tne pre- to post-instructional gain in tne mean score. of .tne
high-structuring group is si gnificant at the Ob level but there is no

enange i the mean sccre of tne low-structuring group. Finaliy,

4'_combéping the mean I.Qu,scores of bhe'high” and low-structurinﬁ' groups‘_

_ based on the MINERAL concepts structuring tasgy we see that their

: differencé is not statistically signiricano (p>.1).




.ﬁ‘b

. o

'Knowledge Percent, and analogies items . scores

Summary of SCore_Comparisons e

The *nree pre- to post-instructional gains in mean scores whlch are

statistically significant for the total group (Table 1)/ also are

N

statistically signifioant for each high=- and low-structzfing_ group

(Tables. 5 and 5), whetner identified on the basis of the ROCK concepts'

or the MINERAL concepts structuring task. Thus, improvement from before

to after instruction was made in the Geology Knowledge/ Itenms, Geology

«

high-structuring and low-structuring students.

12

he findings  are

‘different, however, for the set-membership i;ems score. 'Here}'tne pre-

3 S

to p&kt instructional gains in mean scores are statiStically significant

for the nigh-structuringostudents, identifieo by eitner set of concepts,
& /
but no statistically significant improvemnnt is shown by- the
. . / . .

| low-structuring students.s

¢ H Y

a N

We also. nave .four mean scores tnat compare high=- and

.
g

'low-structuring students' success 'in solving verbal problems. wnen thne
) groups are identified on the basis of the® MINbRAL concep%s structurin5

task, tne nign-structuring group performe significantly better tnan the .

— low-strucburing group in“two"—of"—the*—four“—instances———iiiir«—en~—%ae

.21‘

for »boﬁn the -

1

set-membersnip items before and after instruction (Table 6). We also

note in rables M dnd 6 that in those inscances where tne mean score of

‘;"5

the nighastructuring group on the analogies or set-membersnip items is‘

>

not significantly difterenb at -the .05 l*vel from the mean score of the

low= structuring grong, tne observed difference does approach this level

©oof stagistical significance,‘ The probability of obtaining a t-vaiue as

large as the one calculated is less than .10 in eacn of these instances.

. 2(\ . . D
' 3 | .

g




_which they must  induce structures. ~ Students! ;performance on.

: | . 22

All in all, the comparisons of mean scores provide some positive '

evidence that students identified as being in a nigh-strncturing group
L4 Q . - .
are more successful in" solving verbal problems than students in a

> ) v . N

plowfstruoturing*group; ‘ : N

o _ Discussion

The results of this ctudy suggest ~ that students who are more

competent structurersr as identified'by applying tne ConSAT, tend to be

more successful than less competent structurers in solving problems in

set-membership items, Qnere the difference between the means for the -

more ano less competent structurers was statisbically significant at tne'

.

L1 level, supplies the most clear eviaence for “this interprebation.

-

3

interpretation. On analogies items, the ddre competent structurers - in

&

the ROCK~ concepts strooturing tasks outperformed tne leSs'oompetenL

struopure}s prior to instruction (p<.05), and in the three. remaining -

' ' o

instanées (post~instruction for ﬁne- ROCK task - groups, and pre- and

post-instruction for the MINERAL task groups), the statisticalvtests' of -

, The results for’ "tne analogies items also contribute to’ this .

-

‘4

the differences betweén means on analogies approached the .05

significance level.

t Al

Two pieces of evidence suggest that, wrnile the. more competent f

structn}ers may. nave had more concepts committed to memory before ‘

"

\

Indjcative of tnis pre-to-post trend are tne"ooserved frequencies bf

unrecegnized terms (see lavle 2), as well as pne”ueo;ogy Knowledge item

+

_ instruction, this“iadvantage "has disappeafed - after instruction.

‘e

~
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results, where no significant difference between'the more competent and

the less competent structurers was observed after instruoﬁion. - Thus,

after. instruction the two groups appear to be uorxing ﬂrom essentially

.,"5
’a.

the same base set of concepts. 'If one pictures a cgncept network as ‘a

set of nodes 'and relationsnips between the nodes,N a plausible

“interpretation o these results is that the memory of both groups of

-

structurers contained very similar sets.oﬁ-nodes.

lnstruction may have had an. additional influence on students thnat .

helps to explain why the differences between the more competent and the

less competent. structurers are more evident on the set-membership items.

We tentatively hypothesize that set-membership items are- more diffioult .

[

. ltfm must be 'attained with fewer ;"clues". bince tne instructional

1

materials were designed to emphasize certain stnuctural principles of

A

¢

Ll

- to process than analogies items since the solution of a set-mgmbersnip '

' éeology explicitly, - we ~ believe it "is reasonable to conjecture;that

“instruction/sofdesigned'offseﬁs to. some degree the advantage which- the

é . . v 4

more competent'structurers bring to,the problen-solving tesk. Taus, on

M

structures; ; the difference between. the *mOre. ahd less competent

\

prloblems whose Solutions call upon a. greater 'ability to induce~'

""structurers would become*morE'apparent“ lhese*resurts'tend“‘to support
Shavelson's (1973) contention that students who ‘are better problem
'solvers following instruction form conceptual networKs nore readily than

those wno are‘poorer problem solvers. he feel; though,’that our'results

o - . oo o _
tease out the relationsnip more clearly since in our case, the nature of

the problem tasks was specified to a finer degree. ,
' & ' : S

’
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{ That tne ConbAT differentiates students more on the basis of stables - =

individual characteristics than on ccntent specific attributes is.f“ -‘;

s s

indicated by our finding that qply Lwo students who were designated high

. on the basis of one grouping were low on the other. Five students werei,\_bh

| high on the basis of both the MINERAL and thewROCK concept structuring '
mtasks, seven were lcw on both and the remainder were a2 ‘combination

either of high and medium or of low and medium. . Contributing tc tnis. =

1nterpretaticn is our cbservation, described in a prevghus report (Note -

L] . 4

' 1), that less competent structurers on\pur geclogy concept structuringf'

©~ - tasks were unable tc s&ructure thirty;%erms related tc foods. None was’
| able to generate & scneme of classification applicable to allotne focds.; : :]ik
Tney c;uld only classify foods with which they or members cf\their WH T
immediate family had had experience sug\esting that they ‘were unaware~;f o

BRI ¢ structuring as a strategy for reducing large amounts cf 1n:crmation o

. . . -
,’ - - , . —

into~mcre%manageable units.- oL e o - T

B S

.hv . , . . . . . o ",.

R

‘Finally, as a”brocedure“for.prcbing knowledge structures, certain
R i ~

features of the tonSAT reccmmend its further develcpment. The abilit§

‘to probe fcr relaticns betueen concepts, to monitor ‘and analyze

v

- { _ ‘;'T" v

wmwum__ii“m_.__stnucture__changea_wgﬂ_wind;!iduals as_a result of instructicn, and tc

probe for “the integration cf-mcre than one kind of structure’ are the'
: o . o \ T ) .
advantages we percetve.
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- T Méiii?iﬁ&%ﬁﬁ&i?&'E'r"lfdr‘s“ of All Vasiables for iﬁe'T‘oi@l" ”._ ‘
Group and Pre- to Post-Instructional Changes?® )
- PRE to POST Changes
Variable \ . Mean SE. - Diterence S.E. t '
1 Geol PRE 22300 080 | -
' ' ‘ A +6.13 0.88 6.94*"
2 Geol POST .28.43 108
3 Geol % PRE  54.23 195 ! )
‘, ' g +9.80 1.78 5.32*"
N *_4 Geol % POST 68.73. .29 ¢ .
5  Analog PRE . 7.3 047 * . <
o o : 2 +2.10 052 4.04*"
. 6 Analog POST - 9.23 0.54
— : R ) :
7 SetM PRE 5.13 0.29 ‘
B : 4080 031 192 y
8 -~ SetM POST 573~ 040. - , 0
9 Q. a 109.33 212
AN=30-, 7 o
." d< A .
o< o
) _ Table 2
Unrecognized Words for Sirugturing Groups for Both
.Pre« and Post-Instructional Cancept Structuring Tasks,
Pre.” © . Post.
S - N Low 4 . B
P Rock . a2 o2
e . _ Mineral--. .. —B3-.. R . )
Migh . - ' |
- Rock - 10’ _ 0 oo
' e Mineral 18 0 '
31
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2 - Table 3

" e Means and Standard Errors ot All Varlablas for the High- and Low Structurlng
v . o oGy oups on the ROCK Concepts Structunng Task and Pre- to Post- Instructional Changes

e

PRE to POST Changes DRE R

oy

4 o Variable . 'Men'n‘ , S.E. biffer'enca' S.E.. L

! . '-HighvStruéturing.Group‘ on‘R_OCK’ancaptsa'. S | _ : v
A ~’1 . Geol PRE 2440. - 146, - . . |
e : ' ) ‘ +.30 1.61 3.30*"
. : .2 Geol RPOST 20.70 - 1.74 ' :

3. Geol % PRE 5020 357 - .
R 460’ 304 282°
4 Geol % POST 6780, 429 '

5  Analog PRE 940, 048 . ... ,
L N ~ - - #2100 070 143 .
B - 6 Analog POST 1040 - 081 ‘ o p
>, 7 SeMPRE 600, 036 - ' '
8 SeMPOST 740 072 ,-
o et mes 3 . v

T Low-Structuring Group on ROCK Concepts® +

1 -Geol PRE ©. 20,00 118 |
- Lo +600 135 4.45**

2 Geol POST 2600 190 ° s
3 Geol % PRE, .. 4875 288 . . -
4. Geol % POST . 5068 373

© . 8. AndegPRE 567 072 | |
. e e | Cc_ _s2&B  083. 3t
- 6 Andlog POST' © 826 - 0.82 - »

7 Set:M PRE 442 0.48

87 SetM POST 425 035

9 1A . 10842 - 280
LY VPRT) o S o .
NE12 ‘
*p< 06
00'p<'01
32 o
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. © Table 4~ . . \
* _ Significance of Differance Between Means on Each Variable for High-and ~ R
) " Low-Structuring Groups on the ROCK Concepts Structuring Task
o - Difference o . : . :
. Betwaen Meéans - : oL : i PN
. - Variable ~  (High-Low) S.E. ot - ‘

|  Geol PRE © . 440 , 186 237

‘2 Geol POST 370 282 - 141 -

' t . \

'3 Geol % PRE 1045 4.54 2.30** .

4 ' .Geol % POST 8.22 . 587 v 145 i
. 5. Analog PRE  -373 090 - 413"
. & Analog POST 2.15 . 6 188
7 7 SetMPRE 188 - . 063 282" oo oo
8 SetM POST 3.1 0.76 4.16"*"
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Means and Standard Errors of All Vanables for the High and Low- Structunng
L Groups on the MINERALS Concepts Structuring Task
. ? ' and:Pre- to Post-Instructional changes. . .. .~ -~
/ : — ‘ — -,
: ' ; s _ .~ . .PRE to POST Changes
Vaable .~ Mean . SE. .. Differgnce SE.  t:
High Structunng Group on MINERALS Concepts .
1" Geol PRE- . 2444 an o )
oy . LT +5.89 1.13 5.20"*
2 Geol POST 3033. ° 18 . ) , S
3. Geol % PRE 6944 412 | -
. B R - I #1056 .  4.35 243"
' 4  Geol % POST 7000 - 4.08 L -
5 Analog PRE - 822 076 % o
‘ . - - #2278 _07% - 393**
* 6  Analog POST 11.00 | 083 ' T
7 SeMPRE 589 045 .2
L . +1.89. 081 309"
'8 SetM POST - 778 - 076 ’
. 11744 408 ., - C o
_ | Low-Structuring Group on MINERALS Concepfsb
1 Geol PRE 2110 .~ 153 - . |
. » - o +6.80 172, .38
2" Geol POST - 27.60 . 2,66 : '
3. Geol % PRE 51.40 3.72 ; .
' RN +940 2.7 3.46**
4  Geol % POST 80.80 <.J» 4.82°
5 Andlog PRE 610 - 089 | ’
e A ‘ +240 078 . 300"
6 Analog POST . 8.50 0.9_1 :
"7 SetM PRE 420 033
b | , 0
.8 Set:M POST . 420 0.81
9 ar . 1080 348
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‘ . Practice Task . ; -
body heel” )
ears " ‘metatarsus-
eyes - nose: ,
. - face < -soul, 3 . ?
" foot toes » o
ATOM Task ' .
M. %
atoms -
chemical compounds. ¥
) ‘chemical elements .
) chemicel substances R P b
moleculés” }
‘ ROCK Task \ ’
granite - -.  metamorphic
igneous pumice ) ;
' lava rock - ' .
) _limestone sediment
magma sedimentary o
i - mirble __shale Y LA
’ . Cdlate ' o
33
¥ . MINERAL Task'
c . inorganic solid substances
. CaCOy - Iir'n{eston_e . ®
cacite mineral . '
calcjum NaCl |
carbonate . L
c_arbon' . shells of sea animals * L
diamond substances with a characteristic .-
: _ - " crystalline structure :
graphite N\ substances with a definite N
' . chemical composition _
halite & “haturally occurring substances . .

tabte\salt ;

AN

. \\ .
' AN % .
Figure 1, Words used ip the conéep\t structuring tasks.
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. , . | Grapheme o '. Y 5 -
O ] “- Group %“‘ S Words Gmu“’ . ) *| |
M o CLASSES OF STRUCTURES®
CLASS’ ATTRIBUTES OF THE CLASS _ .
W-6 integration of hierarchical structure and trans- :
-r- formational structure into a single structure
o \,{V-Sl : hierarchical structure plus fragment of -trans: ?
» <) formational - structure .
W-4 . hierarchical, structure ~ or transformational
, ) . _structure S o
) " W-3 .frag;\wents'of the. hieranfchical and/or tranffor- -
.| mational structures - - . & i
W-2 two or more words related by a single technical ‘
[or general usage label - - i
’ 1 W-1 ‘two or more words, unspecified relationships ;
J 5 R
j S ' G two or more words related by a single rporpho-
' t logical characteristic IR
- "+ Figure 3. Attributes and classes for ROCK structures. |
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‘*Graphemei_“_‘ ' Words Group - - — D-I
Group )
CLASSES OF STRUCTURES
CLASS ATTRIBUTES.OF THE CLASS - Tl 1t S
_W-6 . | integraticn of relationships among three or more
terms integrated with characteristics of minerals
W-5 - relationships among four terms, examble, lime- .
* stone (rock) + calcite (mineral) « calcium carbon-
. ' . " ate (chemical name) + CaCO, (chemical formula) I
w-4 relationships amoné three terms: A N\, | T e
diamond ¢ C & crystalline structure . "\\?\" |
wW-3 relationship between two terms: table salt + NaCl '
! \."V:2 ‘ two c;r more words related by a single technical or |
general usage label, ex: group of minerals, group
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